Math 522 Exam 13 Solutions

1. Let a,b,c € Z. Suppose that b, c are odd and positive. Prove that

We factor b = pipy - - - px into (not necessarily distinct) odd
primes. Similarly, we factor ¢ = q¢2---¢n. Now bc =
P1P2** PrG1Q2 - -+ Gm- By the definition of the Jacobi sym-
bol, (&) = (pil)(piz) e <pik>((;i1>(;iz> e (qim) We divide this
expression in the natural place to get (§) and (2).

2. Calculate (5597) and 10'° (mod 2021). What conclusions, if any, does
the Solovay-Strassen test allow us to draw?

20218 —1 (2021)< 1)%12022171 _

We calculate (5i97) = (2021)(2 o) = (‘1) 5

(—1)P10555(Ly(Zq)2020 = Z(1y =

We build up to 10199 gradually; many ways are possible. If
your calculator can’t handle numbers this big, then you’ll
need more steps.

101 (mod 2021) = 1055.

10100 = (1010)10 = (1055)'° = 74.

101000 = (10100)10 = (74)10 = 683,

101010 = 1010001010 = 683 - 1055 = 1089.

Since —1 # 1089 (mod 2021), the Solovay-Strassen test al-

lows us to conclude that 10 is a witness to the non-primality
of 2021.



