
 

In this part we will give a second proof for Fermat's

Little Theorem Chapter 38 P329 3227

Recall

Theorem Fermat's Little Theorem Let pbe a prime and let

a be any numbers以 that a丰ofmodp Then

a
P 1 三 I modp

Toprove this it suffices to show

H a
P
三 a modp

Remark 小 Sime a丰0modp we can cancel one a on

each side and the theorem is valid

121 Al is true even if a三olmodp

Idea for the 2nd proof

小 a special property for 吕

121 induction



Theorem 38.3 Binomial Theoremmodp Let p be a prime
number

三 I Cmodp if k oork

p.beo modp if I k p I

c For any number
A B we have

At B
P
三 At B modp

hecall we showed Pll when p 2

This is a special case of 161

roof la This is
obvious sime

P 1 I三 1 lmodp

bI Assume that I k p 1

1 Petit II this is amber

Suppose that Pt 员 we have



P1 1.2.3 k 1

sime we have a p in the numerator

This is impossible sime I 2， 3 k Icp
Therefore p1 吕 and 员 三olmodp

4 By the definitionof binomial
numbers

AtB A十 II A B I APBkt AB
t 1 B

A II AP B I APBkt 品AB t BP

三 AP 0A Bt 0A Bk OAB t BPlmodp

This gives At BJP三 A'tBP modp 口

Then we give the 2nd proof for Fermat's Lite Theorem

we know we only need to show

for any integer a a
P
三 a Cmodp

We prove this by
induction

Pla for any integer a a
P
三 a Cmodp



Step I P11 IP I 三 Ifmodp

Step I Suppoe that Plal is true that is

aP a modp
PlatI

at I
P a't IP modp Theorem Ic

三 at I mody induction hypothesis

Therefore if I lal is true then PlatI is true

By induction we showed for any number a

aP三 a modp 口



tn application of Fermat's LittleTheorem

Example Solve the congruent equation

86
三 6 mod 7

Solution By Fermat's Little
Theorem

6
三 I mod7

By Euclidean's algorithm 86 14.6 2

86 614 2 x614 x 6 14 x

三 I X2 mod7

三 X2 mod71

So it sffi.es to solve X 三 6 lnod7

I ㄨ2 1丰6mod7

X 2
2 4丰6 mod7

3
2
9丰6 mod7

ㄨ 4 x 16丰6 mod71
X t 2 2， 5丰6 mod7
ㄨ 6 x2 36丰6 mod7



Therefore there is no solution for x86三 x mod7


