Chapter Two
Radioactive Decay
What is radioactivity?
Nuclear decay or radioactivity, is the process by which a nucleus of an unstable atom loses energy by emitting ionizing radiation (particles or electromagnetic waves).
When the strong force can hold a nucleus together forever, the nucleus is stable.
If not, the nucleus becomes unstable and can break apart or decay by emitting particles and energy to become more stable. There are three main types of nuclear radiation: alpha (α) particles, beta (β) particles, and gamma (γ) rays.
What makes nuclei unstable?
The ratio of neutrons to protons determines whether a nucleus is stable or unstable.
nuclei with too many or too few neutrons compared to the numbers are unstable or radioactive. Large nuclei are more unstable; all with more than 83 protons are radioactive.
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Radioactive materials: are substances that emit radiation due to the unstable atomic nuclei they possess. These materials undergo radioactive decay, which involves the emission of particles or electromagnetic waves from the nucleus. The emitted radiation can take various forms, such as alpha particles, beta particles, gamma rays, or neutrons.

Radioactive materials can occur naturally in the environment, such as uranium and thorium, or they can be created artificially in laboratories for various purposes, including medical diagnostics and treatments, industrial applications, and scientific research. While some radioactive materials have beneficial uses, others pose risks to human health and the environment if not handled properly.
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       the term "nuclear activity" A typically refers to the number of radioactive decays that occur in  a sample per unit of time. It is a measure of how many radioactive events are taking place  within a given quantity of radioactive material. The unit of nuclear activity is the becquerel  ( Bq ), where 1 Bq is equal to one decay per second.  activity Mathematically, nuclear activity A is related to the decay constant (λ) and the number of  radioactive nuclei (N) in a sample by the equation: 𝑨 = 𝝀𝑵 where: A is the nuclear activity, λ is the decay constant (probability of decay per unit time), N is the number of radioactive nuclei.  𝑨 = 𝑨 𝟎 𝒆 − ( 𝝀𝒕 )
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Classical unit: Curie: Ci corresponds to the number of decays of g Radium as introduced by Madame Curie
Modern unit: Becquerel: Bgnotes a single decay event
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The half-life of strontium90(3357), is 28.8 y. Find (a) its decay constant and (b) the initial activity ofl g of
the material.
Solution: The atomic mass of33Sr is 89.91g.
The decay constant 1s found to be
0.693 X 1yr

~ 288 x3..1556 x 107s
Using the Avogadro’s number

=7.61x10"10s
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we find the initial number of nuclei inl g of the material:
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From this we find that the activity 4, at t = 0 for 1g of Sr

Ay = AN, =7.61x1071% x 6.71 x 10?3 = 5.1 x 10?1 decay/s
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       Classical unit: Curie: Ci corresponds to the number of decays of  1 g Radium as introduced by Madame Curie  Modern unit: Becquerel: Bq notes a single decay event 1Ci = 3.7 × 10 10 𝑑𝑒𝑐𝑎𝑦 𝑠  = 3 .7 × 10 10 𝐵𝑞                     1𝐵𝑞 = 1𝑑𝑒𝑐𝑎𝑦 /𝑠 The half - life of strontium -90( 𝑆𝑟 38 90 ), is  28.8  y. Find (a) its decay constant and (b) the initial activity of  1 g of  the material.  Solution: The atomic mass of 𝑆𝑟 38 90 is  89.91 g.  The decay constant is found to be 𝜆 = 0 .693 × 1 𝑦𝑟 28 .8 × 3 . . 1556 × 10 7 𝑠  = 7 .61 × 10 − 10 𝑠 Using the Avogadro ’ s number 𝑁 𝐴 = 6 .022 × 10 23   𝑎𝑡𝑜𝑚 𝑚𝑜𝑙  . we find the initial number of nuclei in  1 g of the material: 𝑁 0 = 1𝑔 89 . 91  × 𝑁 𝐴 = 1𝑔 89 . 91  × 6 .022 × 10 23   = 6 .71 × 10 23 𝑛𝑢𝑐𝑙𝑒𝑖 From this we find that the activity 𝐴 0  at t = 0 for 1g of Sr 𝐴 0 = 𝜆 𝑁 0               = 7 .61 × 10 − 10 𝑠   × 6 .71 × 10 23 = 5 .1 × 10 21 𝑑𝑒𝑐𝑎𝑦 /𝑠
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            Half - life  𝑇 1 2  is the time required for a quantity (of substance) to reduce to half of its initial value     Half - life 𝑻 𝟏 𝟐  = 𝒍𝒏𝟐 𝝀   = 𝟎. 𝟔𝟗𝟑 𝝀     The decay constant is related to the half - life  𝑇 1 2  of  a radioactive substance by the equation: 𝜆 = 𝑙𝑛2 𝑇 1 2   ​ 22 Na is a radioactive nucleus with a  half - life of 2.6 years, what is the decay  constant? 𝝀 = 𝟎. 𝟔𝟗𝟑 𝑻 𝟏 𝟐   1y = 3 .15569 × 10 7 𝑠 2.6y × 3.15569 × 10 7 s = 8 .2 × 10 7 𝑠 𝝀 = 𝟎 . 𝟔𝟗𝟑 𝑻 𝟏 𝟐   = 𝟎. 𝟔𝟗𝟑 𝟖. 𝟐 × 𝟏𝟎 𝟕  = 𝟖 . 𝟓 × 𝟏𝟎 − 𝟗 𝒔
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Let N(7) represent the quantity of radioactive substance at time 7. The differential equation
describing radioactive decay is given by:

The number of nuclei undergoing the decay, per unit time, is proportional to the total
number of nuclei in the sample material.

If N = total number of nuclei in the sample and AN = number of nucle1
that undergo decay in time At then,

AN/At < N
Or, AN/At = AN ... (1)
where A = radioactive decay constant or disintegration constant.
Now, the change in the number of nuclei in the sample is,

the rate of change of N (inthe limit At — 0) is,
dN dN
— = —AN or — =
dt N

—At
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        LAW OF RADIOACTIVE DECAY Let  N ( t ) represent the quantity of radioactive substance at time  t . The differential equation  describing radioactive decay is given by: The number of nuclei undergoing the decay, per unit time, is proportional to the total  number of nuclei in the sample material. If N = total number of nuclei in the sample and ΔN = number of nuclei that undergo decay in time  Δt then, ∆𝑁 ∆𝑡 ∝ 𝑁  Or, ∆𝑁 ∆𝑡 = 𝜆𝑁  … (1) where λ = radioactive decay constant or disintegration constant. Now, the change in the number of nuclei in the sample is, the rate of change of N (in the limit Δt → 0) is, 𝑑𝑁 𝑑𝑡  = − 𝜆𝑁  𝑜𝑟   𝑑𝑁 𝑁  = − 𝜆𝑡
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Now, integrating both the sides of the above equation, we get,
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Or InN—InNy = =A(t = tg) oo (3)

Where, N, is the number of radioactive nuclei in the sample at some
arbitrary time t, and N is the number of radioactive nuclei at any subsequent
time t.

Next, we set t, = 0 and rearrange the above equation (3) to get,

In (N/Ng) = - At

Or, N(t) = Nye ™ ... (4)

Equation (4) is the Law of Radioactive Decay.
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the term "nuclear activity" A typically refers to the number of radioactive decays that occur in
a sample per unit of time. It is a measure of how many radioactive events are taking place
within a given quantity of radioactive material. The unit of nuclear activity is the becquerel
(Bq), where 1 Bq is equal to one decay per second.

Mathematically, nuclear activity A is related to the decay constant (1) and the number of
radioactive nuclei (N) in a sample by the equation:
A=AN
where:
A 1s the nuclear activity,
A 1s the decay constant (probability of decay per unit time),
N 1s the number of radioactive nuclei.




