
Class time for regular lecture?

Take Radiation-Safety class/exam

• Lecture 2a: Nuclear Radioactivity 

• Lecture 3: Introduction to the data analysis software package 
Igor

• Exercises with Igor (Jordan Butt)

___________________________________________

• Electronic signal processing, scintillation detectors

• Lect 2b(cont’d), Exercises Radioactivity

• Igor exercises with g spectra

Agenda



Time Dependent Radio-Activity

W. Udo Schröder 2022

L
e
ct

 2
b
 R

ad
io

ac
ti

vi
ty

 
2

6

1

32( : 10 238 )

# / :

of sample with N members ex N U atM oms

of decays un

vean Acti i y

Mean

t

lift et

A

imit ime e t  −

−

=

=

1/2( ) 1

(0 2)

tt
A t

A

 
= 
 

1/2

1/2 .

( ) (

9

0)

0

( ) (

6 31

20)

t

t

t

N

H

t N t

N

alflife t

t N t

e 

t

− 

−

=

= 



= 

=

=

( )
( )

N t
A t N decreases with time

t
= →

( ) ( ) ( )
d

A t N N t N t
dt

= − = − = 

( )238 9

92 4.5 10U at = 



Instant Quiz: Answers

a) What is the probability for a given nucleus to decay at a given time t ?

b) What is the fraction fd(t) for the sample nuclei that have decayed and the 
fraction, fs(t), that have avoided (“survive”) decay at time t>0?

c) Calculate the probabilistic mean lifetime t of individual nuclei in the 
sample.  
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Initial number of unstable (radioactive) nuclei in a sample = 

Any one of them may, or may not, have decayed by time  

Can make only probabi istic #l predictions about average remaining nuclei

N(t = 0)

t > 0
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Quiz: Radioactivity of Pu-239 

Consider pure sample of 0.5g of Pu-239 (mono-isotopic).

Decay constant  = 9.1·10-13 s-1    Unit 1 s-1 = 1Bq (Bequerel)

Calculate activity A0 at production  (t≈0) and at 100years later.
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2. Calculate activity A(t=0) of sample

1. Derive N(t=0) from weight =0.5g.

( ) − − 
= =  =   = 

23
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239

g
N mol mol nuclei

g mol mol

3. Calculate activity A(t) of same sample, but at t=100a
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Exercise: Determine Actual Activity

Determine the actual activity of this Na-22 
source today. Include uncertainty.

W. Udo Schröder 2022

L
e
ct

 2
b
 R

ad
io

ac
ti

vi
ty

 
3

2

= = 101 1 3.7.10Curie Ci decays sUnit of radioactivity

Production date 
December 2009

Production date 
August 2013

Determine the actual activity of this Co-60 
source today. Include uncertainty.
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Decay Scheme Na-22
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https://gammaray.inl.gov/SiteAssets/catalogs/ge/pdf/na22.pdf



Decay Scheme Co-60
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https://gammaray.inl.gov/SiteAssets/catalogs/ge/pdf/co60.pdf



Sum Radioactivity
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Genetically independent species: 
Sample with 2 components (N1, N2)  → same type of radiation (g-rays)
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Decompose total decay curve → 1, 2. 

Simultaneous fit or deduce constant 2 

for “shallow” decay first



Branching Decay

W. Udo Schröder 2022

L
e
ct

 2
b
 R

ad
io

ac
ti

vi
ty

 
3

8

Genetically dependent species: Sample depopulated by 2 decay 
paths (1, 2) 
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Genetically Related Decay Chain
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Coupled DEq. For populations Ni of nuclei in chain
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Activities and Equilibrium in Decay Chains

W. Udo Schröder 2022

L
e
ct

 2
b
 R

ad
io

ac
ti

vi
ty

 
4

0

( )

1

1 2

2 1

t

1 1

t t1
2 1

2 1

t t1 2
3 1

2 1 2 1

: N (t ) N (0) e

N (t ) N (

k

0) e e

N (t ) N (0) 1 e e

2 

 

 



 

 

   

− 

−  − 

−  − 

= 

=  −
−

 
= + −

=

 
− − 

( )

( )( )

1

1 2

2 1

t 1
1 1 1 1

t t2
2

3 3

2 2 1

2 1

2
2

t2 2 2

t

1 2 1 2 1

dN
A (t ) N (t ) A (0) e

dt

A (t ) N (t ) A (0) e e

dN
A (t ) |

dt
A

A (t )
1 e

A (

0 )

t )

(t ) (



 

 






 

 

   



− 

−  − 

− − 

→

= =  = −

= =  −
−

−

 
=  − ⎯⎯⎯⎯→  

− −

=



=





( ) ( )
( )

( )
1 2

1 eq 2 eq eq

1 2

n
A t A t t

 

 
= → =

−

200Pb: t1/2=21h  → 200Tl: t1/2=26h → 200Hg 

6 1

1 2

6 1

2

0.693 21 9.17 10

0.693 26.4 7.29 10

h s

h s

 



− −

− −

= =  

= = 

− −
= =  =



5

eq 6 1

0.229
t 1.22 10 s 1.41d

1.88 10 steq

Transitory/secular Equilibrium




