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Abstract: In this paper the theortical relation between thickness and hardness with energy attenuation
of x-ray for pure Aluminum has been calculated, and found the interrelation between this parameters
given by the following: Io, T -0064+0-0005 | 0-1664120.014 ‘The ayerage of the standard deviation for above
relation is 0.012. Also, error rate accompanied to slope and constant values has been accounted for.
The relation is essential because the energy attenuation can be recognized directly without radiating
metal by x-ray to measure energy attenuation, rather by metal hardness and thickness.
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INTRODUCTION

The attenuation of x-rays by materials provides a wide variety of information about the fundamental
properties of matter at the atomic, molecular and solid-state levels. In particular, relative and absolute
measurements of the mass attenuation coefficient are used to test theoretical predictions of photoelectric
absorption using bound-state electron wavefunctions (Chantler et al., 2001)( Tran et al., 2003) to investigate the
dynamics of atomic processes, including shake-up, shake-off and Auger transitions (Lindle 1988). and to
provide information on the density of electronic states (Joly et al., 1999). molecular bonding and other solidstate
properties (Sayers et al., 1971).

The diversity of these studies is evidence of the wide variety of processes that influence the attenuation of
x-rays. In order to develop a better understanding of these processes, it is necessary to make accurate
measurements, allowing each process to be isolated, studied and compared with theoretical models. While
relative measurements are adequate for some comparisons with theory, absolute attenuation measurements
provide an additional, crucial and demanding test of theoretical predictions. For example, while the finite-
difference calculations of Joly (Joly 2001) have had significant recent success in predicting EXAFS on a relative
scale, they are in relatively poor agreement with the results of absolute measurements (Chantler et al., 2001).

The lack of highly accurate measurements and current limitations faced by theoretical prediction provide
serious barriers to the understanding of x-ray interactions with matter. Many independent measurements of x-ray
attenuation coefficients have been published. Thesemeasurements exhibit considerable discrepancies (Hubbell
2003) which, in the 1980s, led the International Union of Crystallography (IUCr) to devote a multi-laboratory
project to the investigation of their causes (Creagh. and Hubbell. 1990). An important conclusion of that project
was that the discrepancieswere the result of an inadequate understanding of a wide range of random and
systematic sources of uncertainty. In a number of recent reports (Dachun 1992: Unonius and Suortti 1989) it has
been observed that, at accuracies between 0.5% and 2%, the dominant and limiting source of error in the
measurement of mass attenuation coefficients is the inaccuracy in the determination of the thickness of the
absorber along the path traversed by the x-ray beam.

The theory:
X-ray:

The principle that depends on the technique of production of x-ray was the spontaneous stopping of fast
electrons after it collides with target material which it becomes a source of x-ray (Skofronick et al., 1992) when
a beam of x-ray photons passes through attenuated material, each photon in the beam either it is not reacted
absolutely with the medium material or it is reacted by absorption and scattering reactions, the beam
due to the removing of photons from it, it will suffer an attenuation, such attenuation may be intensity
attenuation or energy attenuation, such that the intensity or the energy decreases along the path it cross it
through this medium (Leo 1987).When a beam of monoenergetic photon falls with intensity (Ip) on a medium of
thickness dx, the decreasing in intensity dI due to reaction of photons by scattering and absorption in the
medium can be expressed by:

1=t (M
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The quantity e** represents the probability that the photon passes a distance (x) through the attenuated
medium without reaction (Azzoz Assem Abdulkarim 1983). The x-ray have a various applications in medicine,
radiography, in discovering the cracks in bridges and buildings, the corrosion friction in instruments and mineral
tools, it is used in testing the foods, checking the bags and luggage in airports, in security purposes, in geology
the x-ray plays a major rule in fluorescent &radiographic test and soil chemistry
(Normal et al., 2005)( Al-qaysee Ghazi Yaseen 2007).

The Data:
In this study, the data of metal hardness and thickness values and x-ray energy attenuation have been

adopted as in following table (Alalusi. 2011).

Table 1: values of thickness, hardness and energy attenuation for pure Aluminum.

Thickness Hardness Energy attenuation
T(mm) HV (kg/mm?) 1(kV)
1.2 62.90 3612
1.1 67.80 3665
1.0 72.02 3720
0.9 76.60 3765
0.8 78.80 3787
0.7 83.30 3820
0.6 85.50 3854
0.5 90.50 3871
0.4 94.90 3901
0.3 98.30 3937
0.2 101.20 3985
0.1 106.70 4015

Theoretical:
To find the thoretical relation that relate between metal thickness and hardness with penterating ray
intensity for Aluminum it is hypothesized:

laT H® @

I: penterating ray intensity
T: metal thickness
H: metal hardness

Changing propotion relation to equality it is found:
|=CT*H® 3

C: constant propotion
Taking the two sides logarithm it is found:

logl = AlogT + BlogH +1ogC “)
It is hypothesized
(K =logC) ®)

Substituting equ (5) by (4) it is found:

logl =AlogT +BlogH +K (6)

To find the best correlation showing the relation between these parameters equation (6) has been adopted.
A and B: slope
K: constant value

To calculate the best value for A,B and K, a program has been made based- Least-Square Fitting by using
MATLAB programs(see appendix A).
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The values of A,B,K, root mean square (rms) and error rate accompanied to slope and constant values as
seen in Table (2)

Table 2: values of A,B,K, root mean square (rms).
A B K rms

-0.0064 + 0.0005 0.16641 + 0.014 3.2612 + 0.028 0.012

Based on constant values it is concluded that the relation adopted in this study can be formed as follows:

—0.0064+ 0.0005 0.16641 £0.014
laT H )

According to this ralation (7) it seems that penterating ray intensity propotes inversly with metal thickness
while it propotes linearly with metal hardness. The following figure shows the relationship between thickness
and hardness with energy attenuation.
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Fig. 2: Side view of figure(1).
RESULTS AND DISCUSSIONS
Figure(1) shows correlation between parameters under investigation. Through this figure it is observed that

there is a significant between the parameters, and the standard deviation for the correlation is 0.012. This
predicates many future discoveries in terms of x-ray attenuation because the energy attenuation can be
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recognized directly by metal hardness and thickness without radiating metal by x-ray to measure energy
attenuation.

It seems that ‘improved’ physical models do not necessarily lead to improved agreement with experiment.
However, in order to produce ‘science’ at this juncture it is necessary to question and criticise the models and
their implementations to determine the causes of such observations. Empirical observation provides justification
for the use of the less sophisticated model: however, unquestioning acceptance of the conclusions of such
empirical observations denies insight into the underlying physics and its implementation (de Jonge. 2005).

Conclusions:
It is found that the correlationship between thickness and hardness with energy attenuation of x-ray for
pure Aluminum is represented by the following.

I (ZT —0.0064+ 0.0005 H 0.16641 £0.014

1- Intensity propotes inversly with metal thickness while it propotes linearly with metal hardness.
2-  Coefficients of x-ray attenuation can be accounted theortetically.

Appendix (A):
Reviewing program calculation values of A,B,K, root mean square (rms)

% To read from file and to write to another file
syms('NAME1', ' NAME2',INP', 'OK', 'N', T, 'I', 'A");
syms('AA',FLAG','OUP");
TRUE=I,
FLAG=1;
FALSE=0;
for i=1:1
ydata=[];xdata=[];
fprintf(1,'Input the name of the input data file\n");
fprintf(1,'for example: DATA.m\n');
NAME2 = input(' ','s");
INP = fopen(NAME2,'r");
ss= fscanf(INP,'%c',40)
fprintf(1,'',ss)
format short g
fprintf(1, Input the number of raws \n');
N = input(' ");
fprintf(1,'Input the number of coloum \n');
M1 =input('");
OK =FALSE;
while OK == FALSE
a = zeros(N,M1);
forI=1:N
forJ=1:M1
a(LLJ) = fscanf(INP, '%f",1);
end;
end;
OK = TRUE,;
% fclose(INP);

end;

end
n=a(:,3);
M=a(:,2);
z=a(:,1);
figure(1)
Ln=log10(n);
Mure=log10(M);
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Lren=log10(z);

xdata=[Lren Mure];

ydata=Ln;

x1=[3.2611 -0.0061593 0.16635];

[xn,resnormn,residualn,exitflagn,outputn,lambdan] =Isqcurvefit(@myfun,x 1,xdata,ydata)
B=xn(3)

A=xn(2)

b=(B)/((A))

k=xn(1)

rms=sqrt((resnormn)/((length(x))))
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