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This paper discusses the possibility of applying the F-test and double t-test in problems re-
lated to the identification of number of radioactive isotopes in a contaminated area by using
only counters for radiation detection. The descriptions of the F-test and the double t-test are
given along with the corresponding tabular values that enable their implementation. Finally,
the experiment is presented via two radioactive samples. The results of the experiment were
treated in the manner proposed in the paper and satisfactory results were obtained.
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INTRODUCTION

The development of mathematical algorithms,
no matter how complex they might look, enables us to
quickly adopt adequate conclusions on a statistical be-
havior of random variable. Since the environment is
increasingly contaminated by electromagnetic and
particle radiation, one of the most important tasks, in
the field of radiation protection, is to identify the
sources of radiation.

This implies radiation detection and the determi-
nation of the source of radiation. It is particularly im-
portant to determine the number of radiation sources
and separate the effects of irradiation related to the
particular source in a contaminated area. This is of par-
ticular interest for the proper functioning of electronic
systems in areas exposed to radiation [1-3].

The field of radiation protection often involves
the detection of nuclear radiation in contaminated en-
vironments. Such measurements are used to determine
whether there is a radioactive source (one or more) in
order to eliminate its effect in the process of decontam-
ination. However, in practice, the investigated area is
frequently contaminated with several radioactive
sources [4, 5].

For this reason, it is useful to develop a mathe-
matical method that can determine whether the de-
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tected radiation comes from one or several sources.
The aim of this paper is to develop an algorithm for es-
tablishing two or more normally distributed popula-
tions of nuclear counting results that originate from
one or more of the radioactive sources by using only
radiation counter as a detector [6, 7].

COMPARISON OF EMPIRICAL
VARIANCE AND MEAN VALUES

To determine if two normally distributed popula-
tions originate from a radioactive source involves prov-
ing the statistical equality of their variances and mean
values. An F-test is used for the comparison of variances
and a double t-test for the comparison of mean values.

The basis of the F-test is F-distribution, defined
in the following way: if y and z are independent vari-
ables that have y, distribution with degrees of freedom
my and m,, the ratio X = (y/m,) /(z/my) is the F-dis-
tribution with degrees of freedom m, and m,. Its prob-
ability density function is described as following
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Figure 1. Probability density function characteristic
fr(x) of F distribution with m, and m, degrees of freedom
as parameters

Table 1. Quantiles g of F-distribution F,, ;u,:,
my
8 [ 10 [ 13 ] 16 [ 20
(a) g =0.95

6 4.28 415 | 4.06 | 398 | 392 | 3.87
8 3.58 344 | 335 | 326 | 320 | 3.5
10 3.22 3.07 | 298 | 2.89 | 283 | 2.77
13 2.92 277 | 2,67 | 258 | 251 2.46
16 2.74 259 | 249 | 240 | 233 2.28
20 2.60 245 | 235 | 225 | 218 | 2.12
(b) g =0.975
6 5.82 560 | 546 | 533 | 524 | s5.17
8 4.65 443 | 430 | 416 | 4.08 | 4.00
10 4.07 385 | 372 | 3.58 | 350 | 342
13 3.60 339 | 325 | 3.1 | 3.03 | 295
16 3.34 312 | 299 | 285 | 276 | 2.68
20 3.13 291 277 | 264 | 255 | 246

nmy ‘

where B(r,s) :J.;x"_l (1-x)*""dx represents a Beta
function.

The probability density function characteristic is
given in fig. 1 with m, and m, degrees of freedom as
parameters. Table 1 shows quantiles ¢ of F-distribu-
tionF, ., ., [8, 9]

The basis of the double t-test is t-distribution,
which is defined in the following way: if y and z are in-
dependent random variables, and if y has a normal dis-
tribution NV (0; 1), and if z has a y? distribution with m
degrees of freedom, the quotient x = y/A2/m)"? has a
t-distribution with m degrees of freedom. In addition,
the quotient of the two independent variables having a
normal N (0; 1) distribution has a t-distribution with
m =1 degrees of freedom. The probability density
function of the t-distribution is
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Figure 2. Probability density function fi(x) of
t—distribution with degrees of freedom m as parameter

Table 2. t-distribution quantiles t,,,,

Quantiles t,,,,
" ¢=0.95 ¢=0.975 ¢=0.99
1 631 12.7 31.8
2 2.92 430 6.96
3 235 3.18 4.54
4 2.13 2.78 3.75
5 2.02 257 337
7 1.89 236 3.00
9 1.83 226 2.82
14 1.76 2.14 2.62
19 1.73 2.09 2.54
24 171 2.06 2.49
40 1.68 2.02 242
120 1.66 1.98 236
o 1.64 1.96 233

The probability density function of the t-distri-
bution is shown in fig. 2. Quantiles t,, .. of t-distribu-
tion are given in tab. 2.

The comparison of the two empirical variances
in the F-test is performed on the basis of the following
hypotheses: the variance of two normally distributed
populations o f and G% represented by the size of two
samples u, and u,; the empirical sf and si variances
are equal if o-f =0 i To test the hypothesis the size
taken is

=
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where x and y have to be chosen so that s2 > s?

The critical value of F,, ., ., is based onytab. 1,
from the F distribution, as a quantile with a degree of
freedom m; = n,—1 and m, = n, — 1, and an order of
q =1 —a/2 (double t-test at « level of significance).
The hypothesis is discarded if /> F,, ., ..

The comparison of the mean values, by using the
two double t-tests, is based on the following hypothe-

SES.
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The two mean values u, and 11, normally distrib-
uted with a population of the equal variance (assuming
a double t-test does not discard the F-test), which can
assume a size of the two samples n, and n,, the mean
values x and y, and empirical variances sf and si ,are
equal to f, = p,.

To test the hypothesis, the size taken is

_ _. | nn,
R P
= 2 — 2 @
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The critical value of t,,, , is obtained on the basis
of tab. 2, degree of freedom m =n, +n,—2 and order
q=1-a/2 (two-sided test ata significance level). The

hypothesis is rejected if|¢| > t,,., [10, 11].

EXPERIMENT

A radioactive source was placed in the labora-
tory (1¥7Cs). After that, 21 pulse measurements with
the GM counter were performed at intervals of 5 min-
utes. The procedure was then repeated, with the excep-
tion that, in the laboratory, another source of radiation
was added (**'Am) [12, 13].

RESULTS AND DISCUSSION

At first, two measurements of empirical vari-
ances s,= 64,4 and s, = 57,8 of two normally distrib-
uted populations were obtained. Since s; > s, then
st =S§ .55 =S§, ,m =n,,n=n.andn,=n, Onthe ba-
sis of expression (3), the test statistic # = 1.24 is
obtained. The hypothesis has been tested at a signifi-
cance level a = 0.05 (¢ = 0.975) with m; = m, = 20.
From tab. 1, a critical value F,;,.0975 Was obtained.
Having that 1.24 <2.46, the hypothesis that these two
samples were obtained from populations with the
same variance cannot be rejected.

As already mentioned, there was no rejection of
the hypothesis on the basis of the F-test that was per-
formed. The hypothesis of equality of the mean values
was then validated by the double t-test. On the basis of
expression (4) and the fact that the mean values are
2980 and 3032, and that the variance can be consid-
ered the same, a test statistic that equals 1.12 was ob-
tained, while critical value ty 975 = 2.02 is taken from
tab. 2.

Considering that 1.12 < 2.02, the hypothesis
cannot be rejected. The samples are therefore obtained
from the population distributed in the same manner.

Further, the measurements of two samples with two
radiation source included were taken. Through measure-
ments of two samples, variances s; = 130.37 and s, = 68.9

were obtained with the mean values being 3120 and 2310.
Since s, > s, then Sl2 = s)f ,sg = si ,ny =n,,andny=n,,
On the basis of expression (3), a test statistic 7= 3.58 is ob-
tained. If the hypothesis is tested at a significance level of
with m; =m, =20, from tab. 1 the critical value Fy5(,0975
=2.46 is obtained. Since, 3.58 > 2.46, the hypothesis that
these two samples were obtained from the same popula-

tion can be rejected.

CONCLUSION

The proposed method of applying the F-test and
double t-test provides a simple experimental proce-
dure and an even simpler method of mathematical sta-
tistics as a basis for determining the number and type
(under certain conditions) of radioactive isotopes that
have contaminated a facility or an area.

The proposed method could, in addition to these
applications, find use in other, similar areas of dosime-
try and radiation protection.
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Hopbhe P. TASAPEBWh, Mapuja I. ObPEHOBUH,
HUppan C. PETAXOBUR, IIpegpar B. OCMOKPOBHUh

NOPEBEBE NOBMJEHE EMIIMPUIJCKE BAPUJAHCE U CPEABLUX BPEJTHOCTU
HOPMAI/IHO PACIHOAE/BLEHUX IIOITYJAIINJA HYKIEAPHOI' OABPOJA

Y pany ce pazmatpa MoryhHoct npumene F-tecTa u t-nymiior Tecra y npo0jeMumMa Be3aHUM 3a
upeHTugUKanujy 0poja pagnoaKTUBHAX N30TOIA, KOjH ce Hajla3e Yy KOHTAMUHUPAHUM NOAIPyYjuMa, Kajia ce
3a METEeKIHWjy 3padema Kopucre Opojaum. Ommcm F-tecra m t-gymmor Tecra cy jaTé 3ajegHO ca
onroBapajyhum TaGenapHUM BpeHOCTHMAa Koje omoryhaBajy mUXOBO crnpoBobemwe. Excnepument je
CIIPOBEJICH ca fiBa paJHoaKTUBHA M3BOpa. Pe3ynTaTu ekcriepuMeHTa ¢y TpeTUPAHU Ha HAUUH NPEJTIOKEH y
caMoM pajy Ipy YeMy cy 100MjeHH 3aJJ0BObaBajyhu pe3ynTaTn.

Kwyune peuu: nykaeapruu 006poj, F-itieciti, t-0yiiau itiecitl, sapujarca



