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This paper investigates the possibility of distinguishing between the effects of radiation com-
ing from two or more radioactive isotopes, by using methods of statistical mathematics. The
procedure uses a mixed distribution of an additive type. Mathematical treatment is demon-
strated herein on an example of analysis of composite radiation from two radioactive sources.
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INTRODUCTION

Decay time of an individual nucleus fluctuates ir-
regularly from one nucleus to another, so that, at the
present level of development of science, it is not possi-
ble to predict whether a specific nucleus will decay to-
morrow, next week, or in a million years. An individual
nucleus decay is considered completely random, with-
out anything to determine the time when it happens,
there being no law that would relate it to anything [ 1, 2].
For this reason, when a mixture of radioactive isotopes
is considered, experimentally obtained distribution
functions for the random number of decays (i. e. the
number of pulses in a detector) represent a combination
of two or more theoretical distribution functions. Com-
binations of distributions result in mixed distributions.
These can be of additive or multiplicative type, with the
letter ones generally pertaining to probability enlarge-
ment laws [3-5]. Before one can reach the stage of sta-
tistical formulation of a random (stochastic) process, it
needs to be “phenomenologically known”. One there-
fore has to start with experiments whose results (num-
ber of pulses in a detector) vary within certain random
limits. The causes of variations of experimental results
can be inherent to the process of decay of radioactive
isotopes, arising from its boundary conditions, or may
reside in random measuring errors. This last category
should be minimized and be determined as accurately as
possible, since it can not be covered by the algorithm
proposed in this paper [6, 7].

* Corresponding author; e-mail: kstankovic@etf.rs

The aim of this paper is to develop an algorithm
which enables radiation from a mixture of radioiso-
topes to be analyzed by a statistical method.

THE EXPERIMENT

Empirical distributions of the random variable
designated as “the number of pulses in the detector”
for a mixture of sources were obtained by means of a
GM counter and two radioactive isotopes, Cs-137 and
Am-241. The sources were specifically positioned rel-
ative to the GM counter's tube, so that the Am source
would provide a pulse count higher by approximately
one third than that from the Cs source. The GM coun-
ter provided with anti-coincidence protection was
placed within a shielded booth (shielding it from elec-
tromagnetic radiation) with a suppression level of
more than 100 dB. Measurements were performed at
five minute intervals, first with the Cs source only,
then with the Am source, and finally with both
sources. Geometrical parameters of the system, in-
cluding the position of the sources and the detector, re-
mained unchanged during measurements. Results
were corrected for background radiation, which was
also measured, although it proved to be negligible.
The combined measurement uncertainty of the whole
experimental procedure was below 3% [8, 9].

RESULTS AND DISCUSSION

Number of pulses in the detector is a stochastic
quantity which follows the normal distribution
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[10, 11]. Figure 1 shows the experimentally ob-
tained distribution functions for the Cs source, N F(Cs)
F(Cs), for the Am source, F(Am), and for the super- Z 0951 v °
o, [}
position of Cs and Am sources, F(Cs + Am). Results S o090l Ngs = 125 /
. . . . . a Scs =7
indicate that the last of these three distributions rep- P /B
resents a mixed distribution of the additive type. 0.80 - 2 ]

The physical causes of such additively com-
posed mixed distribution are different mechanisms,
distributed according to distribution functions ' (x)
in accordance with which the entire process (distrib-
uted according to distribution function F(x) can take
place

F(x):iaiFi (x), where iai =1 )
i=1 i=1

Multiplicative mixed distributions to be consid-
ered here are mathematically very difficult to process,
because of the six parameters involved (i ¢, O ¢, O
Ham Oams anda ), which according to (1) and ot +
+ o5 =1 canbereduced to five parameters (i, O ¢
Oco Ham» O ams)- Because of this, mathematical analy-
sis of a mixed distribution consisting of two normal
distributions is rather complex and subject to a great
uncertainty. There consequently remain empirical
methods, which can be employed either using comput-
ers, or graphically, using a probability paper. Graphi-
cal methods are based on the empirical probability
density function f*(x), which is divided into density
functions fi*(x) of a particular type of distribution, in
such a way that the initial density /*(x) is obtained as a
superposition of fl-*(x) functions. This procedure is fa-
cilitated by the fact that, when normal distribution
probability paper is used, the branches of the empirical
density function f”(x) are almost normally distributed
ifthe component densities fl-*(x) are also normally dis-
tributed.

In a graphical approximation, these straight
branches should be the starting point. The mixed dis-
tribution from fig. 1 is decomposed into its constituent
parts in fig. 2.

The characteristic of the mixed distribution
F(Cs + Am) and the modes described suggest that
F(Cs + Am) is composed of two normal distribu-
tions. Since the starting point has to be the empiri-
cal density function, the measured values are re-
corded in a frequency table [12, 13] and processed
(tab. 1). The empirical density function is graphi-
cally represented (fig. 2) and divided into two “uni-
verse” (populations). The relative frequency of
each componentuniverse is entered into tab. 1. Fre-
quency sums yield component parameters as o, =
=0.42 and @, = 0.58.

Cumulative frequencies are then formed for
each universe, according to

1 k
sy = Zhi (2)
Aes Am i=1
(seetab. 1) and represented in order to determine to the
parameters graphically as quantiles 7nscs, Osocs, and
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Figure 1. Mixed distribution of the “number of pulses”
random variable

F(Cs) — distribution function for the number of pulses from
the Cs source; F(Am) — distribution function for the number
of pulses from the Am source; F(Cs + Am) — distribution
function for the number of pulses from a mixed Cs and Am
source
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Figure 2. Analysis of mixed distribution F(Cs + Am)
from fig. 1

ns0am, Os0cs- The result obtained is a mixed distribu-
tion, consisting of two normal distributions (marked
with @), with the distribution function expressed as

F(Cs+Am)=
=042D(ne;125; 7% + 058D (n ,,:149;67)  (3)

The parameters of the component distributions
are in good agreement with the distribution function
for individual sources (figs. 1 and 2).
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Table 1. Evaluation of the mixed distribution (fig. 2) with a sample size of n =199

Class Absolute Relative Relative Relative Relative  |Relative cumulative|Relative cumulative
number Class limits frequenc cumulative frequenc frequency frequency frequency frequency
U quency frequency AUENCY | Universe Cs | Universe Am Universe Cs Universe Am
k Ncs NAm Pk hsx hx hxes xam hsxcs hrskam
1 >107 | 112 2 0.010 0.010 0.010 — 0.024 -
2 >112 | 117 4 0.050 0.040 0.040 - 0.119 -
3 >117 | 122 12 0.120 0.070 0.070 - 0.286 -
4 >122 | 127 20 0.220 0.100 0.100 — 0.525 -
5 >127 | 132 19 0.315 0.095 0.093 0.002 0.747 0.003
6 >132 | 137 15 0.390 0.075 0.062 0.013 0.895 0.026
7 >137 | 142 20 0.490 0.100 0.032 0.068 0.971 0.144
8 >142 | 147 28 0.630 0.140 0.010 0.130 0.995 0.370
9 >147 | 152 34 0.800 0.170 0.020 0.168 0.999 0.662
10 >152 | 157 26 0.930 0.130 - 0.130 - 0.888
11 >157 | 162 11 0.985 0.055 - 0.055 - 0.983
12 >162 | 167 2 0.995 0.010 - 0.010 - 0.999
acs=0.419 aam=0.576
0.995 a~042 1 -a=0.58
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Huana h. JOJITNBAHUH-HEKW, Ilennc ®. IIYhWh, Kosubka . CTAHKOBUh

INPUMEHA MEHMOBUTE CTATUCTUYKE PACIOAEJE AJUTUBHOI' TUITIA HA
AHA/IN3Y 3PAYEIA CMEHNIE PAJIMOAKTUBHUX MU30TOIIA

Y pany ce pa3maTpa MOryhHOCT pa3jiBajama epekaTa 3padetha U3 [Ba WU BUILE PaIOAKTHBHUX
U30TOMNa NMPUMEHOM METOfa CTaTUCTHUYKe MaTemaTuke. IlocTymak ce CBOAM Ha IPHUMEHY MEIIOBUTE
pacrnopiesie agUTHBHOT THIA. MaTeMaTHUKHU IOCTYHNaK NPHKAa3aH je Ha MPHUMEPY aHalu3e CIOKEHOT
3padera U3 [Ba PaJuoaKTUBHA U3BOpa.

Kmwyune pequ: 3paverse cmeute U30WONa, Meulosuitia Cliatituciiiudka pactiooeaa aoutliueHo? muiia,
fapamettipu iojeOUHAYHUX YHUB8eP3yMa paciiodene




