PHY502 Problem Set #4

(1) Lipshutz Problem 6.43

(2) Lipshutz Problem 6.45

(3) Consider a vector space V defined over the field of complex numbers, with

dim(V') = 2 and basis S = {|v1), |v2)}, and a set of linear operators {1y, 11, T2, T3}
which act on a vector |v) = a|vi) + [ |v2) € V as follows:

To(jv)) = |v),

Ti(jv)) = Blur)+alv),

Tr(jv)) = —ifBlv1) +iava),

Ts3(jv)) = alvr) —Blva). (1)

Define T'(V') to be the set of all linear combinations of {7y, Ty, T2, T5}:

3

T(V)={T:V - VpT=> \NTj; A €C}. 2)
i=0

a) Show that {1y, T, 7%, T3} forms a basis for T'(V).

(b) Find the matrix representation of the set {Tp, T4, T», T5} relative to the basis
S.
(¢) Find the matrix representation of the set {To, T1, T», T3} relative to the basis
Sy = {[u1), luz)}, where

ju) = |v1) + [v2)
lug) = |v1) — |va) (3)

(d) Show that T'(V) is isomorphic the algebra of all linear operators on V,
AV)={A:V >V}
(e) Show that the matrix representation of the linear operator

iTu0

Dy :V — V; Do(f) = exp (_T) (4)

relative to the basis S is given by:

_ ( cos (g) — ¢ sin (g) 0
Do(0) < 0 cos (%) — isin(g) ) ' (5)

Derive similar expressions for the matrix representations of

D;(0) = exp (—’7;9> i=1,2,3. (6)

(You may use series expansions for functions without proof.)



