
MAT 243 Midterm I Practice June 10, 2011

MAT 243. Midterm I Practice

No books or personal notes. NO electronic devices such as calculator and cell phone.

Important.
Given below is a list of rules and laws that you must explicitly make references to

wherever they are applied. Some of the definitions are left out on purpose so you have to
memorize them.

1. Equivalence of contraposition.
2. De Morgan’s laws for connective operators.
3. De Morgan’s laws for quantifiers.
4. Distributive laws for operators ∧, ∨.
5. Distributive laws involving→

(p→ q)∧ (p→ r)≡ p→ (q∧ r)
(p→ q)∨ (p→ r)≡ p→ (q∨ r)
(p→ r)∧ (q→ r)≡ (p∨q)→ r
(p→ r)∨ (q→ r)≡ (p∧q)→ r

6. Equivalence between→ and ∨
p→ q≡ ¬p∨q.

7. Modus ponens. p, p→ q ∴ q
8. Modus tollens. ¬q, p→ q ∴ ¬p
9. Hypothetical syllogism. p→ q, q→ r ∴ r

10. Disjunctive syllogism. p∨q, ¬p ∴ q
11. Resolution. p∨q, ¬p∨ r, ∴ q∨ r

1. Use a truth table to find out if the following statements are tautology, contradiction
or contingency. Then, prove your findings without using a truth table.
(a) (p→ q)↔ (q→ p)
(b) (p∨q)↔ (¬p∨¬q)
(c) p∧¬p→ q
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2. Prove the following equivalences without using truth tables.
(a)

[
(¬p→ q)∧¬(p∧ r)

]
→ (r→ q)≡ T

(b) (p∨q)→ p≡ q→ p
(c) ∀x(P(x)↔¬Q(x))≡ ¬∃x(P(x)↔ Q(x))

3. Express the following sentences as compound propositions. Then, express their
negations as compound propositions and as English sentences. Specify the domain
if it is necessary.
(a) “Andy’s car has a moonroof and it was made before 1/1/2007 or after 12/31/2009”
(b) “Every CD in Kate’s collection is either from the 80’s or Rock-and-Roll”.
(c) “There exists at least one student in this class that has not submitted all of the
10 assignments.” Here, use predicate P(x,y) to denote “Student x has sumbitted
Assignment y”.
(d) “Every grown-up in this world has feared something when young but braves it
as an adult.”

4. Show the validity of the following arguments using Logic. Use labels such as (1),
(2), ... to beautify your proofs. Indicate the strategies of proof such as contraposition
and/or contradiction.
(a) I’m either in a good mood or bad mood. If I am in a good mood, I eat cereals
for breakfast. If I am in a bad mood, I eat icecream for breakfast. Therefore, I eat
cereals or icecream for breakfast.
(b) For any given day, I’m in a good mood, bad mood or neutral mood. If I am in
a good mood, I eat cereals for breakfast. I am not in a bad mood today and I didn’t
eat cereals for breakfast. Therefore, I am in a neutral mood today.
(c) ∀x,y ∈ R(x+ y > z→ x > z

2 ∨ y > z
2).

(d) m2 = n2 iff m = n or m =−n.
(e) For a positive integer n, n > 1 iff n2 > n iff n2 > 1.
(f) For a group of 40 kids, there are either 2 boys born in the same month or 3 girls
born in the same month.
(g) For integers a,b, both a+b and ab are even if and only if both a and b are even.
(h) The square of an integer is either a multiple of 9 or a multiple of 3 plus 1.
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