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Q1: a) without using the truth table, prove the following: 

𝐴 → (𝐵 → 𝐶) ≡ (𝐴 → 𝐵) → (𝐴 → 𝐶).   3 points 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Decide whether each of the following statements is true of false, justify your answer: 

i) 
1

𝑥+𝑦
=

1

𝑥
+

1

𝑦
 ,     ∀𝑥, 𝑦 ∈ ℝ. 2points 

 

 

 

 

 

 

 

ii) If 𝑥 < 1, then 𝑥𝑛 ≤ 1,     ∀𝑥 ∈ ℝ, 𝑛 ∈ ℕ. 2points 

 

 

 

 

 

 

 

iii) �̅� ∩ (𝐴 ∪ 𝐵)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 𝐴 ∪ �̅�. 2points 

 

 

 

 

 

 

 

 

iv) If 𝐴 and 𝐵 are sets, 𝐴 is uncountable and 𝐴 ⊆ 𝐵, then 𝐵 is uncountable. 2points 
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c) Use mathematical induction to show that  𝑛 < 2𝑛,        ∀𝑛 ∈ ℤ+. 4points 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q2: If 𝐴 = {𝑎, 𝑏, 𝑐, 𝑑, 𝑒, 𝑛}, 𝐵 = {1,2,3,4,5,6}, and the function 𝑓: 𝐴 ⟶ 𝐵 defined 

by the given graph. Let 𝐴1, 𝐴2 ⊆ 𝐴, 𝐵1, 𝐵2 ⊆ 𝐵 where 𝐴1 = {𝑎, 𝑏, 𝑑}, 

𝐴2 = {𝑐, 𝑑, 𝑒}, 𝐵1 = {1,2,3}, 𝐵2 = {2,4,5}.  

a) Find 𝑓−1(𝐵1 ∪ 𝐵2). Point 
 

 

 

 

 

b) Find 𝑓−1(𝐵1) ∪ 𝑓−1(𝐵2). Point 

 

 

 

c) Is 𝑓(𝐴1 ∩ 𝐴2) = 𝑓(𝐴1) ∩ 𝑓(𝐴2). 2points 
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d) Determine whether the given function is one-to-one, onto. 2points 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q3: If ℝ
𝑓
→ ℝ

𝑔
→ ℝ

ℎ
→ ℝ, such that 𝑓(𝑥) = 𝑥 + 1, 𝑔(𝑥) = 2𝑥, ℎ(𝑥) = sin 𝑥. 

a) Prove that 𝑓 is a one-to-one correspondence. 2points 

 

 

 

 

 

 

 

 

 

 

 

 

b) Find ℎ−1 of the function ℎ. Point 

 

 

 

 

 

c) Find ℎ−1 ∘ ℎ. Point 

 

 

 

 

 

d) Show that (ℎ ∘ 𝑔) ∘ 𝑓 = ℎ ∘ (𝑔 ∘ 𝑓). 2points 
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Q4: a) Let 𝑅 be the relation from the set of integers ℤ defined as follows: 

𝑙𝑒𝑡 𝑛 ∈ ℕ, 𝑎𝑅𝑏 ↔  ∃𝑞 ∈ ℤ 𝑠. 𝑡 𝑎 − 𝑏 = 𝑞𝑛 

i) Show that 𝑅 is an equivalence relation on ℤ.  3points 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ii) Find [2]. Point 

 

 

 

 

 

 

 
 

b) Given 𝑆1 = {1}, 𝑆2 = {−2, −1}, 𝑆3 = {0,2,3} and 𝑆4 = {−3,4} be the equivalence classes of the relation 𝑇 on the set 

𝑆 = {−3, −2, −1, 0, 1, 2, 3, 4}. 

i) Draw the digraph of 𝑇.  Point 

 

 

 

 

 

 

 
 

ii) List all the ordered pairs in the relation 𝑇. 2points 
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Q5: Let 𝑃 be the relation defined on the set ℤ+ of positive integer by: 

∀𝑚, 𝑛 ∈ ℤ+, 𝑚𝑃𝑛 ↔  
𝑛

𝑚
 𝑖𝑠 𝑜𝑑𝑑 

 

 

i) Show that P is a partially ordering relation on ℤ+.  3points  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ii) Is 𝑃 a total ordering relation on ℤ+ ?  point 

 

 

 

 

 

 

 

 

 

 

 
 

iii) Let 𝐶 =  {1, 2, 3, 4, 6, 8, 9}. Draw the hasse diagram of 𝑃 on the set 𝐶.  2points 

 

 

 

 

 

 

 

 
 

 

The End of Exam 

 


