Problem Set 1
CS 518: Quantum Computing

Out: Week of 09/09/2015
Due: The beginning of the class in the week of 09/21/2015
Total Points: 80

Solutions should be in a typed-up format by using LaTeX or microsoft word. However, if
you choose to write up by hand, please have the solution neatly written. Remember,
your goal is to communicate. Full credit will be given only to the correct solution which
is described clearly. Convoluted and obtuse descriptions might receive low marks, even
when they are correct. Also, aim for concise solutions, as it will save you time spent on
write-ups, and also help you conceptualize the key idea of the problem.

The kets |[+). |—}, |0}, and [1) are defined as follows:
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Problem 1 (10pts)
Please watch https://www.youtube.com/watch?v=x6eR2vijdddY

Problem 2 (10pts)

Exercise 3.3.1 Consider the 2-qubit state
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Show that this state 1z entangled by proving that there are no possible values ap, o, Jg,
1 such that

[} = (@ol0) + a1|1})(Bo|0} + B1|1}). (3.3.3)

Problem 3 (15pts)

Exercise 5.2.1 Prove that

[} Boo) = L1800} ) + L1801 (X ) + L1810 (2] + L1Bu)(XZ|¢)).  (5.2.8)


https://www.youtube.com/watch?v=x6eR2vjdddY

Problem 4
(12 points) Which of the following sets are orthonormal bases (ONB) of C2.

(a) (2 points) {|+),|-}}
(b} (2 points) {|0),[1}}
(c) (2 points) {|0) — [1},]0} + 1)}

: 1
(d) (2 points) {-= (1_.); v, —i)}
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(f) (2 points) {5 i A\ g }
Problem 5
(0 points) Let 1), &) be an orthonormal basis in the Hilbert space C2.
Let A := |[¢Hy| + |p) el

Find the matrix representation of A with respect to the basis {|0),|1}} where |¢/} and
i} are as follows:

{a) (3 points) |v) = (ID Jeoh = (?)

(b} (3 points) |¢} = ?15 (}) g
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(¢) (3 points) Jy} == ("fff;’) 10)

Problem 6 (12pts)
T =|00] & (|+H){+] + [=H—) + 1K1 & (I+H{+] = [-H-])-

Show that T and ONOT are equal.

Problem 7

(12 points) Compute:

(a) (4 points) (10 + —} and (1|+){0]-)
(b) (4 points) (01| — +} and (0]—)(1|+)

(c) (4 points) Let |[¢/) = |[¢h1) @ [t2) and |$) = [é1) @ [da), Where [}, [Ua}, [¢), and
|dha) are arbitrary vectors in C2. Show that (¥]g) = (101 |dh) (1ha]da).



