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Overview Electromagnetism

History
 Ancient times ----- lightning

Fe;O, Ferrimagnetism

* Ancient China and Greece ---- ferromagnetism, lodestone

In the west, Aristotle: Thales says that a stone has a soule because it causes movements.
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* Ancient times ----- triboelectricity (& #%)
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e 1746, Leiden jar to store static electric charge.
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Pieter van Musschenbroek (Dutch scientist)
Ewald Georg von Kleist (German cleric) e
et sl ot
e 1752, Ben Franklin’s experiment: the lightning in the
sky and electricity in the Leiden jar are the same
e 1785, Coulomb’s law of inverse square force
4 N No charg
Charles-Augustin de Coulomb ( French physicist)
; — ()
The law was known earlier, Joseph Priestley (1767), John Robison (1769), Remove the
outer shelt

Henry Cavendish (1772)
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Ag
e 1800, Chemical battery ---- Volta battery |_I

|

e 1820, Oersted's experiment ---- connecting electricity and magnetism (EM)

Danish physicist, Hans Christian Oersted (

 Ampere’s circuital law ---- magnetic field generated by steady current

I
]
S N ?
compass
Gauss
I SO T
BL=§B-dr=—Ior

( 0

Uo: vacuum permeability

Cc

SI

ol




Ov

erview

Electromagnetism

» 1831, Faraday's electro-magnetic induction
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E: electromotive force (emf)

®: magnetic flux

The variation of magnetic field induce electric field.

1832, Joseph Henry
dﬂ§d§
dt
1d (=~ -

[[7-as

Sl unit

Gauss unit

cdt

\ Faraday’s Law Equation

Lines of forces
/

—

N

Magnet

vvvvvvvvvvv

e

4 Current

d¢

SN




Ov

erview

Electromagnetism

e 1835, Gauss’s law

e Displacement current

E
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# E-dS = Q/<o SI Unit

£p: vacuum permittivity
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.dS = 41Q Gauss Unit

SI Unit

Ampere’s law

Displacement current

CGS (Gauss) Unit
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Integral form

1861 and 1862, Maxwell’s equations

Maxwell — Heaviside equations
A mathematical model for electro-magnetic wave

Gauss’s law

Gauss’s law for magnetism

Maxwell-Faraday equation

= Ampere’s law +

Displacement current

James Clerk Maxwell (Scottish physicist)

Integral form

Gauss Unit

E|-dS)
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e 1861 and 1962, Maxwell’s equations James Clerk Maxwell (Scottish physicist)

A mathematical model for electro-magnetic wave

e 1895, wireless communication, experimental verification by Heinrich Hertz (Germann scie
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Overview Electromagnetism

e 1861 and 1962, Maxwell’s equations James Clerk Maxwell (Scottish physicist)

A mathematical model for electro-magnetic wave

e 1895, wireless communication, experimental verification by Heinrich Hertz (Germann scigntist)

From a long view of the history of mankind — seen from, say, ten thousand years
from now — there can be little doubt that the most significant event of the 19th
century will be judged as Maxwell’s discovery of the laws of electrodynamics. The
American Civil War will pale into provincial insignificance in comparison with this

important scientific event of the same decade.
--- Feynman’s lecture notes for physics Vol Il Chapter |
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19t century is the century of EM, the peak of classical physics.

In 1900, Lord Kelvin (born as William Thomson) delivered the famous “two clouds” speech in British Royal Society.

“two clouds” on the horizon of twentieth-century physics:
**the problem the equipartition theprem.
: the Michelson-Morley experiment (1887) : the black-body radiation experiment
The speed of light is a constant. The failure of the Rayleigh-Jeans law
. Trg "Ultravigle"t
S “ultraviolet catastrophe?

Against the ether (VA X) hypothesis
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1905, Relativity, Albert Einstein
No-revision of Maxwell’s equations

The existence of magnetic field is a test to relativity.

Quantum aspect of electro-magnetism
* 1900, Planck’s radiation law, Max Planck (German theoretical physist)

Quantization of the E&M field E =hw

e 1905, photo-electric effect, Albert Einstein

The concept of photon
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Quantum aspect of electro-magnetism

1923, Compton effect Arthur Holly Compton (American physicist)

Inelastic scattering between X-ray photons and electrons

1947, Lamb shift Willis Lamb (American physicist)

1955

The fine structure of orbitals in Hydrogen
fluctuation of vacuum E&M field
2p(n=21=1) 2p4, (= 3/2)
0=21=0 Nzp,; G=172)
1948, Casimir effect in quantum field theory L \
1s(n=1,1=0)

a physical force from the quantum fluctuations of a field, acting on the

macroscopic boundaries of a confined space. Bohr

Dirac

anomalous diff

erence
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1960s, Invention of laser Theodore Maiman

Establishment of quantum electrodynamics (QED) renormalization (Feynman, Schwinger
and Tomonaga)

Quantum optics ---- manipulation of light quantum, particle nature of optics

Entanglement of phonons ---- polarization entanglement, quantum communication.
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Einstein’s special relativity (1905)
16-year-aged young man dreamed for chasing a light -..
If | pursue a beam of light with the light velocity, | should observe such a

beam of light as an electromagnetic field at rest though spatially
oscillating.

There seems to be no such thing, however, neither on the basis of experience A. Einstein (1879-1955)
nor according to Maxwell's equations.

From the very beginning it appeared to me intuitively clear that, judged from the standpoint of such an observer
everything would have to happen according to the same laws as for an observer who, relative to the earth, was at
rest. - One sees In this paradox the germ of the special relativity theory is already contained.

To change the Maxwell equation, or, to the view of space-time?

The existence of magnetic field is a test to relativity.




