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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use a prepared
index éard with reference information that you have prepared.



Problem 1(30 points})

3 2+i 1
A spin-1 particle is prepared in the quantum state |a) = 1 [1.1) + 2 1.0 — 3 j1,-1).
(a) If a spin-1 particle is sent through a Stern-Gerlach apparatus that separates particles according to their S, spin component,
what are the possible values of the 5. spin component? If the particle is in the state |o}, What are the probabilities of each
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(b} Now we have rotated the SG apparatus by 90? such that it measures S, spin component, as shown. The eigenstates of
the S; in z-basis are:
|+a) =5 (1, 1) + V2|10 + |1, ~1}),
[02) = ';%5 (13,1) |1, ~1}), and
| —2) = 4 (11.1) - v2|1,0) + 1, -1}).
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{c) Finally, we stack two SG apparati as shown. What is the probability that the particle will reach the detector?
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use a prepared index card
with reference information that you have prepared.



Problem 2 (35 points)
The operator ¥, acting on a spin-1/2 particle, in the z-basis is described by the following matrix:
= [ 12 V3 /2)
Z ( ~V3if2 1/2
(a) Someone calculated the eigenvalues of this operator to be Ay = +1. Find the corresponding eigenstates
in the z-basis.
(b) What is the average value of this operator in the state | + z}?

(c) What is the probability that when X is measured for a particle in the state | — z}, it will yield the value A, = 17
(d} A particle originally in the state | + y) is actcd upon first the operator £, and them by the operator §,. Calculate the final

i) of this operator

state of the particle.

a)E()?‘&C) awd

Q=4
l/z ’&1/2 (C\B . (c‘
’EVJ -llz_ Ca, c?«
Jz'C\‘I‘ 'E!.'.Cl =2 C,

43 C\

]
SC = e, =3¢
2 2 2=
Norwalizaton: ﬁt
e e (e (\+ 1)as
3
\C\ - 'Z‘. C\‘: 'ﬁ/g‘
L}
\c‘;_‘-i('
2

> (T
. I, A3, \[
6) <S>’1:'2L(‘ ')("é’" Y ')'
pA

&) Py. Vol = | (B
a)

| final > = éa i.\*g) (. _\)

letig =4

A= -4

3/ 'rs‘/z (cl
-"-3~ , - l/z cL

écrf4%§c,=-c.

%.C‘ = —E'l"cz clzﬁ‘cl
AD ewmatizado v
cy,t% \Cz\.‘- 24 \
epraieFak G g
4
e, {%‘

\->= (-;g%/z_)

'/21-‘5&./2
201) (_.1/2-4'32/1. =0

2 2

v, -x'su/z 1,4-2 i 4”3:&) “/ﬁ ,
.‘_3"}2_ -—'llz>(;'/{-2_) :3\("“—3“/2 'lz i

# (\-3)/, f =3
“oz \HD/, ) T LH—?_ (L(H B
Show all work to reeive credit, and circle your final answers. This exam is closed book, but you can use a prepared index card

with reference information that you have prepared.



Problem 3 (35 points)

While discussing quantum computing. we came across the Hadamar operator H that is described by the followin g matrix in the
z-basis:
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(a) Caleulate their commutator & — ’H S,

(b} Calculate the uncertainties AH and /_\S for the | 4 ¥} eigenstate of .S',, Check 1o see if the uncertainty relation
AHAS, = L{C)| is valid.

Reminder: the uncertainty of an operator is defined as A4 = /(4 — (4))2).
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use a prepared index card
with reference information that you have prepared.



