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Radioactive decay 

The decay of a nuclide is exponential i.e. it theoretically never reaches zero. The S.I unit of radioactivity is the Becquerel (Bq):

Types of radiation

When a nuclide undergoes radioactive decay it breaks down to fall into a lower energy 
state expending the excess energy as radiation. The radioactivity released can be:

1. Alpha particles
2. Beta particles
3. Gamma particles (or photons)
4. Others











1. Alpha particles
• Symbol: α
• Formed of 2 protons and 2 neutrons (i.e. a helium atom)
• Positively charged
• Relatively heavy
• Short range of travel

2. Beta particles
• Symbol: β
• Electrons emitted from radioactive nuclei
• Carry negative charge
• Split into β- (negatron) and an antimatter equivalent β+
(positron)
• Lighter and smaller than α



3. Gamma particles
• Symbol: γ
• Identical to x-rays except for the origin (x-rays originate from electron

bombardment, gamma particles from radioactive atoms)
• Result of transition between nuclear energy levels
• Very high energy and range of travel

4. Others
• X-rays
• Internal conversion: γ ray energy transferred to inner shell electron which is then
emitted from the nucleus
• Auger electron: ejected from electron shells as a result of same radioactive decay
processes that create electron shell vacancies. Competes with emission of x-rays.
• Neutrinos and anti-neutrinos: electrically neutral particles with very

little mass emitted from atomic nuclei during β+ and β- decay respectively.
• Spontaneous fission: very heavy nuclides are so unstable they split into two smaller 
nuclides emitting neutrons in the process.



1- Alpha (α) decay 

This occurs in heavier nuclides with too many nucleons. The parent nuclide emits a 
helium atom (α particle). This type of decay occurs in the nuclides in area C of the decay 
model graph that are very heavy.



An alpha particle is a 
helium nucleus.
•It has a relative charge of 
+2.
•Its penetration power is the 
lowest among the three 
types of particles and can be 
blocked by a piece of paper 
or a few cm of air.
•Its ionizing power is the 
highest among the three 
types of particles.



2- Beta minus (β-) decay 

This occurs in nuclides in area B of the decay model graph that have too many neutrons. 
The neutral neutron decays into a positive proton ( which is retained in the nucleus), a 
negative electron and an electron antineutrino (i.e. the charge on both sides of the 
equation remains the same). 



A beta particle is an 
electron or a positron.
•It has a relative charge of -1 
or +1.
•Its penetration power is in 
the middle among the three 
types of particles and can be 
blocked by a thin sheet of 
aluminum.
•Its ionizing power is in the 
middle among the three 

types of particles.



3- Beta plus (β+) decay aka positron emission 

This occurs in nuclides in area A of the decay model that have too few neutrons. The extra 
proton decays into a neutron (which is retained in the nucleus), a positron (β+ or e) and 
an electron neutrino (ve). This from of radioactivity with the production of a positron is 
important in PET imaging. 

4- Electron capture 
This competes with β+ decay as it also occurs in proton-rich nuclei. If the energy 
difference between the parent and daughter nuclides is too low for positron emission an 
inner shell electron is captured by the nucleus converting a proton into a neutron (i.e. 
positive + negative = neutral).



The electron capture
The daughter  nuclide will emit K-characteristic X-rays when an electron from an outer 
shell fills the hole created in the K- shell. If the daughter nuclide is left in an excited state, 
it will also emit gamma rays. For example, iodine – 123              decays wholly by electron 
capture and emits 160 KeV gamma and 28 KeV X- rays but no positive beta particles.



5. Isomeric transition 

A radionuclide in a metastable excited state decays to its ground state by isomeric 
transition and the number of protons and neutrons remain the same. The energy 
difference (energy released) is emitted as γ radiation. The Z and A remain unchanged. 

6. Gamma (γ) decay 

Released by a hyperexcited nucleus to move to lower energy state after β or α decay. 



•Gamma rays are photons.
•It does not have a charge.
•Its penetration power is the highest among the three types of particles and 
can be blocked by several cm of lead.
•Its ionizing power is the lowest among the three types of particles

Internal conversion the gamma rays emitted by some nuclei do not leave the atom but are photoelectrically 
absorbed within its K-shell. As a result of this internal conversion , such radionuclides (e.g. iodine-125,         
emit both photoelectrons and characteristic X-rays, usually of fairly low energy (less than 35KeV in this 
case). As an example, figure 8.1 gives the simplified photon spectrum for another iodine isotope,               , 
which is more useful for imaging than              because of its higher- energy photon emission and shorter 
half- life (around 13h).







> Electromagnetic radiation

• Electromagnetic (EM) radiation arises from oscillating electric and magnetic fields. It can be considered 
either as a stream
of quanta (photons, particles) or waves.
• EM radiation as waves Concerning the wave aspect, it is a sinusoidally varying electric and magnetic field 
vector pointing at right angles to one another and to the direction of the travel of the wave





EM radiation as particles
When considering EM radiation as particles, the particles are small packets, or quanta, of energy called photons that 
travel in straight lines. The energy of the photon packet is measured in joules but this is inconveniently small when 

describing EM radiation so the unit of electron-volt is used.





The types of radiation are listed in Table in order of increasing photon energy, increasing 
frequency, and decreasing wavelength.



Inverse Square Law

• the total amount of
radiation does not change
but its concentration
Decreases

• We can conclude that the
concentration of radiation is inversely
related to the square of the distance
from the source. This is commonly
known as the inverse-square law












