Wed.

5.4.3 Multipole Expansion of the Vector Potential

Thurs. e
Fri. 6.1 Magnetization
Mon. Review

\Wed.




Relating Current, Potential, and Field




Finding A from J
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Find the vector potential for a current / along the z axis from z, to z,.
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Finding J from Vector Potential _
What current density would produce the vector potential 4=% &

(where k is a constant) in cylindrical coordinates?
V2A=—1J where V’A=V’AR+V’AJ+V°Az2

So, convert to Cartesian A=k <—sin &, cos¢,0>
One component at a time
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Finding J from Vector Potential _
What current density would produce the vector potential 4=% &

(where k is a constant) in cylindrical coordinates?
A=y ]
Alternatively,
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Ex. 5.11: What’s the magnetic potential of a sphere with

surface charge density constant o rotating at w.
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Ex. 5.11: What’s the magnetic potential of a sphere with

surface charge den5|ty constant Jrotatmg at w.
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Ex. 5.11: What’s the magnetic potential of a sphere with
surface charge density constant orotating at w.

P 4 AF)= ’g‘;f Rawsin gu((R2+r2—Rr)(R+r)—(R2+r2+Rr)R—rDy

IfR>r, then |R—r|=R-r
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Recognizing that ()% = wrsin Ay these can be written generally
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Motivating Electric Potential,

Generally
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Electrically

Fiye =0,E,(F,)

Physically
Akin to Potential Energy
Object 2 is the “system”, 1 is “external.” Work done by

object 1 when exerting force on object 2 which moves
fromatob

Objects 1 and 2 are the “system”. Change in their
potential as they interact while separating fromato b

Combining:
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Physical Meaning of Vector Potential

Akin to potential momentum

__future__ time-varying electric

Consider your “system” a particle interacting with electric and magnetic fields
(really interacting with other charges via their electric and magnetic fields)
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Derivative with respect to potential not source velocity

Consider your “system” a particle and the fields.
The force is negative gradient the potential energy
if —6(2](\/ —\7-/&)=0 then P;+0A =P, +9A; =const
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‘potential momentum’



Finding Vector Potential
§A-di=[B-da=a
Charged particle outside a disappearing solenoid
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Memory Lane: Multi-pole Expansion of Scalar Potential

Continuous charge distribution nth Legendre polynomial
Observation ﬂ'\ P (ca/.s 9,)
location V (r) = 4% y n

° ‘ 5% PO =1
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P, (u) = (3U 22_1)

Re-ordering sums
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Multi-pole Expansion of Vector Potential
Continuous current distribution nth Legendre polynomial

Observation _ i '
location A(I’) = ﬁj% P“ (C;O 91)
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Monopole Dipole

term term
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Multi-pole Expansion of Vector Potential

Continuous current distribution Ny, , =N
Observation _ dC|\7 J- ( dr jl’ cosdJ (r )dT
location A(r) = f" j = ffr 5 +...

r r
Monopole Dipole
term term

Monopole’s integral

[3(F)dz = §1 (7= §>dqd|' §d §dqv -

If we were to divide by Q, we’d have the charge-
averaged velocity.

If the source is stationary, the current is steady,
then the average velocity is just O.
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Multi-pole Expansion of Vector Potential
Continuous current distribution

Observation _ Vi J.I"COS AJ(r')dz’
location A(r) = f" jdqv = Zlﬂ 5 ( ) +...
r
Dipole term
Dipole’s integral Steady current
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Multi-pole Expansion of Vector Potential
Continuous current distribution

Observation _ dav la’x f
location A(r) = f;j d = Lo ( +...
"
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Magnetic Dipole Moment
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Observation
location

Dipole term for a loop
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Same direction as current




Dipole term for a cylindrical shell spinning at ® with surface

Observation charge density )
location - M xF
A(r) =22 ——+...
I

Imagine as a stack of differentially-thin current loops
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Dipole term for a solid cylinder spinning at ® with volume

Observation charge density p
location - M xF
A(r) =22 — +j
r

Imagine as a collection of concentric cylinders
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Dipole term fo;a spherical shell spinning at ® with surface

Observation charge density o
location m x f

A Ho
A(r) =
4r 2
I
Imagine as a collection of coaxial loops
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Dipole term fo;a spherical shell spinning at ® with surface
Observation charge density o

location ~ A
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Imagine as a collection of coaxial loops
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Finding J from Vector Potential _
What current density would produce the vector potential 4=% &

(where k is a constant) in cylindrical coordinates?
V2A=—1J where V’A=V’AR+V’AJ+V’Az2

So, convert to Cartesian A=k<—sin¢,cos¢,0>:k<— . y2 TS X2 — ,O\
One component at a time (X Ty )1 (X +y )1 /




