
Solutions for Quiz 2

1. All quadratic residues modulo 31 are:

12 ≡ 1 mod 31, 22 ≡ 4 mod 31, 32 ≡ 9 mod 31, 42 ≡ 16 mod 31

52 ≡ 25 mod 31 62 ≡ 5 mod 31, 72 ≡ 18 mod 31, 82 ≡ 2 mod 31

92 ≡ 19 mod 31, 102 ≡ 7 mod 31, 112 ≡ 28 mod 31, 122 ≡ 20 mod 31

132 ≡ 14 mod 31, 142 ≡ 10 mod 31, 152 ≡ 8 mod 31
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Thus, 68 is a quadratic non residue modulo 113, and x2 ≡ 68 mod 113 is
not solvable.

3. The prime factorization of 15! is given by:

15! = 211 · 36 · 53 · 72 · 111 · 131

Thus,

ϕ(15!) = ϕ(211)ϕ(36)ϕ(53)ϕ(72)ϕ(11)ϕ(13)

= (211 − 210)(36 − 35)(53 − 52)(72 − 7)(11− 1)(13− 1)
= 1024 · 486 · 100 · 42 · 10 · 12
= 250822656000

= 217 · 37 · 53 · 71
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