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The ef fec tive atomic num ber (Zeff) of SixPb0.7-x(Fe2O3)0.3 ter nary al loys was ob tained for pho -
tons. Ray leigh to Compton scat ter ing ra tio (R/C) has been de ter mined to ob tain the Zeff of
SixPb0.7-x(Fe2O3)0.3 ter nary al loys of vary ing Si and Pb (10 %-60 %) con tent for scat ter ing of
59.54 keV g-rays at an an gle of 130°. The the o ret i cal R/C ra tios of el e ments were plot ted as a
func tion of the atomic num ber and fit ted to a poly no mial equa tion. Ex per i men tal R/C val ues
of al loys were then used to ob tain Zeff us ing this fit equa tion. Also, Zeff val ues of these al loys
were de ter mined for the first time by in ter po lat ing the R/C of the ma te rial us ing the R/C data
of ad ja cent el e ments in be tween the R/C of the al loy lies. The agree ment be tween the in ter po -
la tion method and the fit equa tion was quite sat is fac tory. The ob tained Zeff  for pho ton scat -
ter ing were then com pared to the Zeff for to tal pho ton at ten u a tion ob tained us ing the
Auto-Zeff pro gram. Sig nif i cant vari a tions were ob served be tween the Zeff for scat ter ing and
the to tal at ten u a tion of gamma rays.
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INTRODUCTION

Ferro al loys are known as var i ous al loys of iron
in clud ing one or more other el e ments such as cop per,
nickel, chro mium, man ga nese, alu mi num or sil i con
which are used in the pro duc tion of steels and al loys.
The said al loys are of use in nu clear en gi neer ing, in -
dus try, stain less steels, re ac tors, shield ing tech nol o -
gies (es pe cially lead-doped ferro al loys) [1, 2]. Thus,
knowl edge of their ra di a tion re lated phys i cal pa ram e -
ters such as mass at ten u a tion co ef fi cients, stop ping
power fac tors (for charged par ti cles), ef fec tive atomic
num ber and elec tron den sity is very im por tant for un -
der stand ing their be hav ior un der the charged and un -
charged ra di a tion in ter ac tion. The in ter ac tions of pho -
tons as well as charged par ti cles are of key im por tance
whether as pri mary or sec ond ary ra di a tion since var i -
ous ap pli ca tions in which ion iz ing ra di a tions are in -
volved take into ac count ra di a tion in ter ac tion prop er -
ties of the ma te ri als in dif fer ent en ergy re gions. Un like 
the el e ments, a sin gle num ber can not rep re sent the
multi el e ment ma te rial in the con tin u ous en ergy re gion 
as ex pressed by Hine [3]. Be cause it con tains el e ments
with dif fer ent atomic num bers and for each of the pro -

cesses by which ra di a tion in ter acts with mat ter, the
var i ous atomic num bers in the ma te rial have to be
weighted dif fer ently. Ac cord ingly, Zeff is not a true
con stant for a given ma te rial but var ies with en ergy,
de pend ing on the in ter ac tion pro cesses in volved. 

Re fer ring to lit er a ture, ex per i ments based on
pho ton at ten u a tion have been widely used to de ter -
mine the Zeff of al loys. A non-de struc tive tech nique
based on the scat ter ing of pho tons has also been used
to ob tain the Zeff of al loys, al though not as ex ten sively
as for the at ten u a tion of pho tons. Singh et al. [4] mea -
sured the ef fec tive atomic num ber of brass and bronze
com pos ites (com po si tion of al loys; Cu-70 %, Zn-30 % 
and Cu-60 %, Sn-40 %) us ing the Ray leigh to
Compton scat ter ing ra tio of  145 keV pho ton en ergy at
a 70° scat ter ing an gle. The ef fec tive atomic num ber of
com pos ite ma te ri als of known com po si tion such as
brass, bronze, sol der ing ma te rial, perspex, and bake-
lite were stud ied us ing the Ray leigh to Compton scat -
ter ing ra tio of 279 keV g-rays at a 50° scat ter ing an gle
[5]. Singh et al. [6] de ter mined the ef fec tive atomic
num ber of some bi nary al loys us ing mul ti ple scat ter -
ing of 662 keV gamma rays and have uti lized the Ray -
leigh to Compton scat ter ing ra tio for the 145 keV pho -
ton en ergy to de ter mine the ef fec tive atomic num ber of 
Pb-Sn al loys (7). Kumar and Umesh [8] mea sured the
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ef fec tive atomic num ber of com pos ite ma te ri als for
the gamma ray re gion of 280-1115 keV at dif fer ent
scat ter ing an gles. Demir and Tursucu [9] in ves ti gated
the ef fec tive atomic num ber of FeCr and FeNi bi nary
ferro al loys us ing the Ray leigh to Compton scat ter ing
ra tio of 59.54 keV pho ton en ergy at a 167° scat ter ing
an gle. Yilmaz et al. [10] mea sured the ef fec tive atomic 
num ber of gun shot res i dues (com posed of Pb-Sb,
Cu-Zn al loys and nitrocellulose) us ing the Ray leigh to
Compton scat ter ing ra tio of 59.54 keV pho ton en ergy.
Ef fec tive atomic num bers for var i ous ma te ri als have
been pre vi ously stud ied as well [11-14].

In the pres ent study, a ter nary (lead-ferro sil i con) 
al loy SixPb0.7-x(Fe2O3)0.3 has been used to in ves ti gate
ra di a tion in ter ac tion char ac ter is tics since iron is be ing
used as a struc tural ma te rial in nu clear re ac tors along
with the high Z el e ment, lead is be ing used as a ra di a -
tion shield ing ma te rial. This type of al loy has not been
di rectly used in nu clear tech nol ogy yet. How ever, it
would be in ter est ing to in ves ti gate its ra di a tion in ter -
ac tion be hav ior since it con tains key el e ments such as
Fe and Pb. There fore, SixPb0.7-x(Fe2O3)0.3 ter nary al -
loys have been in ves ti gated with re spect to the Zeff for
scat ter ing of 59.54 keV gamma rays at a scat ter ing an -
gle  of  130°. The  ex per i men tal  ge om e try shown in
fig. 1 al lowed the an gle of 130° as a scat ter ing an gle.
This scat ter ing an gle was se lected in or der to in ves ti -
gate the scat ter ing of pho tons in com par i son to the at -
ten u a tion of pho tons. Also, an al ter na tive method,
namely in ter po la tion, was used to ob tain Zeff for the
scat ter ing of gamma rays as a means of com par ing it
with the com monly used fit ting pro ce dure for ob tain -
ing Zeff. An Am-241 an nu lar mono en er getic ra dio ac -
tive source emit ting 59.54 keV pho tons was used in
this work. The an nu lar form of the source al lowed
gamma rays of 59.54 keV to scat ter at an an gle of 130°. 
There fore, the scat ter ing an gle has been kept con stant,
but the con cen tra tions of el e ments con sti tut ing the al -
loy have been var ied. More over, the Zeff of the cho sen
al loys was es ti mated for dif fer ent types of in ter ac -

tions, such as to tal pho ton at ten u a tion at 59.54 keV us -
ing dif fer ent meth ods as well.

METHOD

Zeff for scattering of gamma rays

First method (fit ting equa tions)

In or der to de ter mine the Zeff of the cho sen al -
loys, the Ray leigh to Compton scat tered pho ton in ten -
sity ra tios were used. At a scat ter ing an gle of q, the
num ber of Ray leigh (NR) and Compton (NC) pho tons
are di rectly pro por tional to the ar eas of their re spec tive 
peaks in the mea sured spec trum. In ad di tion, the scat -
tered in ten sity ra tios can be the o ret i cally cal cu lated
us ing eq. [15]
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where N0 is the ini tial fluence, hat – the num ber of at -
oms per vol ume of the sam ple, DW – the solid an gle
sub tended by the de tec tor, e – the de tec tor ef fi ciency,
AR and AC are the self-at ten u a tion fac tors for each of
the scat ter ing pro cesses, [ds/dW]R and [ds/dW]C are
dif fer en tial cross-sec tions, re spec tively [15]. If NR and 
NC are mea sured in the same geo met ric con di tions of
ir ra di a tion and de tec tion, then N0, hat, DW, V, and e be -
come con stant val ues. Equa tion (1) can be re writ ten
con sid er ing the Thomson, [ds/dW]Th, and
Klein-Nishina, [ds/dW]KN, dif fer en tial cross-sec tions, 
the atomic form fac tor, F, and the in co her ent scat ter ing 
func tion, S, which are de pend ent on the mo men tum
trans fer (x = sin(q/2)/l), 

R

C
x Z

A

A

F

( , )

(

=

é

ëê
ù

ûú

é

ëê
ù

ûú

=

æ

è
ç

ö

ø
÷

d

d

d

d

d

dR
R

C
C

Th

s

s

s

W

W

W

2 x Z A

S x Z A

, )

( , )

é

ë
ê

ù

û
ú

æ

è
ç

ö

ø
÷

é

ë
ê

ù

û
ú

R

KN
C

d

d

s

W

(2)

The self-at ten u a tion fac tors for the Ray leigh and
Compton in ten si ties can be cal cu lated as

A V v E L E L Vi sR d= - +ò1
0 0

/ exp [ ( ) ( ) ]m m

and
A V v E L E L Vi sR

C
d= - +ò1

0
/ exp [ ( ) ( ) ]m m

re spec tively [15]. m(E0) and m(EC) are the lin ear at ten -
u a tion co ef fi cients for the in ci dent (E0) and Compton
(EC) scat tered en er gies, Li is the dis tance from the sur -
face of the  sam ple to the el e men tal scat ter ing vol ume
(dV) and LS from this el e ment to the sur face of the sam -
ple, in the di rec tion of the de tec tor [15, 16]. For a fixed
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Fig ure 1. Ray leigh to Compton scat ter ing ra tio as a
func tion of the atomic num ber of el e ments. Fit ting to a
fourth or der poly no mial equa tion gives best fit ting as R2 is ~1



ex per i men tal con di tion, when a small en ergy shift oc -
curs be tween Ray leigh and Compton scat ter ing and
thus ra tio of AR and AC be comes 1 (AR/AC » 1) [15-18].
In this case, eq. (2) can be re duced. How ever, in the
pres ent work there is an en ergy shift be tween Ray leigh 
and Compton scat ter ing, thus the con di tion AR/AC » 1
can not be sat is fied. There fore, self-at ten u a tion cor rec -
tion fac tors were cal cu lated and prop erly used in eq.
(2). If mo lec u lar weight and el e men tal com po si tion
frac tions of the given com pounds or com pos ite ma te ri -
als are known, R/C is cal cu lated by weight ing the
atomic per cent ages  a j

at of el e ments as fol low ing [17]
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where a j
at is de fined by weight per cent age wj and

atomic mass Aj of the jth el e ment as [17]
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Af ter the de ter mi na tion of R (the o ret i cally or ex -
per i men tally), the Zeff can be cal cu lated us ing the in -
ter po la tion for mula at the same scat ter ing an gle and
en ergy as well.

For a fixed mo men tum trans fer, R/C is a func tion 
of only the Z of the sam ple [15, 16, 18-20]. There fore,
the o ret i cal val ues of R/C can be cal cu lated via eq. (3)
and, when plot ted in func tion of Z for pure el e ments,
then the Zeff of the ma te rial can be de duced us ing the
best fit equa tion [15, 16]. Those data were plot ted con -
sid er ing the F and S val ues and their cor re spond ing x
mo ments from Hubbell et al. [20, 21] for el e ments
with 25 £ Z £ 70, as shown in fig. 1. The con tin u ous
line is the re sult of the best poly no mial fit. The equa -
tion for the best-fit curve is shown as well (fig. 1). 

Second method (interpolation)

Zeff of the cho sen al loys can be es ti mated us ing a
well-known in ter po la tion pro ce dure shown be low
[22]

  Z
Z R R Z R R

R R
eff =

- + -

-
1 2 2 1

2 1

(log log ) (log log )

log log
(5)

where R1 and R2  are the R/C ra tios in be tween the R of
the ma te rial lies and Z1 and Z2 are atomic num bers of
the el e ments cor re spond ing to the ra tios (R/C) R1 and 
R2, re spec tively. The use of the above in ter po la tion
method in scat ter ing ex per i ments has been ex plained
in de tail else where [23].

Zeff for total photon attenuation 

First method

The Auto-Zeff pro gram was used to cal cu late the
Zeff of the given ma te ri als for to tal pho ton at ten u a tion
at 59.54 keV [24]. It was used to cal cu late Zeff for
multi-en er getic pho tons emit ted through het er o ge -
neous ra di a tion sources such as Pd-103, Tc-99,
Ra-226, I-131, Ir-192, Co-60, 30 kVp, 40 kVp, 50 kVp 
(Intrabeam, Carl Zeiss Meditec), and 6 MV (Mohan-6
MV) sources as well.

Second method (single Zeff)

A sin gle-val ued Zeff was be ob tained by us ing
Mayneurd's for mula as fol lows [12, 14, 25]

Z Zi iieff = å( ). / .a 2 94 1 2 94 (6)

where ai is the frac tional num ber of elec trons of el e -
ment i which can be cal cu lated us ing the be low for mula
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EXPERIMENTAL

The al loys used in this study were in fine pow der
form. The con cen tra tions of light and heavy el e ments
have been var ied from 10 % to 60 %. Ta ble 1 lists the
weight frac tions, thick nesses and den si ties of the cho -
sen al loys. The sam ples were pelleted us ing a press ing
ma chine to form tab let sam ples prior to mea sure ments. 
The pel lets were pressed at 8 tons/cm2 in a Spex hy -
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Table 1. Elemental composition, thickness and density of the chosen alloys

Weight fraction [%] R/C

Alloy Fe2O3 Si Pb Density [gcm–3] Thickness [cm] Experiment Theory

Pb0.1-Si0.6-(Fe2O3)0.3 30 60 10 2.84 0.37 0.05 0.06

Pb0.2-Si0.5-(Fe2O3)0.3 30 50 20 3.12 0.34 0.09 0.10

Pb0.3-Si0.4-(Fe2O3)0.3 30 40 30 3.55 0.31 0.13 0.14

Pb0.4-Si0.3-(Fe2O3)0.3 30 30 40 3.89 0.29 0.17 0.18

Pb0.5-Si0.2-(Fe2O3)0.3 30 20 50 4.58 0.25 0.21 0.23

Pb0.6-Si0.1-(Fe2O3)0.3 30 10 60 5.45 0.21 0.25 0.28



drau lic press. In this way, the sam ples ob tain a smooth
sur face so that er rors due to the im proper shape of the
sam ples are min i mized. The mass of each al loy was
scaled us ing a scale with a 10–5 g ac cu racy. The ex per i -
men tal ar range ment is shown in fig. 2. In or der to ob -
tain the Ray leigh/Compton scat ter ing in ten sity, all al -
loys were ex cited us ing 59.54 keV gamma rays
emit ted from an Am-241 an nu lar ra dio ac tive source
(100 mCi). The scat ter ing peaks (Ray leigh and
Compton peaks) emit ted from the tar gets were de -
tected by a Si(Li) de tec tor (ef fec tive area 12 mm2,
thick ness 3 mm, Be-win dow thick ness 0.025 mm,
Can berra SL30165, with en ergy res o lu tion of 165 eV
at 5.9 keV) and an a lyzed us ing the Ge nie-2000 soft -
ware. The data were col lected into 4096 chan nels of
the MCA and fur ther an a lyzed by the demo ver sion of
the Or i gin 7.5 soft ware pro gram. The count ing time
for each mea sure ment was kept at 10800 s in or der to
re duce the sta tis ti cal un cer tain ties due to count ing sta -
tis tics, both for Ray leigh and Compton peaks. The
scat ter ing an gle is 1300, sam ple-to-source and
source-to-de tec tor dis tances were kept as 10 cm. 

RESULTS AND DISCUSSION

The var i ous sources of er ror in the mea sure -
ments are due to count ing sta tis tics, mass thick ness de -
ter mi na tion and eval u a tion of photo peak ar eas by
peak fit ting, etc. The er ror in the count ing sta tis tics
was re duced to <1 % by col lect ing at least 104 counts
un der the Compton and Ray leigh peaks. By ac cu mu -
lat ing at least 104 counts un der the peak, the sub se -
quent un cer tainty be comes 1 % ac cord ing to the er ror
prop a ga tion for mula N N/ ,  where the num ber of to -
tal counts un der the peak is N. The eval u a tion of the
area of scat tered peak by peak fit ting was done us ing
the demo ver sion of Or i gin which gives the es ti mated
er ror as an out put as well. The er ror as so ci ated to eval -
u at ing the area of the scat tered peak by peak fit ting
rou tine was less than 3 %. Mass thick nesses were mea -
sured by a mi crom e ter which could mea sure down to
0.01 cm. The un cer tainty in es ti mat ing the mass thick -
ness of the tar gets was about 1 %. The un cer tainty in
the scat ter ing an gle was ap prox i mately 1 %. The un -
cer tain ties in the peak fit ting and log-in ter po la tion
pro ce dure were based on the der i va tion of Ray leigh

and Compton cross sec tions and the atomic form fac -
tor and in co her ent scat ter ing func tions. The
un cer tain ties  in  F (x, Z)  and  S (x, Z)  were found to be
less than 1 % [20]. By us ing the R/C ra tio, the sen si tiv -
ity to sam ple thick ness vari a tion and po si tion ing can
be re duced, thus lead ing to lower ex per i men tal un cer -
tain ties [17].

Typ i cal scat ter ing spec tra for the cho sen al loys
were shown in fig. 3. It is well-known that Compton
scat ter ing is more dom i nant in low and me dium Z ma -
te ri als than in those of high Z. It is ob vi ous that the al -
loy which has the low est weight frac tion of Pb has the
high est Compton peak in ten sity (fig. 3). Up to now, the 
Zeff of the ma te ri als for gamma scat ter ing has been de -
ter mined us ing fit ting equa tions [9, 13, 15-19]. In the
pres ent work, an al ter na tive method has been em -
ployed to show its avail abil ity for es ti mat ing Zeff for
scat ter ing of gamma rays. For this pur pose, two dif fer -
ent meth ods were com pared with re spect to the ob -
tained Zeff. The R/C of the ma te rial and the data of ad -
ja cent el e ments in be tween the R/C of the ma te rial lies
were used to in ter po late the Zeff of the cho sen al loys.
Fig ure 4 shows the rel a tive dif fer ence (%) be tween the 
ex per i men tal and the o ret i cal val ues of Zeff. The rel a -
tive dif fer ences were found to be <8 % be tween the ex -
per i men tal and the o ret i cal val ues of Zeff. Shown in fig.
5 is the rel a tive dif fer ence (%) in Zeff ob tained us ing
the fit ting equa tion and in ter po la tion for mula. An ex -
cel lent agree ment has been ob served be tween the two
meth ods as rel a tive dif fer ences (%) were al ways <8 %. 
There fore, the in ter po la tion was found to be an al ter -
na tive and prac ti cal method for the cal cu la tion of Zeff

for scat ter ing of gamma rays.
Be sides, for the scat ter ing of gamma rays, the  

Zeff  val ues of the cho sen al loys for to tal pho ton at ten u -
a tion were ob tained by us ing the Auto-Zeff pro gram
[24] and a sin gle-val ued Zeff, in de pend ent of  the en -
ergy  ac quired  through  Mayneourd's for mula [25].
To tal  at ten u a tion  re fers  to  the sum of at ten u a tions
due to each par tial in ter ac tion pro cess. In the case of
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Fig ure 2. Sche matic di a gram of the ex per i men tal set-up.
In ci dent and scat tered beam and rep re sen ta tion of
scat ter ing an gle are in cluded

Fig ure 3. Typ i cal scat ter ing spec tra of the cho sen al loys
at 59.54 keV. Note that the Compton scat ter ing peak has
greater in ten sity than that of Ray leigh scat ter ing due to
high weight frac tion of lighter el e ments in the al loy



pho tons, the par tial in ter ac tion mech a nisms are pho to -
elec tric ef fect, Compton scat ter ing and pair pro duc -
tion. Cal cu lated   Zeff  val ues  of   the   se lected   al loys  
for   the at ten u a tion of gamma rays in the en ergy re gion 
10 keV-1 GeV and those ob tained us ing Mayneourd's
for mula [25] have been given in tab. 2. More over, Zeff

val ues of the cho sen al loys have been cal cu lated for

pho ton ra di a tion sources het er o ge neous in en ergy us -
ing Auto-Zeff. Re sults for het er o ge neous ra di a tion
sources are given in tab. 3. As can be seen, al loys with
higher Pb con tent pos sess higher  Zeff val ues. Zeff for
pho ton scat ter ing and to tal at ten u a tion are shown in
fig. 6. For to tal pho ton at ten u a tion, Zeff val ues make a
peak around 100 keV due to the high pres ence of the Z,
el e ment, Pb (K-ab sorp tion edge ~88 keV) in the al loy
fig. 6(a). Sin gle-val ued Zeff val ues for pho ton at ten u a -
tion ob tained us ing the em pir i cal for mula have been
found to in crease as the weight frac tion of Pb for the
cho sen al loys in creases at 59.54 keV, fig. 6(b). It is
well-known that Mayneourd's for mula gives an en -
ergy in de pend ent Zeff for any ma te rial and that this for -
mula is known to be valid at low pho ton en er gies
where pho to elec tric ab sorp tion dom i nates.  The high -
est val ues of Zeff were ob tained through the power law
equa tion, i. e. Mayneourd's for mula, and it has been
ob served that Zeff in creases as the weight frac tion of
high Z el e ments in creases in the al loy in gen eral (fig.
6).

 The higher val ues of Zeff were ob served for pho -
tons in the low en ergy re gion. This could be due to the
fact that at the en ergy of 59.54 keV the main in ter ac -
tion pro cess is pho to elec tric ab sorp tion for pho ton in -
ter ac tion and its cross-sec tion is pro por tional with
Z4-5 of the el e ments con sti tut ing the al loy. Due to the
pres ence of high Z el e ments in the al loys, i. e. Pb (Z =
82), pho to elec tric ab sorp tion be comes more dom i nant
for the cho sen al loys at that en ergy and that could lead
to the high est val ues of Zeff for pho ton in ter ac tion.
There fore, due to the high Z de pend ence of pho ton in -
ter ac tion cross-sec tions, the high est Zeff is ob served
for pho tons. As for large dif fer ences ob served in Zeff

for the scat ter ing and at ten u a tion of gamma rays, it has
to be noted that the R/C in creases sharply as the weight
frac tion of the high Z el e ment pres ent in the al loy in -
creases (fig. 7). When com pared to Compton scat ter -
ing, the Ray leigh scat ter ing be comes more dom i nant
in this en ergy re gion if the ma te rial has a high con tent
of the high Z el e ment Pb. This re sults in a dra matic in -
crease in the Ray leigh scat ter ing cross-sec tion as it has 
a Z2 de pend ence. While the Compton scat ter ing
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Fig ure 4. Dif fer ences be tween ex per i men tal and
the o ret i cal val ues of Zeff ob tained us ing fit ting and
in ter po la tion meth ods. There is an agree ment up to a
rel a tive dif fer ence of 8 %

Fig ure 5. Dif fer ences in Zeff be tween the fit ting and in ter -
po la tion meth ods. Agree ment be tween the two meth ods
is quite sat is fac tory (dif fer ence <8 %)

Table 2. Zeff of the selected alloys for photon scattering and attenuation

Energy
[MeV]

A1 A2 A3 A4 A5 A6

Aa Mb A M A M A M A M A M

1.00E-02 17.4 36.5 31.0 45.5 34.2 52.3 36.2 57.9 38.4 62.8 41.0 67.2

5.00E-02 20.9 36.5 24.0 45.5 26.6 52.3 29.2 57.9 32.3 62.8 34.8 67.2

1.00E-01 27.3 36.5 33.2 45.5 37.9 52.3 42.3 57.9 46.6 62.8 51.2 67.2

5.00E-01 17.1 36.5 20.3 45.5 24.2 52.3 28.9 57.9 34.5 62.8 41.2 67.2

1.00E+00 15.9 36.5 17.9 45.5 20.3 52.3 23.3 57.9 27.3 62.8 32.5 67.2

1.00E+01 16.9 36.5 19.3 45.5 22.1 52.3 25.4 57.9 29.3 62.8 34.3 67.2

5.00E+01 17.5 36.5 20.2 45.5 23.3 52.3 26.7 57.9 30.7 62.8 35.7 67.2

1.00E+02 17.6 36.5 20.3 45.5 23.3 52.3 26.8 57.9 30.8 62.8 35.8 67.2

5.00E+02 17.5 36.5 20.3 45.5 23.3 52.3 26.8 57.9 30.9 62.8 35.9 67.2

1.00E+03 17.5 36.5 20.3 45.5 23.3 52.3 26.7 57.9 30.9 62.8 35.9 67.2

a Refers to the at ten u a tion of pho tons, b Refers to the Mayneourd's for mula (sin gle Zeff)



cross-sec tion re mains more or less the same for high Z
ma te ri als, the Ray leigh scat ter ing cross-sec tion in -
creases much more and thus gen er ates a high ra tio of
R/C. This could be the rea son for ob serv ing large dif -
fer ences in Zeff be tween the scat ter ing and at ten u a tion
of pho tons.

CONCLUSION

In the pres ent work, the ef fec tive atomic num bers
(Zeff) of SixPb0.7-x(Fe2O3)0.3 ter nary al loys were ob tained
for scat ter ing of gamma rays and to tal pho ton at ten u a -
tion. In the ex per i men tal part of the pa per, the Ray leigh to 
Compton scat ter ing ra tio (R/C) has been used to ob tain
the Zeff of SixPb0.7-x(Fe2O3)0.3 ter nary al loys for scat ter -

ing of 59.54 keV g-rays at an an gle of 130°. Also, Zeff val -
ues of these al loys were de ter mined by an in ter po la tion
pro ce dure and an ex cel lent agree ment ob served be tween
in ter po la tion and fit ting meth ods. The ob tained Zeffs for
pho ton scat ter ing were then com pared to the Zeffs for to tal 
pho ton at ten u a tion, ob tained us ing the Auto-Zeff pro -
gram. Sig nif i cant vari a tions were ob served be tween the
Zeffs for scat ter ing and to tal at ten u a tion of gamma rays.
The re sults led to a con clu sion that Zeff de pends on the
type of the in ter ac tion pro cess, i. e.  that scat ter ing or at -
ten u a tion, even for the same type of ra di a tion, can not be
con sid ered as a true con stant.
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Mehmet BUJUKJILDIZ, Murat KURUDIREK

PRORA^UN  EFEKTIVNOG  ATOMSKOG  BROJA
SixPb0.7-x(Fe2O3)0.3  TROJNIH  LEGURA  ZA  FOTONE

U radu je izra~unat efektivni atomski broj Zeff trojne legure SixPb0.7-x(Fe2O3)0.3 za fotone.
Odre|en je odnos R/C Rejlijevog i Komptonovog rasejawa kako bi se izra~unao efektivni atomski
broj trojne legure SixPb0.7-x(Fe2O3)0.3 sa promenqivim sadr`ajem Si i Pb (10-60 %), za rasejawa gama
fotona energije 59.54 keV pri uglu od 130°. Teorijske vrednosti odnosa R/C elemenata legure
prikazane su kao funkcija atomskog broja i fitovane na polinomijalni oblik. Potom su
eksperimentalne vrednosti R/C iskori{}ene kako bi se dobile Zeff vrednosti pomo}u ove
polinomijalne jedna~ine. Tako|e, vrednosti Zeff ovih legura odre|ene su po prvi put
interpolacijom R/C odnosa za materijale primenom podataka o R/C odnosu susednih elemenata u
~ijem su opsegu R/C vrednosti legura. Dobijeno je vrlo zadovoqavaju}e poklapawe rezultata
metodom interpolacije i primenom fitovawa jedna~ina. Izra~unate vrednosti Zeff za rasejawe
fotona upore|ene su potom  sa vrednostima za totalnu atenuaciju fotona dobijenim primenom
programa Auto-Zeff. Uo~ene su zna~ajne varijacije izme|u Zeff za rasejawe i totalnu atenuaciju gama
zra~ewa.

Kqu~ne re~i: efektivni atomski broj, trojna legura, rasejawe, naelektrisana ~estica


