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Let's do some calculations

in En

-X: Is [7 = #3 in 24 ?

method
I :

3 - 27 = 16 = 4 . 4

4)(43 - 27)E43 = 27 (mod 4)

53 = 27 in 24

-

&Fi
2= 3



Ex: Consider &z = 5,
i

,
2

,
3

, 5,
E

,5)
Reduce the following in F :

i +
=2 . To + F2)

-

=285 z
= 54+200 + 42/

Iz8

= -
③



5The multiplicat
a

-

#Def: Let ne
,
n,

2.

Let F
,
jezn

We say that I and is are

multiplicative
inverse ina

-

Ex : Consider
-

20 = 50,
i

,
2s

5
,
5

,
5

,
5

,
E

,
0

,Y

· .=inverseneuer



[-Te
z. = J

[ . T = E

2 . z = 4 So ,
-

25 = J you 2

2 . % = J
neuer

has
25 = To = get

no

2 . 5 = T = T
& T Go2 . J = T2 = z mult

.

2 .F = M = T inverse

[15 = T8 = 5
S

=T = T-and inverses



==Tits own
i
-

=>>-

inverse I



=>in
9

I-
-

We need the next

lemma to make or

make
next theorem

sense .
-mem-
LEMMA : Let neX

, n> 2
.

-

Let a
,
bEX .



If a = b (mod n) ,

then gcd(a ,
n) = gcd(b>

n)

aleitin
-mean-

Threm: Let a
,
ne

,
n,

2.

Then ,
a has a multiplicative

inverse in In iff ged(a,n =

Moreover ,
if a has a

then
multiplicative inverse,

that inverse is unique.



Ex: Does 5 have a multiplicative

inverse in 226 ?

We haveyed (3, 261 = /

Yes ,
5 does have a mult .

inverse.

It's i because 5=FIT

I doesn't have a G
mult .

inverse in 226

because gcd (2 ,
26) = 2 #1 .

-



croof ofITheorem
:

-

#X Suppose a has a multiplicative

inverse in In

We mus t show that gcd(a ,
n) = 1

Since a has a mult . inverse

there exists Jen

where
T

.

Let d = gcd(a ,
n) .

We want d = 1.

Suppose >1 .

Let ce.because

dIn

Since dyl and dan we know
u

- ↑



⑪
1+

So
, /C > H.

Thus
,
# in En.

But also

i=) = E .T :2.5

T

=)=b =:5

=.=d = y(d(a ,
n)

↑

⑫



So if dil then c =* world

satisfy T = 0 and,
which

is a contradiction.

~du) =

We must show
a has a mult .

inverse.

Since ged(a,
n) = 1 we know

aXo + my .

= 1 for some X ,yeX.
--

Then in In we get axothy.
=I

So
,
xo+Y .

=

T

.

Su,:ot.

=

T

.

Mus
,

inzu



So
,
i has a mult

.
inverse in En

Moreoverpart
Suppose a has a multiplicative

inverse in In.

Let's show the inverse is unique.

Suppose 5
,

and Je are both

multiplicative inverses of
a

.

Then, . 5
,
= T and 5 . 5 =

T

.

So,:
,
=:52

Multiply by Je to get

Ens. J = Jin . 52
L



So , a : 52 bi = : 52ba
u

~ ] :5z=T

Then
, T . 5

,
= T . E2

So , 5, = 52.

The inverse is unique!
-

~ide commentary from class question

InEo suppose you
have

zx = 25 .

Then ,
T =

0

, j =5 solve this

but.

Be careful ,
can't divide off[

get- =

%

. Not true



What about 5x =35 in Eo ?

Multiply by F to get

7 . 55 = 7 -55

&=


