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. Electric Monopolesand Dipoles
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Naturecontains'+” and“-" electricchages.
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electricdipole

Electric-dipoleeveryline from “+” endson “-".
An Electric-dipole hasnetchagezero.
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No Magnetic Monopoles

No onehasever foundamagnetianonopole.
Theconstituent®f matterthat weknow like the
election, havezeio netmagneticcharge.

But, mary particlesaremagnetiadipoles
Magneticdipolesproducemagneticelds.

B

/)\ B = Magnetic eld
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\)/ IB] = Tesla= T
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Northea:

-~ Magnetsand Magnetic Fields

N

A barmagnets a magnetiadipole:
Magnetshave two poles:N = north,S = south.
Magnetic eld linesrunfrom N north,to S south.
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=, Magnetic Dipole Moment

A barmagnets a magnetiadipole:
Magnetic eld linesrunfrom N north,to S south.
Thedipolemomentm pointsfrom S southto N

north.
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vers Curr ent Loopsare Dipoles

RightHand: Grabthewire.

Thumb: In the direction of
current.

Fingers: In thedirectionof the
magneticeld.

A currentloop Is a mag-
neticdipole
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Magnetic Moments & Torque

MagneticDipole Moment

m=1A m=1[1An

M - magnetiadipolemoment
m pointsfromSto N.
Torquealignsm with B,

’ ’ ’ ’ ’ PE= mB cos

B TF
Torque

PotentialEnegy
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Orbital Angular Momentum L

Wave function

rm( 5 )= R (r)Ym(; )

" Orbital angulatMmomentum

L*="(C+1)~% L,=m~
Orbital quantumnumber
=0152::n 1

Magneticquanturnumber
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Spin Angular Momentum S

y4
Ms 1
A
D _
S = 3
2
Fermions

(half integerspin)

s=(n+ 3)

Spin AngularMomentumyntrinsic spin)

S? = s(s+ 1)~
where

Ms = S,

Bosons

(integerspin)
S=nNn

SZ — ms~

1:s

n=20;1,2;:::
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Spin-1=2

Theintrinsic spinof anelectron,

s = 1=2.
¢ S
m A
s ] P _
R 1 1 3
2 .
: : S = — —+]1] ~= —~
P >< 2 2 2
Two stategng = % referredto as

spin-upandspin-davn, or " ; #.
Total Wave Function

n'm-mg - Rn\(r)Y\m‘( 7 ) Ms
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Magnetic Moments (1)

n MagneticMoment = SLL
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Magnetic Moments (Il)

Orbital magnetionoment

L — Lz _
By z-— B = B M"
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/ Spinmagnetionoment(anomalous)

| = O B S=—
Potentialenegy

7= 0O BS;=/™= (@s pMg

U = Gyromagneti®Ratiog (g-factor)

— ZB
m- B g

2 1+ — + O 2 Schwingerl948
2:002319 experiment
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