
Basic principles of radiation physics

▪ A process in which atomic particles or waves of energy travel through a material medium or space. 
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There are two categories of radiation: ionizing and non-ionizing.

▪ In common usage, radiation refers to ionizing radiation, that is, energy in the form of atomic or subatomic particles, or electromagnetic waves that is

sufficient to free an electron from an atom or molecule, causing it to become ionized. The term may also refer to non-ionizing radiation, such as radio

waves, heat or visible light. Particles or waves of energy radiate (travel outward in all directions) from a source.

▪ Both ionizing and non-ionizing radiation can be harmful to organisms. In general, ionizing radiation is more harmful to living organisms than non-ionizing

radiation deposited per unit of energy, as the ions produced have the potential to cause chemical changes in cells and DNA damage.

Causes of instability (decay):

▪ Too much mass in the nucleus (α)

▪ Too many neutrons in the nucleus (β)

▪ Too much energy in the nucleus (γ)

Basic model of a neutral atom Stable versus unstable atom



• Composed of photons. 

• Penetrates much further through matter 
than either alpha or beta radiation. 

• Gamma radiation frequently 
accompanies the emission of alpha and 
beta radiation during a radioactive 
accident.
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Gamma radiation
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Alpha radiation Beta radiation
• Atomic particles that interact with matter. 

• Only penetrate a few centimeters of air or a 

few millimeters of low-density material.

• Alpha are the most ionized particles, 

therefore have more interactions with 

materials.

Alpha particles do not penetrate the skin 

and cause no damage to tissues below.

• Particles that can travel few meters in 
the air. 

• Can be stopped by a wall made of 
wood, glass or aluminum. 

Clothing provides some protection 

against beta radiation. 

Gamma radiation can be stopped by 

a wall/panel of lead or concrete. 

Neutron radiation
• Free neutrons are emitted from nuclei as

a result of spontaneous or induced

nuclear fission.

• Neutron radiation consists of these high-

speed nuclear particles that have an

exceptional ability to penetrate other

materials. Short half-life of 15 minutes.

Because of their exceptional ability to penetrate other materials, neutrons can travel great distances in air and 

require very thick hydrogen-containing materials (such as concrete or water) to block them.

•Only form of ionizing radiation that can 

make objects radioactive –this process 

(neutron activation) produces many of the 

radioactive sources used in medical, 

academic and industrial applications.

▪ Types of ionizing radiation



Measuring radiation

Measuring Radiation

There are 3 main units commonly used

in the International System of Units

(ISU), as a dose (unit) or dose rate

(unit/hours):

• The becquerel (Bq) is the unit of

radioactivity. It is defined as the

activity of a quantity of radioactive

material.

• The Gray (Gy) is the unit of absorbed

radiation dose of ionizing radiation.

• The Sievert (Sv) reflects the biological

effects of ionizing radiation as

opposed to just the absorbed dose .

1 Gray = 1 millisievert (mSv) = 1000µSv

RADIATION DOSES Millisievert (mSv): Typical exposure to background radiation = 2.4 mSv/year. Chernobyl nuclear plant worker = 6,000 mSv.

▪ Units and devices for measurement

There are four different but interrelated units for

measuring radioactivity, exposure, absorbed dose,

and dose equivalent. These can be remembered by

the mnemonic R-E-A-D

This rock has 

RADIOACTIVITY

(the ability to emit

radiation).
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Detection Equipment

Personal dosimeter

Radiometer

Operational Dosimeter

Contamination detector

RadEyeTM G10 

Detects β +  γ + χ

RadEyeTM B20 

Detects Gamma + X-ray 

Detects Gamma + X-ray 

Detects Gamma + X-ray  
Detects low level α + β

IRSN

apvl EPD Mk3 BG



Radiation exposure

The atmospheric spread of radioactivity generally is not immediate but may occur after a delay of hours or days.  
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▪ Routes of exposure
▪ Spread of radioactive contamination after a nuclear accident


