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Answer 1. (Reading) —

Answer 2. (Towards Teleportation) (See Slides of Week 9 for more on these answers.)
(a) With |¢) = a|0) + B |1), the output state before the two measurements is

loutput) = £ (ct|0,00) +ot|1,00) + [0, 11) + |1, 11) + B |0,10) — B[1,10) +B|0,01) — B|1,01))
= 3100) @ (ct|0) +B 1)) + 5 [01) @ (@[ 1) +B[0)) + 5 [10) @ (@]0) — B|1)) + 5 [11) @ (et [1) — B 0)).

(b) The probability of measuring the outcome “00” on the first two qubits is %.
(c) The quantum state of the third qubit is o |0) + B|1) after the outcome “00” has been measured.
(d) For the four possible measurement outcomes we have the following cases

measurement outcome | probability |  third qubit

00 i a0y +B|1)
01 i B10) +a|1)
10 i a|0) —B|1)
11 : —B0) +au|1)

Answer 3. (Rewriting Entanglement)
(a) For |g) = 2 |0) + £ |1), take the orthogonal qubit state |qL> =2 |()> — 21) such that

500 ) =5 ( 55100+ 531010+ 32 110) + 32111+ 32100) - 32 jon) - 3210y + 1))
1
—5 00+ 11)
— [EPR).

(b) There is no qubit state |g*) (with |g) = (|0) +i|1))/Vv2) such that (|gq) + |gg*))/v/2. Proof: Let |¢*) = &t|0) + B 1)
with o, € C, then

%(Iq,q) + \q{qi>) :\% (3100)+5101) + 5[10) — 3 [11) +&*[00) + ai [01) + 0B [ 10) + B> [11)) .

For this state to equal (|00) +|11))/v/2 it most hold that B> — § = 1 and hence that |B| = |/ 3, which contradicts the requirement

that |g) = o|0) + B|1) is a proper (normalized) qubit state.
(c) If &, B € R, define |g) = £(B|0) — ot|1)) such that

7<|qq+]q 1)) = ﬁa 100) + 0B 01) + Bt 10) + B2 1) + B2 [00) — Bet 01) — B [10) + 02| 11))
%(|oo> 1))

because, by normalization, we have o2+ [32 =1.
If o or B ¢ R, there is no such |ql>. Proof: Define |¢*) =Y|0) +8|1) such that

T(W 4 +‘q >) (06 100) + e [01) + Ber[10) + B2 [11) +77[00) +Y5|01) +75[10) + 8% [11))

(@2 +7)[00) + (0B +18) [01) + (af +73) | 10) + (B +8%) |11)) .
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For this to be the state |[EPR), the following equations must hold
o’ +y =1, pr+8% =1, oap+v8=0,

and by the normalization restriction |o|? —|— B2 = |y|> +|8|*> = 1. Here we will show that this only possible if a,B,7,5 € R. By
adding the first two equations we get (o> + B?) + (Y + &%) = 2. Now, because of the triangle inequality |x +y| < |x| + |y| for
x,y € C, we see that we must have 2 = | (o +B2) + (P +8)| < |02+ B+ |[y* + 8% < |o2|+|B?| + [¥*| + |8%| = 2, and hence it
must hold that |a + B?| = |y* +&%| = 1. By (0 +B?) + (y* + &%) = 2 this implies o> + p? = y* + & = 1. With |o?| + |B?| = |Y*| +
|8%| = 1 this is only possible if &, B, Y, € R. (We use here the fact that (a+bi)> + (c +di)? = a* +2abi — b* +c? +2cdi—d*> = 1
in combination with a® 4 b? = ¢? +d” implies b,d = 0.)

(d) For general |g) = a|0) + B|1) and its orthogonal dual |¢) = §*|0) — a* 1) define the qubit state |s) = a*|0) + B*|1) and
its orthogonal dual |s*) = |0) — a|1) such that

7 (Ig,s +‘q >) (o™ |00) 4+ ™ |01) + B [10) +BP*|11) + BB |00) — B et |01) — "B |10) + o ou|11))

(100) +[11))

&\H&\H

because, by normalization, we have ao* + Bp* = 1.



