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1. By using laws of propositions, show that ¬p(p ∨ (¬p ∧ q)) and ¬p ∧ ¬q
are logically equivalent. In each step, write the explicit name of the

applicable law. [4]

Solution: ¬(p ∨ (¬p ∧ q))

≡ ¬p ∧ ¬(¬p ∧ q) (by De Morgan’s Law)

≡ ¬p∧ (p∨¬q) (by De Morgan’s Law and Double negation Law)

≡ (¬p ∧ p) ∨ (¬p ∧ ¬q) (by Distributive Law)

≡ F ∨ (¬p ∧ ¬q) (by Inverse Law)

(¬p ∧ ¬q). (by Identity Law)

2. We say that a function f : N → R converges to a ∈ R if for every ϵ > 0

there exists a N ∈ N such that for all n > N distance between f(n) and

a is less than ϵ. Write “f converges to a” and “its negation” in terms of

predicates and quantifiers. [4]

Solution. f converges to a

∀ϵ > 0 ∃N ∈ N∀n ≥ N(|f(n)−a| < ϵ) [2]

f not converges to a

∃ϵ > 0 ∀N ∈ N∃n ≥ N(|f(n)−a| ≥ ϵ) [2]



3. Let X = Z× Z and (A,B) ∈ X. Define a relation R on X given by [4]

(m,n)R(u, v) ⇔ m− An = Bu− v.

Find all pairs (A,B) ∈ X such the given relation is an equivalence

relation. Determine the equivalence class of (1, 2).

Solution. For reflexive:

(m,n)R(m,n) ⇔ m− An = Bm− n ⇔ m(1−B) + n(1− A) = 0

For the equation m(1−B)+n(1−A) = 0 to hold for all integers m and

n, the coefficients must be zero, that is, (A,B) = (1, 1). [1]

Thus (m,n)R(u, v) ⇔ m− n = u− v

R is symmetric as: If m− n = u− v, then u− v = m− n. [1]

R is transitive as: If (m,n)R(u, v), i.e., m−n = u− v and (u, v)R(x, y),

i.e., u− v = x− y, then u− v = x− y, i.e., (m,n)R(x, y). [1]

The equivalevce class of (1, 2) is:

[(1, 2)] = {(m,n) ∈ Z× Z |m− n = −1} = {(m,m+ 1) |m ∈ Z}. [1]
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