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Exercise 1
1. Give, in spectroscopic notation nℓj, the energy levels n = 1 and n = 2 of the hydrogen atom. 
2. Determine the spin–orbit corrections to the n = 1 and n = 2 levels of H. 
3. Determine the energy splitting between the perturbed 2p sublevels. Is Landé’s interval rule verified? 
Exercise 2
1. We consider a multi-electron atom: a) Define an electronic configuration.
b) State the Madelung rule.
c) Give the ground-state electronic configurations of ⁶C, ¹⁷Cl, and ²⁶Fe.
2. We consider the ground-state configuration of carbon ⁶C: 2p² (denoted C₀) and its first excited configuration 2p3s (denoted C₁). 
a) Determine, in RS coupling, the spectroscopic terms of configurations C₀ and C₁.
b) Calculate the total degeneracy of C₀ and C₁ from the spectroscopic terms.
c) Determine, in RS coupling, the energy levels of C₀ and C₁.
d) Calculate the total degeneracy of C₀ and C₁ from the energy levels.
3. a)State Hund’s rule.
b) Determine the ground energy level, in RS coupling, corresponding to configuration C₀⁺. Represent it using quantum boxes.
Exercise 3 
We consider the hydrogen resonance line 1s → 2p with wavelength λ = 121.6 nm.
I We correct the non-relativistic Hamiltonian H₀ of hydrogen by adding the spin–orbit interaction:   WSO = ζ(r) l⃗ · s⃗ The expectation value of ζ(r) in the coupled basis |n l s j mⱼ⟩ is Anl.
1. Give the physical meaning of WSO. 
2. Express WSO in terms of j², l², s² and Anl. Deduce the energy associated with WSO in the coupled basis. 
3. Show that each level nl (l ≠ 0) splits into two fine-structure sublevels. Specify the quantum numbers. 
4. Give the energy difference between 2P₁/₂ and 2P₃/₂. 
5. The Lyman-α line (λ = 121.6 nm) splits into two components due to spin–orbit interaction, separated by 5.3 × 10⁻⁴ nm. 
a) Show that the spin–orbit coupling constant of the 2p level is: 
where λ₁ and λ₂ correspond to transitions 1s₁/₂ → 2p₃/₂ .
b) Calculate A₂p ħ² in cm⁻¹.
Exercise 4:
Consider an electron of mass m and charge −e in uniform circular motion around a nucleus. Its speed is  and its radius is r.
f) Does the electron behave like a magnet? What does its orbital magnetic moment represent?
g) Given M⃗ = I S⃗, express the orbital magnetic moment in terms of orbital angular momentum.
h) Since l⃗ is quantized, and the smallest magnetic moment is the Bohr magneton μB, determineμB.
i) In an external magnetic field B⃗, describe the system’s behavior. Express the magnetic energy and interpret it physically.
Exercise 5:  Consider configuration C₁: 1s² 2s² 2p⁴ (oxygen atom).
1. Calculate the degeneracy of C₁. 
2. Determine RS terms and energy levels of C₁. 
3. Calculate degeneracy in two different ways. 
4. Given spin–orbit energies:  (0.020 eV, 0.028 eV, 1.97 eV, 4.19 eV)
a) Draw the energy diagram in increasing order and label levels in spectroscopic notation.
b) Calculate in eV and cm⁻¹ the fine-structure constant A(2³P).
5. Determine Hund’s levels for configurations 2p² and 2p3d using quantum boxes. 
Exercise 6: the configuration 1s22s22p63s23p6 of potassium. we give energy levels of potassium (cm⁻¹):  E(4s)=-35009.78 cm-1             	E(4p)=-21986.13 cm-1 E(5s)=-13982.98 cm-1   	E(5p)=-10295.83 cm-1  E(6s)=-7559.13 cm-1	E(6p)=-6004.88 cm-1  E(3d)=-13474.43 cm-1             	E(4f)=-6882.10 cm-1  E(4d)=-7612.33 cm-1   	E(5f)=-4404.18 cm-1   E(5d)=-4824.40 cm-1	E(6f)=-3056.78 cm-1
1. Calculate the Rydberg constant for potassium and the ionization wavelength. (Z = 19, A = 39) 
2. Calculate quantum defects for S, P, D, F states. 
3. Spin–orbit splitting of P levels: WSO = Aₙₗ l⃗·s⃗.  Compute Δw for 4p, 5p, 6p:
Δw = E(n²P₃/₂) − E(n²P₁/₂)       Given:  A₄p = 38.48 cm⁻¹, A₅p = 12.50 cm⁻¹, A₆p = 5.60 cm⁻¹
4. Determine wavelengths of D1 and D2 lines:   D1: 4²S₁/₂ → 4²P₁/₂    D2: 4²S₁/₂ → 4²P₃/₂ 
Exercise 7:Ground-state configurations: 
1. Write ground states in spectroscopic notation. 
One electron is removed from the magnesium atom Mg (resulting in Mg+), two electrons from the aluminum atom Al (resulting in Al++) and three electrons from the silicon atom (resulting in Si+++). The energies of the ground states 3 2S1/2 are given as :

Calculate S-state quantum defect.
3. Calculate P-state quantum defect (neglect spin–orbit), given first excited 3P energies. 

4. In fact, the fine-structure constant A(3P) of the excited state 3P is not zero. What is the fine-structure interval ∆w(3P) in each case, with:  Δω = E(³P₃/₂) − E(³P₁/₂).
5.     Find Δλ = D1 − D2 where:           D1: 3²P₁/₂ → 3²S₁/₂          D2: 3²P₃/₂ → 3²S₁/₂
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