Quiz #1 MATH 311 — Intro to Number Theory

Thursday, Sep 26

Please print your name:
Problem 1. Using the Euclidean algorithm, find the modular inverse of 17 modulo 23.
Solution. We apply the extended Euclidean algorithm:

ged(17,23) [23]=1-[1T]+6 or: 6=1:[23]—1-[17]

= ged(6,17) [17]=3-[6]—1 =—1-[17]+3[6]

=1
Backtracking through this, we find that Bézout’s identity takes the form

U= 1 [[@es () = 3[BT

In summary, we have 1=—4-17+3-23 (that is, d=1, x = —4, y=3). Hence, 1771 = —4 (mod 23). O
Problem 2. Determine 401612 (mod 17). Carefully show all steps!

Solution. First, we simplify base and exponent 40¢!2 = 61612 = 612 (mod 17). For the second congruence, we used
Fermat’s little theorem and 1612 =12 (mod 16).

We now use binary exponentiation: 62=2 (mod 17), 6*=22=4 (mod 17), 6=42=—1 (mod 17)
It follows that 612=6%-6*=—1-4=—4 (mod 17).

In conclusion, 401612 = —4 (mod 17). O

Problem 3. The number 55 in base 5 is

Solution. 55=2-5%+5=(210); O
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