
MATH 361
Homework 3

(due October 9) September 29, 2023

Problem 1. Prove that the collection of all ordered pairs of the form ⟨1, 𝑥⟩
does not form a set. [Hint: Prove by contradiction]

Problem 2. Let 𝑅 be a relation on 𝐴. Prove the following statements:

1. 𝑅 is reflexive if and if 𝑖𝑑𝐴 ⊆ 𝑅.

2. 𝑅 is symmetric if and only if 𝑅 = 𝑅−1.

3. 𝑅 is transitive if and only if 𝑅 ◦ 𝑅 ⊆ 𝑅.

4. 𝑅 is an equivalence relation if and only if𝑅 is reflexive and𝑅◦𝑅−1 ⊆ 𝑅.

Problem 3. Let Π ⊆ 𝑃(𝐴) \ {∅}. Define

𝐹Π = {⟨𝑥, 𝑋⟩ ∈ 𝐴 ×Π | 𝑥 ∈ 𝑋}

prove that 𝐹Π : 𝐴 → 𝑃(𝐴) is a function of and only if Π is a partition.

Problem 4. For each of the following relation check whether it is reflexive

symmetric or transitive:

1. {⟨𝑎, 𝑏⟩ ∈ R2 | 𝑎 + 𝑏 = 350}.

2. {⟨𝑎, 𝑏⟩ ∈ R2 | |𝑎 − 𝑏 | < 1}.

3. {⟨𝑎, 𝑏⟩ ∈ N2 | 𝑎 − 𝑏 ≡ 0(𝑚𝑜𝑑 2)}

4. {⟨𝑋,𝑌⟩ ∈ 𝑃(R) × 𝑃(R) | 𝑋 ∩ 𝑌 ≠ ∅}

Problem 5. For each of the following equivalence relation find a system of

representatives. No proof required here.

1. 𝑖𝑑𝐴, where 𝐴 is a general set.
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2. 𝐴 × 𝐴, where 𝐴 is a general set.

3. The relation 𝑅𝑒𝑠 on R defined as follows: for 𝑎, 𝑏 ∈ R

⟨𝑎, 𝑏⟩ ∈ 𝑅𝑒𝑠 ↔ 𝑏 − 𝑎 ∈ Z

4. {⟨𝑋,𝑌⟩ ∈ 𝑃(R)2 | 3 ∉ 𝑋Δ𝑌}.

5. {⟨⟨𝑥, 𝑦⟩, ⟨𝑎, 𝑏⟩⟩ ∈ (R × R)2 | min(𝑥, 𝑦) = min(𝑎, 𝑏)}

6. for 𝑋 = {0, 1}{0,...,10}. define

{⟨ 𝑓 , 𝑔⟩ ∈ 𝑋 × 𝑋 |
���{𝑛 | 𝑓 (𝑛) = 1}

��� = ���{𝑛 | 𝑔(𝑛) = 1}
��� }

7. {⟨𝑎, 𝑏⟩ ∈ N+ ×N+ | ∃𝑖 ∈ Z. 𝑎
𝑏
= 2𝑖}

8. {⟨𝑥, 𝑦⟩ ∈ (R \ {0})2 | 𝑥𝑦 > 0}

Additional Problems

Problem 6. Let 𝑓 : 𝐴 → 𝐵 be a function. Prove that if 𝑋 ⊆ 𝐴, then 𝑓 ∩𝑋×𝐵

is a function and equals 𝑓 ↾ 𝑋.

Problem 7. Show that if 𝑓 : 𝐴 → 𝐵, 𝑔 : 𝐵 → 𝐶 are functions then 𝑔 ◦ 𝑓 (the

composition of the relations) is a function from 𝐴 to 𝐶 and that for every

𝑎 ∈ 𝐴, 𝑔 ◦ 𝑓 (𝑎) = 𝑔( 𝑓 (𝑎)).

Problem 8. Prove that if 𝑓 is one-to-one and onto 𝐵 then 𝑓 −1 (the inverse

relation) is a function and moreover that 𝑓 −1 ◦ 𝑓 = 𝐼𝑑𝐴 and 𝑓 ◦ 𝑓 −1 = 𝐼𝑑𝐵.
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