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Let F be the f]_.ux of radiation ‘going from
a -sample of radius R2 "rc.o__a_ counter of r_-adius Rl
then@ the emitted intensity of radiation

per unit solid angle. »Then the flux between

two elements of area dG"l and do"2 will

be given by
F = § cos g do do, : ' @
2
P ,
Since
: cos ¢ = h = . h — ‘ 3 (2)
and
dF = é h _ 4o 4G . (3)
r

a. Point Source (R; > Ry,)

If there is only one.element of area emitting (d03) then the
total emitted flux is L;Tré d@, and the geometrical counting

efficiency will be given by

EMITTING
AREA

COUNTER
AREA



dc = dF = h do -

LTP doy 3

To integrate over @ - ] we set

»dGE = RdR dd

UCRI~1954

(&)

(5)

Then by symmetry we can limit 0 £ £ 77 and put in a factor 2 so

that in this case

dG¢ = h R dR d¢
27fr3

Then integrate first over &

For R,* R£ R, , 0£X £ ;

and for R2+ R > Rl

the upper limit on & 1is determined by

2
1

or

2 2 |

(6)

¥

(8)
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so »
BB, Ry s 2
G = _h_ g RdR 4, _h_ S cos” P\ BT+ Ry" - By R dR
2 ' 3 27 3
r 2R_R r
0 Rl«-Rz 2
(9)
or
RifRz"A. 2 2 2
G - 1 |1- h + _h cos"P\R"*Ry"- By | g gr
H B roryoy R GO el i
1" 1782 |
. (10)

b. Point Source (R:a = Rqp)

In this case of is determined

as in Eq. (8). The limits on integra-

tion are different so that here we

have
R4R
2“‘ * -1 R2 R 2 R 2
G - h S cos 2+ By 1 R dR
Py | 2 R, R kR
Ro-Ry 2 ]

(11)

lel_;‘{.s,agrees with‘t.he stated expression in €alvin, "Isotopic Carben", App. IV,

for R2 > Rl."
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b. Circular Source Ry > R,

2
In this case the total flux is & Vé (77"R‘2 ) so that

4G = __dF - _h ) (12)
Let
i, = r, dr,de- | (13)
46T = RdRde{ . (14)

We can integrate readily over 6 |and restrict 0£ & £ 7’ so that we

get

d6(ry, R, ) = _h T2 iR (15)

” R22 1'3

Now inf.egrate over &

dG(f,R)=( h'M)(q§'dr> ) (16)
2 7322 r3 2 2

Now either we shall have

f = 7
or
: 2 2 2
o = cos-l R+ r, -Ry s 17
21, B

depending on the circumstanées.



We now want to find out over what ranges the integration of R and

r, must be carried for different values of 0( » If we take a fixed

4.

UCRIL~-1954

ro we can draw as follows the ranges of integration for R.

for r2+ .R.‘_-.Rl 5

r2+ R2R; ;

While for r, _>_Rl 3

These regions may be plotted in two dimensions as follows in the R, r

plane

If we change the order of integration to an integration over ro first,

(6,R))

(0’ RI-RZ)

Let rp, & Rl then

= 7 ; and O{:R:‘;Rl-r

il

)
cos™1 )

2

2

2
=R s and

cos

2. I”2R

Ry -1y

2 2
nl R + 1‘2 - Rl

gRé’-Rl-l—rz o

2
s and

2r2R

)

B3
BL 52
B,
As B,
A,

/—J ('P\no)

(R2.< Ri,0)

we have various regions to consider.

(P\Q_> R, s 0) V'.z

2
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R -R&r, £Ry " Bj &R £ Ry + R,

Region Timits of

A 0 £&ry, £R,; 0 %2R %R -R, ”

Ay 0 & rze.ni,-nga-,nzﬁnéal T

B, + B, B -R £ 1y é.‘né , Ry -R,&R£R) Eq. (17)

By R-B £ ;-2 £B, ; B £R £R +R, Eq. (17).

bs '(Rl A RZ)

Region L_imit.s . o

A O&ry&B) -R ; 6.43&31

By Ry - iz £ry, &Rt R ; O gé £ R, - Ry Eq. (17)

o | ) :

B, Bi-R£ry &8 ; By-BRj &R £R) Eq. (17)

Eq. (17)
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Now to evaluate '_t.he expressions for G in the two cases we have to integrate

e:tfiressions of the type

| SQ( r2dr2.

, . o 2 2 2
where c‘:# . or g‘ - cos™t R+r2f”Rl

2R ry
for b - b ‘
o{ - 77’ _ | S 0( 'r2 dr, = _gz r22 . (18)
a : a

For the other case

|

(19)
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Evaluating this f; at the various limits needed, we find that

.R2
2 2 2
S cos™t R® - Ry t ) r, dr,
2R r,
2 2 _np2 2 2 _ 2 2 2
= Egn cosH| B B+ R - Ela sinT BT+ Ry" - Ry
2 2R Ry, 2 2 R Ry
2 5 n2 2 2y2
-1 /4R"R=- (R -B°+ RS2 + ¢
L B
2 2 :
R R
=772=711 +fR,)) + ¢ , -
b h _ (20)
where
2 2 2 2| 2 Tiylp24p? 2
£(Ry) = B cosT | BT Ry - BT Ryt 1| BTA R - By
) 2 R By 2 2R R,
2"“‘&
-1 4/4112 R? - (B%+ B2 - RY) : (21)
4 . _
R,-R _
-1 2 2 2 2
- cos R” - Rl + P2 r’2 drz : L (Rl = R) = 1 R12+ c
2R r, 2 ' L.

(20a)
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RsBy - |
_ 2 45 2 2 '
cos T |BT BT T g = -7 e+ ¢
2702 . 71
2R ry L
- (20Db)
R.+R )
' . _ 2 o 2. .. 2 . ' 2 "
cos™t |B° - B %41 r,dr, = W/Rl +cC
2R r, L : (20¢)
B>
: - 2 2 2 2 2 '
, cois."Rl"'rZ r, dr, = 7/R2 =-7le + f(R,) + C.
= 2 2 2
2R T, L 4
(20d)
We now substiﬁute the 1imits in the expression for G.
Case bl' (Rl > R2)
G = _h ¢/ Rdr | 77 R, S R dR (Ry - B)
-3 1
7 R2 ;3 [ 2 . 13 2
| Ry-R,

L i 2

(22) Cont,

4§ g Z5 - T 00 - L -0 f

-y

J

i
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lenz RR, RitR,
= _h_ R dR +_ll_ R dR+ h f(Rz) R 4R
2 T [.|. PB ) R22 ) 1‘3
=1 |1- h .'_,__'1" - h - h
2 — L : -
2 2 2 2 2 2
h + (Ry - R,) ‘Ifh + (B - Rp) '/h + (Ry + R,)
Ri#R,
+ h d f(Rz) R dR
7322 ‘ r3
R.-R,
=1 |1-1 h + _h
2 2 ;
2 2 2 2
| RitR,
B 5 ~f(Rg) “RIGR 5 :
ﬂfRzl r
Ei-R,

(22)

which is formula (4) in Calvin, "Isotopie Carbon®, App. IV.

e
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Case b, (Rl £ Ry):

R Rp-Ry

_ (S R ( -)2] SRdR[”’Rlz—Tf(R _r)3 7R3
% s (oo ) ig | e To 03 In)

¢ 0

G

el 2 L2
Tr 'R 2 7fR2]
R dR 2 - f(R,) -7, -R) 4+ E1_
<+ _;5_{ - t 2 4% + ;
|
/
(+

RitR, , ,
2
‘S R dR 7r," - TR, 4 £y 4 TRy ]
) I ' I

I
By
2 R,-Ry o RR, R{R, |
- _ n /Ry RdR+7r_R2 R dR + £(R,) R dR
‘ 2 3 ) ;3
TR, 2 r b R.~R R.-R
2By 2"

2
- 3 fil_[l— h +%{ h - h
Ry? ?n2+ag-Ry§ L+ @, - 7)? I+ ot ry)
R R, |
4_b 23 £(Ry) Rc313 ; (23)

» 7/322 Ry-R; r

which is formula (5) in Calvin.








