Assignment #2 solutions
Physics 321

. (a) The wavefunction is problemtic, because the sum of the probability ampli-
tudes squared does not equal unity: (0.2)% + (0.4)? 4+ (0.8)? = 0.84 # 1.

(b) The correct amplitude for 1; must be ¢; = /1 — (0.4)2 — (0.8)2 = 0.45, so
the true state is

Y = 0.4591 + 0.41)9 + 0.8%)3

(c) If each state 1, is multiplied by a complex phase ¢/, then the probabilities
do not change. For example, each amplitude would be e.g.

¢ =ty - =ty - (045" 1€’ + 0.4€ 2 9hpe™*? + 0.8e" 3 h3e" ™| = 0.45 €'
So, this means the probability is |¢;|* = |cier| = (0.45e7°%)(0.45¢'*) = (0.45)? =
0.2 The same is true for the rest.

(a) («|B): Complex number.

(b) |a){(a|B): A vector, since the term |a)(a] is a matrix, and |(3) is a vector.
Alternatively, we could say («|f3) is a number multiplying the vector |a).

(¢) |a)(B|: A matrix, since it is the outer product of two vectors.

(d) [{a]B)]*: A real number (specifically the transition probability between
states |5) and |«).)

(e) |a){al: A matrix (specifically the identity, if |«) is normalized).
. (a) If z =1+ €, then we can calculate z* by substituting i — —i. Thus,
Z* -1 + e—ie
The quantity 22 = 2z, so
22 = (1+e) (14 e?) =14 2" + &2
Note that this is different from |z|*> = 2*2 = zz*, which is a real number:
‘Z|2 — (1 + 61’9)(1 + 649) =14+ ei@ + 649 + ewﬂ'e
(b) Again, this is real, since the term e~ =1, and € + e~ = 2cos § (recall
the definition of cos 6: , ,
ez@ + 6—29
cosf) = ——

So, we get
|2]> =2+ 2cos b



4. (a) Substituting in the definitions of the states |L), |R) into the expression for
the polarization state |0) gives

1 i0 —i0
6) = E[e L) + e |R)]
5 [l + ily)] + [l — ilg)]
= [ ) + (e — )]
|0) = cosf|x) — sinfly)

[\

by using the complex definitions of sin # and cos 6.

(b) Since we require (z|z) = (yly) = 1 and (z|y) = 0, it is straightforward to
evaluate the inner products (L|L), (R|R), and (L|R):

LDy = 5[l — ity (la) + ily))]
= 5 [fele) + (o) + ifaly) — iyl
(LD) = SH+1+0+0]=1
(RIB) = 2 [(tel + ityl) () — ily))]
(RIR) — %[1+1+o+0]:1
which is the same calculation as (L|L). Finally,
(LIR) = [(Gal — ityl) (1) — o))
= 3 [Gela) — (o) — ifaly) — iyl
(LIR) — %[1—1+0+0]:o

So, the expected orthogonality constraints hold for these states too.



