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The s a m e state o f  a  q u a n t u m  s y s t em  c a n  b e 
r epr esen ted i n  m a n y  d i f f er en t  w a y s .  
- a  w a v ef u n c t i o n  t ha t  i s  a  f u n c t i o n  o f  p o s i t i o n  x
- a  w a v ef u n c t i o n  t ha t  i s  a  f u n c t i o n  o f  w a v e n u m b er  k ( o r ,  px=ħk)
- a  s u p er p o s i t i o n  o f  en er g y  ei g en s t a t es
-x-o r  p -r ep r es en t a t i o n  v er s u s  D i r a c  n o t a t i o n
- m o r e… … …

Example representations, Fourier

-a / 2       a / 2
x

( )xΨ

a

1

0
x

∞ ∞
V ( x)

-a / 2       a / 2



( ) ( )
( ) ( )

( ) ( )∫
∫

∞

∞−

−

∞

∞−

Ψ=Ψ

Ψ=Ψ

Ψ↔Ψ

dxexk

dkekx

kx

ikx

ikx

π

π

2
1
2
1

a
k
/π4

( )kΨ

( ) ( )
k
kak

a

a

2

2

2
sin

π
=Ψ



n

n

nc ϕ∑=Ψ

W ha t  a r e t he       ?
W ha t  a r e t he       ?

nϕ

nc

Ψ= nnc ϕ

( ) ( )
( ) ( )




=
=

odd
even

2

2

nx

nx

a
xn

an

a
xn

an

π

π

ϕ
ϕ

cos
,sin

( )x1ϕ

( )x7ϕ

( )x5ϕ

( )x3ϕ

∑=
c1

c3

c5

c7



a
k
/π4

a
k
/π4 ( )k1ϕ

a
k
/π4

a
k
/π4 ( )k9ϕ



a
k
/π4 a

k
/π4

( )kΨ

( )k1ϕ ( )k9ϕ
a

k
/π4

a
k
/π4

( )k35ϕ



C.S.C.O.  - St a t e s  o f  s y s t e m s  w i t h  m o r e  D .O.F .
Co n s e r v a t i o n  l a w s
P a r i t y

Verder:

C.S.C.O.             (book p. 143 – 145 )
1 D  s y s t e e m
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M e c h a n i s c h s y s t e e m ,  m e t  3 t oe s t a n d e n



W h a t  a r e  t h e  
c o m m u t a t i o n  r e l a t i o n s  
f o r

2D s y s t e e m

x

V ( x, y)

x1 x2 x3

M e c h a n i s c h s y s t e e m ,  m e t  3 t oe s t a n d e n i n  x  e n  y  r i c h t i n g
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C . S . C . O
C om pl e t e  s e t  of  c o m m u t i n g obs e r v a bl e s
A  m i n i m a l  s e t  of  obs e r v a bl e s  w h os e  e i g e n v e c t or s  c a n  r e pr e s e n t  a l l  
pos s i bl e  s t a t e s  of  t h e  s y s t e m  ⇒ H i l b e r t  s p a c e
N ot  a  u n i q u e  s e t ,  bu t  a  m i n i m a l  s e t
C on f u s i n g  (a  bi t  w r on g )  i n  t h e  book on  p. 144 
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A p p r o a c h  i n  b o o k  
r e l e v a n t  l a t e r  f o r  
3 D  a t o m s ,  n o t  f o r  
1 D  c a s e .

B e t t e r  e xa m p l e ,  2 D  c a s e  o n  p r e v i o u s  s l i d e .
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L e t  u s  t a k e  f o r  t h e  2 D  c a s e  t h e  C .S .C .O .

{ }yx ˆ,ˆC.S.C.O. = 

yxyxyx ,==⊗

∫∫=Ψ dydxyxcxy ,

T h i s  i s  a  g o o d  C .S .C .O . a n d  t h e  a b o v e  w a v e f u n c t i o n
h a s  i n f o r m a t i o n  a b o u t  E V E R Y T H I N G  t h e r e  i s  t o  k n o w  a b o u t
t h e  s ys t e m . 

Orthonormal b as i s  v e c tors  

and     c ommu te :

[ ]ΨΨ= AHi
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Conservation laws (previous lecture)
f o r  i s o l a t e d  s ys t e m s  w i t h  c o n s t a n t  H a m i l t o n i a n

C ons tants  of  moti on
I nv ari anc e

E v e r ye o p e r a t o r  t h a t  c o m m u t e s  w i t h  t h e  H a m i l t o n i a n ,
d e s c r i b e s  a  p r o p e r t y o f  t h e  s ys t e m  t h a t  i s  c o n s e r v e d .

⇒



I nv ari anc e  or c ons e rv ati on of  othe r p rop e rti e s
( all the s e  p rop e rti e s  c an b e  d e s c ri b e d  b y  an op e rator)
-s y mme try  and  p ari ty

( p ari ty  op e rator)

-i nv ari anc e  of  law s  w he n c hang i ng  re f e re nc e  f rame
( trans lati on and  rotati on op e rators )

B e s i d e s  c ons tants  of  moti on ( e arli e r i n le c tu re ) :

C ons e rv ati on of  p ari ty    - p ari ty  op e rator
O d d  p a r i t y
E v e n  p a r i t y
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E f f e c t  o f  p a r i t y o p e r a t o r  o n  a  f u n c t i o n :

E i g e n s t a t e s  o f  t h e  p a r i t y o p e r a t o r :

N o t e :  e v e r y f u n c t i o n c a n b e w r i t t e n a s
a  s u m o f  a n e v e n  a n d  a n o d d f u n c t i o n book p. 177
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(See problem 6.16)

A s  a  f u n c t i on  of  t i me,  t h e pa ri t y  (s y mmet ry )
of  t h e w a v ef u n c t i on  i s  c on s t a n t .

St ron g  i n f lu en c e on  d y n a mi c s  of  s y s t ems :  
D et ermi n es  s elec t i on  ru les ,  d ec a y  ra t es ,  …..
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St ron g  i n f lu en c e on  d y n a mi c s  of  s y s t ems :  
D et ermi n es  s elec t i on  ru les ,  d ec a y  ra t es ,  …..  (n ot  y et  i n  c h a pt er 6)
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Cohen T. book p. 192



Samenvatting:

V o l gend e w eek : H 7
Harmonic oscillator 
T u nne l e f f e ct
S catte ring

Example ab o u t  d i f f er en t  r epr es en t at i o n s ,  
F o u r i er  t r an s f r o m,  d ec o mpo s i t i o n
C . S . C . O .   - S t at es  o f  s y s t ems  w i t h  mo r e D . O . F .

⇒ H i lb er t  s pac e b as i s
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