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7.2: Radioactivity Terminology
In an attempt to maximize stability, nuclei have several options. Each of these options is a distinct type of radioactive decay. Before
discussing the individual types of decays, we will first describe the general terminology used to describe these transformations.

The activity, A, of a radioactive sample is defined to be the number of radioactive decays per second, typically measured in
Becquerel (Bq), where 1.0 Bq = 1 decay/second, or Curie (Ci), where

The decay constant, �, is defined to be the probability per second of any particular nucleus decaying. 
Therefore, the activity of a sample is the product of the decay constant and the number of nuclei (N) in the sample: 

 
Also, the activity can be thought of as the change in the number of radioactive nuclei present, because every decay reduces the
number of radioactive nuclei remaining. Therefore, 

Combining these results yields a differential equation: 

with solution

 
 
The number of radioactive nuclei in a sample decreases exponentially over time.

Since the activity is proportional to the number of atoms, the activity follows the same exponential decrease,

 
  
The half-life is the amount of time it takes for the activity of a sample, or the number of atoms in a sample, to be reduced by one-
half. This can be related to the decay constant via

Radioactivity
A radioactive sample has an activity of 2.3 �Ci. After 1.0 hr, the activity has decreased to 1.7 �Ci. What percentage of the sample
will remain after 6.0 hr?

Since the activity decreases exponentially,

1.0 Ci = 3.7x Bq.1010 (7.2.1)

A = 2N (7.2.2)

A = −
dN

dt
(7.2.3)

− = λN
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dt
(7.2.4)

= −λN
dN

dt
(7.2.5)

N(t) = N0e
−λt (7.2.6)

A(t) = A0e
−λt (7.2.7)

A(t) = A0e
−λt

0.5 =A0 A0e
−λt1/2

−λ = log(0.5)t1/2

λ =
− log(0.5)

t1/2

λ =
log(2)

t1/2

(7.2.8)
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The decay constant is 0.302 hr-1, meaning each atom has approximately a 30% chance of decaying each hour.

After 6 hrs, 

The activity has dropped to 0.376/2.3 = 0.163 of its initial value. Since activity and number of atoms are proportional, 16% of the
sample remains after 6.0 hr.

Carbon Dating
A sample of leather from a tomb is burned to obtain 0.20 g of carbon. The measured activity of the sample is 0.017 Bq. How old is
the sample? In the environment, about one carbon atom in 7.7 x 1011 is 14C. The half-life of 14C is 5730 yrs.

The half-life can be related to the decay constant via 

To find the age of the leather, we need to calculate the activity of 14C in the present environment, and assume that this was the
activity of the leather when the leather sample was in equilibrium with its environment (i.e., when it was alive). To do this, find the
number of carbon atoms in the sample, then find how many of those are 14C. From this number, the activity of a “new” piece of
leather can be determined. 

 
Therefore, there were 1.30 x 1010 atoms of 14C present in the sample when the sample was alive. Since the decay constant gives
the probability of decay as 1.21 x 10-4 yr-1, the initial activity of the sample was 

 
Therefore, 

A(t) = A0e
−λt

1.7μ = (2.3μ )Ci Ci e
−λ(1.0/hr)

= 0.74e−λ(1.0hr)

−λ(1.0hr) = log(0.74)

λ = 0.302hr−1

(7.2.9)

A(t) = A0e
−λt

A(6.0hr) = (2.3μ )Ci e
−(0.302h )(6.0hr)r−1

A(6.0hr) = 0.376μCi

(7.2.10)

=
log(2)

t1/2

λ =
log(2)

5730 yr

λ = 1.21x10−4  yr−1

(7.2.11)

0.20g( ) = 1.00x atomsC
6.02x atomsC1023

12g
1023 (7.2.12)

1.00x atomsC( ) = 1.30x atom C1023 1ato Cm14

7.7x atomsC1011
1010 s14 (7.2.13)

= (1.30x atom C)(1.21x y )A0 1010 s14 10−4 r−1

= 1.57x decays/yrA0 106

= 0.050decays/s = 0.050BqA0

(7.2.14)

A(t) = A0e
−λt (7.2.15)

0.017Bq = (0.050Bq)e−(1.21x )t10−4

(7.2.16)

= 0.34e−(1.21x )t10−4

(7.2.17)
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The sample is 8900 years old.

This page titled 7.2: Radioactivity Terminology is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Paul
D'Alessandris.

−(1.21x )t = log(0.34)10−4 (7.2.18)

t = 8900 yr (7.2.19)
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