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The elements in human body i % 3 £ %7
THE HUMAN BODY

62% 16%

Water Protein

Carbon 18% Sulfur 0.2%
Hydrogen 9.5% H e Sodium 0.2%

Nitrogen 3.2% N m=s Chlorine 0.2%
Calcium 1.5% Magnesium 0,1%
Phosphorus 1.2% Other >1%

1%

Carbohydrate

ELEMENTAL COMPOSITION
.
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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 ©

NUCLEUS
NEUTRON

O\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 1% 3l K %7

electron
<10"%cm

proton
(neutron)

quark
@ <10""%cm

nucleus

~10""%¢cm
~10"%cm ‘

football~10 cm

eV
Range of excitation energies

100

105 1010

Range of densities | | | | f

100 105 1010 1015 g/cm3
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The introduction from deepseek

BIFRCRRERFMENRRAE, FARZZERPEZWAMER (FFE) RENSIE

Y B EREBE (BN 35H) A

3, APILFFERERRFMENRRHE, FAXZZFRMETWMER (RFHE) RENSIL. BFE, &B
EMERFPNBREMNT4. FAFE, NZEEHERE, EGNEMRFMENFE. FEREMEREFHRIEIM
RERNENHE, ANEREXRBAMAILR, UREICHRRKE.

RAPEMEEWA_ZE, AIELFIEEMEN—LEMEFHF, ERFYEREFATREIEININRNZHAIE
L, SIEBERARFENNE, HAMMNEEFEIFTTEM. B, BREEHERRIBR/LTHE, STHERNER
RMMEICRE, ERREXERINNTENERRR.

8%, BNEZMEHRENRFICHR, RIRRRNEZEBNAURNERNTZE . REZ1MMLCHHERFIE, ERE
MR, ZEESAEERNAITNENES, XARFMEEET Ehi.

BT REZZMEYENANZINLI, tLAPBHRSE. BFHRRIM (FE5). ofiFRETR (FEENZEKER), MEEZ
HITIPRIBMRME, LEABRAEFCMMEINE, 5IHEFICREE, v
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How to understand the world

Start with a simple Leave this I.oop only when

system Improve theory we decide that we
understand the system to
~ high precision.

Make a theoretical
L \WELG
prediction based on

Make the system
: measurement
previous knowledge

more complicated

Improve
experiment
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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
symmeitric 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
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Short Historical Review

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

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

C

(W PROTON
NUCLEUS

NEUTRON

o\ ELECTRON
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Short Historical Review %‘ 3 /’

v All the chemical elements are composed of a’ros
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. (&
WHZ A REANRERBGHRT, ZEAKRROYHERT TEESGHE
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 4% ,%ﬁ P %7
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 % %z £ %7

1919

v 1808 The volume of gaseous reactants occur as ratios of
small integers (Gay-Lussac) (EmRmRET, AtkdnZ 2045 i 2 kR
WA AT B, S B2 R A AE — SR 5 BURE Sk A PR AR S 2 0 )

v 1811 Hypothesis of Avogadro:

Equal volumes of gases under similar conditions contain equal numbers of

molecules.

V1826 Brown motion: L AR
The random motion of particlessuspended ", ,."' ":..:"..;- O
in a fluid(a liquid or a gas) resulting from Ry ““:""_u".'.:',,i
their collision with the fast-moving atoms !"»"...,'2‘ s".,'-i-a:-." ‘.-':': 'j?
or molecules in the gas or liquid. “‘:*'.. ,,e"'-,..‘:f;:'ﬁ

02/03/2026 Jinniu Hu


https://en.wikipedia.org/wiki/Particle
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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 transported in
the process.

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

L. YyRhAavmdfEy, FH5EERRAEGH ZHET BRI S
= R JIE Lk,

2. RNR R e i = W BT s L=
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Short Historical Review

OIIbITH CHCTEMBbI 3JIEMEHTOBD,

OCHOBAHHOH HA HXb ATOMHOMB BbCbh H XHMHUECKOMB CXOJICTBb.

Ti=50  Zr=90  ?=180.
V=51 Nb=94 Ta=182.
Cr=52 Mo=96 W=186.
Mn=55 Rh=104: Pt=197,.
Fe=56 Ru=1041 Ir=198.
Ni=Co=59 Pd=106 Os=199.
H=1 Cu=63+ Ag=108 Hg=200.
Be=94 Mg=24 Zn=652 Cd=112
B=11 Al=273 ?=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=791+ Te=128?
F=19 Cl=355 Br=80  I=127
Li=7 Na=23 K=39 Rb=851 Cs=133 TI=204.
Ca=40 Sr=876 Ba=137 Pb=207.
?=45 Ce=92
?Er=56 La=94
?Yt=60 Di=95
?In=75,6 Th=118?

. Mennenbers
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Periodic table

PRODUCED BY THE FOUNDATION FOR EDUCATION,

SCIENCE AND TECHNOLOGY FOR

NATIONAL

lithium 3
694 L]

ALKALI METALS

LI EARTH METALS

EL|
OTHER METALS

NOBLE GASSES

MET!

At room temperature the elementis:  Symbol
Gas Borent
W Liquid Homic
B Natwral solid
M Man-made solid [synthetic]

Lanthanide
Series

Rf

Actinide
Series
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DMITRI MENDELEYEV (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 (periodicall repeating properties. He formulated his
discovery in a periodic table of elements, now regarded as the backbone of modern chemistry.

The crowning achievement of Mendeleyev’s periodic table Lay in his prophecy of then, undiscovered
elements. In 1869, the year he publi
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
discovered and his predictions were found to be accurate. Other discoveries followed and
their chemical behaviour matched that predicted by Mendeleyev.

his periodic classifi the elements gallium,

This remarkable man, the youngest in a family of 17 children, has left the scientific
community with a classification system so powerful that it became the cornerstone
in chemistry teaching and the prediction of new elements ever since.

In 1955, element 101 was named after him: Md, Mendelevium.
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Light spectrum

v In 1814, Fraunhofers setup stretched (dispersed) the
spectrum from the Sun, fo reveal over 600 dark,
absorption lines. He named the most distinct of these lines
A, B, C..H and he counted some 574 lines between B and H.
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Short Historical Review %‘ 3 /’

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)

A i Rpeos £ 4 T % . Dl nkk /“47‘ D Sl
F‘f-u hos 6«,« | TRy PN

e My b 2 A ‘-5-- Iefhns M L6

Ly po
,%&-/ b,

TR D

02/03/2026 Jinniu Hu



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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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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Biomolecular structure CT Scan
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The application of atomic physics % z £ %7
Optical lattice Trapped well

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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v The light spectrum experiment

v The Thomson's Cathode Ray Experiment
v’ The black-body radiation experiment

v The photoelectric Effect experiment

v The Franck-Hertz experiment

v The Davisson-Germer Experiment

v The Stern-Gerlach experiment

v The Zeeman effect experiment

v’ The X-ray experiments

v The Compton experiments
02/03/2026 Jinniu Hu
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