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Naturecontains“+” and“-” electriccharges.
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Electric-dipole,every line from “+” endson “-”.
An Electric-dipole,hasnetchargezero.
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No onehasever foundamagneticmonopole.
Theconstituentsof matterthatweknow, like the
electron,havezero netmagneticcharge.
But, many particlesaremagneticdipoles.
Magneticdipolesproducemagnetic�elds.
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B = Magnetic�eld

[B ] = Tesla= T
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A barmagnetis amagneticdipole:
Magnetshave two poles:N = north,S = south.
Magnetic�eld linesrun from N north,to S south.
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A barmagnetis amagneticdipole:
Magnetic�eld linesrun from N north,to S south.
Thedipolemomentm pointsfrom S southto N
north.
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RightHand: Grabthewire.
Thumb: In the direction of

current.
Fingers: In thedirectionof the

magnetic�eld.

A currentloop is a mag-
neticdipole
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MagneticDipoleMoment

m = I A m = I An̂

m - magneticdipolemoment
m pointsfrom S to N .
Torquealignsm with B .
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PotentialEnergy

PE= � mB cos�

Torque

� = m � E

� = mB sin�
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Wave function

 n`m (r; � ; � ) = Rn` (r )Y`m (� ; � )

Orbital angularmomentum

L 2 = `(` + 1)~2; Lz = m`~

Orbital quantumnumber

` = 0; 1; 2; : : : ; n � 1

Magneticquantumnumber

m` = � `; � `+1; : : : ; 0; : : : ; `� 1; `
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SpinAngularMomentum(IntrinsicSpin)

S2 = s(s + 1)~2; Sz = ms~

where

ms = � s; � s + 1; : : : ; s � 1; s

Fermions Bosons
(half integerspin) (integerspin)

s = (n + 1
2) s = n n = 0; 1; 2; : : :
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Theintrinsicspinof anelectron,
s = 1=2.
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Two statesms = � 1
2 referredto as

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

	 n`m ` ms = Rn` (r )Y`m ` (� ; � )� ms
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B = B k̂
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Potentialenergy

U = � � � B
= � � zB
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Orbitalmagneticmoment
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Spinmagneticmoment(anomalous)

� = � gs� B S=~

� z = � gs� B Sz=~ = � gs� B ms

GyromagneticRatiog (g-factor)
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Schwinger1948

= 2:002319 experiment
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