
What do all of these things have in Common? 



What do all of these things have in Common? 

They all produce some form of radiation 



“FITRITE RADIUM OUTFIT   NOTE!!!!!NOTE!!!!! 
This is a radium outfit used to put luminous material on watch 
hands and/or dials. The box says it is easily applied and dries 
quickly. The directions are on the box, which is original. There are 
2 cans of material, one light and one dark and they have been 
used. There is a metal tool for application.”  (Description posted) 

From E-Bay Nov. 29th 2010 



How might you distinguish Alpha, Beta and Gamma 
radiation experimentally? 



How might you distinguish Alpha, Beta and Gamma radiation 
experimentally? 
 
Magnetic Field 



β-decay 
Weak interaction can transform a proton into a neutron or a neutron into a proton 
(It’s actually happening at the quark level) 
 
β- decay:  n  p + e-             e-: electron 
β+ decay: p  n + e+  e+: positron 
Electronic Conversion: p + e-  n 
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α-decay 

α-particle =  4He: cluster in the nucleus – α: very tightly bound system 2 

U 

Tunnel effect (decay probability) 
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Q-value energy (Q>0, because the decay occurs spontaneously) 
 
  Q = [mX-mY-mHe].c2 



Example of a Decay Chain (238U) 



How to describe radioactive decays ? 
Radioactive decay represents changes of an individual nucleus. 
 
HOWEVER: quantum mechanics prevents us  
from describing the decay of a single nucleus !!! 
 
 
 
Because, usually one looks at the decay of a large number of nuclei (N>>1), one can 
describe radioactive decay statistically. 
 
Decay is proceeding at a certain rate  Activity (A) [decays/s] 
 
Units: 
 1 Becquerel = 1 Bq = 1 decay per second 
 1 Curie = 1 Ci = 3.7 x 1010 decays per second (old unit still widely used) 
   (activity of 1g of radium) 

Houston, we have a problem. 



Formalism (I) 
The activity of a certain sample (e.g. source) depends on the number N of 
radioactive nuclei and on the probability λ for each nucleus to decay: 

A = λ . N 

[1/s] [1/s] 

Evolution with time: dN = -A.dt 
   dN: number of nuclei that decayed during dt 
 
    dN = -λ.N.dt, which gives: 
 
 Solving the differential equation: 

dN/dt = -λ.N 

 Radioactive decay law 

N(t) = N0.e-λ.t 

N(t=0) 



Formalism (II) 

Similarly, we find that the activity of a source change with time: 
 
 
From λ = decay constant, one can define τ = 1/λ, the mean lifetime 
 
It is usual to define t1/2, the half-life, the time after which half of the initial 
nuclei have decayed: 
   t1/2 = ln 2 / λ = τ ln 2 

A(t) = A0.e-λ.t 

The half-life is characteristic to the decay of 
a given nucleus. This number (when known) 
is usually tabulated. 



Polonium 210 

Alexander Litvinenko 

Russian KGB agent 
Fatal Poisoning by 
210 Po  Died 2006 

Polonium 210  as been suggested as possible 
cause of Arafat’s death.   Arafat to be exhumed 

tomorrow (Tuesday 11/27 2012) 

http://upload.wikimedia.org/wikipedia/en/9/97/AlexanderLitvinenkoHospital.jpg


Conservation laws 

• Conservation of Energy 
 

• Conservation of linear momentum 
 

• Conservation of angular momentum 
 

• Conservation of electric charge 
 

• Conservation of mass number A 
 e.g. total number of nucleons is conserved, but Z and N can change 



Radiation and Doses 
• A number of units are used to describe radiation and its 

effects on biological material 

Common Unit SI Unit Description Application 

1 Curie (C) 
3.7x1010 decays 

1Becquerel (Bq) 
1 decay 

Activity Describe amount of 
material 
ie 1 μC of 137Cs 

Rad 
0.01 Joule/Kg 

Gray (G) 
1Joule/Kg 

Absorbed Dose How much Energy 
is absorbed 

REM 
Rad x RBE 

Equivalent Dose 
Absorbed x Relative 
Biological 
Effectiveness (RBE) 

Biological Damage 
RBE 
10-20       Alpha 
1-2           Beta 
1               Gamma            



Scale of Effects of Radiation Exposure 
Over 5000 rem  Death within 1-2 days 
 
1000 – 5000 rem  Death within 1-2 weeks 
 
1000 rem  80-90% death rate 
 
500 rem   50% death rate 
 
100 rem   Detectable damage to bone marrow 
 
5 rem   Annual Occupational Dose Limit 
 
0.2-0.5 rem  Typical annual dose (background, lifestyle) 
 
.01 rem   Chest X-ray 
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