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Abstract— An experiment on the activation properties of an
artificial indium foil was conducted at the National Research
Tomsk Polytechnic University laboratory. Background particles
were first quantified in a gated chamber. A charged indium foil
was positioned in the gated chamber, and the released particles
were documented as impulses. The mean values of the
measurements were determined together with their
corresponding errors. A graph of In A' versus time (t in minutes)
was subsequently constructed. The graph's slope was calculated,
representing the decay constant. The half-life of the indium foil
was subsequently determined. The graph indicates that the
average decay constant is 0.0133 min™ and the mean half-life is
52.2 minutes. The inaccuracy in the average decay constant and
mean half-life was determined to be 1.77 x 102 min™ and 6.6
minutes, respectively. The decay curve was graphed, depicting
the activity of the indium sample over time, revealing a decrease
in activity as time progresses.

Keywords— Half-life, Decay constant, artificial indium foil,
particle detector, decay curve, Russian gated chamber.

L. INTRODUCTION

Radioactive decay, or nuclear decay, is a method that
occurs when the central nucleus of an atom that is unstable
dissipates energy by producing radiation, such as alpha
particles, beta particles, gamma rays, and conversion
electrons. A substance that emits radiation naturally is deemed
radioactive. [1]

Radioactive decay is a stochastic process at the atomic
level, since the theory of quantum physics posits that it is
impossible to forecast the exact moment of decay for a
specific atom. The probability of a certain atom undergoing
decay remains constant, irrespective of its age. The decay rate
of a substantial assemblage of atoms may be determined from
their observed decay constants or half-lives. This constitutes
the foundation of the concept of radiometric dating. The half-
lives of radioactive isotopes have no established lower or
upper bounds, including a temporal range over 55 orders of
magnitude, from virtually instantaneous to significantly
beyond the duration of the universe. A radioactive source
emits its decay products uniformly in all directions. [2]

Numerous nuclear species exhibit instability and undergo
transitions to alternative species by absorbing or producing
high-energy particles and photons, including gamma rays. The
change in the number of decaying nuclei AN at a time period
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At is directly proportional to the current number N of nuclei
present. i.e.,

N=N,e™ M

In order to be charged (excited state), Indium foil was
placed in close proximity to a Plutonium (Pu) Beryllium (Be)
source overnight in this experiment. Plutonium generates
helium particles that interact with Beryllium in accordance
with the following equation:

2He + JBe = 2C+ In 2)

After being released, the neutron interacts with the Indium
foil, causing it to enter an excited state.

In+ }n =*In 3)

Particle detectors, including the Russian gated MKS
machine, quantify the number of particles emitted per second
from a radioactive source and document this measurement as
an impulse. The Indium foil was subsequently positioned
within a gated chamber (Russian machine), and impulse
measurements were recorded at time intervals of 0, 5, 10, 15,
20, 30, 45, and 60 minutes. The initial impulse within the
chamber was documented before the measurement of the
Indium foil was conducted. The initial measurement is
referred to as the background impulse. The experiment was
repeated with varying masses of Indium foil, charged over a
specified time interval. [3,4]

Objectives

1. To determine the decay of charged indium foil
(artificial)

2. To determine the activation characteristics of
Indium foil of different masses and

3. Calculate the decay constant and half-life.

4. Plot the activation decay curve.

Organization

The following section outlines the preparation of the
remaining article: Section II encompasses work pertinent to
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the preceding study. The suggested approach is detailed in
Section 111, the experimental results are provided in Section IV,
the discussion is included in Section V, and the conclusions
are found in Section VI.

II. LITERRATURE SURVEY

In most instances, the interaction between thermal
neutrons and non-fissionable nuclei leads to the occurrence of
radioactive capture (n, y), which is realised in the following
manner:

IM + n-> MIM+Y 4)

The accumulation of radioactive atoms in the irradiated
sample can be analysed mathematically in the following
manner. A thin sample, defined as one where the alteration in
the flow of particles passing through it is significantly less
than that flow, containing N¢m atoms, is positioned within a
thermal neutron flux with a density of @, cm™ -s™'.

Subsequently, within the time interval dt, ®Nc,c.dt new
active atoms will emerge (where o, represents the
macroscopic cross section of neutron absorption by a stable
nucleus). The formation of active nuclei is accompanied by
the occurrence of their decay process. At time t, if there are N
active nuclei, then over the interval dt, ANdt of these nuclei
will undergo decay, where A represents the decay constant [4].

There is a simultaneous increase and decrease in the
number of active nuclei, hence the following differential
equation may be used to find the change in this number over
time N(t):

dn(t) _

a q)Ncmaa - XN(t), (5)

where @N,,0, — the number of radioactive nuclei formed per
unit time.

By integrating equation (2.1) with the initial scenario that
at time t=0, N(t)=0, and working under the assumption that at
every point during the exposure period, the quantity of active
nuclei formed is significantly less than the amount of the
stable isotope nuclei, we derive:

N(E) = Z20% [1— e = Ny [1— e7M] (6)

Therefore, it can be concluded that as the irradiation time
extends (t—o0), the quantity of active nuclei that accumulate
in the sample approaches its maximum value.

DONepog

Npax = — @)

We may virtually infer that the sample has achieved
saturation when the number of radioactive nuclei generated
per unit time is equal to the number of decaying nuclei, as long
as the irradiation duration is 8 + 10 half-lives. At this point,
the difference between N(t) and Nuax is only 1072 percent [5].
Keeping an eye on how the activity of sample (A) varies over
time will allow us to estimate the pace of rise of the number
of radioactive atoms:

A= AN = ANpar[1 — e (®)

Denoting AN, as Amax — Activity of sample saturation
(at the moment of time t—o0), we obtain that the activity of
the sample increases according to the exponential law with the
same period that the number of radioactive nuclei:

A= Apax[1— e_h] = Apmax[1 — e_<T_% >] > )]

Where T1 = = is the half-life, i.e. the time during which
2
the activity of the sample is reduced by half.

Suppose that at the moment of time r=fy the sample
irradiation by neutrons has stopped. Radioactive nuclei
accumulated by this moment, will decay according to the
exponential law:

N = N,e™ (10)
where N, —number of radioactive nuclei accumulated by this
moment of time t,;

t — time since the end of irradiation; A — decay constant.

Change in the activity 4 of the sample in time is determined
by the relation:

dN _

A=
dt

AN = AN, e~ (11)

Denoting AN, as A, — activity of the sample after
irradiation (at the moment of time /=#0), we obtain that the
activity of the sample decreases according to the exponential
law with the same period that the number of radioactive
nuclei:

_ At _ )
A= Aje™=4e \ 3

Fig. 1 illustrates the increase in activity of the sample
during irradiation and its subsequent decrease during de-
excitation.

The amount of activity of the material being studied can
be scientifically tracked as it corresponds to the number of
particles emitted per unit time, which can be detected by
counters or other devices [6]. For instance, consider a scenario
where the source of [~ particles is positioned near a beta
counter. The activity of the test sample is directly proportional
to the number of pulses recorded by a counter per unit time.

(12)

At decay - A(t) = % =T At = 4 7N,

w

(13)
At activation —
A@t) =" = Imer (g — oM = 4, [1— e, (14)

Where n(t) — the number of pulses registered by a counter
per unit time, at the moment of time # (count rate);
n, — count rate at the initial moment of time ¢ = t,;
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Nmax — count rate at the final moment of time #—oo under
experimental conditions it is necessary to satisfy the
condition t > 107 '1;

2

Nmax

relations 4, = % and Apax = — sample activity

at the initial and final moment of time, respectively; w =
0.3 — mean probability of f~—particle registration.

A(t) & !
A kssnsnanneg '
1
1
1
1
I
42 b--S------ +---m o
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Fig. 1. Change in the sample activity in time during its irradiation and
radioactive decay

A. Introduction of w
The following factors contribute to its occurrence:

e When an active sample is located outside of the
counter's sensitive volume, the counter will only detect
a portion of the particles. Particle registration
percentages decrease when the solid angle between the
radiation source and the counter decreases.

e Secondly, some of the particles travelling in the
opposite direction might be absorbed by the source, the
air flowing towards the counter, or even the counter's
walls.

e Lastly, some particles that have gone through the
counter are not recorded because of the dead time (also
known as insensitive time or resolution time) of
devices, which detect radiation.

The effect of these variables on the measured amount
could vary among trials. All three of these considerations are
crucial, for instance, for calculating the sample's absolute

activity [7].

For the sake of argument, let's say that a counting device
is alternated at time t for time dt. The count rate may be
expected to remain constant throughout measurement time dt
if the time required to measure is much less than the half-life
of the test nuclide. We can then create a time series graph
showing the sample's activity levels rising or falling based on
our knowledge of the registration efficiency w and count rate
[8]. If we take the logarithm of either equation (13) or (14),
we can get the test nuclide's decay constant:

InApo—InA(t) _ Inng—Inn(t)
t - t ’

At decay — =

(15)

At activation —

1= InAmax_In[:lmax - A(t)] — Innmax _Int[nmax_ n(t)] (16)

Hence, plotting value Inn(t) or In [Nye, — n(t)] on a
logarithmic graph, we obtain a straight line, the slope of
which is equal to A. After determination of the slope, a half-
life is calculated:

Ty =22-00% (17)

It is usual practice to use a differential approach when
analysing a decay or activation curve [9].

The following rule governs the decay of radioactive nuclei
collected in a sample that is a combination of two isotopes:
Npie™1t,

Npze 2",

For 1st Isotope - N; =
For 2nd Isotope - N, =

For total number of radioactive nuclei —
N = Nl + Nz = N()le_xlt'i' Noze_xzt, (18)

Noi and No; - represent the quantities of radioactive nuclei
accumulated at time t0 for the first and second isotopes,
respectively; A and A, denote the decay constants for the first
and second isotopes, respectively; t indicates the duration
since the conclusion of irradiation [10,11].

The sample's activity will be assessed based on the
established relationship:

ANy Mt 4
Az Npze 72t (19)

A, and A, represent the contributions to the sample's activity
from the first and second isotopes, respectively.

If the half-life of the first isotope is signiﬁcantly longer than
that of the second isotope (T1 > T1 ),), then after a duration

t>» 10T1 ,, it can be assumed that the activity of the sample

is predominantly influenced by the decay of the first isotope.

A= Ay =T2=1Ny = LNGeME= Ape™E  (20)

where — contribution to the activity of the sample of the 1st
isotope at the moment of time ty; = 10T12,N(;1 number of

2
radioactive nuclei of the 1st isotope at the moment of time

tOl'

Taking the logarithm of equation (20), we can determine the
decay constant of the 1st isotope:

InAg1—InA(t) _ Inngi—Inn(t)
t t

A= , 21

where n,, — contribution of the 1st isotope to the count rate
at the moment of time ty; = 10Tf.
2

Authorized licensed use limited to: KIIT University. Downloaded on February 26,2026 at 06:35:09 UTC from IEEE Xplore. Restrictions apply.



As a result, we can determine the contribution of the 1st
isotope to the sample activity at any moment of time, and we
can determine a decay constant for the 2nd isotope from eqn
(14):

AD) = A, (D) + Ay(t) = Agre ™+ Age™2, (22)

where Ay, and Ay, — contribution of the 1st and 2nd isotope
to the sample activity at the end of irradiation #.

A, (1) = Agze™2" = A(t) — Ay (t) (23)
Taking the logarithm of eqn. (23), we obtain:
Az — InAgz—InAq(t) — Inngy—Innq(t) (24)

t t

where n,, — contribution of the 2" isotope to the count rate
at the moment of time #y; n1(f) — contribution of the 1%isotope
to the count rate at the moment of time ¢.

Using expression (24) we can determine the half-life for the
1st and 2nd isotopes.

Description of the experimental installation

Beta-activity of the sample is measured by standard
computational devices. Counter of ionizing particles converts
ionization from the passing of a charged particle, arising in its
volume, into electrical pulses. The pulses from the counter
output are fed to the former, which converts them to the
standard in amplitude and duration, required for the operation
of the scaling device. If necessary, the formation of pulses is
preceded by additional amplification. As beta-counter a
scintillation counter is used [12,13].

As a test sample for laboratory work: decay and activation
curve indium plate is used. Table I contains isotopic
composition of natural indium and products of (n,Y")—reaction,
occurring during irradiation of natural isotopes with thermal
neutrons [14,15].

TABLE 1. NUCLEAR CHARACTERISTICS OF INDIUM

ACTIVATION DETECTORS
Isotopic o . .
. Activatio . . | Half-life
composi | Isotope Radioacti
. o n Cross of
tion of |content, % . ve . .
section, radioactiv
natural product
o 1. barns e product
indium
H4m | 49 days
ian 4.23 58+12
14, 72¢
11emin 54 min
Bin 95.77 197+15
s 13¢

Note: Activation cross-sections are given for neutrons with

velocities 2000 m/s.

III. METHODOLOGY

The precautionary guidelines were reviewed. This
signifies an emphasis on comprehending safety protocols
during laboratory work. This background underscores the
need of safety in laboratory settings. Investigations were
conducted with authorization and this demonstrates
compliance with procedure and oversight. This document
outlines the experimental techniques undertaken.

The counting device's operability in test mode was
confirmed. The background of the counting device was
measured three times. The duration of a single measurement
(tdet) is 30 seconds. The sample from the neutron source
container was exposed for 30 seconds without measurement.

The dependence of the count rate on time (t) was
eliminated. Measurements were conducted at each time point
(t). The duration of one measurement (t, min) was 30 seconds.
The results obtained (n) are documented in the table II.

The background measurement of the scaling device following
the repeated measurements.
Processing of experimental results

Mean background of the scaling device and its
measurement error was calculated using the relation:

_ 1 1 _
=33l s = [Ty —ne @9

Where, i represents the number of measurements taken (3 in

this case); / — number of background measurements, in this

case it is equal to 3; ng — count rate of background in i-
L

measurement.

To determine the mean value of count rate at the moment of
time t, caused only by Indium sample activity (N), i.e., to
eliminate background and to evaluate its error (oy) from all
obtained gauging, using relations N.

1(1-1) <t (26)

_ 1 1 _
n:72§=1ni ; Op = \/_ 1'=1(n_ni)2

where i — measurement number at the moment of time t and
in this case, it can take the values 1, 2, 3; I —number of
measurements at the moment of time t and in this case, it is
equal to 3; n; — count rate in i-measurement

To determine the mean value of count rate ( )
and its measurement error (oy ) for all the moments of time
t by the relations:

InA’ = InA’; oln:%

27

To construct a graph of the dependence of sample activity

on time on the semilogarithmic scale,( A = f(t)). For
this purpose, experimental values In 4 with confidence
intervals is plotted on a graph, within which two straight
lines are constructed.

Since a decay constant is determined according to
the slope of these lines, it is necessary to construct them in
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two extreme slope angle positions (“shallow” - 1 and “sharp”
- 2 lines in fig. 2.

InA p
In 4,

In 4,

In A,

In 4,

At J/

Fig. 2. The processing of the relationship of sample activity with time,
presented on a semilogarithmic scale.

If the values of confidence intervals are low for the
construction of straight lines(c;, <<InA’), then the lines are
constructed in such a way, that the points above and below the
line balance each other (fig. 3).

In Ay,

In A,

Fig. 3. An example of processing of dependence of sample activity on time
on a semilogarithmic scale

IV. EXPERIMENTAL FINDINGS

To calculate the mean background of a scaling device (n4)
and its measurement error (64 ) by the relations;

1 1
n¢ = 72 n¢i
=1

_0,24+0,26+0,29

Ng=—7p—— = 0.26 pulse/s
The mean background of scaling device = 0.26 pulse/s

1 1

(0.24 —0.26)% + (0.26 — 0.26)%2 +
(0.29 — 0.26)?
a4 = 0.05 pulse/s

Therefore, for background measurement error = 0.05
pulse/s

To determine the mean value of count rate (77 ) and its
measurement error g,, for all the moments of time t (t=0,
10,20, 30,45 and 60 min) by the relation;

__ It

For t=0; 1=22.6, 2=21.4, 3=20.4 pulse/s where [ = 3

__ I L

— _ 22.6+21.4+4+204

n=————-= 21.5 pulse/s

The mean value count rate 7 = 21.5 pulse/s

1 L
e

(22.6 — 21.5)2 + (21.4 — 21.5)2
+(20.4 — 21.5)2

33-1)

oy, =

o, = 0.94 pulse/s
The error in measurement g,, = 0.94 pulse/s

Therefore, the mean of count rate and its error 7 =21.5 £ 0.94
pulse/s

To determine the mean value of count rate at the moment
of time 7, caused only by indium sample ( N):

N=n-— ﬁ¢

From reading above, N = 21.5 — 0.26 = 21.24 pulse/s

The total error:
oy = ’anz + 042

oy = v 0.94%2 + 0.052
oy = 0.94 pulse/s

Therefore, the value of mean count rate caused only by
indium sample activity (N) =21.24 + 0.94 pulse/s

To determine the mean value of the indium sample and its
error using relations:

1 1
n¢ = 72 n¢i
=1
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Activity at t= 0 can be determined through

A=

gl=l

Oy =

el

where ® = 0.3

A=222—70.8 decay/s
0.3
04= % =3.13 decay /s

Therefore, activity A = 70.8 & 3.13 decays/s

Ln values of activity In A and of its error were determined
from (=0, 10,20, 30,45 and 60 min) respectively

For t = 0s;

Ln(A) = In(70.8) = 4.26
Ln(o,)=1In (3.13) = 1.14

Therefore, In (A) can be written as 4.26 + 1.14

The graph of In(A) against time (min)

InA vs. time

< :
£ !
- =5 :
? +
(%1
Fig. 4. A graph of In(A) against time, minutes
a. From the graph above the values of decay constants
are determined by;
InAy1-In A 4.3-3.60 .
Ay =T =0.01167 min"!
In Ay —InA 4.39-3.49 ,
A, =1ra i = 0.015 min’!
At 60
b. The average value of decay constant and its error

are determined by;

A1+,

A= = 0.0133 min’!

T 24 (71— 2
o = SR - 1 7 510 min!

c. The average value of half-life and its error are
determined by;

T= ’"TZ = 52.12 min

7 =27 = 6.66 min
d. By using A¢=70.8 dec/s. was used to calculate

value of activity at time t by using:

A(t) = Agexp(—At)

Time 0 10 20 30 45 60
(min)

61.98 | 543 | 475 38.9 | 319

A(t) dec/s | 70.8

The data obtained were used to plot the decay curve below

A(t) against time,(min)

Alr)

t, min
Fig. 5. A decay curve

From the graph above it can be observed that as the time
increases the activity decreases, this is because radioactive
decay causes reduction in number of unstable nuclei in a
sample which reduces count rate.

V. DISCUSSION

The excited Indium foil was then placed into a gated
chamber and impulse was recorded on time intervals of 0, 5,
10, 15, 20, 30, 45, 60 minutes. Initial impulse within the
chamber was recorded prior to the measurement of the indium
foil. The initial measurement was called background impulse.
The experiment was again conducted for different masses of
Indium foil when charged in a particular time interval.

The mean background of a scaling device (ng) and its
measurement error (c4) were found to be 0.26 pulse/s and 0.05
pulse/s. The determine the mean value of count rate () and
its measurement error g,, for all the moments of time t was
found to be 21.5 pulse/s and 0.94 pulses/s. The mean value of
the indium sample and its error were found to be 70.8 decay/s
and 3.13 decay/s respectively.
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TABLE II. THE RECORDED MEASUREMENTS

t, n, n+ N+toy, |Atoy, | MA+o,
min | pulse/s | o, pulse/s | decay/s
pulse/s
0 22.6
214 215+ | 21.2¢ 70.8 426 +
20.4 0.94 0.697 +3.13 | 1.14
10 | 20.2 19.7+ | 19.26%
19.6 0.048 | 0062 64.19+ | 4.17%
19.3 0.2 0.0032
20 | 18.8 17.42+ | 17.02+ | 56.74% | 4.04%+
17.1 0.156 | 0.16 0.53 0.0094
16.4
30 | 164 163+ | 159+ 53+ 3.97+
16.4 0.395 0.4 1.32 0.025
16.3
45 13.4 11.72+ | 11.32+ | 37.74% | 3.63+
12.9 0.496 | 0.5 1.66 0.0439
9.1
60 113 10.34% | 9.94+ 33.15+ | 3.5+
' 0.487 | 0.5 1.63 0.0492

The decay constant was calculated to be 0.0133 min™! from
the graph the LnA against time and thereafter, the half-life of
the artificial radionuclide was found to be 52.21 minutes. The
values of the activity were calculated at different times using
the activity equation. A graph of Activity versus time was then
plotted as a decay curve. It was observed that as the time
increases the activity decreases.

VI. CONCLUSION

From this experiment, the value of decay constant was
determined to be 0.0133min"!, the half-life of the Indium
sample was calculated to be Ti,=52.21 minutes and its error
approximately equal to 6.6 minutes. Based on the given
Indium sample '35 its half-life is 54 minutes; there is a very
little difference between the experimental value and the actual
value which is corrected by the value of its calculated error.

The activity of a sample decreases as the time increases.
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