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Class requirements % ,%ﬁ ]’ %7

v Quiz+Homework (30%) o

l 2018E R F IR IR

Vv Final examination (70%)

Vv References

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

- proton
J (neutron)
quark
@ <10"%cm
nucleus
~10"%cm J

molecule~10-6cm ~10"2¢cm

football~10 cm

eV
Range of excitation energies ' ' o
100 105 1010
. ! I I I
Range of densities —>
100 105 1010 1015 g/cm3
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Short Historical Review (% %z £ D4
J Atom comes “the k
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 (429 -
348), and Aristotle (384- 322).

Democracy
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Short I-Ils’rorlcal Review

»s/ The meanlng of ’rheword ‘atom” becomes less suleemL
to misinterpretation if it is translated into Latin: an

individuum (A4 ) is the smallest unit of a large set
which possesses all the essential characteristics of the

set.
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Shor’r I-Ils’rorlcal Revuew % f:’ﬂ /’

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. (E#45Z A RE %A
HFERBEART, BEAIKBREWHERF T ESUL N REIE)

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

V' 1808 The volume of reactants
occur as ratios of small integers (Gay-Lussac)

(EREBRET, K4k EZ RSB HERR 35 o
=]deaking
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Balil
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v 1811 Hypothesis of Avogadro:

Equal volumes of gases under similar

conditions contain equal numbers of
molecules.

v 1826 Brown motion: S
The random motion of particlessuspended "=¢ N
in a fluid(a liquid or a gas) resulting from {r.,,
their collision with the fast-moving atoms " %
or molecules in the gas or liquid. g
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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 I-Ilsfomcal Revuew

-/‘/ 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
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Short I-Ils’rorlcal Revuew

J 1869 Perlod|c ’rable (L Meyer and D. L N\endeleev)

OIIbITHb CHCTEMbI 3JIEMEHTOBD,

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=197.
Fe=56 Ru=10441 Ir=198.
Ni=Co=59 Pd=106,6 Os=199.
H=1 Cu=63+ Ag=108 Hg=200.
Be=94 Mg=24 Zn=652 Cd=112
B=11 Al=273 7?=68 Ur=116 Au=197?
C=12 Si=28 ?=70 Sn=118
N=14 P=31 As=75 Sb=122 Bi=210?
0=16 S=32 Se=794 Te=128?
F=19 Cl=355 Br=80 1=127
Li=7 Na=23 K=39 Rb=8541 Cs=133 TI=204.
Ca=40 Sr=876 Ba=137 Pb=207.
?7=45 Ce=92
?Er=56 La=94
?Yt=60 Di=95
?In=75,6 Th=118?
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Short Historical Review

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

OIIbITHb CHCTEMbI 3JIEMEHTOBD,

OCHOBAHHOH HA HXb ATOMHOM'B BbCbh H XHMHUECKOME CXOJICTBb.

H=1

Ti=50
V=51
Cr=52
Mn=55
Fe=56

Ni=Co=59

Cu=63+ Ag=108

Zr=90 ?7=180.
Nb=94 Ta=182.
Mo=96 W=186.

Rh=1044 Pt=1971.
Ru=104,4+ Ir=198.
Pd=1066 Os=199.
Hg=200.

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

B=11
C=12
N=14
0=16
F=19

Li=7 Na=23

Al=273 ?=68 Ur=116 Au=197?
Si=28 ?=70 Sn=118

P=31 As=75 Sb=122 Bi=210?
S=32 Se=794 Te=128?

Cl=355 Br=80 I=127

K=39 Rb=854 Cs=133 TI=204.
Ca=40 Sr=876 Ba=137 Pb=207.
?7=45 Ce=92
?Er=56 La=94

?Yt=60 Di=95

?In=75,6 Th=118?

N £ v&
ol i by . S

. Meanenbers

17/09/2018



PRODUCED BY THE FOUNDATION FOR EDUCATION, SCIENCE AND TECHNOLOGY FOR NATIONAL SET WEEK 2003

D g
S ( ) Proudly sponsored by the
‘ SHUTTLEWORTH

FOUNDATION
| wpsectng secitmmsrapn |

mumm o 1 P 5 1 9 |
SCIENCE AND TECHNOLOGY

Helium 2

s I VA VAR N VARG | VI o0

0

Oxygen =
16, W Fluorflnpe“:

lithium 3 c
69 Carbon 6

DMITRI MENDELEYEV (1834 - 1907) 1201

‘The Russian chemist, Dmitri Mendeleyev, was the first to observe that if elements were listed in
order of atomic mass, they showed regular (periodicall repeating properties. He formulated his
discovery in a periodic table of elements, now regarded as the backbone of modern chemistry.
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The crowning achievement of Mendeleyev's periodic table lay in his prophecy of then, undiscovered

m elements. In 1869, the year he published his periodic classifi the elements galli 4
NOBLE GASS! 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 I = 2 r
M room temperalure the elementis: ~ SYmbol their chemical behaviour matched that predicted by Mendeleyev.
Element Slhton 14
Gas
name 32,06 e
B i - This remarkable man, the youngest in a family of 17 children, has left the scientific
S e community with a classification system so powerful that it became the cornerstone
B atwal sold Momic in chemistry teaching and the prediction of new elements ever since.
W Man-made solid [synthetic] msS In 1955, element 101 was named after him: Md, Mendelevium.

Sodium 11
22.99 Phosphorus 15
m o 3097

Manganesse 25

D N D
Scandium 21 3
44.9¢

A

Arsenic 33
74.9

I lodine 53

YL silver ug Cadmium 48
S 107.87, W112.41
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Molybdenum 42
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Short I-Ils’rorlcal Review % ,%j P %7

J 1885 Orderlng prmcnple in atomic spec’rra (3. Balmer)

v 1895, X ray (W. Roentgen)
v 1896, Radiation (A. H. Becquerel)

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

A i Rpeos £ 4 T % . Dl nkk /“47‘ D Sl

fnf'u As . Gy B bt fotmia
e My b 2 A ‘-5-- Iefhns M L6

Ly po
,%&-/ b,

"";E“m.m o

" 17/09/2018




Short I-Ils’rorlcal Revuew

J 1885 Orderlng prmcnple in a’romlc spectra (J. B;llmer)
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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Shorf I-Ils’rorlcal Revuew

Solvay conference 1927

17 Nobel Prize wmrs ' Niubilify!




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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Class outline

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)

Vv  Fine structures of Atoms (8 classes)
v' Many-Electron Atoms (8 classes)
v X-Ray (8 classes)
v'Nuclear physics (4 classes)
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