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Quantum	
  Mechanics	
  in	
  20	
  min	
  
① Many	
  observables	
  are	
  quan@zed	
  (i.e.,	
  cannot	
  change	
  by	
  

an	
  arbitrarily	
  small	
  amount)	
  
①  Light	
  waves:	
  Energy	
  for	
  a	
  specific	
  frequency	
  f	
  can	
  only	
  be	
  

absorbed	
  or	
  emiLed	
  in	
  chunks	
  (photons)	
  of	
  E	
  =	
  hf	
  
②  Possible	
  energy	
  for	
  hydrogen	
  atom	
  can	
  only	
  assume	
  values	
  	
  

En	
  =	
  –Ry/n2	
  (see	
  next	
  slide)	
  
③  Angular	
  momentum	
  can	
  only	
  change	
  by	
  mul@ples	
  of	
  !	
  =	
  h/2π	
  

② All	
  other	
  observables	
  are	
  intrinsically	
  uncertain	
  	
  
①  Posi@on:	
  x…x+Δx	
  
②  Momentum:	
  p…p+Δp	
  
③  Heisenberg:	
  Δx.Δp	
  ≥	
  !/2	
  

③ Picture:	
  par@cle	
  mo@on	
  described	
  by	
  waves	
  (“wave	
  
func@on”	
  ψ)	
  that	
  cannot	
  be	
  located	
  precisely.	
  
Quan@za@on	
  "	
  	
  Standing	
  Waves	
  



Quantum	
  Mechanics	
  in	
  20	
  min	
  
①  Electron	
  “mo@on”	
  in	
  hydrogen	
  atom	
  

(nucleus	
  =	
  proton):	
  standing	
  wave	
  
described	
  by	
  wave	
  func@on	
  ψ(r)	
  

②  Schrödinger:	
  Wave	
  func@on	
  is	
  solu-­‐	
  
@on	
  of	
  the	
  equa@on	
  Hψ(r)	
  =	
  Eψ(r),	
  	
  
where	
  E	
  is	
  a	
  possible	
  energy	
  	
  
“eigenvalue”	
  and	
  H	
  is	
  a	
  differen@al	
  
operator	
  (“The	
  Hamiltonian”)	
  

③  Hydrogen	
  atom:	
  Only	
  possible	
  energies	
  are	
  
En	
  =	
  –Ry/n2	
  with	
  Ry	
  =	
  13.6	
  eV	
  and	
  	
  
n	
  =	
  integer.	
  In	
  general	
  all	
  atoms	
  have	
  a	
  
fixed	
  series	
  of	
  possible	
  energies	
  En	
  	
  

Light	
  can	
  only	
  be	
  emiLed	
  with	
  frequencies	
  given	
  by	
  	
  
hf	
  =	
  En	
  –	
  Em	
  

n	
  



Quantum	
  Mechanics	
  and	
  Line	
  Spectra	
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Measuring	
  Temperature	
  

•  Peak	
  wave	
  length	
  (blackbody	
  spectrum)	
  
•  Total	
  energy	
  output	
  (Stefan-­‐Boltzmann	
  law)	
  

– Works	
  only	
  if	
  R	
  is	
  known.	
  Vice	
  versa:	
  R	
  if	
  T	
  is	
  known!	
  

•  Rela@ve	
  intensity	
  of	
  spectral	
  lines:	
  

Almost all hydrogen atoms in the 
ground state (electrons in the n = 1 
orbit) => few transitions from n = 2 

=> weak Balmer lines 

Most hydrogen atoms are 
ionized => weak Balmer lines 

Boltzmann:	
  

n(E)∝ 1
eE /kT
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Hertzsprung-­‐Russel	
  Diagram	
  













Hertzsprung-­‐Russel	
  Diagram	
  


