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H o o r c o l l e g e  d i n sd a g  2 d e c e m b e r  2008

Vragen n.a.v. stof vorige week of werkcollege?

Begrippen d ie j e go ed m o et k ennen v o o r d e to ets :
• V e r w a c h t i n g sw a a r d e 〈x〉 v o o r e e n t o e st a n d Ψ ( x)• O n z e k e r h e i d ∆x v o o r e e n t o e st a n d Ψ ( x)• N o r m a l i z e r e n v a n  e e n t o e st a n d Ψ ( x)• H e i se n b e r g  o n z e k e r h e i d sr e l a t i e• K a n s o p  m e e t u i t k o m st e n a l s j e x g a a t m e t e n b i j e e nt o e st a n d Ψ ( x)• T o e st a n d v a n  e e n sy st e e e m n a e e n d e  m e t i n g• D i r a c n o t a t i e• I n p r o d u c t i n  D i r a c n o t a t i e• V e r w a c h t i n g sw a a r d e i n  D i r a c n o t a t i e• H a m i l t o n i a a n• E n e r g i e -e i g e n w a a r d e n e n  e i g e n v e c t o r e n .• E i g e n v e c t o r e n v a n  e e n o b se r v a b e l e z i j o r t h o g o n a a l• V e r w a c h t i n g sw a a r d e a l s f u n c t i e v a n  t i j d v a n  w i l l e k e u r i g eo b se r v a b e l e Â• T i j d -e v o l u t i e o p e r a t o r              v o o r “k e t s” e n                v o o r“b r a ’s”
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Even p o l s en:
Â is  o pa ra to r m et eigenw a a rd en A1 en A2, enb ij b eh o rend e geno rm a l is eerd e eigenf u nc ties ϕ1 ( x ) en ϕ2 ( x ) .  
S tel :  

V o o r w el k e a geno rm a l is eerd ?
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1 ϕϕ a+=Ψ
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E v en po l s en:
Â is  o pa ra to r m et eigenw a a rd en A1 en A2,en b ij b eh o rend e eigenf u nc ties ϕ1 ( x ) en ϕ2 ( x ) .  
S tel :  

W a t is  d e k a ns o p m eetu itk o m s t A1?
21 3

2
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E v en po l s en:
Â is  o pa ra to r m et eigenw a a rd en A1 = 0 en A2 = 1 ,en b ij b eh o rend e eigenf u nc ties ϕ1 ( x ) en ϕ2 ( x ) .  
S tel :  

W a t is  nu d e k a ns o p m eetu itk o m s t A2?
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1 ϕϕ i+=Ψ
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E v en po l s en:
Â is  o pa ra to r m et eigenw a a rd en A1 = 1 en A2 = 2,en b ij b eh o rend e eigenf u nc ties ϕ1 ( x ) en ϕ2 ( x ) .  
S tel :  

W a t is  d e d e w a a rd e v a n

?
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E v en po l s en:
Â is  o pa ra to r m et eigenw a a rd en A1 = 0 en A2 = 1 ,en b ij b eh o rend e eigenf u nc ties ϕ1 ( x ) en ϕ2 ( x ) .  
S tel :  

W a t is  d e d e w a a rd e v a n

?
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1 ϕϕ i+=Ψ

Â dxAΨΨ= ∫∞
∞−
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Vandaag:
1. F o u r i e r  b a s i c s
2 . R o l F o u r i e r  i n  q u a n t u m  m e c h a n i c a



T u t o r i al o n F o u r i e r t h e o r y
A n d  i t s r o l e i n  q u a n t u m m e c h a n i c s

E ers t ev en h eel  b a s ic :
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I d e e a c h t e r F o u r i e r  t r a n s f o r m a t i e :
I e d e r f y s i s c h s i g n a a l a l s f u n c t i e v a n  t i j d i s  o p  u n i e k e ( e n  
d a a r o m i n v e r t e e r b a r e ) w i j ze t e s c h r i j v e n a l s l i n e a i r e
c o m b i n a t i e v a n  s i n u s s e n e n  c o s i n u s s e n v a n  a l l e r l e i
f r e q u e n t i e s . 
He t k a n d u s w o r d e n g e r e p r e s e n t e e r d m e t  e e n a m p l i t u d e -
s p e c t r u m  e n  e e n f a s e -s p e c t r u m .
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“F y s i s c h s i g n a a l ” w i l ze g g e n r e d e l i j k c o n t i n u ,  d i f f e n t i e e r b a a r ,
i n t e g r e e r b a a r  v a n  –∞ t o  + ∞.

M a a r d u s o o k :
I e d e r f y s i s c h s i g n a a l a l s f u n c t i e v a n  f r e q u e n t i e i s  o p  u n i e k e
( e n  d a a r o m i n v e r t e e r b a r e ) w i j ze t e s c h r i j v e n a l s l i n e a i r e
c o m b i n a t i e v a n  s i n u s s e n e n  c o s i n u s s e n m e t  a l l e r l e i
v e r s c h i l l e n d e t i j d a f h a n k e l i j k h e i d .



G epa a rd e v a ria b el en m et F o u rier rel a tie
t i j d v e r s u s  f r e q u e n t i e i n  t i j d

( ) ( ) fXtx πωω 2met =↔

p o s i t i e v e r s u s  f r e q u e n t i e i n  r u i m t e
( ) ( )

λ
π2met =↔ kkGxg

g o l f f u n c t i e Ψ(x) v e r s u s  g o l f f u n c t i e Ψ(px)
( ) ( )

λ
π2enmet ==Ψ↔Ψ kkppx xx h
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S t e l x ( t ) i s  e v e n :

W h a t  i s  e e n g o e d e m a a t v o o r ?
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S t e l x ( t ) i s  o n e v e n : ( ) ( )∑=
ω

ω ω tBtx sin

( ) ( )dtttxB ∫∞
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⋅∝ ωω sin

ωBW h a t  i s  e e n g o e d e m a a t v o o r ?

W h a t  i s  e e n g o e d e m a a t v o o r ?
M a k k e l i j k e r m e t  c o m p l e x  s p e c t r u m :
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S t e l x ( t ) r e ëe l e n  s o m v a n  e v e n  e n  o n e v e n :
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W h a t  i s  e e n g o e d e m a a t v o o r d e  ( c o m p l e x e ! )       ?
W e e r e e n c o m p l e x  s p e c t r u m :

t
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|x ( t )|

S t e l x ( t ) c o m p l e x  e n  s o m v a n  ( m e t  a l l e r l e i f a s e n ):
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A l g e m e n e f o r m u l e r i n g F o u r i e r - e n  i n v e r s e  F o u r i e r  t r a n s f o r m a t i e :
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D e  f a c t o r  1 / 2 π i s  o o k w e l a n d e r s v e r d e e l d ,  k w e s t i e v a n  d e f i n i t i e :

o f

2 + 0.5
2 + 0.4
2 + 0.3
2 + 0.2
2 + 0.1
2
2 – 0.1 
2 – 0.2
2 – 0.3  
2 – 0.4  
2 – 0.5

( k + δk) / 2π

X-2     -1      0      +1     +2
∆X ≈ 1 ∆k ≈ 2π

Voor g ol f p a k k e t ∆x ∆k ≈ 2π



x

A m p l i t u d e
G rot e ∆x ,  k l e i n e  ∆px

 

Kleine ∆x ,  g r o t e ∆px

V o o r d it g o lf p a k k et ∆x ∆k ≈ 2π
Kleiner e ∆x k a n a lleen m et  g r o t er e ∆k.
Kleiner e ∆k k a n a lleen m et  g r o t er e ∆x

F

Ko m t d o o r  F o u r ier  t r a ns f o r m  r ela t ie v o o r g o lv en:
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Samenvatting:

V o l gend e c o l l ege:
Commutators
K l e i n e re k e n v oorb e e l d j e s

1. F o u r i e r  t r a n s f o r m  t h e o r y
2 . F o u r i e r  t r a n s f o r m  o f  a  q u a n t u m  s t a t e
3 . F o u r i e r  d e c o m p o s i t i e


