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Physics 471 - Introduction to Modern Atomic Physics
Time: MW 9:00 AM - 10:20 AM
Location: KPTC 105

Lecturer: Cheng Chin
Office: GCIS E107
Office hour: TuTh 11am to noon
Email: cchin@uchicago.edu 

Online discussion on Piazza
Sign up: https://piazza.com/uchicago/winter2024/physics47100
Access code: 47100

https://piazza.com/uchicago/winter2024/physics47100
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Where do I find class information?
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Evaluation and Textbooks
Evaluation

Problem sets 
Presentation or term paper

Recommended Textbooks
Atomic Physics, D. Budker, D. F. Kimball, D. P. DeMille 2010 
Bose-Einstein Condensation in Dilute Gases, C.J. Pethnick and H. Smith 
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Atomic number Z = # of protons
Mass number A=Z+N = # of protons + neutrons
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Electron configuration

S  S  D  D  D  D  D  D  D  D  D  P  P  P  P  P  filled

F  F  F  F  F  F  F  F  F  F  F  F  F  F
S      P      D       F

# of states     2      6      10     14

What do S, P, D, F… mean? 
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Term symbol: 2s+1LJ     J=L+S: Total electron angular momentum

H
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H and Alkali metals
Fine structure: spin-orbit interaction
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Term symbol: 2s+1LJ     J=L+S: Total electron angular momentum

Cs

Hyperfine structure skipped here
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Term symbol: 2s+1LJ     J=L+S: Total electron angular momentum

e-e
interaction

Spin-orbit
interaction
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Splitting
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H and Alkali metals
Fine structure: spin-orbit interaction
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Hyperfine structure
Spin-spin interaction

L=1 s=1/2 i=7/2

L=0 s=1/2 i=7/2

133Cs
62P3/2

62S1/2

F=L+s+i
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Hyperfine structure
Spin-spin interaction 

L=1 s=1/2 i=7/2

L=0 s=1/2 i=7/2

133Cs
62P1/2

62S1/2

F=L+s+i
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The BNM-LPTF Rubidium fountain









Test of fundamental symmetry
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Example:
Electric dipole moment of electrons and ground state atoms
T-reversal symmetry and CPT invariance



Physics 471 - Introduction to Modern Atomic Physics

Variation of Fundamental constants
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Case 1:  H=H0 diagonal in s and L

Case 2: H=H0+εs·L      small ε
(spin-orbit)

Case 3: H=H0+εs·L+δs·i      small ε very small δ
(spin-orbit + hyperfine)

Next: H=H0+εs·L+δs·i+s⋅B
(spin-orbit, hyperfine and Zeeman effect)

Remark:
1. δ is typically very small
2. s·L is not necessarily small compared to H0

So far we have considered ….
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Zeeman effect in the ground state
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6Li
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Zeeman effect in the ground state
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