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Class requirements
✓ Quiz+Homework (30%)


✓ Final examination (70%)


✓References

   H. Haken and H. C. Wolf, The physics of Atom and Quanta 
      C. J. Foot, Atomic Physics 
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Cosmic Uroboros
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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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Short Historical Review
✓ 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 (429 - 
348), and Aristotle (384- 322). 

Democracy
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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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Short Historical Review

✓ 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. ��B�1�����
�������3�;+��2�I�	�#F()�A,��4B���A1%.�


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

    The atoms of all elements are put together out of hydrogen atoms. 
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✓1808 The volume of gaseous reactants 

    occur as ratios of small integers (Gay-Lussac) 

  ���<�A�I�# E1�D/=-#7�

���������"G$2;+I*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.

Short Historical Review

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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Short Historical Review
✓ 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.
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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/%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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Short Historical Review

✓ 1869, Periodic table (L. Meyer and D. I. Mendeleev)
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Short Historical Review
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Short Historical Review

✓ 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)
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Short Historical Review

✓ 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)
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Short Historical Review

Solvay conference 1927

17 Nobel Prize winners� Niubility�
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1.2 Short Historical Review 3 

energy of harmonic oscillators can only take on discrete values - quite contradictory 
to the classical view, in which the energy values form a continuum. 

This date can be called the birth date of quantum theory. The further development 
of atomic and quantum physics is the subject of this book. 

Our knowledge of the structure of atoms was influenced strongly by the investiga-
tion of optical spectra. After Kirchhoff and Bunsen had shown, about 1860, that 
optical spectra are characteristic of the elements which are emitting or absorbing the 
light, Balmer (1885) succeeded in finding an ordering principle in atomic spectra, ex-
pressed in the formula (8.1) which bears his name and which describes the spectral lines 
emitted from hydrogen atoms. As a result of the atomic model proposed by Rutherford 
(1911), Bohr was able, in 1913, to formulate the basic principles of the quantisation of 
electron orbits in atoms. These quantisation rules were considerably extended by Som�
merfeld. A parallel development was the concept of matter waves, carried out by De 
Broglie. The actual breakthrough was attained by Born, Heisenberg, Schrodinger, 
Pauli, Dirac, and other researchers in the decade between 1920 and 1930. 

The problems of atomic physics which are of current interest in research are: 
an increasingly detailed description of the structure of electronic shells of atoms and 
their excitations, 
the interactions between atoms and radiation fields, for example in view of their 
applications in optical pumping (Chap. 21) and in laser physics (Chap. 22), 
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Fig. 1.1. The relevance of 
atomic physics for other 
disciplines of science and 
technology 

The application of atomic physics
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Graphene Laser 

Biomolecular structure CT Scan 

The application of atomic physics
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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)



