









































































































Let p be an odd prime
number and let a be an integer

In the following
several sections we want to study the

solutions for the quadratic congruent equation

X 三 a modp

Definition If the equation above has a
solution then a is

suppose said hbecongruenttasqnae

orthatidaptw.ua 品 器
ᵈ

5in

If the equation above has no
solution then a is

said hbewt_congruenttasqnae
oraqnadraticnonres_idemd.fi

We use the abbreviation NR

Example 3 is not congruent to a sqnae
modulo 7

ie 3 is a NR mod7

To show that we consider the equation



X 三 3 mod7

02三 0 mud7

I 三 41mndi i

2 2ㄚmldǖi
㗊

Therefore X 三3 mod7 has resolution

This implies 3 is a NR mod7

Lemma P a 三 a hodpl
Proof p a p 2pta 三 a modp ⼝

This lemma tells us if we want t list all QR

we only need to investigate



12modp 2 modp modp 1

Theorem120.1 Let p be an
odd prime Then there are

exactly 笁 QR modp and exactly当 NR modp

Proof claim Al gives all distinct QR modp

Proofofthe claims we choose bifbz E 1셈 2셈 3

Prfby contradiction Suppose that bi三 bzlmodpl

Then plbi bi lbi.bz bitb
This implies Pkbi

bzlorpllbitbrlbi.ba
E91셈 2 些

lb bzk些 and bitb.to Pt bi b

2 bitbz P 1 pt bitb

A contradiction

This implies bi丰bilmodp
Therefore I 22 性P are distinct QR modp



However

i 22셈 32 鄂 型 P1
2

ae all QR modp

By the lemma

12三 P 112modp

22三 P 2
2
modp

竺 p 鄂 modp

Thienfoe I 22 性P are all distinct QR modp
Next we finish the proof of the theorem

We have
1셈 2셈 3 P 1

p 1 numbers intotal

We have 些 QR Cmodp

Then we have p 1 ⼗ ⼆ 当 NR modp ⼝



Theorem 20.2 Quadratic Residue Multiplication Rule Version I

Let p be an odd prime

⼩ The produt of two qndratic residues mod p is

a quadratic residue QR x QR QR

121 The produt of a quadratic residue and
a nonresidue

is a nonresidue QRXNR NR

131 The podut of two nonresidues mod
p is

a quadratic residue NRXNR QR

The symbol QR behaves like 1 1

The symbol NR behaves like 1

We define the following Legendre symbol

1 11
a is a QRmodp

I a is a NRmodp

Example 产 1



theorem Quadratic Residue Multiplication Rule version2

Let p be an
odd prime and let a b be

integers satisfying gedlab p I Then

告 卡 管
Remark we candrop the condition gcdlab p 1 if

we further assume that

卡 o if gedlp a 1


