Quantum mechanics. Department of physics. 7™ semester.

Lesson Ne 8-9. Refresher course of previous semester: main equations and concepts

of qguantum mechanics.

1. De Broglie wavelength (matter waves).

2. Wave function. The physical meaning of the wave function.

3. Definition of Hermitian operator. Eigenvalues and eigenfunctions equations.

Properties of eigenvalues and eigenfunctions of Hermitian operator.

Average value of the operator of a physical quantity.

Schrodinger’s wave equation.

Schrodinger’s stationary equation. Hamilton’s operator.

Operators of coordinates and impulse.

Hamiltonian of the harmonic oscillator.

Uncertainty relation between coordinate and impulse.

10 Spin concept. Pauli exclusion principle.

11.Qualitative explain character of the particle movement in a field with potential
energy U (X) of the set type.
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New topic: Angular momentum operator. Commutation relations. Eigenfunctions

and eigenvalues of |, u 12, Raising and lowering (ladder) operators I;.
1. Angular momentum operator.

1.1. Definition of the angular momentum operator L in Cartesian coordinates:
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In tensor notation:
I—i = gljkxj pk

& — Levi-Civita symbol.
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Task 1. Prove commutation relation:

|G%y [=iney ;[0 |=iney b [ G0 | =ing,l; [0 ]=0.



Task 2. Calculate [I:I : ?2} (From HKK Ne 3.4(a))

1.2. Dimensionless angular momentum operator | :
4 1=z A A N S,

1.3. Operators |, u | % in spherical coordinates:
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1.4. 1, and | “ eigenfunctions and eigenvalues:

12, (0,0) =1(1 +1)Y, (6,0), 1=0123,...
LY, (6,0)=mY, (6,9), m=0+1+2,.. .

| — orbital (azimuthal) quantum number, m — magnetic quantum number.

Spherical function: Y, (8,9) =C, P"(0)e™;

m |

R(cosd); R(cosd)=

P (cos@)=sin"@ (cos’0-1)

(dcos@)” 2'1'(d cos@)
rae B™(6) — associated Legendre polynomials, B (€osé&) — Legendre polynomials,

C,,, —normalization constant.
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1.4. Raising and lowering (ladder) operators I, :
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Task 3. Prove commutation relation



(00 =t [00 =2,

Task 4. Prove, that I;t//m, where /. — eigenfunctions of the operator I; Z-projections

of the angular momentum(lzl,ym =My, M= 0,11 +2, ) are also eigenfunctions

of the operator fz with eigenvalues m+1 and m—1 for f+ u f_ (HKK Ne3.11)

Task 5. Find eigenvalues of the operator | 2. Use commutation relations from task 3.

Task 6. In state y with certain projection of the angular momentum on the axis z

calculate average values |, 1., L, LI, 1L 12,1217, (HKK Ne3.12)

X yl z! Xy! yxl X! y’ z"

Hometask HKK Ne 3.4(a), HKK Ne 3.12 (finish), 3.13, 3.14.
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