Problem Set 7

Harmonic Oscillator

. For the quantum harmonic oscillator, prove that v, (z) is an eigenfunction of the Hamiltonian
for the lowest few quantum numbers (n = 0,1,2,...). What is the corresponding eigenvalue?

. Show that, A#Ap, > 2, using the general uncertainty relation, AAAB > %\([fl, B])|, for the
ground state harmonic oscillator wavefunction, ¥y(x).

. Show that the lowest few harmonic oscillator energy eigenfunctions are orthonormal.

. Determine the matrix elements of the position operator in a basis of the lowest few harmonic
oscillator wavefunctions. X;; = (1;]Z|v;)

. Determine the matrix elements of the square of the position operator in a basis of the lowest
few harmonic oscillator wavefunctions. Y;; = (¥;]22[4;)

. Determine the matrix elements of the momentum operator in a basis of the lowest few har-
monic oscillator wavefunctions. Pj; = (1;|pz|¢;)

. Determine the matrix elements of the square of the momentum operator in a basis of the
lowest few harmonic oscillator wavefunctions. Q;; = (1;|p2|;)

. Determine the matrix elements of the Hamiltonian (total energy) operator in a basis of the
lowest few harmonic oscillator wavefunctions. H;; = (1;|H |1;)



Some Potentially Useful Equations

Energy eigenfunctions: Yy = ApHy (al/? )e_‘mg/Q, n=0,1,2...
a= B2 A= Ao

Energy eigenvalues: E,=(n+ %)h\/%

Expectation value: (A) = E&’o:o ww*(zﬁﬁgix

Position operator: r=x

Momentum operator: Pr = —ih%

Kinetic energy operator: T = % dd;

Potential energy operator: V=V()= Tha?

Hamiltonian operator: H=T+V

Matrix form of an operator Apn = (U,,|A|D,,) =/ 2)AU,, (z)dx

Commutator: [A,B] = AB — BA

Root-mean-square deviation: AA = /(A2) — (A)?

Heisenberg uncertainty principle AAAB > %|<[/Al, B))|

Hermite polynomials

Hy(z) =1

Hi(z) =2z

Hy(z) =422 -2

H3(z) =823 — 122

Hy(z) = 162% — 4822 + 12

Hs(z) = 322° — 16023 + 120z



