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Class requirements
✓ Quiz+Homework (XX%)


✓ Final examination (100-XX%)


✓References

   H. Haken and H. C. Wolf, The physics of Atom and Quanta 
      C. J. Foot, Atomic Physics 
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http://coursehome.zhihuishu.com/courseHome/1000008969#teachTeam

Class requirements
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The movie of Astro boy
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The game of Astro boy
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Cosmic Uroboros
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Cosmic Uroboros



22/02/2021 Jinniu Hu

Atom size

molecule~10-6 cm

football~10 cm

Range of excitation energies
 100  105 1010

eV

Range of densities
 100  105 1010 g/cm31015
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The ancient atomic theories
✓ Atom comes from the Greek and means "the indivisible", the smallest 
component of matter, which cannot be further divided. 


✓The first atomic theories of the structure of matter were those of 
Democrites (460 - 370 B.C.), Plato (427 - 347 B.C.), and Aristotle (384- 
322 B.C.). 

Democracy
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The ancient atomic theories

✓ “�,��������”                ' �(
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Short Historical Review

✓ The meaning of the word “atom” becomes less subject to misinterpretation 
if it is translated into Latin: an individuum )��
* is the smallest unit of a 
large set which possesses all the essential characteristics of the set. 
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The atomic theories in 19 century

✓ All the chemical elements are composed of atoms were recognized 
from chemical investigations. 


✓ The laws of constant and multiple proportions:

   (J. L. Proust and Dalton) 

    In a mixture of non-reacting gases, the total pressure exerted is equal to 

    the sum of the partial pressures of the individual gases. J�B�������
�������3�;+��2�L�	�#F()�A,��4B���A�%�K


✓1815 The first atomic model (W. Prout):

    The atoms of all elements are put together out of hydrogen atoms. 
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The atomic theories in 19 century
✓ Matter is made up of atoms that are indivisible and 
indestructible.


✓All atoms of an element are identical.


✓Atoms of different elements have different weights and different 
chemical properties.


✓Atoms of different elements combine in simple whole numbers to 
form compounds.


✓Atoms cannot be created or destroyed. When a compound 
decomposes, the atoms are recovered unchanged.
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✓1808 The volume of gaseous reactants 

    occur as ratios of small integers (Gay-Lussac) 

  )��<�A�L�# E��D/=-#7"G$�;+L�
����������*C���5��#9)��;+�#�#7�=-:1"*

✓1811 Hypothesis of Avogadro: 

    Equal volumes of gases under similar conditions contain 

   equal numbers of molecules.


✓1826 Brown motion:

    The random motion of particlessuspended in a fluid

    (a liquid or a gas) resulting from their collision with 

   the fast-moving atoms or molecules in the gas or liquid.

The atomic theories in 19 century

https://en.wikipedia.org/wiki/Particle
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Molecule
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✓ 1833, Faraday laws:


1. The quantity of an element which is separated is proportional to the 
quantity of charge transported in the process.


2. Various elements are separated into equivalent weights by the same 
quantity of charge.


 ���)6��0
>
L8��?;+�6&�'
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The atomic theories in 19 century

https://zh.wikipedia.org/wiki/%E7%94%B5%E6%9E%81
https://zh.wikipedia.org/wiki/%E8%B4%A8%E9%87%8F
https://zh.wikipedia.org/wiki/%E7%94%B5%E9%87%8F
https://zh.wikipedia.org/wiki/%E5%8C%96%E5%AD%B8%E7%95%B6%E9%87%8F
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Periodic table
✓ 1869, Periodic table (L. Meyer and D. I. Mendeleev)
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✓ 1869, Periodic table (L. Meyer and D. I. Mendeleev)


Periodic table
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PERIODIC TABLE: ELEMENT NAME ORIGINS

© Andy Brunning – www.compoundchem.com. Produced in collaboration with Prof Mark Lorch, University of Hull.
Shared under a Creative Commons 4.0 Attribution-NoDerivatives-NonCommercial licence.CHEMUNICATECi

BY NC ND

H
Hydrogen

Water-forming

1

Li
LITHIUM

Stone

3

Na
SODIUM

Soda

11

K
POTASSIUM

Potash

19

Rb
RUBIDIUM

Dark red

37

Cs
CAESIUM

Sky blue

55

Fr
FRANCIUM

France

87

Be
BERYLLIUM

Berylios

4

Mg
MAGNESIUM
Magnesia

12

Ca
CALCIUM

Lime

20

Sr
STRONTIUM

Strontian

38

Ba
BARIUM

Heavy

56

Ra
RADIUM

Ray

88

Sc
SCANDIUM

Scandinavia

21

Y
YTTRIUM

Ytterby

39

Ti
TITANIUM

Titans

22

Zr
ZIRCONIUM

Gold-like

40

V
VANADIUM

Vanadis/Freya

23

Nb
NIOBIUM

Niobe

41

Cr
CHROMIUM

Colour

24

Mo
MOLYBDENUM

Lead

42

Mn
MANGANESE

Magnet

25

Tc
TECHNETIUM

Artificial

43

Fe
IRON

Iren

26

Ru
RUTHENIUM

Russia

44

Co
COBALT

Goblin

27

Rh
RHODIUM

Rose-coloured

45

Ni
NICKEL

Devil’s copper

28

Pd
PALLADIUM

46

Cu
COPPER

From Cyprus

29

Ag
SILVER

Soilfur

47

Zn
ZINC

Zink

30

Cd
CADMIUM

Calamine

48

B
BORON

Buraq/borax

5

Al
ALUMINIUM

Bitter salt

13

Ga
GALLIUM

France/Gaul

31

In
INDIUM

Indigo

49

C
CARBON

Charcoal

6

Si
SILICON

Flint

14

Ge
GERMANIUM

Germany

32

Sn
TIN

Tin

50

N
NITROGEN

Nitre-forming

7

P
PHOSPHORUS

Bringer of light

15

As
ARSENIC

Orpiment

33

Sb
ANTIMONY

Not alone

51

O
OXYGEN

Acid-forming

8

S
SULFUR

Brimstone

16

Se
SELENIUM

Moon

34

Te
TELLURIUM

Earth

52

F
FLUORINE

To flow

9

Cl
CHLORINE

Greenish-yellow

17

Br
BROMINE

Stench

35

I
IODINE

Violet

53

Ne
NEON

New

10

Ar
ARGON

Idle

18

Kr
KRYPTON

Hidden

36

Xe
XENON

Stranger

54

Hf
HAFNIUM

Copenhagen

72

Rf
RUTHERFORDIUM

Ernest Rutherford

104

Ta
TANTALUM

Tantalus

73

Db
DUBNIUM

Dubna

105

W
TUNGSTEN

Heavy stone

74

Sg
SEABORGIUM

Glenn Seaborg

106

Re
RHENIUM

Rhine

75

Bh
BOHRIUM

Niels Bohr

107

Os
OSMIUM

Smell

76

Hs
HASSIUM

Hessen

108

Ir
IRIDIUM

Iris

77

Mt
MEITNERIUM

Lise Meitner

109

Pt
PLATINUM

Little silver

78

Ds
DARMSTADTIUM

Darmstadt

110

Au
GOLD

Gold

79

Rg
ROENTGENIUM

Wilhem Röntgen

111

Hg
MERCURY
Mercury

80

Cn
COPERNICIUM

Copernicus

112

Tl
THALLIUM

Green twig

81

Nh
NIHONIUM

Japan

113

Pb
LEAD

Lead

82

Fl
FLEROVIUM

Georgy Flerov

114

Bi
BISMUTH

White mass

83

Mc
moscovium

Moscow

115

Po
POLONIUM

Poland

84

Lv
LIVERMORIUM

Livermore Lab

116

At
ASTATINE

Unstable

85

Ts
TENNESSINE

Tennessee

117

Rn
RADON

Radium

86

Og
OGANESSON

Yuri Oganessian

118

He
HELIUM

Sun

2

La
LANTHANIUM

Lie hidden

57

Ac
ACTINIUM

Ray

89

Ce
CERIUM

58

Th
THORIUM

Thor

90

Pr
PRASEODYMIUM

Green twin

59

Pa
PROTACTINIUM

First ray

91

Nd
NEODYMIUM

New twin

60

U
URANIUM

Uranus

92

Pm
PROMETHIUM

Prometheus

61

Np
NEPTUNIUM
Neptune

93

Sm
SAMARIUM

Samarskite

62

Pu
PLUTONIUM

Pluto

94

Eu
EUROPIUM

Europe

63

Am
AMERICIUM

America

95

Gd
GADOLINIUM

Johan Gadolin

64

Cm
CURIUM

Marie Curie

96

Tb
TERBIUM

Ytterby

65

Bk
BERKELIUM

Berkeley

97

Dy
DYSPROSIUM

Hard to obtain

66

Cf
CALIFORNIUM

California

98

Ho
HOLMIUM

Holmia

67

Es
EINSTEINIUM

Albert Einstein

99

Er
ERBIUM

Ytterby

68

Fm
FERMIUM

Enrico Fermi

100

Tm
THULIUM

69

Md
MENDELEVIUM

Dmitri Mendeleev

101

Yb
YTTERBIUM

Ytterby

70

No
NOBELIUM

Alfred Nobel

102

Lu
LUTECIUM

Paris

71

Lr
LAWRENCIUM

Ernest Lawrence

103

Language of Origin

MINERAL

ASTRONOMICAL BODY

MYTHOLOGY

PERSON

PLACE

PROPERTIES

Name Source

T
ab

le
 C

o
lo

u
r 

K
ey

Symbol Key

H
Hydrogen

Water-forming

1

Atomic number Element symbol

Origin/meaningElement name
Language 
of origin

E57-71

E89-103

Ceres Thule

Pallas

JAPANESE

SWEDISH

GERMAN

ENGLISH

RUSSIAN

LATIN

GREEK ANGLO-SAXON

SPANISH

NORSE

ARABIC

GAELIC

NONE – FROM NAME

Periodic table
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✓ 1885, Ordering principle in atomic spectra (J. Balmer)


✓ 1895, X ray (W. Roentgen)


✓ 1896, Radiation (A. H. Becquerel)


✓ 1897, The discovery of electron (J. J. Thomson)


Modern atomic physics
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✓ 1885, Ordering principle in atomic spectra (J. Balmer)


✓ 1900, The laws of black body radiation (M. Plank)


✓ 1911,  Planetary model of the atom (E. Rutherford)


✓ 1913, Bohr model for hydrogen


✓ 1925, Matter waves (De Broglie)


✓ 1926, Schroedinger equation (E. Schroedinger)


✓ 1928, Dirac equation (P. Dirac)


Modern atomic physics
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Fifth Solvay conference 1927

17 Nobel Prize winnersI NiubilityI

Modern atomic physics
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The central role of atomic physics

2 1 Introduction

etc., are now indispensable tools in other scientific fields or
for the solution of technical problems.

The importance of atomic physics is therefore not
restricted to physics. Atomic physics, together with molecu-
lar physics, forms the foundations of chemistry. It explains
the chemical properties of atoms and the order of elements in
the periodic table, the binding of molecules and the molec-
ular structure. Chemical reactions are reduced to collisions
between atoms and molecules. Because of its importance,
a new branch of chemistry called “quantum chemistry” has
been established, which deals with the theoretical foundation
of chemistry based on quantum theory. The famous natural
philosopher Georg Christoph Lichtenberg (1742–1799)
wrote, “Someone who only knows chemistry does not really
understand it either.”

The complex reactions in the earth’s atmosphere are started
by the interaction of sunlight with atoms and molecules lead-
ing to energy deposition in molecules, their ionization and
dissociation into fragments. Collisions between these parti-
cles can further increase the number of possible chemical
reactions. The reaction probability depends not only on the
temperature but also on the internal energy and structure of
the collision partners. Amore detailed understanding of these
processes and the influence ofman-made pollutant substances
on such processes is of crucial importance for the survival of
mankind [1–5].

During recent years the molecular basis of biological pro-
cesses has been widely investigated. New experimental tech-
niques of atomic physics have been applied to the studies of
living cells and the reactions proceeding inside a cell. It is now
possible to follow the paths of single molecules intruding a
cell using spectroscopic methods of high spatial and spectral
resolution [6–8].

Also inmedicine,manydiagnostic tools are borrowed from
atomic physics and even therapeuticmethods, such as specific
laser treatment of cancer or irradiation with particle beams,
are based on investigations in atomic physics.

The development of star models in astrophysics has gained
important stimulation from laboratory experiments on absorp-
tion and emission of radiation by atoms or ions, on recombina-
tion processes between free electrons and ions or on lifetimes
of excited atoms and on collision processes between elec-
trons, ions and neutral atoms and molecules. Besides high-
energy physics, atomic physics has considerably contributed
to a better understanding of the formation of stars, on radiation
transport and on the structure of star atmospheres [9,10].

Atomic physics has also played an essential role for the
optimization of modern technical developments. One famous
example is the rapidly increasing manifold of lasers and their
various applications [11]. Modern illumination techniques
with energy saving lamps, discharge tubes or light emitting
diodes are essentially applied atomic physics [12,13]. New
procedures for the nondestructive inspection of materials or

for the enhancement of catalytic reactions on surfaces are
based on results of research in atomic physics. For many
technical developments in the production of semiconductor
chips, such as the controlled diffusion of impurity atoms into
the semiconductor or the interaction of gases and vapors with
solid surfaces, which are processes studied in atomic physics,
play an essential role [14,15].Without exaggeration, one may
therefore say that atomic physics has an important share in
the development of modern technology and this will certainly
increase even more in the future.

For metrology the measuring techniques developed in
atomic physics have increased the achievable accuracy by
several orders of magnitude [16]. With laser spectroscopic
methods, for example, the absolute values of fundamental
physical constants, such as the Rydberg constant, the fine
structure constant or the ratiome/mp of electron mass to pro-
ton mass, could be measured with such high precision that
the question of whether these “constants” are really constant
or change slightly with time over millions of years can now
be attacked experimentally with measurement times of a few
years.

The central importance of atomic physics for many other
fields is schematically illustrated by the block diagram in
Fig. 1.1.

Besides its influence on the technological development,
atomic physics and quantum theory have essentially con-
tributed to a modern view of nature that replaces the former
mechanistic concept of our world [17]. The belief of a strict
separation between matter and energy had to be modified by
the recognition that both manifestations of nature are inter-
changeable and the anticipation of a strict causality for all
processes in our surrounding has now been limited by the
uncertainty relations in quantum mechanics. Maxwell’s dae-
mon of classical physics, who could exactly predict the future
outcome of events as long as he knew the initial conditions
sufficiently accurately, has to be replaced by probability state-
ments, since the exact knowledge of all initial conditions is not

Chemical
Reactions

Technical
applications

Metrology,
fundamental
constants

Molecular physics

Laser physics

Plasma physics

Biological processes

Medical physics

Astrophysics
Atmospheric physics,

meteorology,
geophysics

Atomic physics

Fig. 1.1 The central role of atomic physics
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Graphene Laser 

Biomolecular structure CT Scan 

The application of atomic physics
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The application of atomic physics
Optical lattice 

BEC condensation 

Trapped well

Quantum computer
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Class outline

✓ Introduction                                     (2 classes)

✓ Basic Properties of Atom                      (4 classes)

✓ Bohr's Model of the Hydrogen Atom         (6 classes)


✓ Quantum Mechanics of the Hydrogen Atom (8 classes)


✓ Fine structures of Atoms                      (8 classes)

✓ Many-Electron Atoms                          (8 classes)

✓ X-Ray                                            (8 classes)

✓Nuclear physics                                  (4 classes)



