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Quantum mechanics HW 1a, Tuesday 3 April 2007

1.14,16.1,1.6.2,1.6.3
G)
-Exercise 1.1. 4 * Consider the vector space discussed in Exercise 1.1.1. Show
that the elements (1, 1, 0), (1, 0, 1), and (3, 2, 1) are lincarly dependent. [Assume
that one of them is a linear combination of the other two, and find the (nontrivial)

coefficients of the expansion.] Show likewise that (1,1,0), (1,0, 1), and (0, 1, 1)
are LI,
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Exercise 1.6.1. An operator .0 by matrix
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1 0 0
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- Exercise 1.6.2.* Given & and A are Hermitian what can you say about
L (i) 04; (i) 24 + AQ; (i) [, A); and (iv) i{R, 477

Exercise 1.6.3.* Show that a product of unitery operators is unitary.
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Theorem 5 (Gram~Schmrdt Theorem). Given n vectors | ¥,>, | Vo).

| » | V2> that are LI, we can get, by forming linear combinations,
n orthonorma] vectors, [ 1>, ]2, .. Dy ).

Proof. Let us first construct # mutually orthogonal vectors, Let
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Exercise 1.3.2, Consider the vectors e
3 ' 0 0 A

[ VDe|0 , | Voo !, VD2

0 2 5 -
Use the Gram-Schmidt procedure to get the following orthonormal basis: e
1 0 0 — ]
D0, 125afyst], 36| _2smn |
0 2/51!‘ l/sll’ T

Is this the only orthonormal basis you can get in this case? (What if you change
the SIgn of the components of | DY
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QM 1b Physical Systems HW Thus.S.April 2007
Math review II: Ch.1.7-1.10
Do 1.8.1 (p.45), 1.83, 1.8.5, 1.92 (p.60), 1.10.1, 1.10.2

o mi:xercise 1.8.1. (a) Find the e:genvalues and normalized cigenvectors of the .
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Exercise 1.8.2.* Consider the matrix

00 1 oo lax

.Q--=[000 J?f:(d‘"’j:)l
1 0 0O j 0o

() Is it Hermitian? YE€ 0 1= -

(b) Find its eigenvalues and eigenvectors.

(c) Verify that UtQU is diagonal, U being the matrix of eigenvectors of 2. ———
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Exercise 1.8.3.* Consider the Hermitian matrix

4 2 0 0
0 —1 3

(a)ﬂhbw that w;, =, =1; @y =2.
{b) Show that { @ = 2> is any vector of the form

1 : —
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(c) Show that the w = | eigenspace contains all vectors of the form e e
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. either by feeding w = I into the cquations or by requiring that the & ~ | eigen-
rm be orthogonal to | w = 2).
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Exercise 1.9.2.* If H is a Hermitian operator, show that U = ¥ is unitary.
(Notice the analogy with ¢ numbers: if @ is real, u = ¢* is a number of unit
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Exercise 1.10.1.% Show that d(ax) = 8(x)/|a). (Consider { &ax)
Ruwnbcrthat“x)-}&( x)] ‘

d(ax).
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| where x, are the zeros of f(x). Hint: Where does 8(f{x)) blow up? Expand f{x)

Exercise 1.10.2.* Show that _
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near such points in a Taylor series, keeping the first nonzero term.
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