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Exercise n°1: States of a One-Electron Atom
1. Recall the quantum numbers that define a one-electron atom. What is their physical meaning and how are their possible values related?
2. Are the following statements true or false? Justify or comment.
a) If l=1, the electron is in a d orbital.
b) If n=2, ml can be equal to −1.
c) For a d electron, ml can take the value 3.
d) For a d electron, ms can be equal to 2.
e) If l=2, the corresponding subshell can accommodate at most 10 electrons.
f) The principal quantum number n of an electron in an f subshell can be equal to 3.
Exercise n°2: Hydrogen-Like Atoms
1. Write the Schrödinger equation for a hydrogen-like atom of nuclear charge Z. Explain the different terms.
2. The complete solution of the Schrödinger equation shows that the possible orbitals of hydrogen-like atoms are fully specified by three quantum numbers n, l, and ml.
a) Which orbitals are allowed among the following (n,l,ml) sets?
(1,0,−1), (2,1,0), 3,−1,0), (3,2,−1) (3,2,2) (2,0,0) (4,1,1) (4,0,1), (4,5,−1), (5, 4, -1), and(4,3,2).
b) On which quantum number(s) do the energy levels of hydrogen-like atoms depend? Rank the allowed orbitals in increasing order of energy.
c) Calculate the total degeneracy g(nl) of each allowed orbital, taking spin into account.
d) Calculate the degeneracy gn of each energy level listed in question 2b.
Exercise n° 3: Study of the 1s State of the Hydrogen Atom
1. Using the data given in the appendices, determine the wave function ψnl(r, θ, ϕ) of the 1s state of the hydrogen atom.
2. Show that the wave function of the hydrogen 1s state is normalized.
3. Express the volumetric probability density
 = ρ(r,θ,ϕ) = ψnlψnl*
(where V is the volume of the sphere of radius r representing the atom) for the electron in the 1s state. Plot it and deduce the symmetry and shape of the 1s orbital.
4. a) Determine the expression of the radial probability density  =D(r) for the electron in the 1s state and compute its derivative.
b) Complete the table below and sketch D(r).
c) What does the radius r′, for which D(r) is maximum, correspond to? Calculate the mean value of r in the 1s state and compare it with r′. Conclude.
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5. What is the probability of finding the electron of the hydrogen 1s orbital between a0/2 and 5a0​?
6. State the virial theorem. Calculate the potential energy of hydrogen in the 1s state and deduce the total energy of this state.
Exercise n°4: Study of the 2pz ​ State of the Hydrogen Atom
1. Using the data given in the appendices, determine the wave function ψnl(r,θ,ϕ) of the 2pz state of the hydrogen atom.
2. Express the probability density ρ(r,θ,ϕ) for the electron in the 2pz ​ state.
3. a) Calculate the derivative of ρ(r,θ,ϕ) along a given direction in space. For which value does it vanish?
b) Complete the table below.
4. Plot ρ(r,θ,ϕ) as a function of r on the same graph for different values of θ (0∘,30∘,45∘,60∘  and 90∘). Comment.
5. Plot the electronic isodensity curves in the (r,θ) space and deduce the corresponding isodensity surfaces.
6. Define the nodal surface and sketch the 2pz​ atomic orbital.
Exercise n° 5
Calculate the expectation values of the operators L2 and Lz ​ in the state

given that:     
L2 =-ℏ2(                            Lz=-iℏ
Exercise n° 6
Let the two states ψ1​ and ψ2 be defined by    ,    cos
1. Calculate A and B as functions of a.
2. Verify the orthogonality of ψ1​ and ψ2​.
3. Calculate the squared distance between the two electrons represented by the two wave functions.
Exercise n° 7
The quantum dipole moment between two states ψ1 and ψ2​ is given by

1. Show that  is a vector.
2. Determine  in the following cases:





Exercise n° 8
1. Show that the radial equation of motion of an electron subjected to a Coulomb potential is the Schrödinger equation of an electron subjected to an effective potential
Veff =V(r) +
2. Plot     Veff​(r)​ as a function of   ​ for l=0, 1, 2.
3. Determine the minimum value of Veff  for l=1.
Haut du formulaire
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