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T Btsssa::’rma ; e e e T
,.1' .fi i ajf”2- ‘ é sahamatio'drawing af an exparxmanﬁal tube is ahnwn in Fig. 1. ,‘” T
' ";-:__?hn tube wan used primarzly ts study the neﬁtrnn 3191&3 f?ﬂn variaus v
: iaion Bovrcas and gaometricnl arrangemants of %he alementa. I

~r 2f? : Vfﬁ-fg- Thé main bcdy of the tube waa 8 @iece af industrxal Pyrex pipa af
~ “ ;‘4;4 mohss msi&a &iweber and 12 imhes 10:1;5. The am‘is cf the pipa mrs

vyA ﬂ ' 'clampﬁd o brﬁss platea Withrﬁﬂc clamga fnrnished with the pipa and wmrb '

;: sea1ed with ?eflun gaskata. : »;_';fu-r;j "3-5' _ _ o _
,"7_’*.a? - Two hallww n;linders of ataei were used to ahielﬁ %he glaae wall  '

"f rrom tha aouraa and thn dauteron beam-; rhe 3hialding‘wuu neaaasary-tn

LA ‘5»

:"fg,l_ minimmze eleotrical &reakdawn averﬁthe glaaa insulnhor surfnca. also S

-

LT ey "w-'* ok
i v o the iﬁner pipa ar&unﬁ‘the saursa sarvaa t& foeﬁa er aallimato the

’;haamxonto'tha targ¢tc iha oyiinders ware mada of steel. hut aeuld '~:;;5T,;‘

e..

.{,yf_ ‘fﬁg;'gbe made ef any hard metal. Cappar munld be Iesa suiﬁable bacausa jff;__
- ‘ .':jﬁ;' gpuriaus diechargen between the tw% eylinders might tend to pit and

' flT '  r0ughen %ne smnbth ﬁurfaso of sueh a aaft me%al and thia vnulé enhnnce o

| R }the prdbnbility af breakﬁoﬁu ﬂxaﬁhavges, _ ) "f’
| ?ha glasa pipa 1n5ulatar wag alann&d by w&ahing'with dilutc?ﬁl

CEN T

gl WL ams rinaing mm distﬂlaé watam. Final nlaaning of the msula‘bw wau :

“' .dcne hy 8 glaw ﬂisaharga at an air pransura»ef nbaut 30 miaronﬁ. j,

e RS S -

'iizua." ;ﬂAfter thia traatment no difficulty'was enceuntared in holding valtage i

P

; iﬁlf'pulana ug %0 40@ kva ,,1-
?ha aperating proaaure of tha huhe as 1aﬁioated by 8 VG*lA *an

”ﬂ;gnuge louated betwaen the tube and }iquid air trap was uBout 16"6 i Hg¢ ..t.é

;inte & thin’ 1ayar on a Ta sheet backing.i The preparation of such targeta

R Q" .;f'wall be deaeribad iﬁ annther prodect raporte

?ho targat ﬁsaﬁ 1n this tube oaneistad of &euzerised ?1'mata1 m@lteé o



EE ;;i. vamasn canxsnaezca

vi ”L;f : during firing of the tuhe oan be oﬁssrvad by maans ef the eapacitaacu N -;, ” -A

w el

:{-diviﬂer ring indioeted in F1Ga 1. The eapaeiﬁanoe &1?1&@? waa calihrated.
-‘by maaauring’tha uama highlvaltage puiae with*a reaia%ance divider made

'sf fifty 2000 ahmuz wn%ﬁ resistnra plﬁe one 50 ahm raaiatar all mounte&

(,

,in a luaite eylindar full of Oilu th poteuti&l ? acroas tha 50 ﬂhm
_; g:”"fvi:~.resistor Rl was aasumed propartional to tho total potantial V£¢ V§ Wﬁi ﬂff'ﬂ;

:obaarveﬂ on a calibrate& esaiiloscays uannentad to Rl by a~aoaxia1 e w0 vt. h.uw’

‘”»oable. Yo have thenx Rg L B
) , ' V *(—lﬁz) Vr (R}'*R )' . v v"'.‘";f._' |

"whera lekg is tha te%al raazutanaa, Svia the aanai%ivity uf the oecilloseapa

r"

' ;:;;1n,volta om 1 ané 4 iu'tha deflaction in um. Tho valuﬁ ar Ra was 105

é

SR ,ohme and maasured the a&me bafora and ufter pariods ef uaugo,'_i ,:.

) E ‘. ',-‘\' .

7.

_ Tha oapaﬁitanoa dtvzder waa notnally uaed hacause it was eaay to - :‘._
L inatali*and will aband hi gher veltaga thnn the rasistmr netuﬂnk. ?hé '"~; ,“f

) .

. 'v'ﬁaama high valtaga pulae appeaved in ahape guita aimiiar en the 7 syatemsa‘l .

- . . -
- . . PR
i . o © ot B . ™

“yrE GALI&RATIGK L -;:ETLJg;j e
Ths neutrﬂn yieid per pulse waa daberminad bg ach‘neutron aetivatian

C ar'agloa unﬂ subaaquent oounting of tha induuud.@ nctivity¢ Thc nautrana

‘ ‘fram the dﬁd reaetion ware aiowa& dewn in the insulating bil surraundlng .f -4

I .
“* - -l S

f,vﬁha tuba. & thin aluminum wall ﬁaigar eeuntar aurrounded by 8 ailver 3.

- ‘roil was meunted dxrectly in ths o&l. ﬁalibrntion waa aucambaishe& by
fplacina a standard Ra*Be neutran sauraa at tha taﬁget Qnﬂition end ?.;-,>*‘§

.’%firradiating far a known tim@. Tha ﬁg aotivatian wns meaaure& hy R

SO i;~ eaunting for sevaral half lifa periada afﬁar irradiation (usually 60 aaaondn).




ot

'-f,g 1a_nn effiaisncy rnctnr %hieh cantains§ eaﬁatriaal eqnatants, the

. ' .4.

Ag araas saetiun, Geiger countar affioienny, e%o. It ia ocmmun to tha

Ra+Be aalibratiaﬁ and tha d~d reaction and need not ba knewu. 5 ia

the aource ztrength" fnentrona aaa‘i, ? iﬁ thﬁ time of”irradintion

o auﬂ. ?\1m the Q;oay conatant of Agllg ?hu hair lif@time of ﬁg

"

Lk
‘~.}’o

24.8 seo. Itn maan lifa time ?E ig- then‘assé aec and ?\ - G.QZB sec“l

It 15 ¢0nvenienﬁ to'irrndiate for a tima ? equal %o Tl/@ Eho ahova

) N . '.. N
N e

'~za4§roasion then ﬁeaameaa.{‘;, ’1-:-1;Vf' N e

~

. ’ AU -, T Y AR
R : LT SR s e e S e .
- at + Lo : Jr— T L, et
A SR A K 1 . - Cbe il . R
’ ' "II Lot « ."on, ke >~': B . N v.,." . . o " .

‘I“tnob’éhéwAg is'aétivaﬁed;%y wui&a et tha tuha und wa aasumo that

- e
o “‘,,-. & ‘,

'lthe nautron anorgy*ap&etrum af tha Ra*Be sourﬁa 1s tha aama o8 that

Ca e ST

-of’tha d-d neutrous, we havs for tha number of Gﬁigor eounta u, '3;

d*d .

‘.w t';-\'

Laccumulateﬂ in 66 ﬁae. at%ar tha pulsaz .5Tl;u 3»sifif

whera ﬁh 1& tha nnmber bf uantrona emitted 3n %he burat frnm.tha tuba.
Solving for Hﬁ wa hﬁves fif f N f;;fl%é'ff:” ”f“ _f:,” ;_ﬁzj¥,;'i;wl

Lnat of the érror in ﬁhia determinatian prnbab;y rQSults frﬁm.aaaumingf;:

»

tnat tha noutroa enargy spuctr& are equal. Blsu aonaiﬁor&ble sare

The ﬁbﬂﬂluvﬂ vaiua of L may ba ccasiﬁa?ad %o be known within about a

f e
faetbr of*‘. Thﬁ-aacurahy of relﬁﬁive vi&ida using uhe aame %arget.
) R ‘ ‘ ! "'« ] N e B}
NI IS
: PR -
+ - :} E - , ‘ !
*; " ¥ N b >

-

LT

i'*uat ba exere4sed in giaaing the Ra+us scuren tn imitata thﬁ dad targeta {;
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lsw‘f&ees, _) - : »_".:-.-v ."“.'. . ’

mnderaﬁér. and caunhar arrangemen% ar@ dependen$ upan the cauntlns\

. o

statiatics uf Ed &..;;;:; . - :' ;: f‘;L";:'
) “ typieal aet af values waraz 1{'

) 8 - 704 x 104 nantrana see ;v',, e o _z,{ v
ﬁeal . 499 ocunta th&ined‘during 60 ﬁ@ds aftar irradiaticn
Hd -ﬂ - 6&0 cm}n‘hs bb‘kaiaad &uriﬂg 60 twc. aﬁ:er firfmg

N = 2.1 X 108 neutrous. n;’ S o

L

A.D@soripﬁion and Operaticn

“he ian souroa is the ornx ar the tube and will likaly prnaant the

LI

,:mmat difficultiea 1u develogiag & sunoaaaxul pulaeé nau%ran source.

4

B Saveral typaa &f a@urcea'wvra s%u&xed and were discunaod in a previnun .

”pyojegt grograag repor¥* ;7,

The Lateat dasign 1nvolvés 8 neﬁifzoation of the deuﬁerized %i

f&red mﬁre aonsiabently then the ma%&llia gap ﬁypﬁ &nd with %he suma

A

' ;vu1tage aaranz &t nlthough tha path beﬁween aon&uatsrs was canaidarably :

fvlﬂnger ror the LiD ao&raes Tha yrincipal diffarenoa was that tha

B

5 dxseharge tonk placa ovmr the iusulafing LiD surfaua mnareas with the
Iv_deuterizad.ﬂi an& W paint arrangeman$ thﬂ ariginal dischnrga atsrted

in yaonumsi_itkia>wq;l Kiown that diahoargas-ara prevalent over insuléﬁiﬁg ’

ceo

b .
Lo !

"_ Tha %hought occurreé that parhaps thia usually aggravating situation

',_was rospcnaiblm ;f'or zxtnbilizing b}m diaahar;ge M‘ tha Lil? or;.raml wmmwa

A

W

.,glcbule anﬂ w point gap«typa. It wma apparant thut the 14D 0rysta1 anurub e

. 'Wf.and could paasibly b& uaed to fuv&rnbiy aff at L3 dauﬁsriaed Ti aourao. »"'



.’ s ' ‘&‘** —
éaacrdingly a smuraa was c&natrucﬁad“a& *XIuatraﬁod in: Fig. 2y “Thé

dautarizcd ?i on Tn baaking una a acr&p trimaed from f targe% sheet and '

x R

ﬁvupped araund the ceramio tuhinga .?he ﬁ'noinu wns %ha aSuaI .010“

. mira.. Tha ﬂ&ramin tuhing prav*&ad a apaaing of aﬂlﬁ“ betwaan the wire
arid dauﬁnrizsd ;i;; fﬂ¢;3_;_fix '-?ft ,‘ff,*’. ;_;Q_li”:_~ ; o :, L

£

Ehis souroa oparated snﬁisf&ctorily wath 6 RV\on the 0.1 mfﬂ =

N

e capacitar gf %hs souroe pulaing OirCUitw Iﬁ was1*1raé anﬂe avary g %o
'“tlﬂ eecondﬂ fcr & %otal of 3857 timé& iﬂ fwo- P“riﬁdﬁ of aperatien and

 was still naable ﬁhan takan out of the tube ror exsmlnation._ ﬁith a

'6"

-:high vultago pulsaa of 550 Kv tha yinlﬁ por firing waa betwaen 106 and

:‘2 X 105 mautréw. Eaas;. raswlw mra obmined with “aimul‘hanuoua“ i’iring

- -

. (‘2 o

‘;v\of tna source und 3.?. gulaeri

.{'

The ﬂhﬁ“e nf tha high valuago ?ulna 18 mrit&cally degandant upan

S

-‘tha chnr&cﬁeriﬂtiua of. tha soarna.g Qlean appaaring roand bethoma& pulsaa ST h

ETS shuwn by A in Fig. 8 are alﬁays assaoiate& with high nautraﬂ yieida.

'Tﬁhan a 8ouroe misb&havea the high vcitage pulaﬁ is jagged and nat l‘”

»aymnutrical as illuetrmﬁad by Ha ?ho oparat&gn of a tuhn éan be datsrmineé P

rnpidly and effactiv@ly by‘rﬁpaaﬁad rirings at &Bf&ni%& iﬁtervals; .

'An au*amatia uaviae uaa ﬁaﬁa ta firs the ﬁriggoring palnar at 1ntarvals

"

",adjuatabla dn. tna runge f?om X tn ?0 saoonés and ta rcgiste? thn nambar
of firﬂn,g:a‘ w cowse, thﬁ aummty ar i;ha snvar foil am\md hha -

'; Geiger'caunter huilds up, but it raanhes aquilabrium in a few half fv;

»

';'lifatimas ‘and, than tha nveruge fielé for, each firing is. readily datarmined'

» e

-'P&rhapa a caunt rats ia&icater would serve hﬁtter than an’ ordinnry

.acaliﬁz Giraniﬁ. * ;t;f;




By obasrviug the hiyh volhage pnlsea and the nsutron yield when

"the tube is firing at 8 canatnnt rapatition raﬁe one aan readily &atarmine

: when a suuroa is working praparly» A Liﬂ aryatal SOurea L firad 2800

-

:_timﬁs at intervals of 5 sea.' ”he pulae shapaa wers alennAand very

' vaimilar._ 3evera1 seurees ualng deuteriaed ti and ﬁ'painxs anly ware o -
’likaﬂise ﬂbsarvad. Tha yielﬁ was 10wﬁr and arratic and the pulse “  v;'f'

Vahapaa were aet eﬁnstantg &umatimas ther@ wvuld be uaverai elean pulaes T

A

in‘auceessian wnd thun soms 3&gg§d anwa an& again ciean.aneﬂ, atm.

_*m

T The ceram&o inaulate& aourca gavu pulaeﬂ whaae unifarmity wan aemparable o

“ uith thnt af tha Liﬁ crystal aaurne. E »

j" ﬁt tne praaent tima, wa are eon;truoﬁing 8 sourca aimilaf to the
.fana of Vig- 2 except that the ﬂeu%erized ?i will be raplaced bv o atrip
- of Ti mntal secured ta elactricnl oenduetore &t Sﬁ¢h end. ?he strip

| uﬁll ba nﬁrrower at tha plaem'where it is in contaot with the aeram&o a
ianalator. Thﬁ whola aauraa san then ba plneed 1a,a aeuterium atmoaphero
;aﬁﬂ the T1 trc&fad in tha usuul mannor. ?his arrangament ah@ul& be

N suitabla for use wrbh ﬁri‘b!.u:a‘. G e

'9. Source ﬁantaminutian -l;j"

i 3 diﬁ‘bm‘bi&lg aapeat af‘ the aps m'hion of the tube 1:3 thaﬁ tfm

"'first pulao after an axtsnded perioﬂ af inuctivity daaa not givo & gao&

*';nautrvn yéﬁlﬂn' If thc tuba has been eperaﬁlng satisfae%a'ily &nﬁ then

is left iﬂle fbr, nay, an haur, tho next pulae even though 1t aapsars

ggoad will not give a %eésonable»néutraﬂ yiald.~ ?his situatian prabﬁbly

.;_ eriaes fram oantamin&nte aettling an the aurfaae of tha saurca,

“nreign layers on the targat are of seuandary iwportance bocﬂuse the

 rang@ or 500 Kev éeutarané is’ of the arder of 1 oy am“g

PR
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T

»

° P
(A f

Lﬁi: us apeeuiaﬁn for A moment on ths ime requireu for 8 mbnq.. A

moleoular 1ayer of ()2 tu sot‘ble on tha deuterized i snri‘aca m’;’ the o
aouree, aasume t}xat ﬁw prassura &a 10 mm Hg (1,3 X 10“3 dynes m"’g)

- © . ,

‘ and tha tamgaerature 390° K. The mm‘bw of molecules whiah ﬁtrik:e 8-

PR 3 L o s

‘suri’ace @er cm 'x 886 ias. LT - ';

I m om® x 8de T

----- o

iur t}w mass uf *bhe molwule and k 1a aclwaam's eons t:ant. Ii‘ % c

i";ake 3 &ngetroma aa thu diamatar oi’ 02 mleaulea 'y mano-mnlacuiar iayar

n - +

o wﬁdlé‘.'sun‘tansn- ab‘an S.Ba x 1014 moleculea._ ’fhua vm aee *;xmt'. a'mno«

moleonlar 1ayar ef 02 wiu covmr &m aurfaoa m abctﬂ: 1 see. ?:e ,‘nmow

t:hnt it tnkea a’bout 1612, aealemted dautaronn ta yield 1(}6 neutrcms.

i

80 i‘b ia aluar “aha‘!; B znano-«molanulnr layar af moat tmy oanisaminant can’ |
memhelm the ﬂeuwrun bnrrani:r Of qaurse, no% all af the moleaulés R
will nt;/iek ta t;he surface 8o, the qlunulation is peasimiatio. ﬁowever,. b
tha ardar af m&gn tuda of the *hima rar aontwn%.nuﬂon ia pr@b&bly 106
tmes aharter than we wﬁuld lifm. Qna caxa think nf several ;:aosuible
solutians tu t}!ﬁ problem nnd it; ia c:er‘cainly ona thab wﬂl have ‘ba
be raoknneﬁ with. . 'T“‘vr ?{' | 'f“fi: :lfff" ,L”,lj;.f}.i‘"‘f.?“
ﬂpem wmpletian ai‘ eur wall*baf iba& m&rn.ury durusism pumpiag

ayai:mz wm ahal}. try tcx ob‘hain mere d&ta ,en *!;he contaminahion affas’hau

ﬂofm, i)avia " Srmms, ’Manley anu Eoblaa m 3@30»:‘3@6 ge;ive the ratio
n/h 7= 10?7 (33 soo Kev. using ¥ nae tarbeti |
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The amount of gaa ralaaaed bg o source oan be raughly doterminoﬂ
bv aloaing aff tha tube from tho pump and tiring the source, Vihen ) '
thia 18 done we f;nd that the icn rnuga 1ndicatea batwaan 035 and 1016 A
v mcieculas that get to tha gauge past the 1iquid air trap. Frem the a
f ratio nfd e T x l@“7 wa find that tho order sf 1013 deuﬁerons are’
aoaaiarated ta gield 106 nauhrans. ?harafare tha avetall Aanization o

affiviancy of tha source to graduae éautarons uniah reach the targaﬁ K

ia heﬁwewn 10’3 and 1@‘*

VI. ﬁhﬂ!ﬁnaﬁ BBAN‘BESTRIB&TIOE Aﬁﬁ oPALE ﬁHﬁHGE

An exﬁerimﬁnt waa made to ﬁs%enmins haa tha deutcran beam wae .
d¢stribuhe& aver the . ﬁarget, ?he apaoing from tba inner pipa to the“
tar@et'waa sat at 4 am and with a targat diamatar of ?,5 cm. the
- neution yield was rouﬁd ta be d S x 1@6 The targot was than maskad: '
by a cu faal with £y 2 E om dimmster hole in th& omntar and th& yield o
. wus found ta be about 0.6 x 103 Ihe ﬁiameter of the hola vas noxt -
'incraasad'to 5‘sm~ana the yield again-innreaseé te z.ﬁ'xllﬂs 5inae
the yield 1nareased ﬁbaut proportionally to the araa af the. target
up to»the gﬁiﬂt wharo the araa of tha inﬂér giga and target wnre »
eqnal we oan concludgﬂ thnﬁ the d@atnran aurrant dansiﬁy ig. unifarm

“a

" over the open “#nd. or tha innar pipe‘: }'- o SR *,‘:5 S
It wcald be intareating %a kna? i tha aantoron eurrent 15 1imitad |
by the space charga. zf Ve canaider the end, uf the ianer pipe ta b e '
\ “uni form amihting deuﬁarﬁn aurf&oa, we can c&lculaia tha carrenb
den;ity j from the wail knawn ralatian:"'_ . . :
N Jv‘ ,&;; 2& “igglf_'
e qqr .
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'flmaking @ maximum teﬁai eurrent uf 8 ampa..

' f’_loW‘anerEy Geuteruns. o 1:: ,{jﬁ S
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“whora a/h ia the ahur e to zass ratlo uf dnuﬁﬁrons, v ia the potantini
;_-ana q. the diaﬁuuee batwnan tho innar pipa an& ﬁhe turg&ts Whanvv ia

800 kv and ) ia ﬁ»am, tha eurrant aamsaty j turns aut ta he Q.ﬁ amya.

i’

Lat us mako an aatimmtw of uha deutaran aurren% frem the mmauurad

fnautrcn yield. %argat affioianoy. amﬂ high valtage timing. Suppone

-6

. that tho.tube yialﬁa 106 neutrona at 39@ kv, ﬁurlng 0»5 x 10 800,

._f;Assuming n/% - ? x lﬁ“7 at S&Q Kév. bh& éurraﬁﬁ durﬁng the gulae nﬁll be;i?jflf? R

i "% 19“”’x 8.3 x 1df”'x 0.5 z 10*§ & °=% ampa'"

i

Therefbre. unlass tha ﬁ«uﬁarize& ?1 ﬁargata are leaa than 1/10

:_as affiaiant aa DEO targoﬁs, tha huba 1a prob&bly mat ﬁpaaa char@e iimiﬁada

'\fin ths ragi&a behwuan tna iﬁnar pipe an& targeh proviﬁing‘%ha deutaran

Sl e e AT e e

z“"Annmn awwa nx TﬁﬂﬂkT bFFEQKLuG?

If we nssuma tha acmposition of the tnrgat to ba Tiﬁ. &n aatim&to

I

rruf the target effieianay ncmpurﬂd Wi%h *“ﬁ“ Qf 930 i be mﬁde‘- s n’
ii'Fudarman Qf the ﬁbggrﬁﬁigal braup af tha Kndiatian Laboratary‘h&s madﬂ
"f)audh un wstxmate b&ﬁ&é u?ﬂn ﬁﬁpﬁrimﬂ“tﬁl V“l“aﬁ gf 9retan.at0pping

. P“““”“ 1n te. éner&v ?ﬁngs of. 1@0 kv*ﬁu 5&0 kw., He f@uud tbah the utficianny_ i :

IR

) ror @roduaing ﬂautrans ab u dau%ﬂrom enargy af 80@ kv for 5. ? D target
u;shauld be ﬂhoub ananhalf that fbr;a.nzﬁ targét. ?he‘xsaamn in that

,_evun though the &t@mia numbar of T iﬁ 2;/% that af cxygen. ha.inner

o

e elentrdas of %ha higher 3 alﬁmanta aro nnt vsry aifactiva ln s%uyping =

IR
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Sahematia diagram of aocaleraﬁor tuba and assooiatﬁd cnmpanenﬁsu

Illustration af coaxial naramia innulatad soursa"”ﬂv-'
;_Illnstrationn of §ntantial acrosa tha tuba as 8 fﬁnation of

ltime during firing. A is & ©lean pulse assooiated with high

neuﬁran yield.- B is a tvgiaal pulae obtained when tha FOUrcs

. firaa unaatiafactarilyg !
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