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137.2 ELECTROMAGNETISM

Chapters : Magnetostaticslpowtt)

Lecture g



③ Magnetos ta his

Magnetic fields are produced by electric currents
Magnetostatics : study of maymma
due to time independent currents
-

As we will see in this chapter : electric 4
magnetic phenomena seems different. For
example :there are 1mg point like magnetic changes



13.1J

Cnrrmtstlcsnhruationofchowjeohangesinmtion
are described by a current density
J It

, F) vector field
.



Defining Jlt , T ) :-
suppose we have a distribution of charge density pet , f)

crossing a nwsau 85 with velocity J
→

( 85 is shootin sushiuintty small so that v is tomstant across 85)

Then a scull region SV with cross section 85 and

length Jst contains a charge
88th
0

psv = t.EE ssist a
- as , a

total charge SV
pairing through 85
in the time st

so I is the vector field in the direction of the flow and
its magnitude is the amount of charge crossing
aunit area permit time .



We also define t¥¥ through a surface S

Its) = ↳ I - D8 rats of flow of change
through S

units
[I ] = AmDere (A)

= but sei
'



Gnaw vation of charge
f
continuity equation that

* electric charge is conserved expresses this experimental
fact .

Consider a closed surface 5=2 V bounding a region V
where there are changes moving in 4 out through s

let 4 be the total charge inside V : Q = fpdv
- rate of change of Q

= -off = -% §pdV= - faff dV[decrease of the amount
of change in V ) v

11

flow of change out = f.gs?dj=fvV.IdVthrough S = av
(current through 5)



⇒ { f-Jeff)dv=o t regions✓ C47
's

Thm :

/a¥+o.jY change conservation law

-

losntinnrtyeq)

Maynetostatics → stationary distributions to ¥f=o
⇒ V⇒



1317 Biot - savant law 4 the magnetic field strength

A test particle with charge e moving with velocity I
'

in a magnetic field 5 is subject to a force

iorentawtoru I = ein ⑤ a
I

⑤ F is rowpendicnlow to it and ⑤ < -

•×Cosmos pane with but omb Force law FHE )

③ it . I = o LE has no ampaunt abhy is )
This means the magnetic force does no work on e

[ recall work done by a puce E along a path

connecting it, rii : W = fp.tt E. dir = E. Edt =o ]



But what produces ⑤ ?

Biot - savant law : (experimental)

D. a current generates a magnetic field 13

( law gives a relation between 13 it F)

A change of moving with velocity J at the origin
products a magnetic field ⑤ IN at the pointwith position F

⑤ (F) = Me qJ
YI rt

units : CB3 = Tesla ( force per unit of unrunt )

Mo = 41T x 15
' Nt see but

' permeability of
the vacuum



FTTJ .
→

A Btslrt-ff-9.IT .

r

• 5 is perpendicular to f and I
•→

I

* IB7A I
µ

By the summiton principle , the magnetic field due to a
current density III) in a region V is

⑤ IT) = If [ IITYnlF dv
'

I F-F ' 13



Example : consider a straight infinite wire carrying
a steady current

n

= I to

compute magnetic field generated by this current .
own cylindrical coordinates 112,0 , 2)

f-
'

oops

^
F-I ' so F be the mutton vector of the point

Of observation P
a

Z ^

↳ p
I = It a- to = REµZb
( Ep- moi tninoj I

±

I / ° The

noitiopq.FI an element of current is

→

q- - po - - - → y * f- f ' = I + Iz -HI
to

× 0 I
>
⇒

<
' ER



→

⑤ IF)=f÷[ Itidt'nlF-r JITYDV ' → Itidz'
IF- F ' Is

ton IF-F4 = ton (I + lz-HtI
=D tone

,
= R do

Then D= Beio
,
D= YI¥R[,µ+'µ.asdt

'

= MI
= BIR )

UTR

In cartesian coordinates D= hot
Tip at ty,

×
,
0)

D= V×hyT , do -_£ typo)

= f- sina.GS 0,0)



We could have used symmetries to show 13=1342) do :

⑤ must be perpendicular to hi to a priori Is has components

along to any % .

B is also pwpendi on low to F- I
'

→

SO IF-I ') . I = II. I = 0 hence B = BE0

Also 1151=13112) by cylindrical symmetry
what is the bra at P on a test particle of charge
moving with velocity is

E- e In D= Y⇒I
eiheo

( If the particle is moving on a circle of radius R

around the wire lie E- ueno ) then the particle
experiences no force )

- *



Example : calculate the force between two straight
infinite parallel wires carrying steady currents Ii RI,
^
'
h

*
each wire generates a magnetic field

I
, n n Iz

⑧ field generated by one exerts
a force

wire at
0h the other

2-axis ×=o
,y=R

Force permit length on wire -2 due to I , in wire-1

IT, = Ia ^ 13 , c- magnetic field due
to ¥, in wire -1

I
⑤
Ii

= Is For M to = - hf% It Is It1 2 2 ITR

For a row unit length on wire- I due to Ii in wire -2

In = - In = In In *



13.3J Differential equations for ⑤

Recall eqs for electrostatics :
J ' E' = to P ←ftp.#p,E=-VEV-nE--o

We want now to find equations satisfied by the

magnetic field B- given an arbitrary steady current

density I



Consider an infinite straight wire along the taxis
carrying a constant current I'

= Ito

In let P be a circle of radius R lying on the
T " r Cxigl plane and centered on the wire

-

then ftp.de-rg#fjhtfzEdI--MoI0

all⑤
eda.de [die

.

More generally

t.az § I .de?MoIA'mpwe
law

~→ where I = f E. dj = total currentL htwough I
[



By Stoke's theorem

for Ride = ↳Ion ⑤ i.
dj

must be

true 0 [

II

Mo I = No { I . did

⇒ Fits = no I Ampeire 's law
( I generates B)

Demonic : take the divergence of this equation gives
J . I =O

.

so the conservation eq is required for osnistenug .



No magnetic monopoles

10.5=7

② For the magnetic field generated by a steady current in
on the incinite straight win :

it . B - I doff = on

* For the magnetic field generated by a charged
particle moving with web city 3 : f. ⑤⇒

,
FF5

However : ↳ 5. d5=Io# § I;M . rids
= o

hInIkiakr
to F

T
E- sphere , center ⇒ fvo.EDU to fffifffe.pe
at origin ,

radius r



Compare with Coulomb's law for a mint[
change q at the origin

V. E=o It 5

However

§ II. D8 = fool toe V

5=2 V I

Do no magnetic monopoles have been bmnd
in nature !

there are magnetic dipoles !



Eton : we say that there are no magnetic monopoly
and that currents generate magnetic fields .

Then
,
what does produce the magnetic field in

permanent magnets ?

* the alignment of the spin of the electrons in an
atom ( needs quantum mechanics) :
Basically electrons in an atom have a magnetic
dipot .
If a large number of the electrons have
their spin aligned , a magnetic field is produced



twenty

Differential equations for ⑤ in terms of a
vector potential At

↳ Maxwell 's eqs for magnetostatics .
in twins of A 4 D. ⑤ = o

HE = No I

s Multipole expansion
↳ what is the E or 13 of a local cited

p or I at large distances from
the distribution ?


