Atomic Physics

Introduction
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v  Quiz+Homework (40%)

v Final examination (60%)
V' References

H. Haken and H. C. Wolf, The physics of Atom and Quanta
C. J. Foot, Atomic Physics

WEx, R
ARWE Lk, Ry

® 51 l

11, .
OF ATOMS

Atonue Physics

Ori ™

a——

14/02/2022

Jinniu Hu



uirements

14/02/2022 Jinniu Hu



The elements in human body

THE HUMAN BODY
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Lawrence Maxwell Krauss §
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What is an atom

An atom is the smallest unchangeable component of a
chemical element.

1. Unchangeable means in this case by chemical means

2. Moderate temperatures: kT < eV

— PROTON

v NEUTRON

T T~ ELECTRON

Mass range: 1.67x10-27 to 4.52x10-25 kg

Electric charge: zero (neutral), or ion charge
Diameter range: 62 pm (He) to 520 pm (Cs)
Components: Electrons and compact nucleus of protons

and neutrons
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Cosmic Uroboros
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Cosmic Uroboros
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Atom size % 3 £ %_?
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Short Historical Review

v Atom comes from the Greek and means "the indivisible",
the smallest component of matter, which cannot be

further divided.

V' The first atomic theories of the
structure of matter were those of
Democritus (460 - 370 B.C.), who both
taught that all natural bodies consist
of “infinitely small” particles that
completely fill the volume of the
bodies and are not further divisible.
They called these particles "atoms”.

Democracy
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Short Historical Review

v’ The famous Greek philosopher Plato (427-347 B.C.)
pushed the abstraction of the concept further. He used
the hypothesis of the four “elements” fire, water, air, and
soil but attributed to these elements four regular three-
dimensional geomeftric structures, which are formed by
symmetric triangles or squares.

Tetrahedron  Octohedron Icosahedron Cube

OO

Fire Air Water Soil
v’ Platos ideas therefore reduced the atoms to
mathematical structures that are not necessarily based on
the real existence of matter.
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Short Historical Review

Vv Aristoteles (384-322 B.C.), a student of Plato, did not
accept this concept of atoms since it contradicted his idea
of a continuous space filled with matter. He also did not
believe in the existence of empty space between the
atoms. His influence was so great that Democritus’
hypothesis was almost abandoned and nearly forgotten
until it was revived and modified later by Epicurus (341-
271 B.C.), who attributed atoms not only size but also a
mass to explain why bodies fell down.

v After Epicurus the atomic theory was forgotten for
many centuries. This was due to the influence of the
Christian church, which did not accept the materialistic
view that everything, even human beings, should be

composed of atoms.
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The ancient atomic theories

V Vih R RATH AL

KE 22D
"B, RTREAERE" & Y
vV "—Rz#, ARELF, mHRB" CEF-RXTEY

14/02/2022

Jinniu Hu



Short Historical Review

v The meaning of the word “atom” becomes less subject
to misinterpretation if it is translated into Latin: an

individuum (R 4-) is the smallest unit of a large set
which possesses all the essential characteristics of the
set.
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Short Historical Review ‘% 3 £ %,?

V' All the chemical elements are composed of atoms
were recognized from chemical investigations. ’

v 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. (&
WYX FRRAENFERMGART, BAIXKRREYYERF TEALSYLSE
Z & Ha)

V' 1815 The first atomic model (W. Prout):

The atoms of all elements are put together out of hydrogen atoms.
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Short Historical Review ‘% 3 £ %_?

/1919

v Dalton published his ideas in the paper "A New System
of Chemical Philosophy”, which contains the three
Important postulates:

All chemical elements consist of very small particles (atoms), which can not be
further divided by chemical techniques.

All atoms of the same chemical element have equal size, mass and quality, but
they differ from the atoms of other elements. This means that the properties of
a chemical element are determined by those of its atoms.

When a chemical element A reacts with an element B to form a compound AB. (n
= 1,2,...) each atom of A recombines with n atoms of B and therefore the number
ratio Ns/Na is always a small integer, n.
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Short Historical Review ‘% 3 £ ,g’?

/1919
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v 1808 The volume of gaseous reactants occur as ratios of
small integers (Gay-Lussac) (EmRmRET, AtkinZ 2045 i 2 kR
W) AT BURL 9 LR AR AR — SR e BB AR B AR BROR I 38 )

v 1811 Hypothesis of Avogadro:

Equal volumes of gases under similar conditions contain equal numbers of
molecules.
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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

Short Historical Review

v’ 1833, Faraday laws:

1. The quantity of an element which is separated is

proportional to the quantity of charge fransported 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

Short Historical Review

OHBITh CHUTEMbI 2JIEMEHTORD,

OCHOBAHHOH HA MXB ATOMHOMNE BBCH B XHMHYECKOME CXONCTED.

Ti=50 Zr=950 7=180.
V=hi Nhaf4 TazIR2.
Cr=h2 Moo=t W=IRG
Mn=55 Ith=1044 Pt=1971
I'e=06 fu=1044 Ir=198.
Ni=Co=39 Pd=106: Os=199.
H=1 Cu=631 Ay=108 Hy=200.
Be= 94 Mg=21 Zn=65: Cd=112
B=11 Al=273 7=68 Ur=116 Au=1877
C=12 =28 =70 Sn=IIR
N=I14 P=31 As=7h Eh=I122 Ri=2I10?
0=16 S5=32 Se=794 Te=128"
=19 Cl=35s DBr=80 1=127
Li=7 Nua=Z23 K=39 Kb=85,1 Cs=133 TI=20,
Ca=40 Si=87:¢ Bua=137 Pb=207.
Te15 Coe=082
TEr=56 Lo=01
Wi=h) Di=AS
In=75a Th=II8?
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Periodic table
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Periodic table song ‘% i A
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Short Historical Review

v 1885, Ordering principle in atomic spectra (J. Balmer)
v 1895, X ray (W. Roentgen)
v 1896, Radiation (A. H. Becquerel)

v’ 1897, The discovery of electron (J. J. Thomson)
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Short Historical Review

v 1885, Ordering principle in atomic spectra (J. Balmer)
v 1900, The laws of black body radiation (M. Plank)

v’ 1911, Planetary model of the atom (E. Rutherford)
v 1913, Bohr model for hydrogen

v 1925, Matter waves (De Broglie)

v 1926, Schroedinger equation (E. Schroedinger)

v 1928, Dirac equation (P. Dirac)
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Short Historical Review

Solvay conference 1927
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17 Nobel Prize winners! Niubility!
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The application of atomic physics

Atomic Physics
Basic Research
Determination of Atomic Data

Physics Technology Applications
Solid State Physics Quantum Electronics Determination of Units
Ideal and defect structures Lasers, frequency standards, Fundamental constants

navigation, geodetics

Chemical Physics Medical Technology Space Research
Formation of molecules, Radiation effects Earth and planetary
chemical reactions atmospheres, weather

Astrophysics Communications Technology Environment
Atomic spectroscopy Laser techniques, Detection of pollutants

ionosphere

Plasma Physics Energy Problems
Excitation mechanisms New methods of energy

production

Biophysics

Complex molecular structures

Geophysics
Earth’s magnetic field
-
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The application of atomic physics 4% i~ %_?

/1919

Biomolecular structure CT Scan
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The application of atomic physics

Optical lattice

BEC condensation
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Class outline

V' Introduction (2 classes)
v Basic Properties of Atom (8 classes)
v’ Bohr's Model of the Hydrogen Atom (8 classes)

v Quantum Mechanics of the Hydrogen Atom (12 classes)

Vv Fine structures of Atoms (12 classes)
v' Many-Electron Atoms (12 classes)
v X-Ray (8 classes)
v'Nuclear physics (6 classes)
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