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Lecture Content

1. The atomic nucleus

2. Classification of the nuclides

3. Radioactivity or radioactive decay

4. Hazards of Radiation Types

5. Radiation Effect on Body

6. Uses for Radioactive Nuclides
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The atomic nucleus

The nucleus is a very dense region consisting of protons and neutrons at the center of an

atom. These particles are further composed of subatomic fundamental particles known as

quarks bound by the strong interaction. The atom, the nucleus, the protons, and the neutrons

are illustrated in Figure 1.
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Protons and neutrons are nucleons. Their number is given by Z and N, respectively. The

mass of an atom is determined by the number of protons and neutrons, therefore, their total

(A) is also called the mass number.

The mass number (A), also called atomic mass number or nucleon number, is the total

number of protons (Z) and neutrons (N), together known as nucleons in an atomic nucleus:

A=Z+N

Z is also called the atomic number because the number of protons in a nucleus uniquely

identifies an element. Information concerning the properties of the nucleus is written as

indices on the left side of the element symbol (X) in the following way: X A
Z. As each

element is defined by its atomic number, Z is often omitted.
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Classification of the nuclides

1. Isotopes are the elements having same atomic number but a different mass number. They have

the same atomic number because the number of protons inside their nuclei remains the same. The

difference in their mass number is due to the difference in their number of neutrons. Thus, isotopes

are chemically the same and physically different. For example, carbon-12, carbon-13, and carbon-14

are three isotopes of the element carbon with mass numbers 12, 13, and 14, respectively. The atomic

number of carbon is 6, which means that every carbon atom has 6 protons so the neutron numbers of

these isotopes are 6, 7, and 8, respectively.

2. Isobars are elements having the same atomic mass but a different atomic number. Since their

number of electrons is different, their chemical properties are different but physically the same. An

example of a series of isobars would be the 40S, 40Cl, 40Ar, 40K, and 40Ca. While the nuclei of these

nuclides all contain 40 nucleons, they contain varying numbers of protons.
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https://en.wikipedia.org/wiki/Sulfur-40
https://en.wikipedia.org/wiki/Chlorine-40
https://en.wikipedia.org/wiki/Argon-40
https://en.wikipedia.org/wiki/Potassium-40
https://en.wikipedia.org/wiki/Calcium-40


3. Isotones are elements having the same number of neutrons but a different atomic number. For

example, boron-12 and carbon-13 nuclei both contain 7 neutrons.

Radioactivity or radioactive decay

A spontaneous transformation of the unstable nucleus. The properties of the nucleus

change in time and energy are lost. A material that spontaneously emits this kind of

radiation - which includes the emission of energetic alpha particles, beta particles,

and/or gamma photons - is considered radioactive. Radioactive decay is a

spontaneous process that cannot be influenced by the exterior and that leads to the

formation of new nuclei from the originally existing unstable ones.
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Some Types of Radioactive Decay

Alpha () particles come from the nucleus of a radioactive atom, they consist of 2 protons and 2

neutrons, hence having a 2+ charge. A few cm of air will stop them.
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Beta () particles come from the nucleus of a radioactive atom, they consist of fast-moving electrons

and hence have a – 1 charge. A few meters of air and a thin sheet of Al foil can stop them.

Ejection of a high-speed electron from the nucleus
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Gamma () waves come from the nucleus of a radioactive atom, they are electromagnetic waves.

Thick lead or concrete will absorb gamma rays.
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Radiation Energetics

1. Alpha Particles

• relatively weak and doubly charged

• lose energy quickly in a matter

2. Beta Particles

• much smaller and singly charged

• interact more slowly with matter

3. Gamma Rays

• high energy

• more lengthy interaction with matter
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Hazards of Radiation Types

❖ Alpha Emissions

• - easily shielded

• - considered hazardous if alpha-emitting material is ingested or inhaled

❖ Beta Emissions

• - shielded by thin layers of material

• - considered hazardous if a beta emitter is ingested or inhaled

❖ Gamma Emissions

• - need dense material for shielding

• - considered hazardous when external to the body
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Half life
The half-life (t1/2) of a radioactive isotope is the time taken for the mass or activity of the isotope to

halve by radioactive decay. The half-life is independent of mass, pressure, concentration, or the

chemical state of the isotope. The shorter the half-life, the more unstable the nucleus.
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Radiation Effect on Body

Radioactive emissions ionize atoms and molecules. This also leads to free radicals 

(particles with unpaired electrons).

These reactive particles react with important substances in the body, leading to 

immediate damage and delayed problems, such as cancer.
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Uses for Radioactive Nuclides

❖ Cancer radiation treatment

❖ Computer imaging techniques

❖ Radiocarbon dating

❖ Smoke detectors

❖ Food irradiation

❖ Radioactive tracers
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