Math 445 Number Theory
October 15, 2004

Some computations: our basic facts are

(g) (%) = (—1)(17’_1 (455) if p, ¢ distinct odd primes, (%) = (—1)1)2871, (%) = (—1)%, (%’) = (%) (%), and (m;)_m) = (%) :

With these we can, in principle, decide for any prime p and (a,p) = 1 if 22 = a (mod p) has a solution. And the fun part is that, in
the last of these facts, we can choose something equivalent to @ mod p in any way we want, which can lead to some very different
computations of the same result!

619 \ . 619 1229\ _ 619-11229-1 309-614 __ 619 \ __ (1229\ _ [(1238-=9\ _ [ —946192\ _ [ -9\ _
1229)' <1229>(619) = (-1) > = = (-1 =1,5%0 (1555) = (%610 ) = 619 = 619 = \619) =

(_(15)15)3)2) = (6_—11))((6%))2 = (6_—119) = (-1)3%9 = -1 so (162—1299) = —1, 50 22 = 619 (mod 1229) has no solutions.

1229\ _ 617-1 1220-1 308-614 __ 617 \ _ (12290\ _ (1234-5\ _ (—546172\ __ ([ -5\ _
617) = (=D = (= =1.s0o{159) =(%7) = (Ter ) = 617 == \e17) =
17

(%7):(_1)30- — 1,50 %):(%7):(%53”):(%)5271:22:45—1(mod5),so(%)=(%)=
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617—1 223—1

Check that they are prime! Then: Q) (Q) =(-1)"2 Tz = (-1)%1l =1 s (%) = (w) = (M) =

617 23 23
_ <_52) _ <<—1)<2>2<13>) _ <—_1
223 223 223
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(
- () - () () ) - (a)(8) - o () - 0 = 0 -1,
B) = OIS = )0 =10 () = () = (257) = () = (F52) = (3) = (07 =
= -1, s0 (%) = (%) = (—1)(%) 1)<£> = (=1)(=1) =1, s0 22 = 223 (mod 617) has a solution.
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(55) 555 =5-111=5-3-37,50 ($5%) = (535 ) (553 ) (1255 ) And we can compute

() - P2 () C2(8) ~ (0) - (1) 25— =021 w5, (i) -

(i) = (D50 (12) = (et (2) = (1) (192) = (1) (2251 ) = (1) () = (DT =1

() - o) (o) (i) ()= () - (38) - (253) - (B) =0 (3 -
() = () = () = () =0 (5) = (5) = (5) = (3) = 0%t = (-0' =1

So, putting them together, ($3%) = (35 ) (5 ) (35 ) = (~1)(~1)(=1) = =1, 50 2 = 555 (mod 1663) has no solutions



