
Solutions

1. a. True.

b. True.

c. True.

d. False.

e. True.

2. a. x = 3.

b. x = 5.

c. x = 4.

d. x = 4.

3. a.

19 = 3 · 5 + 4,

5 = 1 · 4 + 1.

So gcd(19, 5) = 1.

b. We want to find x such that
5x ≡ 1 (mod 19).

In other words, we want to find (x, y) satisfying

5x+ 19y = 1.

We back-substitute:

1 = 5− 1 · 4
= 5− 1 · (19− 3 · 5)
= 4 · 5− 1 · 19.

Hence,
5−1 ≡ 4 (mod 19).

4. a.
x ≡ 413 (mod 7).

Fermat’s little theorem states
a6 ≡ 1 (mod 7)

whenever gcd(a, 7) = 1. Since gcd(4, 7) = 1,

x ≡ 413 ≡ 42·6+1 = (46)2 · 4 ≡ 4 (mod 7).

Hence, x = 4.

b.
140 = 4 · 5 · 7 = 22 · 5 · 7.
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c.

φ(140) = φ(4) · φ(5) · φ(7)
= 2(2− 1) · (5− 1) · (7− 1)

= 2 · 4 · 6 = 48.

5. a. False.
11 ̸≡ 2 (mod 5).

b. False.
32 ̸≡ 3 (mod 4).

c. True.

47 = 45 + 2 ≡ 2 (mod 3),

47 = 44 + 3 ≡ 3 (mod 4),

47 = 45 + 2 ≡ 2 (mod 5).

d.
N = 3 · 4 · 5 = 60.

So 47 + 60n, for n ∈ Z, is a solution.

x = 107.
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