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[ Maxwell Equations ]
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Table of ‘'microscopic’ equations

Formulation in terms uhar_qe and current""= 2

Name Differential form Integral form

v

Gauss's law VE:ﬂ #EdAZQ( )
=] av =]
Gauss's law for magnetism |V - B = 0 # B -dA =0
av

MaxweII—IFaraday.equat_ion V <« E = _B_B E.dl= _3(1)‘8(]3)
(Faraday's law of induction) ot os ot

o OR 0Ps(E
Ampére's circuital law : V x B = pod + poco o % B-dl =pupls+ ,"-5050%
0t |Jos :

(with Maxwell's correction

Here, in agreement with the common definition, it is assumed that one works in a system where the integration regions are constant.

( ( dbs(B d
fgrexampm_% = /ﬂ % - dS . However. exactly this equation. and not % = a//g{n B(f‘)

would also be true, if S were to depend on time as well.

Table of ‘'macroscopic’ equations

Formulation in terms uharge and current

Name Differential form Integral form
Gauss's law V-D= [(5) D -dA = Qf(v)
av
Gauss's law for magnetism |V - B =0 #B -dA =10
av
Maxwell-Faraday equation VxE-= 3B E.dl=— a(I)S(B)
(Faraday's law of induction) - ot a5 boi

Ampére's circuital law S'D a(I)S(D)
: : I VxH=JXp+ — fH-dl:I s+ ——=
(with Maxwell's correction) ‘Kf) ot 25 I ot
Proof that the two general formulations are equivalent [edit]

The two alternate general formulations of Maxwell's equations given above are mathematically equivalent and related by the following

relations:
Pb:—v'P.‘ .
Jb: VxM+ ?9—1:,
D =E + P,
B = po(H+ M),
P:Pb+,0f~
J :J5+Jf!

where P and M are polarization and magnetization, and o, and J,, are bound charge and current, respectively. Substituting these equations

into the ‘macroscopic’ Maxwell's equations gives identically the microscopic equations.
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Figure 3.41 Refractive index versus frequency.
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TABLE 3.2 Maxwell's Relation

................................................................................................................

Substance VKg n
Air 1.000294 1.000293
Helium 1.000034 1.000036
Hydrogen 1.000131 1.000132
Carbon dioxide 1.00049 1.00045 E 1
Liquids at 20°C E s Z
Substance VKg n 0
Benzene 1.51 1.501
Water 2.96 1.333
Ethyl alcohol (ethanol) 5.08 1.361 g
Carbon tetrachloride 4.63 1.461 _
Carbon disulfide 5.04 1.628 n= |— = [( E
Solids at room temperature g 0
Substance VKg n
Diamond 4.06 2.419
Amber 1.6 1.55
Fused silica 1.94 1.458
Sodium chloride 2.37 1.50

Values of Kg correspond to the lowest possible frequencies, in
some cases as low as 60 Hz, whereas n is measured at about
0.5 % 10" Hz. Sodium D light was used (A = 589.29 nm).
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