
Lecture 10 Magnetostatics Chs

Magnetic field 515 defined by noticing

thatachargeQattwoving with
velocity 8 experiences a force

d I form law
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Magnetic forces do no work on charged particles
because the force is perpendicular to the

velocity of the particle
dWmag Fung dt QExB Edt o

Fung still acceleratesparticle but only by

changing direction not speeding up or slowing

down So motion in magnetic fields tends

to be in circles Che Griffithsexamples

Cunentsocumentdensity
If some charges with density gle.tl
are moving with velocities tie ti then



the charge centdensity is
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In materials e.g conductors can have

different types of charges moving at

different velocities simultaneously
E g electrons w felt.tl Teli H
and ions nuclei ul fi fit Tptritt

Then total charge current densities are
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I give t pit



So in general I got

Eg in a metal fee pi go
but Je 0 elections novel and Tito

nuclei don't novel I fete

Charge is conserved any net charge that

flows into out of a volume U will increases
decrease the charge inside

Net charge flowing outof N
per unit time

5 n'da I do

Decrease in net charge inside N perunit time

I g de 13 dz

Charge conservation

Ide I dat d EJ TV



É L Charge conservation
continuity equation

If you have a continuous steady stream

of moving charged particles then

Teli t Feint felt ti feel

ICE t 518 steady or stationary correct

gci t girl a static charge density

Steady currents and statin charges IF 24 0

charge conservation

ftp f for steady currents
stan's charges

So can't choose arbitrary steady Jet

Surfacellines pointcune tdensities

off moving charges confined to a surface S
then S fue restrictions

cat FIE t Sen to S



Ki surface current r

density

o If move charges confined to a curve C then

F'IF Z ICE t Sen f ha t S fussrestricting

I line cement
ftp.g

4
density
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o For these to make sense charge conservation

the charges must flow along tangent fol

the surface S or curve G
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Steady current conservation F 5 0 implies
0 5 I Je K Je K2



0 5 E J I I constant A

Steady line currents constant currents
down wires are the main experimental

current realization

For a moving point charge q at E foul
Path in space

t

IT H qtr 8 E f Ltl

FIFA
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Even if velocity
of particle is constant 5 5cel cannot
have Ice 4 0

So no such thing as a steady current

of a particle

o point n line w surface a volume dictionary
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Magneticforceonacumentcarryingwire
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Instant

Ema Sext dq Xx B dl
C
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See example 5.3 of Griffiths
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moving chargesBiogtjfguqfe.tt
magnetic fields

It is found experimentally that a steadily
moving charge q at position F with

velocity I creates a magnetic field
at the point is

BIi.tk 9 M ppIIIBiot
savars
Law
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Griffiths says this formula is grog because
it only applies if the particle is moving
steadily constant velocity and if the velocity
is small compared to the speed of light
So it is only an approximation It becomes

exact if i it i trl where t is

the retarded time given implilitly by
rt the F'Ctrl In co limit tret



Compare to Coulomb law

Elm 4 EMI I F F

This also only applies if the particles
velocity is small compared to the

speed of light

Units constants
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permeabilityofftifahiefinition
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definition of mtl



Recognize

EIIfde eiinstf.tofor
so Biot Savant for general current density

BM 15fdz.IE I
Biot savant
Law

This is exert for steady currents
no time dependence

For a steady line current Icel Ide

Ba IIjy
Biot savant

Low

There is something funny going on

here moving charges create B field
but motion is relative I can go
to an inertial frame where the

charge is stationary Does the B field

go away Yes



Electric magnetic fields are

frame dependent different inertial

observers will see different values

of É et

It turns out special relativity that
É B and E cot B are frame indip't

See example 5.6 of Griffiths

q
what is B here

Er wire

He does the BiotSavant integral efficiently

using the symmetries

DifferentialequationssatisfindbyB
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Ampere's law

Integrate over arbitrary open surfaces
and use Stoke's theorem to find



B di nof tdat.IT p

yssuhthat25C
Remember RAR for Stokes theorem

I ygdd
gives sign of Ienc

Just as with the integral form of Gauss
law É di te Que the integral
form of Ampere's law is useful when
the problem has alot of symmetry
infinite straight lines Ex 5.7

infinite planes Ex 5.8

infinite solenoids Ex 5.9

circular solenoids toroids Ex 5.10
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surfaceEt

prob 5.17



É Matti
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Ect att de lift Coull BCE IF Sde 510311 Bs

mFx É O Esa Tx p J

ii
ii sThere is a kind of symmetry interchanging

But this is only made precise and useful

if understood in the context of special relativity

If there were magnetic charges f
Then would have cgs units

F É 4itge I B 4HfB
x É I 5 5 4 Je

F Qe Et text Qm B tox É

thas exact symmetry under EE B

Electric Magnetic duality



Vectorpotentian
Recall Tx É o exists V at É TV
a And V is not unique V V const

gives same E
And using V in Gauss law F É E S

gives Poisson egh TV E 9

F 5 0 exist I a t IB TT

I magnetic vectorpotential

A is not unique A It for any
function 718 gives same B

Tx P IFFY D

Amperei law

MOF TX Tx Ext
TIE F TI'T



But can alway chose I so that

ftp.Aoy Coulomb gauge

Proof If F A 40 define F TX
such that 727 F I this is

just Poisson eqn for X withe source F F
which we know has a solution Then
F A F A 5.57 5 DX P F F FI
In Coulomb gauge Ampere's law becomes

P2F _M

which is just a vector version of
Poisson's egu whose solution component

by component via Coulomb's law is

ta e

Compare TV Eg Vee attfde k
Not as useful as V in static situations



But is useful for developing

a Multipoleexpansion anime Iso x

Use identity I If EdPecina's 4 er

in expression for F

Ala YIET retMeri

techfdelchetchPa
htt magnet multipole

Uh male l o vanishes

Mon Sde Jer o

Why Intuitively cement is localized conserved

so must just circulate so integral
must cancel

Tff simple but not in Griffiths

By divergence theorem E F o



by div thin f o

o de TT ft bl I localized

Ide f EY 5 E'f
i O Sde 5 I f for any function fie't

Take f x lane of the Cartesian loordinated
Then I f e Y so get

0 Sde Ji Mocil o d
If write this for caveat loop C then

Sde Ici Ide Ier I fail
so absence of magneticmonople
becomes
0 Sde Ice If de di o

Magneticdipole bi

NICE I Sde r PC 64 Jcr
Sde r cos o J E't
de r f FI 515
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Consider ith Cartesian component

Mi F Sde F Ji ri f E EY

L Xj de x Jici

Now use math lemma proved above with

f xix
O Sde Ici Xix

Sde Ice Xix xx t

Sde xi Jj let x Jace's

Use this to rewrite

Sde x Jilt I Sde x Jiri XiJj in

and plug into Mi to get

Mi Ir E ti Ide xi Jj till xi Jie's

InXj Eijk de F Jcr's

Er Ex Sde Ex Jean



M trx

It is conventional to define

Miff

density

Itf magnetic moment
it Ext

Yanalog of p electric dipolemoment

For cement loop C Ide Te't I de

NT tix IGE'xdé E Tx de'xi

M E Sgt'xdé II do

t
where S in any surface s f 25 C

Problem 1.61 of Griffiths

o Pure dipole infinitesimal loop f do 0 I X



If at ME then
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Compare to É field Discontinuity at
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