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Faraday's Law

light is E M waves
Nomagneticchange

lOGaus CR.no.Griffith
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totalEnclosedsurface

Fury of Ě through a surface
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0
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total charge enclosed
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physicalmeant
The flux through any surfaceenclosing the charge is是
Here we are discussingfreecharge Inmaterials we have

bounty Will be discussed later
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Applying the divergence theorem

f
É.di ⼼的 dv

then ⼼ Ē d 0
器 5訾

惪 there q is the charge density
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Dried from experiments
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experientn i

nonheloopofwire.to the right
a current flow in the loop

experiment2

holding the top still
最

get to the left while

a current How in the loop

hang the strength of the B
a current flow

Faraday has an ingenious inspiration
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Faraday's Law becomes

fE.de 9沯 di

using stokes theorem

IDXEi2 Rmagneticfluxder.siyvector T

赀器器器__

minfzfB.tl
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the currentenclosed

by the Amperianloop
use Stoke's theorem

and 斲翠
where I 晉 is the
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no magnetic charge

i.TT

Electricfield flux can be non20

MgnejjfluEfuagze.ro
D Ē ⼆点 Nomagneticmonopole

Now we have four equations

ifDÉ ⼆ 点 Gauss's Law

p.BE to No name

⼝ x Ě 是 30 Faraday's Law

Dx Ā M 5 40 Ampere's Law

So what is Maxwell's contribution
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Mathematically

D ⼝焖

D GXĚ 录 D.B to

UsGx B M G 5

if current is spatially uniform fine

if current is spatially non uniform it iswrong

Recall the continuityeq Derivation is in page222ofGrilling

⼝ 5 灵 录 a 三 D.G㠭

So to make correct we need to have

⼝ 5 No了⼗年笇国
add this quantity to
Amp'ere's Law

this quantity is called displacement current
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肾炎等等全器 also induce Bt

why Ampere how is problematic

嫺
然ㄧ

At point P.f.de ⼆ Mien
At ponitp.f5 de o no current flow
But according to experiments 成⼆ Bi

How to reconcile this paradox

iii 籯 点
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Imagine we have a dielectricchurch

三⾃ in
ty We have a lot ofdipolemomentswithin the chunk

2 We have a lot ofSurface charges
anumulatedDefhepid.pkmomentper unit volume

三 area density of surface houndcharges
e 三 volume density ofboundcharges insidematter

Assume total charge q at surfaces
Jb ⼆ ⻘

total dipolemoment of the structure

qd pAd

q PA
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pug in too and in general

on_pin where is perpendicular toA

Charge neutrality of the material requires

fsdutfrbdA o

febdv fbdA fp.dri f.pt
eb if

Then Gauss's Law in the presence of materials is

To Ě ⼆ 品 ⼝等
D.ca Étp ff

Define5as the electric displacement vector

To5 ⼆ ff 5 GoĒtp
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In linear dielectrics

I t.GE Xe electric susceptibility
or polarizerbit.y

which mean that the induced for Ě
when the É field is very large

F to X Et X Et X E3

the f is no longer linearly depends
on Ě

Cstudy of nonlinear optics

In the linear case

5 to Ětp ⼆ to Ēt toXÉ
⼆ E it Xej Ē to Er Ě

Define Er E It xe ⼆ ⾔ as relative permittivity
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similarly in magnetic materials

Define Ǎ ⼆ ⾐5 坚
magnetization vector

M Xm f B
Ere magnetic susceptibility

ii
In this conure we won't discussmagneticmaterials

No xm o.tl

Giiii.ve
D 5 to 5 magnetic flux density veto

𤦂 iewnnfieuii.in
⼝ x i 5 瑟 Ǎ magneticfieldvectorAh

Constitutiveequations i relates 5 É and ri i
D G G E EE
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Boundary conditions B_D

Ēouetiow 㡭
riove bielo

osfi

iiibouei.w k.surecurrent
density

Einip tonic materials
Js to Kao

B.C

Tangential Component of Ē i are continuous

Normal component of Ō 5are continuous
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Comments

Tdphotonic problems are about solvingMaxwell
equations with different boundaryconditions

g waveguide fiber plasmonic topologicalphotonics polarHorns
metamaterials meta urfaces Solitons

㶶

垂
Plasmonics

a
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