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Introduction 

The bulk of the mass of the atom is concentrated in the nucleus, which is made up of 

protons and neutrons. Nuclear physics deals  with the physics of the nucleus. The topic is 

important in medicine as it has many applications in diagnosis therapy. In this chapter, we 

will cover the basic structure of the nucleus, how nuclei differ from one another, and the 

stability of the nucleus. There are around 300 known stable nuclear  configurations, and 

here we will give an explanation of why some nuclei are stable and other are unstable. 

Key objectives

▪ Understand the structure of nucleus

▪ Understand the relationship between the mass of the nucleus  and its binding energy 

and stability. 



The Atom

John Dalton, 1766‐1844 English chemist, Fellow of the Royal 
Society

• matter is composed of tiny particles called atoms

• atoms of a particular element are alike in size, shape, and 
weight but differ from atoms of other elements

• during chemical changes, atoms of different elements 
unite forming molecules (compounds)

• during these chemical changes, atoms themselves do not 
change, that is, are not broken down



The Atom (II)

• Thompson has discovered the electron,
and it must “live” inside atoms.

• It is much less massive than the the atom

itself, so perhaps we have little electrons

stuffed into the ‘rest’ of the atom like

raisins in the oatmeal, or: Plum

Pudding...



Rutherford’s Model

• Ernest Rutherford characterized alpha particles through an 
experiment and discovered the positive charge of an atom is 
concentrated in the center of an atom, the nucleus

•The positive charge was carried by particles called protons

•Scientists introduced the atomic number,
which represents the number of protons in the
nucleus of an atom

•James Chadwick discovered neutrons in the
nucleus, which have nearly the same mass as 
protons and no charge
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The Atom (IV) Rutherford’s Model problems

Electrodynamics predicts that charged objects that feel acceleration would RADIATE ENERGY

If the atom is this little solar system, with electrons spinning around the protons (where the centripetal

forces on the electron presumably balance the electrostatic attraction to the protons), classical theory 

definitely states that the electron should radiate energy and therefore slow down and crash into the

nucleus!

This is a Big Deal. When the problem is solved, things will never be the same ...

Niels Bohr(1885-1962) 1913, to the rescue:

(a decade before de Broglie’s work !)

Theory for orbits ("states“) of electrons in atoms:

1.Electrons have certain allowed states in which they can move without radiating.

2.The allowed states have well-defined energies that can be determined with normal classical physics.

3.In an allowed state the electron's angular momentum,mvr,must be of the form:

mvr = n h/(2)
where n = 1, 2, 3....,

h is Planck's constant , m is the electron mass,

v and r are its velocity and the radius of its orbit.



Bohr 
Model for 

Atoms



The Bohr Atomic Model

En = –B/n2

where B is a constant = 2.179 × 10–18 J and n is an integer The

negative sign represents the forces of attraction

The energy is zero when the electron is located infinitely 

far from the nucleus









Ground States and Excited States

Electrons in their lowest possible energy
levels are in the ground state

Electrons promoted to any level n > 1
are in an excited state

Electrons are promoted by absorbing
energy

e.g., electric discharge, heat, lasers 
(photons)

Electrons in an excited state 
eventually drop back down to the

ground state➔ “relaxation”



Electronic Transitions

Arrows represent transitions between energy levels

Upward arrows (a) show energy absorption, electrons

move to higher energy levels

Downward arrows (b)–(d) represent energy 

release and relaxation

The length of an arrow is inversely

proportional to photon wavelength:

Shorter wavelengths,  higher 

energies Longer wavelengths, lower
energies



Parts of the atom 

• An atom can be regarded as the smallest unit of matter.

•  The atom (of average size ≈ 10−10𝑚) consist of a nucleus (of size ≈ 10−15𝑚), 

positively charged, surrounded by a cloud of negatively charged electrons. 

• An atom is electrically neutral. The electron and the proton carry electric 

charge of equal magnitude but opposite sign, so in an atom there are equal 

numbers of protons and the orbiting electrons. 

• The electron configuration determines the chemical properties of an atom 

and the chemical reactions. However, nuclear processes such as, radioactivity, 

fusion, and nuclear fission are the subject of the nucleus. Quantum mechanics 

provides a successful mathematical tool to describe the atomic structure, and 

to explain different atomic phenomena such  as light emission and absorption, 

photoelectric effect, ….





structure of nucleus

• The atomic nucleus is a very  small object with a  very high density. Its size is  ≈

1 𝑓𝑚  (1𝑓𝑚 = 10−15𝑚) (femtometre) , 10−4  × the size of an atom. The 

nucleus is made up from two kinds of nucleons : protons and neutrons.

•  Unlike electron which is a fundamental particle, protons and neutrons are 

made up from other particles called quarks. 

• The proton has a positive electrical charge equal in magnitude the electron’s 

charge and a mass about 1840 times the mass of  the electron. The neutron 

(discovered by James Chadwick in 1932) is a neutral particle slightly heavier 

than the proton.

A nucleus is specified by its atomic number Z  ( 

number of protons) and its mass number 𝑨 (number 

of neutrons and protons 𝐴 = 𝑁 + 𝑍). The number of 

neutrons is  then 𝑁 = 𝐴 − 𝑍
Figure 1, Protons and neutrons in 
the nucleus



The neutron number: N = A − Z

Nuclear Mass

A: number of nucleons in the nucleus 

(mass number of the nucleus)

Z: number of protons in the nucleus 

(atomic number of the element)

mp = proton mass = 1.007277u

mn = neutron mass = 1.008665u  

me = electron mass = 0.000549u

No. of protons = No. of electrons

Atomic Mass Unit (amu) 



Properties of the nucleus: 
• Charge: Positive =  𝑁𝑜. 𝑜𝑓 𝑝𝑟𝑜𝑡𝑜𝑛𝑠 × 1.6 ×  10−19 𝐶𝑜𝑢𝑙𝑜𝑚𝑏

• Radius = 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑟𝑑𝑒𝑟 𝑜𝑓 10−13 cm.

• Mass = (𝑁𝑜. 𝑜𝑓 𝑝𝑟𝑜𝑡𝑜𝑛𝑠 × 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑝𝑟𝑜𝑡𝑜𝑛) +  𝑁𝑜.  𝑜𝑓 𝑛𝑒𝑢𝑡𝑟𝑜𝑛𝑠 × 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑛𝑒𝑢𝑡𝑟𝑜𝑛

 

Properties of three particles

Electron Proton Neutron

Charge (-) 1.6 × 10−19 𝐶𝑜𝑢𝑙 (+) 1.6 × 10−19 𝐶𝑜𝑢𝑙 Neutral

Mass 0.91 ×  10−27g 1.672649 ×  10−24g 1.674954 ×  10−24g

structure of nucleus



Structure of nucleus

• An element whose chemical symbol is 𝑋 is written : 𝑍
𝐴𝑋

For example Uranium 235 is written 92
235𝑈. This notation tells us that the nucleus 

contains 92 protons and the mass number 𝐴 = 235 is the number of protons and 

neutrons. The number of neutrons in the nucleus is 143.  

Some terms used in nuclear physics:

Nucleon: A nuclear component, either proton or a neutron

Nuclide:  Another name of the nucleus.

Isotopes: Atoms with the same number of protons, but different numbers of 

neutrons.

Isobars: Atoms with the same number of nucleons, but different numbers of protons.

Isomers: Atoms with the same number of protons and the same number of neutrons. 

They differ in their nuclear energy state. For example 54
131𝑚𝑋𝑒 and 54

131𝑋𝑒 are isomers, 

but 54
131𝑚𝑋𝑒 is in metastable state





Structure of nucleus

Unified atomic mass:  is defined as an atom of carbon has a mass 12 𝑢.

The mass of one atom of carbon is
0.012 𝑘𝑔

6.022×1023 = 1.993 × 10−26𝑘𝑔

Then 1𝑢 =
1.993×10−26𝑘𝑔

12
= 1.661 × 10−27𝑘𝑔

1𝑢 = 1.661 × 10−27𝑘𝑔

Equivalence of mass and energy:

In 1905, Einstein was able to show that energy and mass are related by the equation: 

𝐸 = 𝑚𝑐2

Using this relationship, we can specify masses in terms of their energy equivalent.

Mass in ‘Mev’

The energy equivalent for 1𝑢 using the relation 𝐸 = 𝑚𝑐2 is:

1𝑢 = (1.661 × 10−27𝑘𝑔) × (2.998 × 108𝑚𝑠−1)2 = 1.492 × 10−10𝐽

In electron-volt this mass is equivalent to: 1𝑢 = 931.5𝑀𝑒𝑣/𝑐2



Nuclear Decay and Stability

Nuclei with atomic mass around 60 , such as iron and nickel are the most stable and 

thus have the highest binding energy per nucleon. After this point electrostatic 

repulsion begins to overwhelm the binding from the short-range nuclear force. This 

behaviour can be seen in the stability diagram (Figure 2). The stability decrease after 

𝐴 = 60, and all nuclei above 𝑨 = 𝟐𝟎𝟔 are unstable. Instability of an atom's nucleus 

may result in radioactive decay. The atom will attempt to reach stability by ejecting 

nucleons (protons or neutrons), as well as other particles, or by releasing energy in 

other forms.

Figure 2, Stability diagram. Energy 
binding per nucleon versus the mass 
number.
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