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Harmonic oscillators, photons



1D Harmonic oscillator

1D Harmonic oscillator
Very important model systems

EM waves (photons)
L atti c e vi b r ati ons (phonons)
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Small oscillations around equilibrium
in a coup led sy stem ( e. g .  ef f ectiv e 
p otential in solid state)



Vacuum and spontaneous emission by 2-l ev el  systems

Vacuum
T w o-l ev el  system

V( x )

E

C lassical turning  p oints
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Solving time-ind ep end ent Sc h r od inger  eq u a tion – A s  in p r eviou s  lec tu r e



1D Harmonic oscillator
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1D Harmonic oscillator
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A ny h ar monic oscil l ator  can be ex pr essed in a pair  of
nor mal iz ed,  dimensionl ess,  conj ug ate coor dinates
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A ny h ar monic oscil l ator  can be ex pr essed in a pair  of
nor mal iz ed,  dimensionl ess,  conj ug ate coor dinates.

Gaussian w av e pac k e t in ax- and  ap-r e pr e se nt at io n w it h  a w id t h  o f  ab o ut  1  f o r  b o t h  d im e nsio nl e ss c o o r d inat e s.  T h is c an b e  r e pr e se nt e d  
as a c ir c l e  in t h e  ax-ap pl ane .  I n t h e  pl ane  o f  ph y sic al  c o o r d inat e s x  and  px ,  it  is no t  a c ir c l e ,  b ut  an e l l ipse  w it h  a sh ape  t h at  d e pe nd s o n m  and  K .
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“Coh er ent state” – state th at cor r esponds to cl assical  oscil l ation

ax
0
0

1

1

ap

n
n

e
n

n

∑∞
=

−
=

0

22

!
/ α

α
α

Gaussian w av e pac k e t in ax- and  ap-r e pr e se nt at io n,  t h at  m o v e sar o und  in t h e  ax-ap pl ane  w it h o ut  c h ang ing  sh ape .T h e  par am e t e r  α is pr o po r t io nal  t o  t h e  c l assic al  o sc il l at io n am pl it ud e .



O th er  ex ampl e of  h ar monic oscil l ator  system th at can be 
mapped on dimensionl ess coor dinates ax and ap :  LC cir cuit
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CVQ = dt
dQLLI ==Φ

( )

[ ] iaa

Ca

QCa

aaH

px

x

p

xp

=

Φ=

=

+=

ˆ,ˆ

ˆˆ

ˆˆ

ˆˆˆ

h

h

h

0

0

220

1
2

ω

ω

ω

k ine t ic -e ne r g y -l ik e  t e r m
(C  is “m ass”,  Q  is “m o m e nt um ”)
po t e nt ial -e ne r g y -l ik e  t e r m
(Φ is “po sit io n”)
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Creation operator

A nnih il ation/ d es tru c tion operator

W h y  u s e th is  notation?
A l g eb raic  c onv enienc e
P h y s ic al  m eaning  op c reation and  annih il ation

N on-H erm itian
operators !
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C r e at io n o pe r at o r
– ad d s a ph o t o n t o  a st at e

A nnih il at io n/ d e st r uc t io n o pe r at o r
- r e m o v e s a ph o t o n f r o m  a st at e

O nl y pos itiv e ph oton nu m b ers
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N atu re of  eig ens ates l ead s  to th e c onc ept of  P H O T O N S
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“Coh erent s tate” – s tate th at c orres pond s  to c l as s ic al  os c il l ation
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Gaussian w av e pac k e t in ax- and  ap-r e pr e se nt at io n,  t h at  m o v e sar o und  in t h e  ax-ap pl ane  w it h o ut  c h ang ing  sh ape .T h e  par am e t e r  α is pr o po r t io nal  t o  t h e  c l assic al  o sc il l at io n am pl it ud e .



V ac u u m  and  s pontaneou s  em is s ion b y  2 -l ev el  s y s tem s

V ac u u m
T w o-l ev el  s y s tem

V ( x )
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Gr o und st at e h as
no nz e r o  e ne r g y :
Z e r o -po int  o r  

v ac uum  f l uc t uat io ns
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Z ero-point or v ac u u m  f l u c tu ations





Samenvatting:

L aats te c o l l eges :
System with 2 particles
C o u plin g 2 q u an tu m systems:  L C A O
F ro m 1 D  po ten tial well to  so lid  state
A n g u lar mo men tu m

H armo n ic o scillato r,  pho to n s


