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Explanation of how to find the quadratic residue.

1 Introduction

First, this sentence is created by machine translation.[1] There may be some strange
sentences.

Great seniors are studying quadratic residues,and various formulas already exist.
I tried to summarize based on these.

2 Definition of the required numerical value

p = odd prime g = primitive root ¢ =2,3,5,7,...P,

¢ =a (modp)
-1
Quadratic residue = g*" = a'T) =1 (modp)  [3]
-1
Quadratic nonresidue = ¢>"+1 = a7) = -1 (mod 3
8 P

3 Formula for finding quadratic residue
(p—1)=2Fxn

_(p-1)+ 2k
S T25Y
(g(zkxn)>r =a (modp) +a = Quadratic residue

However, in the case of { ¢* = 1 (modp) }, the quadratic residue cannot be
calculated.

4 How to find {¢*" = +(x)? (modp)}

x” assumes that there is a quadratic residue.

¢*" = +x* (modp)



41 2'xn
(p—1)=2kxn=2"xn

(p—1)+25 p+1
2 (k+1) 2

(g(kan))r _ <g(2n))r

(g(ZH))r =a (modp) +a= Quadratic residue

=

42 2kxn
(p—1)=2Fxn

(p—1) 42k

r= 2 (k+1)

( (2"><n)>r — o . .
g =a (modp) =£a= Quadratic residue

First check the value of k.

{

Next,increase the oder from the aaa formula {(pz;kl)} move to the place where the
value of “k” is reached.

{

Find the quadratic residue from {(g(ZkX”)> = (modp)} and apply the correc-
tion according to the distance traveled.

However, in the case of { ¢* = 1 (modp) }, the quadratic residue cannot be
calculated.

4.3 Supplement

(p—1)=22xn k=2 r:(p+3) m:(p—l) (g(zzxn))rza(modp)

23 2k
n f(x)  (modp) |n/2 f(x) (modp)
4n Quadratic residue(+c) (¢*") =c | 2n c

4n + 3 Quadratic nonresidue
4n +2 Quadratic residue(+b) (¢*")" #b | 2n+1 b=cx f(x)
4n+1 Quadratic nonresidue
4n Quadratic residue(+a) (¢*")" =a | 2n a
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(p—1)

<g(23><”))r =a (modp)

f(x)  (modp)

\ n/2 (modp)

f(x)

Quadratic nonresidue
Quadratic residue(=e) g(pT_l) =1 (g%)
Quadratic nonresidue

~1
Quadratic residue(=+d) g(pT)

Quadratic nonresidue

Quadratic residue(=+c)
Quadpratic nonresidue

Quadratic residue(+b) g(T
Quadratic nonresidue

Quadratic residue(=+a) g(pT_l) =1 (¢¥) =a
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dn+3 d=ex f(x1)

dn+2 c=ex f(x)

dn+1 b=ex f(x3)

4n

20 = o(8142) = (modp)
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= —1 (modp)

(8n+2) % gZ = g(8n+4) (modp)

(8n+4)> i

1 (modp)

—1 (modp)

oQ

(8n+4)> "

(8n+4) 4 — g(8n+8)

X g (modp)
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%x f(x) =y (modp)
b=y (modp)
5 Example
—— (p=61) ——
(p+3) (r—1)

42 x 31 =21
14 = +(21)? (mod61)
Quadratic residue = 21,40



g2x5258546
1
2k
1
46x22=1 n+2 ¢°=1 NG
1
1x22=4 n+2
1
4155—1 m:M k=2
2k
1

4x2°=16 n—+2

65=1 m=P"D (_
2k
l
168 =57
l
1
60 — ((2+2+42) x E) — 57
27 =23
l
57 x 23 = 30
46 = +(30)* (mod61)
Quadratic residue = 30,31

—— (p=97) ——
+ 31 -1
(p—1)=2>xn k=5 r:(p26 ):2 m:(pzk)
g=>5 <g(25><”)>rza (modp)
—— (mod97) ——
g2x527053
!
B Y Uk ) B
2k




!
24 _ _(P—l) _
754 =1 m= T k=2
5221 = P-D g
2k
l
75x5*=24 n+4
l
12 _ _(p—l) _
2412 =_1 y;= > k=3
!
24 x5 =62 nt4
!
622=1 m—P-D _3
2k
20=1 m=""1 (_y4
2k
6% =_1 m=P-D L _5
2k
!
62x5%=1 n+16 g¢g*=1 NG

1x5°=36 n+16

l
3¢=-1 m=PF"1 (_5s
2k
l
36 x5 =35 1n+16
359 =1 m=P-Y 4 _5
2k
l
352 = 61
l
1
96—((2+4+4+16+16+16)><5)267
507 = 59
l
61 x 59 = 10

3 =4(10)? (mod97)
Quadratic residue = 10,87
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