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\ UNITED STATES 

ATOMIC ENERGY COMMISSION 
CHICAGO OPERATIONS OFFICE 

P.o. Box 59 
LEMONT, IL.L.INOIS 

Dr. Leo Szilard 
Quadrangle Club 

.... 

1155 East 57th Street 
Chicago, Illinois 

April 8, 1959 

Subject: U. S. PA1~T NO. 2,836,554, ISSUEDa 
MAY 27, 1958; AEC CASE NO. S-506 

Dear Dr. Szilard: 

I am pleased to enclose for your files a corrected copy 
of the above patent. 

I want to thank you for the courtesy and assistance 
which you extended to members of rrry staff in connection 
with the preparation and prosecution of the patent 
application. 

Very truly yours, 

(V- ~i 

-~ J/ 0-<_ 
George H. Lee, Chief 

-- -- Chicago Patent Group 

Enclosure: / 
Patent No. 2,836,554 

/ 

... -----
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UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 

Patent No. 2,836,554 
Enrico Fermi et al. 

May 27, 1958 

It is hereby certified that error appears in the printed specif~cation 
of the above numbered patent requiring correction and that the said Letters 

Patent should read as corrected below. 

Column 12, line 61, for "the roof" read -- thereof ; column 13, 
line 58, for "unused channels" read -- unused air channels --; line 61, for 
"One the fifth side" r ead -- On the fifth side --; column 18, line 37, for 
"packets" read -- jackets -~ . ' 

Signed and sealed this 13th day of January 1959. 

·(SEAL) 
Attest: 

I 
/ _,---- -----

KARL H. AXLINE 

Attesting Officer 

/ 

I -

ROBERT C. WATSON 
Commissioner of Patents 
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DEUTSCHES REICH 
\ 

'"\.AUSGEGEBEN AM. 
' . f>QEZEMBER 1933 
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REICHSPATENTAMT 

PATENTSCH.RI FT .. 
Nr. 531 581 

KLASSE 17a GRUPPE 3o4 
Sg2040lji7a 

Tag der Bekamtlmachuug iiber die Erteilwzg des Patents: .JO. Juli 19.31 

Dr. Leo Szilard in Berlin-Wilmersdorf 

Pumpe, insbesondere zur Verdichtung von Gasen und D~mpfen in Kaltemaschinen 

. . 

. . 
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Erteilt auf Grund des E sten Uberleitungsgesetzes vom 8. Juli 1949 
(WiGBI. S. l75) 

BUNDESREPUBLIK DEUTSC LAND 

DEUTSC ES PATENTAM 

c 
.Nr.965522 

LASSE 2 g G U E 3701 
INTERNAT. KLASSE ~ 5j 

S 18863 VIJicj21g 

Dr. Leo Szilard, New York, N.Y. (V. St. A .) 

Mikroskop 

Patentiert im Gebiet der ~undesrepublik Deutschland vom 4. Juli 1931 an 

Patentanmeldung bekanntgemad!t am 20. Dezember 1956 

Patenterteilung bekanntgemacht am 29. Mai 1957 

AUSGEGEBEN AM 
13. JUNI 1957 

Die Sd!utzdauer des Patents ist nach Gesetz Nr. 8 der Alliierten Hohen Kommission verlangert 

709 534f12S 
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i . DEUTSCHES REICH 

REICHSPAT ENTAMT 

AUSGEGEBEN AM 
21. SEPTEMBER 1931 

PATENTSCHRIFT 
M 533945 

KLASSE 17 a GRUPPE 3 
S 91.304 l/17a 

Tag- dtr &kanntmachung uber dit Erteilung dts Patents: .J• Sept~mbtr rg.31 
· ' . . 

Dr. LSzilard in BerJin-Wilmersdorf 

Pumpe 

.!..,--___;~--------- . . -
~ "· Poloollort 111 D'"tochon Rolcho •om 25. Aprl11929 ob 
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DEUT SC JI ES REICH 

REICHSPATENTAMT 

AUSGEGEBEN ATit 
3. FEBRUAR 193~ 

PATENTSCHRIFT 
M. 543 214 

KLASSE 17 a GRUPPE 3 
S 9204.3 l/17a 

,. 

Tag- der· Belcamrtmacltwlg uber die Et·teilwll( des Patmts: I d. Januar rn·,~ 

. .J 

543214 

Dr. Leo Szilard in Berlin-Wilmersdorf 
Vorrichtung zur Bewegung von flussigen Metallen 

Patentie.rt lm Deutsch en Reiche vom 4. Junl1929 ab 
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DEUT SCHES REICH 

AUSGEGEBEN AM 
16. JUL11934 

REICHSPATENTAMT 

PATENTSCHRIFT 
M 600162 

KLASSE 42g GRUPPE 11 ot 
S 98694 !Xj42 g 

Tag der Bckaaatmachung·iibcr die Erteilmtg cl es Patents: 28. !uni 1934 

Dr. Leo Szillard in Berlin~Wilmersdorf 
Verfahren ZUI'Q elektrochemischen Aufzeichnen von Sprechstromen 

Patentiert im Deutschcn Reiche vom 17. Mai 1931 ab 

E r t e i It auf Grund de 8 E r 8 ten U be r I e it u n g 8 g e 8 e t z e 8 v om 8. J u Ii 19 4 9 
(WiGBl. S.l75) 

BUNDESREPUBLIK DEUTSCHLAND 

!?~~ 

11 ~/ l~, '. 
' J ~~~:/,-; ) I \,·:: ~'' •.;. " / \ \'\ · ~ 

~~~~ · ~~· 
~f ..... -""' 

DEUTSCHES PATENTAMT 

PATE NTSCH R li F'f 
Jfr. 965 522 

KLASSE 21 g GRUPPE 3701 
INTERNAT. KLASSE H 05j 

S 18863 VIJ!cfZig _,_ 
Dr. Leo Szilard, New York, N.Y. (V. St. A.) 

Mikroskop 

Patentiert im Gebiet der ~undesrepublik Deutsdlland vom 4. ~~i 1931 an 
Patentaruneldung bek·anntgemadlt am 20. Dezemb~1956 

Patenterteilung beka.nntgemadlt am 29. Mai 1957 

AUSGEGEBEN AM 
13. JUNI i957 

Die Sthutzdauer des Patents ist nath Gesetz Nr. 8 der Alliierten Hohen Kommission verliingert 

( -.;- r~ \ 
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E r t e i It auf Grund de 8 E r 8 ten U be r I e it u n g 8 g e 8 e t z e 8 v om 8. J u li 19 4 9 
(WiGDI. 5.175) 

BUNDESREPUBLIK DEUTSCHLAND 

DEUTSCHES PATENTAMT 

PATENTSCHRKF'f 
Jfr. 965 522 

KLASSE 21 g GRUPPE 37ot 
INTERNAT. KLASSE H 05j 

S I8863 Vlllcf2Ig 

Dr. Leo Szilard, New York, N.Y. (V. St. A.) 

Mikroskop 

Palentiert im Gebiel der Bundesrepublik Deulsdlland vom 4. Juli 1931 an 
. ----Palenlanmeldung bek-anntgemadlt am 20. Dezember 1956 

Patenlerleilung beka.nntgemadll am 29. Mai 1957 

AUSGEGEll~N AM 
13. JUNI 1957 

Die Sdlutzdauer des Patents isl nadl Gesetz Nr. 8 der AIUierlen Hohen Kommiaslon verliingerl 

709 534f12S 



DEUTSC HE S REICH 

I 

AUSGEGEBEN AM 
16. JULI 1934 

REICHSPATENTAMT 

PATENTSCH RIFT 
Nr. 600 162 

KLASSE 42g GRUPPE 11 ot 
S 98694 !Xj42 g 

Tag der Bekanntmachung·iibe?' die Erteilung des Patents: 28. Juni 1934 

Dr. Leo Szillard in Berlin~Wilmersdorf 

Verfahren zum elektrochemischen Aufzeichnen von Sprechstromen 

Patenticrt im Deutschcn Rei che vom 17 . Mai 1931 ab 

Die vorliegende Erfindung bezieht sich auf 
em Verfahren zum elektrochemi chen Auf­
zeichnen von prechstromen mittels zweicr 
beiderseits eines str mleitenden Bandes an-

5 gelegter und langs einer endlichen Strecke sich 
gegeni.iberstehender Elektroden. 

Es ind Anordnungcn bekannt, bei denen in 
Abhangigkeit von den Sprechstromen die 
Stromstarke des durch den Film durchtretendcn 

1o Stromes geandert wird und hierdurch Ton­
aufzeichnungen hervorgerufen werden. Dieses 
Verfahren hat den Nachteil, dal3 es .verhaltnis­
mal3ig unempfindlich ist, da groJ3e Strom­
anderungen zur Erzielung einer Aufzeichnung 

15 notwendig sind. 
Diese Nachteile werden gemaB vorliegender 

Erfindung dadurch vermieden, dal3 einer der 
Elektroden ein Spannungsgefalle erteilt wird. 
Zweckmal3ig ist es, hierbei m der Weise zu 

zo verfahren, dal3 als cine Elektrode ein ent­
sprechend ausgebildeter Widerstand client, durch 
den ein regelbarer konstanter Hilfsst rom durch­
geschickt wird, so daJ3 langs der Elektrodc 
ein Spannungsabfall entsteht. 

25 Hierbei konnen die Sprechstrome den Stram-
kreis zwischen den beiden Elektroden oder den 
das Spannungsgefalle in einer Elektrode hervor­
rufenden Stromkreis beeinflussen . 

Die Aufzeichnung erfolgt zweckmaJ3igerwcise 
30 derart, daB das stromempfindliche Band normal 

zur Richtung der aufzeichnenden Elektrode 
bewegt wird, oder derart, daB eine derElektroqen 

qucr zur Ablaufrichtung des stromempfindlichen 
Bandes umlauft, so dal3 auf diesem hinter­
einander quer zur Ablaufrichtung Aufzeichnungs- 35 
reihen entstehen. 

Die Zeichnung zeigt beispielsweise An­
ordnungen zur Ausfi.ihrung des Verfahrens, 
und zwar zcigt: 

Fig. I cine Anordnung der Elektroden, 40 

Fig. 2 eine elektrische chaltung zur Auf­
zeichnung, 

Fig. 3, 4 und 5 eine Anordnung zur Ver­
wcndung des Verfahrens fi.ir Tonfilmaufzeich-
nungen. 45 

In Fig. I bewegt sich der tromempfind­
li che Streifen I quer zur Richtung der Elek­
troden 2 und 3. Die Gegenelektrode 2 befindet 
sich hinter dem Streifen I und kann als breiterc 
Flachc ausgebildet sein. Die als Schreiborgan so 
dienendc E lektrode 3 dagegcn ist in die em 
Fall schncidenformig so au gebildet, daB die 
Schneidenrichtung praktisch senkrecht zur Be­
wegung des Streifens I verlauft. 

Wird durch die Elektrode 2, die in der ge- 55 
zeigten Ausfi.ihrungsform aus Material von 
hohem Widerstand ausgebildet ist, in Richtung 
des Pfeile 4 ein elektrischer Gleichstrom hin­
durchgeschickt, so wird infolge des Ohmschen 
Spannung abfalls in der Elektrode 2 die Span- 6o 
nung an verschiedenen Stellen verschieden sein, 
und zwar sinkt die Spannung der Elektrode 
stetig von links nach rechts, so dal3 zwischen 
den einzelnen Stellen der schneidenformigen 
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DEUTSCHES REICH 

AUSGEGEBEN AM 
3. FEBRUAR 1932 

REICHSPATENTAMT 

PATENTSCHRIFT 
N!: 543 214 

KLASSE 17 a GRUPPE 3 
S 92043 l/17a 

Tag' der· Belcamztmaclzwzg iiber die E1·teilung des Patents: 1 4· Jat~uar rgj2 

Dr. Leo Szilard in Berlin-Wilmersdorf 

Vorrichtung zur Bewegung von fliissigen Metallen 
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AME~DEI) SPECIFI 

ll··printNI '" nm,.n•lrcl Utllll'r Sc>ction 8 of the Pntontfl nnd Designs Acts, 1907 

111111 l!ll!l. 

SPECIFIC1\.TION 

C~nrtnliJn D.1tc (Gcrmnny): Sept. 3, 1924. 2 3 9, 518 
Arp li.: <~fiJn DJtc (In United Kln}!.dom): Sept. 2, 1926. No. 21,972/26. 

Compltlt Acetplcd: Aug. 26, 1926. 

I ' 11 ll'l.I .T ~ : :"'\ 1'1·: ('( Fl<'.\ TIll~ (A ~I ENDED). 

Improvements in or rol:.tlng to Electron Discharge Tubes. 

\\'o•, . ' 11 \H' '" ~~ 111 ' 1 ~I 1: i \\ 1.111..1. 

f;J ., I: II"I I\If \(I f tiHII~l \~P,.TI I: 

II 1111 ''•, ,.f !l .. rt , n.~ t r u , .. : .. t.,d t, Cirr· 

6
,, ,, , \ lo r f rll • f> ••• lll j • >l ,\ (!• .HI 

,\ .. .;1 .r·· • .,f llr , J.,,. .'nr ' "'' .,( )t ; 
I ~r •. ! , , .,,.. ~·. l!. · rl~~>·ll~J,J,.ru. r,'.·rrlli'lll\': 
.. : il •. r. H 11 fl ,,,., , .. ,, ,, J,r ·. l, ,, u,f llr . J.i·11 
" • • H' • •. ol I• •. I' .. r '" i '1 "' •• h' , U ,. rl1o· 
fl ,. J,.. ,II , f;rr JI• oll l \ , ,,. Jl lllo:,:.trlll ll 

I •J , · .. ,., J,h. , " J, ,. , ,,'),, ,J,., l.•r•• th•· nat•H•' 
• ! rt,, • . r ,,.,,, ,.,11 ur;.J 111 11 hul IIIIIIIIIPr 

t},.. • .ol ll •' 1• loo I,. I"'' foor r!lo •ol, to J,,. pur· 
1 11 •,l. ,r ,. ,J, · • r d.,. ,J .1111! u•r ·•·rt:ri r11•d in unci 
f,, rJ.,. (rol l"" i u,: :<tai•'IIIL'III :-

P 1\. TEN'l, SPECIFICi-\.~'ION 

"'B82 ,4~"}8 Convention Date (Germanj) : Dec. 16, 1926. ~ ~ 

Application Date (in United Kingdom 1: Dec. 16, 1927. No. 34,096 j 21 . 
I , ; 

Complete Accepted: Nov. 15, 7 928. 

CU:Ml'LBTE SPECIFICATION. 

Improvements relating to Rcir.igerating Apparatus. 

\\" e, .\1.111·;wr E1N1:i11·:n..-, of 5, IIaherlanrl­
s ~r :rsse , Jl erlin, \\' . JO, Germany, a 
ntr;.:en of ~wit;.:erlam1 ana LEo SZILAHD 

l. o· 1' . ' . ' o .. .:~.J , nuzregenten~:~lras:;e , Herllll -
5 \\. dmer~dorf , formerly of l!\1radayweg 

lh,_l3erhn-Dahlem , Germany, aiiuugarian 
<·ttr?.en, clo hereby deelnre the nature of 
thi:; invention a nd in what manner the 
sa111e _is to be performed, to be particularly 

10 cl escnbell and ascertained in nnd bv the 
followiuJ.C statement:-

bodiment of the invention, 1 de. ignates 
the enq >Omtor containiug a coolin g agent rJ5 
2, in this cal:!e methyl bromide. Through 
the pipe 3 gaseous ammonia enterR t he 
evapondur and iiows from this pipe a 
into the coolin(J' agent through a 
llistrilntlDr 4 . J)ividecl into numeJ·o us ()0 
smnll huhhles the gaseous ammonia then 
r iHes through the Jiqui<l cool ing agent 2 
anrl in this manner becomes satura ted 
, . ..,rv rnrnnlPt.o>lv wit.h th" vnnmtr nf thP 
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D {, ~'7 Trl (.~- .-, r-., - -~r--": l ry- - '( 
;~ . .ll.. ...l.'M.. ..J.L .....:.JJ.. ~ U- ... _:. "-J~~· - ~-'-....:..-"-\J J.. 

AppEcatlo~ Dot~ Mo .·cf, I 2, /?3•i . 1 
1o, 78".0/3·1. 

jul.'-.~ . ) 3-1 . , o. 335·;0;35. 

(No. 33510/35 being div iJcd c1 ~ of Ap;)/ica:ion 1'-lo. 19721 /3-;.J 

Application Date; Sepr. 20, I 931 . No . 27050 /3'1. 

One Complete Speci fi c .~ion . cr~ : April?, 1935 . 

(Under Section /6 of the . >c~cncs and Dcs·gr. f..ccs, 901 :o 1932.) 

Specification Acccp :c.J ; Dec. I 2, 1?35. 

PROVISIOXA T. :-;]•J<:C l"TCATION 

No. 7MO A.D . .~.034 . 

.I, LEo SziLAHD, a. ci t.izen of Germany 

: ~ ·· ;. r.d Hung-a.ry, c/o Claremcmt llny1 c~ 
' "' · S: . Oo., Vernon House, B loom bur-y. 
:,·, ' •(quare, London, \V.C.l, do herchy 

~r~- ' i .\·cbru t.hc no.ture of this inven tion to be 

n~\follows :-
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--. -.. _ 

Pate :1.-f~o. 1. No Charge for the Form. .. 
PAT NTS & D SIGNS ACTS, 1907 to 1932. 

, ,,,,~--, 

2 or . ;~1:~;? \ (To be accompanied by two copies of Patents Form No. 
.., ·, . ;·:\ ~ of Patent. Form No.3.) 

.:.. / J.' 

, . ) ' I 
. ·<.:. J.J .1J APPL CAT ON FOR PATENT. 

~----~~~~--~~~ 

( n l Hrrc mscrt (in 
f ull ) n. me, addrc <, and 
natioMlity of appl tcant 
or o. ppltcant.s (in luding 
tho o.cluo.l inventor). 

"5730 
21 FEB 1934 

(b) H ero insert title 
of invention. 

(c) State here who 
is or aro the inventor 
or inventors. 

(d) To bo signed by 
applicant or applicants 
and, in the ca.so of • 
Fmn, by each pa.rtner. 

~ 

(a) I (or We) ......... ~-!:: ..... ~~~-~ .. j ...................... .................... . 

..... ~~4~·~~·- · ·· ·~····:··~~~-~~-· ······ ·~·-·····~ 
~~~ I ; ( /?4j;~ &< 
...... ~~ ... (:< ......... ! ............ "0:.. .... / ...... ~~ ........... &....~.(?!. ... ~ ... . 
.-· · {I tfj .- ./ ~/ I ~ -F ~,. - . -~ - ,;, .a.-...~ "':rl-~-=:::::"" ,.;.;-t ~~ r ~- • ·~ , .................................... ........................ .............. ....................................................... '/' ..................... ................... ....... ~· · ·· ······ ··· 

rp .. 
0!,-,..~~i.,. ... :.: ...... ... .... ....... ..... .. .......... ........ ........... ..... ....... ... .. ... ... ....... .. ..... .. ..... .. ........... ... : ... do hereby 

- I 

declare that I am (or we are) in possession of an invention the title of 

which is ~b) ...... rk.~-~~ ......... ~~~ ... .. .... !.3.~··.~~~ ... ~ 1 

. .. &.::~ .. ;4.-c.r.~~~ ........... ~ .... t.?.~ ... ~ ............................ . 

.................................................................. z··· · ·· · ········~······ .......... .. ... .. ......... ....... .. .. .... _ ........................................ . 

that (c) ..... ......... .. .. ........ :!.{ .... ~~ ............. ~ .. ~ .. ) ................................... .. .. 
claime. ... to be the true and first inventor.. .... thereof, and that the same 

is not in use by any other person or persons to the best of my (or our) 

knowledge and belief; and I(~ humbly pray that a Patent may be 

granted to me (-or t:tS) for . the said invention. 

Dated the ....... f. .. ?!..: ........... day of... .... .. £~~~ .. .. , lD3 ... 3.f 

(d) ............. ~·""""' ' "'"'!?""~"" '""' "" '' ""' ' "''"''"" ''" '" " 

C<'--4"- v~~ .. 

NOTE.-One of the two iorms on the back hereof, or a separate authorisation 
of agent, should be signed by the applicant or applicants. 
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' AME~DED SPEC FI 

lto•printNI '" nm,.n•l,.,l UIHio'r Section 8 of the Pntcnts and Designs Acts , 1907 
nncl 1 !l 1 n. 

s) ~ c c 
Ccrmnli~n D.1lc (Gcrmnny): Sept. 3, 7 924. 

,lfpli.:.ltl~n 0Jtc (In United KlnMom) : Sept. 2, 7925. No. 27,972 /25. 

Ccm;!dt Acapttd: Aug. 26, 1926. 

c·,, fl•U:Tr: ."I'·:<'IFri'.\TIO:\ ( .\~!E :\ DED) . 

Improvements nor relating to Electron n·scharge T bes. 

\\',., SII\H· ;\ .. 
lil · .. r.tr "' 11 ,,·r \liT l 'I II ~!\ ~ ~. r t I. 

II H · ··''·· ,.f u .. rl tn ·S I<'llo<'I.Ht .• • !t , I " 'r ­
JI ! ~O\ t c; ~ .. tth }If\ ft•fUJ•.\t.;. \ I 'i.r; 

6 ,\ • • l.: sj,..- .) •• ! I•r. f_,,_ :'.·1r \ l.!t, , .)i l•~. 
r~r .:. ol~· . ... ·,; . lf ··rhn .Jl .o! . •'lh, f .. ·rt.l.lf,',. 
nt Jf ,.tl,.: '\r' fl ta~at t • •h.tl;~·. ~ . ,11. d >r. ,;•1 
~ •• t r ' ~ J •. o! It,. F r ,u) ,, .. "'' f~ .... ~. ! •. r ~ d •­

P of.J,·rn, I ;"fll'olll'i , ul I •:to..;:.: .. ::. 

1.11 ., . ohtaint·d ia tl i,; way, it is on tho 
..: ... r I . 111 iu i•o~-·I. t• to c. ·c·n:i,c nn 
.•:! .•• t · ,.,. nontrol nt tho• :11 ode currcnl by 
:: .. ).:r , . ·'' ... , ., o·HHtr in thr ::.pac·•l 
; .• ·11\ ·· ··n tl•• ·" •' '"'' . nd till• c: t l odl' i,., 1 ol 
~ 1!!i··i•·t t i .. r :J,. o·.ottrol. 

''h•·t·· . r,· .• '" k t """' : ln• .Hly l'lo1t'tric 
.!.,, lu ;.:•· ,., .,". , i1 tl•· lllrll l ot ll t'ITIIr.\­
. l'""' ro·o·t:.·,., · :1 wL." I thc· n 1'\tlllll·iJ 

10 .... t , .. r, .. ltl . . ,f .. 1,,.,,.),_\ , j,., Lor• • tl ,. ;, .,: .. : 
.,f tid" Jf j \•"11(11111 ,.t td ll \'.h .• ~ } •... d,t•,'" 

I far •. dllt ~ I • tn f t• JH' r fttr1111'd, (, , ),· ;1. ,-
llt 'l 1.11 11· .J,·, o·r iLo·cl ancl :o-c ·•· l ;: j, ... , · .. ..... . 
loy tho· fcol lol\lin g- .,f:l l o'lll<'lll :-

l:i 

• , •. "'fi ·u· · :h v.· :t·:. t t' :11 o< ,.:"\ ~ rc <~on ­
, .• · •·< • i, ... . .. ·. .. .. : 1 ·n t I e c:t tho do 

· • ' '. '.. • ..•• · \· .• c·t:t To ·., oll!:tincc ... f'·.' . . 
., , . Ill •" " '. · J• J\ · gTll\'l':ltr cl 
:11 tl~ , ·,.l, ,l •·• •• "' ••n ..• ·,..,, t li'<JU~.d 
.1 . ~H" ll. o . . ·u\, . . ..., ..... , , , •• -' •. • , •• 1.cl 1l (' , 
;11 the i'o n or";, ,,,·l, i .o t!.", ' ·" c1 s~ tion 
,,, amht> ·. · ... _10 r jet 

20 

.\,. i.• IIP i ildioWII, ho t o·.,thllc ,, tulJ, .. , " " 
~~~c·cl fur the c·ontrol of Ple!'!ri<' r-urrc1 . "· 
In -"!It'll tul11•s, thP r. urrent j,., cotoc 1 ei•·c 
hy th e• e lcl'l ron :; whi ch escape from t he 
inranclr:srcnt fil:uncnt owin g to the } ·:..:! 
te:.lnor;lt 1: 1 c of the same. For th • 1 , , -

o•x cr 't. c. n " 
·I :1mhcr:., -· t h 

, c tul1e 
•. g anoue 

ereurv 
kllO\Y, 

25 

30 

36 

trnl nf tlw cu rrent , hetween 1.he i1 c:. J. ... , _ 
c en: fd<nllf'llt :mrl t h e anode of t l , ... . . · 
co uhl he proYieleel a g-ricl in fl.. r. ,.,.,·, 
hy a control volt.age . It is c iffl<' .o.1. c. 
obtai n in thi s way high • node c ;!'c .t 
intensities, and the life of the .:.-:a n -
descent filnments is a limited one. .\.t 
the same time it is n ecessary to ::.e . 
co nsiderable e nerg·y, the so-cafl he ti .g· 
eMrg·:v. whirh rest ri ds the effi i .. , y of 
t he t ube to a low fig- ure . In or ,.,•r 10 

innen:,;e the current intensity · in v .. .: 

c]i,.;chnrge vessel wi t h contro'l ac :" , 1t 
has been alrenrly propose el to use ior t lt c 
elischnr~e ve~sel the well known n er ur:-· 
vnnonr recti ·fif'Ts , and to arrange control 
~riels in front of the anodes. Although a 
sufficiently high anode current strength 

[Price 1/-] 

r' ·:& pour .,t-'\l .. . 1. J . ..._tot 

-ll~rharg:e .. , ... l·,, ,i.v 
e Yer any :~ .. ·" for t 1c 
.::u rren t 00 . . 'i. 1 .. · .. 1. 
,·at Lode. ,,,. !. :!!.·:, :·,.,, ··-, 
i n the nPi g·l1 Kn:rhou.l '" 
:·ather int~nclrc. o :1\'v: .. 

·' 

an elect rir r,,., . .,r a p . . "" _ o 
Let "·een the a o es t 1 ·: •. ,.,>.!1vcs . 
. The inY ntiOJ has re te ·ence to a , . 

charge tlthe wi t menn. for ron uol~ · 
t IHl current herw en anode ,,n c c. tLc, 
hy electro;;hnic or elcc ro -mag., 
!llf'ans. in whirh the acln is_io fro... . 
cathoele ch. mhrr to the cham her·. \: .... ·h 
i he control tnkc. p lncc is .i'ec { 
a contracted pn. >.:tge . "Xo ' e.·p,,::""'·" 
has shown that, in spite o ' ' "J .·~, ·; ce 
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Convention Date (Germany): Doc. -16, 7 926. 
"]) 0 'J> ,( "'~ p 
,VC),.:;,./,:..r:4 

Application Date (in United Kingdom>: Dac.l6, 7921. I No. 34,096/ 27. , 

Complete A cceptad: Nov. 7 5, /928. 

COMPLETE SPECIFICATION. 

Improvements relating to Rcir.igerating . ppna s. 

\ \' r., ALIIJ·;wr ErNsn:IN, of 5 , Ilaberl.tncl-
s~r:•s.-e , Herl_in, \ V. 00, Germany. a 
e ttJ ze n of R\\·Itzerlmul ancl LEo Szli . \Jtll 

of . !).), l 1riuzregentenstrasse , Berlin ~ 
5 \\'l1111e rsclorf , for m erly of lt'araclan1·cn· 

1~i •. l3erlin-]J aldem, Germany, nlluug; ria~ 
c·Ibzen, do hereby deel nre the nature of 
this inventio11 aucl in what manner 1.h e 
same is to be performed, to l1e parti ·u lnrlv 

10 clescribecl aJHl a certai.ned in and b\' th.e 
followi JII! stntemellt :-

'J'his inven tion relates to refrio·er:llincr 
~\)ljlaratus having a refrigeran t ev~poratPJ 
Jn the evaporator by the introcluetion of a 

15 prc:-sure equnlisillg auxiliary medillm 
thcn:into a nd separated from said m eclillm 
h_v the nhsorption of the latter and co n­
tlensatiou of the refrigerant as rl escri llecl 
in British Patent Sner.ificat.ion No. 

20 2!)() !JS:l. 
.-\c·corrling to the pre·ent invention the 

refrir_reruting proces in such appnr. h ts 
is enrr iecl out hy utili s ing :JllllliOJlia a :; t h 
anxiliary mecliu111, wnter as the nhso rption 

25 mr.clinm ancl butane or methd-bromi dc as 
th e r ef rig-erant. 

\\' hen utili~ing- the ul1ove suh,;t:Jnc·L·~ 'n 
t-he refrig-eration pro r. r:;s the <·onclen:-;:dion 
of the r drigernut nne] the absorpti on of 

30 the aux ilinry medium is prefera hh· 
efl'fw tec] in known llH\nli C? l' in thf' s:> lllP 
Ye:--sel whi eh is hereinafter callP.d n c·on ­
cl enser-n hsorber . 
. A.s no _l'onrlensation of tl e auxiliary ga:, 

35 IS req \ll recl, the npparnt us is further 
worked with ammonia ns the anxili: ry 
g-ns nt n.ny desirecl small iotnl pressure. 
The total pressure is pnl<'t ic-nll i' the same 
in all parts of the app . raTU. ~xrept the 

JlO pre:-s ure clifi'erences counterbalanr:ed by 
the hydrostati c ptes!'lnre of liquicl columns . 

45 

50 

The invention wi ll be hereinn i' er more 
partic-nlnrly describecl with referen e to 
tlw :IC'compnn y ing dra,ving-s in whi ch :­

Fig-. 1 shows ding-rammatically one em­
bocliment of the invention . 

Fiq-. 2 is a modification of tile inven­
t. iv11. 

Fi ~. 2n is a section on the line A-A of 
Fi~r. 2. 

Figs. J and 4 nr e fmth r modified 
nrrn llQ'PllHlll ts of the invention. 

Referring to Fig. 1· showing one em­
f Price 1/-] 

hodiment of the invention, 1 clcsi:.p1ntrs 
the evaporator containing- n cooling- agenl ;)5 
~. in ~his rase methyl bromi~ e. Through 
the p1pe 3 gaseou. ammoma ~nter_:; the 
cvaporntor anc flo ws hom tlns p1pe ;~ 
iHLo the eool ing- agent throug-l a 
tlistrihu t~Jr 4. JJivi.cl e<l into n um e.1·ous I)() 
small huhhles i.he gaseous ammonia 1 hen 
ri, cs throug-h tbe Ji.c1uicl cooling ag-rn t ~ 
, ntl in this manner beeomes saturated 
wry eomplet<:ly with the v, pour of the 
methyl hromi<ie . 'l'he mixture of the 
t wo .-a ·es then fiows throHgh the conrluit 
,- int~ the eondenser-nbsorher G into whiel 
water i~ dropping contin \Ionsly· tl rough 
the conduit 7 . Preferably the water 
i1cms al ong- the wall S of the condenser 
w hic:h wall is coolecl by external cooling 
wa te r. 

Th e ... at\ ·; tion pres:-.nre of t h e ammonia 
being- :-trnng-ly recluce<l in the presence of 
water ll1r g . seOltS ammonia will be ab­
sorh ecl h.\' t l c wn tr r, the ga content of 

C5 

-; o) 

rhc con clt•ll:-l'r G hr'ng- thus cleprived of 
. aicl g-:,; 'O"" .. ~ll oodJ. ;, • .\ s the total 
prrs;,un• ,,.,, ,.,;,.,, c·c, .:-t .. t.t ·n this proces!;, 
tltr p:nti:, . '"·"'·'\oi'c o. , m ·tl yl hromide SO 
will 1.' c:o .,,.,po1 eli:. i H'l'<'nse<l on 
:\C'COlll\ <>f tl 0 1'0 1 u 

:l llliii (IJ\1 ; , ''"]h'CJ .. Y .. 

of 
. lltlllOlll:. -· ;1sfi'ous: 11 1 om: , nc .-a pou r 
of m eil d hrilll iclc h•nc ;-;in 1; :.~ t'(hblY to 
npp roac.' llil' wa s of l e c· ...... <' ,.,, •· 'ancl 90 
l he eon clPr;,, r · 01 proc· ,•,·d. -. 1'1'; ,· .. ; · .1ly ; 
the Yf'loci \. oi con( ,'t. · · ,, , ,p,,, ing· ir 
the first r' ~ ace on t ' ,-.. ;,-:, ,} wh ic-h 
the he: t i:-. renH>YPcl ......... .; w . l:; of 
1hP c·or clcns •: . T 1e co , ~' :,ec' methYl 95 
hromicl e h:ls : higher ,pe('i ·e we 'g-ht h;~n 
the atntJIOJJi: , so ution a1 rl co lects ·n t1,e 
co nrlenscr "" : t 9, wlw reas ... ! .m .. : 
mixtun~ 10 floats ahoYe. 

'!'h e m et! yl brom'cle in <• _,,nser 100 
f'Ollllll\llli(', tes with t 1, i1 lC ... ' 101': -

tor by means of he cone ui t :2 
desin·nntes • coolin n· j· e-ke •. toolin<•· 
the ~onclenser G. Tl e : \ 110 .: : :-<ahtio n 

is tmn erred in to tl c v~sse . ,-.,,w-~· 05 
the pipe 13 by means o g- , :. """•)•":. ·;:,-
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COMPLETE SPECIFICATI ON. 

I •, Refrigerating Machines in whic t e Pumping of ~ i 
Effected by Infermittently Increasing t_ e Vapou 

(. 

... ·we, Dr. "LEo' SzrLAJtn, o£ 95, Prinz­
r·egentenstrasse, Derlin-'\Vilmersdorf, G l:' J'­
mu ny, and Professor Dr. ALDBRT 

:EIN.STEIN, of llaberlancistrassc 5, JJerli r, 
5 GPrmany, both Uerman . ci iir. ns, <lo 

hereby Jeclare the nature o£ tl is inver ­
tion and in what manner fhe t>ame is to 
be performed, to be particular y de:-.cri he ' 
and aserrtaincll in and Ly the followi 1 1; 

10 t~tat •numt :-
The construction o continuous J'C -

higernling machines of ihe ah,;orp ti.m 
type has hitherto heen imp '< 11~ d by 1l. e 
neces,ity for Rpecial feed pumps to c 1 -

15 \' y the liquid fron: the absorber to i a 
h('ater or st ill, because of t he con:i cl l r­
nbk positiYe pr ,urc usually prcv. ili ng 
in t he still. 'l 'he employmen t of a "peci a 
f cd pump is too expcn ivc and ·mn bro us . 

20 \-arious proposals have ~ccr :u:lv:wred Jor 
dispensing- with a Rpec; ! f red p nnp, fo r 
example by conveying- l•l liqu ' cl f rom \.he 
absorber to the till Ll.Y m e:1ns of a. ccnc­
ing huhhles o£ gas (after the mann er of 

25 the mammut pum;J) ; hut this , and vari o I ' 

other suggestions, ,roved unsuccessful iT 
cases where th po itive pre. sure in t l e 
st ill is consicl e.-... Jle . In order to g·r t 
round the di ffi c1lty in qu estion , it has 

I ' .... 

30 even been propof; ed io abandon the pr i -
ciple of operating purely by ahsorptio . , 
and to construct refrigeratin g mach in ·'s 
in which the pressure between the a bsorber 
and . till is balanced by mean o£ a prr-

35 maucnt gas. 
A similar difficulty to that en counterc·cl 

in the ahsorpiion refrigerating machi n .~ s 
is also met wi th in machines of the in .i<··· ­
iion type, since th ese machin es wou .d 

40 ner<l a ~pecial feed pump to pump t l1e 
condensate hack from the condenser in o 
the boiler. 

The present invention enahleR speci. l 
feed pumps to be dispensed with i r .' -

exists, char ctcrised. i 
press ure is i "c ·.1.: t.l.n ' cr 
t ween two c o::>L .. : . , by 
.A. closure r.1e1L,, ,. · , .. ,)". !. 

v : I vc or ;, 

s 

45 frig·erating machines, even when con si c' -;-. 
ab'le clr.gre~ of positive pressure have 10 

he overcome. It provides n refrig-er. ~ : 1 g 
machine in which n liquid is forced 1 w 
a ch:unber wherein a positive pre sure 

~ " p 0 -
u l-3 't.:C ):v 

{Priu 1/-] 
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PA.TENT S 
Oonrention Date·\ Germany): Jan. 24, 7 927. 4 , .2 .2 

Application Date (in United Kingdom): Jan. 24, 7 928. No. 2268 I 28. 

Complete not Accepted. 

COMPLETE SPECIFICA'l'ION. 

Refrigerating Machine wi h Organic o ve t. 
\Ve, Profes. or Dr. ALJI ERT EINSTEIN, of 

J>, Haberlnndstrasse, Berlin, Germ any, 
and Dr. LEo SziLARD, of 95, Prim~­
regentenstras'e, Berlin - \Yilm ersdor f, 

'5 Germany, Loth German citizens, do 
here'by declare the nature of th · s 
inYention and in what manner the saiL,., 
is to be performed, to be particularly 
described and a cer tained in and by the 

hi following statement :-
Among refrigeratin g machin e of the 

clnss in whi ch cold is generated direct wi th 
t he aiel of applied h eat , t he absorptio·n 
ma chin es occupy the premier position at 

15 lh n present time . In these absorption 
Jl WC' h incR, ammonia and water haYo 
h i!hC'rto been almost. exclusively employed, 
the wal cr forming the absorbent, and the 
ammonia t he ref ri gerating w edi u m ; but 

20 it ha s also been proposed to employ sul­
phur ic acid as the nb ·orbent and water as 
tbe refri gerating m edium. In :1l l the 
known or proposeCI refr igerating mach in es 
wh erein the va pour oi ·the r efrigerating 

2;> medium is token UJ, y a second liquj d 
nb:-<orhent m edium, a special chemical 
nHin iLy has existed between the refrio·ernt­
i ng· mPcli um and th e absorbent. 'rhe chemi­
<'al comhination hetween these two is 

30 rr~pr , J.,.,ihle for the fact that t.he partia l 
prcss11re of the r efrigera t in g medium 
:-~it u;, tt> c a hove the dilute . olul ion in the 
ah,.tn·l •rnt. in eclium is r.o nsi<1erahly rerlueed, 
on \1·hir·h :u·r·o un t t he phenomenon may 

35 also ·l h' rrg-ar<1P<1 :1s one of absorption, ancl 
ll <lt H11 ·rel.v solution, of th e refri geratin g 
m,•diu111 i11 th e ah:--orhrn t . 

In fi g-. 1 of lhc ncromp:1nying- <hawin g-, 
t1H· <'Ollr f' Hira tio n of th e ammonia in tho 

ItO arpl t'0\1,; ,;nlut ion is p1nttPd as nhsriss:1~, i1 
j ,• rnb of :\Iol. <X,. 'l'he orclinate:~ of ihe 
p .,1 t (•d r·u nc clenot c the .p:t rt.inl pressu re 
,. t hl! :llll!llOnia nhove th e aqueous solu­
tl u t.'-1, nl 20° C. 'l'he straig-ht , broken line 

4.5 .. ir·;1tt•,; wh:1 t the partial pressure of tho 
, ~. .. n10ni a would be if the same were 
; r: .roximately propoTtional to the :Mol. % 
co: centration . As can be seen, so lo·ng ns 
c . .te solutions are in question, the partial 

fPriu 1/·l 

pressure of the :tlltllOnia 1s enormously 50 
reduced hy t 11:: 1\':tter; an this is the 
reason :vhy pur 1\', e.· . o o:vi ly absorbs 
, 1lmon1a unc c; t esc o. Li tio 1s . 

'l'he cause of tl e OJ o ·.lou; !owering- d 
th e vnpou JH·ess\ re ij t' am nonin.- 55 
w:tter system ·s o chee i ·:ll •. xdio o 
t e ammot ia in tho c i ute . ,,po· s soh -
i '1 . , imi t rly, the chemic . • .J:s:..d :o. 0 

tl e wate r by tlte COllCCt trat,·d s .. ' .. :ric 
ac t is th e cause o · tl e av·· --'-'s<,r •... 1: of 60 
t 10 \l':tter hy COll('C .l r .. teC: u'-• . 
~vi<len ce of f" rH:ct rrent c] ;:nni ... J ,·_;­

c<'fion i · ; .- o afo·c1el by th h\!c<\. .:,­
•ng·ag-e<l w1 r1 lhe two l'cp i sin q<:,;.s ". 
::trt' mixccl iogelhe ·. ~ 1 .J .oJ i:. [. ·" :-;t.. 5 
phuric ari d nr , i t.:le 11se 1·es, cheu :c::·· r 
active ro tlpounl", '1. f·ct w1icl .. :],,,.~ 
ibelf Ult pka,;an ::~· .Lp~)nr nt in tl: -c t 1" 
m: terinb oft 11;: p-~d L :,r~ corroc db .· ,,1 
suhstanc:rs, l n less ~!''' ." , care be,:~ ·u L- 70 
to t he selrdion of the ·n::.teri::ds w·t 11· d. 
the lictui<l c·omes it t ~·oi :ct . 

r 'he J11' 0SC1lt in Yentio 1 prO ViC es :). :·~;;­
friger:lting- 11 :1 hin e it \l· h ic - ·1 contr ::::,t 
to existin g· n chir es f :Lis k' .d-- 75 
liquic in e1\ i , itself ;:-, Clc ''.' ·C s tl e 
so \' ent me it 1., in t. e :, ,sc> c • . 

The vapour of . T"C rige:-: -~ 'b 
is dissohecl 11,. -he org·, ;ic :i uic in Le 
ahsorher, wit~10~1t the' 'Xis;;en.ve <> , ny ~0 
sperinl chemi,',t~ , flinity het~Yeen t1 c n ­
f r ig- r:1iing mcri m, d i' e ~ohent .,J:.,.. 
ner ~sary; a.nc s.il le;;s w· 1 ch.·L.ic, . 
re:1rtion l. ke · 1 .... .: h t \~· e n 
mec1ium an c !:>;; , • .., 1t, s't C'l3, . c 
sl ug·J .. rish Jll. 111 1 :. ·· ; t ,\-} ir1t ~·c~c·"'to _. ·"' 
of tl e nrganir: lic ,tids pro st c1 H!-
:'lr·t inn 's out of i 1<' <jUr>:'tl<l. ~ l' ~ 1 ort 
tillle a1·ai ahle. It is e1·· •. , ·:.the to 
employ, a. sohi:l t ;,11, , •• ,r·r;'< ·ati11g' 9 
mer inm, hom onrg·co s lirr :i ,.,, t'l:lt :s to 
s:ty , li()uid~ w1 ie h nr ,. ·t ri.. 0 Pnte · 
into mutn:1l re. ct'o 1-~,1 '"X:' ••. "p e , 
methyl alro ol nncl uc ,.: .v.. T e 
more readily volati le 1e, n,r .hol ionus 95 
the refrigeni.ting- 1 1e it 1.. t:•e less 
readily volatile octyl a <; .. v ••• c: v Ye t . 

Fig. 2 is approxima e y • .>-.;.,. o e 
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Improvements in or relating to "7' ct--·c on s. 

in termedi a tc I: ycr is a con ctor o " ter-Dr. LEo Szn.-IRD, of 95, Prinzre(J'euten­
strasse, Drrlin-\V ilmersdorf, Germ;ny, do 
hereby de ·lure the nnture of this inven­
tion and in what manner t1t sn:rr: t> 's to 

n, ti1 g ct rrent. Din'ct currunt, in co1 - 50 
ditions set for,h ~!o·w c~o bring nb01 t 
an electrolyti c ~ 0 .1 osi 'o o t e i te ·-

5 be performed, to be particu a ·:v <c., ri c 
and a certnined in and ], , ol owing 
statement:- · 

This inY!'ni.ion r rlatr<> to . t , · , .. 1len:-;er 
~neh as is frrf!uently u .-.·l lll l' . • stanc~' 

iO fur weak rnrrents a~ blor :, o'0 . de1 ~ er e c . 
and in whil'11. as is now '"' ":' :.•r con­
densP-rs fo r low voltag s, thi; n eLal icall)· 
condueting- layer.-; nnd tl in non -metnllil' 
byers of solid structnre (paper and th<2 

i5 like) are a r ,·angec1 altf'rnately. Tllf" 
invention has for i ts ohjed to lower the 
alternating current resistn n e of Ruch con ­
densers, the r.oiu]enRer, or better th con­
d nser set, r emaining practi ally impa:---

20 sable for direct ru rrent c) low a g-i Yen 
, limit voltage . ArC"orcling· to r' 1e invC'n­

tion, this lowering of l dtern atlng c·ur­
r ent resistance of t Le con <- nsrr is effectec1 
b.v making the sol i c. non -metallic 1. yrr:-; 

25 · (for instance paper) ;;i.tu:tt ed hetweet tlw 
mrtnl cnnrings or plates . rlrctrolytically 
condu cting-, pref~rahly hy impregnating­
t he porous or swelling intermecli: te lnyrr 
with a . nibble s:.l t solution. 'he th ick-

30 nrs!'l of sur·h in!t•rmeclintr lay ·, .uch a" 
are used at pres~> ·. .n rondPn~er.~ for weal; 
currents, iR of t , :lnler of n. gnitude of 
-} thousandt h .-:. .. rentimetf'r and ew•11 
much ~;mailer. .re must he taken ther('-

35 fore in impregn;, .1g it, tha t i i. should n0l 
he Roftened too n. trh. Tlw cl10ic of thC' 
elecholvte i~ mncle with clue c·onsid"nl­
tion of 'the nawrc of thr metal which ('011-
;;tittdrs tlw plntes (preferabl~- tin - fnil 

40 paper or aluminium foil.) an~l is mncle 
in ~nrh a manner thaL n finttf' c1~rom­
poi1ition Yoltnge (p0lnriRatio!' voltage) is 
oppnsrcl to. the pa . sage of dnt>rt current. 
The lowering- of the r~lternating eurrent 

45 reRistnnce iR thr1.1 based partl:v on ~h~ fnrt 
hat the r1ielertnc constan t of the 1mpreg­

n:1ting so1u.tion (for insta nce of water) ir; 
larg-e. lntt pa r tly on the fad that th e 

[l1rir. ll 1/-1 
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Convention Date (Germany) : July 74, 192 7. 

Application Date Un United Kingdo m) : July 70, 7928. 

Complete Accepted: May 30, 7 929. 

Improvements in Refr 'gera 'ng ? ocesses a 

I, Lr-:o ~hlLAIW, formerly of F araday- p1p 
wcg J G, B •rliu-Dahlem, 1bu t J IO \ • of 
l'rinz ltegenten trasse , 95, Derl iu-\ VJl­
mcrsdorJ, Germany, of li llll g"ariau 

fl nationality, on rny own behalf :tlll as 
A s ignee of ALDEUT EINSTEIN, of 5, 
Haberla.n Jstrasse, Berlin, Germany, of 
German nationality, do hereby c clare 
the nature of this invention and i .1 ,vb.J.t 

10 manner the same is to be perform e :, to b • 
particularly described and ascert: inc• 
in and by the following st a tement:­

The invention relates to a ab 'lJI',l 

refrigerating process aud app. ra , "" 
15 which in known m. nn er wa ·.er ~ol J e 

alcohol, in particular me t hyl 1 <) ol ·s 
vapouri ·ed and the water upply , ::.~) as 
the energ-y source . \Vher as , h(IW<'Y r, 
the alc·ohol Yaponr has hi th 

21) 1lrawn clirect. out of th 
water jet pump, ccording to t.l (: •fl'" ; ~ 
i11vention . the v, pours are d issoht c ir . 
sui table nssel (absorber) a nd the , .). u tio 
remoYed from the ab. orber an d thr , -hoo~• 

2 .') appara t us ag-ai nst atmospheric: pressun· 
'hv a water jet pump. T he "·:-~tr·:· from 
th e water supply is fi r,' t led throu :·h i hi, 
absorher and so di stributed thn t i. Jon. :; 
a lar;:re surf· r·e and ca u ahsor 1 tll~ 

30 g-reater p:-1 rr of the Ya pours clra wn c•fr 
irom the eva p ra tor. There re:~r lles th.­
water jet pump therefore , not pur, wat -•r 
:-~nrl vapour as hitherto, but wn.er n 
which alcohol vapour is di s olYecl. 'l'l ,, 

35 air renchin p· the abRorber f r 01 11 1 l' 

eY a. porntor Nln he drnwn off hy ,Inn tl to· .· 
wntP.r jet. pump . 

The refri!.('ernnt is aclvantag-eou,.,ly f rl 
in io the eYnporntor from a cont:Jin.'r 

40 thro11!!h a pipe by th e air of thP 0\ltPr 
a1r pre sure. 

'l'hr acrompan:ving- clrawin g- sl 0,1._, eli.­
;:rr :-~ mmnt. i call_v an ex am ple of . p J•: r nt •Is 
emborl_Ying- t he inYent ion. 1 j ,., th e 

~;) ahsorhrr, 2 the eYnpora tor of tl e r 0-
fri£t'eralor. The refr: ~ernn t i stored i 
a reservoir 0 from w~.irh th e refr'g-Pr:-~nt 
riReR thro11g-h a piTh .n to the evn porntor 
2 under the action t mm;ph eri r. p r e;;-

t>O Rllre . Fr011 t.henc, . e vapours of the 
n~fri\!'ernnt n . e snr.k l in to t.h e a lisorl1Pr 
J thro11g-h a .ipe 5 . anc1 the aqu eou s . olu­
tion flows n11t of the absorber th rou g-h • 

[Price 1/-J 
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Conrontion Dille Warmany): Oct. 37,' /927:...-- --· • 

Application DRte (in Ur.i ed Kin dom) : Oc . 29, 1928. No. 37,364 28. 

Complet Ace<:,"Jlcd: Jan. 23, 7930, 

COMPLETE SPECU' CA'l'ION. 

Improvements in and r !l ti: g to Refr· •e· at·n 1.:ach ·n s . 

1, Dr. LEo S:GILAltu, of 95, l>rinz 
Heg-en teustrassc, 13erliu-·w ilrn er:lclorf, 
Germany, of liungarian Nationali:.y, do 
hereby declare the nature of this in ven -

t') tion and in what manner the same i:; t•> 
be performed, to be pariie1Jlarly deser:bed 
and asc •riained in and by the followi g 
statement:-

The present invention relates to r,• f ri-
10 gerating machines, in which the h at mu.st 

be carried away when the tempe r: it c 
ri:>'s above the temperature in the cJu 'ng 
chamber, as is the case for rx~ 1 1ple, ill re ­
fri ge rating maehine" in whi ·l a . iqt ·.! 

15 cooling medium is evaporatr<l, comJ r,· .-~ · 
in any suitable manner and r i ; uel' ~;< 1 

a condenser. 'l'he h • t that is geJl,'r. 
in thr condenser du. i 1g th e p rO C<) ' s •Jf 

liquefaction must the1 be carrie 1 aw: y . 
20 In many caseR this is eJl'ecied by coo it ;; 

with air. 
Accordin g to tlw inYention the con ­

tlensiug pro r:.~:; <:an be confin e< to 
period of one to two hours, eYen wh en tho 

25 <·oolinrr in th e concl nser is not int <>ll>;P: in 
absorp

0

tion machines the boiling- prri. >tl is 
thrrchy r educed , and in motor lriYrn 
ma<:hines the hent correspon rlit> g to a ,.u i ­
cient prodncti r. of cold for the who!.~ d.w 

30 is di . sipa.ted in a shor - time. Accnr< it ,..., 
to the invrntion, in a. refrig· rntin..; 
machine in which heat is libcratorl durin:-:· 
t.he intermittent ronden~ation of tl <' 

vapour of tho cooling medit11i1, ai least <l 

35 part of the heat evolved is t.r:msmitie< 10 

a solid substance surrounding th,, cor,­
denser, which suhstnnre is cansed to mr:t 
and in this way to t\hsorb tho heat 1 t: ·i Jg­
the operative period in que. tion . J)nrillg-

40 the remainder of the timP the su1 .::-t::m cl' 
cools slowly and again solidifies, giving 11p 

the heat that it h::H! ahsorhrd . 

in n 
OYer t •. 

case '":.. 
·hic·h 

r,~i l...;'t" 

clming- ,};p ·i 
thP Yapollr ' 
i. lilwr::t te.1 . 
a p, rt of 7' 
to a soli 

wit 

. 'I'he invention is diag-ramma tic. r~­
i.llustra ted by wav of example in t .f' 

45 a (:companying drawing. 
den~er whir .. :-1::. '·· 
so ab~orbs t: .... ~ !:"':;.l 

In the drawing, 1 's the evaporc tor; 
the vapours are drawn o through th e tu 1e 
2, compressed by the ap aratus 3 ar d cot. ­
veyed through the tnb" 4 in t.o t1H• roll -

IS() flenser 5. The condenser 5 JS dl. ro:; f1 
in thE' ve&'!el G in which a solid snhsl::tn('c 
-for example: phenol, or a mixture of 
phenol with other chemic(ll. that 
lower the melting point of phenol-

65 surr01mds the condenser. The Yes el 

nodhill: P rinted for His Majesty's Stationery 

21, 
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COMPLETE SrEUFJCAT 0~ . 

Electrodynamic Movement o -,luid Me als articul "-'ly f 

\ V e. l)ro£. AL13Ell.T ErKSTElN, of Swiss 
l\ ationality nf r,, llab rlanuerstrasse, 
Berlin, G n11 :• •• . . <•tHl Dr . LEo SziLARD, 

'of Hu11garian .l\;tliouality, of 95, l 1rin:ae-
i:) geuten tra s--;e, 13erlin-\Vilmersdod, cr-

many, Jo hereby Je lare ihe nature of 
this inYention :urd in whai manner the 
same is l.u be perfonueJ, k be parii ·u­
lnrly described and a certained in and by 

10 the follo\\'ing- statem nt :-
This inventio>\ relates to apparatus in 

which flUJd Llctal moves for waru unuer 
·the influence of a magnetic field on lhe 
liquid throu;;h which 0lectric current is 

15 pas i ng, more p::u i1cularly in whi ch fl uicl 
metal is pumped f rom a chamber thai is 
under low pres urc into a chamber under 
higher pressure. Su h apparntu can be 
employed for pouring molten metrl into a 

20 mould or it may be u eel in refrigcr •• ~ing 
· machine for feedinrr mercury or other 

liquid metals tC!' the devi ce . I£ the elec­
tric current is not passed into the lirp1id 
tluoug·h electrodes but is indu ced in it in 

25 such manner that the stream line of the 
electric current are wholly in the liquid 
and form closed lines therein, difficulties 
are aYOif1ed that are inherent in the trnns­
miss ion r~>sistance between e l~> ciroc1e and 

30 liq uicl hut generally a field of pon dero­
mofva force is created iu the liquid which 
is .0t f r e from eddie . If thi field of 
:0. ·e in the fluid metal is not free from 
~ fii s . there is a gre:-~t loss of energy 

35 owing· to useless ngitat10n of the liquid. 
The invention relates to a]Jparatus in 

which the field of ponder<Jmotive force is 
free from eddies within the'liquid; accord­
ing to the invention the field of pond ro-

40 motive force . which acts upon the liquid, 
results from a magnetic field of which the 
lines of force cut or cross an annular 
chmnber through which the liqui d stream 
is caused to flow , the magnetic field being 

45 produced by at least two or more coils 
energized by electric current . 

Figure 1 of the accompanying draw­
ings illustrates diagrammatically a form 
of apparatus according t o the invention, 

.,{, by way of example . 
An iron cor e 2 is inserted into an iron 

~ylinder Mercury flowR in the cylin-
fPrir.e 1/-] 

ric..'\1 annular chamber hctweeu the iron 
core and the tube 1, muler the i fh e1 ce 

f Lh~; m, g·nclic fi ld,; produced by :he 55· 
wi1 < ing-:-; ·1; 5, G a1u 7, it Lhe it0ciion 
of the: longiiudiJ1al axi:-J of the cylinder, 
and, if tl e polarity h S\lit:tbly cho:wn, 
from inp to bottom . r 'he windings 4 to 7 
sunou1 <i tho tube 1. 'l'he c·nrrents whieh 60 · 
tlow in the ad.i:1c:ent \liuclingt:: arc about 
!Hl0 oul of pl alic relatiYe .v to each otl cr, 
while on the ot.hcr hand the windings 4. 
nnd G-likcwis the windings 5' an\l 7-
nwy be connected 11p ir series. ttd !.) 65.. 
al'<• t;l cet iron ph.tes shown i 1 lam1nate( 
form c.n the sec ion line A-n. \Vhen t.hc 
polarity i:-; correctly chose 1, the magnetic· 
fit>ld in lhe mercury in tL,, -.:ylir dricnl 
nnuuhr ehamb •r i;; 1 OYL:c rm1 top to 70' 
1JOtloJn; the r, te CJf chang-e of the 1 ag­
net1c fi ld is ohtainrc hy nn:ltiplying the 
fn'{'JUPllC.Y by tl e itlentiLy c istrmct• ap. rt 
o t.lr0 winding-s . T n the mereury , n clrc-
iric current i · intlucc which ci ·culates 75, 
arounc1 the iron core 2. S1 ch a line o£ 
for(' i:s . hown in ihis figure of tJ1e draw-
i ng·s. The pon < 0romoti ve or 'e t - t in­
:flucnc·e:-; the merc1 r .Y is a t al poi t. 
pnr:1llel ({) the a:x.i:-; of t c cyli er, and 80 
the ponderomotive field i:, practica ly free 
from edc1if', . 

A 00° c1ispluc .ment of phn&e betwern 
the cm:rents in nc .incent win eli gJ is pro­
<lucecl 1n known manner as has een pro- 35 
110~ed for the procl1 rt ion of t1 e a rti cial 
phase for a yncl ronous moi.or . 

Figure 2 illu. Ll·ates diagml!1maticallv >1 

refrigerating machine accordinn· to the 
im·ention in which 10 is a device

0

for c, tL -
ing- mercury to move by electro-dynamic 
m ans . The mercury is for ec into t e 
tube lJ and fed to the mere ry jet pump 
12. 'rhe vapour o£ a cooling , gen~ (for 
example. methyl alcohol or , suitable 5 
hydrocarbon) is drawn off t rotwh the 
pipe. 13. ?ompressed in a. Yertic.a"' y ex­
tendm~ p1pe, ncl forced i1 to e y, pour 
sepa1-. hug chamber 15. h . 1 crc1 rv 
passes out of tl is hambe t rouo- th'e Q 
~ ownwardly directe pipe '16, and b, c;: 
mto the. device 10, while t e v:-.po r of 
the coohng age t flows throu n·:, . e .' -:)e 
J9 into the air-coo e con e ~ · 7, wile. a 

( 
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Pump, especially for Re ... igera '·ing Mac i es. 
\ ', "• l'rof. Dr. ALHJ::n'l' biN:;·n:rN, of 3, 

is , ·· ~ •·'' .I. t nh~c, llcrlin, German y, of 
!'<-· " ,\uliOII:llity, auu Dr. LEO Szli. \lW, 
•1! : •. ,, J 'r inT. Hcgcutonstr~ls · e, Jlt•di n-

t> \ tl uwr•• orf , Ucrmany, of ll.uuga .i:u 
;--. .• t. .. ro.l ity, clo hereby declar• the u:llure 
., , " '-' iun•Htion aucl iu wh at manucr lhe 

11 ,. i-. to he IH'rlorlll cd, to be panicu­
: .. r lv dr· •o'l'il ,cd und a ~eenainocl in an ' by 

\0 t , , . • tul u\\'111~ :.L lCJllCil l : -

Ttl· ia\'cnlion rdal\'" Loa pulllp opLo .ol ­
.11 :; 11ith a !ii!Uid medium and uy lllo.tl:i 
,, wlti.-! t iqnid:>, gn~es or vapour,; c:l o .. c 
··•n•: a tNl or eompres::.eu, prci(· r:t'J.) , 1 

1:-, l .. ·rtn c· <it·.dly closed •q>paraius, !ty 
~c•ingcrating machin ·. ''he 
\ itl t t hn .tid of the operative , ~- .. 
he per IJI'Inorl in a ny know fu · 
c'\ llltplc, in a jcc pump. 

~'() At·,·ordiag- tn t he inYen!.ion, sl c , Jl '' ' 
j, r•·rtclNcd hi g-hly efiicient. 1y en plo,,·i t:::;· 
. , upcrali 1·o li ctu icl an alk::li. ml'tal J:• ,, 
l i•plid conuition-ior ex, lllp ' pot, :s.l~.~~ 
·o r a l i•tui •l al oy of an ~~ bli m e,;,' . 

:::, 'l h, 1 ran~Ji tis~ion of energy to the op.•r.:­
, · 1'~· liqu id can h eft'ectec1 by eleu '<1· 
ru.cgnctic me:1.n~, wi thout any soliu m 1 :ug 
lll:H·h inl! pa rls, hu t n evertheless w iu . :l 
vrry good cflic·i,·n cy .ycle, hy allow in~· :: 

:11 u::tgncti<' fiP!cl '" ac:t. on Lhe li<tuic1 n -:~l 
wh !lt• il j, i!. l\ 1'!' :-o cd hy eleciri~; cu T1· .. t. 
T!,, higl, ,,·v :·i-..i n ~ cfflciency is due, r t'.e 
oue h.r.,J. 1, .he high electri al CO!H.lh:­
ti \' it_,., an1 : .-.r. ;he other hand, to t1 ..: .•)•\' 

:~ ,[,•rH:ty. -' •n·u i.-; 0xerted on the lic,ll:cl 
11\t•::-.J ir , .. ol io

1
l<'l.l':lt iYely narrow :>p: r·e, 

"~~; . :-·· :!t:· .: •x i-. ,n rhulent an whe• ir" 
:· :_. :· ... ·= ' :.\ , ~ ; consi(lcra 1le lo::;; \Y(, .1(1 
w::·:::-.' ~nro u~·h fr iction. if merc ry, .r •• :.o .;:>:. mp e, w<:>J' t: em ployed as th(' opera ·;" 

medium. 
In t hi s seJ •. -;e ihc m etals of sm~\l de1 ~·t.v 

are clisti n_ui sh ed in compari son ,,j:}' 
mercu r y . If pumping be perfon ed wi;h 

45 such metals in a jet pump or similar .npp:t­
ratus, a far higher working e Jcien c:v­
boih in the absolute and with r eference 10 
the dimcn sinns of the apparatus-:s 
ohtni ned i'hnn · in the case o£ mercury, 

:JO l•c• ·:IURo, uncler the same conditio g o£ 
: ·~··-•1trc . far h ig-her yelocities .are attaine 

' ill•J rA'\se of metals the density. o f which 
s~n nl l. 

llJrirc ]/-] 
i"r·co 

Alluthcr importat t point i,; thu low 
v. pour prc.;sure ot l e :.Jka i met< ::. ll'hich 5 

nsur •s h t the u1 e ·ati ve 11 edium ,' ·11 Hot 
.iisli O\cr i llo : ic e parts ot' the np;~: r; tuo '"I ere it 11 igl ' ;_o· i ,.<, t·ise to n.,uu .;. 

'l'ho alk~ It lJlvlats, whet p1rr az-. .ot 
liquid at roo11 tcr11 >c ·aturc, ~o t!'.d, ,.,.ul~ L 6 they aro 11:,ru i1 a pu ·c ::.t:tt(', tl\t> ; p , .. . 
ralus must. be kept at a } ~gher ll'I"P''• ·•· 
tur , a condi ion which also rr~1ric '·' tlltl 
condct.~ation :.>f Y: pours o · tl o met; .... u 
the p1 111 > 11 di in a. dc:;'r: l>lc 11~~ ma•r. 

65 :.'Joreo\'er, ,u·crll'<ling- to he in,·cntion u,e 
. , y abu h.-. 1.1adP o! alloys of' : kali llldab 
,·i,h (lr <· a:wt hl'r. to r example, a =><><lium ­

,. c a~-o ~·n.n ,. l uy. 
Ac<·o ·c :. ~· o t ~~ inYcnLion , u ·,. 111ay 

... ,-o .b,• ;, .. c.c' :o1 ,. 1 t icula: of .a pot..'-'i<~tn-
·'"ri ull . ,d ]c .~ '' .. 1<: 1 • II'] en COlllJH>< ndcrl 
,.;,h 1:11· t\:" .- ,J,; >.>n\.'nb in suita 11, pro­
,,,> ·tio ... , · •: .. : i.l:, ~ 'qt ;,~ t!o1:n to - J ::o C . 
'J'1is t oy l"'o· . .., no s Lr.i.'\r, even ,t t e 
,;lclpe ·a u ·' •> .. •Oit inJ· ·" t~ e C\, )Orator 

vi the rei' ·i;.;·en inp; m .• c:.~. J. 
:.3y ~lthjertiT g tl e ~ ·(_ .•.. 

:. , gnctir·. fdd whic i. 1 ·ce,; electric 
eurre1 1:-o i11 dt(' n c·tnl 't::;c1·, c " r g-y 
he 1r: l,,,,,:ttc,l , in vc·y 1,01 
l&.~!ll '!', _in io,o,; ,j, _,;; ,] 11et~1.1 COli , .JJC lll 
'' !1C!'ll!~i: ·,. y ··tv.;n :.pp <ttU:> (::.Hi'] :1.:> • ' 

' • • 1 • ' b ,: ., ·(:r 'lg'l!l"~ lll ~ _l\'~1<' ·~.LCJ, y 1 e~ .S o .. COl 1:i 
UL ... O . .;L: . V~!l~'!e t C ~pp"':·;.._ .. tl~::,; flt(,, ~)y Q 
r:.:, ! .. ..:. lo -, ;h,, .iqt:il ' ·;, i i3 
pu1 pc •• wit. ou: : l cOV!ng 
1i,n<'h1: .. ...; p:: ~ ·t:--,. 

\Vhe.; c1ir.::~l , •. ::.:! t 1· e ,,"'llo ·,'.i. :t 
: _,u::,~'~ 0 : c· ~~i.r:· ' :, 01; 1 troc : .. rt:cf &. 1 • ,

4 

. ~ \ I U:(l ~ .~.,;· .. ...:.. ' • . ... ....... ") Of \.!!t:C:i.ru , ~ 
·rn :·(: ·.: i.<J ,. · v:, ~ h~lY~ .g to '"lJ.J)J \ . ... J 

: .. any a1 per., .·. :~,·i:Jgs , the :nr:: . ~ ..: .. , .c 

ill UBi ho :.o c ev~·,· th. tl e 11 : jo pu;·; .t .. 
t>, o: :n~ g-1 etic. force p, :,. , - 95 
t,.ro u ~·L i ·o 1, .< <! o 1ly pcrn entc:; th"' 
l' •tUicJ !l c·t. 1 over ,L \' ry ll:ll'l'O\\' :.pac;c · 
t · t i:. , ••l liquicl me(, 1 wi ll btJ ::ot:.: .jcctct 
:o tl c ;-.o. cl>·onotive force only in a g:) 
.Jt vcrv 1:.rro\\' w .-ltl . Sinr. , !te or.e !O 
dimensio:. o Rpace 1s sru. l.y coJ -
p~ riso w.·t· its other imensio 
p, r wl e: il e ponderomotive 
the liq<:i! etal takes· place, o. c ·· •. y 
simpl ify the at c by sn.yi g .. :-t t o 05 

etal r vels O\er superfic'es, ---'- o -
.. 

' - . 

. .. . 
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PROVISION AT, , 'l' ECJFTCATION 
No. 7, 40 A.D . 1034. 

Improvements in or relati g ';:o ":: 
E~ ::.1.e::~s 

.I, L Eo SziLARD, a citizen of Germ:my 
s r.d Hungn.ry, c/o Clarem01 t ITn.yn E'­
S; . Oo., V ern on Honse, B loomsbl )'. 

-~q uare, Lonf!on, \ V.C .l, do hcn'l.:'l 
•.'1•chl"' th e nature of t his inven io 1 l•' 

a~\follows :-

<'<(11:11 to u.1iiy o:1c s1iE ',;,s :o ·:'.ce the 
L 01 that .. ,h, lot ' .• ·partie..; 1 as to tra ·l 
>',1 r i nsb nr,, ~ .. . : .. : .. ;. ,)isL. 11\'e • 

,,.._ .. ~..:~r i.o '"'· ~...·t, ..... ". ~t .. ··'"\~~· · ro~1.slo.l 

\w'1ivh 111:1\' ,,,,. ,-;,· )Ut 

ll e t) the' l~ih. _. · , ~~ \\·J .. ~._;I :r, ~l,~Yt• ~ 

through io 1'zlng- -~~ ~~· :·~~r iis r .. n \.' :~ ,:ol -

p .. rr.tinl~· ".lrtll i · ib ~n:t· .• .-, ,.·i \' 
corr.·spon<ls a . Y<•.':.1 J1 i1 !io, ;,,]{:; 
rn ·rQ·v. 0 1 y (~,. or ~~"· ·0 

lllPlJi ,.onPt., ~ 110oting· p~1 t1(·ll!s can 
fore proc'ul'c tr:m:-; n tnt ion if .,1 Ot 

:1ir or otllc'r suh tanres or sir .. ~ ar · ~·--· 
h •ristics c·mH·<·rning ionir., 1~01 lo~" ,,.. ... 
m1r <·:n co11i,ior.s . 

Tn ac<·orclal lf' ~ wittl the prl'st•n1 ir• ·,, ,. 
ii,m r:1lio-:1('1i Y· tloc1i~· are; .~·c·Jic:·_,,, 

hy homharcl'1 g :miu hlr cl<'l'.h'l r, w 

whiel c n he proc 1 cer' 

, I{) 

rJ-

I't. h:1 s b een demon stratecl tl a t if atom :­

nr nuclei. e.~. h :nlrog n . t om s (or 
proton s), he:1vy hyclrog- n :.i ms . rcferrrd 
10 from now onw:1rcl. ns Cl iplog-en, (or 
dip lng-rn ions, rrfrrrecl o i om now on ­
·IYarcls as di jl lon s) etr. :1re. hot at cl1rmir.:1 l 
clement:>, a clrfini tr fr:1ct ion of 1l rsr 
r-;h ootin g p:1 rl irlrs w ill c:1use tr:Jn :mui:l.­
tin'l in man~· rl em rnts . (Tiow l:1rge this 
fract.ion iR will rlenenrl on thr n:1iurr of 
tlw rlcment .. the n:-tturr. of thr shooiin ;:., 
p:1riiclr. an cl its wlocity .) Tf one u ses 
the a.hovf' mrniionrcl p:1rtir.l c;; :1n cl shoots 

t.hcm on li~ld or hrav:v hyclrngen liil i nn 
(G) or lit hium (7) oi· othrr rl rmcnb :1. rcr­
i.ain proport ion of the p:1ni r lf's lo,; their 
energy through ion izing :ilC uh:>bl C(· 

1 
It 
l ~ 
l I 
I j I 

I 
•; 

· throngh which they :-trc shot. :1ncl o9l~r ::1. 

fraction of the shooting p:1rticlrs will 

meeL a nucl eus of il1 . suhsbncr llC'forc' 
lo~ing RO much energy that rhe slJOotin~:; 

•1 nariiclr. is un:1hl r to c:1use tr:1nsmubtim 
in nnclPi whir.l1 it meds. ih rsc par­
ti ' lC <; whirh m eet :1 nucleus in ihrir n:-til, 
t,, hife sti ll hrin r·· in pos. es~ion of :1 ~nfli­
, .. ;1 1ly brge 1 ... rt inn of their iniii:1l 

:• J.l"TQ'Y ) :1p;:1 in or ·.\' :1 fnrther fr:-~ction will 
~ 1 he :1blr to p rnctr; tr the nuclru", (will he 

;: J. . tn rn11"r .. transmut:1tion); i f ihr 
-~ ••lt in r·· ·la rfir1 r .·. are po itiYely ch:1rg-rrl 
111 •. \ r1r, rPp1 .. ~e cl by the positivel~­

·.1• :-rrQ'rcl nu rleu;,. :1nd the prob:1hilit~· of 
~ ~· .;!: prnrtra ii r,_ the nucleus i s a funrtio n 

thl'i r rrl:-ttin velocity . 
i' his probbility ri. es rapi (l]y \Yi th ill­

r~·; · :J.-; ing vcloci ~- of the shooting pnriirlr 

tl). 11ig-.h ~t)L P'- ~ .. :~ ­
;~c (hsen.:--, ·p;<':. 

.. ST.L'CES . 

t is p"~,1~. e tO ::J.'u, ... · c; ele wnt cr 

:t'ulc• of "PO n: nem:, , · .. ;.:mn tn.tio 

\ • ancl evcntun.ll:v - aches unity at a veloci ty 

, • , which clepend . hoth on the nature of th r 
:1:5 ·sboohog particl e :wcl the nature of tl1e . 

L,, Ji,)nr , ~l.,g· \""' \:ri~l :n l!!e~l cn·s \Yith fh. v 

r.h:.rg ,] .1nd<>·. ;'o. :i!st:nc:e by bonba.-.· ­

iug c:.. r~Jllll with r)roto s or <1 umini 
boron . ncl r. . a~·nr:iiUl, wit.l helium i, . 
(p:lrticle;,) . :;: ow 'n.·, '. os of the rncL, 

a ct.i•e rlc·J:h!· h p::·ot:1.<' l:· the bomha: -
me1 to· these li~·Lr ('.P... .,.. \'ith protv!­
or nlpl :1 partie ·s : ~,,._. .. :.,rt cxi .,trn.:, 

(11 r~· c isi1 1t:g-r: te ,po:.t.. .,· m:-h· in a 1i1 
shorter th< n , !~w o, !'S to h. if thei: 
an ount), . ncl it :s not ossiblc to 1 sE. 
ihc,.;(• r·lwrgecl 1 1 cl c · fo · rhr ir:1nsn uL­

tion of thr. h c:tvie · e rment" with goo, 
cfficienr~· as the ionization loss geL t• 

. !u•, nl•a rr1ed element. 
Tiowever, even · if this probability 1s 

:I 
[Price lf~] 

t 

~ -
' J.-· . I J-

I. rp;e . It is . howeYe , po;;. ible to pror 1:c 

with good efficie1 cy ( oth fro 1 lighl , · 

and heavier elements) ra io c lYe su'u-
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PJWVISIONA L SPJ~CIFICATIO :r 

'o. 191:)7 A.D. 1934. 

lmprcv~ments in or rela ing o 

I, LEo SZJLA.Rn, a. citizen of Germ. n:-• 
nncl subj ect of Hung-ary, e/o Clnren mt 

JiaynP.s & C ., f Vernon House, JHoo ns­

l•ury Square, J_oudon, \V.C .1, do h rehy 

6 decbre the n z.t r e of this invention to he 

as follows:-
'l'his inve1; ~ :on has for ils object the 

production oi radi o a ·tiYc bouies tl 

storage of energy through Lhe proclucLio1 

10 of such bodies and the liberation of 

nu cl ea r ene!'oY for power production ancl 

other purposw through nuclear trans­

\ mutation. 
In accordance wi th the present i uwJ -

15 tion nuclenr hawnnutation leadin0,· to t.lto 

liberation of u~utrons and of enc1~g-y 1. ay 

be brought r.bcut by mainta inin g·~~ ch. it 

reaction in which particles which cnr ·y 

110 positive charge ancl the mass of whic·h 

20 is approximately equal to tl e proton 11 • ss 

or a. multiple thereof form the links o the 

chain. 
I shall cal l :::uc;h particles in this spcc·~­

fica tion " offir.ient partieles." 
25 A wn.y of bring-ing- ahout effirie,l( y 

trausmutntion processes i .- to build up 

~ransmutntiou r~reas choo. iug- t h e com ­

position and the bulle of the material so 

us to make chain. reaction-~ efficien t fllHl 

30 poss ible, the links of the elwin bc:ing 

" officieut part icl es ." 
One example is t.he following . The 

rhain t rnnsmutation contai11 S an clement 

C, nncl this element is so chosen thar r111 

35 efficient pnrhcle .1; when ren ct in g- wi th C 

may produce an efficient part icle y, :1nd 

tho efficient pa rtir.le y when r eacting with 

C may- pro~:tce either nn efficient· panic·lo 

x or anot1:er effir.ient particle which in its 

40 turn is d inJtly or indirectly when n·a ct­

ing- with ;, capable of producing x. The 

bulk of the transmutation area, on the 

other hand, must be such that the l inra 

dimension-s of the aren. should suffici l'ntl y 

[Price 2/-) 

· Price 3 . ~ 

r nsm 

s 

exccc.cl tho mean free )nt 'k .w.::c. two 45 
Sl ~;ccs;; ' vc tran:>mntatiOl s wi t! ;, , t e 

{'h: in. l~or long- chl ius comJ,ose, d, say, 

J 00 lir ks tl e line. lime si01 s ~. ~~ be 

about to ti ncs the men free J,a : •. 
I ;;h a 1l al a ck in reaction. i , . .-:,i.ch 50 

two rffic·i(•:lt :), ·r!clc;; of cit'tcrr t _, ass 

number uHer .ale a ·' < oublct ch: i ." -~ 

example 'or : .]c,: ,)l t. d : i1 wl irl 

neutron chair \\'Ol1Jc be ;, fo 
~1C'tion, which mi~;,·h t l)o set UT) 

i.uro of a " 1 l' 1 t ·o , rc ccr-~ 
(like lith 'un· (li) or t)oro, ( G) 
a >ly some heaYy ·' rech!CCL'" ":c .. :c . t), 

ancl :1 " neutron conYcrtcr e l'~ h':;;; " 

which y·e s n(2) when bo a..-c1 c 1 by G~ 

n(1) . A e.·a ple o· stch :1 c :.iu. · 

,,·hir.h c~rbon ~"ct . .:; as re ucer nn'"' bery:­

limn ncl& as co vertcr \ 'O d '.Je t a 
following : 

0(12) + n(2, = 0(13) + n(l) 
n (9) '1 " --3 (") " ('" ' 

C T n\~) = - ;:) + ll .!, J 

(" Bc(S) " nee< not :nc:. :11, • x.~<: 1:1 ~ 

elcme1 t, it may b · nk 1 p o-po u:...cou:- YJ · 

One cnn Yery mt dt incrc; .< c: . n 

C'11lc:Jcnrv of tl () hithc.:rto 7 

)1Cnh·on- ch:1in r •nction. by : . ~, ,-: ,:h· '' 
c; neutron mu11iplic:.tor" 0 n. i .· < '\\.· , ~~ 

tho clements ' '" ie 1 ake p rt i . ... ,-:.:--.:1 
rpaf;tio 1. . \ net iron ulti ); i a, . · : ,_ :1 

elrment whirh it! er ;;;) its u :) , \~ ) i to 75 

n(l ) +n(l) or . u c c wnt w11i C' .. yi elcls 

n<lclitionnl neutrons for insb .. ,, 11 (1) 

wh en bombarde hy n( ) . ~ n J. · ... ::cator 

li E-ctl not be n. meb-stah e c: pmpnt. 

Beryllium may be a s · ~ e 111 tipli- 80 
('::tto · 

Re(9) + n'(l) =" ~ e(S) "+ n( ) + n(1) 

An e cient p . rtide s, :->~c .. ~ , (::. a. 
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PROVISIONAL SPECIFICATION 
No. 19107 A.D. J934. 

Improvements in or relating t:o the Transmutat ion of Chemical 

E ements 

I, LEo SzJLAnn, a. citizen of German.v 
nnd subject of liuugary, e/o Claremont 
Hayne~ & Co., of Vernon House, Dlooms­
l•ury Square, Loudon, W.C.l, do her ehy 

6 declare the nature of this invention to he 
us follow.s:-

'l'his invention has for its object the 
production of radio active bodies the 
atora.ge of energy through the proclnction 

10 of such bodies anrl t he libem tiou of 
nuclear energy for power production a1Hl 

\ other purposes through nuclear trans­
mutation. 

In accordance wi th the pres r.nt iuvr n-
15' tion nuclear trani'mutu tion leadin g to th o 

liberat ion of neutrons an d of energy ma.y 
be brought abou t by main ta inin g- n. ch::~in 
r ea.ction in which part icles whi ch cnrry 
110 positive charge :uul the mass of wh ieh 

20 is approximately ecpwl to the proton mass 
or a m ultiple th ereof fo rm the links of the 
cha.in . 

I shall cull :-twh part.ir.les in this speei­
ficn t ion " efficien t particles ." 

25 A way of bringing- ahou t effi ei en!.ly 
trnn smutn tion processes is to build u p 

t ransmutn tion nrcas choosing the com­
posit ion nnd t he bu lk of the mnterial so 
~s t o make cl1a.in. reactions efficient nncl 

30 posH ible, the links of the chain bein g 
" efficien t par tic les ." 

One example is the foll owing. T ho 
r.hain trnn smu ta ti on co ntai11S an elem ent 
C, nnd th is element is so chosen ihnt ::111 

35 efficient. pn r ticle .1: when renctin g- wi th C 
may procluce nn efficient particle y, an cl 

1ho effici ent pnr t icle y whon renct.ing wi th 
0 m::ly· prod uce either an efficient pnrlir lo 
x or anoth er effieient pa r t icle which in its 

40 turn is directly or indirectly when rear.t­
ing- with 0 capable of producing :z: . 'fhe 
bulk of the t ransmutation area, on the 
other hand, must be such that the lincnr 
1limeMion.s of the area. should sufficiently 

[Price 2/-l 

exccccl U1o menn t ree path between t wo 45 
successive transmutations within the 
('h ::lin: For lon(j· cha i n ~ com posed of, say , 
J IJO hn ks the l 111 enr dimensions must be 
about t en times th e mean free path . 

I shall cnll a. chain r eact ion in which 50 
two rffi cient parti cles of difterent m::~ ss 

ntnnb ~> r aliorn=:~ te a " doublet chnin." An 
exa mple for a. clo 11 blet cha in whir.h is a 
n eutron chnin would be the fol lowin g re­
adion , which might be set up in a mix- 55 
1.ur o of a " n eutron reducer el ement " 
(like litlf ium (G) or boron (10) or prefer­
a.bly some h eaYy " reducer" element) , 
ancl a "neutron converter element" 
which y ields n(2) wh en bombarcled by (l(} 

n( l ). An example for such n chain in 
which carbon nets as red ucer and beryl­
limn acts as' converter would be the 
following : 

-0(12) + n(2) = 0(13) + n(l) 6.~ 

Bc(9) + n(l) =" De(S) " + n(2) 

(" De(8) " need not menn an exi stin q­
elcment, it may brenk up spontaneously) . 

One cnn very mtl<'h 1ncrense tho 
efficiency of the hi therto m entioned 70 
neut.ron .chain r enctions by havin g· n. 
"neutron muhiplicntor" 0 mixed wi th 
iho cl ements which tnke part in th e elwin 
rr::~ ction . A neutron mu l tiplica tor is nn 
element which either s )lits up 11(2) in to 75 
n(J) + n(l) or an element wh ich yields 
a,cl cli t ional neut rons for instance n(l) 
wh en bombnrd ed by n(l) . A multiplicutor 
ll fod not be n. meta-stable el ement . 
Beryllium may be a sui table multipl i- 80 
en tor 

Be(9) + n'(l) =" B~(8) "+ n(l) + n(l ) 

An 'efficient purti.ele disappon:s (and a. 

! .... .......... 
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CO,\~"? ,ETE SPEC FlC!.-:· ... c' 

We, UNITED KINGDOM ATOM E. 'E 'GY 
AuTHORITY, of London, a Brit. sh . . ..:t:·. 1ri.y, 
do hereby declare the mt· re f hi~ i.w..::-: :on, 
and in what manner the s me is •;1 be p r-

5 formed, to be particu!nrly cscrib~. ·r: a .d 
by the following statemen 

The present inven i n Plates gcner;,.ly to 
the ubject of nuclear physics and mor p r­
ticularly to means for dcterminin ~ n 'L troa 

10 absorption in graphite, or other ncu .•on .low­
ing material. 

An artificial source f neutrons is :::11ploycd, 
and these neutron arc en:ittcd in· o a .:11 s 
of neutron slowing material or ncdera or . 

15 The neutrons thus emitted are fas t neu! ons 
and are slowed down in the slowin ~ :ne i~1m 
by a diffusion precess during ' •11ich the 
neutrons collide many times with :1-:clc.i of 
the medium resulting in the less cf en ·rgy 

20 until the neutrons are fine.! y ~.t(Lve to 
thermal energy. 1'\eutrons w 1ich ha'. c reached 
thermal energy continue to dif.usl rhrnu sh 
the moderator, but without urth. r I , , c~ 
energy until they are finally absor ~d in ~he 

25 moderator or in some other cleme tt pn.s..:nt 
as an impurity in the moderator. T~e: lc·1rch 
of the path of the thermal neutr 1s dt;r"nz 
diffusion depends upon the absorpti. n c . ~ r:<c­
teristic of the particular mas.• o · s[O\,·ing 

30 material emoloyed due to the variou , r.:o_ 'lt., 
of impurities in different kinds of n .• .!:-:! o: s. 
The pre ent invention has to do !)"irr:: r:lv 
with the absorption of neutrons ":1t h<.v~ 
reached thermal energy. and morL "Janicu-

35 larly provide. a method or comr:r:ng t. e 
absorption of these thermal neu rons in 
differ nt grades of gTaphite. 

According to the invention means for dLter­
rninim~ neutron ·absorption of a neutron slow-

40 ing down medium comprising a regularly 
shaped mass of the slowing down medium, 
a ource of neutrons in the said m1s , an 
efficient thermal neutron absorber at l;:ast 
partially surrounding the mass surstantia ly 

45 to prevent the escape from and entr· nce 
[Price Js. 6d.] 

5 

The s ,ur e c; .cut ens r.,;_y .:...: ::.·>!d with 
a n~..1:ror: ~c:~ ~r: 1g mC!teri~.. . • •• ~ .... vurce 55 
may b;: · •. -.!-:':! wir:1 a neutror .• ~- ~ ..::: ... : w i h 
i P,~<:::"e::~.:..y • .::.p":: . . 

~:~ :TlL.~' •.. ~y_ be b~.::!;:eu .:.y :.: . .:::.::s r;e­
fk .ng nc r:-c .. ., .:om ;.ne sou::::..: .:-:to • ·e 
~a. ~ 

T!'lc ·o 10\vi ~"! g ~=-~ .''": vs c: carL: ~::.,; :1c 
inv 'n ,:c. int -.ff.!: ., ·~ • ..::_.ICC ae ... ...; m e 
to he accor:1y-a!1v!n~ c .:~ .. v~ .... -- ... ~!1 v~.:~:.l : 

Fig. 1 is a iro:1t e:..:v .... o. v~ '\V of 
g ;::phi•~ clur:::1 c v~rc ~- ..: ~ w; S5 
ca mium; 

Fg. 2 is 2 o-; p.an v ew .... .! ..::01 mn 
shown i , Fi2'. 1; 

Fig-. 3 is a \"..:;::.::a! section;::' v:..:w --~':!n c. 
tl:t; E~e 3- 3 : =::~~- ~· s::.c"~ .. .'~- - - -·· ~:-ol.=:e. 70 
li C~ t!-:..! adr..'li:..~~ . '-~!: p::.· ih ... · -~::~OVC·~ 
fran~ :::1c t:I~, er L.:: ... "" ... -. graph!~ .. · 

. ig. 4 is a hcc·Z('.. . ·c i ;1 •: • .:. .1 : ::.~'e!l 
:1 t!!~ rnc ~--.· : - .. 3; 

.'lg. _5 :s fr_n~. c . ..:v- .. ~--view o: .. ~~cond 75 
~bcd1r:1~nt 04 ·:~.:: : _...: . . :: :L1\·cn::0~ tv~ .. ~rein 

tl:e ·.::--r_ o: 3. 
sp:1cre su~rcur.-~.::d by a :1 'mit:::: _.)s rbcr 
and ty a wzter or p.-:raffin shic!d; :J. •• _ 

Fiv. 6 is a ho.izom •. , sec;:ior. · v:.:..: ta:· . 80 
en the line 6-6 of !:'!..!;. 5. 

Fer purposes cf ~he :o::-!:'lulae 1:: -. .... :::~ter 
set forth, ~he fo'!cwi.;: :oy::-.:\)o:s a~..: .c::r.ed : 

n, i'i the dcnsitv : ;:::.!:.:::::.: n~ut: .:> .. s wi • -
out cadrr::um; 85 

n" is the ens· y o · C:1cer.a 
cadmiu. 1 in p ace; 

n is the difference n .-n~; 
A. is the n fr e path :or s - --~:-.::; o 

erm neutro s by carbo ; 90 
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COl\ P ~2-::'2 SPEC:?~Ci -:-IO:-J 

We, U NITED K INGDOM ATO:\~ • :YL.:GY 
A UTHORITY, of London, a British A tJ·ori y, 
do hereby declare he r:ature o this mven­
tion and in what manner th sar..c is ro be 
performed, to be particularly des.::r :bee and 
ascertained in and by the follo \;ing state­
ment: -

The present invention relates to th.:: general 
sub ject of nuclear fission and par.:c larly to 
the establi hment of se lf-sustaini,lg neu on 
cha in fission reactions in systems cmbo ying 
uran ium having a natural isotopic cont n:. 

Experiments by H ahn and Strassmar:, the 
resu lts of which were published in Ja1u8.ry 
193 9, in Natw·e, led to the con ,L:;ion that 
nuclear bombard ment of natural u::miu:n by 
slow ne trons causes explosion o · fission of 
the nuclcu , wh ich spli ts into p:crtic '~s o 
smaller cha rge and ma s with enc::-gy being 
released in the process . Later it w s found 
that neutrons were emitted during ;:he process 
and that the fission was principaty cor..Jined 
to the uranium isotope U"'"' ) esent as 
1/139th part of the natural ur .:",ium . 

When it became known mat l: isotope 
U 2"' in natural uranium c ul::l b: spiit or 
fissioned by bombardment wi:'. c:.n~l neu­
trons, i.e. , neutrons at or nea cr.e~.n . e~pil' ­
brium with the surrounding medit r.1, .nany 
predictions were made as to the pcss!bil ity of 
obta ining a self-sustaining chain reacting 
system operating at high neutron densities. 
In such a system, the fission neu t ·ons pro­
duced give rise to new fission neutrons in 
sufficiently large numbers to overcome the 
neutron losses in the system. Since t l1e result 
of the fiss ion of the uranium nucleu is the 
production of two lighter elements with great 
kinetic energy, plus app roximately 2 f<>st neu­
t r-ons on the average for each fission .1long 
with beta and gamma radiation, a large 
amount of power could be made nilabl· if 
a self-sustaining system could be built. 
[Price Js. 6d.] 

The i. ,-..:n::inn consists in a m:.::!ea reactor 
cor.:D~:s·ng u ::m:um bodies sn:.cc:.~ ::. 1-. rt ·n a 
neut~o:1 1;od.::r. tor, th-:! bodies be:ng o su -
cicn;: size :o :ed ce reson nee :o~~ s by a. 
amour:: sc.;!'icient to yiel a I:eut:-OI' repro-

ct:,m ..::v.1s::::.:1t of gY.::2ler ri:a u.1ity, tl1e 
neutron :oss by iop ri ies and t .e n utro 
loss by .ea,;:ac\e fi"om the in erior o: ::.e reactor 
being insu J ie _t 0 re.:u;::; i:e :epr r u tio 
rat· o of '1e reactor tc .. : .• y . 

The neutron moder<...u::- D<!Y be ~:::p 1're or 
he. vy or !igl1I wate:, c e !a::te::- :;_:_,6 used 
with ur nium enric d ·n fissi!e :soto,)cs, and 
the ur2:1ium bo ies m3y c L ~ .. e '"orm of 
rods a;1d may be of unmium .·.:c,.:l o a 
' r n:uo :;:i ·c. 

To control the r~ cror 8. nect:o:-. r.csorb:ng 
comrol rod is -:nov: e . 

In o.der to- t :.:in such a se.:-~-..:staining 
chain re ctio:-! !:1 a system of ?::.:: .!ca: siz~, 
- e :-atio o t1 c _ L:nbe~ of ncut::ons p:-o uced 
in one gene;:a :o:; _,y t:-:e ss:ons 10 ,:1e or·­
ginal numb:::r of .. .:.~,:o cs 'niti ::.:::~ the fis­
sions, must be :o-: ,\. L. Je gre:t.... :-.. c:J unity 
after all neutron !o,,~"~ ...rc: de 'uctc::. ~nd this 
ratio is, f o· rse, dep.:::-.dent up '' .. :.:: values 
of the pertinent co. stz.:Jts. 

In the co-pcndi g :!ppEcat:o:-! ,.,_- Enrico 
Fermi, numbered 11190/45 c~ ..... <al .. To. 
817,752) and entitled '1'\uclear Ct. :r! React­
ing Sy tcms," mere is described 3T:C ;:~ai:ned 
a mean nd method of determining t~e neu­
tron reproduction ratio for any type of uran ­
ium containing structure, directly r.s :: result 
of a simple me suremenr which c:::: ce per­
formed with precision. Accurate %.ues for 
all of the pertinent nuclear consr:m. s nee 
not be known. 

W e have discovered certain esser:.:ul prin­
ciples re uircd for the success 1 co. st ctwn 
and operation of sc f-sust ining n u~ron chain 
reacring system (known as nucl ::.r reactors) 
with me production of power in '1 form of 
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No. 15 ;75/46 . 
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International C lassification: - G2L 

C),\1) ~2TE SP .;c .. · ....... '":. T 
· ' 

We, U , !TED i(J, GDOM ATO.'MC _::-JERGY 
AUTHORiTY) or cndo 1, a Bri ti. :: .'.L.i ori ty, 
do h reby de ]are the nature f _:-::~ ;,I,·cmio 1 
and in what manner th same : · rc ~~ per-

5 fr. rmed, to be particularly d ~~c :-ib·~L an 
ascertainc m and by the f .,,;.wir g state-
ment:-

The p:esenr invention rclat s tu a nu lear 
chain reacting system which i ~ cap<. ) :: of 

10 numerous uses but is particular .y a.Jap;;ed 
use for the production of the trai1Sur<.nic cle­
ment 94'"" and fer radio . ..:tiv..: r ssi0n 
products by neutrons r ·leased ' ring a seJI­
su staining nuclear chain nac:· on t~rough 

15 fi ssion of uranium with slow n c. .r0Jb. , ore 
particularly, the invention rc .at:!S " the 
removal of the h eat of the n cl,.:_.r r..:anion m 
such an extent that the rea....ri ":: .. -:ciV c con­
ducted at a mere rapid rat-.: a:~~ t>-~ pr''" ction 

20 of element 94""' and/or fissicn ,:r..:dL.::ts may 
be accelerated . N atural uranium rr.ay ...: use 
in the reaction and contains tne i·:oror.:~ 92t"' 
and 92"".-. in the ratio o appr :inatd) I 39 to 
l. Hereinafter in t.::: specificati 1 a:.~ the 

25 claims the term uranium is to be ;;~der,rood a~ 
referring to uranium and irs .1cmicJ com­
positions of normal isotopic contdl t or equiva­
lent compositions, unless otherwise i1 i.::atd 
by the context. 

30 Tbe invention consist s in a JUclear c'iain 
reacting system comprising a nuclear re tor 
and means for conducting a gas through the 
reactor. 

The system comprises a mass of neutron 
35 moderator having horizontal channels th rein, 

uranium masses in the channels and means for 
moving a gas through the channels cv::r th~ 
uranium m asses . 

The uranium masses are sufficiently smaller 
40 in diameter than the channels to allow passage 

of gas therethrough. 
The uran ium masses are preferably pacd 

along the channels. 

[Price 3s. 6d.] 

. T~.l'- c 1 ..... J.!4\.J::, :;~....:~-...-~ ..J . ; c..-..:u .. .::: !rem one 
.t G..C~ C .. : .. :: .... .... "!C-...L~..::"L.. .. C:: ... v .... ~. '-~~iJGSit~ a ·c .Jf 

W.1c it ,ccamc. :, 1c,\ir. .:. _ r: .c isotope 
!J .:. :r. ll~i- :-,J vCu. .!:1IL o:..:c.. b~ :::olit Of 
fi~sicr...:~ bv · r.~110:lr. ... :::L:-!t. ~ \ ..... __ ... ~:..=:-:r.a1 n~u­
tr~ns, i.e., i c; rc:1:, ~r or ::-.ca:- ,_:_r_:-nal equ!li­
bnurJ1 \l ... t''! Lit: ~urTc~n 111g ::-::~....-c.~.u:.:-.2, H:.ln~' 
prd~c i l!:s \vcr-. m2~~ s to t.c: '"'ss .bibv of 

' • • ro • ' ~ ~ • crn ... IJ.11n3 J s:: -susta1J:. r,g c~ ..... .. 1 react ng 
syst .... m .:1~rat~ng at n:gh neur_r, .:.::ns:C . .::s . :n 
:s ci1 u ~y:s.~:'n, th~ -:5~ien -· .~ rrc::k:::d 
~~ \'L ::~... t._, new rissi~n r C--~- . • ;) -i~ !::iUffi­
ci~...~ .. .. ... ~ . . ~:..n:b~rs c cvercc.~.".2 .... :.:_ ~ n ut:·on 
1v.~ ... > ... ~ _ ..... => .. ~:n . ~incc ·!:e ;: ..... :_.~r Gf t.. e 
r:~~h ... i "'· ·- ... :urn uclcus ~~ t , prodc:c-
tic::. o: l\lv .. l." • ~l~rncnts \Vjtl: ~~-c~r !..::i~etic 
e:1~rgy_, p.L!.. .· _,. .t:::::~:~ y 2 f2s .. ~ ... ~~.o~s o:1 
L .. H:. av~rJg~ :c: ~....,~.: .1. SSlCll 2;.C.:1~ \\'.L b..::ta 
ul-~ gl_--,_-r::, r~ ..... d.lL!1. a 1 rgc: -':mt of 
rC\V("f ~ ...... C ..... :;_1a~- .... V:l .! D ~ . 3. .... -S:.!~t- in-
In_; S,/~l~~~- . 

It J::;s ,- -".:n rv.:: _ ,,;_;: ulOst of ·- -:em ens 
arisir 0 :rvui tf.~ ~s~: ........ ~::cccss s.r~ !'>-~ .::-ce \ljt: 
t . vc.:: ligh c:.~rgy o: ~he or9er o: v .c: mil.io? 
.:!lc:c-Ir\ ~ vclt~ :~;-:c.. ~:---l': thi..!rercre !"10 :~~e:i :-
· ~"-·Y !:1 c0nc.:.icn t;:: n~ tiliz d c. ~~i;:::J.tlv ro 
crc,~i:C new U'lerrr:ui ne tr n :fissi0.1S :n {.;'- ' 
when it is rri : ·~:! w::~ a ccnsider::.b.~ -:ua .• tity 
~f U'"', :!5 i:; ti!e · s:: wi:' natu:-J :.:-:.ru· _-:1. 
':'h..: ener .:;ies o:: the :fiss · on-releas~ neut:-o:cs 
arc ~o high t.~.. :n sr of th 1· tter \\'8"-lld L..c. 
c be a' ... ~crG.:C. b~' ~::~ ::;_ .... , r 1Cle ·) an...: ye: ~:-:.~ 

Cn .. :-gic:s arc llu! =c . ... T ..... 'f high DCUci~1 :or r:c­
::J cti"n vf ::: .. ~:8::1 ov mere than :.; sn::a!l ~r..c­
t:cn c~ r~e r:~:..-~..-::~ ·so 2bsorbed. For ::~utro_:; 
oi thern,al .-.:~·-·,,,_,, :i::cwev~r, h:: absorption 
cress s cr:o:1 , . ._;e .. :., te produce fission, is 
gr~~lt ~- ~:-:.l ..; ~~::tn he simpL:: ca:?t rc cross 
s::cticn of ~ . so ,r..at under the stated eir­
e mstanc·.:; ...: :ast fission n utrons, a er ::hey 
ar:.. crcarc_ .:.ust e slcwe down to rhc;r0::: 
energies ::--.. . ~ y are est , ective o pr -
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Dear Mrs . Szilard: 

The followin9 is a complete list of all of the 

patents in the United States which list your husband either 

as a sole inventor or as a co-inventor: 

.1ventor( s ) 

Szilard 

v""Szilard 

~in stein et a1. 

Szilard 

-V' Fermi et a1.· · 
... 

Szilard 

Szilard .. .. 
·. 

../ Fermi et al. ·· 

. . 

Patent No . Issued Title 

1,697,210 Jan. 1, 1929 Discharge Tube 

1,715,874 June 4, 1929 Discharge Tube 

1,781 ,541 Nov.11, 1930 Refrigeration 
"' 2,161,98.5 June 13, 1939 Process of Pro du cing 

Radio-active Elements . 
2,708,656 May 17, 1955 Neutronic Reactor 

2,778,792 Jan. 22, ' 1957 Method for Unloading 
Reactors 

2, 796,396 .... June .18, 1957 Me thod of Intermi ttent1y · 
- . ·: .. ·. · :· :-· ·~~., ··:, i ·: .. :.. Operating a Neutronic · ,;, ' .. : ... :·~ ·::.· .. ·,;; :t ··: · · Reactor . · ~ 1t:.:. : • :.': I , :: i ' 

2, 798.847 ;, ~. ;: J~lY : · · 9 'l ;~957 Method of Operating a 
·I.: · · •. •1''- .. ,. :·. ·•· •. Neutronic Reactor • • ' r, ' 1 '• • I I ; I t • i _. 7 ~ ~ 0 ~I t 1 t• 1 ! ' • • I 

'l .·; : ~ 1: ;fo.t. :',"!•t· • ll''l::·,·~~ .•. 
~ • j \ tl,. ~ { • • • !. I .. , '''. t • I 

::r·: ': .: .· :);.;¥ ... !-·~~.·. ' 
. ~- ~. l ; :; : ~ . ( r . , 

. : : .' .! ,"!. ·.· . 
. . : . .... 

... :· 

.. 
·" - hcul<~ . . ' ({· I~ · 



Mrs. Leo Szilard 
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Fe r mi et al. . .. 2 , 807 , 581 Sept . 24 , 1957 

Szilard et al . 2 , 825 , 68 '' March · 4 , 1958 
0 0. 

v Szilard . 2 , 832 , 733 ·· .. April 29 , 1958 

Fe r mi et al. 2,836 , 554 May 27, 1958 
' . 

o\ · ~ ~ ~· . 
0 0 • 

v Wigner et al. 2,872,401 Feb . 3, 1959 

\/Szi lard et al. · 2 , 886 , 503 May 12, 1959 
0 0 

Vligne r et al •. 2,986,510 May 30, 1961 

. . ' 

../ Szilard 3,103,475 Sept.lO, 1963 

May 21, 1965 
-2-

Neutronic Reactor 

Neutronic Reactor and 
Fuel Element Therefor 

Heavy Water Moderated 
N~utronic Reactor 

Ai r Cooled Neutronic 
Reactor 

Jacketed Fuel Element 

J acketed Fuel Elements 
for Graphite Moderated 
Reactors 

Massive leakage 
Irradiator 

Reactor 

I 

I 
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Patented Nov. 11, 1930 

UNITED 
ALBERT EINSTEIN. OF BERLIN. AND LEO SZILARD, OF BERLIN -WIL:i.'rE:!:tSDO:R:F, G:JP~ MANY, ASSIGNO R S TO ELECTROLUX SERVEL CORPO ATION, 0 • NEW ro K , .J: . Y., CORPORATION OF D ELAWA E 

RE •RIGERATION 

Applica tion filed Dcc• ... . Jcr 16, 192: ~rr::~ l No. 2•10 ,5G.~ .......... . c:~:-.lnny December 16, 1926. 

Our invention rrhtes ' o the a ·t. o r rig­
rration an d p:n -ticu inrly to an :-~p p~. · .. tus :-~nc l 
methorl for produciniY r •frig ratir,.l , ,·hr l\'in 
the r efrigerant e \':1])07:-~trs in llw Jtl'<'~c·n -~·o f 

0 nn i nert. gns and more p:-~rti nl:nly to :Ill' l.\'i''' 
d isclosed in PatC'nt ~o. l,G, il ,7G 1 ,!.!.T:111t ed. · ~ p ­
teml>er 2:/th , 1028, to Von PJ:d l'n :-JilL .\fttl krs 
ancl our DriLi. ·lt P:-~tent. ~o . 2R2,4~ • . 

The ol>jects nnc1 :-~dYnnb ~r s of Olll' tl:\'rn -
10 tion ,.-i ll he :-~pparcnt f r om the fol:rm:ng de ­

scription consirlcre l i n conn rct ion with tl e 
accompanying drawing " ·hie! 1 show,.; , more or 
l ess cl ingrammntically, a . .-cfcrr d embodi­
m nt of Olll' im·ention. 

15 Referring (o the c1rnwi ng. r fen.•nce cl1ar-
aclrr 1 desi g nates :1:1 e1·apcn·aLor, wh ich is or­
clinaril y placed ' " ithi n :1 rh:1 n1ber to 1Je ·ook 1. 
A co1Hl uit 5 connects the upper part of .-~ p )­
r aLo r 1 "·jth th e more intcrmecl i:l ,. por.ion 

20 of the conden s r G. A conduit 11 <.:<>111JI11llli ­
cates w ith the bottom of evaporato r anc e-x­
tends ,yjt_h in condenser GaL a, level] , low the 
point of communic:1ti on of condnil ii with the 
condense r . "\. cooling \Ya t er ja<'k :;2 sJ:r-

~5 rounds the C'ondrnser :mel i::; adapted !'or the 
1 assnge th creth rotwh o[ water for thr •U r­
posc of cooling the conclt; J,ser. 

A conduiL 27 cmnmm ica trs wi th lhe botloJ 1 
of conclrnscr G nnd wi th the lower parL of a 

::o hcnt exchnnger jacket 28. The upper p:~rr, of 
j a ch~d. 28 is connected to th e lower pn.rt of 
ge11erator 20. Generator 2fJ is h eatc ,1 in :my 
suitable nwnnc. r .• \conduit 30 comn .nn icatrs 
with the nppc.r part of generator 20 an<1 •x-

vJ Lend s "·i(hin enpomtor 1 ton. point IW:lr the 
bottom tl>err·of wh ere it terminates in a clis­
t r ibntor head 31. Conc1nit 30 rxtrnd s \vi thin 
conrluit !l in o r c1er that the fluifl p:~ s,.; i ng 
throu{'!:h the respective conrlu-it s may 1m 

-:. o brought intoh ntcxchangerclations .lip"i t h 
earh other. 

,\conduit 3'2 extend s u]n'·:nclly fn •m wi th­
in the lower par of ge1:cr a Lor 20 n nd com ­
municntrs with :1 contai ner 13 plac cl at a lrYrl 

45 abovcthnLofcondcn se rG. A sourceo f hen i :lG 
i s p r ovided for heating conduit 32 at n p oint 
above "'Cnerator 20. A eon dnit 37 e.den cls 
downw~rcUy from container 30 nn d pa~ses 
wi thin heat exch n.nger jacket 28 :tn !l thence 

60 upwardly to within t h e upper purL of con-

clc n,_,._. ,, ' .<•.,• ; .c·.-1. i1 ates in n c"ist::'hntm.· 
h r:H :lf/. ''o .. ! ... t :}-:- 1:1sscs wi th ir coo in • - t:> \\' :Jtrr .J: ,-,:;,•t i~ :1~ n · .rr tl. t. fluid p:1ssing 
thr >IlUh lli,.; em,,,,; ... 1 .. 'he cooled . A vcr.t 
con !1ll . t :H C'lll1.h'c s '!.'"' .. JCr ·t o con­
tni J~t•r:nwiththc1,,. ); o'coTc1cnscrG. 

The )lh'ration of .c: .. bo': · ,:c ·c.-::.,c< appa­
r n(ns is as follows : 

. \ su i . IJ 1 c rc · ·i gi·r:. nt; ]o~· .. :: , nee butn.ne, 
in liqni !l form is ron, incc1 ,.; .. ,: . eYnpontor eo 
1 . . \n inert g:-~s, fo · instmH.:c· .c .. !!non ia, is in ­
t rocl uC'ccl imo eYapor: tor 1 .. · t·,.:-1 conduit 
30 an<l c1ist~·ihu or he: d 3 . '~' .. , \'.'rigrr: nt 
e-v:tpo raks m the ev: por: lor i: .• presence 
ofthri ne ·tg:stluetotheincttL ... ·p:r ial 65 
pressnr of thr rr:frigernnt is 1'<' 1

., • ,her J,y 
nm the rrs11liing gaseous r ix. · pa::::-;rs 
Lhr lllg~l co:H 11it 3 ·o wit! iL Ci, .• ,,•n,.:er G. 
IlP re tl , . •. Ji.·tun) co C'S in ir1ti1 .~.,· cOlhact 
ll'ith an ,.,,,.,o,·:,tion li(jl id, :for e.·:-m ,)1<' '"nter, 70 
"·h ich i... ·!., : .. c:ucc i1 to t. ,•o. ,:<•ns('l' 
thl'OII !!I t'O H .1:. ;7 :11 ( di triJm (>.' • ..; .. cl :).) . 
In:1 s1 litC'h a, t h" .. moni: gas is •~ .. · ,.:olnhle 
in wa t,·r '·11il! · , . ,,:,a .e is<}.· c: ... :,<;)no e, 
th nn moni:t g::, . ·: hsorhctl IJ.' ... ,• \'!ltc ·, 75 
tim frecirt!:!; .1 r ,,Jt.110fr01 tLe_ ... smi.·-
tllr •. Thu~ ilw "t:,;lll :1s::;n1 c,.; ;. . ..·, ·nry 
tlw ntire prl'-., :--:1 n• witl in the· . .-.• ~,·~1se1.·, 
wl 1ic:h press\! ·e · s1 ,,icicnt to C<111:- .:-- rp.c-
fnctionntthc empenb ·cmnin•ai~ ~.~i.erei 
hy the cooling water . 

The . prci fie gr:t vity of liquid b t:, G is Je:-:s 
tlr :n thnt of the solution of nmn oni~ iL watr· · 

so 

an 1 hence st.r:uif'cation of the two liqt ids 
occurs, i.hc liqui( bnta1 c .oaiing 1.po1 1 ~ 33 
ammonia solution . The attc · soh tion is :!1-
di c:-~tc 1 by reference c.1:n-nct · 2Ci. The l'quir: 
hubnc pa,-s< s frm ·o 1cl,·r.:--:er u hroug1 con ­
rlnit 11 :tnrl n~t \Ins ,o evaporator 1, where 
it is ng:1in c,·nporntc•d nth: lte cycle ·cpcn ed . no 

The nm moni: solutio! . !!ows by !!r.witv 
from conclrnscr ()through COl ,1uit :!.t < ntl j Cr~ 
rxehnn!.!;<' l' jnrkct 2b o \, hin f!Cner:ttor _()_ 
If pre t hr appli<':1tion o; : •. 1t cnu~es the nn -
monia to he .-xpdlcc1 , .. ,_;a;; 'ro1 he so u- o:; 
tion and this am110.: , ,..,r.s passes thronp:h 
co1 clnit :~0 nnd rl'st .... ) ... rIc. d 31 to with-
in e\·aporntor 1. w i. · · · reduces -'-he pnr­
tia l pres;-; nrc of ! e ,Ja .... e, wl ereforc the l t ­
tor evnpl)raLes us ) ·ev·; ly descr 'bed. 00 



Patented Jan. 1, 1929. 

U N TED 

LEO SZILARD, OF BERLIN, GERMANY, ASSIQNO:?.. ':'0 SIEMZNS-SC:E;:UC:::S~ ':'W::::::rs:z 

AKTIENGESELLSCHAFT, OIF BE:.~LIN-SIE:!'U:E SS':'.2.DT, GE :~.:rt:L~ ~, A. CO:...?O:t.t...T:;:ON 

OF GERMANY. 
ISCHARGE TUB3. 

Applioatlon filed April 20, !9~, E.eri 1 ~o . 2<1,575, ::td in ~r::::any c::;>te ~er 3, 92·~. 

This in vention refers to a novel ot·m of 
electronic discharge tube which .llows of ob­
taining intense electronic currents in :: high 
vacuum by comparatively simple n · 1:3. 

5 Hitherto consiocrnble curr 1 L; cu1 l1 only 
be obtained in n highly evac1 fHl cl nLc, . uch 
as for instance a triode by me Ls of i ~.:an­
descent cathodes, r equiring very ln ge .1cating 
currents. On the other hand an Jectron lis-

10 charge produced in a less high nu·uunt for 
instance by a mercury vapor a ·c while ~ l ow­
ing large currents to pass, cannot be cont r->lle, 
by grids or similar means in n way ,,.]. i ·h is 
possible with oischargrs in hig 1 Y:l('ll lllll 

HI triouq tubes. For instance if a gri is i1 tcr­
poscd between cathode and anode of :1. ncl' ­
cury vapor rectifier it is possible to retard 
or {o prevent the starting of th e disC'h:1rgc l>y 
bringmg the grid to a sufficie1 tl,y h ign l . ~ga-

20 tive potential but it is impos:;iLL· L1 inflttCl C' 

or to suppress the arc once prod 1<:ed. 
Tl~e pre. rnt invent ion comprise;; t ·,·a ·Jllllll 

discharge tube dividC'd into two J.1ain part:; 
which arc connected by a 1 arrow cOJmm nica-

25 tion path. In one part which contn :ns the 
cathode a sufficiently high gas prc.,sm is 
ma intained so as to oJ,tain an : rc .:!!::t:b:n·g..:. 
The electrons discharged in this pn.:·t o the 
tube pass through the communi t:atio;-, p:tt' to 

30 the other p:ut of the tuLe \Vh cr-::: •. igl vm:­
uum is maintn.ined. T e elect ·-:m .::u:-r n ca 
be influenced and interrupteG. in t:.is p:::.rt o:f 
the tub by means of grids chn. ·~.::,.: ett :n:i able 
potenr ds or by ma o-ne s . uc tit<: sc e as 

35 in the w 11 lmown, vacuum tubes. 

comn!lrt­
he s:1a:e 

GO 

C5 

70 

i>ll 

~.:; 

In e annexed drawing the s• bjcct J:latte · 
of the invention is represe ted in two e lhodi­
meats. Figure 1 shows d · agra m< f c:Jly th 
simplest :form, and Figure 2 shows anothe 

Cl~.l..·~·.;:Q.., f!.D.Q c~ ....... _ ..... .... 
7 US e J.ect~vc1y t .. S ... ... 

"~-·~\.!. GC 
v~e. 

40 embodiment. 

!le;;r ..... ~ ~e :_1otc~1J.l!....l .. 1 r~:-~J\.!t:... ..HJ c:.... -VL .. c: 

lS "}JT)llCC. ··o th.v p-... ·:_, l .... G C ll't~ ..... ~.: ... r 
' ' . (tll(;(?L._ ~0 any V, .. l.v .-"' 00 ~~T~tl ... ()~ _ ... 2 • .~-""..C 

Referring to Figure 1,1 is the first conij)lll't­
ment of the tnbe contain ing gas at fairly low 
pressure, suitable to maintain an a ·c; 2 is n 
small tube through which small uantitics of 

g id current. will bo ...,.!11n.!: lo. t L~ .. c .... ~ .. rr .. '" M.:. ~ v 

45 gas are con tinually admitted into compart­
ment 1; 3 is a cathode; 4 is n. second com par -
ment; 5 is a communicating passage way be­

: tween compartments 1 and 4; 6 is an outlet 
connected to a high vacuum pump (not 

50 shown); 7 is a !!Tid set up in compar tmrnt 4; 
and 8 is an anode arranged in compartment 4. 

This arrangement allows a small gas pres­
sure to be mamtained in c.ompartmer t 1 and 
at the same time a high vacuum in compart-

I .. '"'"he ar ·t. ncte!1 c .. t dcsc ... i!Jv ....... d.JO\~'" .~._ • s 
es,cJ ti:ll th.r.t :ne m<:r.::_u.ry v:l:)o.·" ~Jc',\~- . • ,: 
f om ent -r. ~g the_. 1,0.·~ Y:::C~i r... ?~,-·: . 
d01 .. :o ol~tr.n: th1s e .. ~t· t ..... ~ \"'-l. ~ ... ~1 ,.. .­
cooled. gn.i) s·t10UL.: c:. o.~. !1c ~n.rr..c. o:~Jc~ o,.... :"t 

than -che wic~~:l of th_; :m0ar: f~· •t: pan o::: --·' 
mercury n~ole~t::c-;:; 1 !:c.:~· t: e prc"t..iL'!".f! ,' .­
dit.ions. r:._~~:c. '"·· . .;e .. ti:~l :. .. o:~cr o O!J •• ~­
a snlikirr.. Iv .v ,' : .. 0:cury vn.po. presst:r(~ :. 
t e J igh ·.:t·, ,, .. _ D;lr;, o ' '-· ')l mu. Sin-.i1<1.' 
restrictive ·~ .~,;s ru~ US<l ir. m·erv t-Y J0 o:: 

.. , . ..,.. f -~ T"\ .... J.. ... T)'~~ T 
me.rcurv Y.. _)ump. ~nc. ee~..:. .... y ") ;"" o. 
mercur v~.J-- ;urn d' ;e en i i s de r..· 
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Patented June 4, 1929. 

U ITED S 
LEO SZILARD, OF BERLIN-DAHLEM, 

WERKE GESELLSCHAFT MIT BESCIIRA 
llERLIN, GERMANY, A CORPORATION o-~ 0 E~ 

DISCHAP. "E TUBE. 

Application :filed October 28, 1925, Seri.l :i o. 65 ,39-!, a n 

My invention refers to thermionic dis­
charse tubes provided with means for con­
trollmg the electron current between th 
anode and cathode, and it refers in particu-

6 Jar to tho type of di chn.rge tubes in whi ch , 
for the purpose of obtaining n large current 
between the anode and cathode, an arc-like 
discharge occurs at the cathode. 

One of the objects of my inv<>ntion is to 
10 provide an electric discharge tulle whirh is 

suitable to fmni h a hensy ClllTPnt b('tWN' ll 
tho anode and cathode which can he dTcc­
tively controlled by a controllin~ devi ce. 

A further object of tho inwn tion is tl ·~ 
16 placing of the anode into one of th e vapor 

spaces of a mercury vapor pump (either into 
the vaporizin~ space or into the vapor cor­
densing space) and to arrange the cont r l 
means of the anode current in the low pr ;,-

20 sure or vacuum chamber of the J?Ump. 
Lastly an object of the inventwn is in ar­

ranging in tubes of the above described char­
n.cter the nnorle in tho vapor space of one mer­
cury vapor pump and the cathode in the vapor 

26 space of a second mercury pump and to con­
trol the current between the anode and cath­
ode in an evacuated space which is commo 
to the two P.umps. 

I have Illustrated in the accompanying 
30 drawings two forms in which my invention 

may be reduced to practice, without thereby 
wishing to limit the .forms in which my in­
vention may be effectively carried out. In 
these drawings-

36 Fig. 1 represents a l?artial longitudinal ver-
tical section and p rtlally a view of a pair of 
electric discharge vessels in accordance with 
the present invention and 

·Fi~. 2 represents a modification thereof in 
40 which one vessel is made of annular shape 

uitable to surround the other discharge ves­
-el. 

Referring to Fig. 1, 1 represents the vn­
•Orizing chamber of a mercury vapor jet 

~ r'ump, 2 is the condensing chamber of the 
p ump and 3 represents the nozzle. 4 is tho 
return pipe connection through which the 
mercury 12 which has been condensed in 
chamber 2 is returned into chamber 1. Cham-

60 ber 2 is jacketed as shown at 13 and suitable 
cooling fluid is led through the jacket for 

~o ..... ::c....:::.::-:-3c:......uc:.... .::2T­
. O.e SI ~ J, ""~: ... ~ST :.TIT, .... .. ::: .. ... .--.. 

" - .J .... ·- · 
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2,161, 35 
PROCESS o- P rt ODl.:Cr.\G R ADIO-ACTl!VE E EME . . 6 

Leo Szib r , :s'ew Yo:-;t, N. l'. 
Applicat ion .• :-. r c. 11, 19·35,• Ser-:;aJ • 'o. ,50 In G. l'z ri ain ::\-t:a~c :r. 2, .n -. 

This invention concerns m ethods a n d : ... jJp;, r a ­tus for t he generation of radio-acttve ; dtcs . Accordin g t0 one feature of my invemion. ra ­dio-actin elements m ay he produced ro:n r.at -;, ural el ements by bombarding a natu ra~ l·l••rr. em or compou nds of natural elements with eut rons produced in 1·anous ways. more particul~ rly. b y su bjectmg the natural clements to neutrons <> T.'la ­nating from a target containing lithiu m . wh·c r. l •l target 1~ subj~cted to a bomba r dmPnt 11 ·t h fa.~t deuterons . An other f~ature of the in"entJOn i.s riirectcd to the production of radic:-acu,·e c le ­m f'nts from natural elements by expc:-mg .. l'.e natural elements to a n irradiation with r."'lcr.;r.s 1.·. which a re li beratf'd fr om certam el em ents t.:.ndl'r th e act ion of X-rRys. Anot h er featur e of t l'.e im·enti on is direct Pd to chemically cor:c(:nt :-at ­in g rad ·o-actil·e elf'>mtnts produced from n tu :al elements if the radio -acti 1·e elemer.t is t~otopic 20 with the natural element fr om which it 1s pro­duced . 
Other fea tlll es of the im·ention v;;JJ a !)p ear m th t fo llov.ing de ta iled de~c nption referrin ~G t o t h e ell a v.ings. and will be r.10re particula rly po;m -;d 26 out in the claims. 
In th<> drawings, 
Figure l 1 eprese nt s a :;..:ctlonal <:leYatiC.:J. of a n appHa t us for carryinp: out the in •·ention . Fi!lllfe 2 sho-,.·s a m or':! con~t ruc ·.ional :a y-out :w or t. h~ apJ:;aratus of Fi ![ure 1. 
!"igure 3 sh ·JWS the circu i ~ arrangemr: :: ts f0r furthe r modifi ~ d appr.ratus '.in d. 
Fignre 4 IS a S"Ctio n al , -::ew of apparatu:; in­tend'cd t0 co-op<:rat<? with tha t shown in F i;pr<:: 3. J ;, Rei<: rrm![ first ro Figure 1 nf th<: dra -,.·:n ;:; s. I i ;; an elt-ctncal dJsc h a r![ f'> tub" adap1 td to p:o ­je( t a l:~am 12 nf fas: d ':Ut<: rons. Tne - u~ I I i ~ f. ll~d -.~ th d~ut<:riur.t ;; nd an ar.r::d'.' A an d ca t r ­ode 3 are pro·: :dec fo r conn e-:tion to a .;oUice ~·1 of hi~h ·;oltag.. . :-h e d f'Ut·~ !'0n s a re t h us pro ­JH ~ed <l~ high <;:><:ed a nd pass t r..rO'I!lh tt: <e o: a : t: ­C'd t- B . T he c ~ut~:0ns fa ll on a ,,, ~:otan c -: 13 m <. ~ca! ed con:'lin<:: 13A. The suO..~tance I Z c0:-: s1sts . for in~tanr.:> . of !i thii.l1:1 . The colli ~ i o n of t h<: fa st t .; d iplogl!n i-Jn< V.l' h th ~ s•.J bstancr 13 ca u :' ~"S u a ns ­mu'.a tion . 1. r:. a nucl~a r r<::act;o,; of th~ 0 "'1'.':: r0!1 v:nh an atom o f the targ':t. The >UtstancP ll 15 stJrr C'und~'d by a t hit:k i ay~r IC containmg the eir·mPnt '<';hich 11 is d esired to transmuc" Into a .~ \J radin-ant ·; e elrment. In or-:i~r ~ o ha·:., a high effioenc:;. the thickness of the !ay~:r 14 ha.s t0 be suffi cie nt ly gr r,a t. ccm;>artd v.ith t he rr.ean free path of the neutron. to pre•;ent tS<: 'lp<; of any of the neutrons. 

' ' Fii~e_ 2 ~hews in more detail the electrical dls-

(C . " ' v~-...,., ) 

r!Er- t tu hr: . I re: r; rr0d to in F1 gure 1. The t u!:.e c s~cnt.:..l:y C·J::.,. '> t s <. . ~ m<. .• • port!on IG sen ing to r.cc.:r·it:-o. tr· , h•: <: Jt•·: rJ:-.s a aux'lia!".f tube liT f rJ r ir; h ,<.t .:-.:: t!-. . .rJ,·:. II A is the anode and 15 t h r· r:;o. :l F>C:e r;:· t.·. · ;,ux:!Jo.ry t ube. deuterium 5 b ro i r1~ adr.-: j • .- .d t l ; f; Tt l.O .. . :G1.l 6 t:'1e inlet , :J and :)<-in:: p r ;Y"d <..w;.. y t:-:rot.,:. ch e 0 t !tt 1.! •. Tl .. !low m:t:c.tr·d by , nr: ?. u xil ~<.. :y t t.. :,e ·s a ccelerate by pc...~,~ g (: u-.. 0 ~.; ~ th(: r:. c..! :-: .... ~e f v.'tich is m c. ·ntaincd o:hat.:.~tr,d by s..:ct.oy:: c. ~t ! ets .,: and 0 I 2
. an d \\·1-::r-h has a h: :;h potc .. ~: ::.! ;::r <..dJent , th -; r e bdng a mlllion \'Oit potr:n t1a: c: .~ erer-ce be -t wr: r: n the r: r.d s of the tub.-. ':":-.. <.. ccelt rated d t iJir•[(J!'I :, r:rr.u gr: through th(; r: cc.. • o! tl":e 

1 ut:.e a nd c•, ll<df: v.1th t· <: subst<. - ~L . .. as de­:;cr:bed w·t ref<::rr:nce to F :gt..re 1 o: •. -. c: d raw ­m gs. 
If t)·,_. ;;ub<.•arc': 1· is a light ele rr.':'._ . 0r ,n ­,ta n r: r· J:th . 'T:l. f:r; th': bomb· rdm r: :-: t r,_· ~~;; c­ce!-:-;a red dt::U t. f:"rons r~~u t.~ in er.'l.ls~ . t:.!": u: u n - o r · h ~r6·~d p~ rric~es of ma~s vf tht: ord ~ :- 0: ~a.~£ !'11 -~, Jd , : r-' f tl ~ r. rr.a...~ ·~ of a prc tr_;n. Sucn u: . ..:.::-.u.. r 6ffi n ucJ~i :. c. nr· t.rrJ n~. pfonr·trate ~·:~ :") ~ .::,..,•:... :-:ces r rJ n t~dn i r. ~ thr· h t a·: · r~ r e!r;~. e:1ts •;:.·: : :-. ~:.. .. !0:"' .. 1sa ­tVJn lr.J :--... r:; .;.;, unc T,;:i lJ cau -;; r; t h ;~ frJrm:. t . :. ...-.. ~.- : .... d! o - 25 -;.- cn·:r~ -:1_.b~ t · :: r · ~.:; .•. _...._ . :ay~ . f ... t:x;-h::.c .... ·.-:. ~ :-. ~m . I!. L t.o b": r: r,v- d :Jy th<: mr:ttcc _:, :_.- de -:: ~~ ~ ihr. -1. t!-.r· I r.·nL ... ~·- · .. . ..--. :-:~~s :; f!~rec! t.J· t :-....:: Ct,;U­t_r·r ·u:n nu~ ~ ;~.:-•: ( r :"._ .. : :-a~ ; ·:e y s~ ::..! ~ ~ :: ~ - ~1-.t r:! trr.~ :l !S and a:~'J l::f'. ~ .. :-.e !-i t.:.bsta!"'.ce tc ·:~.: ::: ~Ce ~o r~ C ! o - :i.~t· r; i ~ !!'radi~t ..::C '),'lt • neut ro!: .... . . ~ - ~ -r t: ;, :c r: d nuc1Pl. -;:.·(.!cr. pa.~s througt t Vt::: . . . .: .... vy r l ~ r.~r::-.~.-:: ?.-it!:fJ l_;t :r.Jn:s:n~ tr.r:m. Tr:~ -~·..: ... . -7.t::~ 14 r: ~·:p') s t-C ~ r .. r · rea :r.:er: t by !he ne,.: t:-r .... !: ::_~ .::. ­t u: n :nay 'rr ·n rhr; form r) f e::. r. o:gan i c ct:.:::pr .. r.d ;;:; f r;r t l: ~ purr.Y" ·~~ r. ~ ( Gtr.:-::i!iZ' 011t sr:: parat:0n o: t~e ~ '='r; &:o :-a ' f--d ra. C!r;-e;c u,_- ,:; ~ ~ r:mcnt . a.s Cr:.::c:-:b.e n .r. :r· f t: jjy ho:-: :- E-.:::.~t~r. 

);t_ ·J ·.r r.J :-:. adi · ·j or: r:.ay &: _::1) bs: prod · c~C b y the act·r,l: rJf X -r:2. y3 i~ ;'j t:.:-: dr. r:: r: n:~r. t 1":~\-:r:~ 2. C!..c: - ... . , ' 'r : :;b!~ ne i..: t:-~r. G.~ t :'"!~ ~ :- r;T:a:1in~ vo:t<..~e. a!"ld ;,;· .. r,a:- a 1' ;...; -;: fr; :- ra~r::.:: ~; u:..:: tf'.~5 ? r rr:t:ss 7.il1 r:o·:: t ~ d~;-~rril:x:d ~;.: h . -::r: :-~ ;.c~ t 0 ~gure 3 o! t::e era,. · r. gs. 
Ir. ~-?t: r ~ 3. I ·~ · :-; ;; :-.., :-::--.-:a :- y of a t;ar_~~o~F:r . ~ .:; ~ r.-:- .r;•~'"Jn da ry ? 0: 7.· :-: ~ r.: !: L<; cc..n r:f:Ctt:d to t . ~ .n ·:v: nr:::-1 ::: ~ G.nd .: T :-.e ; 1.:r.r. t :rJn 2 ts conr:~ted t 0 rh~ r:~ t i'":,..ri&: r .. ! : £: ;· r;;eT.f:f:r t11~ ~ and to thP a.r-:.Ce 1 of r:--le :&:c ~ ::: '= r t'...itr': . TI:'=! jcn~Lo~ crJn:: ::ctt .. d t0 t~.r: r ' t~ r,Jj: 9 of tl-:e: :-.::ct.f:e :- !/) ~·..:'J: fG e1r.d tv · b ~ C1 !': '.,d;. i . r .. ~ the r£::<t4f! r:: r ~l.lbe ! 2 . Th t: t:' d.~~ t:.d ·:5 f 3 c..r. C 1 ~ cr£: cv:-...n r:cts::d to t-2.c:'1 o<her ar.d <rJ -; <. :-:h. T r:e a~r:.dt:s 15 a n d a!'e crJ::~.tC:':d at ?. <> nd ~r,m thJs po:nt a r e co:l-n':C t':d to the pole I 0~ tJ·.e ;n:puls.e g".:::e rator '-5 
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NEUTRONIC REACfO 
Enrico FermJ, Santa Fe, N . Mex., and Leo Sr!bl\."' c.... .. 5 

CJ1101 Dl., asslgnon to the United States o A::! ~-> 
as represented by the United Sta cs Atomic 
Commission 

Application December 19, 1944, Scrinl No. 5 8,9 10 
8 Claims. (Cl. 204-193) 

r 

The present invention relates to the gener~. .ubj(.;cl co .. ;.1-:o:. • 
of nuclear fission and particularly to the estab :~ r. en o 1;; 
self-sustaining neutron chain fission reaction~ : $YS­
tems embodying uranium having a natura :so O,?ic con­
tent. 

Experiments by Hahn and Strassman, e rc.~ Its ot 
which were published in January 1939. 1'\ atu:v/, • • - :!0 
schaften, vol. 27, page ll, led to the cone ·~io .~ r.t 
nuclear bombardment of natural uranium by s.ow ..".•.J · 
trons causes explosion or fission of the nucle ~. w!lich 
splits into particles of smaller charge and mas wa:h 
energy being released in the process. Later it was ·oun :.!5 
that neutrons were emitted during the process an 
the fission was principally confined to the uranium i ~o­
tope U2JS present as ~3o part of the n tural ur nium. 

When it became known that the isotope UlJ~ in na ural 
uranium could be split or fissioned by bombardmen wit :lO 
thermal neutrons, i. e., neutrons at or near th r :. ::: 
Iibrium with the surroun ing medium, many pr ac. ac ns 
were made as to the possibili ty of obtaining a self-sus a.n· 
ing chain reacting system operating at high neutrou ..:nsi­
ties. In such a system, the fission neutrons produce eive 3.3 
rise to new fission neutrons in sufficiently large numb.:rs 
to overcome the neutron losses in the system. Since t .:: 
result of the fission of the uranium nucleus is the produc­
tion of two lighter elements with great kinetic energy, 
plus approximately 2 fast neutrons on the aver ge or 40 
each fission along with beta and gamma radiation, a 
large amount of power could be made available if s 
sustaining system could be built. 

In order to att in such a self-sustaining chain rc::ct"on 
in a system of practical size, the ratio of the number of 4 5 
neutrons produc"" in one generation by the fiss:ons, o 
the original nu , .:>e r of neutrons initiating the ~sio s, 
must be known ..... be greater than unity after all neutron 
losses are deduct;: , and this ratio is, of course, dependent 
upon tbe values o · the pertinent constants. ;,o 

ln the co-pending applicatiOn of Enrico Fermi, Seri I 
No. 534,129, filed May 4, 1944, and entitled .. , ' clear an 
Chain Reacting Systems," there is described and cl:.timed 
a means and method of determining the neutron repro­
duction ratio for any type of uranium-containing struc- 5.> 
ture, directly as a result of a simple measurement which 
can be performed with precision. Accurate values for 
aJl of the pertinent nuclear constants need not be known. 

We have discovered certain essential principl s re-
quired fo r the successful construction and oper tion 60 
self-sustaining neutron chain reacting systems (known , s 
. eutronic reactors) with the production of power in 
the form of heat. These principles have been confirm d 
with the aid of measurements made in accordance wit 
the means and method set forth in the above-identified 65 
application, and neutronic reactors have been constructed 
and operated at various power outputs, in accordance 
with these principles, as will be more fully brouaht out 
hereinafter. 

In a self-sustaining chain reaction of natural uranium 70 
with slow neutrons, as presently understood, reactions 
occur involving the isotopes U:ll• and U:ll5, ThuJ, 922Ja 
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This invention relates to neutronic reactors an more 
particularly to a method and apparatus for removing he t 
from a neutronic reactor in a form to convert a fluid into 
a vapor to produce power in a useful form. 

Jn neutronic reactors, a neutron fissionable isotope such 

oper tes con inuously during intermi•te"'. 
reactor. Steam is produce 
pressure ratio co ~:sten wi .... e mercury 

Con rol of he m rcury is e·t er by a imer o by :. 
6 thermostat ·n the mercury outlet from the ::~;;:.cto:. :-'nc 

neutronic react io ~tarts as t .. e mercury coolant :s d: ir.e 
from the reactor. W'~en .• e rani , rods or otbe: ::s­
sionable rna e i:?.l with" he re c or r cb a desi .;:d 
perature, sue as 6co• C., pur.1p starts floodi:::g t e 

0 reactor wi~ , !Lcrc r;, stop!Jiog ' e neu,ronic r ::.c ·on. 
For further safety, t~ ... co_tro o can ..,.; : e or t e 
shut-down op.::ri.lc:::; __ 

It is thus possicle ,o O:_J rate a ~e~.: •• o~ic reactor on a 
50-50 tin e sc' ·"" :e so -~! o~~e-•. ...!f :_ pow r of · e 

15 pile sho •l~.o be av:::·lablc i~ t:..~ :o.-::~ o: _,ea from a 
heat exch nger • • co .• b i ::..:o.. -~r-:wiw, :J., us;.ble 
temper tt re anJ pressure . !5y -L;u ... i. g .he ho mercury 
flow in the boiler to give ho rr. rc ry --ur:::~c, :. is PO--
sible to h ve the s e· m boi er o a e con :nuou"'Y· 

as U2JJ , U2J5 , or 9 4 2JD or mixtures thereof is subjecte to 20 
fission by absorption of neutrons and a self-sustaining 
chain reaction is established by the neutrons evolved by 

Other objects and ::.dvant ge~ of the pr-. .. ~ .t ir.ventio:l 
will be more re;.~d"!y u derste>o... by r fe:-e~ce to tne fol­
lowing specification a~d ttac ed d r win.:; wl:...:rein the 
single figure in the drawi:1g is::: schematic v!e\t : . 1 ·~"---ting 
a neutronic re · cor ir. co:nb ·n. tion v/t. • e:.: e::caange 

the fi ssion. In general, such reactors comprise bodi s of 
compositions containing such fissionable material, for 
example, natural uranium, disposed in a neutron slowing 25 
material which slows the neutrons to thermal energies. 
Such a slowing material is termed a neutron moderator. 
Carbon, beryll ium, and ~0 (heavy water ) are typical 
moderators suitable for such use. Heat is evolved dur­

vice wherein the nc tronic re ctor nd e_: exc ar:~e 
device a re · ctua,ed i:1 a oredeterrr.ined cyc:e :o~ . e he2t 
transfer embo y"r.g the t~c.ch:::~" of e p:ese:1: bvention. 

A neu t ic r actor 0, p:de:2b.y o: t •• e yp: i_ whic. 
a coolan t is p ssed there hro ~··· ~-ch as Lo~.: t .at ::. rc 

ing the reac tion which is removed by passage of a coolant 
through the reactor in heat exchange relationship there­
with. Specific detai ls of the theory and essential char­
acteristics of such reactors are set forth in U. S. Patent 
No. 2,708,656 of Enrico Fermi and Leo Szilard, dated 
May 17, 1955. 

In a fluid cooled reactor only certain coolants in cer­
tain amounts can be present at any one time because 
the neutron absorption of the coolant cannot exceed a 
predetermined maximum or the chai n reaction will not 
take place . F or this reason heat abstraction is limi cd. 
However, if the reactor is operated without coolant there­
in to store heat in the reactor, a coolant of hi gh capture 
cross section can be passed through the reactor to remove 
the stored heat. While this is being done, the react ion 
will cease. If the coolant is then dra ined from the 
reactor the reaction can again start. By thus intermit­
tently operating the device, any desired coolant can be 
used to remove the heat. The present invention is di­
rected toward using a coolant of high neutron cross sec­
tion passed through the reactor while inoperative t o 
remove heat generated by a previous opera tion of a self 
sustaining chain reaction in the device. 

30 disclosed and cl · imed in the ~bov..:-:-.:.~r. t:o~.:c :?- ent o: 
E nrico Fermi and Leo Szil rd, m ... y "" •,ec : .. curyi::g 
out the objects of this inv nt" on with .. ..: cr., .:o., ·ow­
ever, h t it is pre ·e r d to rr;;;._.;:y ... e t. --· co I nt 
passages to p rovide enlarged coo.-:-. :::: - ""-_,:s ! l abol!t 

35 sheathed uranium rods : ~ s::> tha :::::;. _;.:;:.. __ _- p ss:::~e 
pproximatel y .635 em. across w· : sep::::.te .. :_ ~-~eath-d 

uranium rods !2 -r m he in riors o: t:1e t b-" :o:rr.i::g 
passages 1 . t :s prefcrred o use a gr ... p .. :.c? ::-:.:><.era or 
al though OL er forms of mod r;.tor m"y be ~ •-~ ~..:ch ::s 

40 deuteriu . oxide or b-.:~y ::t.:n oxioe, d pe~~ : .. <> U) .Jn t~e 
. type of r c o:· e:,e .... :: t e conditions t:.:~~: .... :c:: i! 

is desire o opcr:..e ... e re:.c:or. The r...;u :, r.:e ;:-..,ac !o. 
is controlle by :.c ~~·• be ontrol roc ~' · 5"v: •.• .: p-:-

43 ticular structure o·:. ." ~ ontrol rod ::s w .. - ~ _.:: c .... . . 
struction of e s:.. .::y ro s :or use w: ... - :: . ..::.,: ... ~ 
reactor of t is type, re cr nee is rna c c ... .:: _b ve­
mentioned Fermi nnd Szil :- pn ent. 

The nc tronic reactor ·nc u es i:! rr..:.: _. ; .... :, trib .... -
SO ing in et eader • c :: - ercury out et h·----r _-:;_ '!";:e 

mercury inle eader :s :s connected t " t. . J • . :.er J:y 
s orag sump 7 throuu. p:p!ng !3 conne tc.: ... · - - ot..itab ..; 

Therefore, a principal object of this invention is to 
ut ilize in a novel manner reactors similar to those dis- 55 
closed in the above-ment ioned Fermi and Szilard patent 

pump 9 which in urn :s onne t 

distr ibuti ng inlet h : • throl!~ p:p:n., : ... . 
The mercury pump ;..:; :s pre:cr ... b!y ..1 •----d by ::. 

electric motor 2 contro e.l , rough 
22 oper ti ng from sui bl source o by intermittently operating such a reactor and flowing a 

fluid coolant of hi gh neutron absorption therethrough in 
beat absorbing relationship, and then passing the coola nt 
in heat exchange relationship with another fluid to vapor­
ize the second fluid to produce power or heat energy in a 
u seful form. 

Another object of the invention is to control a neu­
tronic reactor in a novel manner by intermittently flowing 
a cool ant fluid having a high capture cross-section through 
the reactor in a predeterm ined cycle. 

In the invention herein contemplated to accom j)i i ~h 
the above objects, a reactor is used with tubes having 
large coolant capacity. Preferably, mercury is circulated 
through the reactor until the uranium temperatures fa ll 
to 400• C. The bot mercury is passed to a beat ex­
changer or steam boiler through which the hot mercury 
passes slower than throuah the reactor. The boiler thus 

Any type of timing mec 
known in the a rt, and no par icu ar m c •-:1:sm will 

60 be described si nce th"s is no t necessary !'or t .~: unce:­
standing of th is inven ion. However, the •..... ., :nee .!!­

nism 22 must be such h. t it m y con,r l t.~e mo. ~ 
2 for he m rcury pump 19 in a pret.e.erm: .:.:J cycle 
or cycles in :,ynch ronism with a motor ;!..., c.c ... t!ng the 

65 con trol rod 1~ through suit ble c ntrol ro~ .... ;::h:w.:, • 
25. The motors 21 nd 2-. re conr:;:..: ..:J to .he t"mer 
through sui ta ble wiri ng 26 and 27, respective.y . : ence, 
the operation cycle f the r :...:,o: " bro.~ y ; .c!ud ... s 
the steps of permi tt ing the re-c ion to corr:c :o esired 

70 power level and operating t ereat unti .he t:mp;:r ture 
reaches a predetermined level, s 600° C., ".opping L'"le 
neu tronic re ction y su s n y s·mu t:. eo y ;:v-
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reactive compo~:ton comprises fissionable material sus­
pended in~ a·nles~ tub~~ te ding rou, a heavy water 
moderator; 

Fig. 6 is a v r ical sectional view through a neutronic 
reactor of the type u .iEzed 'n the arr::ngcment of E . 5, 
sa id section being taken ::;pprox·matcly in he long'tudi:Hl 
verticJl plane in ic t..:d by he line 6-6 of F6. 7, po.­
tion of the stru:, re be:n3 o.1own in ekvation; 

Leo Szilard, Chicago, Ill., assignor to the Unl j Stat?s 
of America as represented by the United Sta e~ Atomic 
Energy Commission 
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1 Claim. (Cl. 204-154) 

Fig. 7 is a sec:ion;,l view ta ·en in the tr nsverse ver-
10 tic l pl onc ·_ dicatcd by the inc 7-7 of ·g. 6; 

This invent ion relates to neutronic reactors a!tct "1ore 
particularly to a novel method for removing the fission­
able material from such a reactor whereby said ;nm rial 
may be treated to recover the elemen 94 nl. I'ssion 
products of the reaction. 

ln neutronic reactors a neutron fissionable isotop.._ u ·. 
as u :l33, U 235, or 94239 or mixtures thereof is sub;ectcd to 
fi ssion by absorption of neutrons, a nd a se1f-s~s ..Jning 
cha in reaction is establ ished by the neu trons vo ve by 

15 

20 

the fission. In general, such reactors compris" bo ics 26 
of compositions conta ining such fi ss ionable mat ri:1l , for 
example, natural uranium, disposed in a neutron slowi: g 
materia l which slows the neutrons to thermal i!nerg't:s. 
Such a slowin g m aterial is termed a neu tron m' -.r~tor. 
Carbon, beryllium, and D20 (heavy water ) :m: ypic· I 30 
modera tors suita ble for such usc. Heat is evobed dt.r-
ing the reaction which is removed by passage of coo!Jn 
through the reactor or in heat exch ange rei tionship 
therewi th. Specific deta ils of the theory and es~ential 
charac teristics of such reactors a re se t fo rth in U . S. Put- 35 
ent 2,708,656 of Enrico Fermi a nd Leo Szilard, Seri I 
No. 568,904, filed December 19, 1944. 

An object of the invention is to provide a novel method 
for unloading the fissionable materia l from a neutron'c 
reactor. 40 

A specific object of the invention is to provide nov I 
method for unloading the fi ss ionable material rom a 
n~utro~ic rf.!actor and recovering p roducts of fission ny 
dtssolvmg the fi ss ionable m aterial in si tu, or in he re­
actor, a nd withdrawing the solution from the reactor thus 45 
dispensi ng wi th necessi ty for complicated and exp 'nsive 
apparatus such as heretofore u til ized in removing sa~d ma­
terial from reactors of this type. 

A further object of the inventi on is to p rovide a novel 
method for removing fiss ionable ma terial from n - 0 

• tronic reactor in which a solvent is continuously pumped 
thereth rough, whereby said material is dissolved !tild 
pumped from the reactor. 

Other objects and advantages will be appar nt from 
tbe following description taken with the accompanying 5 
drawings, in which : 

Fig. 1 is a flow diagram illustrating a preferred embodi­
ment of the invention; 

Fig. 2 i~ a fragment~ry ver tical sectiona l view th rough 
a neutromc reactor wtth the react ive composi tion illus- 60 
!rated in elevation; 

Fig. 3 is an enl arged fragmenta ry vertical sectional 
view partially in elevation throu gh the reactor shown in 
Fig. 2; 

Fig. 4 is an enl arged fragmentary sec tion al view in 65 
elevation through the lower portion of the reactive com­
posi tion of the reactor shown in Fig. 2, .said view illls­
trating in detail the construction of the uranium-contain-
ing ca rtridges or units utilized in this embodiment· 

Fig. 5 is a flow diagram illustra ting the invention p- 70 
plied to a different type neutronic reactor wherein the 

Fig. i 4 :..::ction<- view t1 rough one of th uran · m ­
carrying stf.!..:_ ub~ . dlOVIll i:1 F.,s. 6 a., 
being t ~.kc.:n ::1 be p~" .c : dc01.e by -·•e 

'g. 6; 
Fizs. 9 n !() ::::-c ~ectiona! views corr.T>l...­

but il !:t -a in:; 
in ; ar:: 

e 

:h~ pun1!.J 4 "s con­
by .ca _s of the va ve , sai 

so rca (n s own) of a ur.l-
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1 

by neutron c.l!Jture to the isotope 92::.:J. The l:::!t..r is 
conv .. rt d u y !:.eta u ... cwy o :n:•~ ;..:;d this 9~:-~ · t .... ~ , 
converted by b ... a c..:cay to 9<"4 J. Oth.r ~-O o~: c. /J 

an 94 I:ilay b..: forn.ed in sm ... ! qu::.nt:.L.. Ey s. "' 0: 
thermal neutro •• captur..:, 92~~s o •• t!c.c o,_,e;- han , c.c.n 
un~erno uclear - ssion ~o rd :.~se encr;,.y .. c p ar!:l.; :1s l~ ... n!, 
gamma n b ... a radiafon, toc;.:J:er .,i. ..•. ..: !c: .. 1 ... :o 
of f!ssio fr.:vm~r:~s ~ppear: ~~ us r""C.:o .... -:tivc : ... o_ope ... c: 
e c ents o,. lov1er mass numbcr!S, ~.'1 \ 1tit~ :: .., r'"' : :.:~ .... 
of s~on 'zry t:i..!Utrons. 

7't.c s::conC:::ry neLtrons thu pro~~ced by the_ s~iocing 
of L.1c 922•s nuc!-.~ huv a : igh av.-ra,<;e energy, .... '" :aJ.USL 
be slowc. ... dow. o , er.mal energies i.n or cr .o b~ in 
cond: 'o;: to c:. ·s~ ~low z:.~;utron· fission in o.hcr 5-2~--

· The present invention ~relates to the general s ..:c c! 
nuclear fission and particularly to the es blishmen o: .;~l -
sustaining neutron chain fission reactions in sys~er .s ..:rr.­
bodying uranium having a natural isotopic :>ntcr . 

.5 nuclei. T :o z,c.v:.. own, or .:.1od r;:. ·on of,):: n LL:-. . .~ •• 

Experiments by Hahn and Strassman, e res ~· o. 
which were published in Naturwissenshaften, vo. 2:, ;:-.t:~c 
II, in January 1939, led to the conclusion . uc,.;;.. 

20 

bombardment of natural uranium by slow ne tro. s :::.-ses 
explosion or fission of the nucleus, which splits in.o ;;;..r­
ticles of smaller charge and mass with energy b.:.~nlo 
released in the process. Later it was found tha • .:t.!::ons ::!5 
were emitted during the process and that the fi ssiC>n w 
principally confined to the uranium isotope U23S ,•r sent 
as lh3o part of the natural uranium. 

When it became known that the isotope U2JS in 1 <.~tur 1 
uranium could be split or fissioned by bomb r me. ~/th 30 
thermal neutrons, i. e., neutrons at or near thermal quilib­
rium with the surrounding medium, many prediclior.s -er.;; 
made as to the possibility of obtaining a self-sus ·n·n . 
chain ~reacting system operating at high neutron e.1sities. 
In such a system, the fission neutrons produce g; ve riSio 35 
to new fission neutrons in sufficiently larg nunkers t 
overcome the neutron losses in the system. Si ce ~ 
result of the fission of the uranium nucleus is the . ro uc-
tion of two lighter elements with great kinetic c:rgy 
plus approximately 2 fast neutrons on the avern~e for 
each fission along with beta and gamma radiation, ~ l::rgt. 
amount of power could be made available if a self- · us: · .. 
ing system could be built. 

In order to attain such a self-sustaining chain r.:actior. 

0 

in a system of practical size, the ratio of the our. :..r o:: -15 
neutrons produced in one generation by the fiss; )D>, o 
the original number of neutrons initiating the , ss~O;]S, 
must be known to be greater than unity after all reL o:t 
losses are deducted, and this ratio is, of course, deJ;ocn ent 
upon the values of the pertinent constants. 50 

In tl1e co-pending application of Enrico Fermi Seria 
No. 534,129, filed May 4, 1944, now Patent No. 2,7 30 .. 595, 
dated February 5, 1957, and entitled "Nuclear Ch. 'n e ­
acting Systems," there is described and claimed mean; 
and method of determining the neutron repro uction 55 
ratio for any type of uranium containing structur , d ' ­
rectly as a result of a simple measurement which can b<! 
performed with precision. Accurate values for all of 
the pertinent nuclear constants need not be known. 

We have discovered certain essential principles r..:q ired 60 
for the successful construction and operation of self­
sustaining neutron chain reacting systems (known as 
neutronic reactors) with the production of powe i th! 
form of heat . These principles have been confirm !d wit::~ 
the aid of measurements made in accordance with th~ 65 
means and method set forth in the above-identified &ppli­
cation, and neutronic reactors have been construc~e and 
operated at various power outputs, in accordance wiD. 
these principles, as will be more fully brought out her -
icafter. 70 

In a self-sustaining chain reaction of uranium wi 
slow neutrons, as presently understood, 92238 is converted 

of 

en ;rely .o~t b :~ .. -~- ~ 
sys .. e , ~hcl"! "' s.! ,._·~ _ J's!e:--. c~ 
fini t nnd ;!f c :c _ <J·-"' ~---- .... ~ ...,:.]! to ~:c __ .;e p.:J 4<.~~-

rt:. a ~ ~ Oy-)ro ......... ;..;~~ .:;y r.u.c!e.1: '":ss!~= n ......... :_.._ 
ur n:L . ....-: ~ n..!Li:o, ... ~-'"',.-ud 'ction z~t!o ::1 a sy~~v-~ 
of ~ nitc siz~ therefor , <..! .... r.s _ro~ .. ~ by ~h~ c."t .... .:-_... .... 1 
lea ·age actor, anJ oy ~r.. ~o: ~ ·c -:o • .;! r.~ut,·on ::tbso:-::>· 
tion by loco.I:~.... :;.~ !ron a~!:o:-0-.!r, n ..... d t1-o~ r~ ..... ,·odu~!!o~ 
ra io n'lus stu! ::,e suffic:cntly £rea"er 1..43.n cr:i .. y to pcr~ .. i~ 
the ncuL 0-1 cv~s !y tori$ e.·pon~nt"r! ly wi Jm.e !:! ! . c 
system ::ts b~.;: ... 
Pro~·css:-.l; _ ... J:r:~:.: en!::::!;~!::l~nt of ~ .... y p:c~o.:~C sys-

tem for \V~Ji~: ....... ! ..... c.u:.- _(is :.JOt accu!"~t~!y k~V\V~, i:c. ;'!. 

<1. tempt o J. • :!: : .. .! over:.: .ize of structu:e of fin:~c 
size above wh:ch t' ... r:~:: o. loss of neutrons '.:>y d: u:.:cn 
throU!; . .e peri.j .• ..;:y of i! st.-cct~.~ ;s :ess than tbe :~.e 
of pro uction c_ !l..;Lcrons in ,iJe system Je~JCis only o t:~ 
ex . .~ er:sive gamb ~ • '!';.U no assur nee of succ"ss. :"ne fact 
that K is gr at.: •~-~ n· y nu · e • c --..a e cri ·ca 
size is wi ' i ::cica! limi us be know .. rn ::c-
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Under :he~.! prupcr co;:dtticns, t!1c chain reac,:on v/11 
~. •PJl·Y not •}olly ;c n~ut:·on> necc~~~ry for r ... ·. L!nin:; 
il.: n~ ... r n·..: r..:.,,.;t;or>, but abo \•/11 ~tt;Jply th~ neutroa~ 

10 i r c ;nure by the l>O ope 92-3• le Jin,. to thu p:-o uc­
tl n · 9-i, :~.. cx..:c~, n~J • u s .or usc a~ dc,ircd . 

The present invention rel a t.:s to the g.:n · raJ ,uhjcct o 
nucle r fissio n and particularly to the .: .,to~bli, h•,l c n t 
self-sustaining neutron chain lis ion reaction ~ in ,y,tcm' 
embodying uranium having ;, natural i;.otopi..: ·nntcni. 

As 9-1 :, ~ tr..1mur:.nic element, it a b..: separated 
fron t!.~,. ~~ .... v v .... r ~~u urttr~iun1 by hc.:n1ic~l :-.. ~thou~. nJ 
:.1~ 1 b :~ ... :,:u ~: .. ..l.~.: y ~.Ct\V nt: ~rons in mann~r si i!otr 

15 t,} •. ;..: \,.l,t.;":.! \12-3•, i ·, v~luabk, 'or .:.·"mp .;, or c:J· 
ri~Lir.~ r.~ !:...r~~! ':...: ~ ... ~-. ~o::- u~c in other ch· ·n r\!:! t!cg 
~ ystc s v: > ..... ! • .:: "' :: • .•• : .. _. Th~ fiss o frae;rr.c .ts i...f.: 

This application is a continuation in pa rt of ,1ur co­
pending application Serial Number 56t1,904 fi k J )-:·em - 20 
ber 19, 1944, now matured into U.S. P. tent 2 , 7 0~.651\ 
issueJ on May 17, 1955. 

When it became l..nown that the isotope U 235 in n; tnral 
uranium could be split or li sinned by bombard m.:nt wi:il 
thermal neu trons, i.e., neutrons at or ncar therm al ·quil i- 25 
brium with the urrounding medium, many pn: 1ictaon'> 
were made as to the pos ibility of obtaining a ~elf- u~tain -
ing chain reacting system operating a t high neutron dcn­
saues. In such a ~ystem, the fis~ion neutron ' pr,ldu.:cd 
give ri e to new fi~sion neutrons in sufficientl y Ja rj.:~ num- 30 
bers to overcome the neutron lo~s.:s in the systcn . Sin-:.: 
the result o( the fi sian of the uranium nuckth is th.: 
production of two lighter elements with gr.:;•t \..i.1c ti .: 
energy, plus approximately 2 fast neutrons on tl.; ' vc•-
age for each fis-,ion al ng with beta <>nd ga mm a ra.laation, 35 
a large amount o( power could be made .tvailab l..: j· a elf­
sustaining system could be built. 

In ordi.!T to attain such a self- ustaining chain 1 ~~!.:tion 
in a system of practical size, the r:1t io of the nu mb,·r o .· 
neutrom produceJ in one generation by the fission , w <10 
the original num ber of neutrons initiating the f."iom, 
must be known to be greater th an unity after a ll r.: .I ron 
losses arc dedu cted, and this ratio is, of cou rse, Jo: ; end nt 
u pon the values of the pertinent constants. 

In the co-pending application o( Enrico Ferm i. S..:rial 45 
Number 534,129, filed May 4, 1944, and entitkJ ", 'u ­
clear Chain Reacting Sy tems," now Patent No. ~.7 J.595, 
dated February 5, 1957, thue is described nd u,, m~d 

r.L,mbcr prvJL,~·cd !:J ~..:r or:t! g(.!:;\o!~· •• t 0!1 to .... c in.tL..ll ~um­
ber fur :... sy~tct:l o i 1: 1it ·, ·~..: ·s c:.;:Jc~ • ,.; ~eoro uc.u. 
o r multtpl:c: tivn L!i..'!Or of he ~y,te:!: nnd is d"no!cc by 
the ~yn1but iO:. ...u · .• ny !l1 .i: .... !i,., ·-rr., sorn...: n~u~ro~ts ,~.·i ... 
t!!\~ape frv;n the pcr"j)i:ery of ~ 11.! sys .. ~~~. Co .sc ~..:n:!y 
a y~tcm 0f i~n::~ siLc n1ay be $u~d to : ..... ·.,•::. :1 ... ( ~unst~nt, 
c ~n thd :-=- 1 !h'-.! \\ dt.! d1c:-~o: woL.J o~!y t!>.~~t 1f bt! 
~y~t<:m .• , bell l \'.-.'!'..: .;:,:c:;J~d to i.> •. J .. y , .•. !:ut:t c.;, n.,;e 
oi b~ ~try or 1 .. t.cr:~.b. ·~ h s, \\'u\;~ .' :s .. :\!ft:r:~~.... o 
hc r~ L1 ~~ .1 .; o~.~L·:l~ o · !\Y~l~ ! o · pr ... ,; .. s:~i.!, . t a.v;~ys 
;-efcr~ o wn~ t \vo;llt 1.!;\~!)t ·n ~C S..l;J1 ..... . 1 '"" f syst\.':n~ of 
inhnt l! !-liZ..!. • • J, ~. ~ n1Jtn.: s .I~! .... n .. _: ~r~ :~r ..... :1n 
unny iO in,ii\.·du.! ~ · ct g._ in ·c n~~t~u:--,:s i~ .. :a ... t . eorcttc~..1 
~y~t m of ir:.in::-: s.Lc, ;..n~ .n :.;-:.u::l ~) -•• ~ is bt.:i t to 
h\.! ~u . ,i i~:ltly ,Ht .;l! o :1.H .. :1is :,;~i 1~ ~"" ·n~!r~!y ~v~: 
by ~.:u ···!'~ !1UH. L~ \.!X!Cf~Of ~urL.tCC o: L._ .}Y~~~n1, t!:cn 
J &dt·~t.~~ .... l~r. ('h_.i~~ rl.!~.~t~nr :,y!)tcm o ....... . ..! ~-. p:·~.u> 
tiC:!} SIZ.: .::.. .;: •• t.lt .d r:-OdllCe pow.:; •.. u :.;._te by­
prOdUC \ by :.L.:!: •. : .. ~>i,,n oi n:1tU -: ..... ~r..J. 1 . ..­
ncuiron r ... ·)ro~...~.. ..... :~.. .-. ;~.IiiJ .:--. : systc~ u: .. :n!i....: s.zt.:, 
th,,:r~forc, :...l.:~ rs ~-.-~...t~ h. by t . ...: xt~rn .. d ! ...... :~· ~c f~...:t r, 
anJ by a ':• tor t!t.~ ,o til.! .:utron bsorp.iv •. by loc:.l'z.:J 
nc trcn ... b~urb~j·~, ~1 th rc.::_;JroJ~ tio. r ... t • ..i mu~ ~~i 
be su:ll ~..·i~n~!y ... ~ri..'J.icr t:1 .. !1 un · ~y to permit !1 e n~~..o'" · =-t 
Ucn~ity to d~l.! ~-'-P nc'~\i.1l:y \\ Lh tin1 0 · 
b uilt. 

a means and method of determining the neu tron r .. pro ­
duction ratio for any type of urnniurn ont u1111n1 ~ ru.::­
ture, Jirc ·tly a a re,ult of a simple m ';J ~u rcmen• ' 'hid, 
can be performed with preci sion. Accura te value's for 

>ro'-.. r~ss!v~ cn1."~.ri ... :d ~:-tLt:-g~men of -::. .. f ~ropo::-~1.! 
50 "Y~ t!nJ ·'")r \'.hi..:, .... ~ .. ~'' lr ,. is no~ ... h.:C~.;!'"~.l.,.!y !~:--t .. J\',:1 

in d :.t~~r. ~'t LJ ~!!. h :J~..! o cr .. all ~iz~ u: """' .. ~~- .. ~tt.r~.: o: 
all of the pertinent nucl ea r constants n.:cd not b~ .. n.n,n. 

jin1.~ .,itc . )OV\! . : .... ~. !h...: r~.t..: of lo~:-, u"· ::.!L.tro: ~ 'y 
diu'us'un r 1\)t ..:n t. ..... !1~.-.ph..!ry o · t • ...: !)~rL!.:t~..t...: 1!\ 11.! ~ 

In a sclf-su~ tain i ng chai n reaction of ur niu1 1 with 
slow neutrons, as presently under toad. 92233 i'> conv..:rtcG 
by neutron capture to the isotope 92~3o . The l.Jit..:r i, 
converted by beta decay to 93 239 and then to 942· 9 . abo 

tha lh~ r.~~~ )~ :-""·i .: ... t~.::!un ol n"':.n~·uns :i .. h~ ~}~t~ •• 1 
55 h!ttJs on1}' ~v ~~t ~ ... ~..~ .. :!v ..: _6i..n~bl~ v.;:h no :t:'\ .. tr .... ~i.:~ ... :. 

sue ·e'"'~· "":""'!h! Lha t .. .~: • ~ .\ b.i'~d ~r h:Ja i...r:.4y :.r.J .... -
fact th<t th.: cit'.: .. ! ~.L<.: i' 1.ith'n ~r;~ ·tic.:! J:mi!s :-. ,t 
be known r:~t,~l!r .b .• ~~~r~.~L ly in J.Jv~n...:\.!, :t::> ..!n\ 1 ~..: ..... 

by be ta decay. Other isotopes of 93 and 9-1 m,ty bu 
formed in small quantities. By ~low or therm al rcutron 
capture , 92235 on the other hand, ca n undago thtclear 
fis ion to release energy appearing as heat, gamnn and 
beta radiation together with the formation of fi~ s i n irag ­
ments appearing ns r, dioactivc isotopes of ekmc nh o:' 
lower mass numbers, <•nd with the release o f sc vnJary 

60 propo~~J tr ;;t tr: • .. ~v:.1g .... { L .: t r .;,s th.;n :.·.y, v> 
cv~n · K. ~~~tor -=r~. l..! . .. h:1n but ~..·!o,e to un:ty, n.i .... ~~ 
not !>U\t:1in c ~h .• :,i =-~ .. L.:un even if ~tl o~ .. ~ t:ra .:.:. 

ncu t rons. 6:5 
The econdary neutrons thus produced by the fi, .i ning 

u( the 92236 nuclei have a high average energy, an I mu' 
be slowed down to thermal energies in order to be ir. 
condition to cause slow neutron fhsion in ot he · ') :!2J .. 
nucki. T his slowing down, or modemtion of th.: rct.t ror. 70 
energy, is accompli ho!d by p~ssing the neutrons tHo ugh 
a material where the neutrom are slowed by cclli~ion . 

ln the world \\~r~ in.: :1 .... ..t . 
The carllt.:,o:,t :.rl('i11;1t!> tu !.,rcJi.:t ~ ~t:-u .... "'.:-i.! c .... -:~a~!l.! ~ f 

su,o:,l: inin~ ..::h.1in r..:ac.; r., ~..~~;nJ n:h ~~ .. ur~:t;t.:m, 1 .­
volv.:d the Lb.: vf • .. t.ra:;i:;m p. ni.:ks ~u.:!l . u~nn: 1m 
ox ide: pO\V l:f~ l..l" 1 ~.:r,~d !n hyc...lro.::tcn in 1o..O!i~bi:~~ i r:n 
:h th ~luwin~ .1gc, . t! \\"~v~r, '":~~~~ ... u\.!~1;-ts \\'\!!'~ ;-. t 
succ~~~ru. , ~ .. nu ~... i~ .. :y:,:, c: exf)~rin1.?nh ;n .. ~dl! h .. :') :n ... i ­
cat~J th.at th~ 11~1 iron "''~' in ~u·h :1 sy~t.:m 1\'l en •l.J · 
tur\tl u r;.1niun1 i~ lJ').: ... t, w11! 11r~\"l'nt ~l t,;, .11n r\!:.tction fr ;~ 
b.:ino su.t, in~d. irr.:sp.:- ·t :v.: of .: ~1 z.: o t!':<: system, ut " 
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NEUTRONIC REACTOR AND FUEL ELEMENT 
THEREFOR 

,on th fissio .in3 com!)onent w ich preferably is · n the: 

metall'c state. Th~;"e enclosed ~ssionable corr.ponc 1h 

may be use as the ucfvc coopon nt of e ~ :-:ic rc· 
actor, nd frequ~ .. :~y are located in contac w: ~ c::>olant 

Leo SziiiU'd, Chlca:;:o, m., and Gale J. Young, Hawt orn~, 
N y assignors to the United States of America !15 

:r:.r-::nted by the United States Atomic Energy Com­
on 

15 such as a g s or J"qu"d coolant or removal c •. ~:: from 
, .. ..; reactor. Where the coolant ho.s <.. co~ ive . ect 

upon the fi~sionable met l or other .nateri:.. , t~..: non­

fission·ng shcat abo serves to p.-o:ect the .~ss·onable m:. ­

teri I. In sue 1 a case, every pr.!c' ut!o. m ... ,. be taken 

Application Aprll25, 1946, Serial No. 664,732 

2 Claims. (CL 204-193.2) 

0 to preven the existence of >JOT s in t e sheath throu h 
which the coo! nt may enter. Frequently sheaths are 

hermctic;.Jly ~e led about he fissionab e mate ial in order 

to se I the mat.:!ri::J :rc L: coolant. In a par'icuiarly 

This invention relates to neutronic reactors n o 

novel articles of manufacture used in and in combina ·o 

with such reactors. In neutronic reactors a neutron ":~ ­

sionable isotope such as U 23l, U 235 or 94230 or mixt· 
thereof is subjected to fission by absorption of neutrons 

dvancag.:!ol.:~ ;-:_,,. ... flc~!!c .. o. the inven,ion, !1e ;;::c osed 

5 fissionable :,,;~_;,:~ -· ~ C~c.)os o wi hi ' channc s in the 
moderator t..:o ~·· \1.: ·c: ,_ e coolant is per~:tted o flow. 

his cooLnt ~-Y .. 0\1 .:x. : .. - .. Y o~ :n.ernal.y or exter­
nally :1d ;n • .;rna!.y 0f .' .~ .•. !o :-ble compo:l.:nt. 

and a self-sustaining chain reaction is established by he 20 

neutrons evolved by the fission. In general such reac~ors 

comprise bodies of compositions contain_ing su~h fi ssto~­

able material , for example, natural uramum, dtsposed m 
a neutron slowing material which slows the neutrons o 

thermal energies. Such a slowing material is term a 2 

neutron moderator. Carbon, beryllium, a nd D 20 are 

typical moderators suitable for such use. Heat is evolv d 

during the reaction which is r_emoved by passage ~f a 
coolant through the reactor or m heat exchange rel at o 

Lengtr.s or ~o .... ~o.;_ri;.:: .. _ u. .~.! :.s~:o:1ab!e bo~ies gen­

erally a·.: Ji:.pos.:o in c .. _,_,,.!_ ~:·ter-.Dit.g th ough or at 

least into t. c .•. dcr..tto;. ~ :1~.g the chain rene ion the 

central iral.:<or .,ort!o:-. o. •. . , c ... : ... ) :rl.!t~uer.tly r!scs ~v 

a temper , tre m c ::bo." ~-- .!:T.y~;;.,.;re oi t~e body 

extcror which is ; . ;; os- ~~---· .. - .. :. ,,::!1 the coolant. 

This conuit!cn r.1:1y ~cad to :.-~.CH.: - .... ct •. :y in <...system 
where • plurality c!" ;ss:on..tblc t.o .. :~s -r _ la: end to 

end hrou •h the channels in th~ •• .:;c.c:_!u; a .. d where 

oolant, particu ... rly · li~uid c o.a::! ~ ... ~. -• w"ter, is 

p sscd in coo tact 1>. 11.1 th • :':ssio::~b!e bo .... v ur shca:hcc! 
ship therewith. Specific details of the theory and _ess.::n­

tial characteristics of such reactors are set forth m c -
pending application of Enrico Fermi a d Leo Sz~lard , 

Serial No. 568,904, filed December 19, 1944, now LJ. S. 

Patent No. 2,708 ,656. 

30 fissionable bou~ ~s. r ."! su~h :. ca ... ~ "--.c l;H ..... ) • _ .... ch !c~gt~ 

may be at a t r.~pera urc subs:..n:!~l.y ... : t;.a~ the 
tempcratt;re o: th<.: sides t ,e; of, a •. ~ ... 
cont~c~:r.g tne e:-. ~ ~Jy b~cc:r:.~ ~e:-:o~ .. J .... 

c used o to:.. .S;~c, . boi!:ng could p<O-L:~ 
In the operation of neutronic reactors at a subst ntiai 

power, for example, 1000 kilowatts or more, for more :ha 

a few minutes, d ifficulty has been encountered due •0 t_he 

s.:; az !"" ous con ·;t:on :r~ ~:1 o::;..:!i"-~!!':6 '!'l<w .... :-.... 

ln :!ccor~ .-. ..:c • .. :Jtn t~ ... p:-es..:r.! ir.\'~ ~~:...... . . . .) ,5cl.!:y 
mny be avo:c..:Ll o; -· ~east ;x .. :ti:: .. y c.:.:.-·-~ :;y !J:-o­
viding d-:c <w •• Js -0, ,~.c~ !c:1~!~s o: ~. '.J£ ......... n-: .... te:::!! 

with mc:ns ~o e:~\ ... l. !!".c te:-n-;, ·:::.tu:- ......... ~ - f'~~ ; f:-o~ 
fact that the moderator and/or coolant became "'a ';o­

active during the operation of the reactor. This ser.o sly 

complicates operation of the reactor since t~e r adioacti.vity 
of the coolant and moderator may const itute a s :nous 

h azard to personnel. 

~0 rene. ::1;; ~ .:;..ces~ .~ \- u~. T!"-.:s :::-: .• y .. ! by 7fO-

In accordance with the present invention, an imrroved 

neutronic reactor has been produced whereby the tendency 

o f the moderator and/or coola nt to become rad·oac.1ve is 
substantially minimized. lt has been found that tnis re... _5 

suit may be secured by interposing a solid non-fis~:o. i::lg 
barrier between the fissioni ng isotope and the cool :n: or 
moderator or both. Notwithstanding the fact tJ-.:· :n­

troduc tion of non-fissioning material into a ne .tronic 

reactor absorbs neut rons and therefore may tend to :~re·;cnt 50 

establishment of a neutron chain reaction, i ha· le.:r. 
discovered tha t it is possible to insert non-fis. ic·~ing 

bar riers into the reactor, and to so proport ion the:. .tick· 

ness of the barrier to prevent passage of all or ~ pre-
55 

ponderant amount of fission fragments from the fis !o:1i:l;: 

isotope into the moderator and/or coolant while ye. -voi -
ing use of such a quant ity of barrier that the : •u.ro~ 

absorption thereof prevents establishment or rna ·r ...• u~c,! 

of the neutron chain reaction. The barrier s.;,; ... ::: ic 
be constr 1cted of a material or materials hav ·:o __ !o ·· 0 

neutron capture cross-section. Metallic a!umi .. L _ -tll 

bery lium are particularly good materials for this p r_.ose. 
While the barrier may be interposed in various ,-::.ys, '• 

-,ar icularly advantageous structure involves h -s:: oZ 
a on-fissioning enclosure about the fissioninz :0 O:J~. 65 

.o order to promote heat transfer from the '1: .• ;; in:.; 

otope through the barrier to the contacting De. .e · to: 
and/or coolant, the barrier should be in ·close · t!:man 
contact with the fissioning composition. G .• e:·ally, 

70 
special precautions are observed for this purpose. : u~. 

e s~eU forming the non-fissioning barrier may be l:.ruo~ 

vidi 3 <!:c e ....... w.t. .... _ .. o!" ot..:: 
me ns f : :a .. ii~tatiub, ...... '" " ... ~2rl!:-.ce 

of the do. 5a, ·d OLL- . 
hea conc!uc,;v,-: :: ... k~: .. 

moCerc.to:· 'Nith ch ... ~.~ .... 1.) ~ •• .;;-.:-.:-::,coo...... >~ s· .. ,g ~l•:c:...g •. 

the c!unncls ::n-.~ "hsior.a:,!e bo :<.~ !... . ~ ."v:r:'. oi c:or:­
ga .... scg:-:1cnts .aid n to ..;r.J i~ t!'" .... - .. ..~ .... ,~ .... nc ... n­

closed in ..._ O!i-fi ~·o!"li::g C . .:lost::..: u •• - .1~-• :o::-.C.t.:C:I~_. 

me3r:s be~V/l! --r. 2.d;o!ni .. 0 se~ rr: ......... . 
Ac~,..o:n 1)hshr:;cnt o! t .• t! ~vr .... ~J~n~ .: ...... ::.,.~u~es sor1;e c! 

the p:i c.pai objet:: s a!"'~ c.: .... ~ ..... l~_ ..... s c .. t •. ~ ::"lv ..... ,t:o .. 

oth rs of 'A·f,ich ~· .. J bcco .. :~\.! ~. .. . ~:l! !:o:::. .. !"'~c :vl C'.\ ·-...; 

descri!)ti.)n and dr wings, ~ ... •-~~ .. : 
Fig. 1 is 3 di~gt~lm~:;..!c, h) ... _: .. L.:~.l. ..• :::c~.;o~1aL r .. e' ':. 

parlly ir .. e! va~·o. , of :... .. :'-.. L: ..... _.:;c._ .......... u .. :u. !c !~et!..:~v.; 

Fig. 2 is n.n C!1l~!"z;e ::-~.,;)~\,...~·.t- ~y ..... 0 : ...... ~ L ..... : s .... ct1c .. ... 

view th:-o ... 3h or:..; f .he cuo. -~·... ~~b ... ~ .... b. c.~ ... c i.: ... .... 
4.:!\...tfO:li..: J\!~~~.u~· s!:ov. :~6 ~-, .. ~~:- .... ~ .. ..~ S-...:uv~-...... ~~ ........ ~ 

in \...lev ·lion at l;!n.st ~o; ; ::~ of ~ •. r'"' .... bo~...~:~ .. " u~ .~.)sio ... :... ..... ... 
m::tcri l dispos.:d in the tu!;e; ~.:c: 

Fig. 3 is ~ tr ns·, ·rs sc.c.i.:;:~:: \ :.-:\v t:-:~o-.,. -~" t-b'-, 

the vit:w being t :..:en on he !i.,e :.--3 oi F:g. ~-

A comp.e:e escr j) io o: ..: n'-'-:::-c: .. .; ~c-:::t r in w .. ic . 

the pres nt i v~ihl'-)n is uppl:c:.o.e ·s .. 10~ 3!v n ~e=-~.~ ~ 
the detail of lle reactor form no p;1r of ! .e presc ... i.~­

vention. The i:wention has o ..:o W!lh t:.e body o: fiss!o ,­

able matcr;al t. at is dispose !r. t]1e r~ .. ctor, ar.d :o: mo>~ 

thorough undt:rst:mding of the r c.o; <!et:::;s, ref :enc~ 

may be ha to ~ c n oremenfor.~d co-?~ 4d!:UJ :.,?p!ic~ti 

o ico ern zi!a:c. 
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HEAVY WATER MODERATED NEUTROr-; C 

REACTOR 

sectio, of U 238 ; so hat under th<! stated circ:J~s :inccs the 
fast ss:on r:<:L:J'o:.::s, a 'er the;;y ~re cn._ted, must bv 
slowed down to ti.cr::na cnc:;,:"s be o:..: they ar..: most 
effective tc produ fresh s. on by r"~c :~ . with c!di-Leo Szilard, Chicago, Dl., assignor to the U nite S. t~s o!: 

America as represented by the United S t s 1 omic 
Enerzy Commission 

Application April 23, 1946, Serial N o. 664,1 5 
1 Claim. (CI. 204-193.2) 

5 tiona! U~35 atoms. When ::.. sys c:m is b:..1I:: .n which n 
trans are ~ owe= down wit.,out cxc-ss:-,e abso .:c .. ~.-.] 
they reach th rmal c "rgi s an ·- n rr.o_t!y ntc: Lto 
u r niurn at!ler ill::tn i to a;1y other !e:r.:!nt, ::: s lf-----

The present invention relates to the subject of neu- 10 
tronics, and more particularly to a liquid coole ne •­
tron chain reacting system, also referred to as a neutronic 
reactor, or pile, the latter name having been or £inally 
adopted for the active portions of systems emp!oyi .1g ura­
nium or other fissionable bodies geometrically a1 r ngC\I 15 
in graphite or other moderator in the form of 1~.-t:c.! 
structures. More specifically the invention has to do 
with liquid cooled neutronic reactors in which a ..:voh:.n 
passes over or through bodies of fissionable matc~ial ·n-
side the reactor, and this is cooled and reci rcu!· t in 20 
a closed sysem. For purposes of illustration, mol.er: bis­
muth has been selected as one liquid coolant an w t r 
another. 

As a result of the chain reaction, when U2Js is pr>!sen 
(as in natural uranium), transuranic element 9423", 23 
known as plutonium, is produced. This materia. i fis ­
sionable and is valuable when added to natural urailium 
or thoriu m for usc in a chain reacting system, as a fission ­
able body in lieu of or in conjunction with um. 

Natural uranium contains both uranium isotopzs U23S 30 
and UlJa in the ratio of 1 to 139. The U235 is the iso­
tope fissionable by slow neutrons. 

When fissi on occurs in the U 2l 5 isotope, the fo 1ow·nJ 
reaction takes place: 

; 1u:m+neutron-+A+B +about 2 neutrons (av ;:-ag ) 

where "A" represents "ligh t" fission fragments h. v 'nJ 
atomic masses ranging from 83 to 99 inclusi·te nd 
atomic numbers from 34 to 45 inclusive; for e,.smpl , 
Br, Kr, Rb, Sr, Y, Zr, Cb, Mo, Ma, Ru, and h ; an 
"B" represents "heavy" fission fragments having a omi;: 
masses rangi ng from 127 to 141 inclusive, and atomi: 
numbers from 5 I to 60 inclusive ; for example, Sb, , 

35 

40 

I, Xe, Ca, Ba, La, Ce, Pr, and Nd. The elem..:n s r -
suiting from the fission are unstable and radioactive, w· ~ -t.~, 
half-lives varying in length in accordance with tl::e ele ­
ment formed. 

The absorption of thermal or resonance neutrons by th~ 
UlJa i otope gives ri se to the conversion of una to u~:~ 
which ultimately decays to transuranic elemen . 942lr>, 50 
The reaction is as follows: 

QJD• + n ----. 92D' [plus 6 m . e. v . or 'Y rays, not necessar!l ; o.J.or 01>0 
trcqucncyl 

23 mln. 

taining ucl..:ar cho.in reaction. obt 'n.:d, even wi h na:u­
ral uranium. Light clements, ~u-:h s dcu erit:~, b ry!li ­
um, oxygen or carbon, the Ia ter in the form of graph ·te, 
can be used as slov/ng gents or moderators. A specie.! 
adv nH:g..: of the use of the light elcmcr:ts ment:on.e for 
slowin£ down fast fission neutrons is th;., f..:wer collision 
are rcqt:ir..:d for s!owin~ than is the case with eavi_; ele-

cnts, ~~ct ~u .. 1, c;:more. he above-lo!numerzt e me s 
have ve y sn.~. ;1 t:.rvn c ptun:: probabi ities, even for 
ther~1~! ~cu~o~s. C:-roO!: in th "" form of 0ra;>h~~e is 
re , tiv.::!y : .~ .. p.: ._iv~, ?=a t:cal, and readily avo..· ~ble 
age .. t fo... $lcwir.~ :c. ... _ nc "'t .. 4or:~ o ... ern2.. encrgi\!s. 
Deut..:rit.:;1 \; .• :k r:-:vr..: expo:: .sivc :s especially v::.lu •. ble be-
cause of J,s ow :. sorp::o~ o n ·utrons, nd its com­
poun s s..1c: us cc er:· m :--.:.,.;: ~v be n usc wi h v :y 
effectiv~; r.::sul s. 

owevc;-, !~ or er fo;- t!-.e p~cr.1iuv o be fu filled hnt 
the fast fiss ·or. net:rrons b .. s. w~ 
in 
n 

c I 

!f 

system, he~ a ~c,.:- ,):....sto.::::r.g: 
cha' . rcc_c,ir.:;: sys,"m can be bui!t to p_;), .. ::e p.:)\ver by 
m: !c::r f.ssion of ;:u,ural ra:~: m. T .. e _~--~:on rep~o ­
duc 'on r tio ::: a sys.:.::m of finite siz .:lif:'~:~ :~om . ty 
the lea ·~ge :acto:- nd by lo ::.l'z 
such as n.:u o::. <.bsorbing con.rols, :m 
cicnt:y g. kr han n·ty to p rmit th~ 
to rise cxpon:mti::l'y. Such a rise wil 
control h.: ct :: s·. d ensi y correspon 
power output. 

Durh:.; ..l1c b crcha:1ge of neutrons ir: :: system cor:.-
92'" ----. gaao + tr[J m . e. v. tr, no 'Y rays] 

2.3 days 
04"' + tr[GOOirv.uppertr encrgyllmlt . Alsc 2'Ymys, 

400 Irv ., IUld 270 kv ., about 7oJ or ·hieh a:e 
oonver tcd to electrons! 

55 pris" g bod"e of u:an!um of any siz in ~ slowir;g m..:!­
dium, n utro:1s may be lost in four w:.:ys, by absorp :on 
in .e u.raniu:n 1et:::I or comp ur:d W:t, out !):-odu.:::::; 
fission, by at.~o:-p.io:: :n the slow'ng ow:J ma.eri~!. by 

Most of the neutrons arising from the fission /rDCe.s 
are set free wi th the very high energy of above n mi - GO 
lion electron volts average and are therefore not in cor­
dition to be utilized efficiently to create new them r. neL­
tron fi ssions in a fissionable body such as U:l35 wter: it is 
mixed with a considerable quantity of U23S, :.:> r:icular y 
as in the case of natural ura ":he energ'es of the (i.> 
fission ·released neutrons are so •& u~ ::r most of the I t-
ter would tend to be absorbed by e 238 nucle·, and 
yet the energies are not generally high enough for pro­
duction of fission by more than a small fraction of the 
neutrons so a bsorbed. For neutrons of thermal energie:;, 70 
however, the absorption cross section of U2J5, to produce 
fission, is a great deal more than the simple capture cross-

absorpfon 'n impurit:cs presen in the sys .:!m, u:1~ by 
leakage rom tl:e sy tern. T se losses W:I b cons!cere 
in the o dcr men 'oned. 

Natur I uran ·um, particularly by rcaso:1 o- its u::s 
content, has nn espcci !ly strong :?.!:lso:bin:;: pO\,'Cr for 
neu trons when hey have been s!owec! down to mo >!rat>! 
en ·rgies. The absorption in ur r:ium t th.::se e:;ergie-; 
is termed the ura ium reson::mce absor tion or apt re. 
It is c used by the isotope u::s and docs not r suit in 
fission but creates the isotope u~= w. ich by two suc­
cessive be<a emissions forms the rel fvely st blc n kus 
94239. It is not to be confused with absorption or cap­
ture of neutrons by imp rities, ref rr d o !at r. 
resonance bsorp 'on in r n'um may t::!· pl cc 
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2 
be used as slowing ::.gents or neutro:1 macerators. A 
sp ciat advant..;sc of the use c£ the livht e!.~ents m.ee:­
tioned for slowir:g c.own f::._t fiss:o:1 n;:u!!'or:s is t at 
fewer co:lisions arc requ·red ::or slo•.vinJ ·- n is e ca£e Am COOLED NEUTRONIC REACTOR 5 wit'- he vier clements, a fu:- "ern:.(.,_·;:, abovt.-

EDJ'lco Fl)rml, Sa.nta F e, N. Mex., an Leo Szi rd, Cht­
caflo, ru., asslg.nors to the United States of Am r'ca 
as represented by the United States Atomic Energy 
Comm!ssio.n 

enm .• erate el m nts have very small neu 0:1 capture 
probabilities, eve for the: m:!l neut:ons. Hyd;o:;cn 
would be m ost advantageous were it not for the fact hat 
there m y be a relative y igh prob· bility of neutrm:. 

Appllcadon May 29, 1945, Serlnl No. 596,4 5 
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10 capture by the hydrogen nucleus. Carbon in the for:n 
of gr phi·e is a rel:ltively ine::p .. ~ive , !?ractical, and 
readily av~.il:J.ble agent for slowing fast neutrons to th_;r­
mal cner i · s. Rec ntly, ber ~ ~ m has u-.cn made av· ·r­
ab!e in suf:. cie:~tly l<!rge quanfties fo. test as to sli -

15 abi lity ·or us~ as :>. n~ tron slowing <7,aterial in a syu! m 
o the type tu t.._ cesc:i0ed. t has been foun o we 
in ev-.ry w::.y .. : s_::S:!'actory as c2rbon. Deuter: m co.:n­
poun s st..-:!: :::.s '---.e:: __ ;: o--i .:: whi e more expe:1s 've 

The present invention relates to a neutron 'c reactcr 
which is capable of numerous uses but is par t;cularly 
adapted to use for the production of the transun:. 'lie ek­
ment 94239 and/or radioactive fission products 'Y n u­
trons released during a self-sustaining nuclear c .::in r to­
action through fission of uranium wi th slow n>:ut ron:;. 20 
More particularly, our invention relates to the removal 
of the heat of the neutronic reaction to such a r. exte 
tha t the reaction may be conducted a t a more ra :1 iu r te 
and the production of element 94230 and/or fissio n ;;> o :­
ucts may be accelerated. Natural uranium may i:le sed 25 
in the reaction and contains the isotopes 92236 , r 922::" 
in the ratio of approximately 139 to l. Herci t te r :n 
the specification and the claims the term uranium is to 
be understood as referring to urani um and its c i1emica1 
compositions of norm al isotopic content or equiv I r. t 30 
compositions, unless otherwise indicated by the context. 

When it became known that the isotop U2J5 in ,,~ru ral 
uranium could be spli t or fi ssioned by bombardm, nt witi1 
thermal neutrons, i. e. , neutrons at or ncar h r .. :.! 
equilibrium with the surrounding medium, many pre ic- 35 
tions were made as to the possibil ity of obtaining a sel ,·­
sustaining chain reacting system oper ting at hi.;h neu­
tron densities. In such a system, the fission neut roPs 
produced give rise to new fission neut rons in su tlic'cntly 
large numbers to overcome the neutron losses in th e 40 
system. Since the result of the fi ssion of the l.r ni rn 
nucleus is the production of two lighter eleme~ts with 
great kinetic energy, plus approximately 2 fas t r cutror_s 
on the average for each fission along with beta and 
gamma radiation, a large amount of power can c made 45 

available in a self-sustaining system. 
It has been found that most of the neutrons arising 

from the fi ssion process are set free with the v ry high 
energy of the order of one million electron v Its and 
are therefore not immediately in condition to be ut:lizcd 50 

efficientl y to create new thermal neutron fissions in u2:;3 
when it is mixed with a considerable quantity <·i u2:;1, 
as is the case with natural uranium. T he energi-es o!' 
the fi ssion-released neutrons are so high that nost c·f 
the latter would tend to be absorbe by the U 2J3 nucl i, 55 

and yet the energies are not generally high eno 1gi fer 
production of fission by more than a small f raction cf 
the neutrons so absorbed . For neutrons of ther :~ :11 er.­
ergies, however, the absorption cross section f U23;, 
to produce fission, ri ses a great deal more than th~ si mp! v 60 

capture cross section of U 23S; so that under thl state;! 
ci rcumstances the fas t fission neutrons, after t ~ cr are 
created, must be slowed down to thermal ener1.ics b,:­
fore they are most effective to produce fresh fis:;ion by 
reaction with additional U 225 atoms. When a syster'l 615 

larger than critical size is made in which neutrons are 
slowed down without much absorption until the_t rea h 
thermal energies and then mostly enter into t.ranium 
rather than into any other element, a self-susta ining 
nuclear chain reaction is obtained, even with n~ tur:>. l 70 
uranium. Light elements, such as deuterium, beryllium, 
oxygen or carbon, the latter in the form of graphite , can 

are e e~ r:1u:~ .;)L:t.:~i:-..... ~ .. u-~f. 

, owcve~·. i .. o;·-": .c: ---' F'-'~ise to be ful.fi led ,bat 
the r.$t ~.')sic. _ . .::ct:o_ .... .;..; ..,:.ov1 C to ther:n2.l energies 
~ n · ~!ow.:~,g _meC;u~1 • .v._ . .J_t lCO .. rge an abso::-9 ·on 
tn t!le U-•" .sc~o;:;e o:' ,.:J..; !....."i..l:;c.:::, ce: tain types o: 
physic~ structure ::.r..! u!itiz~d fc::- t:1 ... mcs! cfEc·ent re­
prouuctior. o . e ·trons, -s u:-c:::- .io:-. .., must be ta:<en 
to reduc.:: va. :ous n 1..t::-on losses -":! .::tus to conserve 
ncutro s fo~ tae cb:.::n e cfo:.. i s-:f-sustr.'ning sys e 
is to be attained. 

A . i. : ial , ·w;n1n:: of ~;:_;t. ::eutrc .. ~ :_ !_e system by 
g 1ng t ,rougn !t1C :.;u.:ess. 0: zbso: .. -: .. ~v-: :-;,n r:ssro!l re­
pr duces ~ t: .. ,e n At !';~::...:~-2!!o:J ._ !!-: ... ~ .... :- o£ !lei..ltro:-:.s 
general y diF.c.ren, f:._ ..... ..: i2!:::~. !1~ •. -v.:::. ':'be ra::o 
of the m.mber pro u.::ec _ .. ~:: ~ .~ o'-'··~-r.C:on !o L:e 
initial l umber fer a uyst· ... ~- ~·-~·-.! ~.:::~ :s called tl::.c 
rcproJu;: ion or mul.i;?lic;;tL::: .~c.o,· '-- , __ ~ystem ar. 
is dcr.ote by the symbol .:. ::; :.:. ;: ___ J~ rr:ade ~w.:l-

icn t y gr ~:tte ... - th::.~. C,.:l~tY ... !.fJ c~.:;._ ~ _ ~ .... ~~!l i!: r:ct.. -
trons for ille syster:-. o: !!':t::l!te s:::.: =--~ --~ sys~e::r! n~de 
sma er but st:ll suffic:cr.!.y l;;r JC so ! ...• ·- :s JL:: is r:o! 
en j ·cfy ~cs~ by :..: ... ~~ge £ron: t~:: e ......... -_ ..... ,~. .. -:-~_:c c~ tr..e 
sy." lCD"'!, ~ e a sc.:-sus ..... :nir.g c::t(!~:-. ~·~...~. . .; ... ..; sy.ste::: c3n 
be uilt o produce :?OWe: \!r. tb.e .~:~ .:: h~;;a~) by 
Dll le f 5ssion of :l~~U!"£a t.r::nit:Cl . r-. .... ._~o~ r~p:-
duction r:jo ~n a sys ~err! o: !':!1£!~ ... :~ ............ ·e~s f:-om I~ 
by the !c kagc ~ac,or (:1cu.:c::s :0.t -~-- t::e syste:c: 
t hrough ! 'rtgc), ~n.d r::ust cJ~ ~~1:-:c........ w -..... 1.4te~: '-.~:; 
un ity to permit :he r.eut:or. c.e::s:tv o :: , ).Jn -!:::Ey. 
Such a r ise will con :.."h.Je :r:d , 2tcly ;~ ::;. co:.tro!lcd 
at a es ·red al!::s:~Y cc:-respo:;ai:1g !o :.... .......... ::0 _pov;.:; :-
ou put. 

During the i:L~ .. 4"'~ "'=-4~~ o£ i1 t!t!"O!l:, : .. : _ ::.y~~e-a1 com­
r i ~i .g todi s o: -:.: .. :..:.":'. o: any size :_ :-. ~.cwi::.~ ID;!-

dium, n '"'utrons ;1: .... ; _..,; :~.;.: ic. four w:.:.y .... , by ~bso~-.? ion 
in the uranium n·.~ -~ o< corr:pou:1d wit:w ... : ::;roduc'n3 
fission, by absorption in the slowing dowa m er:d, by 
a bsoop :on in imp rit:es lJresen i,. the sysw::1, :1 C.y 
lea ·age from the system. ':' .ese losses w! •. be co:1-

r~d in. the orL~ :- ~.;~Jcr:~.:l . 
• ';:t r l urr., i Til , p:.:rticul::.r.f by rc:JSO 0{ Jts U~Jg 

c ntent, has a:1 especic.!ly s::cng absorbing power .:or 
net trons w 1en they !'!:.:v..: be.en s.owe~ own to mo ... ~r •. te 
enercics. Thv a0so;p,ior. ::-. ura:1ium at these enc:6 ies 
is terror.:( e uran:u:n r~s: .. 2.~.::~ a.bsorp ~ ;or:_ or ca;-d .... :\,., 
I t is caused by .e isotop" u-·" and d<.es no~ resc..t :_ 
fi ssion bt..t Cr c.tes IDe i>O!O:_:>e U~29 w.,i~: by tWO S cc~s­
sive beta emissic. s forms ::he r,ac.::ve:y s _;,:e nuc,ct.:-
94239. It is n :to be confused wi ... abso:-pt'on or captu:-.e 
of neu trons by imp r it' s re ·err..: ... ~o .-ter. • tron res-
onance abso1~ti on ·n r:.ni~m m~y ! ..... :-:(: p~acc either o ... 
the s r iace o~ tile u n :u~ be, ies, i:: w icb. case "e 
absorp ·on is known as s r;' ce r ;o •. - .. ce :.:'sorption, or 
it may ke p lace :ur her i:1 he 'nteror of e ur<cr.i T. 
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cid precautions arc ob,crved for this nurr.o"e . Thn~. ~­

shell fo m in:; the· non -fissio ing b:m·;r ~ay b:: ~hn..r_: 
Lpo n the fis~i oni 1g component which pn: erably is ·n !~.~ 

metallic s tat.: . -·h:!sc encJo,;cJ fission~ .e compo:1cr.ts ~ay 
2,872,401 

JACKETED FUEL ELEMENT 

Eugene P. Wigner nnd Leo Szilard, Chicaflo, 111., and 
Edward C. Creutz, Pittsburgh, Pa., a~~i~nors to t c 
Uuitcd States of America as represented by the U1 itcd 
States Atomic Energy Commission 

;. be u ~ cd as !:1<: ..: tivc compont:n of a ncutro::ic :e<:c:o:, 

· nd frcque:1tl y a rc Jocakd ·n contact w'th a coc •.... t su.::1 
:•, , :;:.s or li.!n ·d coo :l!l t o r removal of !J.,ar from :~.: 

r-. :t..:,o:·. v~·i.cr ..: the coolant has ,. corrosive cf:'ect upo;;. 

the fissio .able mdal o:· other m::t~-ri::l, t.1 .: non-fi\oio _L' 

Application May 8, 1946, Serial No. 668,110 

2 Claims. (CI. 204-193.2) 

1 .l sheat . :.1 o s ;.:tvcs to protec t the •• ~"!o.:able material. b. 
;.uch a case, ev..:ry pr.:cautio ,t:,t bt.: t kt.:n to pr v..:::-_t 

t !·1~ ~\ :-.,.:.;~~~ of pores in he shl: ..... t!l ~. .• ro gh which the 

coul::::: n1 ~ y ent.:r . • -. ~-:ue tly sne:.ths are her::'.cdc.:.lly 

This invention relates to neutronic reactors and to novel 1 .) 

articles of m anufacture used in and in combination with 

such reactors. In neutronic reactors · neu: on fi ss ionable 
isotope such as U 2JJ, U 235 , 94230 or mixtu t:s ther of is 

subjected to fission by absorption of neutrons and a self­

susta ining chain reaction is established by the neu rons ~ 0 
evolved by the fission . In general such reacto s com­
prise bodies o f compositions containing such fi ssion blc 

material, for example, natural uranium, disposed in a 
neutron slowing m aterial which slow the ne Irons to 

thetmal energies . Such a slowing materi al is termed a ~J 
neutron mode rato r. Carbon, beryllium, and 0 30 are 

typical moderators suitable for such usc. H eat is evolved 
during the reaction which is removed by p ssagc of a 

coolant through the reactor or in heat exch. nge relation­
ship therewith. Specific details of the theory an essential :;o 
characteristics of such reacto rs are set fort in Fe mi 
a •. Patent 2,708,656, dated May 17, 1955 . 

ln the operation of neutronic reactors at a substantial 
power, for example, 1000 kilowatts or mere, -or more 

than a few minutes difficulty has been encountered ue to 3.> 
the fact that the moderator and/or coolant became r d io­
active during the operation of the reactor. Th·s ser·ously 

complicates operation of the reactor since the radioac ivity 

of the coolant and moderator may constitu e a serious 
hazard to personnel. 4 :l 

It has been found th at this difficulty may b substan­

tially minimized by interposing a solid non-fis~ ioning 

barrier between the fi ssioning isotope and tne coolant or 
moderator or both. Notwithstanding the fact that intro­
duction of non-fissioning isotopes in to a ncu t ronic reactor 4 

.-. 

absorbs neutrons and therefore may tend to prevent estab­
lishment of a neutron chain reaction, it h as been dis­

covered that it is possible to insert non-fiss ioning b rriers 

into the reactor, and to so proportion the thickness of the 
50 

barrier to prevent passage of all or a prepo nderant a mount 

of fission fragments from the fissioning isotop.~ into the 

moderator and/or coolan t while yet avoiding ~e o such 
<.>. quantity of barrier tha t the neutron abso rption thereof 

prevents es tablishment or m aintenance of th e neutron !i.i 

chain reaction . The barrier itself should be constru ed 
of a material o r materials having a low neutron capture 

cross-section as will be more fully explained her inafter. 
Metallic alum inum and beryllium arc panicul:l rly good 

materi a ls for th is purpose. tiO 
Whil e the barrier may be interposed in v::tr ious ways, a 

r~rticularly advantageous structure involves the use o f a 

non-fiss ioning enclosure about the fission ing iso tope. An 

especia lly efiective neutron ic reactor may be constructed 

by providing a neutron moderator with spaced reds, tubes, 
05 

or o ther convenient form o f solid fission abl.:: m. terial en­

closed in a non-fissioning enclosure and extending into or 

through the moderator. 
In order to promote heat transfer from the fissioning 

iso tope through the barrier to the contacting moderator 70 
and/ or coolant, t he barrier should be in clos.! inti • ate 

contact with the fissioning composition. Gen rally, spe-

~.::.!t:d al' Jo.J: tile fissionabl e materi:Jl ir, o rder to secl the 
n""h...: . itt! fr.JJ.n u .e coolant. It a p ... rt:ct. rly adv:...:n~~cv~s 

n: u: :1..:a:io.. of. the hwe:llion, e enclosed fissio:n:::..J . ., 

buJk, ::.•~ :,posed wi hi . ch_nncls in th • moderato:­
th:-oLgh \•:Lie: r~1~ cooL.!:t i.) pc. mil4eJ to ... O\V . T:~~s 

coolant ;J:: y n,)w e:.:tcr .al:y or int~;:~ally or externally a. d 
ir:.~ ;J..lly u: t:lc Cssion .• b l.: compou!,i. . 

l'\o :., ':·.::quen·!y, c. :C::.::ulty is er:count.:red in ,::cur::J.g 

n s~-ai::,f:-.c o~·y rans:..;r of 1>!at through the non -fl\}ionic~ 

b rr!~r or 5h..;:Hh . .. ... ~!.:s is pL..rticnl~rly tru~ after ~ro­

io ~eu o_.,.~;atio~ oi th..; ~e.~ctor at vl. .. rions t ~:np:..:r~! z-es . 

in sl!c:, a ca:.c the s::l':ath m.\y tcnu 10 o.Hink o otherwise 
ltct:o .. ~ d~t::cL~,! f:·om t!~c o.Ji .~ •• :Jr.1 or or:-:~r fi.:;sioni~g 

con1pon ... ;-! . rnJ.-.in~ h~ ... ~ t:·:,.·..;ft. · \..- h:ct:1t. 
..... c·.: ~anc~ \v·it~~ t • .i:. ;.1\'~".i0, : .i.:> difilculty !":!~Y b~ 

~ub.\jtt..c.~. .... · a,-o: 1 -J. ~y bu~u ........... ..! _.:L..:-.!i=-:t.~. or si;.:.: __ : 
s11~~.th to th ...; u :::.n::..!n by :~·.: .. .h.:.,) o:· ..... sciLa~lc b0f~d:~.::; 

:... .:;~1 ! . Thi") bonw:;~g '-d.'-~ ... ~:1 _ ~ ..; ... ::i\L::.:=.!::l!J· dJ:t:!v 

t~) hi:I:sta~u a tci1 ~.-l~r.cy ~o .,;r. • ..:. ....... r; ... .t:hLfC c!~L: to .hc:-LY ... 

c:\ran:')io:1 of th~ uraniL1:--.1 or ~ .h .. :- ~0:-;lpV:ii io::) ~1.~ 

c:tsu ~:hJJ!J h~~v~ ~ "..>\V :1.eu:.·.J-: ... sJ.:p ..... c:css-s· ... cL: ..... '1. 

B~ ·y.!~um, z':1c an E.L.:'j~: · .. ::u.-. ~.Eoys ~~::..\'..! : .... ~ ... 

fc,und to be suit~b1.:: \Vh(.;;~ .. .: .~. .. .~::.tL1g. t"inp~:·~~~~-=-c ~s 

no d!: uly Ligh . ;::...! ::lo............ ~ _ ~u: u::.y s~:-' ..!.:) ~~ 

ir.1prov.:: tr::-lnsfcr o- 1~~~.: bu~ : ........ ... 1:vv£Jes :!!': :dd:!io ...... ~ 
protection ag::i!i:>t corru;,:o:1 o~ ~ ... t.:- ... ;:iun.1 o:- si:-_!~L .t" 

f!s:>i ilin~ "'!~m(':;'!t by t>.~ coo! .... ~t 0: . 'C-1"~tc:- . "f_.c bo!:~­
i:Jg !nycr also be, :izt:s ~:JY ?0,:,., .. , CO<T sicn by p:"­
VL nting t:- ;. vel of co:,·~;)h·t: r.1 .. tc:-: ..... Jong r~1e surf.:;~e of. 
the iiss:oni:lg k~;enc. 

A co!nplishn:..:nt of t~;c ;o··~...;2r···.:.. c nsti ut~s ~orL....: Ci 

the pri ncip~1 o .. -~·..:c:s ~nd l.cv ...... ._C" of t~~ :.:v~:-,::o~., 

otht!rs of whic . v:il ~ l,~~o:-:1c ·-tl:-1~. -L .. ! ~:·on1 t.f:..! ioi~O\/:r.~ 

d:.!scrip tion an dr[~wi.1g"i in V/.~ic. · 
Fig. 1 is a diagt~ n1n:~:..:c 10 ... 0 :.~.\...::J:l s~ct:v .. -.. -.!1 vi.:;h' 

p :!rtly in elevr:iior. of :, liquid coc,.~, ... .::t!!r .1:..: ".::~:>;; 

Fig. 2 is ~~ Vt,;r.:c:..tl sc~t;o:1 ...... '. .-..,'.V d! .. ~r: ... 1.-n:n:..::!!:y 
ill ustrating t!1e :·e'-.c.u:- c: ~:.;;) . ... ...... c:n ~s ir!dic~tcc! ":.y 
t he line 2--1; 

Fig. 3 is .. 1 fr.:.~rr:..:·r:: .. ry cross-sc::i..=.-~1:tt \":L"·.: t;-.:- ~ - ~r:. 

the rc::ctor il.t:q7.:.::1! the :el,:t 'vn ... :i;: or tl:c ~:: ..... ~ ::]; 
in the reacto r of :;;c · I; 

F ig. 4 i.:; n :·t._)-:i\! .• t~,:-~,r cro.;s-s~::.t:e~: .. l vi....•.J !:. ...... ~!_::..:- :o 
Fi g. 3 nd she·.-.-:,,~~ ~t ~~~o ·;i~ atio!l tl.e:-co:; 

Fig. 5 i\ f .-.~'"r1c:!t .... :·y crv.:;s-sect!o:J::ll \';~'N ~=-- t_ · ~J 

F igs . 3 and 4 h tt ,!Jow;:Jg a fr r,!:c~ ~oJ::~c::.:,:m !.._ 

Fig. 6 is 3. ;or:. : ... di.1ll SCCli~o.·il:J ViC\V of :::. ft~.JL.: ......... ...., 
body cnclo~2c . a sh.::Hh of !lOn-lh,it1:1_,;,le .T:::,~::._ 

wherein the she,,,~ i, bo:-,C:cd to the fissio:1~ble occ'' 
Fi!!. 7 is a . c::::on .: vi;;w of :: fi~$!OP.::ble bocy t~~~ox_ 

in :! double sh ..: :.t.: of r.on-fi~sionnbl~ m .. ter!::l; :o.::c 
Fig. 8 is a sc .: ti.~; .. ,] vi.'!w of a fission:thl.! bcJy !:::; . ...; 

an ir,tern: I shercth : non-fiss ionable mat ~i:J! boc ~eJ 

thereto . 
In order that a s~:f-st.stain:;:g n~u ronic chc::n :-c~.::ttv.: 

can be est b!'sh d :.nd :1:ain :-.incd, he !oss.::s .J.: ::!v:..:ro::s 

must be ;;ld to a v~uc ~u low th:Jt at kas t o;., ~ ~;;,1!!'0~ 

is avail b e for a ew :'!ssion, af er osses hr..ve b.:.~.;. c~· 
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::bsorptio • thereof prevc::ts establi~Lment or mair:!v:' a:1ce 
of the neutron L · . eac!io!l. T'~e barrie~ ,_,elf s-o ... 
be constructed of a material c< !llat.:r.ial~ ~~vi ~ ::. low 
neutron capture cross sec:.ion as \L! be ;.<ore ful1y ..::::-

5 plained here· na ter. M t::lllic dur::in1.:1::. ::.nd b .... :y!..::.:. 
ue part'cularly goo :nat rials fc:: ':~ pu~c~e. 

! 0 

While the ba :ier may be: intv: .:;sed ;_ v ... iious ways, 
2. par icularly advantageous stn:.v .. - _ invo!vc~ ~'le t:se of 
a nonfission.ing enclosure about th..: ssioni.ng isotop;:;. ;_n 
specially e!Tective neutronic reac,or may be co s.ructed 

by providing a neutron .ode ::tor w·t spaced ro s, 
tubes, or o her conven!e::::t iorr.1 of solid fission::.b!e r::ta­
teria l enclose in a no . ."ssioning enclosure an e end-

This invention relates to neutronic reactors and to Hi 
novel articles of manufacture used in and in combinatio r. 
with such reactors. In neutronic reactors of any type ~ 
neutron fissionable isotope such as u:us, u aJs, or 9..,.2J. 

ing into or hrou:;:h t.l.~ ::1ode:-ator. 
In order to ;>:o.::l.vc.: :.._::. ;· frorr. t:..e fi:sion.ing 

isotope throu::: .he o::.:·f.~.;:- o cv ... t::.c 'ng :::-:oeerator 
~~nd/or colla;1., ~ . ..! :,:.:r:;.;.r s:1c~! .... ~ 'n close ~:J.t.L-;.:n.te 
co t ct w;t~. J-.e f_,s·o:::.:~ co:n.msitio:t. Q_,r.era.ly, 
:·p~cial prcc:.t ions ~1.! o:;.,...,:v""u. ,:o;: tl:....:.s ~..1;yos.:.. . 7.:-:t..:;~ or a mixture thereof is subjected to fission by adsorp ·o;: 

of neutrons and a self-sustaining chain re ction is es­
tablished by the neutrons evolved by the fission. Suci 
isotopes are designated thermally fissionable iso opes. 
The term "thermally fissionable isotope" is used herein, 
as is common in the art, to refer to an isotope which i . 
fissionable by thermal neutrons. As an example;, sue:. 
reactors may comprise bodies or compositions containinc 
such fissionable material, for example, natural uranium, 
disposed in a neutron slowing material which slow tht: 
neutrons to thermal energies. Such a slowing materi~! 
is termed a neutron moderator. Carbon, beryllium, am. 
D20 are typical moderators suitable for such use. He·: 
is evolved during the reaction which is removed by pas · 
sage of a coolant through the reactor or in heat exchang'" 
-relationship therewith. Specific details of the theory anl. 
essential characteristics of such slow neutron reactor. 
are set forth in copending application of Enrico F erm: 
and Leo Szilard, Serial No. 568,904, filed December 19, 
1944, now Patent No. 2,708,656, granted May 17, 195· . 
It will be understood that the choice of fission able an~ 
moderator materials, the pattern of distribution of tt! 
fissionable material in the moderator, the critical si.zr! 
of the reactive composition comprising fissionable rna e­
rial and moderator required to maintain a self-sust in­
ing reaction, and the means employed to remove the e~ 
generated in the reaction in themselves constitute no p 
of the present invention, being now known to persons 
skilled in the art, as e"':emplified in the above-mentioneJ 
co-pending application. 

In the operation of neutronic reactors at a substanti:.1 
power, ·for example I 000 kilowatts or more, for mor! 
than a few minutes difficulty has been encountered d ! 

to the fact that the moderator and/ or coolant becorr.~ 
radioactive during the operation of the reactor. Th · s 
seriously complicates operation of the reactor since th! 
radioactivity of the coolant may constitute a seriot.s 
hazard to personnel. 

In accordance with the present invention, an improv .! 
neutronic reactor has been produced whereby the tenu ­
eocy of the moderator ar: /or coolant to become radic­
active is substantially minimized. It has been found the 
this result may be secured by interposing a solid non s­
sioning barrier between the fissioning isotope and th..: 
coolant or moderator or both. Notwithstanding the c; 
. that introduction of nonfissioning isotopes into a neutronic 
reactor absorbs neutrons and therefore may ten to pre­
vent establ ishment of a neutron chain reaction , it _:::._. 
be.!:: .~.:vvered that it is possible to insert nonfission· :.; 
b 1 . ..... ~ ,o o the reactor, and to so proportion the ·c.:­
ness o the barrier to prevent passage of all or a prc­
pon erant amount of fission fragments from the fissio -
ing isotope into !'he moderator and/or coolant while ye 
avoidina use of such a quantity of barrier that the neutro 

20 , shell forming the ;:onf:ss:o!l~::~ .,:..,-rier ---~Y b- sh~!:: 
apon th fissio 'r.g corr._?o::er. w .. !c!J. pre.~r;.b y :s i:: t.'1e 
!:1e all ic sL!IC. ':'hese enclose .. "sio:.-O.v CO::!pc:c:c!lts 
.n~ y be use :!.5 .he active co:::::!_)on..,_t oi _ :::.e •trc:lic 
:·e ctor, and freq..Je., y arv locate in cont::..ct wi .. ::: :::. 

25 coolant suc!l a5 ::. g"S c, liquid coolant for ;: ::novd v: 
heat fron the reac:o~. 'Nhc;-e e coo :.n has ~ cor::-csive 
e ;ec upon l:e fis:s:o.1able rr.~ " or otl:e::- n,a.e;-:::!, the 
1 on ssioning s:-tc~!,;~ also ... v .. "'I-S o . .:.Ji'"O ect t---~ ........ :c::.~ble 
1nat ri . lc sue~ ~easel ..:1\.."!'"f ~-\ ... c::.ilUv:: !:_t.; ... _ ......... ! ...... ~e~ 

30 1o prevent !he c:.is: .... :!c"" o~ )-v:_:_ · .• :. t_ _ _. s.J.c ........ _ ....... OL.)l 

which th(; coow. ! rr::?.y .,:: c:. 
heremetic..:l!y se_:'" a;,o~. ~ . ..: 
orde:- to ~cal ~1e ::1 ..... eri2.~ fr:) .... t .. ..; coo.......... __ a .J:!:--

35 ticularly adv n ageous moc.if:cat!o:: cf ! .. ~ · .. ~-..:~-. ~e 
e closed fis ion ble boc:es :.:e 's,?o~ .... d -.. ;~ _ ;:;:. __ ;:els 
in the moder· or t=::ou;;,. whicJ. ~he cc;c! J~ ·.:-.:.,e 
to flow. ~his ccx;>l" 1t r.;ay f~ow .. :,~;·- .y .._.- ..•• _:t!!y 
or external.y :?.r.d .n,e:-r.a .. y Oi: L:e , .. ""·"··~~-~ ~~--

0 "'ot infr q en !y, :. c\..,_y .--.-:._y vv ec:cc; ____ _ 
cur; g a sa 'sf~.cto y tra....sfe: c: :.~.:., ~.-;:: __ . 
~ss'oning b rcier or she::.th. . . 
· "ter prolongec. O?Cr ten c£. the ~-~:::c:c;: ::.: v _____ .• :::-
:>eratures. !n ;;tich D.. C"' e he ... _ -:lt&_ ... :lY !-~-~'-" ...., -".._ .. ~:1~: 

5 irvm the urar"~iun: o · ot. ~r f:..-~.c-:.u_, c.:HT~!_;~:! ... ~- ___ ..::!'!.~ 
1e transf r di~.1-u . !n ceo:-... _c; !!_ ~ .:-u:-...::._._- -::cCi­
'ica ion of the i .vent:on, • .is c.: ... e-... y ;-::_y !::_ ::. ••• ...::.­
!.ic. ly avoi e oy bor.r..i:;;; he .-!:"'-.• ~.1 c:- s:.. .. :..::..- ~L-t!J. 
.o the uranium y rr.e .s o · a s-:~_b!_; b;;-~!!- ::.ve:!t. 

50 · ..1is bo dir.3 Jent s~ou!C be su:!:c:c ...... y , .. J.:: :! ..... .,..;..J ~v: ~ ­
;tand a tendency m crack or m:;>!..:re ---~ t:> : :::-• .:.! e. -
p:l:ls ·on of th uran · m or o:.::v:: OJ:~.-"": 'o , ...nJ also 
shoul have a low ne !ron :::b£0:-)t!o_ c:css sect:o.:.. Zi::.c 
lrjo alumicum-s!!ico,--. alloys hav .... o .... _ ... ..:o1.!::: !o :::~ s.!L-

M able w ere tbe opert.t.ng temp :::<h.!:e ::: _ct ~~cLiy :c:.;h. 
The bo cing 1 yer .1ot only serv~s to i:r.?:cv~ t:::.:.~.": 
of heat but also provides an ad ... i ;o.:.:::! ::;;::-ot<.-ct!o::: :::~~nst 
: rrosion c .. e ura:!·um or !).::::!.!~:- :ss~o~:~3 ~...! .... ~ ~! 
'oy the coolant or moJerctor. 

60 As pr viously noted, l-:ngths c:: L:.e uss:cn_:._y ~.J.!ie~ 
~enerally are cispos-!d i:: channe!~ c::!~::d: • .; t.hrot._ .. or 
at east into the r:c.o er:::tor. Duri::15 tl: c!:a· .. r~:.ct:on 
i.he central interioz- portion of ~•coSe 00dic: 1':-cq:.e:::!ly 
rises to a temperatt.:re much above e t :n_o •. _:ure of 
the body exterio:- which is in c osc ::-da :o::~::::? wit • the 
coolant. This ..:ondit:on may .~::.:! to Sv. ·~ .. s ;:::, .. ___ ty 
in a system w ere a plurality of -s~;o •. ~ .... ~ :,o,£.;-s are 
laid end o end hrough the c ~.;nc!s : .. __ _. :::oee:-:::tc:: 
and where coolant, part'c la:ly ;.. :iq_uiu c.:_____ sue:; as 

.10 water, is passed in contact with t..:.e fiss:c!'. .. ..,!" b ~ies or 
shea· ed fissionable bod'es. In sue _ c .. ,v t..e C!!ds of 
each I ngth may be at a tem!Je a ure st:b~ .. - :ially !::igh 
::han the te -er ture o! t.t. ' • us tJ:e 
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This invention relates to neutronic reactors nd to 
novel articles of manufacture used in and in combin;; ion 
with such reactors. Jn neutronic reactors a neut.·on fis ­
sionable isotope such as U2ll, U2ls, or 9423g or mix:ures 
thereof is subjected to fission by absorption of m: trons, 
and a self-sustaining chain reaction is established by the 
neutrons evolved by the fission. In general such reilctors 
comprise bodies of compositions cont ai ning such fi~sion ­
able material, for example, natural urani um, disposed in 
a neutron slowing material which slows the neutrons to 
thermal energies. Such a slowing material is termed a 
neutron moderator. Carbon, beryllium, and D20 (heavy 
water) are typical moderators suitable for such use. H eat 
is evolved during the reaction which is removed by pas­
sage of a coolant through the reactor o r in heat exchange 
rel ationship therewith. Specific details of the theory an · 
essential characteristics of such reactors are set forth in 
copending :1 pplication of Enrico Fermi :md Leo Szil:lrd , 
Seri al o. 568,904, filed December 19, 1944, now P::tent 
No. 2,708,656. 

This invention is particul arly concerned w'th n utron 
bombardment of various arget isotopes. As the r ul t o. 
such bombardment , many substances absorb neutrons to 
form various useful isotopes. .ror ex:tmple, r:t io ct'v 
atoms may be prepared by fi ssion or neutron absorption 
which may be used as tmcers in chem ica l :md bioch mica1 
or biological work. Moreover, fi ssionable isotopes such 
as·U2JJ may be produceo by neutron bombardment of an 
isotope such as Th232. 

pa:-er:! Oy ref ... r ~ce to t e :olio :n~ c!! .. c~c.)._ .. ~..'; and L ... 
ccomp,myin~ drawine~ in w~ich 

Fig. 1 is a ~low Ji:.:z~am shovtinr; the i. v:::~.:vu ..:; e::r. ­
boJle in a system ;v!, :-ein t!'lc r.!activ.e c , ;o .. ~L~u .. .. '""!: 

e we. as the !:lo:r.ba ded ccrr.p sition :s ir. _ !o:::J; 
Fig. 2 is a c:.;gr:.mm'l ic plan view o:! :y~t :r. wi!:.. 

the upper por::o. oi t.1e snie bro.:en a ; v ere: .. t!le 
~e3c ·ve; corr.pos'tion a the bomb::m:.-. cor::_,o:ition ar.! 
soiiJ ·n form; a:-. 

10 E£;. 3 is ::: ~"c io::al vi w ta!re!l on ::e l'ne 3-.:~ c:! 
Fig. 2. 

n order t~:: :: .... t.;l:-~ustaining neutronic c~~in r ....... .: .. L .... 
ca n b-:: c..-. .... ~bl:s~""'d c.:1~ m~inta'n d, o~::: ... ~ of nt;;:Ul: ~~:; 
mus: b.! c!..! ,v - v .. L ... ~o low !J.at at 1 a t one r.eut on 

15 is av~ilab ...... ::; .. - :: !:C\/ fi~ ... !o;,, :!f!er losses h~V(.. ~..;. n c!"'· 
due ed, p~: !: ... Yt:v.~ ~ ... l!rr ..... C in !JrO~~Jct:on O! h~:.io:1. 
In fission of ~~o -=-:! s::~,i .•. r i.c:o;:-."s, mo.-.; .. e:Jtrons are 
evolve per fissio~ thJ .. ~tr~ :-... c:t.!re · ~o roduce ttl! 
fission . For x::rr.p!c, • bo:Jt ::.._, ::~ct..ror.> ~.re ..:valved p.r 

20 neutron con5urnc in •. si n • u:J,, ... d abo t 2.8 nc .. -
t rons ar volv;:c! p~ ::~e~t:o .. CO:l::.- ••• ec :::~ fissio:.1 of 
94239. T.1cse evo~ ved n.!::tr ~tS ui: ~ l. "c! p in .1$Sion of 
fur her lJ 35 or 9"T23:l ~to:r:s o: u:~ :o~h· ~~ ]O!l ...... S 0 not 
reduce the r~.tio o n~;~tro . ~ .o :Jet.t~ons co;c.-

25 sume or lost below o. e, the 
tinue. 

Losses m, y be extern 1, as w:1c .. :.-.u .o::' esca::>e !:om 
the re:tctor, 01 intern:'! . Inte: .•... d ,.v~ ...... "" ~=-c C:!.Jsed !Jy 
absorpt"on o n..: Irons by ::l.o; •. s w .. ::: .. :!o ::o: f.ssic:. 

30 w en t' r.eu.r:>:-. h .. s bee ~:,so;b • ..!. 
U238 prcs~nt in na urc.! urar.. m J!JZ>..>:us ... u' $!~:tti::l 

quan L. ·es of ~~utr ::s to ~"':-cl.>:;ce 9~:Jj. ... :~ !os..., mny 
be substun~.i~ !Jy r~Cuccd by us..: of l!r:t!'l: ~ :1.2grc~:.tes . 
T h1 s, ·: J ~.s J c .. ful.~ ... 1-~ U!::'i ... ~:,~o:-b ............. ~cr!s to ~:: 

35 apprecino!~ :!£:c...:~ ::... .... ..... :-::..:s (resc~:... .. ..:..... ....."':&~:~ICSJ 

40 

gr , c t. ;.:; ~~" rr..:!l .<: to i s r .bt:ve:y .. :j: 
cap · re C:"OS.J-S.:!C .. ~O. 
re~onrtnce cncr .;.:>ie:s. 
known s re•o::~:1.::e 
cr ~sing l!1~ ~:r.Ol.!n! of n~u~:-v..... .. . .;!: ..... S:-l ..... ..; :. t..:-~nit!m 
bo y unti t:'1es~ nt..t!ron:; h::we !;_ .!': slow-~ .0 the:::.:~! 
energy. T' is m,.y e 0;1"' Of ~-.... C~-::::; ! ........... !~o of s .... :--
facc c:l.!a pc:- u, :t v:ei ,)~ of ~7"~.:-.:~ .. :, :.~.,by L.; ... :.~z r. ....... ~!" 1 

While a neutron ic reactor is an excellent source of eu­
trons, the problem of using neutrons developed in a ; e- •5 

actor for bomb:t rdment of t:1 rget isotopes frequently L 
rather difficult. Inser tion of neutron absorbing target iso­
topes directly into a neutronic reactor for bombardmen: 

ur::m: :r. ·P. the fo ~ of !:!;_; .... , .. tes p;c.'.: ~ f . :.v:r:.:! ::. 
m ·ni::-.u:n hickr.t!.:.S o: r.uot:t \J.J c.n . ~ ...... o. - v : r .:s !oss 
my :;e ren ·ered n¥"':~)~~'"' by:... ... .! 
fissio.~1abl~ iso:ope v1~1i:::. :u .. t:.::-:s !:fC ... ..!: ... -...... n=:!!..:.:...! 
concer.trJtion of fbs:.:;n:b~c .-.::. ~.;,·~ . ..!. 

purposes offers certain difficulties since the neu tron 
50 sorption of the inserted isotope may be so great th:., the 

chain reaction is topped unless but a limited amo:J<•t f 
such isotope is inserted. 

ln accordance with the present invention, it has been 
found that a target isotope or target isotopes may be 

55 bombarded with neutrons from a neutronic reactor by 
disposing the isotope to be irradiated around the exterior 
of the reactor in association with a neutron mod r tine 
or scattering m.ttc: :a!. In such a process the probler.1 of 
storping the reaction is minimized and neutrons w .ich CO 
might otherwise be lost arc used in the bombardment. 

T ho tar get isotope or compositions containing such 
isotope may be disposed as a more or less uniform sus­
pension or dispersion in the neutron moderator. Thus 
a solution or slurry of the target isotope in a :; :ui 
. >J erator may be used for this purpose. Alte~nately 

' :>S or granules of the target isotope or a composition 
• .::. .•• aining this isotope may be dispersed in a moderator 
wh ich may be solid or liquid . 

Thus an object of this invention is to provide a nove 
means for bombarding substances with neutrons. Other 
objects and advantages of the invention will become ap-

!35 

70 

, emro 

ure neutrons mr.y 
tion. e ru .:o o 
cross-section of v 
fo:lows : 

Lie.h! wnter ( :0) -- - - -- - - ------ ------- - -
0: he!'ly! - -- - --- - - - ------ ------ ---------
Eery lium - - -- - - - - - ---- ----- -------- --- ­
Graphite ------------ --- ---------- - -----
Heavy w trr (D:O) - - ----- ----- - ------- - -

For na.ur • .J uraniJm :~ ;s 

co sum 

Gc~t.rJ. .. y 
lemcnt 

.ro ... -., 
c. J453 
O.Cu!27 

O.Ov:>7::.6 
0.~0.7 



• rute ae 
1 

3,103,475 
REACTOR 

Leo Szilard, Chicago, Ill., assignor to the Unite 
of America ns represented by the United 
Atomic Energy Commission 

Filed Sept. 20, 1946, Ser. No. 698,334 
3 Claims. (CJ. 204-193.2) 

Sta ~s 
Sates 5 

ing of neutrons may be e 
hi ·h energy level. 

2 

3,_ '',L.:1:J 
. :o, _963 

·ected by m inten:1nce of the 

Similar : tlvant: ges m:1y accrue by ope:::t:nz ne ·tror..; 
re ctor~ ,_,_ lower er.erg'es, o..s .-v e.·ampk, :::~ low c~ ) 
ev. or even , s low as 0.3 ..:v., w ich el"~ :;s , ~e SLb~t::n­
ti: lly bo\·~ he en.:rgy o t 1cr. .:. !:e .• ro.. room t..: .1-

This invention relates to nuclear physics and more 
particularly to a novel method and mea ns for establbh­
ing and controlling <a fast neutron nuclear fh sion cbin 
reaction. 

It is known in the art that a controlled slow neutron 
chain reaction may be established by combining fi~sion­
able material and neutron moderator to form a rc, ctive 
mass, tile moderator being effective to red u c the avcra :,:e 
neutron energy to a value at which the fis> ion cro» sec­
tion of said material is relatively grea t. 

perature, t 1:,1 is about 0.03 .... v . ~.owevc., the l.i;;h..:;­
er ergizcs of 1,000 cv. a 1d bovc ill'<:: pr.: cr:..:d, in:!sl':"! :.:~ 
as nonmotlerating neu on reflectors m y be utiliz..: w t 

10 reactors paating ;,.t th.::sc va!u.::s. For examn "• , s here­
inaf er db 'U~>ed in detail, he isoto l..:S u~:.; an T --~ 
may IP utiliLCd for his purpose, pu Jcul ... rly in view of 
·the fact th, t whatever neutro .. ,tbsorption occurs i these 
isotop..:s re\t lt~ in he proJuction of th.:r. ·~lly fi,sion .. ble 

15 isotnpcs, s fv e :..mrJ.e, 9 ~-o fror U•J• . u u::.J i om 
Th~n. 

In slow neutron reactors a neutron fiss ionable i~otope 
such as U233, U 235, or Pu239 or mixtun:s thereof i' >Uh- 20 
jected to fiss ion by absorption of neutron> an : >elf­
sustaining chain reaction is established by the n..:tilrons 
evolved by the fission. In general, such reactors compri,c 
bodies of compositions conta ining fis>ionnble m: . ..:ri;d 
such, for example, as natural uranium, di>PO><.:d in ;, m:. - 25 
tron slowing material which slows the neutrons t<> th..:rn .• 
energies. Such a slowing m a terial is tcrmcu a n · 1 ron 
moderator. Carbon and D 20 (heavy w. ter) arc typi-:a l 
moderators suitable for such use. Hc:at is evolve: Juri tg 
the reaction which is removed by pas>age of a c ol.ll;t 30 

through the reactor o r in heat exchange relation,hip tht:r.:­
with. Specific details o f the theory and es>ential char­
acteristics of such reactors a re se t forth in U .S. l':llclll 
2,708,656 of E nrico Fe rmi anu Leo SLilaru, Serial v . 
568,904, filed December 19, 1944. 35 

In reactors of the above-described type a ulhtanti. l 
portion of ne utrons is lost to the chain reaction hy ah orp­
tion in nonfissionable m ateria l a nu by absorpt ion in 1h­
sionable m aterial without fiss ion thereof. Consequently 4-0 
the amount of nonfiss ionable material in the reactor mu~t 
be carefully limited. This practice has been di~aJvan­
t ageous, inasmuch a s it h as required limitation ot' he 
amount of coola nt, the n um ber of cooling conuuits, : nu 
the qua ntity of o ther neutron absorbent structural con - 45 
ponents, thereby impo ing limita tions upon the power out­
put of the reactor and upon the s tructu ral quality ther ·of. 
Moreover, the use of nonfissionable neutron ab~orbt:nt 
coolants and o ther neutron absorbent equipment with'n 
the reactor has re>ulted in a se rious loss of neutrons 5o 
which might o therwise h ave been ava ilable fo r d T.:cti ng 
further fi ssions o r pro duci ng fiss ionab le iso topes from non­
fissionable b otopes, as here ina fter d iscussed . 

In accordance with the present invention it has been 
found tha t neut ron ab o rption losses may be greatly mini- 53 
mized by establishing a nu m aintaining a ~c:lf-sw.taining 
nuclear fission chain reaction whi le avoiding the ~lowing 
of evolved neutrons below an average energy o about 
1,000 ev., and preft:rably below about I 0,000 ev. At ;u ·h 
h igh energies, it has been d iscovered ·tha t the ekment~ GO 
of atomic number of 11 to 83, which are gen.:r;d ly usc I 
as structu ral, coo ling, or o ther elements in a reacto r, have 
neutron absorption cross sec tio ns which a rc subst: nti:tlly 
lower than thei r absorption c toss sections for 'll<.:Utrons 
at thermal energies. In contrast, the absorption c ross GJ 
section for neutrons at high energies of ce rtajn heavy iso­
~opes, such as 1l12n or U 2lB, which are converted to ther­
mally fi ssionable isotopes upon neutron homb:Jrumc:nt , 
are not so greatly reduced; ar.d hence .the ir tender cy f,lr 70 
neutron absorption is correspondingly h igher than fur 
lower atomic number elements. Thus, a substantial sav-

In net. ru;,ic :e::.;,,,rs, the r: • ."o of the ::.,t ne trons 
produc..:, ·, vne ,; .... l ... ro..,:on by the fissions to the origi :tl 
nun1 b~r 0.~ .~~ .. ,! i!('~.!ru .~ :.1 a !!.~Of(.! ic::..tl sy!>t.:m of intinile 
::,iLc \V ~~ c. h.:r\,; ~ ... r. :l..; .r.o xtl.!rnJ! lo:;:,~ u- neu..ror.:, is 
cafi~u the r ·pnhl~octiu!1 or 1 :ipli~ ... tio, i:1'--~or or co:l')tant 
of the: '}"<.:m, ~r; is ,~t: .o!t:d by !he symbol .'. For :..ny 
fini ,..: sysk••l, so 1:t.: t.:u~rv.l :: w:! .;s..:-;::..: from he p<!riphay 
of th..: "Y>ll!il . ( <lr,s.: li.:r. •. , _ s}~t.:, uZ fit i~e >iLe me y 
he s.tiJ to hJV.:, 'c~.ln~![;n , ... \ .. r. ·J: •g .. ~ v.Jue thercuf 
wot.IJ only exist if the sy~k~.l "~ b · . . w.:re ..:xtt:nded o 
it finity withllt.c c .. ;,ng- uf g..:o:l~..: . ~y or m· wr'ab. Thus, 
wh n • i> rcferrc.;,. v l.er..:in :.s _ ... '· ::.r.t of a systcr.1 ot 
prac i-::t! si7e, it uiWuYS <: ..:rs lO \,_._t V.'J-! 
sam..: yp~,; oi sy"'"' . u · it rm;,c.; ~ ... .: 
::,u ffi~ie. y 1:,1c._~ ~ · ...... r. u:1i~y to ...... ~ .... c .... !'"1~t gai .. j 

ncutnn~ ir r . ..: ... c~.1rct!c"! syst..:m o_ : .... J:t.: ~iLC, :..nd 
th..: ;,n nc u:J >Ystc:m · ~ ~.::1 o >~ "_ .. :c! .. mly larg.: sv 
th:n tl is g.tin i; nv "' '"·.,,y k., !Jy .~ ... -.t..;.: ft<• tht: 
exterior '>lllface of he sys...:n., .h...:n a ~.!!~·-snst::,nin~ -:h.tin 
r-:ucting sy>tt:n Of fin. e .. ud pr;.Cli..:;. w;L..: Co.ln b-e: built 
to l ou tct: power -.nd r..:Ltc by-,n.v~L~.- .>y :w.:l..: .. r l:s­
sion <>f II' tur:.l UrJnium. ' ,,: r.c ro .. :~. rv ...... !ion r:1tio 
in ' &ys .. .: ,1 o · fi it.: size, h.;:.: ·or , ct:!'!·.:: . __ -r.:> .. 1 ' by th.; 
exter:1c.J le· L.uge iJ.c or, and by ~.factor \...\,. to .J.~ ncL :-on 
absorp!io by Joc.1,; '<; nc.: run n sorb~r. :. .. 1 th 
duct! n r atio, .~ , .r:L ~L :::.. i14 bv su.11c~er:Jy l't'~"""te 
unity to p..:rmit " 1 cu. on tl..:n>i y to rise e.,,?vne 
wLh ;imc in h..: sys . .:r. u~ bt.i:t. 

During the in ~ ·r~h:.4.0·h~ ui t;,..;~.!rd •. S r: :1 n .... ~ .. roa-J.I";'"­
crate f sy~t.::m o · f:n:r.: :.-.::, co ... p~lsi!l~ o.!:..:s of nnv size 
di>posed in a ncutrv.l n,v.!..: .. tu:, . .;,,,;·,,:1$ .. 1 .. y b.:: !ost :u 
thl" Chain TC~lC jo :r1 :'\~.1:- \\'~y:): by ~.._:,Ll;-'"f'~:o:1 uf C~l;')!L.rc 
in hL: ur.tniun cont\!n. f the b ...:~~~ \. : ... vt~~ pro~, .. ~i.1.J 
fis!;,ion; by ab~orptiun 1: ~~---·~~=-c 1!"'~ L . ..:: •.. '"'"""'r ... tor n ... t...!­
rial; hy nhsorp i n or ·apt . r~ Dy .. · !mpt ~.!ics pn:s~~.t 
in bot! the t•r; nium b,JJi.:~ :u;..: .1<- ., ... ,!..:r.. r; ;1n,! by 
ka ·age.; uut of th..: sy>km ti:n>.:"'!': ..... .-..:.<.>h..:ry th ·rt:uf. 
n a f ;t r~,;;,ctor ~II ~f thl'se lu'~-~. ~.·.~~,)c tit~ l:Lt , :1 ..: 

ei th..:r >etb>: 11 i:tlly ·!imi ;,t..;d 
It h~t> b 'Cn utscover.:d t : 

t rvn· ch, in rc;.c io 1 i~ !JO»ibk i:l vic · J: !h.: f:tC( th .. t ·' 
potcn .ialiy c L ... ia rc;.tt ... t:ng ~11 ... !-J:-. - t..:~ ),:..! ~, .... '\ l\V~o.> .J~ .. -
nite c riti.:al Jtmcn:,ions, a >mallcr <)i1~.o , ~ whi..:h :h.: lJt:.l 
n..:utron cr.1i"~o1n. j,J,'IIldin;; the "'·l..y ·_. L.::.J:rv. ..:m:.,­
~ion, i> c:.tp.tbk,. ~ ,,t:tining; t\! ' -:I tun, :tn ::: l:lrg.::r cril.-
c; I dimcn>ion ... 1 .. t..:•. he in,tant:.n~•H"' 1 <.:t twn .::J;j,_ 

sion alo t: i ,, .... ~.e. t h> >U>t .. i• a ·!1-:in rca ... :ion. 
the ch.1in rc ... ~ ... , 1:1.."' or r.: tor i> ,,,,~r"t ·,f r.t ~ >il..: 
sligh tly gr..: ~ ·· .. :; . he smi.ller of thcs..: 111 v:.l,:c:, an,! 
consiJera ly •· ••:d!,r th;,n • ..: lar,:a f the~.! ,\ u v,. uc~ 
( nt~utr n ;..:p. , ... uc,io ratio "rt:atcr til n 1.0 but not 
above a "''·· .. u 1 or l plt.s the TilCt'L•r. o- neutrons 
cvolvcJ wL;.:h arc dt:byed n.::utr ns). the in .:r.stty f tr . .: 
..:iu.in r c: ction ;~..:s exponcn tally wit .me -.t : rJk 
which ·s r: Clic• lly inJqxnd.;nt u tht: life ti: .: )t ... .: 
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Auskunftsstelle 

F 1'aU 

D:r .Gertrud We i ss Sz iJ arr'l M.D. 

Zweib r0ckenslra6e 12 

Fernruf 22 94 51, Fernschreiber 05 -235:U 
Fernrufdurdtwahl Ober 22 94 5 Hauaruf 3402 

Pastscheckkanlo der Amtskaue : MOnchen 791 91 
G ira ka nto der Amhkoue : londeszentrolbank MOnchen 61154 

P A- Nr. : ...... 3. .. ~ .. ? ...... 9..~_2 ____ _(~0. .................................... . 
lhr Zelchen : ..... :::-.. ~ . :::-.................................................................... . 

DP.ll C h arro Eingabe vom : .... J.5. .•.. J..tJ.:nJ ... J . .9.9.5. ................................ . 
2:>80 Torrey Pines R )[' n 
LA JOlLA CALIFORNI,JI. 0 ?038 

Sehr geehrte Frau Weiss -S zilard ! 

In den Unt er l age n d ns neutschen Patentamts konnte f lir 
Herrn Dr . LE? O Szila r c1 nur eine 'c. nme1dung ermittelt we r den , 
auf die das Patent Jf:r , q65 522 e "~"t ej lt wur de . 

Di e Unterlaeen der 1 is ".nm 8.Ma · 1 C)Ltt:; bej_~ ehemaligen 
Re ic hs pat entar.1t e in c· r r r• ic ht e n nrnn1 dt: !:. [•en "be-find en sic h 
bei de r Tre uhandste - Jo Pe ic hspatentamt , Berlin 61 , 
Gitschiner Strass e ~7 - "0 3 . Ih e , nfraee vom 15 . Juni 1965 
wurde daher zur wei trren Erledi gung dort hin we itergelei ­
tet . 

• 

Pa 



A 11 ten rsrccht voorbchoudeu. 

Uitge1evcn 15 December 1928. 

Dlgteebnlng odreoil6 October 192&. 

OCTlWOIRAAD OCTROOI N°. 19092· 
KLASSE: 21 g. GROI~P 21 . 

NEI)ER.LAND 
RIEMENS-~ 0HUCKERTWERKE GESELL CRAFT MIT 
BhRCHRA~KTER HAFTUNG, tc Rerl\jn-Siemensstadt 

en Dr. LEO 1 Z l LAH.D, te Bcrlijn- Dahl m. 
Ontladingsbuis voor regelbare ontlading. 

Aanvmge 311 51> Ned ., ingcclicnrl 2 Septcmhcr 1!)25, 2 u. 38m. n.m.; 
opcnbnar gcmaakt 115 Jnni 1928 ; voorra ng van 3 1 eptcm her 1924 af 

(Duitschland). 

Dc uitvinding hccft bctrckkingop nont.­
ln.dingsbn is voor· d rg lijkc dodeinden als 
van de bckcnd !mizen met gloci lmthod n. 
B\j dczc lan.tstc gc chicdt de stmorndoor-

5 gang door de elc tron n, welk a ls gevo lg 
van de hoogc tcm pcra.tnur van ecn gloci­
endcn draacl doze verlaten . H et is mocilijk 
op d •ze wijzc hoogc anodestroomsterkten 
te verkrijgen. Ook i · de levcnsduur van 

10 d n gloeidraad bepcrkt. Voort. i ecn bc­
langrijke hoeveelheid encrgie vo r de ver­
hitting van den gloeidraa.d benoocligd , 
waarcloor het nuttig cft:cct van de hn is 
gering blijft. 

15 Bij ecn ontlacling met geleidende gas­
kolom kunnen op vecl voordceligcr wijze 
groote stroomen in stand worden gehou­
den en men kan hooge stroomstcrkten zcer 
gcmakkelijk in de boogontlading opwck-

20 ken. E chter kumPn hier tcngevolge van 
d ver isc ht hoogere drukken, die me­
thoden voor regeling van d n anodestroom, 
welke h\j de hoog-vac uumbuizen worden 
tocgepast , nict worden gevolgd. 

25 Er is reed ecn ontla.dingsbuis bckend 
met middelcn voor hct rcgelen van den 
stroom tusschen de anode en de kathode 
langs electrosta tischen weg, waarbij de 
ka thode door een kwikzil verclam phulp-

30 ontlading gevormd worclt . De ruimte 
waarin de hulpon tlacling plaats vindt, 
staat daarbij met cl anode- en regclroos­
terruimte door een vernauwd gcdeeltc in 
verbinding. De kwikzilverdamp van de 

35 hulpontlading stroomt door dezc vcrnauw­
de plaats in de anoderuimtc en conden­
eert aan de gekoelde a node den gekoelden 

regclrooster , en aan de wanden der anode­
ruimte. Met een dergelijkc inrichti.ng kan 

40 men echter het voor een werkzame re­
geling van den anodcstroom noodige va­
cuum tusschen den regelrooster en de 
anode niet bereik.en, aang zien bij het con­
dcnseeren van den kwikzilverdamp steeds 

Verkrligbeer blj het Bureau voor den lndustrleeten Elgendom, te 's-Grevenhege. 
PriJ• per ex f 2.50 

nog een tc lwoge dampdruk van het kwik- 45 
zilvcr in de regclruimte aanwczig is. 

De uitv inding betrcft een ontladingsbuis 
met middclcn voor het rcgclen van don 
stroom tn ssc hen anode en kathodc lang 
clcctrostatischen of elcctromagnetisc ben 50 
wcg, waarbij de inlaat van de kathod -
ruimte naar de rnimtc, in welke de regcling 
plaats vindt, evcneens door vernauwde 
gcdeelten pla.at lweft (bij voorbecld door 
ecnn nnwc hui ofdoor eenofmeer splcten). 55 
Volgr r lr · rritv incling wordt ondanks bet 
fcit , dat ern goleidende gasbaan van vol­
llocnd hoogen druk in de kathoderuimte 
aanwezig is, in de regelruimte door stra.al­
werking of difl'u siewerking en koeling der 60 
vcm auwdc gedeclten een voldoend va­
cuum verkregen om aan het regelgc­
dceltc van de bu is het karakter van een 
elcctronenontlading te gev n. De op zich­
zelf hekcnde vernauwing van den inlaat 65 
in d rcgelruimte is niet voldoende om dit 
te bcreiken, er is nog de dampstraalwer­
king, zooal bij de op zichzelf bekende 
dampstraalpompen optreedt, of de dillu­
siewcrking en de koeling d r vernauwde 70 
g dceltcn (van de spleet) , zooals bij de or 
zichzclf bckende diftu iepompcn optreedt, 
noodzakelij k. 

Volgims de uitvinding ka n verder een 
ontlading tu schcn twee hulpclcctroden in 75 
de gelcidcnde gaskolom al kathode voor 
de hoofdontl ading dien t doen. 

Men krijgt op deze wijze e n buis met de 
voordeelen van ho"'ogvacuumbuizen zon­
der de genoemde nadeelen daarvan. Op- 80 
gem rkt wordt, dat het bij kwikzilver­
dampgelijkrichters, clus bij een ontladings­
vat zonder regelwerking bekend is den 
van de kathocle opstijgenden dampstraal 
te benutten om aan de anoden het vacuum 85 
te verhoogen en het omkeeren van de 
stroomrichting of kortsluiting tusschen de 
anod n te verhinderen. 

, 



C· D. 621.57 

Anteursrccht voorbchoudcn. 

Uitgegeven 16 November 1931'. 

Dagteekening 17 October lGU, 

OCTROOIRAAD 
OCTROOI N°. 31163. 

I<LASSE 1 7 a. 20. 

NEDERLAND Prof. Dr. ALBERT EINSTEIN, en. Dr. LE SZI~ARD, 
heiden te Berlijn. 

Werkwijze voor het comprimeeren van den damp van het 
koud m akend m iddel in een koelmachine en koelmachine, 

geschikt voor de toepassing van deze werkwijze. 

Aanvrage 44262 Ned., ingedi nd 27 December 1928, 14 n . 52 m. ; 
openbaar gemaakt 15 Juni 1933, voorrang van 27 December 1927 af, 
voor de conclusies 1, 3 en 4, en van 3 December 1928 af, voor conclusie 2, 

(Dui tsch land). 

De uitvinding heeft betrekking op een 
werkwijze en een koelmachine van d in 
den titel omschreven bekende soort en 
bestaat daarin , dat de compressie van den 

5 damp van het koudmaken~ middel in een 
koelmachine wordt bewerkstelligd door 
een onder de heerscbende bedrijfsomstan­
digheden vloeibaar metaal of vloeibare 
legeering van metalen , dat (die) door micl -

10 del van daarin opgewekte electrische 
stroomen door inwerking van een magne­
tisch veld wordt bewogen. 

Bij voorkeur wordt volgens de ui tv in­
ding als bet de compressie bewerks~elligen-

15 de vloeibare metaal een vloeibaar alkali­
metaal of ecn legeering hier·van of een ovcr­
eenkom tige Iichte metall ische vloeistof 
t oegepast . Men kan voor de doeleinden der 
uitvinding met voordeel kalium of na-

20 trium of legeeringen daarvan gebruiken. 
De koelmachine geschikt voor toepas­

sing der werkwij ze, is ter vermijding van 
wervelingen , welke verliezen met zich 
mede zouden brengen , volgens de uitvin-

25 ding voorzien van een ringvormige ruim• 
te, gevormd door deelen van twee co­
axiale cylinder- of kegelmantels, waar­
doorheen het, de compressie bewerkstel­
ligende, vloeibare metaal stroomt en waar-

30 bij twee of meer electrische wikkelingen 
zijn aangebracht, waardoor in de ring­
vormige ru im te een radiaal magneti ch 
veld met hierin circu leerende electrische 
stroomen kan worden opgewekt, een en 

35 ander zoodanig, dat de richting der pon­
deromotorische kracht op bet vloeibare 
metaal overeenkomt, met die der bescbrij­
vende lijn van het cylinder- of kegelop-
pervlak. · 

40 Door deze constructie ontstaan geen 
wervelingen, zooals kan blijken door bet 
toepassen van de stelling van Stokes, 
waarbij de lij nintegraallangs een gesloten 
kromme gelijk is aan de oppervla kte-

Verkrij~baar bij bet Bureau voor den 
lndustrteelen Ei~endom, te ' s-Gravenha~e. 

Prijs per n atA" f 2.50 

integraal van de rotatie van de betreffende 45 
krachten,besloten door genoemde kromme. 

H et is op zicbzelf bekend om een vloei­
baar metaal door de inwerking van een 
magnctisch veld in beweging te brengen . 

Zoo wordt volgens bet Duitscbe octrooi- 50 
schrift No. 363. 720 in een kwikdampge­
lijkri chter kwik ui t de kathoderu imte ge­
leid, gekoeld en weer teruggevoerd. De 
beweging van het kwik geschiedt hier door 
de inwerking van een magnetisch veld. 55 
In tegcnstelling met de koelmachine vol­
gens de uitvinding bevind t zich hierbij de 
bedrijfsvloeistof niet in een ringvormige 
ruim te, doch in een platgedrukte buis. 
Dientengevolge moeten de in het kwik ge- 60 
induceerde stroom lijnen , die in bet midden 
van de platte buis loodrecht op de buisas 
verloopen, aan de beide randen omkeeren. 
De krachtlijnen van het electrische veld 
loopen dus aan de beide randen evenwijdig 65 
met de as. Onder deze omstandigheden is 
echter aan de beide randen geen bewegen-
de kracht in de ricbting van de buis aan­
wezig. Hierdoor en door bet hooge speci­
fieke gewicht van kwik ontstaat het ge- 70 
vaar, dat in het kwik wervelingen ont­
staan, die bet nuttig effect nadeelig be­
invloeden. Dit nadeel wordt door de bo­
vengenoemde constructie van de koelma­
cbine volgens de uitvinding vermeden. In 75 
bepaalde gevallen wordt met voordeel vol­
gens de uitvinding de stroomingsrichting 
van de de compressie bewerkstelligende 
vloeistof in termitteerend omgekeerd. 

De toepassing van een vloeibaar all(ali- 80 
metaal volgens de uitvinding brengt het 
voordeel met zich mede, dat de dampdruk 
van de de compressie bewerkstelligende 
vloeistof laag is. Hierdoor zal het bedrijfs­
middel niet in die deelen van de apparatuur 85 
overdestilleeren, waarin bet storingen zou 
kunnen veroorzaken . 

Zuivere alkalimetalen zijn bij kamer-
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Auskunftsstelle Pat/GM. 
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Gesch.- Z.: 
(Angabe bei Anfwort erbefen) 
lhr Zeichen: 

30. Juli 1965 
1 Berlin 61, den 27 8 

Gits.chiner Str. 97- 1Q3 Fernsprecher: 61 03 61 App. 
Fernschreiber: 01 .83 604 dtpatamtdst bin 
Postscheckkonto: Berlif! West Nr. 70 fur 
Kasse der T reuhandste!le Reichspatenfamf Madame 

Dr. Gertrud Weiss Szilard ,M.~!'nkkonfo: Landeszenfralbank in Berlin, Girokonfo Nr. 1/1542 , . 

Del Charro 

- 2380 Torrey Pines Road -
La Jolla /California 92038 

Betr.: Professor Dr. Le o Sz i lard 
Vorg.: Ihre Schreiben vom 15.6. u. 24.7.1965 

-Unser Schreiben vom 8.7.1965-

Sehr geehrte Frau Doktor Weiss-Szilard! 

' Auf den Namen 

Dr. Leo Szilard , Berlin-Dahlem 
bzw. Berlin-Wilmersdorf, bzw. London, 

wurden in dem Zeitraum von 1920 bis 8.5.1945 die fol~nden deut­
schen Schutzrechte ermittelt: 

1.Patente: 

Patent-Nr. Kl./Gr.: 

· \ 562 300/17a, 1/01 

533 945/17a, 3/02 

531 581/17a,3/04 

543 214/17a,3/04 

v o m: Bezeichnung: 

15. ~4. 30 Kal temaschine Berlin 
I nhaber: Dr. Albert Einstein/ 
und Dr. Leo Szilard, Berlin­
Wilmersdorf 

25. 4. 29 Pumpe 

4. 6. 29 Pumpe, insbesondere zur Ver­
dichtung von Gasen und Dampfen 
in Kaltemaschinen 

4. 6. 29 Vorrichtung zur Bewegung~on 
fltissigen Metallen 

-Bl. 2 -



. .. 

Patente-Nr.KI./Gr.: 

v 548 136 / 17a, 3/04 

"' 554 959/17a, 3/04 

\....- 555 141 

555 413 

5?6 535 

556 536 

561 904 

563 403 

~ 564 680 

565 614 

/ 568 680 

~ 570 959 

581 780 
.. 

" 

II 

II 

II 

II 

" 

" 
" 

" 
" 

" 

494 810/17a, 12 

" 

It 

" 

II 

" 

" 

It 

" 

" 
" 

" 

- 2 -

v o m: Bezeichnung: 

7. 1. 31 Kaltemaschine 

28.12. 27 Vorrichtung zur Bewegung von flUssiga 
Metall , insbesondere zur Verdichtung 
von Gasen und Dampfen in Kalte­
maschinen 
Inhaber: Dr, Leo Szilard,Berlin-Wil­
mersdorf u n d 
Dr. Albert ~instein, Berlin 

4. 6. 29 Vorrichtung zur Bewegung von flUssi­
gen Me tallen 

4.12. 28 Purnpe, vorzugsweise fUr Kaltemaschi­
nen 
Inhaber: Dr.Albert Einstein, Berlin 
und Dr. Leo Szilard, Berlin­

Wilmersdorf 

15. 4. 30 Pumpe , vorzugsweise fUr Kaltemaschi­
nen 
Inhab er: wie vor 
- Zusatz zum Patent 555 413 -

4. 6. 29 Kaltemaschine 

15. 4. 30 Kaltemaschine 
I nhabe r: Dr. A1bert E'instein, Berlin 
und Dr. Leo Szilard,Berlin­

Wilmersdorf 

13.11. 27 Ka ltemaschine 
Inhaber: wie vor 

? . 1. 31 Kal t emas chine 

11. 9. 29 Kompressor 
Inhaber : Dr Albert Einstein, Berlin 
und Dr . Leo Szilard,Berlin­

t/ilmersdorf 

? . 1. 3~ Stator fUr Kaltemaschinen 

4 . 6. 29 Vorrichtung zur Bewegung von flUssi­
gem Metall 

3. 1. 31 Kompressor, im besonderen fUr Kalte­
masc hinen 

13. 6. 28 Intermittierend wirkende Kaltema­
schine mit getrenntem Kocher und 
Absorber 

-Bl. 2 -
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Patent - Nr . Kl. :/Gr . : 

/ 508 486/17a , 13/03 

/ 562 898/ 17a , 13/03 . 
v 562 523 II 14 

' 
v 480 037/1 7c,3/ 11 

v 562 040 /21d1 , 22 

v 504 545/21g, 12/ 03 

v 515 05j_1g, 12/03 

v 399 056/21g, 18/02 

V 476 812/31c, 26/01 

v 600 162/42g, 11/01 

- 3 -

v 0 m: 

1 • 1 1 • 27 

10. 9 . 30 

26. 6 . 31 

9. 10. 27 

1 • 6. 28 

13. 11 • 24 

4. 9 . 24 

4 . 9. 24 

9. 1 0. 23 

20 . 1. 26 

17.5. 31 

Bezeichnung: 

Kaltemaschine 

War me tibertrager 

Absperrorgan 

Kal tespeicher 

Elektromagnetische Vorrichtung zur 
Erzeugung einer oszillierenden 
Bewegung 
Inhaber: 

und 

Dr. Le o Szilard, Berlin­
Wilmersdorf 
Dr. Albert Einstein, 
Berlin 

Entladungsrohre mit Steuerung des 
Anodenstromes 

Ent ladungsrohre, bei welcher eine 
Gasentladung ale Elektronenquelle 
dient 

Entladungsrohre bei welcher eine 
Gasentladung als Elektronenquelle 
dient 

FUr Rontgenstrahlen empfindliche 
Zelle 
Inhaber: Dr. Leo Szilard, Berlin­

Dahlem 
und Dipl.-Ing. Imre Patai, 

Budapest 

Verfahren zum GieBen von Metallen 
in Formen unter Anwendung elektri­
scher Strome 

Verfahren zum elektrochemis chen 
Auf zeichnen von Sprechstromen 

2. bekanntgemachte Patentanmeldungen __ 

S 89 172 der Klasse 21g, Gruppe 21 vom 24.12.1928 
Bez . : "Verfahren zur Beschleunigung des Zerfalls schwach 
aktiver oder r ad ioaktiver Substanzen" 
- bekanntgemacht : 28.4 . 1932 -

-zurtickgezoge n : 3.11.1932 -
S 99 399 der Klasse 42 k, Gruppe 30/01 vom 25.6 . 1931 

Bez . !i" Einricht ung zur Dichtigkeitsprtifung von luft­
<rrehj_zu verschlieBcnden Apparaten, insbesondere von 
Kaltemaschi.nen mi t dtinnwandi gem Behaltern" 
- bekanntgemacbt: 16.3.1933 -

-zurtickgezogen: 6.4.1933-
Anmelder : Ie o Szilard,London 

- Bl. 4 -
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s 105 894 

- 4 -

der Klas se 17a, Gruppe 9/01 vom 19.8.1932 
Bez.: "Intermittierend wirkende Absorptions-
1CB:Itemaschine " 
- bekannt gema cht: 18.10.1934-

- zurlickgezogen: 14.2.1935-

3. eingetragene Gebrauchnm~s ter: 

nicht ermittelt. 

Unterlagen sind hier i n groBerem Umfange noch bis 8.5.1945 vor­
handen. 
Bekanntmachungen von Pat e ntanmeldungen wurden jedoch nur bis 
30.9.1943 veroffentlicht. 

Diese Auskunft wird ohne Gewahr fur Vollstandigkeit erteilt. 

Yon den ge~annten ~atent sc hriften konnen Druckexemplare zum 
Preise von je 1,30 DM bzVJ . - falls vergriffen- Ablicht ungen 
zum Preise von 0,60 DM j e Seite von unserer Lichtbildstelle be­
zogen werden. 

Anl.: 
~blihrenrechnung 

Hochachtungsvoll 
I m Auf trage 

~~ 
PSo Die in Ihrem Schreib vom 15.6.1965 erwahnten Patentanmeldun­

gen S 89o028 bezwo S 89.288 konnten hier nicht ermittelt wer­
den9 desgleiohen die Anmeldung vom 5o11.1924 (Kathodenrohre)o 
Bei der Patentanmeldung vom 27.12.1927 (elektrodynamische Be­
wegung von fllissi gen Metallen) dlirfte es sich um das auf Sei­
te 2 unserer Aufstellung erwahnte Patent 554o959, 17a, 3/04, 
handelno D.0 0 

L u f t p o s t 
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