Lab [30 pts]
A Simulation of Radioactive Decay
(Half-life)

Name Key
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Introduction: How long does it take for a sample of radioactive material to decay? The answer to this
question allows scientists
a) to predict the total time a radioisotope used in medical diagnosis will remain active within the
body,
b) to plan how long hazardous nuclear wastes must be stored, and
c) to estimate the ages of ancient organisms, of civilization and of the earth itself!!
The rate of radioactive decay depends on the particular substance—all radioactive isotopes decay and emit
radiation at differing rates. Thus, scientist have devised a convenient way of measuring and reporting how
fast various radioisotopes decay—scientists measure the rate of decay in HALF-LIVES!!!!
One HALF-LIFE is the time it takes for one-half the atoms in a sample of radioactive material to decay.
IMPORTANT: Every substance will have its own unique half-life. The half-life of one isotope might be
millions of years, while the half-life of another isotope may be fractions of a second.
In this activity you will use the random chance of a penny landing tails-up to simulate radioactive decay,
and plot the decay curve of a sample of “pennium” to obtain a more concrete understanding of half-life and
rates of decay.
Prelab Questions [4 pts]
1) Suppose you had a collection of 1,000,000 marbles. If you took half away, how many would you have
left? If you took half of those away, how many would you now have left? After a 3rd time? A 4th time?
A fifth time?
1st: 500,000; 2nd: 250,000; 3rd: 125,000; 4th: 62,500; 5th: 31,250

2) [2 pts] In problem #1, what fraction of the original sample is left after the first time? The 2nd time? The
1
3rd? 4th? 5th? How many times would it take to reach 128
of the original sample (7812.5 marbles)?
½ is left after the first time, then ¼, ⅛, 1/16, 1/32. The 6th time gets 1/64, and the 7th gets

1
128

or 7812.5

Post Lab Questions: [22 pts]
1) [1 pt] Approximately what percentage of pennies “decayed” after each half-life? about 50%
2) [1 pt] After which half-life did the actual numbers of pennies decrease the most? First
3) [2 pts] In the simulation, you only dealt with 100 pennies, however in the “world of atoms,” one is
dealing with many, many, many atoms of a radioactive substance (maybe a mole of atoms—6.02 × 1023
radioactive atoms), With so many atoms, statistically, you should get exactly half of the atoms decaying
every half-life. Thus, in the “real world of atoms,” what percentage of radioactive atoms will have
decayed after 5 half lives go by?
After 5 half lives, amount remaining = 100 ( 12 ) =3.125%
Amount decayed = 100 % - 3.125% = 96.875%
5

4) [2 pts] In the simulation, every time you shook the beaker represented one half-life. In your simulation,
you made no distinction as to how long that half-life was. What could you do in the simulation to
represent a radioactive substance that has a half-life of 2 seconds? How about one with a half-life of 1
minute?
Since each shake represents one half-life, the shake + count time equals the half life. So match the shake
+ count time: for 2 seconds, shake and count every 2 seconds (yes, this is fast and would be fairly
difficult in practice). For 1 minute, shake and count every minute.

5) [3 pts] In this simulation, the fact is that each penny has a 50% chance of landing tails-up (decayed).
Thus, on average, 50% of the atoms will land tails-up each time you shake the beaker.
a) Is there any way to predict if a particular penny will “decay” after one half life goes by? No
b) If you could follow the fate of an individual atom in a sample of radioactive material for one
half-life, could you predict if that particular atom would decay? No
Why or why not?
Because the process is random, and the particular atom only has a chance of decaying, not a
certainty.

6) [2 pts] Cobalt-60 is a radioisotope used as a source of ionizing radiation in cancer treatment (The
radiation it emits is effective in killing rapidly dividing cancer cells.). If a hospital starts with a 1,000 mg
sample of Co-60, how many milligrams of the Co-60 would be left after 10 yrs go by? (Half-life of Co60 is 5 years.)
2
10 yrs
Number of half-lives = n =
= 2; Amount remaining = (1,000 mg) ( 12 ) = 250.0 mg
5 yrs

7) [2 pts] Suppose a sample of bone contained 200 mg of carbon-14 at the time of the organism’s death.
Calculate the age of the bone, when the bone contains 25 mg of carbon-14. (Carbon-14 has a half-life of
5570 yrs.)
25 mg = (200 mg) ( 12 ) ; n = 3 half lives; Age = 3 × 5570 yrs = 16,710 yrs
n

8) [6 pts] Read the article on Carbon-14 Dating. Answer the following questions:
a) [1 pt] Write the nuclear equation that shows the formation of C-14 in the atmosphere.
14
1
14
1
7N + 0n →
6C + 1H
b) [1 pt] Explain why one can assume that the C-14 ratio (compared to C-12 and C-13) stays
constant as long as an organism stays alive.
Because the C-14 is continually being replenished from the carbon cycle as the organism eats
and respires and at the same time undergoing radioactive (beta) decay in a dynamic process.
c) [2 pts] Why does the C-14 ratio decrease after an organism dies? (explain in words and write a
nuclear equation.)
The C-14 is no longer being replenished, so when it decays its percentage decreases:
14
14
0
6 C → 7 N + –1 e
d) [2 pts] Why is C-14 dating useful only for items less than about 50,000 years old? (Hint: how
many half lives are there in 50,000 years, and what percentage of undecayed C-14 do you expect
to be remaining?)
There are nearly 9 half-lives in 50,000 years, after which only
would remain, making it difficult to detect.
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or 0.19% of the original C-14
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