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Quantum Computation

Problem 1. For any unit vector j = (4, j,,J.) we can define the following operator
Uj = jIUX + jyay + jZUZ
which corresponds to a m-radian rotation about j-axis.

(a) show that aJ? =1.
(b) o; has two eigenvalues: +1 and —1.

(c) Find the eigenvectors |+); and 1—);j respectively corresponding to eigenvalues
+1 and 1.

Problem 2. Find an approximation to
(i00y /2,60 |2 =0, [2,~if0y /2
up to the second order of 6 for § < 1.
Problem 3. Rewrite %(lO) 4 ®[0)5 + 1|14 ®[1)p) in the following basis
{14 @1p,1+4 ®19B,194 @ 1+H)p,1—4 @128},
What are Pr(++), Pr(+-), Pr(—+), and Pr(——)?

Problem 4. For any two qubits [¢)) and |¢), find a unitary operator U with the
following property:

Ul)a @10)p =9)a @)
Write down U in the basis {|0)4 ® [0)5,10)4 @[ 15,14 @10)5,I1)4 @p }.

Problem 5. Write out
1
_2(|O>A RN+, ®@10)¢ ) @1+

in the following basis:



{1000) 43¢ ,1001) 4 g 51010) s ¢ ,1 011) 4 g 51100 4 g 51101) 4 g ,1110) 4 g 5 1111) 4 } -

Problem 6. Simplify the following expression:

ACHI(10)4 @1Dp +11)4 @10)5)/~2.



