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Abstract

In this paper we calculate the total stopping power (collision and radiative) for positrons within the range of
energies (0.02 — 50) MeV for two elements (carbon and silver), also we calculate continuous slowing down
range (CSDA) for the same elements by using P. Bal etal. formula in the energy range (5-1000) MeV. The
results were compared with the data of ICRU which shows a good agreement.
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1.Introduction

When a fast charged particles passing through matter,
it will ionize the atoms or molecules, and gradually
loses energy while interactions with targets. Stopping
power is defined as the average energy loss of the
particle per unit path length, measured in MeV/cm, it
is a necessary ingredient for many parts of basic
science i.e. medical and technological applications.
Information about stopping power (s.p.) is essential in
many fields involving radiation. Research concerning
the stopping power has taken the position of the basic
theme in the fields of ion-matter interactions for a
long time, despite the long history of stopping power
research, the current knowledge, both experimental
and theoretical, is far from being complete, and is
often inadequate for the determination its values for
a variety of materials and a wide range of particle
energies[1]. The study of s.p. for positron and
electron through matter is an effective tool for
exploring the structure of matter and of interest in
many research fields, such as nuclear physics, atomic
physics, solid-state physics, radiation dosimetry and
nuclear technique applications. During the last two
decades, it has attracted a great deal of attention. The
s.p. calculations for B+ are studied in two different
ways: the first is to consider the interactions of
incoming positron with target electron, which is
called collisional s.p. that may end with annihilation
of radiation if the conditions are met, while the
second is to consider the fact that accelerated charged
particles is radiated, which is called radiative
stopping power or Bremsstrahlung [2]. In (1982),
Stephen M. Seletzer and Martin J. Berger [3] studied
radiative stopping power for elements with atomic
numbers Z of 1-100 and within range of energy
(1keV-10GeV) and then in (1984), studied collection
of stopping power for electrons and positrons, taking
into account that the correct density obtained
identical results with the practical consequences as
the delinquency rate was up to 2-1%.[4], also Hasan.
G et al. in(2006)[5] calculated the results of the
stopping power for positrons in some materials, such
as aluminum, silicon, copper, and liquid water. In
(2009), Ashok. K et al.[6] studied approximate
continuing slowdown (RSCDA) within the range of
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energy (0.01 - 100MeV) and in (2011) Priyanka. A et
al. [7] calculated stopping power for electrons and
positrons for the elements (C, Al, Si) within the range
of energy (30 keV - 3 MeV) where they found the
stopping power as a function of the atomic number Z
and atomic weight A, and the results were match
able with practical results.

2.Theoretical part:

2.1 Collision stopping power:

The theory of the mass collision stopping power for
heavy charged particles, electrons and positrons as a
result of soft and hard collisions combines the Bethe
theory[8], for a light charged particle with mass m
and velocity v, the collision stopping power is given

by :- [9].

SCOll =k [ln (

Where

F" is a dimensionless function for e* defined as:

F'(1) =2 1n2 - (B 412)[23 + 14/( T + 2) + 10/(T +
22 +4/(t+2)° (2

and

2(t + 2)
2(1/myc?)?

+ 2c
>+F (r)—6—7 (1)

ro: is the classical electron radius (r, me—zcz =2.82x10
15 m) :
z :is the projectile charge in units of electron charge;
I: is the mean excitation
C/Z :is the shell correction.
Electron rest mass energy = 0.511MeV

T
= mgc?
7: Kinetic energy in terms of rest mass
The mean excitation potential | is a geometric mean
value of all ionization and excitation potentials of an
atom of the absorbing material. Since binding effects
influence the exact value of I, calculation models are
often inadequate to estimate its value accurately.
Hence, | wvalues are wusually derived from
measurements of stopping powers in heavy charged
particle beams, for which the effects of scattering in
these measurements are kept minimal.
2.2 Radiative stopping power (bremsstrahlung):
The mass radiative stopping power is the rate of
energy loss by electrons or positrons that results in
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the production of bremsstrahlung only. Electrons and
positrons are light enough to generate significant
bremsstrahlung, which depends on the inverse square
of the particle mass for equal velocities. The Bethe —
Heitler [10] and Berger and Seltzer (1983)[11],
theories lead to the following formula for the mass
radiative

stopping Power (ICRU 37)[12]:

2
ML (E+mect)B ()

where the constant o,= é(e2 /m;c?)=5.80x10"% cm?

fatom, T is the particle Kinetic energy in MeV, and B,
is a slowly varying function of Z and T having a

value of % for T << 0.5 MeV, and roughly 6 for T =

1 MeV, 12 for 10 MeV, and 15 for 100 MeV.
2.3 Semi empirical stopping power equations of
positrons:
A semi empirical equation for the total stopping
power for positrons in elements, compounds, and
alloys has been used which is valid in the energy
region from (0.02 to 1000) MeV. The probability of
annihilation falls off rapidly with an increase of
positron velocity. It has been shown that the positron
behavior during penetration through matter is same as
electron behavior in regard to loss of energy, but the
absorption of positrons in a medium is important for
checking the phenomenon of annihilation which
causes the difference between the stopping powers
for electrons and positrons. In the energy region from
0.01 to 1000 MeV which is of interest here, positrons
lose energy mainly in two ways: (i) collision loss
which is effective at low energies (E < 1 MeV), and
(ii) radiation loss or bremsstrahlung loss which is
important at high energies (E > 1 Me V) and high Z
values. In spite of these two types of losses there
occurs the annihilation of positrons with atomic
electrons of the absorber. The loss of energy by the
annihilation process of positrons differs from that of
energy loss by electrons, and it should cause an
increase in stopping power for positrons in matter.
Analytical data shows that the stopping power for
positrons in matter is less than that for electrons. It is
due to less energy loss by positrons in the collision
process than by electrons.[12-15]. The total stopping
power S} .. of any stopping medium for positrons is
the sum of the collision stopping power SZ,;; and the
radiative stopping power S} ; written as [16,17].
Stotal= Séon * Sfaa + (4)
where superscripts ( + ) stand for positrons. Bethe and
Heitler have obtained an approximate relation
between collision stopping power and radiative
stopping power as
StalS&u=2E/ 800, (5)
where Z is the atomic number of the target atom, T is
the energy of incident positrons or electrons in MeV.
Combining Egs. (4) and (5) one can get

Stai= Séon (1+ZE/800) . (6)
With the help of a relativistic cross section for
positron scattering given by Bhabha, Rohrlich and

Sraa = 0,

ISSN: 1813 — 1662 (Print)
E-ISSN: 2415 — 1726 (On Line)

Carlson have shown that mass collision stopping
power for positrons is given by[18,19].
St = 2nNar2moc? (ZIA)(A/ B2 ) x[In (E/1)* +
In(1+t/2) +* (v)] (7)

Where

f*(r)=2In2-B2/12[23+14/ (t+2)+ 10/ (r +2)* +
41(t+2)3%]

and

1= E/myc? = (E-myc?) / mec? =y -1.
7 is the kinetic energy of incident positrons in units of
electron rest energy, N, is Avogadro's number, A is
the atomic weight in gram per mol, Z is the atomic
number, | is the mean excitation energy of the target
atom, r, = €/m,C? is the classical electron radius.
Berger and Seltzer have shown that the corrected
formula for collision stopping power for positrons
is[15]
SCIH = 2nNLr2moc3(Z/IAY(1/ B 2) x [In (E/1)? + In(1+ T
12)+ f(r)- 8] (8)
where 3 is the density effect correction.
We have expressed Eq. (8) as
SCIH = (4nNor2moc? )(ZIA) F*(E/E,, Z) (9)

Where

F*(E/E,, Z) =12 B2 [In(E/1)* + In(1+7/2) £* (1) -

3] (10)

A dimensionless function depending on kinetic
energy E in MeV of the incident positrons and atomic
number Z of the stopping medium, Eo is taken 1 Me
V in order to make the function F * dimensionless.
Equations (7) and (10) represent the total stopping
power semi empirical equation for positrons and can
be written as

St = 4nNar2m,c? (Z/A)( 1+ ZE /800 )F* (E/E,, Z),

(11)
where the function F * is given by
F*=P} +P(INE/E,) + P (INE/E, )? (12)
and P,", P/, and P ," are the parameters depending
on
atomic number Z as
Pf=al+bt(nZ)+ct (InZ)*, (13)

Where a ,*, by, and c; are the coefficients and n = 0,
I, and 2 The best-fit values of the coefficients have
been given as shown in table(1)

Table (1): Values of the coefficientsa ,*, b, and

ct.[18,19]
Coeffici | N | 0.01<(E/Ey)< | 0.1<(E/E,) | 1<(E/Ey)<1
ent 0.1 <1 000
0 +171.26 +11.717 +13.594
ap 1 +123.79 -0.6333 -3.6253
2 27.550+ +2.6607 +0.7448
0 -27.398 -0.6784 -2.7184
b 1 -20.171 +0.4034 +3.0727
2 -4.2187 -0.1826 -0.4487
0 +0.2366 -0.0537 +0.2594
fons 1 +0.1906 -0.0547 -0.4574
2 +0.0377 -0.0153 +0.0624
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2.4 Approximate expressions for R*cspa
The CSDA range of electrons or positrons in any
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absorber is defined as:
E, 1 (dE -
Resh, = [_; (5)] *dE. (19)

Where -1/ p (d E/ d x) : is the mass stopping
power of the absorber, p is the density of the
absorber, superscript ( + ) stand for positron, E, is the
kinetic energy of the incident electrons or positrons.
The total stopping theory is poor at the lowermost
energies. Batra and Sehgal[16] have given
expressions for the total stopping power for electrons
and positrons in matter in the energy region 0.3-5.0
MeV. Gupt a and G u p t a [17] have checked the
validity of Batra's expressions, and modified the
expressions to make them valid in the wider energy
region 0.2 - 10 MeV. They have also calculated the
CSDA ranges of electrons and positrons making use
of their proposed expressions in the same energy
region. At energies above 10 MeV their proposed
expressions are not valid. In spite of this the
analytical expressions for the total stopping power
and evaluation of CSDA ranges of electrons and
positrons from them involve the use of a computer
and much labor. Therefore to avoid this difficulty, the
authors [20] have proposed simple expressions for the
total stopping power for electrons and positrons of
energies 5-1000 MeV in any absorber to be

1 ,dE \, _

Z(E) —(MZ+N)(P:;+P;V),(15)
Where M, N, P} and P], are parameters. The
numerical values of the parameters M and N are the
same as listed by Batra and Sehgal [11] for m and ¢
respectively, and are listed in table(2)

ISSN: 1813 — 1662 (Print)
E-ISSN: 2415 — 1726 (On Line)

Table (2): Numerical values of the parameters M

and N [16]
z M N
(MeV cm?/g) | (MeV cm?/g)
1<Z <10 |-0.330 1.3230
10< Z < 36 | -0.0097 1.0911
36< Z < 92 | -0.0048 0.9156

The parameters P and P} are given as:

— 2
Py=A} +B,Z+C,Z° , (16)
PY=AT+BIZ+CTZ" , (17)
Where A, B *and C * (n =0, 1) are the coefficients,
y is the total energy of electrons or positrons in units
of m,c? (511 keV). One can get expressions for the
CSDA ranges of electrons and positrons from egs.
(14) and (15):

R.& =M gy [ZetPin | (g +
cSDA ~ (Mz+N)PT Pi+ Pt 11957 cspa /100
kev (18)
Where the values of (R CSJ; ) 100 ke v @re obtained

using the stopping power expressions given by Batra
and Sehgal [16]. Thus the CSDA range of positrons
in the energy region 5-1000 MeV in any absorber are
R + . mec? 1 P'(')'+ P'; 0
CSDA ™ (MZ+N) P +PI 11957 P
Where A¥, B and C are parameters. The numerical
values are listed in table(3)

T
0

)+ K

1

expressed as.
G (19)
Where K* = 0.0288

Table (3): Numerical values of the coefficients A* , B and C ' .[16]

Kinetic energy(T) | Atomic number | n A} B} Ct
(MeV) z
5 E <10 1<7Z <92 01 1.3580481 3.16801X1073 -
4,55151X107% | 1.38636X1073 -
5< E <103 1<7Z<92 0 1.4214145 1.22493X1073 | -8.7690X1075
1 1.02208X1073 | 1.52484X1073 | +3.81085X10°®

3.Results and Discussion

3.1 Discussion of Scy , Syagand Sior

The total stopping power S,,; was calculated by using
equations (11, 12, 13) Via Matlab R2008 b for the
elements C and Ag in the energy range (0.02 - 50)
MeV. Tables (4 and 5) and figures (1, 2, 3, 4)
represent the values of Sy .Sioq and Sy for elements
C and Ag. From these tables and figures, we found ,
that the results of S. is dominate Sy, due to the
smallness of energy range and the large electron
density for the elements under study. Hence the
probability of energy loss in electron field is greater
than that of nuclear field. The mechanism of energy
loss of emission of electromagnetic rediation arising
due to the smallness of positron mass which scattered
by the electric field of nucleus, that the result is the
positron deviation from its straight line caused by
electrical attraction of the nucleus. At energies of
(0.02 — 2.5) MeV this process is still relatively small.
However as the positron energy increases, the
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probability of Bremsstrahlung quickly shoots up so
that at energy of few tens of MeV loss of energy Sgeq
will become more than S results. At positrons
energies above the critical energy which is defined by
[21].

__ 1600mec?

E. (20)

the Sgr,e dominates completely. Since the values
depend on the strength of the electric field felt by the
positrons, the amount of screening from atomic
electrons surrounding the nucleus, play an important
role. Thus the cross section is dependent not only on
the incident positron energy, but as well as on its
impact parameter and the atomic number Z of the
target material. The effect of screening can be
parameterized by the quantity[22].

_100mg C*hf
& epm (@D

Where E,: initail total energy of positron, E: final
total energy of positron, hf: energy of emitted
photon(E-E,).
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Table(4) : The values of radiative, collision and total stopping power of Carbon of present study and
comparison of the values of Total stopping power and ICRU [12]. (MeV.cm?)/g

E(MeV) | (Srag)Present | (Scon)Present | (Syr)Present | ICRU | Error
Study/C Study/C Study/C (Stotar) %
0.02 0.0019707 13.137809 13.14 12.76 | 2.89
0.03 0.0021012 9.3385053 9.34 9.26 | 0.86
0.04 0.0021778 7.2594823 7.26 741 | 2.04
0.05 0.0022498 5.9993518 6.00 6.25 | 4.14
0.06 0.0023393 5.1983496 5.20 5.46 | 4.99
0.07 0.0024578 4.6815022 4.68 489 | 4.40
0.08 0.0026115 4.3525786 4.36 445 | 2.18
0.09 0.0028039 4,1539817 4.16 41 1.37
0.1 0.0026707 3.5609169 4.05 3.82 | 5.73
0.3 0.004804 2.1351016 2.14 2.09 | 2.33
0.35 0.0052652 2.0057852 2.01 1.97 | 2.04
0.4 0.0057235 1.9078391 1.91 1.89 | 1.23
0.45 0.006184 1.8322884 1.84 1.82 | 1.00
0.5 0.0066499 1.7733188 1.78 1.77 | 0.56
0.6 0.0076072 1.6904895 1.70 1.7 0.11
0.7 0.0086072 1.6394594 1.65 1.65 | 0.12
0.9 0.0107568 1.5935939 1.60 1.6 0.27
1 0.0110196 1.4692787 1.60 158 | 1.25
2 0.0228539 1.5235942 1.55 157 | 152
2.5 0.0289785 1.5455177 1.57 1.58 0.35
3 0.0352133 1.5650351 1.60 1.6 0.02
35 0.0415449 1.5826626 1.62 1.62 | 0.26
4 0.047963 1.598766 1.65 1.64 | 0.41
45 0.0544594 1.6136127 1.67 1.66 | 0.48
5 0.0610276 1.6274038 1.69 1.68 | 0.50
10 0.129761 1.7301462 1.86 1.83 | 1.61
15 0.2024904 1.799915 2.00 1.97 | 1.62
20 0.2780617 1.8537449 2.13 2.09 | 1.96
25 0.3558699 1.8979727 2.25 221 | 1.95
30 0.4355356 1.935714 2.37 233 | 1.74
40 0.59946 1.9982 2.60 256 | 1.45
45 0.6833766 2.0248197 2.71 267 | 1.41
50 0.7684283 2.049142 2.82 2.79 | 0.98
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Table(5): The values of radiative, collision and total stopping power of Silver of present study and
comparison of the values of Total stopping power and ICRU [12]. (MeV.cm?)/g

E(MeV) | (Srag)Present | (Scon)Present | (Syr)Present | ICRU | Error
Study/C Study/C Study/C (Stotar) %
0.02 0.0093555 7.9621104 7.97 7.88 | 1.15
0.03 0.0102882 5.8372999 5.85 5.86 | 0.21
0.04 0.0109206 4.6470459 4.66 475 | 1.98
0.05 0.0114715 3.9052061 3.92 4.05 | 3.40
0.06 0.0120439 3.4167188 3.43 3.57 | 4.12
0.07 0.0126922 3.0862474 3.10 3.21 | 3.58
0.08 0.0134472 2.8611108 2.87 294 | 2.28
0.09 0.0143272 2.7096309 2.72 2.72 | 0.15
0.1 0.0154738 2.6338374 2.63 254 | 3.31
0.3 0.0268137 1.5213457 1.55 145 | 6.34
0.35 0.0292362 1.4218206 1.45 1.37 | 5.59
0.4 0.0316512 1.3468617 1.38 1.32 | 4.24
0.45 0.0340889 1.2894147 1.32 1.28 | 3.29
0.5 0.0365694 1.2449141 1.28 1.25 | 2.46
0.6 0.0417104 1.1832733 1.22 1.22 | 041
0.7 0.0471437 1.1463514 1.19 1.19 | 0.29
0.9 0.059009 1.1160085 1.18 1.18 | 0.42
1 0.0549387 0.9351273 1.18 1.17 | 0.83
2 0.1250013 1.0638409 1.19 1.25 | 5.14
2.5 0.162105 1.1036934 1.27 1.3 2.70
3 0.2001641 1.1356826 1.34 1.35 | 1.06
35 0.2390036 1.1623273 1.40 1.4 0.09
4 0.278501 1.1851104 1.46 145 | 0.93
45 0.3185659 1.2049772 1.52 15 1.55
5 0.3591289 1.2225665 1.58 155 | 2.00
10 0.7837225 1.3339957 212 2.05 | 3.20
15 1.2299842 1.3957267 2.63 254 | 3.26
20 1.6896275 1.4379808 3.13 3.05 | 2.48
25 2.1588754 1.4698726 3.63 3.56 | 1.89
30 2.6355674 1.4953574 4.13 4,08 | 1.23
40 3.6061266 1.534522 5.14 513 | 0.21
45 4.0983063 1.5501868 5.65 5.66 | 0.20
50 4.5943009 1.5640173 6.16 6.19 | 0.51
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Fig(1) Comparison of the Total Stopping Power of Carbon of present work with ICRU
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Fig(3) Comparison of the Total Stopping Power of Silver of present work with ICRU
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3.2 Discussion of R¢spa ranges:

Rcspa represents the total path length which the
particle would travel into the absorber material during
slow down process in homogenous medium from the
initial to final zero kinetic energy.

Tables (6 and 7) and figures (5 and 6) represent Respa
of C and Ag in the energy range (5-1000) MeV by
employing equations (20, 21) respectively. These
values are mean quantities resulting from large
number of individual interactions which involve
transfering a small energy at small angles. The
tending to increase as Z increases due to effect of
multiple scattering, is responsible for reducing the
Colomb attraction and increasing Respa -

Table(6): Comparison of the values of Rcspa range of

positron (g/cm?) in Carbon

E(MeV) | Rcspa | Present Error
Work/C | %
5 2.975 | 2.7092 9.81
10 5.8 5.4654 6.12
30 15.35 | 15.2247 | 0.82
50 23.13 | 23.2096 | 0.34
100 38.08 | 38.4853 1.05
300 71.75 | 72.6603 1.25
500 905 | 91.6737 | 1.28
800 108.8 | 110.2885 | 1.35
1000 117.8 | 119.3999 | 1.34

Table(7): Comparison of the values of Rcspa range of
positron (g/cm?) in Silver

E(MeV) | Rcspa | Present Error
Work/ Ag | %
5 3.692 | 3.416 8.08
10 6.487 | 6.7002 3.18
30 13.3 13.497 1.46
50 17.25 | 17.3499 0.58
100 23.05 | 23.0193 0.13
300 32.69 | 32.5828 0.33
500 37.25 | 37.1505 0.27
800 41.46 | 41.3873 0.18
1000 43.46 | 43.4065 0.12
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Fig(6) Comparsion of Rcspa range of positron in Silver

Conclusions

1. Total stopping power is a function to the kinetic
energy of the incident particle and atomic number Z
of target material.

2. The range tends to increase as the incident energy
are increasing. In other words, as Z increases, the
multiple scattering of the positrons increases.

References

[1] Hemalata Singh, S. K. Rathil, A. S. Verma”,
2013. Stopping Powers of Protons in Biological
Human Body Substances” Universal Journal of
Medical Science 1(2): 17-22.

[2] W. H. Bragg and R. Kleeman, Philos. Mag., 10,
318 (1905).

[3] STEPHEN M. SELTZER and MARTIN J.
BERGER, "Procedure for Calculating the Radiation
Stopping Power for Electrons”,Int. J. AppL Radiat.
Isot. Vol. 33. P.P. 1219 - 1226. (1982).

142

3. The behavior of the positron during penetration
throughout matter is the same as electron behavior in
regard to loss of energy.

4. When the positron energies exceed a few tens of
MeV, the dominant mechanism of energy loss is by
emitting photons, i,e., by rediative energy loss.

5. Total stopping power values for positrons
decreases as atomic number Z of absorber element
increases.

[4] STEPHEN M. SELTZER and MARTIN J.
BERGER, "Improved Procedure for Calculating the
Collision  Stopping Power of Elements and
Compounds for Electrons and Positrons”, Int. J. Appl.
Radiat. Isot. P.P. 665-676,Vol. 35, No, 7,(1984 ).

[5] Hasan Gumu, s, Onder Kabaday, and M. C,
agatay Tufan "Calculation of the Stopping Power for
Intermediate Energy  Positrons "CHINESE
JOURNAL OF PHYSICS VOL. 44, NO.4(2006).

[6] A. Kumar, B. Salaria, S. Singh, Balkrishan, C.
haranjeet Singh, and G. S. Mudahar, "Study of CSDA



Tikrit Journal of Pure Science 21 (3) 2016

and Extrapolated Ranges of Electrons in some
Selected Solvents in the Energy Range of 0.01-100
MeV", Asian Journal of Chemistry, Vol.21, No.10,
p.p 130-134, (2009).

[7] Priyanka Agrawal, S. K. Rathi and A. S. Verma
,"Stopping power of carbon, aluminum and silicon for
electrons and positrons ", Priyanka Agarwal et al./
Elixir Chem. Phys. 37, P.P 3856-3859, (2011).

[8] H.A. Bethe, Ann. Physik 5 (1930) 325-400.

[91R. D. Evans, (1955). The Atomic Nucleus,
McGraw-Hill; reprinted , R. E. Krieger, Malabar

[10] H. Bethe and W. Heitler, Proc. R Soc. London
Ser. A 146, 83 (1934).

[11] J. Berger and S. M. Seltzer, National Bureau of
Standards NBSIR 82-2550-A (1982).

[12] ICRU, International Commission Radiation
Units and Measurements, 7910 Wood mont Ave.
""Stopping powers for electrons and positrons", Report
37, Bethesda MD 20814(1984).

[13] W. Koch and J. W. Motz, Rev. Mod. Phys. 31,
29 (1959).

ISSN: 1813 — 1662 (Print)
E-ISSN: 2415 — 1726 (On Line)

[14] W. H. Bragg and R. Kleeman, Philos. Mag., 10,
318 (1905)

[15] J. Berger and S. M. Seltzer, NASA Publication
SP-3012 (1964).

[16] K. Batra and M. L. Sehgal, Nucl. Instrum.
Methods 109, 566 (1973).

[17] K. Gupta and D. K. Gupta, Ind. J. Appl. Phys.
17, 775 (1979).

[18] J. Bhabha, Proc. R. Soc. London Ser. A 154,195
(1936).

[19] Rohrlich and B. C. Carlson, Phys. Rev. 93, 38
(1953).

[20] Bichsel, H.(1968). Charged particle interactions.
Chap 4 in Radiation Dosimetry, 2nd ed.,Vol. | (F. H.
Attix and W. C. Roesch, eds.), Academic Press, New
York.

[21] H.A. Bethe. g. Ashkin "Passage of radiation
through matter in experimental physics " Vol. | ed.by
E .serg (John wiley & Sons , Newyorke) USA (1993).
[22] William R. Leo "Techniques for nuclear and
particle physics "ch.2, p.p 99-110, springe’s — Verlag,
Germany (1987).

dadl) OJ‘.J&‘(;A‘;‘UJJ:J.J:‘“M\ hlall saag 4K dBUal §jlud pass
A Glal dgana laa ¢ taaa ol DA
) ¢ S ;u‘_)SJWB‘ijJ/ LS ¢ ‘:é’)'&//?"‘ﬁ

oailall

pladinly clgd g i<l Kae (50 — 0.02) A8Uall (a0 & Gl 5)9ll (Spag ) Scon) RSN GaY) 58 Glua & Adlal) Auall 4
Respa saissall shlall @il saall Glus oy S dadlly splSll graind diclen 5 Jb = (2 diasal il 4l Yol
lede Ulan ) adll . ypuminl) iy cdticlen 5 Jb = J 5A) dhige sl il (s S0 S (1000 — 5) iy cilig 35l

. ICRU 4 g lgijlia e T Gt

o el il (e Cup ¢ Azl ¢ el ¢ il dga Jangie ¢ duelad) ¢ dsaslial ¢ K GalaY) 3)3 dgalidal) cilalgl)

143



