ANSWER TO PRACTICE PROBLEM 2.8 (PAGE 12 OF HANDOUT #1)
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Partition A U B U C into the seven disjoint sets.  What follows is not fully rigorous but intuitive from the Venn Diagram. 

A U B U C = S1 + S2 + S3 + S4 +S5 + S6 + S7.

A = S1 + S2 + S3 + S4.

B = S2 + S4 + S5 + S6.

C = S3 + S4 + S6 + S7.

A + B + C = (S1 + S2 + S3 + S4)+( S2 + S4 + S5 + S6)+( S3 + S4 + S6 + S7)

Group A U B U C terms together and add what is left over.  We get,

A + B + C  =  (A U B U C) + (S2+S4)+(S3+S4)+S6.

S2+S4 = A ∩ B.

S3+S4 = A ∩ C.

Hence, A + B + C = (A U B U C) + (A ∩ B) + (A ∩ C) + S6.

Now add and subtract S4 from the right hand side.  Then we have,

A + B + C = (A U B U C) + (A ∩ B) + (A ∩ C) + S6 + S4 – S4.

S6 + S4 = B ∩ C   and  S4 = A∩B∩C.

Therefore, A + B + C = (A U B U C) + (A ∩ B) + (A ∩ C) + (B ∩ C) –  (A∩B∩C).

Thus,

 P(A)+P(B)+P(C) = P(A U B U C) + P(A ∩ B) + P(A ∩ C) + P(B ∩ C) –  P(A∩B∩C).

By rearranging terms, we get the desired result that

P(A U B U C) = P(A)+P(B)+P(C) – P(A ∩ B) – P(A ∩ C) – P(B ∩ C) +  P(A∩B∩C).
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