This problemn concerns a quantium mechanical systemn of 2 identical spin 1/2 fermions
in parts (a), (b), and (c). Parts (d), (¢), and (f) concern a system of three identical
spin 1/2 fermions. The two fermion systein consists of fermions 1 and 2, while the three
fermion system consists of fermions 1, 2 and 3. In this notation, for the two fermion

system if 1 had spin up and 2 has spin down, the spin state would be written as | + — >.

(a) For the two fermion system, the values of the total spin quantum number are S = 0, 1.

Construct the three normalized spin states of S = 1, labelled by the values of

S, =0,+1.
(b) Construct the normalized state of S = S, =

(c) Suppose now the system is one dimensional in space. The two fermions can be in

cither of the two (normalized, orthogonal) spatial states 1), (x) and ¢,(x). The two

fermion spatial wave function is

%(U’n(ﬂ )1/}1:(.’1;2) - 1/)b(:”l )1/)”'('772))’

where z; and z, are the spatial coordinates of fermions 1 and 2, respectively. Write

down a valid total wave function (spin and space) which satisfies the Pauli principle,

and has S, =

The rest of the problem involves a three spin system

(d) Now turn to a system of 3 spin 1/2 particles, 1, 2, and 3. Write down the four

normalized states of total spin .S = 3/2, corresponding to S, = +3/2,4:1/2.

() There are two states of total spin S = 1/2. Find one of them with S, = 1/2 Dy
forming a state which is symmetric in the interchange of spins 1 and 2, and is

orthogonal to the state with S = 3/2,5, = 1/2.



(f) Now consider the spatial states of the three particles in one dimension and assuine
the particles cau be in the normalized and orthogonal states ¥, (), ¥ (), ov ¢i(2)).
The system is known to have S = 3/2,5, = 1/2. Which of the lollowing spacial
wave functions for the system of three spins will allow the PPauli Principle to be

satisfied?

Vo= *\‘}“6(7/)“(-751)1/Jh(-772)1/)c($3) + Ya(x1)hn(23)e(32) + Wa(z2) 0 (23)e(1)

Fiha () () he(3) + Yals)Pp(x ) Pe(x2) + Palxs) () he(a1)),
or

\I’, = %(wa(-’l?1)’(/_)')(-73'2)7/%(3:3) - I/)a("l;l)wb(w(%)l/)c(mﬁ!) + T/"u(5132)7/"()("1:3)1/'}6(371)

“1/’(1.(1172)1/11)(-’171)1/%(?153) + ?/)a(-753)7/’b($1)1/)c(152) - 7/)(1.(-'17.'3)7//%(5’:2)7-/)::(-75I))»

Choose either ¥ or W' and briefly explain your rcasoning.



