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Radioactivity

The Law of Radioactive Decay.
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Radioactivity

The law of radioactive decay.

It turns out that the probability per unit time for any radioactive nucleus
to decay is a constant, called the decay constant,  lambda,    .

If there are     radioactive nuclei, then the number that will decay in a
time       is given by                          .
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"N = #$N"t
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The rate of decay is therefore
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"t
=
dN
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The minus sign indicates that      is decreasing with time.
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N

! 

"

Note: The rate of decay is also called the radioactivity of the sample
containing the radioactive nuclei (or sometimes just the activity).
The unit of activity is the Becquerel (Bq).
[1 Bq is 1 disintegration per second (dps)]
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Radioactivity

The law of radioactive decay.

So this is the differential equation for radioactive decay:

! 

dN

dt
= "#N

The rate of radioactive decay is directly proportional to the number of
nuclei present, N and to the decay constant λ.

This is a simple differential equation.

We solve it to find the number of radioactive nuclei and
the radioactivity as a function of time.

Lecture 21

 © J. Watterson, 2007
75

Radioactivity

The law of radioactive decay.

This equation can be re-written as:

Integrating this expression gives:                                  .

Taking exponentials gives the well-known expression for exponential decay:

Where       is the number of radioactive nuclei at a time              .
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Radioactivity

The law of radioactive decay.

! 

N(t) = N
0
e
"#t

Number of
radioactive nuclei
left after a time t. Number of

radioactive nuclei
present at time t = 0.

Decay constant.

! 

R(t) = R
0
e
"#t

Note that, since the decay rate,                                    ,

! 

R(t) =
dN

dt
= "N(t)

Decay rate at a
time t. Decay rate at the

time t = 0.

we can also write:
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Radioactivity
The Half-life T1/2

by the definition of
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This is the time that it takes for half of the nuclei present to decay. That is
the time for        to equal         .

The concept of the half-life,       is often used to characterise radioactive nuclei.
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In other words,
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Example

Age determination by carbon dating.
14C has a half-life of 5730 years.

Cosmic-rays in the upper atmosphere produce 14C at a roughly
constant rate. As a result the ratio of 14C to the stable 12C is a constant
(more or less) in materials that are in equilibrium with the atmosphere.

As long as organisms are living they continuously exchange carbon
with the environment (as CO2) and they maintain this ratio.

Once they die this exchange with the environment is broken and the
14C starts to decay. The age of a material, such as charcoal or bone can
be determined by measuring its activity (radioactivity) per kg and
applying the radioactive decay equation.

! 

R(t) = R
0
e
"#t
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Radioactivity

Exercise 23

1. A living specimen in equilibrium with the atmosphere has an
activity of 250 Bq of 14C per kg of carbon .
A sample of wood recovered from an archaeological site contains
200 g of carbon and is found to have an activity of 2.5 Bq.
Assuming that the production rate of 14C in the atmosphere is a
constant and taking the half-life of 14C as 5730 years, what is the
age of the wood?

If the activity of the sample were 1 Bq what would its age be?
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Radioactivity

Radioactive nuclei can be produced through nuclear reactions.

• Some of are “neutron rich” and generally decay by emitting a
negative beta particle, β-.

• Some of are “proton rich” and generally decay by emitting a positive
beta particle, β+, or positron.

In each case the decay brings them back to the line of stable isotopes.

The details are shown graphically on a nuclide chart – see the next slide.
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The nuclide chart
The world we know is made up of nuclei that are stable

together with a few long-lived radioactive nuclei.

The stable isotopes as well as the radioactive ones can be seen on a nuclide chart.
neutron number, N
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This is the nuclide chart shown on the IAEA web-site -
http://www-nds.iaea.org/
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Stable
Electron capture
β- decay
α decay
β+ decay

Neutron emitter
Spontaneous Fission
Unknown
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Light isotope end of the nuclide chart, colour coded
for the mode of decay.
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Light isotope end of the nuclide chart, colour coded
for the half-life.
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β- decay

Nuclide chart, around 60Co, colour coded for the
mode of decay.
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226Ra decays to 222Rn by emitting
an alpha particle
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The Nuclide Chart
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Radioactivity

Example: Fission products from a nuclear reactor.

Another example of radioactive nuclides is the fission products that are
formed during the operation of a reactor.
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These form high level radioactive waste and the disposal of this waste is
one of the principal issues in the widespread utilisation of nuclear

power.

Note

Some fission products, such as 135Xe and 149Sm have very large (n,γ)
cross-sections for thermal neutrons.

They act as “poisons” because they absorb neutrons and, for example,
make it more difficult to start a reactor after shut down.


