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Practice Sheet 1- Mathematical Logic 

QUESTION 1 
 
(a) Write down the truth values of the following propositions: 

i. “5 is an even number” 
ii.  “All lectures are interesting” 
iii. “5 is not an even number” 
iv. “Software systems can not go wrong” 
v. “Not all lectures are very interesting” 

 
(b) Write down the truth values of the following propositions: 

i. ¬(14 > 6) ∧ (4 exactly divides 5) 
ii. ¬(it is February of year 1098) ∧ (a week has 7 days) 
iii. (14 > 6) ∨ ¬(4 exactly divides 5) 
iv. (14 > 6) ⊕ (4 exactly divides 5) 
v. ¬(14 > 6) → (4 exactly divides 5) 
vi. (14 > 6) → ¬(4 exactly divides 5) 
vii. ¬(14 > 6) ↔ (4 exactly divides 5) 

 
QUESTION 2 
 
(a) Translate the following English sentences into mathematical propositions: 

i. “If you have the flu, you will miss the final examination and you will not pass 
the course.” 

ii. “Getting an A on the final exam and doing every exercise in this book is 
sufficient for getting an A in this class.” 

 
(b) Find the converse, the contrapositive and the inverse of the following implication: 

R: I will not go to town if its raining. 
 
QUESTION 3 
 

Construct truth tables for the following propositions and decide whether each of the following 
is a tautology, a contradiction, or a contingency 

i.  (P ∧ ¬Q) ∨ (¬P ∧ Q) 
ii.  ((P ∧ Q) ∨ ¬R) → P 
iii.  P→ P 
iv. (P∨ ¬R)∧ ¬(P∨ ¬R) 

 
QUESTION 4. 
 
Without using truth tables 
(a) Simplify as much as possible the following logical expressions: 

i.  ¬P ∧ (P ∧ ¬Q) 
ii. (P → Q) ∧ P 

 
(b) Show that  

i. ¬(P ∨ (¬P ∧ Q)) ≡ ¬(P ∨ Q) 
ii. (OPTIONAL)   (P ∧ ¬Q) → (P ⊕ R)  ⇔ ¬P ∨ Q ∨ ¬R. 

 
(c) Show that each of the following propositions is a tautology 

i. (¬P ∧ (P ∨ Q)) → Q 
ii. ((P → Q) ∧ (Q → R)) → (P → R) 
iii. (P ∧ (P → Q)) → Q 

 

      

 
 
QUESTION 5. 
 
(a) Let R be the three-place predicate R(x, y, z): x + y = z. Find the truth values of 

i. R(-3, 4, 7) 
ii. R(6, -7, -1) 
iii. R(7, -1, z) 

 
(b) Determine the truth value of each of these statements if the universe of discourse for all 
variables consists of all real numbers. 

i. ∀x ((x ≠ 0) → ∃y (xy = 1)) 
ii. ∃x∀y ((y ≠ 0) → (xy = 1)) 
iii. ∀x∀y∃z (z = (x + y)/2)  

 
QUESTION 6. 
 
(a) If R(x,y)=“x relies upon y,” express the following in unambiguous English: 

i. ∀x(∃y R(x,y)) 
ii. ∃y(∀x R(x,y)) 
iii. ∃x(∀y R(x,y)) 
iv. ∀y(∃x R(x,y)) 
v. ∀x(∀y R(x,y)) 

 
(b) Let the universe of discourse U: N = {0, 1, 2, … }, the set  of natural numbers . Express 
the following using predicate calculus: 

i. E(x) : “A number x is even”,   
(Hint: A number x is even if it is equal to 2 times some other number.) 

ii. P(x) : “A number is prime” 
(Hint: A number x is prime iff it is greater than 1 and it is not the product of 
any two non-unity numbers.” 

iii. (OPTIONAL) - Goldbach’s Conjecture – still not proven!! 
G: “Every even number greater than 2 is the sum of two primes.” 

 
QUESTION 7. 
 
(a) Let C(x, y) be the statement “x has passed course y”, where U for x consists of all 
students and U for y consists of all courses. Express each of the following statements by a 
simple English sentence. 

i. ∃x (C(x, ACSC191) ∧ C(x, ACSC300)) 
ii. ∀x (C(x, ACSC368) → C(x, ACSC300)) 
iii. ∃y C(Pele, y) 

 
(b) Translate each of the following statements into logical expressions in two different ways 
by varying the universe of discourse. 

i. Everyone in our class has studied calculus and C++. 
ii. There is a person in our college who is not happy. 

 
(c) Use quantifiers and predicates with more than one variable to express the following 
statements. 

i. Every student in this class has taken at least one computer science course. 
ii. There is a student in this class who has taken at least one computer 

science course. 
iii. Every student in this class has been in at least one room of every building 

on   campus. 
 


