
Solutions

1. a. False.

b. False.

c. True.

d. False.

e. False.

2. a.
x ≡ 27 ≡ 3 (mod 8).

b.
x ≡ 86 · 6 ≡ 5 · 6 ≡ 30 ≡ 3 (mod 9).

c.

13x ≡ −1 (mod 10),

3x ≡ 9 (mod 10),

x ≡ 3 (mod 10).

d.

5x ≡ 2 (mod 9),

x ≡ 4 (mod 9).

3. a.

84 = 1 · 48 + 36,

48 = 1 · 36 + 12,

36 = 3 · 12 + 0.

Therefore,
gcd(48, 84) = 12.

b. To solve 48x ≡ 36 (mod 84), we can solve

48x+ 84y = 36.

Since 12 | 36, we expect a solution. Using (a):

12 = 48− 1 · 36
= 48− (84− 48)

= 2 · 48− 84.

Since (2,−1) is a solution to 48x′ + 84y′ = 12, we find x = 6.

4. a.
132 = 4 · 33 = 4 · 3 · 11.
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b.

φ(132) = φ(4)φ(3)φ(11)

= 2(2− 1)(3− 1)(11− 1)

= 40.

c. Euler’s Totient Theorem states that

a40 ≡ 1 (mod 132)

whenever gcd(a, 132) = 1. Since 2442 ≡ 2 (mod 40),

x ≡ 72442 = (740)6172 ≡ 72 = 49 (mod 132).

Therefore, x = 49.

5. a. False.
18 ≡ 0 ̸≡ 5 (mod 6).

b. True.

23 ≡ 3 (mod 5),

23 ≡ 5 (mod 6),

23 ≡ 2 (mod 7).

c. False.
53 ≡ 4 ̸≡ 2 (mod 7).

d. N = 210, so 23 + 210n, for n ∈ Z, are all solutions. Such a solution is 233.
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