
Lawrence Berkeley National Laboratory
Recent Work

Title
CALCULATION OF GEOMETRICAL EFFICIENCY OF COUNTERS

Permalink
https://escholarship.org/uc/item/3bx0x6q7

Author
Henrich, Louis R.

Publication Date
1952-08-08

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3bx0x6q7
https://escholarship.org
http://www.cdlib.org/


.. 

>­w 
.J 
w 
~ 
0:: 
w 
m 
I 
<( -z 
0:: 
0 
LL. 
.J 
<( 
u 
LL. 
0 

>­
~ -en 
0:: 
w 
> -z 
:J 

UCRL-

./ 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 

1954 

RADIATION LABORATORY 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



UNIVERSITY OF CALIFORNIA 

Radiation Laboratory 

Contract Noo W-7405-eng-48 

UCRL-1954 

CALCULATION OF GEOMETRICAL EFFICIENCY OF COUNTERS 

Louis Ro Henrich 

August 8, 1952 

Berkeley, California 



-2- - -UGRL;:-1954 
No Standard Distribution 

CALCULATION OF GEOMETRICAL EFFICIENCY OF COUNTERS 

Louis Ro Henrich 

Radiation Laboratory~ Department·of Physics 
University of California~ Berkeley~ California 

August 8, 1952 

Let F be the flux of radiation going from 
. ·~ -·· -- .. 

a sample of radius ~2 to ~ _c~-unter of :~dius R1 

then cf the emitted intensity of_ ra~ia~ion 

per unit solid angle. Then the flux between 

two elements of area d0i1 and do-2 will 

be given by 

If there is only one.element of area emitting (dc>;2) then the 

total emitted flux i!3 4 TT' ~ d<J'2 and the geometrical counting .il · 

efficiency will be given by 
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dG - dF (4) 

To integrate over cr-1 we set 

dCSl = RdRdo( ( 5) 

Then by synnnetry we can limit 0 b 0( ~ ·11 and put in a factor 2 so 

that in this case 

dG = h R dR do( 

21tr3 

Then integrate first over o( 

For R2 + R ~ Rl , 0 ~ o( 6. 1f 

and for R2 + R ~ R1 

the upper limit on co{ is determined by 

2 2 2 
R:l - R -t- R2 - 2 Rz R cos o( , 

or 
tJ ... 1 [R2 -t' R22 - Rl2 ] ~, I ... COS - ~ 

2 R2 R 

(6) 

(7) 

($) 



·• 

so 

G = 

or 

~-R 

~ ~ 2 

0 

RdR + h 7 21f 

b. Point Source (R.2 ~ Rl) 

In this case o( is determined 

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

tion are different so that here we 

have 

G -

h 
2·11. 

RdR 

7 
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RdR -:r 
r 

(9) 

(10) 

(11) 

This agrees with the stated expression in Calvin, 11 Isotopic Carbon", App. IV, 
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b. Circular Source R1 ~ R2 

In this case the total flux is 4 1/~ ('ffR2 
2

) so that 

= h (12) 

Let 

' 
(13) 

dOl = R dR do( (14) 

We can integrate readily over e (and restrict 0 ~ c( £:. 11' so that we 

get 

h 
r · dr R dR de(· · 
2 2- (15) 

Now integrate over c( 

(16) 

Now either we shall have 

or 

"( = cos-1 i 1!2 + r2 2 - 1!12 } 

2 r 2 R . 

(17) 

depending on the circumstances. 
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We now want to find out over what ranges the integration of R and 

r 2 must be carried for different values of ~ o If we take a fixed 

r2 we can draw as follows the ranges of integration for R, 

for r2+ R6R1 ~ = 11 ; and 0 ~ R ~ R1 - r2 

cos-l ~ 
2 2 2 

] 
r 2 f" R ~ R1 o( - R + r 2 = R1 0 and - ' 2 r 2 R 

R1 - r 2 ~ R ~Rl +- r 2 . 

While for 0 

' and 

These regions may be plotted in two dimensions as follows in the R, r
2 

plane R 

A, 

~ (~,,o) 
( R.~ <: R I 'I 0 ) 

If we change the order of integration to an integration over r 2 first, 

we have various regions to consider, 



• 

Region 

Region· 

A 

B 1 
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·Limits 

Eq. (17) 

Eq. (17). 

. Limit.s 

Eq. (17) 

I 

Ri - R ~ r2 b R2 ; R2 - R1 ~ R ~ R1 Eq. (17) 

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

. '" . express1ons of the type 

where ~ ·- 1J' 

for 

.. or=r 

For the other case 

= 

-1 
cos 

or 

b 

~ 
a 

o( 

·~ = 

r 2 dr2 

cos=1 [ R2 + rl - Rl2l 
2 R r 2 . 

::: Jt. r2 
2 

R 2 
_l_ 

2 

b 

2 

a 

(18) 

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

where 

I 2 . 2 2 22 + 
= 1 4 R2 R = (R . = R1 . t R2 ) C 

4 

-- 1( R22 ·= ffR 2 - 1 + f(R2) + C 
4 __,..4-=- (20) 

R 2 -1 [ R2 t R 2 =R 2] . R 2 . ,· .:Ol [R2 + R 2 = R 21'·· - 1 cos .· 1 2 - 2 510 2 1 
2 2 R R1 2 2 R R2 · .. 

=1 
cos 

[ 
2 2 2] R = R1 +- r 2 

2 R r 2 

(21) 

= JL (R1- R)2 = ff Rl2t C 
2 ' 4 . 

(20a) 



Rr R1 -1 

j cos 

R +R [ _ ] . ~ -1 R2 _ R 2 .1.. · . 2 cos · 1 1 r2 
2 R r 2 

-'10-

r
2 

dr2 

We now substitute the limits in the expression for G. 

G - h 
_'/t...;;:R-2..,.2 
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(20b) 

(20c) 

c • 

(20d) 



h 
2 

' .... h. 

f # 2 
I' R2 

R~R2 

Rl~R2 

=n= 

R dR + h -;J" -R:.:....,.,2 
2 

f(R'.) · 'R d.R 
2 --r 

r 

which is formula (4) in Calvin, "Isotopic Carbon", Appo IV. 
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(22) 
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G = 

l7f:2 2 
I 2 

ff:/ J R dR 
1(R 7f, 2 

1 t f(R2) = ~(R1 = R) + --,= 4 2 
R2-Rl 

r 
I 

I 
! 
I 

(+Rr2 RdR [ fR 2 : :U'R12 + .f(R2) t 7(~ 2 ] 2 -;:r 4 4 4 
Rl 

f(R2) R f 
r 

(23) 

which is formula (5) in Calvin. 






