
Elements of Discrete Mathematics G22.2340-001

First Problem Set

June 2, 2010

Due by June 9 before class. Collaboration is allowed; please mention your collaborators.

Problem 1
Given that p, q and r are statement variables, use any method you know to show which of the following pairs
of statement forms are logically equivalent and which are not.

i) (p→ q) ∧ (p→ r) and p→ (q ∧ r)
ii) ¬p→ (q → r) and q → (p ∨ r)
iii) p→ (q ∧ r) and ¬q → (p ∨ r)
iv) p↔ q and ¬p↔ ¬q

Problem 2
Assume that, for all the following, we have a common implicit domain D. Identify the error or errors in the
following argument that supposedly shows that if ∀x(P (x) ∨Q(x)) is true, then ∀xP (x) ∨ ∀xQ(x) is true.

1. ∀x(P (x) ∨Q(x)) Premise

2. P (c) ∨Q(c) Universal Instantiation from (1)

3. P (c) Specialization from (2)

4. ∀xP (x) Universal Generalization from (3)

5. Q(c) Specialization from (2)

6. ∀xQ(x) Universal Generalization from (5)

7. ∀xP (x) ∨ ∀xQ(x) Conjunction from (4) and (6)

Problem 3
Use any method you know to prove which of the following argument forms are valid and which are invalid.

i) p ∧ q → ¬r
p ∨ ¬q
¬q → p

∴ ¬r

ii) p→ r

q → r

∴ p ∨ q → r
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iii) p→ q ∨ r

¬q ∨ ¬r
∴ ¬p ∨ ¬r

Problem 4
You are given two statement variables p and q, and also, one ¬, one ∨ and one ∧ logical connector. Using
each of the statement variables and each of the connectors at least once, create one statement form that is
a contradiction and one that is a tautology.

Problem 5
Indicate which of the following statements are true and which are false. Justify your answers as best as you
can.

i. ∃x ∈ R,∀y ∈ R, (x = y + 1)
ii. ∀x ∈ R+,∃y ∈ R+, (xy = 1)
iii. ∀x ∈ Z+,∀y ∈ Z+,∃z ∈ Z+, (z = x− y)
iv. ∀x ∈ Z,∀y ∈ Z,∃z ∈ Z, (z = x− y)
v. ∃u ∈ R+,∀v ∈ R+, (uv < v)
vi. ∀v ∈ R+,∃u ∈ R+, (uv < v)

Problem 6
For each of the following pairs of statements, define a pair of predicates P (x) and Q(x) and a common
domain D for their predicate variable so that the two statements don’t have the same truth value.

i. ∀x ∈ D, (P (x) ∨Q(x)) and (∀x ∈ D,P (x)) ∨ (∀x ∈ D,Q(x))
ii. ∃x ∈ D, (P (x) ∧Q(x)) and (∃x ∈ D,P (x)) ∧ (∃x ∈ D,Q(x))
iii. ∀x ∈ D, (P (x)→ Q(x)) and (∀x ∈ D,P (x))→ (∀x ∈ D,Q(x))
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