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Radioactive Decay

Total radioactive decay constant

NdN λ=−

λ is the total radioactive decay constant.
N is the total no. of identical radioactive atoms
λN is the activity
It is a constant proportional to the rate of change of number
of atoms as a function of time.

N
dt

λ=

1/λ is the probability that an atom with decay during a time
interval.
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Partial decay constants

• If nucleus has more than one mode of• If nucleus has more than one mode of 
disintegration (different daughter products)

• The total activity is
...A B Cλ λ λ λ= + + +

...A B CN N N Nλ λ λ λ= + + +
• The partial activity is

0
t

i iN N e λλ λ −=

Units of Activity

• Curie (Ci) = no of dis/s occurring in a mass• Curie (Ci) = no. of dis/s occurring in a mass 
of 1 g of 226Ra

• Now 1 Ci = 3.7 x 1010 dis/s = 0.988 mg 226Ra
• New SI units 1 Bq = 1 dis/s
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Mean Life and Half Life

Radioactive Parent-Daughter 
Relationships

6.14

6.15

N2= 0 when t=0

Differentiate 6.15 with respect to t substitute 6.15 and 6.14
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Radioactive Parent-Daughter 
Relationships

N2=0 at t=0 and substituting x1 and x2

For only one daughter product λ1A =λ1

Equilibria in Parent-Daughter 
Activities

Fi d iFind maximum

Time for maximum 
Activity
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Daughter longer-lived than parent

Daughter shorter-lived than 
parent

t >>tm

transient equilibrium
99

42Mo decays to 99m
42Tc

decays to 99
43Tc  86% of the

timetime

T1/2 = 66.7 hr for parent
T1/2 =  6.03 h for daughter

99
42Mo decays to 99m

43Tc
14% of the time
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Only daughter much shorter-lived 
than parent

Secular equilibrium

Removal of daughter products

• In diagnostics or therapeutic applications of• In diagnostics or therapeutic applications of 
short lived radioisotopes (e.g. 99mTc), it is 
useful to remove the daughter product at the 
time of its maximum activity.

Activity at time t=t2

Initial activity of parent source at time t=0
Ath daughter is completed removed at time t=t1
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Radioactivation by nuclear 
interactions

Number of target atoms

Radioactivation by nuclear 
interactions
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Exposure rate constant
Includes characteristics x-rays and bremsstrahlung

Specific gamma
ray constant Γ
only accounts
for gamma-raysg y


