Phys 401, Fall 2018 Homework Assignment 6 Due on Dec. 20, 10:00

In the following problems X and P denote the standard position and momentum operators
acting in L*(R).

1 (5 points) Solve Exercise Problem 4.2.2 on Page 139 of Shankar.
2 (5 points) Solve Exercise Problem 4.2.3 on Page 139 of Shankar.
3 (10 points) Solve Exercise Problem 5.1.3 on Page 155 of Shankar.
4 (10 points) Solve Exercise Problem 5.2.1 on Page 163 of Shankar.

5 A particle of mass m moving in a straight line interacts with a potential of the form

[ =Wy for |z| <a,
v(z) = { 0 for |z|>a,

where V) and a are positive real parameters.

5a (30 points) Obtain all possible nonzero solutions of the time-independent Schrédinger
equation and determine the structure of the energy spectrum of the system.

5.b (25 points) For each positive value of energy E > 0 the time-independent Schrédinger
equation admits a pair of solutions ¥ g4 (z) satisfying

Yp-(z) =

T,(E)e tkee for z < —a,
e"*eT 1 R (E)e*Er for x> a,

e*e® 4 Ri(E)e *e® for z < —a,

T,(E)etke=® for x> a,

Ve (z) = {

where kg := vV2mE/h, and R,,T,, R;, and T} are functions of E. Obtain explicit expres-
sions for these functions, i.e., give their formula in terms of F, a, V and m.

5.c (5 points) Show that |R;| = |R,|.

5.d (10 points) Show that |R,|> + |T;]* = 1 and |R,|* + |T,|* = 1.



