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Today Maxwell's equations
il V E Ip Gauss's law



ii V B 0 No name

iii TX I 21 Faraday'slaw
IV TXB MoI ampere's law

What iswrong here There is a mathematicalinconsistency
T.IT 0 for any A

what happens when you calculate
the div ofeq

Let's check for eq iii
v coxel T Et Oequii

Now we calculate T TXB eg iv

v Cox E T.lu I m.lt I Fqs.ly ents

beyondmagnetostatics I isnot
steady so T I 21 0

There is a problem with Ampere's law

WhydoesAmpere law nolongerhold for nonsteadycurrents

aiigttp.ie pacEr
In integral formAmpere's lawF I
ge.at mater

I stokes
JB df TXCB.de
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How do we determine Fene Ien is the total lurrent

passingthrough the loop For the surface enclosedby
the loop I isflowing and VXB M I
whathappens if we consider f no IV



We never had thisproblem inmagnetostatics this arises on ly

Yeim hit steepening
there must be amissing

TxB M I
For nor steady currents currentenclosedbythe loop is ill
defined depends on surface chosen
This a mathematical inconsistency with the theory

How was Ampée's law fixed

what is in the eq forthe art of B Let E E

XB Mo I E find Esuchthat V TXB 0
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We can write thegeneralized Ampere's law

TX B Mo I Eollo Et
For magnetostatics thisdoesn'tchangeanything
Forordinaryexperiments thesecondtermdoesn't
matter too much But it's reallyimportantures
discussingthe propagation of EM waves

Thesmakes theequationssymmetryc

fachangingelectuccfieldinduces.am9eT9Maxwell called thy second term thedisplacementcurrent
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Using this notation Ampere's

law becomes
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But I d is not an actual current physically itdoesNOT
describe charge flowingthrough someregion

With this fix we can look again at the chargingcapacitor

I capacitortheapprox
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so betweenplatesto tn t taI
Now using the generalized Ampere's law in integralform
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For 1100 Iera O but J Et de Evusing.gg
we fixed theinconsistency

The importance ofdisplacement currents

we said some currentflowsthrough
all circuit elementsE
is therecurrent flow inthecapacitor

we can think of displacement caments

E V continuing the real camen acrossthe
capacitorensuring the validityof
Kirchhoff'srules

Example calculate insidethe plates of the circuit
What is the magnetic field inside theplates of the capacitor
Assume you have cylindricalplates of radius a

First we will calculate E between plates
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From this we or calculate I
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Now themagnetic field
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we have now arrived at Maxwell'sequations

i T E Ip iii Tx E a 0

ii T B 0
IV TXB no e 2 MoI

All of the physics of this course are contained
in these equations LorentzForce law I E XXB
This emphasizes sources of E and B arechargesand
currents

Thesources for 8 and8,1 are also
chargesand currents

In integralform
i JE.de iii f E d1 date

Iii 81 19 0 iv 8B.de M I Modo

What is the meaning oftheseequations

i Electric flux throughclosedsurface
is proportional to

chargesenclosed

ii Thetotal magnetic flux through a closedsurfaceiszero

non existence ofmagnetic
monopoles

iii changing Flux ofmagnetic field produces
an

electric field

iv Electric current and changingelectric flux produce
a magnetic field

Maxwell's equations in vacumm
In vacumm p 0 and I 0 Maxwell's eg become

i J E 0 iii T E If exceptfor a minus
signtheegFoEand

ii V B 0 iv Tx B y dodgy
B aresymmetric



We willanalyze thesolutions to these equations
To solvethem we need to uncouple them We cando soby
takingthe cart ofeq iii

TX TYE VIT.EE V2E V2Eforvacumm

productures
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Taking the cart of the rhs ofthe eq

x 81 T E f u.co f using eq iv

Equatingbothsides re get

IT E u.toEIwe canrepeatthis for eq iv
T X IT B V T V2 B V2B

And the rhs ofthe eq
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so equatingbothsides
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These equations are similar to the wave equation
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where u isthe velocity of the wave



B and E satisfythe wave equation
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Maxwell's equations in matter

Hisconvenient to writethings in terms of theauxiliaryfields I and

In thestatic case electricpolarizationpfdduces a band aage

density
Ps V I

similarly magnetizationproduces a boundcurrent

Is M

To generalize this we need to consider that anychangethe
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atm will involve a flow ofboundchargewe will

dI 11 dat E II
da EE T

Ip is the result ofmovingcharges as the polarization
changes
This fulfillsconservation of charge

T.IE iE Etel E

If magnetization charges we don'thave an a cumulation of
charge or a current

Is UXM respondstochangesin magnetization
withoutaccumulation ofcharge



The possible source for charge

p Pr Pb Pf T 1

We have an additional current density duetochanging

I IF Is I I a 2
With thesesources we canrewrite Maxwell's eg

J E Pf V 1 T I pf
remembering D E E P

And Ampéelston w Maxwell'sterm becomes
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In matter
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coin't'ttutive relationships For linear redia
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The equations in integralform
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