PH142 Physics 11 Spring 2014

Homework 2 - Quantities and values

Q2.1. Let
(z|r) = (yly) = 1 (Q2.1.1)
(zy) =0 (Q2.1.2)

and
Ly =ily) (x| —ilz) (y| (Q2.1.3)

Determine the eigenvalues and eigenspaces of L,, and show that they are orthog-
onal and complete.

A2.1.
Loy (alz) + By)) = (ily) (=] —ilx) (y]) (a|z) + Bly)) = —if |z) + i |y)
(A2.1.1)
therefore for an eigenvector with eigenvalue \ we require
—if i«
— === A2.1.2
3 (A212)

which gives = fia and A = +£1, respectively. Thus the eigenvalues of L, are 1
and —1 with eigenspaces containing vectors proportional to

D = () +il) (A2.13)
1) = () =il (A2.1.4)

respectively. Noting that
(101) = 5 (1) — i)' (1) + o)) = 3 (Gl i (o) (1) + i) =0 (A2.15)

and that |1) and |—1) are two independent kets in a two dimensional Hilbert space,
we see that the eigenspaces are orthogonal and complete.

Q2.2. Express |z) and |y) in terms of the eigenvectors of L,,. Calculate (x| L,, |r) and

(al 12, In).
A2.2. 1 ] ]
o) = 5 (1) 113)) + 5 (a) = ilu) = = (1) + |=1) (A22.)
) = 5 () +il) = 5 () —il)) = —= (D= |-1) (422
(ol Ly lo) = 5 (O (1) Ly (1) +]-1) = S [1 + (-] =0 (A223)
(o 2, ) = 5 (U + 1) 22, (1) + |-1)) = 3 [P+ (-1 =1 (A2.2.4)
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