What happens to the Ampere’s Law ?

VXB =] = Vx(VXA) =) * This 1s not in a very nice form.
— V(V-A) — V2A = 1] * Ampere’s law in terms of B seems better

* However, if we can ensure that V- A = 0, we can have it in a nice form.
* This can be done since we know that a VA can be added to A without changing B

Suppose we start with Ay. such that, B =V X Ay but, V- Ay # 0.
Then, VX B = o] = V(V-Ag) — VZAg = o)
Re-define by adding VA: Ag + VA=A suchthat y. A =V.A,+V21=0

Then VX B = o] = V(V-A)—VZA =] = —VZA = )

Thus, one can always redefine the vector potential such that V-A =0
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Poisson’e equation

Recall: V2V = _P (Poisson’s Equation)

€0
p(r’)

The solution is: V(r) = Ae
0

/
So. A(r) = Ho f J(r) d¢' This 1s simpler than Biot-Savart Law.

— K(r) d /
For surface current: A(r) = 4?1 a

For line current: A(r) = —I f —
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Magnetic potential

2 =12+ 712 — 2rr'cosa

r 2 r
r r
2 =1r? 1+(—) —Z(f)cnsn
Source coordinates: (r',8', ¢") r !
Observation point coordinates: (1,6, ¢) 1 1 00 r\™
Angle between r and r': « —= T_ Z (T_) P, (cosa)
’ n=0
= #—W, (r' )" B, (cosa)dl'
41{ rntl "
P:ﬂflé ' ,{qul ! “flé N2 !
dl' + r'cosadl + ——¢(r cnsa—— dl’ +
At r 4:.'1’ ’rz _ ()
Y J 1 J
Munupole pcrtentlal Dipole potential Quadrupcrle potential
( 1/r dependence) (1/7? dependence) ( 1/r3 dependence)
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Magnetic potential

Monopole potential
Huf 1
Amono(®) = E2 g dl =0

Dipole potential

ol 1
Agip(r) —ﬂ—nr—z r’ cos a dl’ =——§( rHdl
Mol 1 Teas ool ! Corollary of
T ET_Z v (l‘ T ) X da Stokes Theorem;i; Tdl = —f VT X da
path Surf

11 (. 1
Adip(r)z_%r_z rx da’ ::_;ﬁ ffdﬂ’ X T

mEIJ'da’
_#ome

47 12 Magnetic dipole moment
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Magnetic field due to magnetic dipole

=miz
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HoM X T /7 N
py— Recallh
p = pZ
b\Ed,-p(r) = pr— (2cosf r + sinf 53)
Lo M Sing _.
4 12
=V X Agip (r)
_ Hom 51119( 9% + sing 9)
2cosf r + sin
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Polarization & Magnetization

What is Polarization? - dipole moment per unit volume

* The dipole moment is caused either by stretch of an atom/molecule or
by rotation of polar molecules

* Polarization in the direction parallel to the applied electric field

What is Magnetization? - magnetic dipole moment per unit volume

* The magnetic dipole moment is caused by electric charges in motion:
(1) electrons orbiting around nuclei & (i1) electrons spinning about their own axes.

* In some material, magnetization is in the direction parallel to B (Paramagnets).
* In some other material, magnetization is opposite to B (Diamagnets).

* In other, there can be magnetization even in the absence of B (Ferromagnets).
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Field of a magnetized object

The Field of a Magnetized Object:

m Xt M(r') Xz
|uﬁ :luﬂJ' ( ) drl‘

4 1? 4m o2
vol

ﬂﬂ' ' 1 /
= !M(r)x\?’ (E)] dt
vol [Using V' (7) = %]

T

Agip(r) =

1 M(r"
=P f—[v’x M(r)]dt — 20 V’x[ L]
m 7 4 ;
Vo

[ Using V X (fA) = f(V X A) — A X (Vf) ]

! r # 1 I !
f [V'X M(r")]dT + 40 :[M(r ) x da'] [, (VX V)dr = — Eﬁm-,r V X da ]

surf

r r Jp(r) =V ' xM(@’')  Volume current

4H surf K,(r) =M(') xa  Surface currént
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Ampere’s law in magnetized material:
I,(r') = V' x M(r") K,(r') = M(r') x @i Total volume current 1s

Volume current Surface current =0+ 1

VXB=puo) =polJr+IJp) =p(Js+V XM)
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Ampere’s law in magnetized material:

I,(r) = V' x M(r") K,(r') = M(r') x fi Total volume current 1s
Volume current Surface current J=] f +J,
VXB=pu) =polsr+Jp) =pe(Js+V XM)
B = B
VX E_M =Jr Define: HE#——M B = uy(H+ M)
0
VXH=] f Ampere’s law in magnetized material (differential form)

ig H-dl=1I Ampere’s law in magnetized material (integral form)
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Magnetic Susceptibility and Permeability

M=y H Xm 18 called the magnetic susceptibility
m
Xm 18 a dimensionless quantity

Xm 1S positive for paramagnetic and negative for diamagnets

The magnetic field thus becomes

B=pug(H+M) = po(H+ ypH) = po(1 + y;)H

So. B=puH # = po(1+ Xm)
is called the permeability of the material

Dr. Poulomi Sadhukhan UNIVERSITY
THE TIMES GROUP

EPHY111L, B.Tech. Sem I, 2023 @ BENNETT
93



