
ECE 659 Quantum Transport: 

Atom to TransistorAtom to Transistor

Lecture 26: Spin Matrices II

Supriyo Datta

Spring 2009

Notes prepared by Samiran Ganguly



zB

2

2

: cos 2

:sin 2

i

i

u e

d e

φ

φ

θ

θ

−

+

ˆ : sin cos

ˆ : sin sin

ˆ : cos

x

y

z

θ φ
θ φ
θ

z 1 0u um md
i Bµ    

=    ℏ

x xm m
d

m m

     
    =    

x

y

θ

φ

0 1B z
d d

i B
m mdt

µ=    −    
ℏ

( ) (0)

( ) (0)

B z

B z

B
t

i
u u

B
t

i
d d

m t m e

m t m e

µ

µ−

=

=

ℏ

ℏ

y y

z z

m m
dt

m m

    =    
         

2

2

: cos 2

:sin 2

i

i

u e

d e

φ

φ

θ

θ

−

+

2 B zBd

dt

µφ =
ℏ



1 0

0 1
u u

B z
d d

z

m md
i B

m mdt
µ

σ

    =    −    
ℏ

�����

0 1 0
2

1 0 0

0 0 0

x x

B z
y y

z z

z

S S
Bd

S S
dt

S S

R

µ
−     

    =    
         

ℏ

�����

0 0 0

0 0 1

0 1 0
xR

 
 = − 
  

'

'

'

x y

y z

z x

→
→
→

ˆ ˆ ˆ ˆ ˆ ˆ

ˆ ˆ

ˆ ˆˆ 1 1 1 0 1 11
ˆ ˆˆ 1 1 0 1 1 12

ˆ 0 1

ˆ 1 0

x x x x z z

x

z z

z x x

z x x

z

z

σ

− − −

−

−     
= × ×     − − − − −     

 
=  −  

0

0y

i

i
σ

− 
=  
 

Property of Rotation groups:
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What is xσ ?

If u and d are in x basis
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To get back to z basis we do a basis transformation
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rotates around n̂
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, ,x y zσ σ σ Pauli spin matrices

Eigen values are same for all, 1 and -1

Eigen vectors along a particular direction:
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