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Objectives of topic

Students able to explain the basic 
concept of a nucleus

Students able to calculate the 
binding energy of a nucleus

Students able to explain the neutron 
and nuclear reactors classification 
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Nucleus

• Nucleus is positive, due to the presence of positively charged protons.
• Few elements have same atomic number ‘Z’ but possess different mass 

number are called Isotopes,
• Deuterium and Tritium being the isotopes of Hydrogen
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Nucleus cont.

• The difference between the atomic mass (A) and the atomic number (Z) is 
the neutron number (N).

• The size of a nucleus is much lesser than the size of an atom.
• Nucleus is denser than the atom, due to its smaller volume and larger 

mass of protons.
• The radius of a nucleus is related to the number of nucleons (A) as 

follows:

𝑅 𝑐𝑚 = 1.25 × 10−13 ∙ 𝐴1/3
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Binding Energy of a Nucleus (BE)

• As the nucleus contains protons (all of which are positively charged) and 
neutrons (no charge), one would expect electrostatic repulsion between 
protons to be high.

• Electrostatic repulsion between two charged particles varies inversely 
with the square of distance between them.

• Hence, as two protons come close to each other, one would expect 
electrostatic repulsion to make them move apart.
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Binding Energy of a Nucleus (BE)

• However, the existence of nucleus testifies the fact that there exists a 
short-range attractive force stronger than the electrostatic repulsion.

• This short-range force is the nuclear force and is responsible for binding
nucleons into a compact nucleus.

• A potential energy of binding (called binding energy) is associated with 
this force
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Binding Energy of a Nucleus (BE)

𝑚𝐶𝑃 = 𝑍 𝑚𝐻 + 𝑁 𝑚𝑛

𝒎𝒏 Mass of a neutron
𝒎𝑯 Sum of mass of a proton and an electron
𝒎𝑪𝑷 total mass of all constituent particles

The difference between the total mass of all constituent particles and that of the atom is 
the mass defect (𝒎𝒅 )

𝑚𝑑 = 𝑍 𝑚𝐻 + 𝑁 𝑚𝑛 −𝑀 = 𝑍 1.007825 + 𝑁 1.008665 −𝑀

𝑴 Mass of the atom
𝑩𝑬 Binding Energy
𝒄 Velocity of light in vacuum

𝑩𝑬 = 𝒎𝒅𝒄
𝟐

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑏𝑖𝑛𝑑𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦 = 𝐵𝐸/𝐴
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Exercise 1

Determine the binding energy of the nucleus in 92
235𝑈. The mass of 

235𝑈 atom is 235.0439231 amu

Given:

𝑍 = 92; 𝐴 = 235; 𝑁 = 𝐴 − 𝑍 = 143

𝑀 = 235.0439231 𝑎𝑚𝑢
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Exercise 2

Determine the average binding energy of the nucleus in 94
239𝑃𝑢. The mass of 

239𝑃𝑢 atom is 239.052163 amu

Given:

𝑍 = 94; 𝐴 = 239; 𝑁 = 𝐴 − 𝑍 = 145

𝑀 = 239.052163 𝑎𝑚𝑢
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Neutron Classification

Depending on the kinetic energy of a neutron,
Classified two categories:

Thermal neutrons
Neutrons with kinetic energies of about 0.025 eV are called thermal
neutron,

Fast neutrons
Neutrons with kinetic energies around 1 MeV

𝐸 =
𝑚𝑣2

2
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Neutron Classification

At 20 °C, the speeds of thermal and fast neutrons are 2.19 km/s and 14000 
km/s respectively.

How you get the speed of thermal and fast neutrons are 2.19 km/s and 
14000 km/s respectively.

Quiz

Given:

1 𝑒𝑣 = 1.60218 × 10−19𝐽
𝑚𝑛 = 1.67493 × 10−27𝑘𝑔
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Classification of Reactors

Nuclear reactors can be classified as

• Research reactor
• Test reactor
• Power reactor
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Research Reactors

These were built for carrying out basic and applied research in various fields 
of nuclear engineering and its applications such as

• Neutron irradiation test for material testing.
• Development of materials for structures and other components.
• Educational and training of personnel for human resource development.
• Research in fission physics, solid state physics and radiation chemistry
• Radioisotopes production for medical and industrial use.
• Material studies. 
• Non-destructive examination.
• Neutron activation analysis.



SETN2223 14

Our Research Reactor



SETN2223 15

Test Reactor

• Test reactors are very different in 
appearance and design from research 
reactor, nuclear power reactors.

• This reactor has served as test reactor for 
development of various technologies for 
nuclear reactor.

• Tests carried out in this reactor have 
provided valuable information for the design 
under the construction.

GE Hitachi Nuclear Energy is working with Idaho National 
Laboratory on the Versatile Test Reactor concept design that is 
based off of its PRISM reactor
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Power Reactors

Reactors used for power generation are called power reactors.

These can be further classified as follows:

• Based on the coolant
• Based on the operating pressure
• Based on the neutron energies
• Based on the moderator
• Based on the capability (fuel)
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Power Reactors

Based on the coolant:

• Light Water Reactor (light water as coolant).

• Heavy Water Reactor (heavy water as coolant).

• Gas-Cooled Reactor (CO2/He as coolant).

• Liquid Metal Cooled Reactor (liquid sodium as coolant)
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Power Reactors

Based on the operating pressure:

• Pressurized water reactor.

• Boiling water reactor.
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Power Reactors

Based on the neutron energies:

• Thermal reactor.

• Fast reactor.

Based on the moderator:

• Graphite-moderated.

• Water-moderated.
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Power Reactors

Based on the capability to produce more fuel than they consume:

• Breeder reactor.

• Consume reactor.
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Power Reactors
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Thank You
Stay safe!


