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In pres ent work we use NaI(Tl) de tec tor in nar row-beam good ge om e try set-up for the
gamma ray at ten u a tion stud ies of some low-Z ma te ri als. The pa ram e ters such as mass at ten u -
a tion co ef fi cients, ef fec tive atomic num bers and ef fec tive elec tron den si ties, atomic cross-sec -
tions, elec tronic cross-sec tions of ma te ri als for gra phitic pow der, polycarbonate, poly vi nyl
chlo ride, plas ter of Paris, gyp sum, and lime stone were de ter mined us ing gamma ray sources
57Co, 133Ba, 137Bs, 60Co, and 22Na at en er gies of 122, 356, 511, 662, 840, 1170, 1275, and
1330 keV. It was ob served that the ef fec tive atomic num bers and ef fec tive elec tron den si ties
ini tially de crease and tend to be al most con stant as a func tion of gamma-ray en ergy. An at -
tempt was done to check the avail abil ity of these low-Z ma te ri als at large scales and ob tain able 
at low cost as gamma ray shield ing ma te ri als. The in ves ti gated data are use ful in elec tronic in -
dus try, plas tic in dus try, build ing ma te ri als, and ag ri cul ture fields.
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INTRODUCTION

The in ves ti ga tion of mass at ten u a tion co ef fi cient,
ef fec tive atomic num ber, and elec tron den sity of ma te -
ri als are the most im por tant in the study of ra di a tion in
many fields. Nu clear ra di a tion con sists of high-en er -
getic pho tons. The in ter ac tion of gamma rays with mat -
ter is wide spread ap pli ca tion in nu clear phys ics, elec -
tronic in dus try, ma te rial mod i fi ca tion, med i cal sci ence,
coat ing, paint in dus try, ag ri cul ture in dus try, etc. The in -
ter ac tion pro cess mainly de pends upon the in ten sity and 
the type of ab sorb ing ma te rial. The gamma rays have
greater pen e trat ing power and obey dif fer ent ab sorp tion 
laws [1]. As the use of ra di a tion is wider for dif fer ent
ap pli ca tions, it is very im por tant to study the in ter ac tion
and ab sorp tion of gamma ra di a tions in ma te ri als. For
the study of ab sorp tion and in ter ac tion the ba sic quan ti -
ties are ef fec tive atomic num ber, elec tron den sity and
mass at ten u a tion co ef fi cient [2]. The study of at ten u a -
tion co ef fi cient gives more im por tance to ma te ri als in
the en ergy range 10-1500 keV. The gamma ra di a tion in
the en ergy re gion 200 keV to 1500 keV in ter acts with
ma te rial mainly due to a dom i nance of pho to elec tric
and Compton ef fect pho ton in ter ac tion pro cesses. Mass 
at ten u a tion co ef fi cient (mm) is the mea sure of the prob a -
bil ity in gamma ray in ter ac tion with mat ter [3]. The

com pos ite ma te ri als are syn the sized ma te ri als from one
or more con stit u ent ma te ri als.  The com pos ite ma te ri als
are widely used in var i ous fields such as na val, aero -
space, au to mo tive in dus try, and tech nol ogy. This is due
to their unique at trib utes such as non-ex is tence of ero -
sion, rust and high resistibility at high tem per a ture. Ow -
ing to these ad vances the com pos ite ma te ri als are pop u -
lar in in dus trial ap pli ca tions [4].

Over the last 20 years of in ves ti ga tions in fu sion
re search all fu sion de vices have im ple mented low-Z
car bon based ma te ri als as plasma fac ing ma te ri als, as
they en hance the per for mance of these ma te ri als such
as den sity, tem per a ture and en ergy con fine ment [5].
The de vices pre pared from low-Z ma te ri als have the
ex cel lent thermo-me chan i cal prop er ties and due to
this will not melt at nor mal heat. The low-Z el e ments
show the ad vanced prop er ties when use car bon as 
dop ants or coat ings [6]. De vel op ing new ad vanced
ma te ri als in re cent years for nu clear sci ence has be -
come in creas ingly crit i cal to high de mand on better
shield ing in ex treme en vi ron ments. Ra di a tion shield -
ing ma te ri als pos sess good me chan i cal prop er ties long 
term re li abil ity with suit able thermo-phys i cal char ac -
ter is tics [7]. The cor rect val ues of mass at ten u a tion co -
ef fi cient are found of im mense im por tance for var i ous
fields such as nu clear di ag no sis, ra di a tion pro tec tion,
nu clear med i cine, ra di a tion do sim e try, ra di a tion bio -
phys ics, etc. The mass at ten u a tion co ef fi cient data are
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also used in pen e tra tion and en ergy de po si tion in
shield ing and other dosimetric ma te ri als. In com pos ite 
ma te ri als the sin gle num ber can not rep re sent the
atomic num ber, the num ber for com pos ite ma te ri als is
termed “ef fec tive atomic num ber (Zeff)” and it var ies
with en ergy. The en ergy ab sorp tion will be cal cu lated
if cer tain con stants are known i. e., ef fec tive atomic
num ber (Zeff) and elec tron den sity (Nel) of the ma te ri -
als, there fore the study of ef fec tive atomic num ber and
elec tron den sity is very use ful for many ap pli ca tions:
in UV-sun light pro tec tion, coat ings, paints, elec tronic
in dus try as well as med i cal field [8]. Re cently few re -
search ers in our lab o ra tory in ves ti gated the val ues of
mass at ten u a tion co ef fi cient, ef fec tive atomic num -
bers, elec tron den si ties, to tal atomic cross-sec tion for
dosimetric ma te ri als, fatty acid, min er als, amino ac ids, 
low-Z ma te ri als, etc.[9-12]. Many re search ers in ves ti -
gated the ex ten sive data on ef fec tive elec tron den sity,
elec tron den sity, atomic cross-sec tion, to tal cross-sec -
tion for many ma te ri als [13-15].

The ob jec tive of the ex per i men tal work is to in -
ves ti gate gamma ray at ten u a tion in these sam ples as
low-Z ma te ri als are af ford able as com pared to high-Z
ma te ri als such as lead, mer cury which may not prove
use ful at large di men sions. Gamma ray at ten u a tion
study is very use ful to check the fea si bil ity of the ma te -
ri als. We have mea sured the mass at ten u a tion co ef fi -
cient (mm) which was then used to cal cu late to tal at ten -
u a tion cross-sec tion (st). The at ten u a tion data for
the o ret i cal cal cu la tions is ob tained from XCOM pro -
gram us ing a PC [16, 17]. It shows good agree ment
with the ex per i men tal data for some low-Z ma te ri als.

THEORY

In pres ent work the fol low ing equa tions were
used to de ter mine the mass at ten u a tion co ef fi cient,
atomic cross-sec tions (st), elec tronic cross-sec tions
(se), ef fec tive atomic num bers (Zeff) and ef fec tive
elec tron den si ties (Neff) and mo lar ex tinc tion co ef fi -
cient for low-Z ma te ri als.

When a beam of mono chro matic gamma pho -
tons is at ten u ated on mat ter ac cord ing to Lam -
bert-Beer law:

I I t= -
0e m (1)

where, I0 and I are the in ci dent and trans mit ted pho ton
in ten si ties, re spec tively,  m [cm–1] rep re sents lin ear at -
ten u a tion co ef fi cient of the ma te rial and t [cm] is the
thick ness of the tar get ma te rial/sam ple. Re ar range -
ment of eq. (1) yields the fol low ing equa tion for the
lin ear at ten u a tion co ef fi cient
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The mass at ten u a tion co ef fi cients mm of the sam -
ple should be cal cu lated by us ing the equa tion
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where wi is the weight frac tion. The wi can be de fined
as fol lows
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where Ai is the atomic weight of the sam ple and ni the
num ber of for mula units.

The val ues of mass at ten u a tion co ef fi cients, eq.
(3), were then used to de ter mine the to tal at ten u a tion
cross-sec tion (stot) by the fol low ing re la tion 
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where N n A
i

= å i i is the atomic mass of the sam ple and 
NA is the Avo ga dro's num ber.

Sim i larly, ef fec tive elec tronic cross-sec tion (se)
for the in di vid ual el e ment is given by
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where fi  is the frac tional abun dance of the sam ple and
Zi – the atomic num ber of the sam ple.

The to tal atomic cross-sec tion and to tal elec -
tronic cross-sec tion are re lated with the ef fec tive
atomic num ber. Therefore the equa tion for Zeff can be
de fined as
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The equa tion for Neff can be de fined as
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EXPERIMENTAL DETAILS

Ra dio ac tive sources 57CO, 133Ba, 137Cs, 54Mn,
60CO, and 22Na emit ting en er gies 122, 356, 511, 662,
840, 1170, 1275, and 1330 keV, re spec tively, were
used for ir ra di a tion. The gamma ray pho tons were de -
tected us ing NaI(Tl) de tec tor with res o lu tion of
0.101785 to 662 keV. A de tailed ex per i men tal set-up
of trans mis sion ex per i men tal is shown in fig. 1. Sig -
nals from the de tec tor were en larged and an a lyzed
with 8K mul ti chan nel an a lyzer. The ef fec tive ness of 
NaI(Tl) de tec tor is higher at low source en ergy [18].
The un cer tainty in de ter mined ex per i ment is found to
be 1-4 % [19]. To make gra phitic pow der (c),
polycarbonate (C15H16O2), polyvinyl chlo ride
(C2H3Cl), plas ter of Paris (Ca2S2O9H), gyp sum
(CaSO4H4O2), and lime stone (CaCO3) as ra di a tion
tar get we used KBr press ma chine to pre pare tab lets
hav ing same thick ness (0.13 g/cm2). Then we filled
them in a cy lin dri cal plas tic con tainer hav ing the same
di am e ter as that of sam ple tab lets. To de ter mine the di -
am e ters of these sam ples we used a trav el ing mi cro -
scope. Trans mis sion ex per i ment was per formed with
the empty sam ple con tainer and it was found that the
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at ten u a tion of pho tons of the empty con tain ers was
neg li gi ble.

To get ac cu racy in ex per i ment we pre pared tab -
lets weighted us ing sen si tive dig i tal bal ance hav ing
ac cu racy 0.001 mg for each sam ple. Sam ples were
weighed sev eral times and the mean of these sam ples
weight was taken as mass of the sam ple. To sat isfy the
ideal con di tion the sam ple thick ness was se lected in
the or der 2 < ln (I0/I) < 4 [20]. Mass at ten u a tion co ef fi -
cients (m/r) for all the sam ples of low-Z ma te ri als were 
cal cu lated us ing eq. (3). The val ues of mass at ten u a -
tion co ef fi cients were also ob tained us ing the XCOM
pro gram at all pho ton en er gies of cur rent in ter est [17].

To op ti mize mi nor er rors we took care of some
con di tions that are count ing sta tis tics, im pu ri ties
added in the sam ple: The er ror due to the sam ple im pu -
ri ties can be high only when large per cent age of high Z
im pu ri ties is pres ent in the sam ple-uni for mity of the
sam ple. The non-uni for mity of the sam ple ma te rial in -
tro duces a frac tion of er ror of about half the root mean

square de vi a tion in mass per unit area, dead time,
proper ad just ment of the dis tance be tween the de tec tor 
and source (30 cm < d < 50 cm), the max i mum an gle of
scat ter ing was be low 30 min of the NaI(Tl) de tec tor.
The pho ton built-up ef fect was kept min i mum by
choos ing op ti mum count rate and the count ing. Op ti -
mum trans mis sion ra tio (in the range 0.1 to 0.5) is ob -
tained us ing proper se lec tion of sam ples thick ness in
or der to min i mize pho ton build-up in the ab sorber. The 
pho ton built-up de pends on the atomic num ber and the
sam ple thick ness, and also on the in ci dent pho ton en -
ergy. It is also a con se quence of the mul ti ple scat ter ing
in side the sam ple. In the mul ti chan nel an a lyzer used in 
the pres ent study, there was a built-in pro vi sion for
dead time cor rec tion. The pulse piles of ef fects were
kept min i mum by se lect ing an op ti mum count rate and
count ing time.

RESULTS AND DISCUSSION

The val ues of mean atomic num ber cal cu lated
from chem i cal for mula for gra phitic pow der,
polycarbonate, poly vi nyl chlo ride, plas ter of Paris,
gyp sum, and lime stone are de scribed in tab. 1. It
shows that the mean atomic num ber for all low-Z ma -
te ri als is dif fer ent. The val ues of mm [cm2g–1] for these
low-Z ma te ri als at en er gies 122, 356, 511, 662, 840,
1170, 1275, and 1330 keV cal cu lated ex per i men tally
us ing NaI(Tl) de tec tor and the o ret i cally us ing XCOM
are men tioned in tab. 2 and a typ i cal plot dis played in
fig. 2. Based on these val ues it can be seen that there is
a small amount of vari a tion in ex per i men tally and the -
o ret i cally cal cu lated val ues i. e., it shows good agree -
ment. The val ues for atomic cross-sec tion (st) are dis -
played in tab. 3 and a typ i cal plot is dis played in fig. 3.
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Ta ble 1. The mean atomic num bers cal cu lated from the chem i cal for mula for low-Z ma te ri als

Low-Z ma te ri als Mo lar mass [gmol–1] Chem i cal for mula Mean atomic num ber, <Z 

Gra phitic pow der 12.01 C 6

Polycarbonate 254.3 C15H16O2 3.6970

Polyvi nyl chlo ride 62.50 CH = CHCl 5.333

Plas ter of Parris 77.94 Ca2S2O8H10 10.35

Gyp sum 136.14 CaSO4×2H2O 7.333

Lime stone 100.08 CaCO3 10.00

Ta ble 2. Mass at ten u a tion co ef fi cient, mm [cm2g–1] of low-Z ma te ri als

Low-Z materials
Energy [keV]

122
Exp.   Theor.

356
Exp.   Theor.

511
Exp.   Theor.

662
Exp.   Theor.

840
Exp.   Theor.

1170
Exp.   Theor.

1275
Exp.   Theor.

1330
Exp.   Theor.

Gra phitic pow der 0.142   0.143 0.101   0.100 0.083   0.085 0.075   0.077 0.068   0.069 0.057   0.058 0.055   0.056 0.050   0.050

Polycarbonate 0.152   0.153 0.105   0.107 0.091   0.092 0.082   0.083 0.073   0.073 0.062   0.063 0.060   0.060 0.056   0.058

Polyvi nyl chlo ride 0.160   0.162 0.114   0.115 0.097   0.097 0.086   0.088 0.077   0.078 0.066   0.067 0.058   0.059 0.061   0.062

Plas ter of Paris 0.170   0.171 0.102   0.102 0.084   0.086 0.077   0.078 0.067   0.069 0.061   0.060 0.056   0.057 0.055   0.055

Gyp sum 0.17     0.18 0.104   0.104 0.086   0.087 0.079   0.080 0.070   0.070 0.062   0.061 0.057   0.058 0.055   0.056

Lime stone 0.280   0.282 0.105   0.107 0.081   0.082 0.073   0.074 0.065   0.065 0.056   0.058 0.052   0.053 0.053   0.053

Fig ure 1. Sche matic di a gram of ex per i men tal set-up



It can be clearly seen from  fig. 3 that there is a cer tain
vari a tion in atomic cross-sec tion, but as the pho ton en -
ergy in creases the val ues for atomic cross-sec tion (st)
de creases and at a point they are con stant.

The ex per i men tal and the o ret i cal val ues cal cu -
lated from XCOM for elec tronic cross-sec tion (se) of
low-Z ma te ri als are dis played in tab. 4. They show
good agree ment with the ex per i men tal and the o ret i cal
val ues. Fig ure  4  shows  that  only  the l ow-Z  ma te rial
i. e., polycarbonate which is hav ing the high est mass
num ber shows more elec tronic cross-sec tions as com -
pared to other low-Z ma te ri als at the same pho ton en -
ergy and re mains con stant at a cer tain point. The val -
ues for ef fec tive atomic num ber (Zeff) are dis played in
tab. 5 and a typ i cal plot in fig. 5.  It can be clearly seen
both from the ta ble and fig ure that the plas ter of Paris
and lime stone which are hav ing the mean atomic num -
ber near to 10 dis plays more ef fec tive atomic num ber
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Fig ure 2. Typical plot of mm vs. en ergy for some low-Z
ma te ri als

Ta ble 3. Atomic cross-sec tions, st (10–28 m2 per mol e cule) of some low-Z ma te ri als

Low-Z materials
Energy [keV]

122
Exp.   Theor.

356
Exp.   Theor.

511
Exp.   Theor.

662
Exp.   Theor.

840
Exp.   Theor.

1170
Exp.   Theor.

1275
Exp.   Theor.

1330
Exp.   Theor.

Gra phitic pow der 2.855   2.856 2.005   2.010 1.711   1.713 1.544   1.549 1.381   1.382 1.170   1.172 1.130   1.133 1.095   1.097

Polycarbonate 57.990  57.993 40.895  40.898 34.869  34.871 31.531  31.536 27.855  27.859 23.911  23.917 23.030  23.045 22.320  22.325

Polyvi nyl chlo ride 16.850  16.852 11.951  11.954 10.070  10.076 9.210   9.214 8.089   8.094 6.980   6.983 6.121   6.122 6.521   6.527

Plas ter of Paris 82.300  82.304 49.420  49.425 41.490  41.499 37.800  37.806 33.341  33.348 28.882  28.886 27.431  27.436 26.825  26.830

Gyp sum 51.440  51.441 29.860  29.864 28.085  25.089 22.920  22.922 20.224  20.227 17.518  17.521 16.638  16.641 16.270  16.275

Lime stone 46.982  46.984 16.895  16.897 13.753  13.756 12.309  12.311 10.910  10.915 9.665  9.669 8.874  8.876 8.803  8.805

Fig ure 3.  Typical plot of st per atom vs. en ergy for some
low-Z ma te ri als

Ta ble 4.  Elec tronic cross-sec tions, se (10–28 m2 per mol e cule) of some low-Z ma te ri als

Low-Z materials
Energy [keV]

122
Exp.   Theor.

356
Exp.   Theor.

511
Exp.   Theor.

662
 Exp.   Theor.

840
Exp.   Theor.

1170
Exp.   Theor.

1275
Exp.   Theor.

1330
Exp.   Theor.

Gra phitic pow der 0.420   0.422 0.301   0.305 0.260   0.262 0.236   0.239 0.212   0.214 0.182   0.183 0.175   0.177 0.324   0.326

Polycarbonate 15.750  15.754 11.109  11.111 9.471   9.474 8.561   8.566 7.562   7.566 6.490   6.493 6.253   6.256 6.055   6.061

Polyvi nyl chlo ride 2.917   2.920 2.111  2.113 1.790   1.793 1.642   1.647 1.451   1.453 1.259   1.261 1.104   1.107 1.179   1.182

Plas ter of Paris 6.694  6.696 4.243   4.247 3.630   3.632 3.350   3.352 2.990   2.993 2.633   2.636 2.512   2.515 2.462   2.465

Gyp sum 6.255   6.260 3.765   3.768 3.202   3.204 2.950   2.953 2.626   2.627 2.395   2.300 2.189   2.191 2.142   2.146

Lime stone 3.956   3.960 1.498   1.501 1.243   1.244 1.124   1.128 1.007   1.011 0.905   0.911 0.837   0.840 0.8348  0.8350

Fig ure 4. Typical plot of se per atom vs. en ergy for some
low-Z



at the same en ergy used for the all low-Z ma te ri als, and 
re mains con stant at the en ergy point.

The ef fec tive elec tron den sity (Neff) for low-Z
ma te ri als is dis played in tab. 6 and shows good agree -
ment with the ex per i men tal and the o ret i cal val ues.
Fig ure 6 shows that the plas ter of Paris and lime stone
shows more ef fec tive elec tron den sity as com pared to
the other low-Z ma te ri als; it de creases slightly and re -
mains the same at the en ergy point. It is clear that Zeff

and Neff are re lated to each-other as val ues which ini -
tially de crease and then re main con stant as pho ton en -
ergy in creases.

CONCLUSIONS

The pres ent ex per i men tal study has been un der -
taken to get in for ma tion on mass at ten u a tion co ef fi -

cient (µm) and re lated val ues of (Zeff,  Neff, se and st)
for six low-Z ma te ri als. It is found that µm is the main

phys i cal quan tity to de ter mine the val ues of Neff and
Zeff  for low-Z ma te ri als. It can be con cluded from the
pres ent work that the low-Z ma te ri als used in this in -
ves ti ga tion are of use in do sim e try, ra di a tion pro tec -
tion, etc. Pres ent in ves ti ga tion should be use ful in
med i cal ap pli ca tion as low-Z ma te ri als are com posed
of C, H, N, and O con stit u ent el e ments. Also, low-Z
ma te ri als doped with the high Z el e ments can be used
as ra di a tion shield ing ma te ri als and are avail able at
low cost. The val ues in tro duced in the pres ent in ves ti -
ga tion can be used in many ap pli ca tions as elec tron ics
in dus try, con struc tion, plas tic in dus try, ag ri cul ture in -
dus try, etc. as a gamma ray shield ing ma te ri als.
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Ta ble 5.  Effective atomic number, Zeff of some low-Z ma te ri als

Low-Z materials
Energy [keV]

122
Exp.   Theor.

356
Exp.   Theor.

511
Exp.   Theor.

662
Exp.   Theor.

840
Exp.   Theor.

1170
Exp.   Theor.

1275
Exp.   Theor.

1330
Exp.   Theor.

Gra phitic pow der 6.751   6.753 6.570   6.575 6.514   6.516 6.472   6.474 6.434   6.435 6.381   6.381 6.364   6.368 6.360   6.361

Polycarbonate 3.675   3.677 3.679   3.680 3.680   3.680 3.680   3.681 3.680   3.682 3.681   3.683 3.685   3.683 3.682   3.683

Polyvi nyl chlo ride 5.770   5.771 5.652   5.656 5.620   5.619 5.590   5.592 5.565   5.568 5.532   5.535 5.523   5.525 5.520   5.521

Plas ter of Paris 12.292  12.290 11.631  11.636 11.421  11.425 11.275  11.276 11.145  11.142 10.950  10.957 10.905  10.908 10.850  10.884

Gyp sum 8.211   8.216 7.920   7.923 7.825   7.829 7.758   7.761 7.699   7.70 7.611   7.615 7.590   7.592 7.580   7.581

Lime stone 11.801  11.864 11.250  11.251 11.051  11.053 10.911  10.914 10.785  10.787 10.611  10.613 10.566  10.567 10.544  10.545

Ta ble 6. Effective electron densities, Neff (1023) for low-Z ma te ri als

Low-Z materials
Energy [keV]

122
Exp.   Theor.

356
Exp.   Theor.

511
Exp.   Theor.

662
Exp.   Theor.

840
Exp.   Theor.

1170
Exp.   Theor.

1275
Exp.   Theor.

1330
Exp.   Theor.

Gra phitic pow der 3.385   3.386 3.296   3.297 3.266   3.267 3.245   3.246 3.227   3.228 3.199   3.199 3.192   3.193 3.190   3.192

Polycarbonate 3.200   3.201 3.203   3.204 3.204   3.203 3.202   3.204 3.204   3.205 3.203   3.205 3.205   3.206 3.204   3.206

Polyvi nyl chlo ride 3.337   3.338 3.271   3.272 3.251   3.250 3.234   3.235 3.220   3.221 3.202   3.201 3.194   3.196 3.192   3.194

Plas ter of Paris 3.581   3.582 3.390   3.391 3.329   3.330 3.284   3.286 3.245   3.247 3.193   3.194 3.176   3.179 3.170   3.172

Gyp sum 3.448   3.450 3.325   3.327 3.285   3.288 3.254   3.259 3.231   3.232 3.197   3.198 3.185   3.188 3.182   3.183

Lime stone 3.570   3.571 3.386   3.386 3.321   3.320 3.281   3.284 3.245  3.246 3.192   3.194 3.179   3.180 3.176   3.177

Fig ure 5. Typical plot of Zeff vs. en ergy for some low-Z
ma te rial

Fig ure 6. Typical plot of Neff vs. en ergy for some low-Z
ma te ri als
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Rame{var R. BOSALE, Damajot K. GAIKVAD, Pravina P. PAVAR, Mathav N. RODE

PROU^AVAWE  INTERAKCIJA  I OSOBINA  GAMA  ZRA^EWA
MATERIJALA  SA  NISKIM  ATOMSKIM  BROJEM  Z

U istra`ivawu kori{}en je NaI(Tl) detektor i postavka geometrije uskog snopa za
prou~avawe osobina slabqewa gama zra~ewa materijala sa niskim atomskim brojem Z. Za
ispitivane materijale, koji su obuhvatali grafitni pra{ak, polikarbonat, polivinil hlorid,
gips iz Pariza, gips i kre~wak, odre|eni su slede}i parametri: maseni koeficijent slabqewa,
efektivni atomski broj, efektivna gustina elektrona, atomski efikasni presek i elektronski
efikasni presek. Kao izvori gama zra~ewa kori{}eni su 57Co, 133Ba, 137Bs, 60Co i 22Na, na energijama
122, 356, 511, 662, 840, 1170, 1275 i 1330 keV. Uo~eno je da efektivni atomski brojevi i efektivne
gustine elektrona najpre opadaju, a potom te`e da zadr`e skoro konstantnu vrednost u zavisnosti
od energije gama zra~ewa. Proverena je dostupnost ovih materijala u velikim koli~inama, kao
materijala niskih cena za za{titu od gama zra~ewa. Dobijeni podaci mogu se upotrebiti u
elektronskoj industriji, industriji plastike, proizvodwi gra|evinskih materijala i u
poqoprivredi.

Kqu~ne re~i: maseni koeficijent slabqewa, atomski efikasni presek, efektivni atomski
broj, materijal sa niskim atomskim brojem Z


