Force, Torque on a Current Loop
in a Uniform Magnetic Field
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Energy of a Dipole in a Magnetic Field
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Dipole tends to align with magnetic field

Force on a Dipole 1n a Non-Uniform
Magnetic Field
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Magnetic Moment Related to Angular Momentum
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Spin Precession in Magnetic Field
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Physical Picture of g=2

Trajectory (Circular)
all in the plane

Wi =wy — g=2

« Empirically very nearly true for
charged leptons: e, u, T

 Deviations from g=2 due to higher
order quantum corrections... one of the
most interesting areas of experimental
work... "g-2’ experiments



Stern-Gerlach Experiment (1921) :
Quantum Measurement of spin-’2

Experiment uses a magnet that has
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0z
0B
large B, , —
0z

b

Beam of Atoms -
proceeding in +y direction
Silver - J from one outer electron
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Surprise: Classical Expectation

Not Right at All
Stern Gerlach Magnet
* —
+ .
Z - T

Silver Beam _
Classically, approx.

uniform distribution
between deflections
X y atlimitsJ=+J
Quantum Mechanically,
beam splits into two,
with: Jz — + E

Electron spin causes J,
and s_ has eigenvalues of +7/2:

h h
S, =— [(1) _01] 550'2; note 0'221

o, = os; "Pauli Matrix"



More Quantum Mechanics,
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s. must also be represented by a
2 by 2 hermitian matrix:
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The x Stern Gerlach measures eigenvalue of s,
and after measurement, the state 1s an eigenstate.
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Three Measurements, Commutation
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Measurement of s_disturbs the eigenstate of s,.
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[UZ, O';J — 03,01} = 210y = 2109
1 €123 = €312 = €231 = 1
22[@7»@«} — €4k10] €321 = €132 = €213 = — 1

all other €;,; = 0

—{03, or} =6 {} denotes anticommutator

Commutation relations are mathematically fundamental, valid for
all angular momentum operators in quantum mechanics.
Anticommutation valid for spin-1/2 only.



Arbitrary Angle Stern-Gerlach

cos6/2 |
M sinf/2
T F—zcos 6 + xsin 6
| Z V[T [—sing/2

]
/ | cos0/2 |
T _

. cosf  sinf
S,cos0 + s,sinf = 5

sin@ — cosft

eigenvalues:

cosf—)\ sinf ) 9 p )
= \“—cos 0—sin 6= )\ \"—1=0

sinf) — cos -\

A=+1= spinev. =+ h/2

+h/2:
{[(20891 sin 6 ]2[ —sin29/2 Sin¢9/20089/2-|}[a] 0

sinf —cost —1 Lsin9/20089/2 —60829/2 J b

a_cosH/Q £ o, sin 0/2 £ /o
g_sin9/2(+ /)7__COS(9/2(_ /2)




Transformations that Describe Rotations

U(By) : the operator which acts on a state in the
2 dimensional spin space and pushes
it actively by an angle 6 ab(%ut the y axis
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