Below is a sketch of the Hardy Paradox.”

Lety be the state of the separated system for a typical 2x2 EPRB experiment. Suppose

we can expand it in eigenstate of the component observables A,B; A',B; A,B'; and A',B'
respectively as follows

(1) v =4q,10+a,01+a,00

where 10 is the product |A = 1)| B=—1) of A,B eigenstates; 01 is the product
|A=-1)| B=1) and 00 is the product | A =—1)| B=—1). (We assume also that the
coefficients a, are non-zero and the sum of their absolutes values squared is 1.) Since
there is no 11 term(i.e., |A =1)| B = 1) that coefficient is zero. Hence the probability
P(AB)=0 that A=1 and B=1 in state y .

(2) v =b,11+b,01+bH,00 where here the 11,01 and 00 terms are products of the A'

with B eigenstates. That there is no 10 term means that the probability is zero that A'=1
and B=0. Hence, where P(B|A'") is the conditional probability that B=1given that A'=1,
then P(B|A")=1.

3) v =¢,11+¢,10+¢,00 where here the 11,10 and 00 terms are products of the A

with B' eigenstates. That there is no 01 term means that the probability is zero that A=-1
and B'=1. Hence, P(AB')=1.

4) v =d,11+d,10+d,01+d,00 where these terms are products of the A' with B'
eigenstates and where | d, I'# 0. Hence P(A'B")#0.

Thus we have P(AB)=0, P(B|A")=1 and P(A|B')=1. So we can argue as follows.

In the state w not both A and B are 1. But A'=1 implies that B=1. And B'=1 implies that

A=1. Hence we can't have that both A'=1 and B'=1. Yet according to (4) there is some
non-zero probability for exactly that!

Problem. Find the assumptions that resolve the fallacy. (Hint: What entitles us to put the
A, B, B' probabilities together with the A', B, B' ones??)
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