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ABSTRACT

The measurements of gamma linear attenuation coefficient in the air at variance air pressure
has been done. The measurements were performed to determine the effects of air pressure
changes on gamma linear attenuation coefficient in the air. The measurements were used Co-
60 as the gamma radiation source and LND 72 Geiger-Muller as the radiation detector in a room
with 18°C room temperature and 68% air humidity. The linear attenuation coefficient value was
calculated according to Lambert-Beer law. From the measurement, we obtained the attenuated
gamma intensity in the air at air pressure variation. The unattenuated gamma intensity was
determined by making a linear fit function of the attenuated gamma intensity data. From the
calculation, It was found that the value of gamma linear attenuation coefficient in the air
increases with the increasing of air pressure.
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1. Introduction

Nowadays nuclear radiation technology is used in a variety of different fields such as nuclear power
stations, particle accelerators, medical hospitals and etc. (USNRC, 2017). Nuclear radiation can emit
high energy but can not felt directly by human senses and thus the use of nuclear radiation must be
arranged and supervised according to IAEA on his book entitled “radiation protection and safety of
radiation sources: international basic safety standards” (IAEA, 2014).

In radiation protection activity is known by linear attenuation coefficient. Linear attenuation
coefficient has defined as the probability of a photon interacting with a material per unit path length

(Akkurt, 2012). The value of linear attenuation coefficient has shown how much photon fraction

AI6M Wefgqery’ clfgiou suq 219l bebel2 gt TOI6 9T K piondp fo hon pA T COBE
&
=

Air is a mixture of many gases that surrounds the earth (Prayudi, 2011). The condition of air has
referred to temperature, humidity, and air pressure. Air pressure is the force exerted by the weight
of the air. The value of air pressure is affected by air temperature and moisture (Pressure, 2013). Air
also a material which interacts with photon radiation, so air has the value of linear attenuation
coefficient.

There are several studies that gamma linear attenuation coefficient has measured in some materials
such as alloy, concrete, air, ect (Akkurt, 2012; Singh, 2013; Singh, 2015; Elmahroug, 2015; Sharaf,
2013; De Figueiredo, 2015). In this paper, we measure the gamma linear attenuation coefficient in
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the air at variance air pressure. The result is used to determine the effects of air pressure changes
on gamma linear attenuation coefficient in the air.

2. Materials and Methods
2.1 Gamma intensity measurement

Gamma intensity measurement was done by penetrating gamma rays through the materials
(Foldiak, 1986). The gamma rays through the absorber which the gamma source was placed
opposite sides with the radiation detector on the same axis (Buyuk, 2014). The radiation detector
then counted the gamma ray which comes from the source. Gamma intensity measurement was
done using Co-60 as gamma radiation source and LND 72 Geiger—Muller as a radiation detector. The
radiation detector counting was performed using Logger Pro software (Logger Pro, 2017). Figure 1
shows the schematic view of gamma intensity.

Glass Radiation
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Gas Pressure Sensor

Figure 1. The schematic view of gamma intensity measurement.

Gamma intensity measurements were made at a distance or thickness variation absorber 5 cm, 10
c¢m, 15 cm and 20 cm. The measurements were performed in a room with 18 °C temperature and
68% air humidity. The measurements were made at an air pressure variation 25 x 10% Pa to 190 x
103 Pa with the variation range of air pressure 5 x 10° Pa. In each air pressure variation, the radiation
detector was counted the gamma ray in 60 s and 120 s then it repeated six times.

2.2 Calculation of linear attenuation coefficient

The calculation of linear attenuation coefficient of gamma radiation in the air has accorded to
Lambert-Beer law (Akurt, 2013):

I1(x) = Ije™#*, (1)
where I(x) was the attenuated gamma intensity, /) was the unattenuated gamma intensity, u was
the linear attenuation coefficient and x was the thickness of absorber. By took the logarithm of both
sides of Eqg. (1), we have calculated the value of the linear attenuation coefficient (Singh, 2002;
Sharaf, 2013):

=1y, fo
U= lnl(x), (2)
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Figure 2. Attenuated gamma intensity. (a) 5 cm thicknes absorber, (b) 10 cm thicknes absorber, (c)
15 cm thicknes absorber, (d) 20 cm thicknes absorber.
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3. Results and Discussion

The results of gamma intensity measurements on each air pressure variation can be seen in Figure
2. From the data of Figure 2, was made a linear fit to determine the value of unattenuated gamma
intensity.

Table 1 shows the value of unattenuated gamma intensity at each absorber thickness. The value of
unattenuated gamma intensity obtained from the linear fit function:
I(x) =aP + I,. (3)

Table 1. The Value of unattenuated gamma intensity.

Absorber thickness Unatenuated gamma intensity

(cm) (cps)

5 0.549212185
10 0.452114528
15 0.441340612
20 0.432642072

The value of linear attenuation coefficient was calculated by using Eq. (2) as illustrated in Figure 3.
Figure 3 shows that the value of linear attenuation coefficient in air increases with the increasing
of air pressure. It is because of the value of linear attenuation coefficient in the air is affected by
the value of air density (De Figueiredo, 2011). The value of air density itself is affected by many
factors that one of them is air pressure changing. The value of air density is increased with the
increasing of air pressure (Davis, 1992).

From the data of Figure 3, the effect of air pressure changes on gamma linear attenuation
coefficient in the air was obtained. The effect of air pressure changes on gamma linear attenuation
coefficientin the air is determined by made a linear regression of the data so the corelation function
of air pressure changes on gamma linear attenuation coefficient in the air can be presented as:

p=aP + g, (4)
where u was the linear attenuation coefficient at P air pressure value, P was the value of air
pressure, Lowas the linear attenuation coefficient at 0 air pressure, and a was the effect of air
pressure changes on gamma linear attenuation coefficient. Table 2 shows the correlation function
of air pressure changes on gamma linear attenuation coefficient in the air at each absorber
thickness variation.

Table 2. The correlation function of air pressure changes
on gamma linear attenuation coefficient in the air.

Absorber thickness Function
(cm)
5 y =2.56-10"x—0.00143
10 y =1.37-10"x - 0.00088
15 y=1.17-10"x — 0.00082
20 y = 8.98-:10°x — 0.00064

From the data in Table 2, the value of linear attenuation coefficient was calculated. The calculated
value of linear attenuation coefficient then compared with the linear attenuation coefficient value
from the data of Figure 3.
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Figure 3. The value of linear attenuation coefficient at each air pressure variation. (a) 5 cm
thicknes absorber, (b) 10 cm thicknes absorber, (c) 15 cm thicknes absorber, (d) 20 cm thicknes
absorber.
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Figure 4. The linear attenuation coefficient, (o) value
from the data, (x) calculated value according to linear
function at each absorber thickness, (=) at 45 x 103 Pa,
(mm) at 75 x 103 Pa, (m) at 95 x 103 Pa, (m) at 115 x 103 Pa,
(m) at 140 x 103 Pa, ( ) at 155 x 103 Pa, (m) at 170 x 103
Pa, (m) at 185 x 103 Pa.

Figure 4 shows the comparison of the calculated linear attenuation coefficient value with the linear
attenuation coefficient value from the data. It is found that the calculated value of linear
attenuation coefficient has a small difference with the linear attenuation coefficient value from the
data. Figure 4 shows that the linear attenuation value in the air decreases with absorber thickness
increases in a logarithmic function.

4. Conclusion and Remarks

In this paper, the gamma linear attenuation coefficient in the air at air pressure variation was
measured. The measurements are performed to determine the effect of air pressure changes on
gamma linear attenuation coefficient in the air. The measurements were used Co-60 as the gamma
radiation source and LND 72 Geiger-Muller as the radiation detector in a room with 18°C room
temperature and 68% air humidity. From the measurement, we obtained the attenuated gamma
intensity in the air at air pressure variation. The unattenuated gamma intensity was determined by
making a linear fit function of the attenuated gamma intensity data. From the calculation, It was
found that the value of gamma linear attenuation coefficient in the air increases with the increasing
of air pressure.
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