PH 451: Capstone in Quantum Mechanics
Homework 5 Due 2/6/09

1. Consider particle #1 with spin 1/2 (s; = 1/2) and particle #2 with spin 1 (s, = 1).

(i) List the possible values of total spin for this two-particle system, and for each, the
projection of the spin on the z-axis. How many possible states are there for each total spin
value?

(it) We will now find the eigenstates of the total spin and total spin projection on the z-axis.
S=F+F+ (Q_éh +S.S + 2§h§22) will be useful.
(a) Provethat the state |s, = £, m, =1;s, =1,m,, =1) isan eigenstate of the total spin and

total spin projection on the z-axis, with eigenvalues s(s+1)#* and m: respectively
wheres=2 andm, = 2.

(b) Operate on this state with the lowering operator for the TOTAL spin to generate the next

eigenstate of the total spin and total z-projection. Prove that the state you have generated
isindeed an eigenstate and find s and m, .

(c) Continueinthisway until you have found all four states and their eigenvalues.

Y ou should get atable like this (partially filled in for you):

Total spin eigenstates| Combination of single particle spin eigenstates | s mg
[s=3.m=3) s =3m=35=1m,=1) 312 32
[s=3.m=3) Blmy=-4im, =D+ 2|my=L;m,=0) |32 12
|s=2,m =?) 2 ? 2
[s=2m =?) ? ? ?

(Goswami 17.A6) Consider two electronsof spin /2and/=1.

a. What are the possible values of the quantum number for the total orbital angular
momentum L = L1 + L,?

b. What are the possible values of the quantum number for thetotal spin S=S; + S,?

c. Now find the possible quantum numbersj for the total angular momentumJ=1L + S,

d. What are the possible values of the total angular momentum of each particlej; =L; +$;
and j2 =L+ S?

e. Find the possible values of j from the combination of j; and j, and compare with the
result of part c.



