Puys 36 2013

lectwe  1#

Have all reawed st d) Pos.sﬁlté ‘orcjecfsj

Tows . & 6. |62
& 3% 3%
/felepor%zth'aﬂ

Supptse et Al has o S"’\,ﬂl@ quort n ANY  untrown shate. She
has o ¢ ollabofsor, %ab, wWho  would Tke fo  bnewo He skl of hor

QMLDH', Howeuer, she is not allowed to

sond He qubit o Bob -she

wn ML:j serd  conventional  clessical nomahen. lo fadlikbe e plocs$

prew gl Boh
o h NN

——D
;t’ ) Abi’s tafg A&
wnkncon shake
1
ProQSS
exisis

<7
5 %Bab
Ao &

Rob  has at last one
gubt and e  stake

of Alicds  qubit  must
appear in Bobs qubi't
Tis  must work” for
any qubit state 147,



Consider o gowal nibal  shake for  Alie
}‘W) AR

whoe oo ond oy QX domplgx numbers sah‘sﬁ,) FARTAETE

One sfrakﬁj fof  Ale would be o PUFGML o mecswemnton hgr

‘?M)OH/ larn oo g and  tonsout Hus l'nForMaHaA o b, ls Huis
?gsssbm? Consider the  Bloch s.PLuzh: represented o F e GubiF slzdke

|4y = cos(%)\b+e“¢sing) 1)

S& Al/\& M\ﬁl«f 'hz,]}

e ®

@ megswe [
€)—> | i some IL f ue outcome Yo lwn &,q¢
14 bosis |- -

_\\/

3

3 sed  Huas informaba kb Bob
who - con o prpre bis qulort
N skl 1P



1 Information extraction via measurement

Suppose that a qubit is in ar unknown state

Yoae(2) )0

The following exercises illustrate how much can be learned about the two parameters, 6 and
¢, from a measurement on a single copy of this qubit.

a) Suppose that the qubit is measured in the basis {|0),|1)}. Determine the probabilities
with which the two outcomes occur. If the outcome were that corresponding to the
state |0), what does this imply about 6 and ¢ prior to measurement? If the outcome
were that corresponding to the state |0), what does this imply about # and ¢ prior to
measurement?

b) Suppose that the qubit is measured in the basis

1 i .
{E (10) +11)), 7 (10} - |1>)}

Determine the probabilities with which the two outcomes occur. If the outcome were
that corresponding to the state (]0)+[1))/+/2, what does this imply about § and ¢ prior
to measurement? If the outcome were that corresponding to the state (|0) + [1))/v/2,
what does this imply about 8 and ¢ prior to measurement?
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So Prob (+) = %(I+ $in® cosg)
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2 Quantum teleportation part I

Suppose that Alice’s qubit is in an unknown state
) = a0 |0) + 1 [1).
and that Alice and Bob share a separate entangled pair of qubits in the state

1) = —= (100) + [11)).

Sl

The state of all three qubits is
) [24) -

a) Expand |4} |®.) in terms of |00} |0),|00) |1),{01)0),....

Recall Bell states

) = 7(;00) 11))
@) = 7(|oo> 1))
v, = 7(101>+|1o>>
o) = == (101) - [10)).

Thus
00) = 7(i®+)+\¢> )
1) = 7(»@+> ®_))
01) = T(I‘I’+>+\If )
10) == —= () [22)).

b) Rewrite [¢) |®4) in the form

) [24) = {24) o) + {®-) [pr) + W) [@2) + [T-) lepa) -
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