
  

Thursday, September 13th

- Sommerfeld's Refinements to the Bohr 
Model and Fine Structure

- Multielectron Atoms
- Permitted and Forbidden Line Emission

Data Reduction Review & Homework 
Questions



  

Reduced Mass Correction

Reduced Mass:
me=

mp

1836.153

=
me⋅mp

memp
=

1
1823.8

=5.4823×10−4amu=9.104589596×10−28g
me−=4.793004302×10−31g

Consequence for the Bohr Atom:
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2Z2e4m
nh2

=−
22

⋅12
⋅4.803204273statcoulombs4⋅4.793004302×10−34g

1⋅6.6260755×10−27ergs
E=.00716eV
 =.4797A



=1.368×104



  

Is fine structure important?
Fine structure is very small in 

general, but significant for 
larger atoms with larger 

angular momenta
mzB=mBSzLz

 E=mBgB

mB=
eh

2mec
=5.7883817555×10−5 eV

T



  

Sommerfeld's Correction

-Semiclassical attempt to correct for small 
errors in the Bohr model
-treats electron orbits as ellipses



  

Sommerfeld Quantization
Instead of taking mvr = nh, which assumes 
a circular orbit, use the path integral 
around the ellipse (which is still angular 
momentum):

∫ pds=nh

E=UK=
Z e2

r

p2

r
=
m
2

 ṙ 2
r 2

̇
2


pr=mṙ ,L=mr2 ̇

Since we're looking an elliptical orbit, Kepler's 2nd law gives  that angular 
momentum is conserved, so L is a constant over the integral, and therefore

∫ Ld=2 r2̇=2mvr=kh

i.e. angular momentum is quantized



  

Kepler



  

Sommerfeld Correction to 
Energy

There is no direct energy dependence on 
k, but “relativistic effects” cause the 

orbits to precess
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Just as with the center-of-mass correction, 
we have a very small correction of order 
4.5e-5 eV or .1 angstroms



  

Multielectron Atoms
Energy calculated using approximations of 
Schrodinger equation called Hartree-Fock 
equations

-central potential of averaged nucleus and 
surrounding electrons

-”exchange potential” effective repulsion from spin 
because of Pauli Exclusion principle

Hund's Rules (strictly only for ground 
state)

-larger spin => lower energy
-in a given configuration and spin, particles with the 

largest angular momentum have lowest energy
-Both result from electron repulsion: spin from Pauli 

Exclusion, angular momentum from electric repulsion



  

Permitted Transitions

n=3

n=2

n=1

Hα

Ly α

Fine structure const.:
  α = e2/  hc = 1/137

Fine structure:
  δE / E ~ α4 ~ 5x10-5   eV
Spin / orbit  (l * s)

1s  2S1/2

2s 2S1/2

3s  2S1/2

3p 2Po
3/2

3p 2Po
1/2

3d 2D5/2

3d 2D3/2

2p 2Po
3/2

2p 2Po
1/2 Hyperfine structure:

 δE ~ 6x10-6   eV

Selection Rules:
 ∆l  = 0, +/-1
 ∆j  = 0, +/-1
even <=> odd parity
 



  

Forbidden Transitions

Notation: 
O I 6300 - Permitted

Mg I] 4571 – Intercombination or 
Semiforbidden

[O II] 7320 – Forbidden



  

How to use 
http://www.nofs.navy.mil/data/FchPix/cfra.html



  

Immediate Results...



  

The results you want to look at



  

IRAF Review/Help

I can help more with IRAF and computers 
than QM and physics – I'll leave that to 

Bally.

Onto demo of:
imexamine



  

Homework 1 - Analysis

• Orientation of the image (to 1 degree precision).
• The pixel scale on the sky (in arcseconds per pixel).
• Knowing that the pixel size is 6.8 micrometers, 
calculate the effective focal length of the
imaging system.
• Estimate the magnitude of the faintest star that is 
reliably detected on the image.
• Estimate the magnitude that corresponds to 1 count 
(ADU) on the image (the photometric 0-point).

 I'm more concerned with how you choose to do these 
things than your actual answers – please include an 
explanation, if it's a reasonable attempt but a wrong 
answer you'll get more credit than a correct answer with 
no justification.


