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Vragen n.a.v. stof tot nu toe?

Vandaag
1. W e a k l y c o u p l i n g  2  q u a n t u m  s y s t e m s
2 . F r o m  p a r t i c l e  i n  a  w e l l  t o  s o l i d  s t a t e  p h y s i c s



V=0

V=V0

Weakly couple two quantum wells, with a single particle in the total system.
What is the new wav ef ucntion f or the ground  state?
V=∞ V=∞

Coupling 2 quantum systems: LCAO

T he b ook uses here a v ariational
method ( p.  3 3 1 ) .
We will use here tod ay another 
approach where we d irectly calculate 
the new energy eigenstates and  
eigenv alues of  the system if  the two 
wells are coupled , b y solv ing the time-
ind epend ent S chröd inger equation.

T w o  c o u p l e d  w e l l s                                        
T u n n e l  c o u p l i n g  g i v e s  O F F -D I A G O N A L  EL EM EN T S

x

V( x)

x1 x2

M echanisch systeem, met 2  toestand en

Ei b e s c h r i j f t d e  e n e r g i e v an  h e t s y s t e e m i n  p u t  b i j xi
T  b e s c h r i j f t d e  e n e r g i e v an  h e t m e c h an i s m e d at o v e r g an g e n
v an  p u t  1  n aar 2  e n  v i c e  v e r s a m o g e l i j k m aak t .
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N ew eigenv alues Eg and  Ee(N o t e t h a t t h i s e q u a t i o n i s  t h e  t i m e -i n d e p e n t S c h r öd i n g e r e q u a t i o n )

A ssume E2 =E1

F ill in f or the general solution f or 2 x 2  eigenv alue prob lem:

V=0

V=V0

W h at  i s  t h e  w av e f u c n t i o n f o r  t h e  g r o u n d  s t at e ?

V=∞ V=∞

a       b        a
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In a single 
inf init e d eep  w ell 
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V=0

V=V0

V=∞ V=∞

a
0
0 a

En e r g y e i g e n v al u e s

E nergy lev els f or isolated potential wells

0
0 a

En e r g y e i g e n v al u e s

E nergy lev els f or isolated potential wells

V=0

V=V0

V=∞ V=∞

a

V=V0

a

3  o r  4  l e v e l s ?
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En e r g y e i g e n v al u e s

E nergy lev els f or isolated potential wells

V=0

V=V0

V=∞

a

V=V0

a

V=∞

V=V0

0
0 a

En e r g y e i g e n v al u e s

E nergy lev els f or isolated potential wells

“B A N D S ”

V=∞ V=∞

a

From 1D potential well to s olid  s tate material

F ig 8 . 1 6  on p.  3 0 3 , and  
F ig 8 . 2 4  on p.  3 1 6  
must b e und erstood  in 
relation with 
P ar 8 . 7  f or ex am



Why is gold a conductor, and glass not?
(w o r k e d  o u t  o n  t h e  b l a c k b o a r d )

N og ev en s tils taan b ij L C A O  v an v orig c olleg e,  
en d e eig enwaard en v an 2 x 2  matrix

-tek en v an k oppel matrix  element T ?
-g rootte v an k oppel matrix  element en ov erlap?
-is  d e parallel of  anti-parallel toes tand d e g rond toes tand ?
(b o e k p .  3 3 4 ,  e n  p r o b l e m  W 7 . 1  o p  w e r k c o l l e g e )
P rob eer d it z elf uit d oor T reëel te nemen, en T >0  en T <0  d e 
eigenstoestand en te ond erz oeken, d oor simpelweg te kij ken v oor welke
eigentoestand en en eigenwaard en d e time-ind epent S chröd inger equation
op d e v orige slid e consistente oplossingen geef t.  G eb ruik ook wegens 
symmetrie v oor het gev al E2 = E1, d at                         .2/121 == cc

Complete uitwerking is op het bord gedaan.



V=0

V=V0

W h at  i s  t h e  w av e f u c n t i o n f o r  t h e  g r o u n d  s t at e ?

V=∞ V=∞

V=0

V=V0

H o w  t o  f o r m  a s t at e  w i t h  t h e  p ar t i c l e  o n l y  o n  t h e  l e f t ?

V=∞ V=∞



V=0

V=V0

W h at  i s  t h e  d y n am i c s  f o r  t>0
i f  t h e  p ar t i c l e  w as  o n l y  o n  t h e  l e f t  at  t= 0?

V=∞ V=∞


