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Stable and Unstable Elements  
Every element has ≥1 unstable isotope, i.e. one 
that undergoes radioactive decay
Most elements with Z < 92 have at least one 
stable isotope
We’ll examine radioactivity in terms of the 
transitions under which an atom decays
Radioactivity has various influences on 
biological tissue:

– Ionization of biological macromolecules
– Indirect effects, often via free radicals
– Medical applications: therapy, diagnostics, . . .
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Radioactivity  
Nuclear Stability
Mass Decrement
Alpha Emission
Negative Beta Emission
Positive Beta Emission
Electron Capture
Spontaneous Fission
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Mass Energy of α α α α - Particle
Ignoring binding energy

2∗moc2(neutron)  ≈ 1978 MeV
2∗moc2(proton) ≈ 1976 MeV--------------

Mass Energy = 3954 MeV
Kinetic Energy  ~       4 MeV



14

PHYS561 02 27/47

PHYS561 02 28/47



15

PHYS561 02 29/47

PHYS561 02 30/47



16

PHYS561 02 31/47

PHYS561 02 32/47



17

PHYS561 02 33/47

PHYS561 02 34/47



18

PHYS561 02 35/47

PHYS561 02 36/47



19

PHYS561 02 37/47

Exposure:
A More Detailed Definition

Exposure is defined as charge to which the 
target material is exposed per unit mass

Exposure = ∆Q/∆m
The unit of exposure to electromagnetic 

radiation is the Roentgen
The Roentgen was defined as 1 esu/cm3 air at STP

ρ(air)STP = 1.293 ·10-3 g/cm3

1 esu = 3.34 ·10-10 Coulomb
So 1R = 3.34 ·10-10 C /(1 cm3 *1.293 ·10-6 kg/cm3)
i.e. 1 Roentgen = 2.58·10-4 C/kg
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Assignment from 
Ch. 3 for Next Week

1.  Chapter 3, problem 1:
The atomic mass, m, of 64Cu is 63.929757 amu. It 
undergoes positron decay with a half-life of 12.9 h. The 
product of this decay is 64Ni. The mass, m, of this product 
is 63.927956. What is the total energy of the positron and 
the neutrino resulting from the decay? Is the product 
liable to be stable or be radioactive? Why?
2.  Chapter 3, problem 3
A source of 99mTc arrives at the laboratory for use at 10 
AM on a Monday morning, at which time this daughter 
product is eluted for diagnostic use. The parent, 99Mo, 
has a decay constant of 0.01039 h-1. If, after the 
separation of the daughter, the parent was found to have 
an activity of 5.0•109 Bq, what is the activity of the parent 
and the daughter the following Thursday at 10 am?
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Further Notes on Homework

No assignment from chapter 4 until next 
week

Reminder:  Course web page is:
http://icarus.csrri.iit.edu/radbio/

– Includes assignments!
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Mechanisms of Energy Transfer

Gamma Rays
Photoelectric scattering:
Photoelectron KE = hν - binding energy

– Must involve bound electrons
– Partial cross section τ/ρ ∝ (hν)u, roughly:

u = -3 for low-Z elements
u = -2.96 for Pb
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