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1. Show that the commutator obeys:
a. [A,B] = ~[B, 4]
b. [4,B+(C) = [4,B] +[4, Cl
c. [A, BC] = [4, B]C + B[4, C]
d. [4,]B, Cli+[B,][C, Al +1[C, 14, Bll=0




2. Given the fundamental commutator relation between momentum and position: [, §] = 1h,
show that 1) [£7, 5] = whng™"), §i) [2,5%] = hnpn~t. Using these results show that if
f{&) can be expanded in a polynomial in # and 9(7) can be expanded in a polynomial
in p, then [f(2),5] = oidf/d2, and [z, g(p)] = shdg/dp. '
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3. The Hamiltonian operator H for a certain physical system is represented by the matrix

R 1 00
H=ho| 0 2 0 (1)
00 2
while two other observables A and B are represented by the matrices
) 0 X 0O X 20 0 0
A=V X 0 0 |, B=| 0 0 g}, (2)
0 0 2x 0 pn O

where X and p are real numbers.

a." Find the eigenvalues and eigenvectors of A and B.
b. If the system is in a state described by the state vector

u=cuy + ey + c3us

(3)
where ¢3, ¢z, and ¢3 are constants and
1 0 0
) = 0 , Ug = 1 ,ug = ¢ . (4}
0 0 1

j. Find the relationship between ci, cg, and cg such that u is normalized to unity.
ii. Find the expectation value of 5, A, and B.

iii. What are the possible values of the energy that can-be obtained in a measure-
ment when the system is described by the vector u? and with what probability?




