C/CS/Phy191 Problem Set 1 Out: January 20, 2005

1. You are given one of two quantum states of a single qubihee|p) = |0) or |¢/) = cosB|0) +
sin@ 1>. What measurement best distinguishes between these tigestH the state you are pre-
sented is eithefp) or |) with 50% probability each, what is the probability that yooeasurement
correctly identifies the state? Can you generalize yourltrésudistinguish between two arbitrary
quantum stategp) and|y) on two qubits?

2. Alice and Bob share an arbitrarily long common striéghlice is given as input a random ki, and
Bob a random bib;,. Without communicating with each other, Alice and Bob wisloutput bitsa,
andb, respectively such that, - b, = ay + by (Mod 2). Prove that any protocol that Alice and
Bob follow has success probability at mog#3

3. Prove that the Bell stafey~ ) is rotationally invariant: i.e{y~) = %(|wl> — [vhv)y).

4. Give a quantum circuit that outputs the four Bell stdtg$), |¢~), |¢*), @) on input (respec-
tively) the four basis statel)0),|01),|10),|11) Use this to conclude that the Bell states form an
othonormal basis foz™*.
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