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' ABSTRACT

Expressions are derived for the pene-
tration factors of the gamma rays through
the back corners of the cylindrical colli-
mator when sources of different shapes are
used. The sources chosen are point, straight
line, circular line and circulhr plane sour-
ces lying in the umbra region of the collima-
tor. The results of the point source are
compared to other theoretical calculations.
The dependence of the collimator sensitivity
on the gamma energy is studied for each of
the sources used. ‘

INTRODUCTION

The sensitivity of a collimator is the sum of the

sensitivities to the gamma rays which have entered the
collimator properly (geometrical case) and those penetra-
ting the corners of the collimator. The penetration factor
is then defined as the fractional increase in sensitivity

due to penetration.

Calculations of the penetration factors for point

gamma ray sources on and off the axis of cylindrical hole
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collimators have been reported by many authors ( Bell and
Johnston, 1968 ; Bell et al., 1970 : Simons et al., 1959 :
Simons, 1962 ; Simons 1964). These calculations are based
on the ray tracing technique and the limitations to the
expressions obtained have been discussed in details

( Bell and Johnston, 1968 ; and Bell et al., 1970 ).
Penetration factors for extended plane gamma sources
placed at a distance from a cylindrical collimator have
been calculated (El-Kazzaz and‘Bishara, 1988) by the
present author applying the approach of Rotenberg and
Johns (Rotenberg and Johns, 1965).

The aim of the present work ié to extend the approach
of Rotenberg and Johns to calculate the penetration factors
in cylindrical collimators when point, straight line, cir-
cular line and circular plane gamma sources are used. Then,
one can calculate the collimator sensitivity at different
gamma energies for each source shape used, Furthermore,
the derived formula for the point source is compared to

other theoretical formulae.

Calculation of collimator sensitivity.

The sensitivity of a collimator "S" to a source of
gamma rays, is related to its geometrical sensitivity ”Sb”

by the relation (Rotenberg and Johns, 1965)

S = Sa (1 +P) (1)
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where P is the penetration factor through the corners

of the collimator. Values of 80 for the different source
shapes used in the present study have been given before
Bell and Johnston, 1968 : and El-Kazzaz et al., 1988).
The penetration factor P for each case is calculated
applying the approach of Rotenberg and Johas,(1963),
based on the idea of shortening the collimator length

by a small distance "X" due to penetration of the gamma

rays through its corners. This is done as follows:

a- Point source

For a point source of activity N(dps) placed
axially at a distance h from the front face of a cylind-
rical collimator of length t and radius r, the geometrical

sensitivity is given by (Bell and Johnston, 1968)
1
S = (N/2) [1- H(HE + £H)™

where H = t + h. For values of H >> r, the above equation
reduces to

S = Ne% / 4u® (2)

To calculate the penetration of the gamma rays through

the back corners of the collimator consider that the
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collimator length is shortened by a small distance "X" from
the back side. In this case H is replaced by (H - x) and
the sensitivity Sx in this case is given by

s, = N / 4(H - x )2

The penetration factor P is calculated from the equation

Rotenberg and Johns, 1965)

X = 2/}_1
P = (1/5)) j{ (4 /ax). eP%, ax
x =0

where u is the linear absorption coefficient of the colli-
mator material at the gamma energy used. It can be shown

that P in this case is equal to

x=2/n
P= [ e - 2/)7% - 1] 4 i’ (H-x)"2
‘ x=0
e X dx (3)

Tt should be mentioned here that the two expressions

derived by Simons (Simons 1962) for the present case are:

z =t
p = 7pé o-ull g, (h+z)—3. eu(h+z) . dz
0

7z =
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which is referred to as Simons equation A, and used at H>>r.

And the approximate formula

P =21/ GH) + 31/ (W) 4 41/ (uH)® 4 ..

which is reférred to as Simons equation B, and used for yH > 12.

b— Straight 1ine source

When a straight line source of length L ({r) and activity
N{(dps) is placed horizontally at a distance h from the colli-
mator, the geometrical sensitivity of the collimator (El-Xazzaz,

1988 ) 1is
1
S, = Nr? / 4H.(H? + L%/ 4)7 (4)

Applying the same method used before to get Sx and P, it can
be shown that

C1 X=2/P e P* . dx
P=(C———1)+pC1 j - (5
x=0

2 (Hex) [(H-x)? + L2/4)%

1 —
where C1 = H(H2 + L2/4)E . e 2

Cp = (B 2/p) [(H = 2/p)? + L2/a)

c— Circular line source

In case of a circular line source of radius R (Kr)
and activity N(dps) lying horizontally so that the axis of
the collimator passes through its center, the geometrical

sensitivity (El - Kazzaz,1988),is given by

So = NR2H / 4(HZ 4 R2)3/2 (6)
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and the penetration factor is then

x=2/
P f“ (Hx) e P ax
< A [T T O L 7

where Cy = (H - 2/me™® / [(H - 2/ + 823/

C, =K/ (2 + %372

d- Circular plane source

For a circular plane source of radius R1 (Kr) and
activity N(dps) lying horizontally at a distance h from
the collimator, the geometrical sensitivity s given by
? E1-Kazzaz, 1988).

Se= (N/2) [ 1- B2 RD 7] ()

and similarly the penetration factor is

x=2/p

C
P=(—=-1+g- J(' (-8 )
6 6 o ((H-)" + RD)?

e H*, dx (9)

2

1
-3

where Com [1 - (H - 2/p) ((H - 2/p)% + R)7?) &

2 2.-1
Cq = [1 - H(H + KD
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It should be noted that “n all the cases studied the gamma
source lies in the umbra region of the collimator and
therefore the penetration is due to the rays passing only

through the back corners of the collimator.

RESULTS AND DISCUSSIONS

Equations 1-9 are used to calculate the sensitivity

nf the cylindrical collimator to the different source

shapes used at the different gamma ray energies. Figure 1
shows a sample of these results for the case where t = h=10 €m.
and r = 2 cm, The total activity "N" of each source is taken
as one microcurie. It is clear from the figure that the sensi-
tivity increased by about 14-16 7 for an increase in energy
from(Q to 1.2 MeV. Also it is found that the maximum diffe-
rence in sensitivity between the four source shapes studied

is less than 2 Z. This result leads to the conclusion that

in such cases one can use the simple formula of the point
source to get the sensitivity, at any gamma energy, for

other source shapes keeping in mird all the assumptions

mentioned before.

Values of the penetration factors calculated from
the present formula derived for the point source are compa-
red to those obtained from the two equations of Simons
(1962). Figure 2 shows this comparison at the different

pi values It is clear that the present results agree to
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more than 957 with those calculated from Simon equation 4.

The problem of penetration of the gamma rays through
the corners of the collimator-can be looked upon as to cause
an apparent increase in the radius of the collimator. There-
fore, in equation 2 if S, is replaced by S and r is replaced
by r+Ar, where Or is the apparent increase in radius.
then it can be shown that:

1
2

Ar/r = (1 +P)? -1

Figure 3 shows the dependence of Ar/r on the gamma energy

at ‘the different values of H.

CONCLUSION

The sensitivity of the cylindrical collimator is
calcﬁlated,;at different gamma energies, for different
sources lying in the umbra region of the collimator and
was found to be independent of the shape of the source
used. The equation derived in the present work for the
penetration factors of the point source is compared to
other theoretical equations and was found to agree to
more than 957 with the exact formula of Simons. The
apparent fractional increase in the collimator radius,
due to penetration of the gamma rays through the cornersy
is calculated at different energies and different source

to detector distances.
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Fig. 1 Sensitivity of che cylindrical collimator at different

gamma energies and for different source shapes.
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Fig. 2 Comparison of the present calculations of the pene-

tration factors of the point source to other calcula-
tions,
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Variation of the apparent fractional increase in

collimator radius with the gamma energy.
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