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Second Semester
- Atomic Structure

- Radiation

- Radioactivity (Physics)

- Radioactivity (Radioactive Transformations)

- Course and Exercises

- Radiation/Particle-Matter Interactions

- Dosimetry

- Radioprotection

- Course and Exercises

- Principles of  X-Ray Production

- Physics of  Lasers and Medical Applications

- Ultrasound Physics: Echography and Doppler

- Physics Basics of  MRI



Atomistics:

Atomistics is a discipline that experienced significant development during the 20th century, 

evolving from a primarily philosophical stage to a full-fledged discipline integrated into all 

modern sciences.

In other words, atomistics is an interdisciplinary branch of  science that studies in detail the 

structure, properties, and behavior of  the fundamental particles of  matter at the atomic and 

subatomic scale. It plays a crucial role in many scientific fields, including chemistry, physics, 

biology, and materials science, and provides the necessary theoretical foundations for 

understanding the nature of  matter and developing new technologies.



Structure of  Matter:

Matter exists in three states: solid, liquid, and gas. However, the entire physical universe, including living organisms, is 

made up of  matter. It is characterized by its mass and its energy, which measures its capacity to produce work.

Matter is formed from elementary grains, which are atoms.

General Information on the Atom

An atom consists of  a nucleus around which one or more electrons orbit.

The nucleus of  the atom is composed of  nucleons: neutrons and protons.

The atom is electrically neutral (it contains as many protons as electrons).



118 atoms or elements have been discovered (as of  2022), and each one isdesignated by 

its name and symbol.

Example: Hydrogen: H; Iron: Fe; Oxygen: O; Carbon: C

The mass of  the atom is primarily contained in the nucleus, and the volume of  the atom 

is mainly due to the size of  the electron cloud. 

1 amu = 1.6605 × 10−24g = 1.6605 × 10−27 kg









The nucleus:

It was discovered thanks to Rutherford’s experiment. He deduced that 

the entire mass of  the atom is concentrated in a positively charged 

region, which is the central nucleus. Negative electrons revolve around 

the nucleus like planets around the Sun. The nucleus is spherical, and its 

volume is calculated using the relation:𝑉 =
4

3
𝜋𝑅3

The radius of  the atom is 10,000 times larger than the radius of  the 

nucleus:𝑹𝒂𝒕𝒐𝒎 = 𝟏𝟎𝟒𝑹𝒏𝒖𝒄𝒍𝒆𝒖𝒔





The radius of  a nucleus is on the order of  10−15m (femtometer).

It is composed of  two types of  particles (protons and neutrons), called nucleons, 

whose number varies from one atom to another.





Electron: An electron is an elementary particle with a negative charge that is one of  the 

fundamental components of  the atom. It is usually represented as a small particle 

orbiting around the atomic nucleus. Electrons are responsible for chemical bonding, as 

well as the electrical and magnetic properties of  atoms and the behavior of  conductive 

materials.

Electron cloud: The electron cloud is a probabilistic representation of  the position of  

electrons around an atomic nucleus. Unlike classical representations of  the atom with 

specific electron orbits, quantum mechanics states that it is impossible to determine 

precisely both the position and the velocity of  an electron at a given moment.Instead, 

wave functions are used to describe the probability of  finding an electron in a certain 

region of  space. The electron cloud is therefore a representation of  this probability of  

electron localization around the atomic nucleus. It is generally depicted as a region of  

higher electron density where the probability of  finding an electron is greater, and lower 

density where the probability is smaller



Electrons orbiting around the nucleus move at finite distances. These electrons do 

not escape the atomic domain and remain bound to their trajectories thanks to an 

energy known as the binding energy. The electrons most strongly bound to the 

atom are those closest to the nucleus; as the distance from the nucleus increases, 

this binding energy decreases. Such an electron can be easily removed from the 

atomic structure (13.6 eV).



The negative charge of  the electron was demonstrated by J. Perrin (a French physicist) in 

1895 through the so-called cathode ray experiment. In 1897, the English physicist J. J. 

Thomson determined the charge-to-mass ratio of  this elementary particle. In 1906, 

Thomson showed that the hydrogen atom contains only one electron. In 1909, the 

American physicist R. Millikan, using the oil drop experiment, measured the charge of  

the electron.

Thomson’s experiment



Millikan oil-drop experiment



An atom is characterized by two non-zero integers, denoted A and Z, and is represented 

by a nuclide. A nuclide is written as𝒁
𝑨𝑿

X: is the name (symbol) of  the nuclide,

A: is the mass number, corresponding to the total number of  nucleons (protons and 

neutrons),

Z: is the atomic number, corresponding to the number of  protons and also the number 

of  electrons.

𝑍= number of  protons = number of  electrons.

The number of  neutrons N can be found using the relation A=Z+N, therefore 𝑁=𝐴−𝑍.

Example: 6
12𝐶 is carbon, which has 6 electrons, 6 protons, and 12−6=6 neutrons.



Example: 6
12𝐶 is carbon, which has 6 electrons, 6 protons, and 12−6=6 neutrons.



The atomic mass unit (amu) is the practical unit used to measure the mass of  an atom. 

The reference is the carbon-12 atom 6
12
𝐶, which has a mass of  12 u.

Thus, it is estimated that 1u ~ 𝒎𝒑𝒓𝒐𝒕𝒐𝒏~ 𝒎𝒏𝒆𝒖𝒕𝒓𝒐𝒏 .

This allows us to define Avogadro’s number, which is the number of  6
12
𝐶 C atoms

contained in 12 grams of  6
12
𝐶: 𝑵𝑨 = 𝟔, 𝟎𝟐𝟐 . 𝟏𝟎𝟐𝟑𝒎𝒐𝒍−𝟏,

.One mole consists of  𝟔, 𝟎𝟐𝟐 . 𝟏𝟎𝟐𝟑6 entities (molecules, atoms, etc.).

The molar mass 𝑀 of  an entity is the mass of  one mole of  that entity. 

For one mole of  atoms 𝑍
𝐴𝑋 alors M ~ A g. 𝑚𝑜𝑙−1.

For example : M ( 6
12
C) = 12 g. 𝑚𝑜𝑙−1 ; M ( 7

14
𝑁) = 14 g. 𝑚𝑜𝑙−1



The atomic mass unit:

This unit does not belong to the International System of  Units (SI), and its value is 

determined experimentally. It is defined as 1/12 of  the mass of  an atom of  the 

nuclide carbon-12, unbound, at rest, and in its ground state. In other words, a 12C 

atom has a mass of  12 u, and if  we take N (Avogadro’s number) atoms of  12C, 

their total mass is 12 g.

Consequently,

An electronvolt is equal to the energy gained by an electron accelerated through a 

potential difference of  one volt. 

Concretely:

1 eV = 1,602 177·10-19 J.
1𝑢𝑚𝑎 = 931. 106𝑒𝑉 = 931𝑀𝑒𝑉



Conversion table



Three types of  forces compete within the nucleus.

The strong interaction force ensures the cohesion of  nuclei because it is attractive. It 

is also responsible for α-radioactivity. At a distance from a nucleus, a proton or neutron 

does not feel this force. The attraction becomes significant as soon as the nucleon 

(here, a neutron) comes into contact with the nucleus. It is then captured. This nuclear 

glue has been depicted in the figure as enveloping both nucleons and nuclei.

Question: when is a strong force not a strong force? Answer: when it’s anywhere 

outside the atomic nucleus. 

The strong force holds together quarks , the fundamental particles that make up the 

protons and neutrons of  the atomic nucleus, and further holds together protons and 

neutrons to form atomic nuclei. As such it is responsible for the underlying stability of  

matter. Its huge power is also what is released in the process of  nuclear fusion in the 

sun, or nuclear fission in a nuclear bomb.





A quark is a fundamental particle and one of  the basic building blocks of  matter in the 

Standard Model of  particle physics. Quarks combine to form composite particles called 

hadrons, the most familiar of  which are protons, neutrons and Pions (π-mesons) , which 

make up atomic nuclei.

Pions (π-mesons) are mesons composed of  a quark and an antiquark. They play an 

important role in mediating the strong nuclear force between nucleons (protons and 

neutrons) in the nucleus.

Quarks: a quick introduction. YouTube·Dave Darling. nov.2023



The electromagnetic interaction force, or the electromagnetic repulsion of  

protons, which is less intense.

Two electric charges of  the same sign repel each other. This repulsion varies inversely 

with distance according to Coulomb’s law. Protons (in blue) are subject to this repulsion 

within the nucleus, unlike neutrons (in red), which have no electric charge and therefore 

do not experience Coulomb repulsion. Without the nuclear forces counteracting the 

repulsion between protons, the nucleus would explode. These forces must be extremely 

strong to confine protons within such a small volume as the nucleus.



The weak interaction force is neither attractive nor repulsive; it acts within the 

nucleons themselves. It transforms one type of  nucleon (proton or neutron) into the 

other and vice versa, causing β-radioactivity. The stability or instability of  a nucleus is the 

result of  the competition between these three interactions.

Without the weak force, the Sun would stop shining because it would not be able to fuse 

hydrogen into deuterium.



Nuclear stability:

Light atomic nuclei follow the bisector 

rule (N = Z).The cloud of  atoms shifts 

toward neutron predominance (N > Z) 

but remains stable.



Mass defect and binding energy of  a nucleus.The mass of  a nucleus is slightly less than 

the sum of  the masses of  the protons and neutrons that compose it. The difference 

between these two masses, called the mass defect and denoted by ∆𝑚, is calculated using 

the following relation:

∆𝑚 = σ𝑚𝑛𝑢𝑐𝑙𝑒𝑜𝑛𝑠 −𝑚𝑛𝑢𝑐𝑙𝑒𝑢𝑠 = [𝑍.𝑚𝑝 + 𝐴 − 𝑍 .𝑚𝑛] − 𝑚𝑛𝑢𝑐𝑙𝑒𝑢𝑠

where Z and A are the atomic number and mass number of  the nucleus, and 𝑚𝑛𝑢𝑐𝑙𝑒𝑢𝑠

is the mass of  the nucleus.

The mass defect corresponds to the binding energy 𝑊 of  all nucleons in the 

nucleus:𝑊 = ∆𝑚. 𝑐2 (𝑐:speed of  light)

Example: For the helium nucleus 2
4𝐻𝑒: M=4,003uma

Wheras 2𝑚𝑝 + 2𝑚𝑛 = 4,03𝑢𝑚𝑎
We deduce that : ∆𝑚 = 0,027𝑢𝑚𝑎 = 25,13𝑀𝑒𝑉
The mass of  a helium nucleus is smaller than the sum 

of  the masses of  its individual protons and neutrons.



Magic numbers: For light elements, the number of  neutrons is approximately 

equal to the number of  protons, while for heavy elements, stability is achieved 

through a neutron excess.

The most stable nuclides are those that have a number of  protons or neutrons equal 

to 2, 8, 20, 28, 50, 82, or 126; these are called magic numbers.

Nuclear models: There are two main models of  the nucleus: 

The liquid drop model: In this model, nucleons retain their individual properties and 

interact with each other via the strong force. This model explains nuclear fission and 

particle emissions from the nucleus.



The shell model: Nucleons are arranged in energy levels within the nucleus, and this 

model can explain the emission of  gamma rays (γ-rays) from the nucleus.

First energy levels of  some nuclei





Isotopes: 
Isotopes are atoms that have the same number of  protons but a different number of  

neutrons. 

Example: the isotopes of  hydrogen 1
1𝐻(hydrogen)1

2𝐻(deuterium)1
3𝐻(tritium)

the isotopes of oxygen: 8
15𝑂; 8

16𝑂; 8
17𝑂

the isotopes of carbon: 6
12𝐶; 6

13𝐶; 6
14𝐶.

Most elements occur naturally as a mixture of isotopes, each with a different 
natural abundance (%). This leads to the definition of:The average atomic mass:
ഥ𝑀 =

σ𝑖=1
𝑛 𝑥𝑖.𝑚𝑖

100
where:𝑥𝑖 : percentage abundance of the isotope; 𝑚𝑖 : mass of the 

isotope; σ𝑖=1
𝑛 𝑥𝑖 = 100

“For example, there are two main naturally occurring isotopes of bromine, 79𝐵𝑟
and 81𝐵𝑟, each with a relative abundance of 50%.
The molar mass is therefore: 𝑀=0.5×79+0.5×81=80 g.𝑚𝑜𝑙−1.



“Unstable isotopes undergo radioactive decay at varying rates, leading to the 

formation of  other nuclei and the release of  energy. This phenomenon is referred to 

as natural or artificial radioactivity.”



Hydrogen. There exist other atoms that possess the same chemical properties as the 

element hydrogen. They have the same number of  protons and electrons, but differ in 

their number of  neutrons. These atoms have the same chemical properties, since such 

properties are determined by the number of  electrons, which remains identical. However, 

they do not have the same physical properties, as their masses are different.”



Isobars: 
These are nuclides that have the same mass number 𝐴 but different atomic numbers 𝑍.

Example: 8
15𝑂 𝑎𝑛𝑑 7

15𝑁

Isotones: These are nuclides that have the same number of  neutrons.

Example: 8
16𝑂 , 7

15𝑁 and 9
17𝐹.

Isomers: These are atoms that have the same number of  protons (same 𝑍), the same 

number of  neutrons (same 𝑁), and the same mass number (same 𝐴), but differ in their 

energy states.

Example: Technetium-99m, denoted 
99𝑚

𝑇𝑐, is a nuclear isomer of  the technetium 

isotope 99𝑇𝑐, with a mass number equal to 99. It is widely used in nuclear medicine for 

many diagnostic procedures.





Atomic models:

In 1897, J. J. Thomson discovered the electron and gave it its name. He then 

proposed a model of  the atom in which negative electrons are embedded within a 

positively charged matter, resembling a plum pudding, so as to ensure the electrical 

neutrality of  the atom.



Rutherford’s atomic model (1911)
Based on the gold foil experiment, Ernest Rutherford demonstrated that the atom is 

mostly empty space and contains a small, dense, positively charged nucleus at its 

center, where most of  the mass is concentrated. Electrons move around this nucleus. 

However, this classical model could not explain the stability of  atoms or their discrete 

emission spectra.



Bohr’s atomic model (1913):

Niels Bohr improved Rutherford’s model by introducing the concept of  quantized 

energy levels. Electrons can only occupy specific, well-defined orbits around the nucleus 

without radiating energy. A transition of  an electron between two energy levels is 

accompanied by the emission or absorption of  a photon whose energy corresponds to 

the difference between these levels. This model successfully explains the emission 

spectrum of  the hydrogen atom but fails for multi-electron atoms. These works were 

taken up by Einstein, who introduced the quantum model of  the atom.



Quantum mechanical model (1926–)
The quantum mechanical model, developed notably by Schrödinger and Heisenberg, 

describes the electron not as a particle following a precise trajectory, but as a wave 

function whose squared modulus gives the probability of  finding the electron in a given 

region of  space. Electrons occupy atomic orbitals, characterized by quantum numbers, 

rather than fixed orbits. This model provides an accurate description of  atomic structure 

and underlies modern atomic and molecular physics.





Conclusion:
The knowledge gained from the study of  the atom has 

led to the development of  numerous scientific fields, 

with the medical sciences being among the most 

significantly impacted, particularly biochemistry, nuclear 

medicine, and radiology.



Thank you. 
I look forward to your 

comments or questions.


