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K leine r ek env oor b eeld j es ov er  b eg r ip p en en f or malisme

M e t  m e e r /  n i e u w
1 . B a s i s  /  r e p r e s e n t a t i e v e r a n d e r e n
2. C o m m u t a t o r s

Vandaag:

Rekenvoorbeeldjes m et  z eer si m p ele di sc ret e sy st em en:
G eda nken exp eri m ent s
G ebru i kt a lleen 2  x 2  of  3  x 3  di sc ret e m a t ri c es voor op era t oren
T oest a nden z i jn da n vec t oren m et  2  of  3  elem ent en

x

V ( x)

x1 x2 x3

Mechanisch sy st eem ,  m et  3  t o est and en

P osi t i e t oest a nden |x1〉, |x2〉, |x3〉 vorm en g esc h i kt e ba si s



A nder m odelsy st eem p je m et  3  t oest a nden: 
Neu t ra a l g ela den,  t w ee z w a k g ekop p elde g elei dende ei la ndjes
( neem  a a n da t  de la di ng  va n h et  g eh eel neu t ra a l i s)

C

- -

N l e f t = -1, 0 of  + 1
QC = Nl e f t  e
E e l e c = ( QC)2 / 2 C

L a di ng s-t oest a nden |Nl e f t =-1〉, |Nl e f t =0〉, |Nl e f t =1〉 vorm en g esc h i kt e ba si s

M a t ri x en vec t or rep resent a t i e i n dez e ba si s:
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S u p erp osi t i on st a t e
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Exp ec t a t i on va lu e

U nc ert a i nt y

T i m e evolu t i on

P o s tu l aat 4
M e ti ng  v an e i g e ns ch ap  A  g e e f t al ti j d  e e n e i g e nw aard e  v an Â .
I s  h e t re s u l taat a,  d an i s  d e  to e s tand  na h e t m e te n i s  d e  
b i j b e h o re nd e  e i g e nf u ncti e  ϕa.
D iscr eet v oor b eeld A= N 2
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4ϕ=Ψ⇒

22 ϕc

( ) Ψ==Ψ nncn ϕ



P o s tu l aat 5  - d i s cre e t     (w e i ni g aand ach t i n b o e k )
K ans o p  m e e tu i tk o m s t a i s  Σ Ψ(n, t)* ϕa(n)2

Z elf d e v oor b eeld A= N 2

Ste l v o o r h e t m e te n

K ans o p  m e e tu i tk o m s t 16  i s  d an

( ) ( ) ( ) ( ) 2
4

2

4
**

2

4
*

cnncnn
n

nn

n

=⋅=Ψ ∑∑ ϕϕϕ

|I nw e nd i g p ro d u ct Ψ(n, t)* e n ϕa(n) |2

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) 1met

000
*

544322110

==Ψ
+++++=Ψ

∑∑
n

nn

n

nn ccncn

nncnncncnn

ϕ
ϕϕϕϕϕϕ

N.B. in dit v o o r b e e l d (v o r ig e  s l ide ),  v a l l e n de  e ig e nv e c to r e n ϕa(n) s a m e n m e t de  b a s is v e c to r e n 
die  h o r e n b ij  de  c o o r dina te n n. A l g e m e ne  g e v a l  k o m t h ie r na .

Hier n o t a t ie a l s in  w eek  2  v a n  c o l l eg es

V e rv o l g  P o s tu l aat 5  – d i s cre e t
I n h e t a l g e m e e n,  h o e v e n de  e ig e nv e c to r e n ϕa(n) nie t s a m e n te  v a l l e n m e t de  b a s is v e c to r e n die  
w o r de n g e b r u ik t in de  s o m a tie s  o v e r  c o o r dina te n n in o nde r s ta a nde  v o o r b e e l d. D it m a a k t de  l ink  m e t 
h e t c o ntinu e  g e v a l  (v o l g e nde  s l ide ) du ide l ij k e r .

Ste l v o o r h e t m e te n

K ans o p  m e e tu i tk o m s t b e h o re nd  b i j  e i g e nv e cto r ϕ4(n) i s  d an
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Hier n o t a t ie a l s in  w eek  2  v a n  c o l l eg es



P o s tu l aat 5  - d i s cre e t     (w e i ni g aand ach t i n b o e k )
K ans  o p  m e e tu i tk o m s t a i s
Zelfde v o o r b eeld A= N 2

Ste l v o o r h e t m e te n
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K ans o p  m e e tu i tk o m s t 16  i s  
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V o o r w i l l e k e u ri g e Ψ(n) d e  cm b e p al e n:
 ⇒ Sp e ctral e d e co m p o s i ti e

Ψ= mmc ϕ

Hier D ira c  n o t a t ie

|I nw e nd i g p ro d u ct Ψ(n, t)* e n ϕa(n) |2

V o ri g e s l i d e  g e s ch re v e n al s v e cto re n(h i e r o v e r h e t i nte rv al  n= 0 ..4,  d aarb u i te n z i j n al l e cn = 0 ):

( ) 2
4

2

421
2

4

1
0
0
0
0

00 cccc =
















↔Ψ ***ϕ

( )***
421 00 ccc↔Ψ

















↔

1
0
0
0
0

4ϕ

N.B. in het v o o r b eel d  o p  d ez e s l id e (z ie o o k  v o r ig e s l id es ) ,  v a l l en d e eig env ec to r en ϕa(n)  s a m en 
m et d e b a s is v ec to r en d ie ho r en b ij  d e c o o r d ina ten n.



F in d in g  eig en v a l u es ,  eig en v ec t o rs ,  
eig en v a l u e eq u a t io n s  o f  t y p e ϕϕ EH =ˆ
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Ho w  m a n y  eig en v a l u es ,  w h a t  a re t h ey ?

321 ,,⇒

Ho w  m a n y  eig en v ec t o rs ,  w h a t  a re t h ey  ( n o rm a l iz ed ) ?
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Ho w  t o  f in d  t h es e in  g en era l ?
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L o o k  u p  l in ea r a l g eb ra :

rep res en t ed  in  c ert a in  b a s is
( x i o r N l e f t in  p rev io u s  ex a m p l es )



F o r t h e eig en v ec t o rs , s o l v e
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D ira c n o t a t io n ,  n o rm a l iz ed  s t a t es ,  o rt h o g o n a l it y
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A bit less obvious to solve                                     
but m or e in ter estin g :  O F F -D I AG O N AL  E L E M E N T S

x

V( x)

x1 x2

Mechanisch sy st eem ,  m et  2  t o est and en

Vi besc h r ij f t d e en er g ie va n  h et sy steem op  p la a ts xi

T  besc h r ij f t d e en er g ie va n  h et m ec h a n ism e d a t over g a n g en
va n  1  n a a r 2  en  vic e ver sa  m og elij k m a a k t.
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2sin
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2sin
2cos

number. realaand0,and
 assumes hereandof choice the
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What about changing to the basis compatible with T?
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This rotation operation is in fact a very simple Fourier transform
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What about changing to the basis compatible with T?
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What ar e the old  V -basis v ector s in this T basis?
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Now let’s  g o th r ou g h  th i s  a g a i n ,  
a n d  m ea s u r e th e

T  a n d  V  p r op er ti es

Commutator b rac k e t:    (H5 p. 130)
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ABBABA Commutator ( i n  g e n e ral  an  op e rator)
an d     c ommute ,  s ame  e i g e n v e c torsÂ B̂
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Commutator b rac k e t:
[ ]
[ ]
[ ] 2
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ABBABA Commutator ( i n  g e n e ral  an  op e rator)
an d     c ommute ,  s ame  e i g e n v e c torsÂ B̂

and    commute, measurement gives again result a1

and    do not commute, gives arb itrary  outcome

Â⇒ B̂
M easure A  w ith  result a1, th en B , th en again A

Â⇒ B̂

Samenvatting:

V o l gend e w eek : H 6
Afmaken d ez e w eek

-o nt aar d i ng ( d eg ener ac y )
-C . S . C . O  – H i l b er t  s p ac e b as i s

M o r e o n t i me ev o l u t i o n 
C o ns er v at i o n l aw s
P ar i t y

1 . C o mmu t at o r s
2 . K l ei ne r ekenv o o r b eel d j es o v er  v eel b eg r i p p en


