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Equations and integrals that may be useful: 

sin2θ = 2sinθ cosθ  cos2θ = 1− 2sin2θ  tan2θ =
2 tanθ
1− tan2θ
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sinmx sinnxdx∫ =
sin m − n( )x
2 m − n( ) −

sin m + n( )x
2 m + n( ) , m2 ≠ n2( )  

cosmxcosnxdx∫ =
sin m − n( )x
2 m − n( ) +

sin m + n( )x
2 m + n( ) , m2 ≠ n2( )  

sinmx cosnxdx∫ = −
cos m − n( )x
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cos m + n( )x
2 m + n( ) , m2 ≠ n2( )  
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n
∑ = 1 ΔQ ≡ Q− Q( )2  

 
En = n

2 
2π2

2mL2
 En = − 1

n2
1
2
α 2mc2   En = n + 1

2( )!ω  

ϕn (x) =
2
L
sin nπx

L
 

 
α = e2

4πε0c
 

V x( ) = 1
2 mω

2x2  
 
a = mω

2
x + i p

mω
⎛
⎝⎜

⎞
⎠⎟   

 
a† = mω

2
x − i p

mω
⎛
⎝⎜

⎞
⎠⎟  

a n = n n −1  a† n = n +1 n +1  

 
ϕ0 x( ) = mω

π
⎛
⎝⎜

⎞
⎠⎟
1
4
e
−
mω
2

x2

 
 
ϕ1 x( ) = mω

π
⎛
⎝⎜

⎞
⎠⎟
1
4 mω


1
2 2xe

−
mω
2

x2

 

 
ϕn (x) =

1
2n /2

1
n!

mω
π

⎛
⎝⎜

⎞
⎠⎟
1/4

Hn
mω

x

⎛

⎝⎜
⎞

⎠⎟
e
−
mω
2

x2

 

En
(1) = n 0( ) ′H n 0( )  En

(2) =
n 0( ) ′H m 0( ) 2

En
(0) − Em

(0)
m≠n
∑  



n 1( ) = cnm
1( ) m 0( )

m≠n
∑  cnm

1( ) =
m 0( ) ′H n 0( )

En
(0) − Em

(0)   

 

Sx 

2

0 1
1 0

!

"
#

$

%
&              Sy 


2

0 −i
i 0

!

"
#

$

%
&

Sz 

2

1 0
0 −1

!

"
#

$

%
&            S2  3

2

4
1 0
0 1

!

"
#

$

%
&

 

 

Sx 

2

0 1 0
1 0 1
0 1 0

!

"

#
##

$

%

&
&&
        Sy 


2

0 −i 0
i 0 −i
0 i 0

!

"

#
##

$

%

&
&&

Sz    
1 0 0
0 0 0
0 0 −1

!

"

#
##

$

%

&
&&

S2   22  
1 0 0
0 1 0
0 0 1

!

"

#
##

$

%

&
&&

 

 

  


