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How to be a good teacher
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How to be a good teacher
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How to be a good student

FRANRIEME T

S (2018) 85

HEBRXTRINFHNAKZESFFER
AHEE TERWNEHETREA

o
(e
jan

2 NaFIEEEE., SEREZEMER IRENAFAR, AKX KR . 7TE" 2R, SERAFUHRL
E. BINRERE. IRRERE, VLRSREAFRE. ZESDFIMMBITABNATIEFRAR, IXEEXRH

s LIEZIXEEH, BARELRZRAAESFZI I, FTHTHR, MIARBM2018RFEAELN, L
O, é% EULL §§7]1§§ RIE ’I‘S'E* E AR SR . Etﬂ;kbﬂﬁ%jL#z%*Z, AL FEZ XU GRTEVRTE B A G HRY
LEE, MSida@d. MERLEROX, BREVE RS HE.

A\ AL =s

22/02/2021 Jinniu Hu



Class requirements

Quiz+Homework (XX%

¥ Final examination (100-XX%)

Vv References

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

http://coursehome.zhihuishu.com/courseHome/1000008969#teachTeam
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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
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Atom size

electron
<10"%cm

proton
(neutron)

quark
@ <10"°cm

nucleus
yo ~10"%cm
football~10 cm atom~10"cm ~10 '3cm
: : : eV
Range of excitation energies
100 105 1010
Range of densities
100 105 1010 1015 g/cms
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The ancient atomic theories

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

Vv 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

v’ The meaning of the word “"atom” becomes less subject to misinterpretatior
if it is translated into Latin: an individuum (3 4~) is the smallest unit of
large set which possesses all the essential characteristics of the set.

PROTON

NUCLEUS 0

0
4 'A

NEUTRON

ELECTRON
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The atomic theories in 19 century

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. (B4 Z A RA 4
FERMEATRT, BRAIARRGINERFT TEAY WS EI &)

V' 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

v Matter is made up of atoms that are indivisible and
indestructible.

v All atoms of an element are identical.

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

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

v Atoms cannot be created or destroyed. When a compound

decomposes, the atoms are recovered unchanged.
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The atomic theories in 19 century

v 1808 The volume of gaseous reactants
occur as ratios of small integers (Gay-Lussac)

(ERBRAET, G40 E 2 0458 6 AR P H AT R,
I LA R — AR e 5 B AR 6 PR AR 3 A )

v 1811 Hypothesis of Avogadro:

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

v 1826 Brown motion: CAPREIAN ot

The random motion of particlessuspended in a fluid bl B
(a liquid or a gas) resulting from their collision with S TR U
the fast-moving atoms or molecules in the gas or liquid. i, e
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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

The atomic theories in 19 century

v 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.

. eIy, 25BN R E5ET VRN EZREL.
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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/%E5%8C%96%E5%AD%B8%E7%95%B6%E9%87%8F

Periodic table

4 al £ 2

V' 1869, Periodic table (L. Meyer and D. 1. Mendeleev)

OIIbITDb CUCTEMbI S5JIEMEHTOBD,

OCHOBAHHOH HA HXb ATOMHOME BBCH H XHMHUYECKOME CXOJICTBb.

Ti=50 Zr=90 7=180.
V=51 Nb=94 Ta=182.
Cr=52 Mo=96 W=186.
Mn=55 Rh=1044 Pt=1971.
Fe=56 Ru=1044 Ir=198.
Ni=Co=59 Pd=106, Os=199.
H=1 Cu=63,4 Ag=108 Hg=200.
Be=94 Mg=24 Zn=652 Cd=112
B=11 Al=273 7?7=68 Ur=116 Au=197?
C=12 Si=28 ?7=70 Sn=118
N=14 P=31 As=75 Sb=122 Bi=210?
0=16 S=32 Se=794 Te=128?
F=19 Cl=35,5 Br=80 I=127
Li=7 Na=23 K=39 Rb=854 Cs=133 TI1=204.
Ca=40 Sr=876 Ba=137 Pb=207.
7=45 Ce=92
7Er=56 La=94
7Yt=60 Di=95
7In=756 Th=118?

. Meanenbers

22/02/2021 Jinniu Hu



9
£
S
—
d
9
-
Q
Q

v 1869, Periodic table (L. Meyer and D. I. Mendeleev)

OIIbITDHb CUCTEMDbI S5JIEMEHTOBD,

OCHOBAHHOH HA HXb ATOMHOMB BbCh H XHMHUYECKOME CXOJICTBb.

Ti=50 Zr=90 7=180.
V=51 Nb=94 Ta=182.
Cr=52 Mo=96 W=186.
Mn=55 Rh=1044 Pt=1971.
Fe=56 Ru=1044 Ir=198.
Ni=Co=59 Pd=106, Os=199.
H=1 Cu=63,4 Ag=108 Hg=200.

Be=94 Mg=24 Zn=652 Cd=112

B=11 Al=273 7=68
C=12 Si=28 ?2=T70
N=14 P=31 As=75

Ur=116 Au=197?
Sn=118
Sb=122 Bi=210?

0=16 S=32 Se=794 Te=1287

F=19 Cl1=355 Br=80

=127

Li=7 Na=23 K=39 Rb=854 Cs=133 TI=204.
Ca=40 Sr=876 Ba=137 Pb=207.

7=45 Ce=92

?7Er=56 La=94

7Yt=60 Di=95

7In=756 Th=118?
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Periodic table
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DMITRI MENDELEYEYV (1834 - 1907)

The Russian chemist, Dmitri Mendeleyev, was the first to observe that if elements were listed in
order of atomic mass, they showed regular [periodical] repeating properties. He formulated his
discovery in a periodic table of elements, now regarded as the backbone of modern chemistry.

Oxygen 8
16.00

Fluorine 9
19.01

| |EARTH METMS

Hydrpgen

The crowning achievement of Mendeleyev's periodic table lay in his prophecy of then, undiscovered
m 1.01 elements. In 18469, the year he p his periodic cl. ion, the el gallium,
’ germanium and scandium were unknown. Mendeleyev left spaces for them in his table and even
predicted their atomic masses and other chemical properties. Six years later, gallium was -
‘m discovered and his predictions were found to be accurate. Other discoveries followed and S I w
At room temperature the element is: Symbol their chemical behaviour matched that predicted by Mendeleyev. - e
f Elemert Silicon 14 % Sulphur 16
) This remarkable man, the youngest in a family of 17 children, has left the scientific 32.06
u Liquid ‘,‘lj“',,,'ﬂ:, community with a classification system so powerful that it became the cornerstone
W Nawral solid Atomic in chemistry teaching and the prediction of new elements ever since.
W Nan-made solid [synthetic] mass In 1955, element 101 was named after him: Md, Mendelevium.
Phosphorus 15
3097
Selenium 34
A 78.96
Arsenic 33

Germanium 32

Rhenium 75
186.2] =

Lanthanide
Series

Bismuth 83
208.98

f_fﬁ__ﬁ_ﬁ.ﬁ.ﬁ__ﬁ La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Db Sg Bh Hs

Actinide
Series

FEST
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HYDROGEN - HELIUM
g (‘Atomic number ) ——( Element symbol ) ' - GREEK - ANGLO-SAXON MINERAL a
b
1 = O v [ seawish ASTRONOMICAL BODY
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LITHIUM BERYLLIUM Water-forming PERSON BORON CARBON NITROGEN OXYGEN FLUORINE NEON
Stone Berylios 2 - BEHMAN - GAE“E Burag/borax Charcoal Nitre-forming Acid-forming To flow New
< PLACE
Language SWEDISH NONE — FROM NAME
11 (2 B (Fementoame) (Origimimesning ) | oforigin ' [‘_|5 = O 13 . 15 Y 3 17 A= )]
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SODIUM MAGNESIUM ALUMINIUM SILICON PHOSPHORUS SULFUR CHLORINE ARGON
Soda Magnesia Bitter salt Flint Bringer of light i yell Idle
19 R fz0 21 22 R fz3 24 R fzs 26 R fz7 T E I TER 30 B[ 32 33 Ry R E R 36 R
- -
KilCa|]Sc || Ti||] V [|Cr |(|Mn| Fe ||Co|[Ni||[Cul||Z2n || Ga || Ge || As || Se || Br || Kr
POTASSIUM CALCIUM SCANDIUM TITANIUM VANADIUM CHROMIUM MANGANESE IRON COBALT NICKEL COPPER ZINC GALLIUM GERMANIUM ARSENIC SELENIUM BROMINE KRYPTON
Potash Lime Scandinavia Titans Vanadis/Freya Colour Magnet Iren Goblin Devil's copper From Cyprus Zink Fi /Gaul Orpi Moon Stench Hidden
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Dark red Strontian Ytterby Gold-like Niobe Lead Artificial Russia Rose-coloured Pallas Soilfur Calamine Indigo Tin Not alone Earth Violet Stranger
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Cs || Ba Hf | Ta|| W[ Re|[|Os|| Ir || Pt ||Au||Hg|| Tl || Pb || Bi || Po || At || Rn
CAESIUM BARIUM E57-71 HAFNIUM TANTALUM TUNGSTEN RHENIUM OSMIUM IRIDIUM PLATINUM GOLD MERCURY THALLIUM LEAD BISMUTH POLONIUM ASTATINE RADON
Sky blue Heavy Copenhagen Tantalus Heavy stone Rhine Smell Iris Little silver Gold Mercury Green twig Lead ‘White mass Poland Unstable Radium
87 R fss 104 [ fzo5 B fo6 DO f07 [ fo8 109 O [0 B O 12 RY B B 2 R B3 B f6 Y Bg =¥ BB O
FRANCIUM RADIUM E89 _103 RUTHERFORDIUM DUBNIUM SEABORGIUM BOHRIUM HASSIUM MEITNERIUM DARMSTADTIUM ROENTGENIUM COPERNICIUM NIHONIUM FLEROVIUM MosScovIUM LIVERMORIUM TENNESSINE OGANESSON
France Ray Emenltmhuiord Dubna Glenn Seaborg Niels Bohr Hessen  Lise Meitner Darmstadt Wilhem ) Co ) Japan ( Georgy Flerov ) Moscow Livermore Lab Tennessee \:Yuﬂogamtslank

57 R 58 R 5 A fe0 R fst A fs2 R fs3 B [ D s R fes R fs7 68 A fe° A 7o R (7
LANTHANIUM CERIUM PRASEODYMIUM NEODYMIUM PROMETHIUM SAMARIUM EUROPIUM GADOLINIUM TERBIUM DYSPROSIUM HOLMIUM ERBIUM THULIUM YTTERBIUM LUTECIUM
Lie hidden Ceres Green twin New twin P Europe ~ Johan Gadolin Ytterby Hard to obtain Holmia Ytterby Thule Ytterby Paris
89 RY EQ 91 A o2 R fe3 Ry S R 97 SV ED T ER [ fzo0 O fzoz O fzo2 103 O
ACTINIUM THORIUM PROTACTINIUM URANIUM NEPTUNIUM PLUTONIUM AMERICIUM BERKELIUM CALIFORNIUM EINSTEINIUM FERMIUM MENDELEVIUM NOBELIUM LAWRENCIUM
Ray Thor First ray Uranus Neptune Pluto America Berkeley California _ Albert Einstein [ Enrico Fermi \ \Dmitdlhndgleev Alfred Nobel \ \Em;et Lawrence
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Modern atomic physics

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

v 1897, The dlscovery of electron (ZJ' J Thomson)
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Modern atomic physics

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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Modern atomic physics

17 Nobel Prlze wmners' Niubilify!
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The central role of atomic physics

Atmospheric physics,

Astrophysics meteorology, Plasma physics

geophysics

Chemical

Molecular physics Reactions

applications Biological processes

Y
Medical physics
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The application of atomic physics
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Biomolecular structure CT Scan
22/02/2021 Jinniu Hu



The application of atomic physics

Optical lattice
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Class outline

22/02/2021

v' Introduction (2 classes)
v Basic Properties of Atom (4 classes)
v’ Bohr's Model of the Hydrogen Atom (6 classes)

v Quantum Mechanics of the Hydrogen Atom (8 classes)

V' Fine structures of Atoms (8 classes)

v' Many-Electron Atoms (8 classes)

v X-Ray (8 classes)

v'Nuclear physics (4 classes)
Jinniu Hu



