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“If you want to find the secrets of the universe, think in terms of energy, frequency and vibration.”
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1- The structure of the matter (atomic theory timeline).

In physics history, many models used to describe the structure of matter. Atomic models have gone through many changes over time, evolving as necessary to fit experimental data.
A-Early and classical atomic models
The idea that everything is made up of a few simple parts originated during the 400’s B.C. in the philosophy of Atomism. Atomism was founded by the Greek philosopher Leucippus, but his disciple Democritus was the one who developed the philosophy more fully. In 465 B.C., Democritus gave his basic principle the name Atomos (now called Atom), meaning “uncuttable”. He imagined atoms as small, hard particles, all composed of the same substance but of different sizes and shapes. For example, atoms of water are round so that they can very easily slide past each other, atoms of salt are pointy and sharp that’s why it feels pointy to the tongue, and atoms of iron are like hooks so that they can attach to each other and be hard and strong.
[image: ]
Figure 4-1. Democritus’ model of atoms.

However, the idea of atoms was largely ignored. This neglect resulted partly from the fact that this idea had been rejected by Aristotle, also a Greek philosopher, whose ideas dominated medieval philosophy and science. His idea of the composition of matter is that it consists of a little of each of the four elements: Earth, Water, Air and Fire. For the next 2000 years, this is what people would choose to believe in.
[image: ]
Figure 4-2. Aristotle’ model of matter.
The development of the Atomic Theory advanced greatly when chemistry became an exact science during the late 1700’s. It was around this time that chemists discovered that there are in fact more elements than Aristotle believed, and that these elements could be combined to form different compounds. In 1808, John Dalton, a British Chemist, developed an Atomic Theory to explain this discovery. He conducted the first scientific experiment on atoms and eventually proved that Democritus was in fact correct. There are such things as atoms although he corrected that atoms DO NOT come in different sizes and shape. Atoms are all IDENTICAL, and they can be arranged in different combinations to make different compounds.

[image: ]
Figure 4-3. Dalton's Model of an Atom.
In 1904, Joseph John Thomson, a British physicist, discovered that atoms are actually “cuttable”. He discovered electrons via his Cathode-Ray Tube experiment and immediately realized that electrons must be a part of the atom. He then proposed a model of an atom in which negatively charged electrons were embedded in a positively charged “pudding” or sphere to balance out the charges. This model became famous as the Plum-Pudding Model. So, Thomson proposed that atoms had negatively-charged electrons embedded within a positively-charged "soup". Although Thomson’s description was far from correct, his work encouraged other scientists to investigate the structure of the atom.
[image: ]
Figure 4-4. J.J. Thomson's Plum-Pudding Model of an Atom.

In 1911, the British physicist Ernest Rutherford presented his theory of atomic structure. Rutherford, a former student of Thomson’s, discovered the existence of nucleus via his gold foil experiment. He declared that all the positive charge of an atom is concentrated in its nucleus, and this tiny nucleus is surrounded by electrons travelling at tremendous speeds through the atom’s outer regions. And besides the atom’s nucleus and electrons, it’s pretty much empty space. This model became widely known as the Nuclear Model and although it did support the existence of electrons, it did not explain much about its arrangement in the atom.
[image: ]
Figure 4-5. Rutherford model.
In his experiment, Rutherford aimed alpha particles at a thin sheet of gold foil and then recorded the location of the alpha particle with a fluorescent screen after the interaction. They found that the majority of the alpha particles passed through the gold foil as if the foil was not there. They also found that a very small number of these alpha particles deflected at angles from the initial path, with some of the alpha particles even bouncing back along the initial path.

[image: ]
Figure 4-6. Rutherford experiment.
Protons had been identified in 1902, but it was Rutherford who proved that protons form part of the nucleus since the nucleus has a positive charge. And so in 1914, he officially declared that protons exist in the nucleus, and not anywhere else in the atom.
B- Quantum atomic model
In 1913, a description of the electron structure was proposed by Niels Bohr, a Danish physicist who had worked with Rutherford. He suggested that electrons could travel only in a certain set of orbits around the nucleus and each orbit/level has a limit as to how many electrons it can carry. Although Bohr’s model of an atom was inadequate, many of the ideas behind it proved correct and this model is still used in the present to explain many chemical concepts.

Bohr’s postulates:
· Electrons revolve around the nucleus in stable orbits without emission of radiant energy. Each orbit has a definite energy and is called an energy shell or energy level.
· An orbit or energy level is designated as K, L, M, N shells. When the electron is in the lowest energy level, it is said to be in the ground state.
· An electron emits or absorbs energy when it jumps from one orbit or energy level to another. When it jumps from a higher energy level to lower energy level it emits energy while it absorbs energy when it jumps from a lower energy level to a higher energy level.
· The energy absorbed or emitted is equal to the difference between the energies of the two energy levels (E1, E2) and is determined by Plank’s equation.
𝛥𝐸 = 𝐸2 − 𝐸1 = ℎ𝜈
Where,
𝛥𝐸 = energy absorbed or emitted.
ℎ= Plank’s constant.
𝜈= frequency of electromagnetic radiation emitted or absorbed.
[image: ]
Figure 4-7. Bohr’s Model.

In 1926 Austrian physicist Erwin Schrödinger used mathematical equations to describe the probability of finding electrons in specific positions (Schrödinger equation). These equations no longer state with certainty where electrons can be found but instead describe the region of space where it is highly probable that an electron could be found.
[image: ]
Figure 4-8. Edwin Schrödinger's model of an atom, showing an electron cloud surrounding the nucleus.

In 1932 English physicist James Chadwick discovered a neutral particle of approximately the same mass as the proton and located in the nucleus of the atom. This particle, now known as the neutron, completed the understanding of the three elementary particles of the atom. Chadwick made this discovery via an experiment he conducted which is similar to that of Rutherford’s gold foil; but instead of using gold foil, he used boron foil.
















Figure 4-9. History of atomic models.


C-Standard model and the elementary particles.
The Standard Model of Particle Physics is scientists’ current best theory to describe the most basic building blocks of the universe. It explains how particles called quarks (which make up protons and neutrons) and leptons (which include electrons) make up all known matter. It also explains how force carrying particles, which belong to a broader group of bosons, influence the quarks and leptons.
The Standard Model explains three of the four fundamental forces that govern the universe: electromagnetism, the strong force, and the weak force. Electromagnetism is carried by photons and involves the interaction of electric fields and magnetic fields. The strong force, which is carried by gluons, binds together atomic nuclei to make them stable. The weak
force, carried by 𝑊− and 𝑍0 bosons, causes nuclear reactions that have+

powered our Sun and other stars for billions of years. The fourth

fundamental force is gravity, which is not adequately explained by the Standard Model (because the expected mass of graviton is very small ≈ 6 ∗ 10−32 𝑒𝑣/𝑐2).
[image: ]
Figure 4-10. Standard model of elementary particles.


2- The electromagnetic radiation.
Electromagnetic radiation is an electric and magnetic disturbance traveling through space at the speed of (2.998 × 108 𝑚/𝑠). It contains neither mass nor charge but travels in packets of radiant energy called photons, or quanta.


Figure 4-11. Electromagnetic wave.


A-E.M spectrum.
The electromagnetic spectrum is the full range of frequencies of electromagnetic radiation. The different types of electromagnetic radiation shown in the electromagnetic spectrum consists of radio waves, microwaves, infrared waves, visible light, ultraviolet radiation, X-rays, and gamma rays.

Figure 4-12. Electromagnetic spectrum.

Electromagnetic forces (fields generated by moving charged particles and the particles carrying these forces) are governed in their classical form by Maxwell's equations.

B- Beer – Lambert law.
The Beer-Lambert law relates the attenuation of light to the material’s properties through which the light travels.

Figure 4-13. Absorption, reflection, and transmission process of light.

The Beer-Lambert law equation is as follows:


𝐼 = 𝐼𝑜 𝑒−𝜇 (𝑥)
Where:
I : the resultant intensity
I0 : the incident initial intensity

μ : the coefficient of absorption
x : the path length

Example:
[image: ]
Figure 4-14. Attenuation of a 510 nm laser through three solutions of Rhodamine 6G with different absorbance values
image3.jpeg
< R

atomsof water  atoms of salt

clb'

atoms of iron





image4.jpeg




image5.jpeg
Compound
A

Compound
D

Compound
B




image6.jpeg
negatively
charged
electrons

positivel
charged —=
sphere





image7.jpeg
positivel
charge
- nucleus

-<—celectrons




image8.jpeg
movable
fluorescent

R = screen

beam of y ‘
alpha particles \ P

scintillations

/ , I i viewing

microscope

lead screen
with slit

radioactive
lead shield source alpfa
P

articles:

A
nucleus ¥ :d gold

gold atom foil

A transmitted beams
(little or no deflection)

B scattered beam
(small deflection)

C scattered beam
(large deflection)





image9.jpeg
CIRCULAR ORBITS
(ENERGY LEVELS)

NUCLEUS

I i

S~ ned
O (5th)




image10.jpeg




image11.jpeg
ATOMIC THEORY TIMELINE >

O g .’
’ ’ \ >
400BC 1803 1897 1911 1913 1926

Atomos Solid Sphere Plum Pudding Nuclear Planetary Quantum

Democritus John Dalton JJ. Thomson Ernest Rutherford Niels Bohr Erwin Schrédinger
he'
# >
Atoms are the building Atom is a solid indivisible Negative electrons are Positive charges are Electrons are restricted in Electrons are in clouds
blocks of matter, the shape sphere embedded in a sea of located within a central circular orbits with different surrounding the nucleus,
of an atom explain positive charges. nucleus. energy levels. and this cloud is less

elements behavior. dense




image12.jpeg
ATOMIC THEORY TIMELINE >

O g .’
’ ’ \ >
400BC 1803 1897 1911 1913 1926

Atomos Solid Sphere Plum Pudding Nuclear Planetary Quantum

Democritus John Dalton JJ. Thomson Ernest Rutherford Niels Bohr Erwin Schrédinger
he'
# >
Atoms are the building Atom is a solid indivisible Negative electrons are Positive charges are Electrons are restricted in Electrons are in clouds
blocks of matter, the shape sphere embedded in a sea of located within a central circular orbits with different surrounding the nucleus,
of an atom explain positive charges. nucleus. energy levels. and this cloud is less

elements behavior. dense




image13.jpeg
mass - =2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c? =126 GeV/c?

charge = 2/3 2/3 2/3
spin - 1/2 I 112 ‘ 12
up charm top

=4.8 MeV/c? =95 MeV/c? =4.18 GeV/c?
(2]
¥ -1/3 -1/3 -1/3
x 1/2 12 1/2
< ‘
8 down strange bottom

0.511 MeV/c? 105.7 MeV/c? 1.777 GeV/c?

B -1
112 12
tau

electron

<0.17 MeV/c? <15.5 MeV/c? 80.4 GeV/c?

0 0 1
12 12 1

electron muon tau
neutrino neutrino neutrino

W boson

GAUGE BOSONS

LEPTONS




image14.jpeg
J’mMagnetic Field
- 7
2 .

Electric Field





image15.jpeg
J’mMagnetic Field
- 7
2 .

Electric Field





image16.jpeg
Penetrates Earth's N

Atmosphere?
Radiation Type ~ Radio Microwave Infrared  Visible  Ultraviolet X-ray  Gamma ray
Wavelengtn ()~ 10° 10 10° o050 10° 10 102





image17.jpeg
Penetrates Earth's N

Atmosphere?
Radiation Type ~ Radio Microwave Infrared  Visible  Ultraviolet X-ray  Gamma ray
Wavelengtn ()~ 10° 10 10° o050 10° 10 102





image18.jpeg
Reflection And
Interference
Losess

Emergent beam |,
with lower intensity

Absorption Of Light .
By Particles / Molecules

- Scattering losses




image19.jpeg
Reflection And
Interference
Losess

Emergent beam |,
with lower intensity

Absorption Of Light .
By Particles / Molecules

- Scattering losses




image20.jpeg
Abs =5

Abs =3





image1.jpeg
Republic of Iraq
Ministry of Higher Education and Scientific Research
Mustansiriya University
College of Science - Physics Science Department





image2.jpeg
Republic of Iraq
Ministry of Higher Education and Scientific Research
Mustansiriya University
College of Science - Physics Science Department





