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§3.1 • Energy levels of atoms
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Quantum numbers

Principal quantum #  
n = 1, 2, 3…

Orbital angular momentum #  
l = 0, 1 … (n-1) 
(0, 1, 2, 3) = (“s, p, d, f”)

z-orbital angular momentum #  
m = -l … 0 … l
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s = +1/2, -1/2
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Subshells for Sodium
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Sodium ground state: 
“1s2 2s2 2p6 3s”



Subshells for Carbon
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Fine and hyperfine splitting
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Spectroscopic notation

n2S+1Lp
J

32P1e.g.

Principal quantum #  
n = 1, 2, 3…

Total orbital angular mom. #  
 (vector addition) 

(0, 1, 2, 3) = (“S, P, D, F”)
L = Σl

Total spin # 
 (vector addition)S = Σs

Total ang. mom. (L + S) #  
J = |L - S| .. |L + S| 
(vector addition)

Parity 
p = “” (even) or “o” (odd)



Energy levels of ionized nitrogen
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g = 2J + 1
Degeneracy



Examples of subshell configurations
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§3.2 • Transitions between levels



Rules for transitions

“Allowed transitions” = electric dipole transitions 

• Parity must change 

• , but  is forbidden 

• , but  is forbidden 

•  

• If a single electron is involved, 

ΔL = 0, ± 1 L = 0 → 0
ΔJ = 0, ± 1 J = 0 → 0
ΔS = 0

Δl = ± 1



Allowed and (semi-)forbidden transitions

Draine 6.7.1§

• Parity must change 

• , but no  

• , but no  

•  

• If a single electron, 

ΔL = 0, ± 1 L = 0 → 0

ΔJ = 0, ± 1 J = 0 → 0

ΔS = 0

Δl = ± 1

• odd changes to even 

•  ( ) 

•  

•

D → P L = 2 → 1

J = 1 → 0

S = 1 → 1

NII 1084.4Å 3Do
1 → 3P0



Allowed and (semi-)forbidden transitions

Draine 6.7.1§

• Parity must change 

• , but no  

• , but no  

•  

• If a single electron, 

ΔL = 0, ± 1 L = 0 → 0

ΔJ = 0, ± 1 J = 0 → 0

ΔS = 0

Δl = ± 1

• odd changes to even 

•  ( ) 

•  

•

S → P L = 0 → 1

J = 2 → 2

S = 2 → 1

NII] 2143.4Å 5So
2 → 3P2



Allowed and (semi-)forbidden transitions

Draine 6.7.1§

• Parity must change 

• , but no  

• , but no  

•  

• If a single electron, 

ΔL = 0, ± 1 L = 0 → 0

ΔJ = 0, ± 1 J = 0 → 0

ΔS = 0

Δl = ± 1

• odd changes to even 

•  ( ) 

•  

•

D → P L = 2 → 1

J = 2 → 1

S = 0 → 1

[NII] 6549.9Å 1D2 → 3P1



Energy level diagram of hydrogen

Trypsteen & Walker 2017

Ionizing 912 Å 13.6 eV

Hα 6563 Å 1.9 eV

Ly-α 1216 Å 10.2 eV



Energy level diagram of hydrogen

Osterbrock & Ferland 2.2§

Δl = ± 1
photon spin:



§3.3 • Thermodynamic equilibrium  
and blackbody radiation



Equilibrium distributions



§3.4 • Absorption and emission



Ground state, statistical weight g1

Excited state, statistical weight g2
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Transition probability tables

Osterbrock & Ferland 3.5§



§3.5 • Collisional excitation



Ground state, statistical weight g1

Excited state, statistical weight g2
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Collision strength tables

Osterbrock & Ferland 3.5§



Collision strength tables



Collision strength tables

Blum & Pradhan 1992



Collision strength tables

Blum & Pradhan 1992
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