Physical Systems — spring 2007
QM HW 3a Tues.17 April 2007 - Shankar 7.3.3,7.3.5,7.4.1,7.4.2,75.2

Exercise 7.3.3. If y(x) is even and ¢(x) is_odd under x - —x. show that

r P()$(x) dx — 0 /

Exercise 7.3.5.* Using the symmetry arguments from Exercise 7.3.3 show
_that <n|X|[n>=<n|P|n>=0and thus that (X?> — (4X)*and {P?> = (4P)®
in these states. Show that <1 | X*{ > = 3#/2mw and <1 | P* | 1> = $mwh. Show
that yo(x) saturates the uncertainty bound 4X - 4P > /2.

Exercise 7.4.1. Compute the matrix elements of X and P in the | n)> basjs

and compare with the result from Exercise 7.34. ) (v v
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Esercise 7.4.2.* Find <X, <P, <X*, <P¥, AX - AP in the state | n).
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Exercise 7.5.2. Project the relation
alny—n"n—15
~on the X basis and derive the recursion relation

H,,'(y) = 2”Hn—1(y)

using Eq. (7.3.22).
Ye(X) = Yo vone () = pa(x)
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Exercise 7.3.4.* Using Eqgs. (7.3.23)-(7.3.25), show that
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QM HW 3b Thus.19 April 2007 - Shankar 7.4.5

Exercise 7.4.5.* At t = 0 a particle starts out in | (0)> = 1/212(] 0>
N . = + | 1))
(i) Find | p(r)>; (ii) find <X(0)> = <p(0) | X | w(0)5, <P(0)3, <X(r)>, (P(1)>;
(iii) find <X(2)> and <P(z)> using Ehrenfest’s theorem and solve for (X (¢))> and

<P(r)> and compare with part (ii). i .f"L?U



