943 QUANTUM MECHANICS - Homework #5. Due: Friday, April 9, 2004.

1. Once again consider a one-dimensional asymmetric potential well

V(i) = (Vo for0<z<a where Vi <V >V, . (1)

{Vl forx <0
Vs forz > a

Compute the transmission and the reflection coefficients 7" and R for the asymmetric
potential barrier — same formula for V'(z) as in last homework, except now V; < V4 >
V,. Consider 2 cases: E >V, (classically, certain transmission) and E' < Vj (classically,
certain reflection). Also, explain what happens when the barrier is actually a well,
e, Vo <Vip < E.

2. A free particle of mass M moving with energy F is incident from the left upon a
potential barrier of the form

0 for |x| > d/2
{lg((d/2)2—x2) for I.ﬂ'zdﬁ (2)

(a) Assuming that E < gd*/8, estimate the barrier penetration probability.
(Hint: use WKB).

(b) State any assumptions that you made in arriving at your answer to part (a).

3. Consider a single particle of mass M, interacting with a 1-dimensional potential of the
form

Vi) = —g [d(x+a) + d(zr—a)] . (3)

In a world with A = M = 1, what is the minimum value of g for which an odd-parity
bound state exists?



4. This problem is about the Green’s function

Gk—l—ie(fa f I) =

o0 d3q ei‘j"(i“_f’)
/ ()

~o0o (2m)3 (k — q + i€)(k + q +ie)
) . S I . . . . .
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(a) Show that the Green’s function G (Z, Z ) is a solution of the differential equation
(V2+k)Gp(Z,2') = 8@ —-1) . (5)

(b) Write the Schrédinger equation

<_2%62 " U(f)) W@ = BV() ©)
in the form
(V2 + K)U(7) = V(@)U , (7)

with k> = 2M E/h* and V (Z) = 2MU(Z)/h?, and show that
V@) = [ EPGuE T VE ) (®)

is a solution of this equation.
(c) Let

1 I
d)k’(f) = Welk-z (9)

denote the solution of the homogeneous equation (V2 + k*)¢z(Z) = 0. Show
that (7 ') which fulfills the integral equation

V@) = 6@ + [ dGUE TV (E @) (10)
is a solution of the Schrodinger equation.

(d) Let \Ifg (%) be a solution of the integral equation
VE) = gx(@) + / Y B G, )WV (2 ")) (11)

where G140 means lim,_,q G+, where the limit is to be taken after the integration
(in eq. (4)) has been performed. Show that
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(Z) represents a plane wave and an outgoing spherical wave.

> o

(Z) represents a plane wave and an incoming spherical wave.



