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obtain 730 berne for boron. This value lies within the quoted 5% deviation of
the standerd value used by Harrie, et al. The discrepancy for neodymiun,

which ig believed to follow the l/v law, ss boron does, ig 4iffiocult to

explain.
TABLE VI - COMPARISON OF RESULTS

Isotopie Present Fesulte Hese & Ingrahmm * Rothe!!
#ass Ho. GC.= B5%b G = 46b O, = 48 T g = 64y(Ho)
142 14 %8 122 4 < im
143 865218 3168 211 240
144 <7 <@ £18
148 | 40 18 388 <30
148 <9 LB £ 20 1.8
148 <14 18 < 45 5.7
150 <11 <io ' <45

¥ pothe's originel work was based on a vslue of 4%b
for '@ of Ho'®S, 1me activetion cross-sections
ligted here hove been corrected fTor o &4b for

L

v 3
Hems, as quoted by Fomerange .



APPENDIX A
THEORY OF 1SOTOPIC CROSS-SECTIONS FOR PILE NEUTRONS

An element of charpe 2 has isotopes with mass numbers 4 + 1,
b+ 8, «mew=  + n, of which at least the first is steble and oceurs
naturally. These isotopes sre present in the amounts n,, By, we=ts n
nuclei per c.c. before irrsdiation, snd n{, nﬂ’, ———— nﬁ' nuclei per
¢.c. after irredistion, having undergone a change of Any, An,, " O
nuclei per c.c., where An = n-n . This change is due to the espture
of neutrons in a flux of ¥ per on® per gec. for a time t seconds where
the capture cross-sections =re s Ty ===y o, respectively.

The basic equations are those for the number of stome rresent

in s radiosctive decey chain after a time t. These are

nl’ - e-A,t
nB’ - ﬁzAl [(/\“ . oMot
Aochy  Amh
(Al
: nal " “1"1A8 Q“Alt ’ .,. ”-ASt * ”-Ast
VE ")lAi'(A:,y-A}) {Al”/\ﬂ){)\:ﬁ“hﬁ} ()\I-w\g){)\g-)\m)

: -\t : )
e 1 A
ng, = “1*1"2 _-..)a-l e )}

il &
( Aa"Al) (Am“Al) *""( AS-A].) ( I\l"/\ai (Ag"‘&) Ll (Aﬂ-‘l "‘Aa

The only change resuired in desling with neutron crogs-sections
i5 %o replace A\ by ON, = permissible step since both represent the
vprobability of the loss of & nucleus per second.

Tor the first (lightest) isotope, the squation is very simple,

-35-
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since nuclei are lost, but one are gained from preceding isotopes.

(a2} nl' = 0,0 -0 K¢

For the remeining isotopes, it is necessary to trest each pre-
coding isotope a8 the parent of a "ecapture” chain, in addition to the

nuclear lose equivalent to equation (A2)

-0t -0t
(43) n, ~TpNt b R
2 ”» nge + nlg'l - O s
' G- 0y G- %

where the second part is just the second equation of (Al).

Fearranging
! w Unlit
W ) yon e
Q0| %9
1.8,
(a3 ) ! - Jalit
n = @ & /
g - IR
I & 0.2” 0'1
Similarly
(A4)
/ ~Tit GNt Nt il
na P n:%a ?ﬂ*ngo-e g....:N.. : eG; + algrlq? “g-n',Nk ¢ o G::,M‘ ¢ Q—G-SNt
U A A ©-0)ET) 6-%)ns) O-%) 0%
Rearranging
] "'U- t . 4l o
6-%) @0)0,-) GG GG
The second term is equal %o n’ n{(Tl ' i
2 Grq | | o
and the third term is equal to 4

(Og~07) (Om~a3)
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Combining the two terms in nll gives

P e L TR 1 {adaa (%*01 %% ﬂ
| (G-q) . @) (%aq)(vg»ﬁ)J g0y (T ”“‘s"i)}J

& 0; 02
1 (gy~a3) (05-05)

Therefore
(Ae”)

. G- / !
n:; - o~ THt Eﬁ *“2“2 x n) 0102 j) + 33.0'3 « B 0102
%0 (q-0g)(0p-03 T3~ 0z (G- @) o= ap )

Paquations (AZ),(A3") end(A4’) oan be resrranged to give the re-
quired expressione for the capture crosc-sgections.

(aSa) Nt = Inp,-In N/

(ABD) Ot = {p ng * nag | . . By 05
01-03 G0

W8)  gmt = In [ny + 2%, m%% . imlaf « P98 m G
G-y (01-G)(0p=dy 5 O3-G3 (0y-0g) ( G-Gy

The extension to the n th isotope, which is8 not required for

neodynium, is

(ASn) nn—lq;\-]_ ' 510’10—& ok

G.nNt - \n nh + 0’"’"’1- G’n » T

(q=6ni{0g=Gp) === (g, _,~q)

A somewhst different approasch to the problem leads to 2 set of
much simpler eguatione, which ecan be shown to be equivalent to modified

firet order approximations to equations (AS).



38

If the rate of change of sbundance of an isotope is amall, the
abundence at any time T after the start of irrsdiestion { T <t) will

differ only slightly from n - T (. ./,
T

Assuming that this difference is negligible, this is equivalent
to the relestion,

rate of cepture = } [ininal rate + final mté’

n+n’
tmﬁ )

The total change due to cepture, Sn, is, then

= ON

8n = in+n')oNt = n‘crxt

Applying this formula to each isotope in turn gilves

Any = Snl @ alﬂ 0'11%

&8y = Bngy - & * -
(48) S, tla VR Be plidy

4
Az = Sne - 8Sn ® P Ot - { AN A
":s 3 - 8ng 5 ogit = ( any « any)
] . n-i
Aap = 8n,-8m .= Bm O Nt- > An
: S$=

The approximete equations for the eross-sectione beconms

( A‘) oraﬁt - Ani + Ana
#
: Bg
I
n
gkt = - SN
S=1 8
n

In order to show that these equations correspond to s modifice-

tion of iho firet order approximstion, consider the gpecific cnse of the



second isotope {egquetion (23'))

nz/ k ;GJQN‘ (ng " 310'1 )
! Gi‘ﬂé CE

whomo'%m = 1 -GNt (Gg‘“) N (o‘sm)a

o o e e e e W A e

12 13
to & Pirst epproximetion, then
(A7) ng = (1-aft)(my + 110\ , 1 g
- Gz~ 03

& a5
P nz ngﬂ'gﬂt * Anl ("—6’%:6%) - 310_1 (%6—2)

The last term is seen to be egual to the first order approximation for
_%) #

Thersfore Aﬂg = fig - né = .nga—é‘«g + Anl(crfr? it Gi \
G- O~g /

n; times (31_2

(AR) whence
AR
o - 3 * oy
By

This equation differs from its ecuivalent in the set (A6) in that ng
Peplaces ng'.

Now the equation n’' « n(l-ONt) is seen to represent = rate
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of capture which is independent of time, just as wag sasumed in deriving

equations (A6). In the first order approximation however, this rate is

taken proportional to the initisl sbundance, which is certainly too large,

end will therefore give an expression for the espture erose-section which

which is too emall.



Therefore, the set of equations (A6) are s modification of the
first order approximation giving » more nesrly correct value. As
indicated in the oaleculation of the sctual eross-sections, they are e

very good approximation, even when An / ' n exceads ten perocent.



APPENDIX B
OPTICAL PROPERTIES OF SPECTHOMETER, PEAK SHAPE

& summary of the optieal proverties (megnifiestion, resolution,
digpersion) of a double-focussing (achromatic) system of redisl electrie
and magnetic fields is contzined in Mattsuch's paporw. The ecuations
relevant to the Usmpeter-type instrument will be used here.

let v = v, (1 +/3) be the velocity range of the ions

M o=y (1 «Y) * " mags range of the ions

/

b, be the displeacement of an object point from the central

line of the radisl electriec fleld, of rediue, &, , snd

buf' be the displscement of the image of the point b,’ from
the central line of the magnetic field, of radius a,
Mattauch shows that

L “1[, | ,
(B1) b, = (Em / ey =1 Eaﬁ% “}-BlEg, ~ &) -¥ (%e/2 - Ku)]

when the deflection in the two fields is in the seme direction. K and Ko
depond on the central redius, foecsl length, sourse position, snd angle, of
the magnetic end radial electric fields respectively. Tor this instru-
ment (¥Pigure Bl)
Kp = 22, and Ke = 8, [1 - eca\fi{%ﬁﬂ + D U?P sin \Fé(,é_f_)

It was pointed out in section IV that veloeity focussing re-
quired a specific ratio for ay / 8, This is equivalent %o making
by, independent of veloeity, (of B), i.e. X, = K . A direct computation
shows that the dimensions of the ilnstrument fulfil ¢this requirement

(ao = 8.4% oenm., - 9.72 em., D = 5.18 om.)



le= 127 cm.

RADIAL
ELE CTROSTATI %= 5:48 cm.
FIELD, Qi 972 cm.
D=518cm.
 Eo B,=90°
11— & 180°
-
\\ $s=0-010 cm.
REGION OF\ % TOOI o
UNIFORM
MAGNETIC FIELD
N b CMS
- R I )
- 0 | 2

FIG. BI - DIMENSIONS OF THE DOUBLE - FOCUSSING
/ MASS SPECTROMETER
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Hagnifieation:

Equation (Bl) will give the half-width of the imsge of the
gourge 8lit (half widsh Eg / 2) for a eingle isotope (¥ = 0) if we let

b@ take its msx. value S, / 2.

v/ = (Em i | )
" (%ol) .be(__!i-]_i

(Ba) L FY

Dispersion:

The distence between the centres of two adjacent isotople pesaks
(masses M, and My + 1) is obteined from equation (B1l) by setting by = 0
and Y = 1/M,

K
(Bs) é(;&’J) - "‘Y (EE, -

n = KY
2

COLLECTOR Sc"l SLIT
2 ////////// ////////////7/'%

Lzs S T

BEAM OF IONS q BEAM OF IONS
OF MASS MJ© (Mo)” 7 OF MASS (Mo+l)

FIG. B2— RESOLUTION OF MASS M,
IONS



Resolution:

Two peaks will just be resolved when the imspes of the source
elit lie sdjecent to, but do not overlsp the e¢ollector slit (see Pig. B2).
Even # small shift to either right or left will permit e pert of one of
the besms to register. This requires o dispersion equal o the sum of
the image of the =zource slit, and the width of the eollesctor slit,

i.e. the resolution

,ﬁﬁ - i - 1.29 Bg + %
(24) ] Mo :

B
For the work with neodymium, then

B0 o huinb s BN L K} e
% 97.2

This velue is in setisfactory agresment with the memsured resclution of

1/ 3%0.
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Feak Shape:

For s given width of source slit the gzaapo of the peak recorded
will depend on the widt& of the eqllee'mr slit. ©Suppose the besm has
the fixed width w = 1.29 5,, snd has a flux of N ions per second.
Three different cases will be studied: (1) o™ W

| : (11) & > w

(111) 8, < w

Referring to figure 52. we see that the current to the collector
will be zero. Let the two beams now move so that the centre line of one
of them ig a2t the edge of the slit. The colleotor current will be N /2.
“hen the centre line of beem and elit coineide, the current will be N.
Since the beam just "fite" the slit, the reduction in current due to a
devietion, §, of the beam will be proportional to 8. The peak will
therefore be triangular in shape, pointed st the top, of height N, and
will have = base equal to 2wC, where C is a constent determined by the
rate of seenning (Figure R3(e)).

(11) 8, > w

In this cese the collector current will be N before the centre
of the beam reaches the centre of the slit, {.e., whenever the trailing
edge passes the edge of the slit. It will remein this lerge until the
leading edge of the beam passes beyond the opposite slit edge. The ek
will be flat-topped, of height N, with & base of C{w + Sa) , which 18

greanter then C(2w) by an amount equal to the width of the flat top.



FIG. B3- VARIATION OF PEAK SHAPE WITH
RELATIVE SLIT WIDTH
|

—N
\
SMw=1/2 Sc/w= | Sc /W
m-3w4 AM/M=R AMM=3R/2

Distance on Char'r - arbltrury units

Collector Current

(a) CONSTANT IMAGE WIDTH

pres
§ _N [IA‘\ "\‘

- \ i,

3 SN Sme1r2 Se/w=1 VL e
S \ ow=4W/3 w=W \ w=2W/3
o

-~

o |

(&)

Distance on Chart - arbl‘rrory units

(b) CONSTANT RESOLUTION
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(114) 8, < w.

When the besm is centred on the elit, the current will be mgﬁ "
It will be constent at this welue over & repees similer to the previous
ense (edge of beam & edge of elit eoineident). The peak will be flat-
toppsd, of height ﬁ(fég} s and with bage width equsl %o Clw + 84}, in
thie ense less than C(2w). Both of these peske are shown in Figure B3(a).

Hince resolution is determined by the sun of imsge width end
eollector alit width, it is apperent that the resolution will differ
for the sbove 3 cases. Figure B3{(s) is drewn for the partioculsr case
of 8o /w =4, 1, 8 respectively.

Figure B3({b) shows the effect of requiring that the resolution
bes constant, i.6. 8, + w = oonst.

Figure B3 shows thet the degree of "flatness” of & recorded

peak depends on the deviation from unity of the ratio 1.29 Bg
Se
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