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. Let A(k) = l<:213-700427 where Ay and « are positive constants. The wave packet is given
by
b (z) = / A(K) éRdk = Agme=e17!,

[The integral is usually solved by method of contour integrals, which students will
study in the third semester.]

(a) Plot A (k) and 9 ().

(b) If Ak and Az are defined as widths at which corresponding functions (A (k) and
Y (z)) become 1/e times their maximum value, show that AkAxz > 1.

. For every observable, which correspond to an operator ;1, the uncertainty is defined as

AA = [(A2) — (A)"
For harmonic oscillator the average energy is given by £ = <% + %muﬂ 2>.

(a) For harmonic oscillator, argue that (p) = () = 0.

(b) Calculate the average energy in terms of Az, assuming that AzAp = /2 (this is
the best we can do in QM).

(c¢) Find the lowest possible energy by minimising it wrt Azx.

For the ground state of a particle in a box, find AxAp using the definitions given in
problem 2.

Show that [Assuming that ¢ and its derivatives vanish at +oo]

) =m0

Show that if A is a linear operator, A™ is also a linear operator. (n is positive integer.)
Show that D = % is not a hermitian operator.
Show that if two hermitian operators commute, then their product is also hermitian.

Show that wave functions of a particle in a box are eigenfunctions of p? operator, but
not of p operator.

. In a particle in a box problem, define a parity operator T as

(T1) (2) = F(L/2— ).

Show that the energy eigenstates are eigenfunctons of the parity operator. What are
the eigenvalues of the parity operator?

Sketch a possible solution to the Schrédinger equation for each of the potential energies
shown in the figure. In each case, show several cycles of the wave function. (See figure
5.24 on page 172 of Modern Physics by Krane)



