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were obtAined by A e referr d to hol ium. 1'rot3e ob­

maaa- apcctrometrically relative. Pes l!1 bP.lsed 

their crosn- 6Ction Ol'l a vnlue of 45 be.rns for ere. in neodymium. 

For purposes of th present results are iven for e totl!ll 

capture-cross section of both 52 and 45 

of results f'ro:u different sources be expected 

to agree Vft"t.Y c\oeely t"hen it is reef_ l ll')d thut non-resonance 

varies inversely es th neutron velocity, or es th !il uare root of the 

neutron 1 end tbet the enetrro- distribution n ll differ bet een 

piles. If reeontmce capture occurs 1n the epi-oadrn1.u.-n 

ener@Y rnnf'l;e, 111here neutron dietr1 but ion differences • 111 be moro "Oro-

nouncod, eomrmrison becomes meaninglees unless corrections Are 

'li'ortunntely neodymiu:n ebo s no resonanoA capture b t '!len 0.04- ev. and 

10 ev. 2 

The ebsenoe of resonance capture makes the disorepe.ney betwf'!en 

the two most recent published va lues ot ti4 barns23 and 52 diffi-

cult to r concile, since both obtained the pile oscillator 

technique. At Oak tiid-.;e23 , the measurements were mede in pile shtdd, 

where the distributinn of neutron te entirely in the thermal 

ran, e . The results wsra obtai.ned 1neid the pile 1ts lf, 

will thorafore contain the contribution due t" resonance c, pture. In 

"3 
ed<Ut1on, the Onk Fid_,e .. roup thetr one st ndard of 95 

barns to gold while the letter used 710 s for boron ( oth nt c.oe5 ev,. 

it is true t t·e reeults tend to be hi than those 

from Oak Ri.dr,e, this is not alvmys the c , JC;e. In pnrticulnl", the latter 



obtain ?30 'ba:-ns fo oron . 'fhi vnlu l1 "' wit in th~ quoted 5 devif ·t ion of 

the ~tnndnrd volue used by !il'lrrt , et nl. 'fhe di scr oaney for neodyn•i 

whieh is bell ved to follow th l .t v l"v..·, s boron doe , is dtf"'. icult to 

e';(nlein. 

Isoto i.e r!'e ,nt Pesult ~e s & Ing:rs. 10 e., othe 11 

Kll\8 I 0o G"c.. ... 52b cy: ,.. ., 45h 0',. "' 4.:m O"c:. 0 6~(~0} 
~-~-

ldl 14 ~ 15 12 • 4 < 12 - -
143 365! 13 Jl .. 11 ?.~0 

144· <7 <G 1( 15 

L!5 40 35! 5 <30 

46 < <. 8 <. ?0 l.S 

14~ < 14 <. 12 < 45 3.? 

150 < u < 10 < 45 

Bothe's origin~l work wss ba don v~lue of 4 h 

tor ~ of ~165• Th qctiVP.tton eros -aections 

Ueted here heve been corrected for ere. ,. 64b !'or 

HQl 5 ~3 
• s quoted by ;·omer noe • 



APPENDIX A 

THEORY OF I SOTO?lO ortOSS- SECTI t-iS FOB PILE ta'l:JTRO S 

An element ot ohar~e Z bas isotopes w1 tb mass numbers A + 1, 

.A + 2, ----- ; + n, of which et le.ast the ttrst ts stable and occu-rs 

naturally. These .isotopes are present in tbe amounts n1 , n2 , -----, nn 

nuclei per c.c . betore 1rred1et1on·, nd n' , n~, .... --, nn' nuclei per 

' nuclei per o.o., where A n "" n-n • This change is due t the c~~>pture 

of neutrons in a t'lux ot 2 per om per eec. tor a time t seconds ,where 

the capture oroas-aectton.s are o-1 , cr2 , ---, un reepect1 Tely. 

Tbe basic equations are t hose ror the number ot stoma resent 

18 a .rad1oect1ve decay chain atter ~ time t.. These an 

(Al) 

The only chan~e re~uired in de. ling with neutron eros -sections 

is to replace ,\ by aN , a permissible step tnce 'bot h represent the 

probability ot the lo e or a nuclnus per second. 

'll'or the t'irst (lightest) isotope, the equ6t1on 1 very simple, 
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since nuclei are lost, but mne Qre ~#jined from l)'l!'eoo4ing isotopes • 

(A2} • n 6 - Cli Nt 
1 

For the remaining isoto-pes, it 1s necesMry to treat each pre-

eedin isotope as th& pl!rent ot a .,cal)ture" chain, in e.ddt tton to the 

wb.ere the sec()nd. part. ts just tbe aeoond equation of (Al) • 

P.earrangtn,~ 

t.e. 
(A3 ) 

Similarly 

(A4) 

"" e i!'' . n (I" -o-,.Rtt -) 
nl..+ -...L! 

o;,-cr,_ 

The sec~nd term is equcl to 

nd the third term is equal to 

+ 11t0i 8
- U],Nt 

02- 0j_ 

I 

+ nl 0" l 

o-2- {Tl 
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3'7 

I Combining the two t rme in n1 iTes 

Therefor 

(A . ' ) 

n "" ... ~;;y. 

I 

+ n l CJi u e ' - cr;,Nt t 
3 "' 3 

( <71- q;)( a;- ae ) 
!tqUEttions (A2) , tA3 ' ) :nd (At.' ) oen be re~rrr nteed to «1Te the re-

~Uired expreee1ons for the capture oross-seetions. 

(Af5a) 

(A5b ) 

{AOO) 

'fhe extension to the n th 1e tope, ~"hioh is not required tor 

neodym1 um, 1 e 

(A5 n) n"-1 ~-1 
+ <rn-1 ... u.., 

A somewhat different approach to the problem leed~ to set of 

much s1m ler equat i ns, ~.,.btch een be ahown to be e1,ut Talent to modified 

first order a pproximations to equations (A5). 



If the rete or change of bundenoe ot nn ts"ltope is smell, the 

abundance at any time T atter the stort of irratUetton ( 't' ~ t) will 

d1tfe:r only sl1.ftht ly trom. n ... X. ( n-n' ) • 
t . 

Aaeum1n« t at th1e dif'rerenee ts necUsible, this 1s equ1Yelent 

t tbA relfttion, 

rate of capture ... t ~ni t1 1 l'8te + final ret~ 
.. O'N ( n ; n/ ) 

'l'be total ehJ\ng c!u to capt ure, sn, !a, then 

* Sn • ~(n + n' ) O'"Nt • n a Nt 

A.p lyin this formula to eaclt isotope in turn sivea 

(A.S} 

n-t 
L A n 
~ ... , e 

'l'he e.pprorimate equations tor the ol"'as-seoti ons become 

(A6) 

a: Nt • n 
~n n 

S := l S 

n* 
In order• to eho that these equ t1ons correspond to I! moi!\U'ioe-

tion ot the tiret order pproximation, consider the specific onse of the 



eeon4 isotope { qu t1on (A3 1
)) 

.. cr;.Nt 
where e ii:!T 

to , first ap-prox1metion, then 

+ 111 <fi 
v2- C!i 

( a-ztst) s 

u 
+ ~ - • - - - - - -

{ 7) n2 • {1 - a-~tl ( n2 ~ nlGi ) ~ n1 ar1 
Ci).-~ 02-ot 

Tho lest t&m 1 seen to be eq_ l to the fixost ori!er approl:1Mtion tor 

nl times I!!]_ ) . 
t 01- 02 

Therefore 

(AS) wb nee 

I 
niZ .. ne 

n2 

Thi equetton ditter from its equivalent in the a t (A6} in that n2 

plao 

Now tbe equation n 1 
• n( 1- VNt) 1 seen to represent a rate 

ot ca~ture h1ch ie tn~e~endent t tt , just ns was ssumed in derivi~ 

equations (A6} • In the first orde-r e;rprox1tnation however, tbhl 1"11te ia 

tak n proporttone 1 to tbe 1n'l. tinl bundano , whioh 1 s eert ;inly too ltu·~;e, 

and will th retore ctve an expr esion tor t h c~pture erose-a ction which 



refore, the et of equeti ns (A6) are a d1ticetiou ot the 

first order e.ppro-xim t1on giving a more neArly correct V·'!llue. As 

indicated in the o lculetion ot th actual croes- seetions , they are 

very ~oo~ np~roxim8t1ou, even when An I n exceeds ten percent. 



cUeporston) ot a double-focussing ( acl'irome.t1o) system of' ad1al elect rio 

l? end m~@(net1.o fields is oont ined in atteuoh' s pep :r • Th equstt.ona 

relevent to the Detn:peter- t:y-pe in ti'tlm.ent will be used 'be 

M = lfo ( 1. • '( } " msss range of the ions 

b: be the d1spleeement ot en objeat point trom tbe central 

line of' tb r dhl eleetrio t1 ld, ot radius, a 8 , end 

b ~' be the d1eplaoement ot tb i g of the 1>oint b; :r:rom 

the central line or the ma&netio field, of' radius em 

attauoh shows that 

(IU) 

\V en the deflection in the two fields 1 · in the s me direction. Km. and a:. 

d :p · .... d on the oent:rttl rad.tus, roo 1 length, sou:roE'l posittoil, and angle, of' 

the e. nettc end radial electric fields reepecti'lel:r· For this tnetru-

ment (Fi&ure Bl) 

8 "" e8 [1 - eos \(i{f il +- D \IP. sin Uit.;:.) 

It wee pointed out 1n seetion IV th~t velocity focussing re-

quired a p ott1c ~tio tor am I a • Tbi is equivt~lent to :maid .• 
e 

bm 1~4ependent or v~locity • (of ~ , i.e. Km • Ke · .A direct oom:putotio.n 

shows that tb• dimensions or the tnstl"Ument tlllf'tl thi requirement 

{a • e. 48 om. , a • 9. ?a em. , l) e m 5.18 c .) 
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I~= 1·27 em. 

0e= 8·48 em. 

Clnf 9·72 em. 

D = 5·18 em. 

0 =90° e 

0m= 180° 

Ss=O·OIOem. 

sc = 0·016 em. 

C MS . 
I I I 
0 I 2 

FIG. 81- DIMENSIONS OF THE DOUBLE- FOCUSSING 

MASS SPECTROMETER 



Equ.ntion llBl) will he t~o hal -width of tbe ima!e ot the 

sourc slit (b lf widthS I 2) tore single isotope ( Y • 0) it · let 

I 
b0 tek its max . value S 1 2• 

b ,, .. . ( K~ -1 
-- 1) a • m (B2) 

Thus the magn1tioet1on 

.~,i!m!'l"S10.n; 

b~ t!.!. - 1} 
ae 

19.44 - 1 • 1 . 29 
e.48 

The dietnnc b t ·een the centres ot two ad jaoeat 1 ot op1o pe~k 
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( mssaea '1.0 ond tt0 + l) ts obtained tro11 eque.tion (Bl) by set tins be • 0 

end Y .. 1/Uo 

(:83) 4 ( 0 ) • - Y {~ .. Ria> • I'm Y 
2 

COLLECTOR 

BEAM OF IONS 
0 F MASS Mo.,.___,.. d ( Mo)--+~ 

BEAM OF IONS 
OF MASS (Mo+l) 

FIG. 82- RESOLUTION OF MASS M 

IONS 

0 



Fesolut1on: 

eli t lie ad jeeent to, but do not ovllrle.p the oolleotor slit { &ee. ia;. ~!} • 

Even e small shirt to either r1gbt or left will permit e. t>srt of on~ ot 

the 1.maso of the soul."ee el1 t , and the width ot t e eoll.eoto:r eli t , 

i.~. the resolution 

{"84) 
1.29 Se • S0 

8m. 

For the work w1 th neodymium, t hen 

1 I 5?o. 

.., 0 .129 .. 0 . 16 "' 1 I MO 
$7 . 2 
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Pee.k S ape: 

f or a liven width of' eout"ce aUt tbe shap of the peak recorded 

111 de.p~nd on the wi th of' t ·e collector U t. Suppose the beam h e 

the fixed width w • 1.29 S8 , 8nd has 

Three different o"ses will be studied: 

tlux of N ion per eeond. 

( 1) Se • w 

( 11) 

(111) 

Referring to tisure B2, e see that the current to the collector 

ll be zero. let the two berutle now move so t :t th centre line of one 

of' them 1 ::tt the ede t the Ut. The collector current Will b N /2. 

tf1ben tbe osntre line of bMm and slit coincide, the eurrent Will be 

Since the beam just ,.f'i 't n th eli t , the rectuction in current due to a 

deviation, 8 , Of the beam '\91.11 be vroportionel to 8 • The peak Will 

therefore be triancul r in shape, pointed ~t tbe top, of height N, and 

11 heTe e base e uel to 2wC, wbere 0 is a oonst ot determined by tbe 

rete o:t scanning ( 'fit:Ure ~3( e) ) • 

(it) 8 0 > w. 

tn th1e CAse the collector current will be N befor the centre 

of' the beem reaches the eent::e of' the slit, t.e., whenever t e tratli~ 

edge passe the edge of t e 11t. It Will remaia thie Jl\rge until th 

leading. ed€e of the b e asses beyond the opposite sltt edge. The '!""'elc 

will be flat-topped, of bet~ht N, With base or 0( + ~· ~:!} , wb1ch .ts 

g el'lter than C(2w) by en ount equal to the Width ot tbe tl t top. 



FIG.B3-VARIATION OF PEAK SHAPE WITH 

RELATIVE SLIT W1DTH 
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Distance on Chart- arbitrary units 

(b) CONSTANT RESOLUTION 



(111 Sc < w. 

\\ben the bemm is ceotre~ on tbe slit* the current will be lit(!!) . w 
It will btt eonstent nt this v lue ov~r a Nnge simUa.:r to the previous 

ease ( ed~e of beoa & ed~e ot slit coincident) . '!'be peek will bo fl:at­

t.oopeo, of heisbt N(~) , and mtb 'base wtd.tll eq,ual o C( w + S0 ) , in 
w 

tbis ease l $$ than 0(2w). Both ot tbese peck's er shown in Figure 83{a). 

collector eltt width, it is apparent that the :resolution Will differ 

tor the above 3 otHMU!. F1cure li3(a) is drawn tor the partteuler esse 

be oonetant. i.e. S0 + w • oonst. 

.29 sf!'! 
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