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1.

x ∈ (A ∩ B)C
U ⇐⇒ (x ∈ U) ∧ (x 6∈ (A ∩ B))

⇐⇒ (x ∈ U) ∧ ∼(x ∈ A ∧ x ∈ B)

⇐⇒ (x ∈ U) ∧ ((x 6∈ A) ∨ (x 6∈ B))

⇐⇒ (x ∈ U ∧ x 6∈ A) ∨ (x ∈ U ∧ x 6∈ B)

⇐⇒ x ∈ AC
U ∪BC

U .

Thus
(A ∩ B)C

U = AC
U ∪BC

U .

2.

(a, b) ∈ A× (B \ C) ⇐⇒ (a ∈ A) ∧ (b ∈ B \ C)

⇐⇒ (a ∈ A) ∧ (b ∈ B ∧ b 6∈ C)

⇐⇒ ((a ∈ A) ∧ (b ∈ B)) ∧ ((a ∈ A) ∧ (b 6∈ C))

⇐⇒ ((a, b) ∈ A× B) ∧ ((a, b) 6∈ A× C)

⇐⇒ (a, b) ∈ (A× B) \ (A× C)

Thus
A× (B \ C) = (A×B) \ (A× C).

3. Use proof by contraposition.

Suppose (A× B) ∩ (B ×A) 6= ∅. Let (a, b) be an element of (A× B) ∩ (B × A). Then

((a ∈ A) ∧ (b ∈ B)) ∧ ((a ∈ B) ∧ (b ∈ A)),

and in particular, a ∈ A ∩ B and hence A ∩ B 6= ∅.
Conversely suppose A ∩ B 6= ∅ and let a ∈ A ∩ B. Then (a, a) ∈ (A × B) ∩ (B × A), so that
(A×B) ∩ (B × A) 6= ∅.
It follows that

(A× B) ∩ (B ×A) = ∅ ⇐⇒ A ∩B = ∅.

4. Suppose A ∩ B = A ∩ C and A ∪ B = A ∪ C. Suppose a ∈ B.

If a ∈ A, then a ∈ A ∩ B = A ∩ C and so a ∈ C, since A ∩ C ⊆ C.

If a 6∈ A, then a ∈ A∪B but a 6∈ A. Since A∪B = A∪C, it follows that a ∈ A∪C but a 6∈ A, so
that a ∈ C.

It follows that B ⊆ C. Similarly, C ⊆ B and so B = C.
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