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A classroom alternative to simulate radioactive decay of nuclei
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In this work we present a classroom alternative to simulate radioactive decay of nuclei. It consists of a game in which the students in a
classroom are invited to participate in a kind of lottery. The students (around 45 in a typical classroom) take 20 “tickets” numbered at random

from 1 to 50. As a whole we have 900 initial “tickets”. Then one student is asked to give a random number between 1 and 50 (for example

34) and the teacher gives a range of numbers from 34 to 38 or 30 to 34. The students cross the numbers in their list that coincide with the
numbers given by the teacher. These numbers are the “lucky” ones and represent “nuclei” which decay, then someone gives another numbe
and the process is repeated and the number of “lucky” tickets put in a list. Repetition of the process gives a sequence of numbers which are
the number of “nuclei” surviving as the time goes on. The nuclei decaying are considered as stable ones. A plot of the surviving “nuclei” as a

function of time (number of times the students are asked to cross the lucky numbers) gives a typical exponential decay. When one consider:
the case of nuclei A decaying into nuclei B decaying to nuclei C and this one is a stable one, using the corresponding differential equations
one obtains the normal curves of nuclei as a function of time.
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1. Introduction 2. Experiment

There are many methods that simulate the radioactive decal'® €xperiment was ma?(_a in a"classroom with 45 students
of various unstable nuclei, these methods range from meand the list of numbered “tickets”, was something like these:
chanical [1] to electronics [2] and computers [3]. In this 12,1, 3, 6, 23, 45, 5, 7, 10, 34, 20, 32, 283 30, 19, 48, 37,
work, a method is proposed that consists of a kind of lottery!1: 43, 31, other student of course had a different sequence
game in which a not-so-large number of students participat@ Numbers between 1 and 50. The amount of surviving nu-
-about 45 of a group of undergraduates, for example-. Eachl€i could be just the numbers not crossed out or a new list is
one of the students is asked to write a set of random numbege‘f',g”e_d with a number of tickets equal to the surviving “nu-
between 1 and 50, let's say about 20, together we will hav&lel”. Itis preferrgd this last procedure bepausg |n.th|s way
900 numbers that represent the unstable nuclei. Someone!f3 randomness is assured and the possible bias is avoided.
then asked to choose a range of numbers, for example frofith the 45 students playing the lottery we had 900 “nuclei
11 to 15, and they are asked to cross off all the numbers th&Yhich eventually decay to another stable “nuclei”.

match that range on their list.

There will be about 90 that cross out, which represent3. Results
the nuclei that decayed. You now have 810 surviving nuclei.
With the numbers that were not crossed out, now someongigure 1 shows the number of surviving “nuclei” as a func-
decides to cross out the numbers in the range of 46 to 5dion of timet (in this case every time we asked to cross out
now there will be about 81, and 729 survive. The procedurdhe new numbers is considered as a unit of time)
is repeated now with the numbers 21 to 25, with which some ~ The equation giving the number of surviving nuclei as a
73 are crossed out and 657 survive. Each time you ask tiinction of time was
Cross out, a time interval is defined to record the "nuclear ra-
diation”. Repeating this procedure several more times with
different ranges of size 5 will give you 590, approximately,
then 531, 478, etc.

When we repeat the procedure with another range of
numbers, 4 instead of 5; the list of surviving nuclei follows Ng(t) = 902.14(1 — e~ 0-106t) 2)
another pattern and gives the behavior of a different nuclei
decaying radioactively. whereNg(t) is the number of stable nuclé.

Na(t) = 902.14¢ 0106t (1)

whereN 4 (t) is the number of surviving nuclei at time
The daughter nuclei as a function of time is given by
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FIGURE 1. Number of nuclei A decaying to nuclei B stable, the FIGURE 2. Typical behavior of nuclei A to B to C, Nuclei A de-
number of nuclei B is also plotted as a function of time cays to nuclei B which starts with a number 0 and increases to a
maximum and then decay for times longer than around 11. On the

When we treat the case of a sequence of nuclei ffor other hand nuclei C increases continuously from 0 and eventually

Bto C, A is a nucleus which decays to a nucléBsvhich ~ réaches a maximum for very large values of

decays to nucleu§’ and this last one being stable one has

to use the differential equations governing the process, these

equations are found for example in Ref. [2] If nucletlecays 4.  Analysis and discussion

to nucleiB and it is governed by the equation
As can be seen in the figures, the lottery game mimics quite

Na(t) = Npe™?, (3) well the behavior of nuclei decaying with their radioactiv-
ity; the sequences of numbers representing the tickets for the
and nucleiB decays according to lottery are quite at random and the decay is induced by the
election of the lucky tickets. Depending on the groups of
Ng(t) = Nge™, (4)  number that give the possible nuclei decaying we obtain dif-

ferent time constants for the decay. In our case when the
then when treated both processes altogether one obtains thgioup was of 5 candidates (out of 50), the time constant was
0.106 as used for the decay of nuckito nuclei B stable.
Ng(t) = Na ( a ) (7t — et (5)  Forthe decay of nucleB to nucleiC' we used a group of 4
b—a numbers and that selection gave a time constant of 0.083. In
conclusion the lottery game in a classroom can simulate the
decay of radioactive nuclei, the students enjoy a not so com-
mon experience and learn the radioactive decay behavior of
unstable nuclei and these results can be adapted to different
6_‘”) . (6)  unstable nuclei. With this game one can simulate decaying
nuclei with different half lifetimes, from nanoseconds to mil-
In our experiment we found that a=0.106, b= 0.0834, andions of years, defining the unit of time properly.
N4 =900 with these numbers the time evolution of the num-
bers of nuclei are as the plot that follows: Acknowledgments
As can be seen from Fig. 2 when a sequence of nuclei
from A to B to C and this last one is a stable one, the typicalWe appreciate the partial support from CONACyT, and
behavior of a series of nuclei decaying is observed. VIEP- BUAP.

Finally, if nuclei B decays to nuclef’ and this is stable,
the equation now is:

_ a b
Nc(t)—NA<1+b_ae .
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