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F4(Field with 4 elements)

Polynomials Fy[z] modulo 22 + x + 1

23 + 2 + 1 is also irreducible

Look at Polynomials modulo 23 + x + 1

There are 8 residuals modulo z3 + z + 1

These residues will form a field Fg

Important

Fact for every nj= 1 there exists an irreducible polynomial in F2[x] of degree n.

The field Fy. is obtained by taking the polynomials F5[x] modulo g(x) where g(x) has is irreducible
and has degree n.

Definition

A primitive root (mod p) is a residue a such that the powers a, a?, a®, — — —, alp—1) (don’t repeat),
include every residue (mod p)

Primitive root

If @ is a primitive root (mod p) then for any other residue b # 0.

There is some power ¢ so that a’ is equivalent to b(mod p)

Every prime p has at least one primitive root.

If g is a primitive root and ¢° equivalent g/(mod p).Then i equivalent j (mod p — 1).

Definition

If a(mod p) has a square root meaning z? equivalent a(mod p) has a solution then we call a a
quadratic residue (mod p). If not we call a a quadratic non-residue.

Definition:The Legendre Symbol

(a/p)

e 1 if a is a quadratic residue (mod p)

e 0 if a equivalent O(mod p)
e -1if a is not a quadratic residue mod p

Legendre Symbol Facts

1. (a/p) = (b/p) if a equivalent b(mod p)
2. ab/p = (a/p)(b/p)
3. (2/p)=

e 1if p=1or 7 (mod 8)
e -1if p=3 or 5 (mod 8)



4. If p and q are both odd primes then (q/p)=

e -(p/q): if p equivalent to q and q equivalent to 3 (mod 4)
e (p/q): otherwise

Example: Is 1001 a quadratic residue mod 99077
1001 =7 x 11 x 13

(1001/9907) = (7/9907) x (11/9907) x (13/9907) = 1
(7/9907)=-(9907/7)

-(9907/7)=-(2/7)

(-2/7)=-1

9907 = 2(modT)




