MC‘(QHQC : l[
Modulay .J\r.-O.t\meOn

( ondyuence

Lk a & b be (;Lmd {wo ntegers  wilh be‘.‘nﬂ +ve 'mﬂtﬂeh
Ahen A Ss mnamm@ fo b medule ™ ‘7{)
« [ (a-b) ¢ m divides a-Y

oY
x A %5 hove 40e

oY

same vemamnder when Asvided 57 m

&

3 an M™eger k) a-l =km,

And gk es denoled I:ui

g_y. 2033 =

Az=h Cmod m), with o0z |b) < m
= =1 Cwsd )

2023 =32 (med5)
P1cr£-xQ%‘€5

L a=s (‘l (‘MOCQ Tn) o Tgﬁe'ﬁ\;_e_

2. azb (medw) = bza Crmod m)

—Skdmme_g‘l?c_
2. azb (modm) & b= c¢ Cmod m) = azc¢ (medm) - transikee
\. azh (mod m) = a+c =b4c (med m) &

ac = bc (mod w)

5. & = b, (mod m) & a,=b, (mod m)
sy a+a, = b.-l-bz C'rhocqm) &

aQq, = b|bz ("ﬂoco m)

6. asb (md ) & k21 = of =X Cmod m)

T .17{ P(x) be a PoQadnnm\qj vt qnﬁtﬂer c.oeﬂ?-.c‘-enﬂs &

NOtABTEFVEIIN © = r (e my




B ‘Q‘ 5§ =1 (,h'mfl 3.)

Alion 3.6+ 4541 =9, 3-')_I +241 =15

%. azh (modm) =Y c&(d (a,m) = ca(d (h,m)

q. az=h (wmed ) & nfm =y 0zl (modn)

3, (raed 11)

il

Ex: 34z 3 (mod12) & 41z = 34

- azh Gmd wm) , azh (modn) & gcd (myn) =1
Em & n aye ‘TQQI'AQ??VQW (PTTW\Q_ oY  Cop Yim ej
=2 a=b (mod mn)

Exe 16 =1 (nod 3) , 16= (mod5) & ﬂtc! (3,5) =1

—

16 =) (mod 15)

“‘IF C\'E"J (mo&m) b C %S 0. 4ve %\hcd”’ 'ke\&h Ca = C.B (Tnoco CI“’\.\J

v, I ab = ac (med m) % 1c& Caym) =1, Wen  KLz=c (modm).

hotesforvtu.in



L.‘i‘,\'\l Ly L"c-nt‘lllu‘m(.-
L

1 oLh & N e 'inq-"r'fs sueh thob a0 Crnod ) 2

A s S unl&nown ’ “C\en 1£\f ron?':umr(» ant E'-.lf.) (Yﬂﬂé)n)

©

ce  called  Lanear comayuon(g,

T Al Qneay C0h?1umcc axz=h Cmedn) hat a <on o

d /{, wheve  d = c(]cci Ca,n).

* l'r O“'ID'. 'Rr\m $k "\&S Cl mu’mo_u«j ’?n(mnca-\-umﬂc gf,ﬂm mod,uio n.
* If ‘d(d Ca;n) =) » hen e COnchancv_ has @ um(}}le <oln. medulo n.

-
lo

slve  axz b (med n)

o untque soln
Geven  axz=b Cmedn)

s%efi'. F5nd cdt& Ca,n).
skepa: 1If ged Can) = hen  oxz=b (modn) has an untque seln

5’.@1153'. Ex!)‘re.ss | = au+nyv nv = \-awe = -— fcu,:,- 1)

“/—(au-ﬂ oy h/ﬂu-l
Stepltt am =y (wmodn)

Step 5t MMQH&"PJ bolh 40 et clles l‘)\d b
o (bw) = b tmod n)

Now %= bu Cmedn) 1s the 1ecpuf~rwl soln

Nole ; 16’ 017“13 (& dses nol  drvide B), hen the CO“ﬂT“‘“‘E
a1 zh Cmod n) has no .gobq_ , wheye d= ng Ca,n).,

hotesforvtu.in



Fead  4he  wo. 0{) <olns  extsbt woy.b. foﬁow‘?hr‘];
). 2a = \2 (wod a0)
cacd (g,20) = 4 & H/l&_
4 Y solns.
4. Qs = \S (wmod R%9)
cac& (a,23) =a & aAFs

No sofn .
3. Jx = 2 C(med X5
cacd (%,39) =\ = umqpe soln .

hotesforvtu.in



To {‘H\CQ GCD OE” {wo numbess
(EurQi‘CQ’s quJUITQC\TW).

1. GCD  of 32 &9

32) 540 23 22 (1 19 22 (& Ao (s
33 a9 R0 0
T3 L : o
aa = 54— (32) \0=32 -1Q2) 2 =22-2(1)
“The

lask  mon- Zero wemashdey 2 2 - ged (32, sh) =2
To express (]JCA (SQ,QH) in the fovm 33 ut 5w,

2= ax- & Qo)

= Tsu- vezay) - & [aa- § Gyl

"

54 - 3(32) + 2(a2)

"

SH-3Ga) +agsy- ) (32)]
3CsY) — 5 (32)

I

= 54 (3) + 33(-5) U= -5 ,v=32.

3. 6 of 2ssao0 W% 1az21y

1921y4) assao (1 6266) 19314 (3 ¢q6) 6206 (8 635)696 (1

EEETIS 8613 sS63 =
6206 T T %
5'8) 638 (“ ' The last nom-zevo vemaimder 35 <%
633
22 qed (35520, 19314) = s§

<8 = GGIG'-‘ | Cé-‘!’%)
= 6a6 - | [ 6206 - 8(6a6)]

5¢ = 696 — | (638)

638 = caoc6 -~ ¢ (696)

606 = 192\} - 3( 6a06)
€06 = 35520 - | (1931y)

= q (69¢) - 6206

= q [1a21y -3 Ceaoe)] - 6206
~ q (1aziy) - 28 (6206)
- q (19314) - 2¢ [ass20 - (1a31y) |

= assa0 (ag8)+ 19314 (33)
w= -2¢ ,v =233

— e —— et e, ey it

notesforvtu.in
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Qt.-Q\H “nr -[.I;-UU\U'.‘I'\“] Q'mvm rrml‘l\\'f'nfr"-;

\ :' o = - (\‘I\hl\ ."1 “-| )
Alee  0=7 3 b= %, n=33

‘aftl (3,37) =\ = d =P u.r\?(‘uc selln.

1o ex\\n‘&& Ct = AU env,

D a1 ls IR E

2g 6

2 [
3=37-5(3) (=9 - 3¢2)

T 3{51—5(-’1)]

=3 () +33 (-3

1.6 w=\6 , v= -3

auz \ Gmed n) = 16 = (mod 23)
MAJ.U{P[A-‘ b\j 5= 2
30 a%X6) = 2 Gned 37)

F(30) = 3 Gned 31)

Laz 32 Gnoed 33) t Nef{{ 23 |G x32)-2
1
2. Soluw N = 4 Oned 2€)
Heve a=w, b=4, mn=as
cac& ( I, 2g) = =y bU\'flV.LL soln
To exrress ci'-'- au +nv
D as (2 DU 920
a2 i L
3 L \
3=35s-2(n) 9 = Il —3(3) 1= 3 - 1)

o VE S | C2)
= [as-acn] - 1\}1-3(3)]

notesfeorvitedion = s+ neca)  us-g

v Rl



Now  auw=ifmedn) =¥ 1w (-q) = | (med a5 )
Mudbsply by b= 4

nooC-axy) =y (med ag)
W (-26) = 4 (med -
e W =z Gnod ag)

> a=

=36 (wed ac)

1

K= R (mod 29) as 35/1-?36 the least %=1H.

3. 5x = | Cmoc Y

—

Cac&(g,\-ﬂ = | a= 5, b.—.\)hf—lﬂ
“)_?LO =5 -1y = B0t U(-1) ¢ u=y, V==

|
New auz=13\ (medn) = 5 O) ':l@no&'ﬁ)
5(1) =\ Ceod k)

A=\ (N\ool '-\)

. INE & (h’\cd a3)

1(.&(3:33):1 0‘23:\3:;13 \'\=523
DG D30 2= 23~ 13

QU

o “f%‘ 1= 3- 1.2

(=3 -1 [33-7:3] = 3Ce)+ (=Y w= 8 ,v=-|

Now am=1 (medn) = 3(8) =1 Cmed 33)
M'.Ll&&phi b‘j b= @ 3 3(8xa) =2 bmoc!:!?:)

. A= 1g (mod 23)

notesforvtu.in



Mo  solve anzbh ¢med n) 'ﬁu Ayl & d “)
w e ¢ d tdtt( Ca,ny

Geven av =% (mod n) —@®
"‘.lt‘s\ i = T-'rnc‘ (J\ = CJ (d (qin\
.Jr &7 Vo, cheele d {b

"{{(‘P o To -f'ih(y (;l SOQ.\LQ.fOQS p 'D'hﬁolt @ l‘.‘lld Cpu
a -
GOV = () wed (1)
Nom,%(&(__%_ y _"cll.\ =\ =y Unfque Soln
Lk A= & (med W)

5&5,3; Soln °f axrz=b medn) Fs
E{;—\- (k- t)( ]1 (‘ﬁ\o&\'\

where K= \!1337-"-,&.

Heve each Ay $s deslanct.

Solwe e fnlbw?hﬂ Lonanmxces'.

X, Solve 1A% = 6 Cmod 91) —@® !
Hoe  a=12, b=6, n=d. g (,20) = 3=d
3/6 = (O has 2 solys.
Divede () ‘olj d=3

2
2
he =2 4 med 1) —®

Now c.cQ(L{q)"‘

notesforvtu.in
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y) O 3 u V=4 - \(3)
ol B

3 l 3=7 -\(H)
\ = '-1—— l(?ﬁ)
y -1 faI-107] =

Beay« (¢ = U

"

9‘)\"-‘“#‘
Now L{ (a) = \ (‘I“ﬂoc@i{)

Muliply bxﬂ Q
o4 ()= 4 Cned )
Untque <oy of @ % x=y Crmod )
fe. % =1 Cmed 3)
To find  oller solns
1, = &+ -y Crnodin)

ve Az E (med M)

k= 1,2,3 , £=4 , n=a1,d=3

2, 2 k& (mod 21)
Ay = [Lw Ca-v % | Gred))
oA = N Ceed ay)

_ _ Cmod Q1)
x, = [u+ (3= &L e

A= 45 Cwod 21)

hotesforvtu.in



2. Slve Gaz6 (med 10) —O
a=%, b=6, n=10
qed C,0)=2a =d & 2y
® has 2 solns.
Divide @ by d=2a.
hw =3 (meds) —®
gedCH,s) =\

LI)S(' \ = 5-\VH = Ll('*‘)'}'g(l) » gty V=i

=1

L (1) =\ Cmed )
Mudkrply by 3
n(-2 =2 (mod 5)
.o oa=-3 Crmod5 )
a (mods) s &he sy of @

A + C\"ﬂo&“/ol) _
Rese =&, =10, a=2%, d=2

e Rt

nmoow

Soelns e a‘:ven \olﬁ

Ay [&+ k=) “a‘} Cmodin)

k=1a

k=1, % = El'l’(o)lg—j Crmed 10)

x, = & (mod 10)

_ .10 rmod 10
k=2, = Ca+y -a:-:) Cro )

A, = % (med 10).

hotesforvtu.in



& RN = 56 (mad 1q) e 5.

ged (28,14) = 7 - d & "(‘lq

=5 @O has 71 dQsstind solne.
%?UTC{Q @ ‘o\d‘ d:q

Hx = @ (modd) —@
Now caccﬁ(!—q,fl\:\

DIIC DU 3=71-LYy
L3 = 4y-\3
3 \
T O T T e O A G I e A

Now h(a) = \ Cnod F)
Mu{l-i‘ia\"d \md g,

H (1) = @ (mod q)

il

2o %x= 16 Croed #)

9= Q Crmod 7) 7s R ch-yl 0{) @
*xz 4 (mo& “/d)

Yo Sulns oqr ¢ are a‘iv&v\ lo‘d
A S Us + (k=) D&.j (med 1)

4= 2 Kk=12,345,673, d=7, n=lq

k=1, % = 2 (medyq) k=1, Xq= 44 Cmed 4a)
k=% 5 A2 4 (mod 14)

k=3, A3 = 16 (med 44)

K=U, A, = 23 Crmod 1q)

ket . e = 20 (mod 49)

hotesforvtu’in



\,\;:'ﬁ b, Scle Sx = V4 (med6) —O

oltct(?,,s)fg & 3(121, = O hos 3 dedinct Solng
Divide @ h\d 3,

%= W\ (W\ccl Q.)

ie. %= 0 (med 2)

4 =0

Soml)s O{J (D Qve aTVQ!\ ‘D\d > & K = "k +(k"l)-cﬂt- (Mocn h)

kK =1,a,3 ; Ww=e€ ; d=3

K=\ = o (mo& G)
k=2 , H,= & C(wmed )

Lt (moolﬁ) "

k'-:g’ C)k:).

hotesforvtu.in



Pyoblems
v Sdve Sy =t (wmed 13)
ME. 3 [6a-h
cq-n= 13k, kKeZ

54 = 123k + Y = o = 13k+Y
5

B\d ?nsloeci-‘c’on k=1 qives e ‘in@tﬂfol value of A.

8 R= 12 (Q)“"Ll
5

= 6

A= 6 (mod 12).

L Celve T =9 (wed 15)
At 15[ 3a-q

-9 =1sk | kez

Fa= 1sk+q = %= 1Sk +q
3
@:\J 'iu\s.redr?cm k:? ﬂ?ues 4l "u‘ﬂq;'fﬁ'rcd value of o
e o= 15(8)+9  _ (9
e |

A =\ (moc'l 'IS)

=z, 1{’ ¥ =a (med 12), ‘ancﬂ a.

8 _ Y42

T = (M) = as¢ 12) 256 (19
2€€ = 9 Cmed 13) -11:;—6

. 1

"t 8% q (mod3) q

a=q

notesforvtu.in



§. Oind e least  Ave values ct: K <wdh ol

oy = N XS
W) an = (wed R) (V) A6z Yy (med <)
T‘“ﬂ&..‘\ 78 + K = 2 (e d ¢ ) (w) G = |y (mwi 6 )

m;‘:f-\-.‘:\ %q : (w+3) (h\(-(ﬁ lt)

Wy (s 5 " w5
[
T

Gty 39+x -3 =5k , kez
s +%x =5k

Leb «x=6 , Hlen I5+5 =80 1< devesshle 'm?f 5.
Joo e leash  valwe 0{9 A 5s 5.

Oﬂ) 24-4-3d = Lk , k&L
6 - % =k
Lebk x=2 , then 86-3 =34 T davistble by 4.

e leask value UF * TS L

Gv) a6-2 -5k, kez
'q-

a6(#) - * =Sk 5 6ra- x=735K
7

Lep %= 1 ey 672 -7 = 66S TS dtvisible 13‘1 3¢,
[ >

He least volwe of X s

(W) ga-y =6k , kE€Z

Ga= 6k + U = A= 6k Y

&
I k=1,6,M,16 ... then Q= 2,8 My 20 vespec vely.

notesfemuduuim -« »



! ‘{I ol 4 ( Y (‘ | 2 f-ll'i't‘ ) '-""L 'f;h‘.
oz 5 qnﬂ';-.{]h-'-. 1he  congyuence .

oAz 6 (el 1) fe 4.0 f;r.‘l}

Qoln sel = 3

._ql"? 09,12 ’ "1;3"-;";3,..T

& {lﬁ(‘ "fqil_l.ﬂl'{' V(\‘Llf'. ('(" “y (yo | D , tq : ’)6

(f;- i ;'I\(l {Ll Q"(l'-F l‘ Ve v ;(\r.',]'\f‘cg In,t fn ,_jﬂt‘ :'r‘ f{r] "",';;-r; l;"}
at=16 = 1\ Cmed 5) ooy 200 (45 A o
. 29, '
‘_‘( ':'g ' PR f 4 .
()" (1) (med ) | 21 |
: 20 2" =
200 . I

2 = | (mod &)

30V = 4 (35) +)
300

R .= - Crod S) ‘ azr..\ _ :{Hxas) T
P 3 Gl : (@Y L a
- temamder 35 2. ;
1o Fnd e unit ol“ud'-Q- in o the number 4
3% = a  Cmod 10)
g 4) 289 (32
@) z 9" (=2)= 1 (med 10) ;‘%_.q
8
3% = 1 Cmed 10) l

L =L
(") = (\)‘I (med 10)
gl = | (mocl 10)

97 g Gl 10)

nOtesszth'Ein e umt &?3:% . s 7.

A4 < 30



Hw.

o P e el gl o ™

:I" = 1 (wmed 10) I.D RO\ (90'5
20
C03 <03 12
(3" 2 Cmod 10) 2
\
A0
=\ Cmod 10)
20\
B 7 = V-3 Cwmod 10)
\3
S R 7 (mod 10)

untl o\?ﬂ’.% ™ ':Iamz % “]

q. Food e last le?fd'ua' M e numb(‘r 7[‘26

37 =z q Cmed 10)
37 2 1 (med t0) LD 126 (31
17
3) -
(3") = ' cmod 10) N
Z-
q‘w = \ C(wed 10)

9 .3% = .4 tmod 10)
. 3™ =z q Cwod 10)

khe last dogrk m 7701 4.

hotesforvtu.in



\0. Find Ll unsl C‘T (J“.

12 = 3 (mod t0)

1% = 2* Cmod 10)
12 = q C(med 10)

v 2 = —1 Crod to)
(13)" = C-—\\L (mod 10)
(2 2 1 Cmed o)
(13" )o' = ' (med 10)
130z 1 Cmod 10)
T N T - Cred 10)

\331 _

3 Cmoed 10)

ke uwl &?fd'.f} ™M 13-5ji s 3.

I\

28 =8 = | (med?)
(&3)“ = | (mod 7)
Qk%- 2& = \- K (mod 7))
25° = 5 il

o e Temom\&ev < h.

hotesforvtu.in

Q) 3309
36

What- s the vemamder tn  the  divssion o{; ° b‘d 49

10



ek

\2 . 1.;“{‘ ‘L‘ “.”.n'_hrk!‘q 15',4-'\ ;J.u" ng r&'i J.lfl’f(. L‘J Lf'
.Q?' e A6 B A (mmo It "FD A5 6 (5
3¢9
\! ] 20
(Q‘fs = («Ql\ (mm0 1".‘])
r,_‘,uf. = |
= 1% (wod 49) u) Ui (q
haz
!
Q1 = \ab =2 (mod Llh'l) :
yy) 122 (2
q!l
e Cod
2%z a2 exan Gmed ) L
23
2 = g1 Cmed 4%) y7) 611 (13
L&
P = | (wmod L) R
41

\
20 e vemamder 9s 4

12, Fend  Ahe  vemandes when 13 X F4H xXH4§ S< ci‘n,-‘.’é:e:cl b:{ 3.

3135 (19 125 = & (med )

1 Ty (0 o= i (ned 7)
A0

Y

A1) ug(e g = 6 (mod )
Ha
6

A%S X

notesforv

f;ﬂ'—\xi (med 9)
U(lnq) =6 (mods) = 6 T the vemamdey



e yemande when 249 y oy 03¢ 5 drvided

e vewmamday  when Ihq Ts dsveded lo'i 2 %% |

L&TDTQ SUm thCm&)

Or. 3)3hq (1ig
3

9D

& e

The vemamder  when Y s veded sz 3% 4
or. 3)14 (ay
(3
i1
i
ol
The  ~vumarmder when 26 se  divaded b\d 3% 0

3) 36 (19
)3

o) oo

 BHAX FYXBC = 0 Cmod3) = b vemander ¢ O

o Bed the  temasnder cbtamed  wlhen €L X6S X666 € clsvided _b.j €3,

€ = -3 (med 6%)
65 = -2 Cmod €79)
66 = —y (mod 63)

- CHX6S X66 = -¢ Cmod 67)

- -

v SHXESX66 = €y (mod ¢¥)

\ -

. G).

notesforviu.in



B \6 ?'i‘nc{ {'Cu T\‘mmmnﬁ u;‘m'r\ 1S K H?’ng’ ¥ cg:l\ﬁ(iftq bt( e
W) \3s (s ‘1S = 1o (mod ")
\\
Qs
43
o
W) 3 ClO W2 = 2 (wod 0)
\R0
3
DEENE €3z q (med y)
Ly
q
IS ®XW3 XS = 10%X23Xq (med )
= 230 (mod 1) w) ato (2y
29
= <0
6 Cl‘no& ll) . | LIL'[
6
the Yemasndey < 6.
Iy
1. Fad e vemaendey  when 9% rs dswsded by 13,
Q‘:‘l, 52.1:"'\, Q3:3,;[H:\G:_-..3Ch‘\oal‘3),&’gz 3,
2 =6uz= -1 Cmed 13)
» cLaose 6 l
, | |
(a]
3 ’ | (Q ’ g B
"o
36 \ . 1000 166
T 2 2 = () -3 Cwmoed 13)
26 |
I | = 3 (mod 13)
. 100 = 166 (&) + Y
1500 166 (6) + 4 \ =i e ~vemammder %5 3.

J. = Q_

notesﬂfﬁr%u.in



2
e Cleanes \a-'mn'.m('l‘s e ovem /
( ’ l"n jt'mu'.\‘.(Ct‘r ‘(;u( tt‘\‘r‘i)
“The  Clanese vemamdes le C CTR) Ss U.Sccy bo soQue a <ol -'
of cﬂ?{-fﬁm?- comdw-uml' JTE with  one variable bub diffevent
moduls Luk'.‘ck Qave 1&&%\’&‘1] Qﬂme.
SHalement -
If m, , My ,M,,.... ,M, Ove Palywise 1:%0:%’\:@_17 L. #ve
"“Q:i’tat'fs ¥ ’\{’ O, 045 Qgs--- An QT Cuua ﬁ'n@eﬁers ,‘&ﬂm the
Steaultaneous c:mram wences
A= Q, (o d ™, ) *=0, Cmod m)) ... A=A Cmod ™)
l'\f.wt Q SoLl 5 & {le Sob]_ %s umqu moM,, ™, where
™M= M-y - My - My,

“The solp 3¢ =%

AGMMT' + QMM+ + QMM Gnd&m)_'%i

where My = 'T:; = Ty My M :

y |

M, = %m = TN, M, mee Ty, & So on. L

i

- &ulm’ T &= T e a1l

——— M-,t ?:‘EWMP\?C&HVE Tnverse of M. module m; ,T=1.2 )

I_

\ M, = 0 Cyod ™e) _fﬂ R E BT, cewne LT 0) |

| e (m M) =

S

M, X M, = \ Cwed my)

hotesforvtu.in



Modu la MUQH’P‘ Tcalive Mvevse

Cigven {wo “\.\'\QE’(JCTS a & m, the modulas mu,iﬁ?hﬂ'm*‘& Tnverse tf a

2 an qhﬁ;ccdh b cuweh that

ab = v Cwed m)

Note ¢« The  value o{’ b cheuld bhe sn the vange {\,a,.._,m—ﬂ}-_

—

+ b :?ZD as @0 mod m ws\l rievey be 4.
x* The muQ%P\?co.lr?\Je SN eYSe o{) o mod m  exssts ‘i‘ff %c&(a,mﬁ:\

hotesforvtu.in



Pyeblems

V. gc\\:(-' —u“- '“.;. VIN ( e nees, O ( d
f( w \{ {\\fJ:)l e “”h[‘ § \
N=EQA (mod 3)
“nz 3 (med ¢)
A= B (I\‘.('{( ])
Heve 3,53? Qye TQQ&“TU(’I\J (n'mnc ﬁllm\n!'rﬁ-
™M= M xm, Xm, = 3XS XA o= 108
M, = Mym = 35 Qtven To r.—awq:;, -
Mq_ = m, mg = Al Q= R B M= 35 M}‘l; ,
= 3 TYII=§ M, = - -
N\E': m‘ml = g | 0"1.—& 7 ) Ml""—‘ m= 105
.C’\a" m‘?,:—’ M?‘:lg m3—|= \
; -\
We  have Me XM = | (mod . )
-
35 X MI =\ (mo& 3)
35 X2 = | C(moed2)
oMy o=a
AXM] = 1 (med )
X\ = 1+ (medS)
- -\ -
- M =)
XM = | Cmedy)
1SX \ = \ (mod )
- _
L M3 '_"
We have %z Q, MM, + QMM 4 QMM Cmod m)
A= Q2 X3SX2 + 3 XA K| + 2x%IS x| (mod 105)
S Az 233 (med tox) les) 233 (2
. a10
a3
notesforytis. i




Sclie i« {ellowing  Cengruences using C K1
-\ -l -
1% = wed 9) Mulkiply by W A= 4 RS (mede) = 2z 3 ned Q)
o 1

= ¢ (med 20 = 4= 3 (mo& '0\

Tven To calculake
Q=9 m=9q M= =N e
i 1 - 10 M, =\ M= Q0
Q.= 3 - i =y
m, o M‘J.F 9 Ml = Q
M= mxm, = axio =190
M‘: 'me_':- 10 M’,:ml:q
A =
M,XM = Gred ™,) M,_XM.;_ = | (med my)
10 X \ = \ Cmed a) Aaxq =\ Cmed 10)
o
LM =) =t
, M =9
= - =1 ==
Now ) N= Q Mlml T Q.}'Mlm,_ Cmod m) ‘310) 2923 63
230
= gxlox\ + 3x9xq Cmed 90)

53
= 293 (med q0)

s 4 = 53 (med 90) _
M“u{f’lf‘ﬂg"’“ Mmverse 019 h e le mo&ul.o q s 7
g XY =1 Cmed 9)

;
"“ﬂ::'

IXS =35 = ¢ (mod Q)

hotesforvtu.in



- - L]
-— = \\"

e {c“pu".\‘.."

A= S Lh\nf 3)

G’n‘\‘n
Q, =% ™m= 3
a‘i = 2_ T'ﬂq'_ 5‘
Q. =\ .

3 T’ﬂs- 1\

M, = mym, = S5

ML: m,m, = 13
i\\s': mwW, = \S

MoXM, =\ Cmed ™)

sS XM' = 1 (med 2)
5 X1 = | (med 3)
e M—l: \

u-.‘nnj ¢ RN

= 2 (med ¢) A=\ (med )
Vo calculabe
M= $S M e
- 3 -
3 M a2
M= 1S
b} m;l =3
M, M= Cmed ™y )

-\
33 % M= | (med )
33 % g = \(med $)
. -\ o ]
W' =2 2

% zlomm 4 ot amnt ] Cmed m)

\rl

it

s

= 122 (mod 16S)

Ans

(med 16S)

A=9 (mad 3)

(s xss x1 + ax3zxd + VRS X3 ) (mod 165)

les) usa 2
330

12

‘“?&CMOC‘S)

1z 2 (mdis)

hotesforvtu.in

-\
m3xm3
16 XM,

WS Ah3

w

W

|l1_

= 165

\ (mot’] ms‘_

\ C‘mca H)

\ (modh)

l:._3



= 20 m
S\ :\;‘ med € 0Qs
Js S00% = 5X q XWx1\3
m‘:b'. m‘.:-‘]
™ o= A\ ™m, =13
2

M, = ™, MM, = 100 |

Ma = m‘mzmq: qls

M, =

3 m‘mi_mh'-‘- HS-S

Mltz m,mims = 33§

To f’"“cﬂ A, s values

_ 301
U= 3 (med <)

22 = (66%s5 ) +2

n':.w) « £\
I

A = 3 (mod )

F* = @Y. &
)01 (6o . 3 =
300 3 =y (wmoeds) 3" =9
o % =
& =33
(3") = | Cmod &) =3
(sso)s" S N CudES 3" = 243
Ov ‘ake 3“‘;,\(nwd5)
37°. 3% 2 § (med$)
201
* Q,_E 3 Ch\oCR :})
3) 302 (432 5 30% ° (’-t?;%?)*'\'
25
-":1":':' 102 _ W31 \
i 3 =(3"") .3
) 33 = —y Cmod ®)
r
notesforvtu.in=' <"



3 - 3
3 = 3"‘ = 2 (Moa‘?]_)
TR :
<3' ) = 3-' Cwod 3)
= 2 ("'\‘) (\'"1) (moa-’)
. 20|
5 = 3 C“‘\Qc' 7')
3ol 202
5 -
2 =B 2 A twed 57
= & (wed )
Q, =&
o 202
= Ny = @ Graed 1)
3% 2 Q43 = | Geod 1)
302 = (eoxs )+ 2
co
(3g) = |\ Cmod L)
33°°. 31 = 3"‘ (mo&l\)
= g Umed W)
- %: q
« oa,z 2 (med 13D
2| Cmed
209 :@,)(too')-rﬂ.. e 3 = | Cmed 13)
(3" )‘w = ) cwed \3)
2. 2% = q Gned 13)

2 o, =9
notesforvtu.in

= ) 302 (ga




= -\ =4 =4
Now , 4 £ Q, M.M. * Otmtmt. T 03 mz.ma. + O‘uMHMu

(med m)
M, }(M'-‘ =1 Cmed ",)
Voel X 4 =y (med 5)
Mr‘ =\
M’.}Mz‘ = | (mod m)
AVS X =\t € ca. =
- 2 -.9'5}15' Go2
. -\ _ 1
N M” b o\S
‘G
' \
M, % 90" = | Cmed M)
Hss %3 =\ Cmed ) Caleaee [(uss xz) 11+ 10 = 134
5 Ms"‘ = 3 = 1\/@“.5.){3-)_‘
M %M 2 Oned )
3z X 5 = \ (mod 13)
Pt M‘:‘ =g

-s K= (_H)!lxwoi + RAXIVX NS + § X3AYKSS + ng‘x:*,%s’] modl soc:

= asohy (med <00<)

o0S) 3504y G
3 035
= Q (med "SGOS')

C\

hotesforvtu.in



e Y i.\;(.‘\‘.nlr\b'\“i ; !f,ﬁ'

A ey Tﬁr[’\mhn-.%m tqn (LDE) 15 aw egn with 2 or

™eve

Moy e ﬁnltrdvr unknewne & 4he ‘:nhgev unknewns ave  each Yo

al ynedd clz-rant o{' i

LDE  an twe  vaviables  faker  -#e fﬁvm cF cnt-i-l-n{:c_

m\'&"t "’h‘ﬂ = 1% ﬁ'l‘)'( ave "Inkﬂu constants |

AHeve R &k ld ave  unknown variables

A \'\cmocaemeus LDE %S

a1+\md =0 , ny¢€z
NOQT ‘Q{;\al-

A=0 & 4¢=o 1 a coln , called #ie 4a7vial <ol

Ex: 5« «-?LJ =6y HYE &

Heve ‘=0, \1-‘-0 T {‘C\t_ 'Q‘r‘i‘v‘.'aj Sen_v)_

S T ld"-‘-s %S a solh_

+= 6, y=10 s a solvn_

Tn camcrol ; 1:3%, % Ld:-SE k kel s th soln.
'ﬂ‘_‘_"}: Let am+\mj T .n,LJEZ be a lwm“]mwtn LDE.
T e (

1{ Cb((t (Q,tﬂ:d " {[«eh e _("’;\m'.(u.] c(‘ g,;i.lg it, Q
s vin L”k ) - = | s
S A IR Gl B SRS,

e

Bl Solwe Gty =0 L A

tar_cﬂ (6.9)= =

o -Solq.s ave 2 = %k: 3¢

ti

y=gk=-at

hotesfortvtu.in



“il:::n . Lel (i,(:,( c 71 . (_'cn:,‘.ﬂu - A D?C[‘Lﬂ-"‘[’im “jfl
ah -+ L“J =

¥ ]f cJ(cl( G,‘n) { E Yheve Qre no Scif)_s

- }{j (Jf((' (a,h) [C " {here  aure 'infrnttti.y TﬂﬂJlij -:f[‘“;-"
rr A he -(}G'lm

o= A+ _'f’T'Q y Y= Y- L4

¢ d

“eye (10,%’3} %% a pm‘lﬁwlar scbl & tez

P'\'c\altm_g
1. Which OC Hhe .rc.t\m'ma D?o?lxanvﬁnf EC]QS cannck be colved 2
() 6w +S\y= 22 @ 33x+ly =us (wr)sqﬁa]u:qog
() GDSICS '_1;‘,) S (?_ : C.C!' (6 S-‘) = 3 & 3 #J{g\_
i1y ¢ e
3 o

Gy s neb solvable.

@ ) 33 (= HmE YHs @ Loged (33,1) =1
2% to K '

— —
—

5 O | x \[us
&) 18 selvable.

Git) Wsh@ )y (0 q)

| 3
g ) ol
la q 3 o

o o‘ccl (S4,21)=3 & B/qog @) ss selvab)e.

hotesforvtu.in



]
A\amrﬁw to  Solve  nom - homegenceus Drophanbine g
axthy = ¢ —Q, ay ¢ 2
Step 1: Fend d = chcl Ca,b)
skep a: 17 dle , 3 ?“f?ml,-d.d mcde soln s
Let ; =k g ok step 3.

Otherwrse , Yo 50[1)_-

SHP.?: . E‘&PTess d = au +hv —©
SHP\‘I'- d = auw+bv X k T.e. Muﬂ'frhﬂ ® b\a k.
dxk = a Cuk) +b k)

e C = an + ‘0\}» ¥ (‘lo,‘db\ iSoa ﬁaa:r\'r‘-'cuﬂn.t soln of@
S&P 3 L &en. soln o.f Onw‘md =C Ss %“N@n ‘0\1

A= %+ Lk =y - a ¢ tez
d 174 d ’

hotesforvtu.in



Y
3 Solve 6% +qud =21 —Q@©

qcd (6,9)=3 & 3|]a a=6, =9, d=2
® hos anfinile solns

Dividing by 3, ax+ 3y =7

E“d ms’PMHm A=, \jb:\ rs a pm'ﬁ’cuim soln . v.e. @) +3(1)=7

« Gen. sl T 1="J{°+|_:’_t_ , .d—_\db_.%.ﬂ-
1= 2 43k ,-«1:1—-:.1{,— b2

3 Find Qe cd(‘;\eiaq soln Cf

qoL +H3lxd =168 —@®
a=30, b=, C=16%

1) ne ney gu G 28 )y (1 W) 2e (2
o Mz 29 2
b 28 Yy o

1l
Q-

%, cacc! CFo, ng) =\y ' he= 2= \.Fo

\H= KLa- .28 '1 2% = Jo - 1-42

[
= H2 — Fo + 49 b= v - 128
l .

= & (L'E") - 40
— ?_Qli -30)- 1o

Express d as d:q,q+\:v
W= 70(-3) + nwi (2) A

Also 11-1/‘63 @ hoas solw. Leb k=168 =12
|
Muskiply @ lmd k=1L
dxkx = a Cuk) + b vk)
W Xy =

3o (-3) G12) + wz (2) (12)

o
w0
T

70 (-36) + nz (24) e T au,+hy,

e R = =36

—

v o= s o parbiodar sy of (7).

notesTorvtu.in®



Gen.. soln  fs. A =N, +%L- . td.:‘_ﬂb_.%_{_

-—

- - W B - - (30
x= =36 T(LENE = Ay (~TEW

o= -3 4L, y= -5t de
Dveify by takmg €21 1 F0(-28)+ 12 C1a) = 1¢9]

4.,  Solve 3w - S_E'l-d =¥l —
a=3%4 , b=-5¢ , <=1

To  find tac.ci of 24 &s¢

29) s¢ (v 1)zq (e SY\G  a)s (@
3q 21, 1S L
3 5 L

qcd C29,s¢) =\ =d
¥ ‘/\I- Z (O has soly

Leb kK = -1\

To express a as d= awtbyv

Z

1ya €3

)= 6 - 2(3) L V= S=dia)
e E\‘:'-g(g‘)] "I Q= 13 =308 -
Vi E 34 -3
:‘;(g\—'i(l:l) \\\
|

\J=5s6-1039)

il

3 [29-2 1) ] - 2 s¢- 1) |

39 ) +(se)a ) -1y [ge—-l(Scﬂj

\

39 (23) + (-s¢) (1) —@

! =

Malbtply by © by k=1

1x0 = 3q(a3xi) + $6) Clexu)

29 (*53) * cs¢) (V39¢)

notesforviy.in



MNe & 253

Clen. soln. o{’ M 4s

A= Aer b e [l ol , 4 €2
= 3 -S6Y\ | =176 - (39
-'zsz,+(_,‘_)l (_‘_) &
= 353 -S6t = V96 ~3qF
L\)rﬁ‘fu‘ L)\.d lu'&‘fhﬂ] { =| ]
G, Soivc T +1‘%,ld = Q0% —©®
a= 4, L,:\gj C = Q0%
To F".’ncﬁ %Ccﬂ o{) 1 & 13
D18 (a ) 16 3)n0 L= 16— 2(3)
'y 8.2 2 = WCh)
K" 3 1 3=1-
V= 4= (3
) cacrﬁ (A,18) =\ = & ‘/‘gog = © has soly.
LQ!‘ = %_.__Mi = J0%
|
To express A as  d=authy

= 4 = 4(3)

T8 @ H\mQﬁ(uQm soly a{) .

=u -1 L3- 1))
=2 W)+ 3 (=)
= ig-2¢1))+r I

=315y e @) —g

Mull—f?‘/u@l:td k=208
¥ 208 = 3 (-Sx%x208) +18(axaos)
W8 = F (=~ 1040) + 18 ( Lg)

:Q'lo"l’l'l

notesfowm )« o pertiater suty
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Gen. soly or @ As

f
W lo" --~-p
%= W f _l?“— Q d J d
= —1ono +41¢ = 6 - ,'{;
G .‘;u\\JC SGR A lUL& o ‘\U - @
azss6 , bh=92 , ¢ =ho
To th(ﬁ C‘l((‘l UF S6 4,72
s9 Fa (i 16) s6 (3 2 )16 (2
% He L6
16 B o
. qed (s6,73)=%
¥ %*/uo = O has soly
Lek = _L_"_E =5
2

To express d as d=au+by

B = s6- 2C1¢)

s¢- 3[1-1C56)]
$ = s6(y) +3a (-3)
Mulkiply @ by k=S
%S
Mo

&

"

s6(uyxs) + 12 (=3%8)

s¢ (ao) +92 (=1s)
A%, +loy,

n

te. C

Lo, TR0, Y, =718

ben.  soln o{ ® 95
*A = U, h
] +

fs a parltfaular sy

20’1’:1_2_{‘ =Q0+q'!5‘

notesforvtu.in - -s-=+ -

Qg = 5‘6"3(‘6)

6= 32 - 1€S¢)



g Solve 142 & 420 4 =woo —QO©
Q= 192 ’ b:ao 5 ¢ =\oovo

g -[’-Tnd cacc& of \Ja , Ao

20) 112 (% 12)a0 (v @2 ( L) 8 (2
l6o ) 3 3
12 3 4y e
.o %ccl (1a, R0) — "
&, L‘/\ooo = O has soln .
Lek k = 1000 = Y
3
To Q)(PTCSS t’J as CQ'-‘-C‘-U +‘3V
h=12-1(8) { L=z -1(8)
= 12 —-\[10_1(11)] : 3 =20 —-1(12)

\ o= 9 -5y
- 2(11) +30 (1) \ °)

=2 [112 -3 C10) | +20 (1)
4 = 142(2) +20(13) —@
Mulkfply @ b\d 48D

ux gaso = 172 (2 xaso) + 2o (13 Xa50)
tooo = 1732 (S00) + 20 (- L2so)
1.c G = A, +'o\.j__b

A, = SCO , \do'—‘ -L42s0 Ts a pmk’cuﬂar soQ,Q_

Gen. soln oF ® ss

A= ANt %% = S00+ R0 4 - sLo+ G
L
tez
4= 4, - -;i—{' = -M3s0 - 172 ¢ = -uy2s0 — L3t
L

[\’"7{1 b taling & =1

hotesforyviu.in.;



24
- ) -
".\\\an\ ['f Q'|nl'tll ( N\l",}ll_#'l'l(l'”-

hm ¢ “The ‘th;,Qem (-[ QTncm (m\(dxuonfcg

ay - 1~nd =% (mod n)
C %+ (‘ L‘ = & (mocu n}
has  «

Lm:'(’uc .S;U.Qr) moduleo n whenever gcd (u..—_ﬂ_djc’n)ﬂ

P+ tJ,LJ = 10 (mod 16) —@®
.'e,-;.sll = q (mod 1¢) —&
=1 ,b=3, =2, 4-§, n=ig
qed Cad-be |, wY = 9ed (as-6,1¢) = ged €29,16) =

S\dSQ-cm has uwi'c'we .soQ.q modulo 16.

-l'ﬁk+3td =10 (med 16) xs 35 1 4 \Sxd =so (med i)

&1+§ﬁ =9 LMD& 16) x13 O \Sl.J = (med 1<)
) - < S
29 = a3 (med )

34 = 3 Cwmed 16)

Mu’il—‘i@\?cﬂ‘we invevse of | Tesp. |3 &7 when 'H’\u{ are
12 modulo V6 s 5, l dsuz ded \:\d \ ¢

Cte Ramarnders oF q & 23 ave
\
|

e 12X5 = | (wmed 1€)

124 =7 (mod ) XS
A = 35 (wod 16 )

SEEERLEEG)

Fvyom @ ’ Q (3) +Sua = 9 Cwod 16) = gﬂ e 9 Cravd €Y X 13
X13)Uer 12X 3 Gmod 16) | Newtfy by tekamg 1=3 & =7

notégfaryfilin |3



2.  Solve 57(4-3Ld =2 Gnediy) —O
. ﬁfind.:_ 1 (med 1) —®

a=5 , b=3, c=-3, d=\4 SR

>

qed (ad-bg ) = ged (29,14) =

b e S\JSQ'QM \-\us. un?cv.t_e Soiv;_ mo&uu.o “—f.
Sx+3y = 2 (woed W) X3
-3% 4y = 3 Cmed W) x5

\S A+ C\Lj = ¢ Cmod Iy)
—I1SK + Qo\d = 3% Cr*m;cg lq)

&C\LJ = U (mod U‘I)

N 2R (mod 11)

R from @,
From @, -34 = —-Yys Cmod ll—l) “ S = -37 (med '4) X 3
| A = =\ (wod ')
= \
24 = ug C(mod \R) 1‘ = -3 (mod 1)
Stace 5 % e muu-?&:\.?caﬂﬁw Tnveyse OF 3 W‘OJ—‘-"LD L,
3X5 =\ (med 1Y), .
S 29 = Us (med W) x &
A = 235 Cmod U4
) wyazs (e
. r
-~\1§ | (mod “—!)\

RS
bl
\

F¥om @ 4 ‘H/"l?-

hotesforvtu.in



Ry

2. Ce W e 24 ‘l'_, = | Cme fl B ) — @
a4 'ﬂk] = 9 (In(;(;.']) _@

Cl"l b:G, (--:L‘a d:?) nr_‘-]

racd (ad-beh) = caccl(—-t% 1) =)

e qasq_tm l'\ﬂ": unt CV“ Soi"}_ TnchJJ.lO 3.

QA4+ 6Y = (wed 7)) x Y
Y% +2>\d =2 (mod)  x o

Bn + AUy = 4 Cmed 7)

%A + 6 =
("} C"‘) Lé f_:.)L‘ CmOCl:.})

Frem @), a2+ =t (mod )
LB Ts 40 mqﬂﬂ—?f\?caﬂ"?ve. Tnvesse of =] rmodulo 3.

Q4 =\ (wmed 3) XYy
r-'xfl-{ onoclq)\

hotesforvtu.in



=
Ele’s  dobimt | PN funchion

Tt counls  {he number af Ve ?nﬂ.tcatrs urﬁfo a ta?utn ?ﬂqe‘d“ n(z2)
Rt ave "ieﬂaﬁveu.\d prine o n.

T 95 dencled ktj Pny.

fe p = T (=)
pIn

where r*rbcp.uc.[' ¥S Oy &:’gﬂ—?ncﬂ; primes Pd?u?cﬁmd n.

n saverble elements mod n $n)
9 1 ' |
3 5% 9
L 153 Z
5 152,34 Y
6 i 5 (=
E! ', 3, 3, 4,5, 6 6
% \,3,6,7 1
9 1,4, 1,5,7, 3 6
10 1,3.,7,9

12 1,S, 1,0

Noke ¢ If n s Pﬁma,'ﬁﬁm ¢ (n) =n-|

Euley’ 'H‘"l

I Hd Cany=1, ‘Hhen Of#(“) = (mod n)

hotesforvtu.in



r‘l (_"l\\\g‘ Y

L Fad ke la xﬂ ¢ l‘.'td'. (], 067 --")-“‘

'H\fl Ll'-.‘im'l Euler's ‘Q-Cwq_ .
arg‘ w= \0 ; (f)(n‘ :'T—\T“(\" ‘/{)\
®ln

- |D(\"“‘A2_)("|_I/S\ :L'
Eild Ewler’s e

ad«uﬂ = ) Crod n)
thLre) = |\ (mor& lo)
27 =\ (wed 10)

(3"y' .2 = () Gmed 10)

g 330 = qQ (\mocﬂio)

S last &??}‘.’U: = 4

a end tlhe last Lwo ci’a?s of 1kl

To «Eﬁ’nc‘ last Yoo cﬂ"ﬂ.ﬂs—s fake wod 100, >

s =0, n=1oo.

= - b {oltent funcdlion.
b (n) = n'g;nQ %) J Elev' s £
¢ (1oo) = oo (=) Gi-Ys) =10
cf"“’ — T | (_w\ocx ) \o\d Euley’s 4y
nH"e o=\ (o V0O
i = " cﬂ 100
(™) - @i & 1 =W Canis )
W* = wueu (mod tood

S last Cwo &?rﬂ?ﬂrs ave 4. Tesrec@?vd,z‘

hotesforvtu.in



Fnd e u'm(l‘.\\ch when Q'D s CUQQRQMQ bl.d 19

Oy -f‘lfn(a (o} : :2105 L Civiod n) L\d tuler's  thw
A=, Nn=1\,

¢y =n T O-%)

i’/n

¢y =\ G-%) =ro

Now, @ = | med n) by Euders 46

\O

2 I Cmed 1)

<. vewamdley s\ oY lfl'—‘\.

Find  the Y emandey when &&003 7s dsvided b‘j .

Bx{ above  ex. &'DE\ (modl 11)

(&10)9—00 i Q:J, - ‘ﬂ_oo. 1'5 (mo& ”)

gt = B (mod 1)

= vemainder TS 8.

hotesforvtu.in



R — S ——————

\W¢ ' on { t‘ﬁ
‘[.F p s

Q Pnn'\c I'\Ltm\"("‘ '&ﬁtl‘\

oY (P—\)‘ =

P"l (MOCP P) ]
Nole:
(p—-\‘)([]”-'?ﬂ‘. =
Wl £ ‘."f

_._Q."’* ac (rod m) ¢ c!(C‘ (a,m) =) , {hen
. [(P—?.)‘. = ) (_mocQ 0 l

Pyeblems

P\ (med p)

\. What s We  vemasudey tn the diveston "f
Bt.d \A‘?Q&on‘&‘%&m

(p=1)! = =1 Cmad p)

h=c (mocﬁm)_

\2! BL/ 13
(- = p-1 (wod p)
12Y = 12 (mod 13)
= 12 ¢ e vemamndler.
L. TUuckvyale 4he Wilsen's {t\rg fm’ P'.',;l?,.
e, b show 12! = =1 (mod 13)
=
- § (mod 13) =7 . Cmod 18 =
' (mod 13) =9 e Crwd 12] = 1)
y' (mod 13) =10
12V = V2 XN XI1I0KG XX FXEXS XY X3 X2 X\
otz (vxa2)Cexa) (3xq)(uxio) ($%8) (6x1)  (med 13)
= (D) )y () G) O) tmed 13)
—~ (mod

ts)

notegfomtu in



Femat's  (sHle €l (Fermal's thw)
Y p o prme & pfa e " =1 med p)

(1¥s q ym%cu%r case c-f Euler’s %ﬂl)

Mot 1Y prs pime & pfa fhen o

= o (med P)
Preblems
| F_" hd -{.L\( iy s
O (Sl Ttma.ndvv Gf 50 ° U_-ngn 1& 7s ({‘;‘\)?(,QGCJ ‘)lj £3
VY. e i T ' |
Reduce  $0° (med g83) b o number  ¢n the vyange
10,1, 2, -,82% 8

Since 93 s prime b %3)(50 by Fermabt’s 4

-\
Q.p = | (med p)
22
SO = | Creed 83) s2) 250 (3
QY6
(SO%“L )3 = \° Cmed $3) 4
S aso =(3x82) +Y
3
50 = | C(med 83)
so”%.gol‘ = 5o (mod 23)
SO g 6250000 (wod 23)
= 3 (mod %3)
’famoa'ml,er *s 14

- @_educc L{“-lin (wed 1) b a
mber T .
{0"1 L “2} nuw O Y Tamae
S’.n:.‘ \\2  Ss pYime & “3f Ug ., l:\d Fermal's {'emp_
o =\ (moa PJ
notesforvtu:i gz C
orvaullin Ei!

1t0



CIE I i =1-47 ° (med 112) »5“-1“4“2 = L,q“o Cmod 113)

Now , A= YT (Med 113)

no

T o w1 . ug cmed 113)
209 % = 43" (mod 13)

EAX = v (modN2) —D

To find  Ahe trwese of 63 mod 13 :
[ cacci (e, \\3)]

6 W3 (1 1) £L ) ) sy (
Bl st R B
S\ " Kl o
= NA—1-€2 =62 —).5) J=S1-4-\ H=w"-1.7
M E DY G ) 2 (3
A 2 3
3 \ o
3::'_"|‘L' |:L{—--‘3

. ﬂccﬁ CBE, ) &

To express | = 62 w+ N3v ;

B R Lo 1= 62 (3N +u3ER)

= y-[3 —1-4] \

= 2.y-1 : te 62 X3l =\ (woed 13)

= 2Cu-13] -1 | * Twverse of 62 med .
med W12

= & st |

= 2.1 — 3 Lsv—y.qy] | “PL"J @ oy 31,

= .4 — 3.1 - (sz:z,ﬂ-x = 3] (med U3)

=\ Ler—1-1]-2S) | 2. A= 3 Cmod 112)

[

nOtéﬁfg@N |l"]_in l[‘ S 31 %s the anc,

13—-). 627



51

3. Compube 12 13- 20:21  Cmod 1)

"mc umd Jen conseculive it €S , none cb?v‘?';?lo]e_ BLJ n,

veduce  wmod 11 4o 31,2, 4007
12 - 13.+--- 20 .21 = 10! = =| (med 1) by Wilson's Hhe
= 10 (mod 1)
i Se"“l‘{"'{lj E{—'L (med 121)  to & numher 0 e range
102, -n ,1307
Ry Wilson's  thw 130! = =\ (med 131)

Leb % = 1300 (med 121)
8%

23 % = 136! (med 121)

81 % = ~\  (mod 121)  —@®

=

To  fmd 831 wod 121\,

%:D\E\ (\ Hy) %9 Q 43) Yy
= >zﬁ, )G
MY b3 T
Uy=13) — |- R7 Uz =g7 —\-4y  t=H4—1-U3

To erpress | = 87 w131V

{ = hbh-— |- 43
= 12V— %7 = 871 +\- -4y

= \3t — 2-%3 +1- Yy
= 12 - 2871 4+ 130 =) %

= 93 (-2) +13] (C2)

= mocQ W -3 = Crnocg (2))
notesTobviifin, .~ ="

nNeke o



MLLU-Tfl‘a 0, ‘91 1328,
(57 x12g)xz =13 (med 131)

A=z 3 (Moc‘ |3\)

5. Find e vemamd'er when Qe 5e dev ded LLJ I4q

g‘d Wrlsen's  Hhe | 1ug1 = - (med 14q)

Leb A= 1ug)  CGmed 149)
WT - IM8 no= 14T 148 . yg ! (wed 1yq)
D % 2 gL (wed 149) Lotz —2 (med 149)

\4g = —y Cmed 1Yyq
LA =) (wmed I4q) —® ) = )
To -Fm& e Tnverse og -3 med g,

ERICUR T g

o C2)YEU) 21 (ned 149)

o

v Trverce bg -2 mod 14q s Fh
Muﬂj‘nfﬁﬂ ® bnd Ty,

(F2XF4 )% = Fy (med 14q)
A= FY (med IH9)

S e yemasndler s Ty,

hotesforvtu.in



%

C. Find e 1\'\\\::".\\1'1» when L' <9 r( Wl P «t hl{’ |

Rl& Wileen ¢ ‘q(nﬂ) . 16! = =~ (mo(Q 1)
Lol RS R (Mc.c|l (7)
\6- IS o = 1618 .1yl (w\tx(‘ )

CYC-2) s 18! Cwed ED)
AR = o Cined 19)

~2 % =\ (med 17)  —Q@)

To f‘#ncb fhe  Gnverse o{’ -9 ‘mc,c] 19.
ARERC roRE 89
\6

T oe (--9.) (8) = + C(med 17)

Thveyse of -9 moed |7 4 8.

Mulbiply O Bxd %
(=2) (8) %z (1) (8) (med 19)
Je N = % (mod 19)

e vematnder s S.

9. Celve .{4(1): +* 451+l = o (wod 23)
W2 +5A +\ = 0 (med 2*)

22+Ca ¥V = o Owoed 3)
£ Poss‘rb\e, values of A aYe 0,1, 2.
Lory=1y o0 (med 3)

f = J $0 (med3)

fO)= 19 %0 (med?)

notesforvtudn..:) i ...,



g.

F‘mcﬂ {Lc nemmh(‘n (,.“L,..ﬁ \LH_ < (i.l\itrfksf‘ h'ﬂ ]-"'
DT @ 2y Wilson' s 4 |
R
« (p=\)tz =\ = p-1 Cwed P) —Q®
(p-2)'= 1+ (wad p —®
(p-3dt = = (med p) —@
Fxom @ , W= VA=) us Cwnod ED)
2
s g 95 Hhe ~emamnder.
a Whak T e emandey  when (‘L‘l‘.)}& 9s divided loﬂ L
3% 2%
QL‘D = 8 Lmorﬂ 1)
Vo2 =y
= £ ¥ Crued 19) C
{ = =3 |
» Q_“Ll Cmod 1) x 9T =\ = -1 Cwod 13) |
2% _
. G 9" Cwoed 1F) u) 1;1,‘ (23
. ::,’,z_ s =(xes)+2
= (--I\ -2‘L Cmod 17) -
=4y (mod 1)

L‘ s ‘Qz'ew. Te,mm“ncU.eL

hotesforvtu.in

ee——
._\“._



\. Wha 18 ke mcmn’.‘mi’r, m\m‘\\ TER R \ A N DO,
NS (&‘.\:‘.c\r:\ \‘H{l A\,
Al e -fach‘."aQs La-rm\rr 1han or m(p.nl be =t wrtl e
&N?s‘?\o\c \“3 Q\ 0s QU«--J conlatm 3 &7.
=¥ yomasndey sl bhe zevo when Ak .c'ar‘..m'fnh ’[}'i'“‘.'t Ylhan
oY eqp.u‘ {Jﬁ -“ ane chv‘.‘clu‘ l»n.d N,

we have &o .[’-?nc\ $le -n,ma'mrnrr when

1Yy QY A + 6! Ts (ﬁ?u'iclea ‘md 21,

VU= oy 18- Cmod a\)
= 2 20 = a (mod 21)
31 = 6 31 = € Cwmod a\)
L =AYy, Ui = 3 Cmed Q1)
gl =\ap sl =15 Owed 21) By Y28 (s
'S
6l = 49, 6l = 6 Cwmod 1)
21) Tao (3Yy
63
a0
Lot alaee-- w6l .3_2.

1l

= 33 Crnod 2\)

]

12 Omod 1))

e 14 18 e  wemamder.

hotesforvtu.in



29
¥

\- Lt 'Hm:.. ) show Al %30-—\ Ts Qivveihle ’):J d
Leb D= 2 § a=%.

—

Uss m‘ Y aima
~

Stnce b IS prime & ﬁ’](& ’ \“d Fomat’s Leiila -thm
-\
Q = \ (n\cd [‘j

30

¥ = \ (med 21)

= SSbﬂ\ es  dsvssthle L\d 2.

L FBed the \sm&ui‘sq ‘t’nhu)n ) vemaendey  wohen “mq Te (Q?»‘:c\sc\ BLJ |
Lot P= Y4 5 Q=1l. Staee p'i‘S Pyime & P7{CL
‘D‘a Famal’s G |
@' =\ Uned p)
16
W = med 13) [ oy (e
L l a6
M) = 1% cwed 13) ' 5
" b o~ toy=(6%xé&)+g
W = v Cwed 1F) l
a6 T = E
-0 2 1P emed 13) | F IRVER Dl D
q ‘ ") 2 9% Cmed 19 )
\o
A = 16 (wed 13) | WY = e med 13)
<s vemasnder s 16,
SURVAS
13

ng ch(& \ )

By FLT,

\o

QR = 1 med n)

notesfortiizigy .



4, Fond  §Ge yemaindey c,{) 641 When (,(.?\;Tc{rcf {-:7 =1
By Wilson's | (-2 =1 (med p)
70! = -\ Gaed 1)

0X6AX68 x67! = —1 (wod M)

f

L=t 3y (-23 671 = =1 (mod )
(€Y 631 = Cmod 31)  —(@®

To .f-mc\ mulisph cabive  Mverse oF ¢ wmod 1\

Cov o frd 67 1ood 1)

5 = = 1+ S
6) T (1 s) 6 ( ol Sl
'?\— S = 6~ q1L+6: 1\
-—g—- l = 6G1) + 71 (-1)
|2 =%
s=3l=6-\\

.a  TNVeyse 069 ¢ mod 1 s &
Mu‘&‘i()\a“ 0 (,ld 19

(6)01) 63! = \x13 .(moo\ F1)

611 = 2 (mod F1)

“ Yenatndey 9 13.

ool
T TR,
01 = v (imod lo1)
00 X a9 x qq X471 = <) Cwmod lor)
SONES SEPICE N (mod 10))
(6) 931 - L Cnod 104)

Tnverce of 6 mod o] ¢g (%=

4l = 17 (mod 101)
=7 Yemagncler og V'
|

| notesforvtu.in




Find . vemamd e ﬁ(' ay when ifh-','.fn[ ‘"J 15

P)l‘ \«Q'ig&on's ‘QC\W‘# , (-P"” P21 Cmed P)

V38 = <1 Cmod 13q)

Now | M4l = 1yq x MEX W7 X 16X 1S X PRXN 43 X142 X Iyox 139

x13g |

b X q X %x*—;xcac;xumx-z.xmox (-

=0 (wod 13q)

<o Yewmaind ey T 0,

notesforvtu.in

D (wod 139)



RSH f\ich:"ll'\m

(Q‘E\'EQ& » Shamtr , A&hmnn\

R<A O.Q%c:‘.'i{\m TS an CLSLJT“\\\(E‘I'-’C
ASLJmmtcﬂ?c Q(i-udl\f meany  4hal
kud&: Publsc I(uJ & Prevate '“7'

Pu\s\?c_ kué Ss Cd‘:vtn ko E'\JEY!jom: &

te. Tn Cl“stih'\mdn?c o&caorf%m’ sencﬂtr

kexis .Ftn enﬁ-d?{"\’en W CEECHj»PQ:‘?Gﬁ.

¢ wovks on

3 -dpl-otdw.plnt( ag«aoﬂ%&m ;

{wo &?(fe renq

Pvivale lu..d re L(QPQ' P1?uaﬂe,

& yecCeivey use cﬂ‘?ff"%hl’

B

)
S IOV rorvrll B Al B
g (.DP’H AT C‘JF‘\(T{QF& ALﬂﬂ'ﬁ“\m ?\a‘ﬂ&!)&' ===
ublre ke ‘ FY'NO&! t{
CF R LJ E ef R K
B
E 5 Ency EHC‘»I’\ 'DQC'\'LJFL“?OH [jA
¢ ———— e
Plasntext At CFT)-%&'L\( Gepherdext: Aqorethm | Plommbext D
E e “ Pubotsc \(tvd
%A of

* The dola to be sent <¢
kud OF e tobended Yecetvey R,

Q\\Q_'nd [)l-cd 'n\a SC\'\C&Q Y H

us‘tnt‘d the ]’U-hl?(

& B &ecxtdlalrs the vecerved  crpher beal: using s private lceud, wheel,

% knewn th;i o B.#R Te.ﬁ)ii’cs b A
® A chrn“:!*s e vecesved (_?F\\evgexﬂ-
u;fnz s privake kug , whteh 95 known fo

‘.’nrd As public lr,eld.

A

W

Privake \(uﬂ ={aln'§

Public key -5, ny
notesforvtu.in

C = m® % 1) (P
) Q‘ho h} C‘.’p\\u%ex@

entrﬂplﬁnta ths messwae

oni-j A.

m = (;_‘i (modn) ———

Plambex

b

J



KHJ \Jm.-mﬁrm
e ‘:*‘[\‘t‘L (u‘p l

¥ Calenlate

<

[ \l(t‘\'s lci‘i'tnf f;ll\(c\?on, ¢(n) = ('l"-!)c‘] ~)
k.‘\OO'H \mtu:‘ o{ ¢ S"uf[\ 'Ef\ul
V2 ¢ ¢ q’-(h\ N <]u‘(t‘, q-(n))fl.
S Calelale A £ @ med (¢em)
e de = i
Toe,
6

Pubslec l“'i %

.

Pyev abe K uJ
Ency Y rﬂfi'o n.

E 8 me (med n)
R De cujp""'oh

mz 8 (med n)

hotesforvtu.in

| B P X 9
Calculat e

mur J’n'mt num\wn ], \ (l

h\o(\ C ¢ h))

fnveyse of g moc‘qu ¢ny
3 (

Tt ny
{(“;h}

M

i e]

y tu'nhe ™M Ts !ﬁc\chxﬂ ¥ min.

I ch\m {ext.

3.



bl B L Mhes ¥ 4 | .

Pnc-Hrms

\ U'.’.m] P\’kﬁ u‘no.ymm {"m(\ pu.’n\f‘( l(nj & J\;?\mﬁ,e k("-f
W -y “ P- 3 ’ (.l" H k‘- M- .)J'

n-= PX(] = 37
d(ny = Cp-|) (9-1) = Q%10 =3¢

Let e= 9 as <9 30 & ‘afd (35 20) =\,

Now de = | Cmod ¢eny)

AXTEY Cwiad 20)
d=3

Mewspublic key = fenY = {9,333
ﬁn‘i’qu’e kt\d = sLCQ-h} = {3533}

Ehcnalwoﬁ’on . C=wE CTmed ")

= 3\:l Cmodl 33)
= C—i)q (mod 33)

= — 128 (mod 33)

3328 (3
- qq
= =29 (med 33) “—2121‘
= H (med 33)
o Lm Ol =RE [(IG(DE ..... -
& N & X i 1)
'DeuudPH‘on m = c.‘!E Chnocﬂ n)
= Lta Cmod 23)
= 31 (mod 33)
™MiE 3t = DB

notésfotwtu.in< -2,



a + te. a.lle

sl & . e B o = S TS [} =i

2. Tn RSA (\q(]n‘l‘nltnﬂ y G5 N & e=13 ,4len whal

iop=
wil) "ﬁ‘ ‘EC\&‘ \}aluc t.( (-{?
h= g, = Ixa o= 39

Gy = {(p-1) Cg-1) =, ¢ xilo =60

Given e=13.

To F‘x’n& e
de = | C(mod ¢eny)
dXx12 2 | Cmed ¢o)
13) 60y g) 13 () s)s (i 3)s (i 2) 3 Qi
52 8 < -8 =
g 5 ) 9 I

g=60-—Y (13) 3::!3—-1(‘3) 3=8—I(C5) 2=< —1(3) {=3~FCE)

\= 2—-1(2) ' | .- ("23)‘3 =1 (med o)
=35 5413 y 33K13 =) (med ¢o)
= 2(3)"5
= T yexh | =8 l % d= 27

2 (%) =3 0s) \

1 (2)-3[13-1¢8)] | Public key = fe,n] = {12,373

1l

s(g) - 3 (13) Pyivale ke,xd: fr_f,n'g = {3?;31}
= s 60-4y(13)]-23C13)
= 5 (60) — 23 (13)

= 60 (s) + 13 (-23) l

hotesforvtu.in
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R RRRRRRRRESEEEEEEEEE
d

]h\]‘
3 5 [ ¢ Q\‘ AN ) ST oy*® o 5 2
Ma; neo '\OP u \\J .Q%n afg.r.l.ﬁm w.ﬂf», I(EU (u.?ggt’ : 13)
N P: Ha ‘ (} = é{'l’
“Hev e

N= Q537 ; €= |2

» P=H3, g =59
¢ Ny = (p-cg-1y <

U2 xsg = RY3¢
Civen e =13

v V49324 Q43¢ & 3&9 C13 »A436) =,
W= STop 8191 ¢
e T y W= g
TPt s e g ")
C, = €
\ ™, EMOJV\) l US“'“‘a Cutculnn—e'f v
|
= (1819) (med 3537 l .
| 1818° 21399 Gmed 2c37)
|
| l%l‘-’\‘zg 3394 x132¢ (h‘\c&293’1)
=™, ORa) ‘ :
Ca= m, Mod ) | VIS = Yaes Adad 2<37)
13 q
=H\S) (mod 2537 ) ,' MIS 7= 253¢ (med L
\
= RN81 Onod 3523) || st o 3ssX253¢ (mod 2533
l
C V=

2 = 20818 = yRegwe UIBVIcC

( Cons?&er {mo

T\um‘ac'rs ‘FTDM qe.rt-,— to T'\'ﬂm ; ‘i{’ ‘.'Q;— s ‘-'dn_th
4han 3¢ , constdley  one r\u.m‘nn'r.)
[ \ 9. 3 (Y g € 1 6 Q 0 \ RN 3
A 2y e X)) £ F Q H . J K L M N
4 s \6 . \8 1q 2o U LT T vy ¢
o e ] R

T U v W x V¥ 7

Rotesforvtu.in




37
. i p=3,9=u % private Im! d=4 , find e public
keg using - RSA algorithm & henceencaypd bhe number 19,
h= pxqg = 3XW =33
bny = (pq)(?_-n) = AX10 =Q0
Gven A =1.
To .F'n-\c\ e
de = | med (Cf)(n))
Ixe =1 (mod 0 )

Ceven m=19 = BV

EncndPH‘on'. cz=zm-  Cmed n)

]

19> Cwmod 33)

it

9% (wmod %) : 'bla calculator

C:o‘zg = .1

5. US'i'ﬂ(r] RSA Gq(aor':“\\'ﬂ ({c(*lldl’)l' 0q3|01{6\ ugmﬂ Cl': Q239 ,
P= 43,4 =869
N= PR9 = UIxsq =353

¢n =(p—i) Cq-—n) = UL XS8 =243¢

Lg? ¢, = 098| C, = 04§

To fmd  plombext m - d

W= < CH\OCQ n)
™M, = C:£ (mod h)

€
qgl) =48q (med 2s37)
(0qe1)** C'tno_cl:{sg,q) (¢ b

h

& )sxso ( )so 4
_ | | = (kg9 (mod 529)
= Ojo0
U Cwmed as33) | T
| @& = 109\ Qmod 2531)
!
|

‘notesforvtu.in

[(C\EI)ROT E(IO"H)} Cwod 2533)



i @™ = wo (mod 2537)
m, = 070l l ngnqool qgl:m . fL{(_‘)X[SO(?‘ﬂOJQEB?)

l (qm)‘m = Qlooo (wod 3537)
' = oY (mod 25379)

e

d
My = G Craed 1) ]
(he))*™ - y
[ ™! = 1N8S  (moed 2537)

nl

. a3l
(CHED) T (ned 2537
(“ ) | [Qlﬁl)wo_‘]q = “ggq Cmed 2537)

S WS (wed as39) | GaY'™ = 4¢3 Cmod 2637)
qoo
1 3d
S, = WS DT P = o e
| (mcd A$37)

M= oqoMints o yepp

e Cmed 2$373)

& Eney t“\ ( 4 P{‘\“"E“\ 1[' q u“““] }\Sﬂ Cl(‘Jc. ) |u\m USine ]

kwo ]n‘;mc l\Ll\‘ﬂt)t’lb 4 Xl
5 P =3, (] =1
n= PX9 = Axn =37

¢(n) = (p-1) (9-1) =6x10 =60

4{ene m= q

Let o =7 o TLJLde & caccQ (,20) = .
o .ﬁhcl CE:

de 21 (med ¢g))

dxq =, (mod 60 )

1) 6o (8 |
% ‘);‘:(' 3);0 volE Yo (3)
" 3 .y : =4 - _|+L1
4 60-8(3) 359 1Cy) '=H-1Ca) =20 -1(q)
:9[60-8(?lj~l(?)
C19) %7 21 Cmod Go] = 3(60) - 7 (-
H3 XY 2 1. ¢wed Go e

OtESTONVELin  en



wmed 2523)
| @™ = wo (med
m, = o7oy @0 g™ = we riso (med 3323
j (qs;|)qu§-'2'0°° (wed 3527)
i = FoY (med 3533
-
m, = ¢ (rod n) i3
? : 453 ’ (Lfél) = 118¢ (rﬂc.‘f; ?33?)
= (olel ?
( ) (rnctp4537) [Q«[GI)W‘)_]G' = “qu (ﬂ’c’,(‘! 1,5-3?)
= WS (med 2537) (461)'°° = 2467 (racd 3c23)
Qo0 3
m, = WS i (M) ,(}-fél)s = LUHET ris15
| (rrcd 3¢+
L qu_L!.}_E‘S' = RELP = g Cracd 2533)
- Enaypl the plamberl g ey RSh algeyifben  yeonn
S ”‘j[’ P ﬂ j y j
fwo Pﬁme numbers CEREI
Afexe m=q P9 8 =1
WE PRY = YR =33
Py = (p-1)(4-1) = 6xi0 =60
L ek e =% I £ L 30 & %ccf ('-I.-'zo):- ks
Te {’i‘ncl d -
de 21 (med $a))
d%7 21 (timod 6o)
1) 6o (2
AL H)Z(i )g(l ColE Yoy (3)
1 3 i i E "h- T4y
1600 3=q- 0 =H-csy = 2(u) — ()
- 'l[éo-b’(?)]-t(q;
(=19 = ;
VX3 21 tmod 6o) =a(ao)_,¢,(q)
3 ?W E 1 Cwed ¢o)

|notesforvtu in

" 80C2) £ (-4q)




]\\ou) ’

o

I > ! €S ‘f.uc Yirme
R Tn  an RSA C'\r\drko&as@,tm, a Parﬁ-(ufdm N u o T
- niiv et e’ .
numbers 2 & A to cdeheragt e P‘-‘j”"( i |P‘ e j
E( e Fu‘b\?c o{' A Ts 35, whalt s i 1{;11’»‘05& L’.*-.!c(’ A7
Here P'—'—'\E ,CI/:\TI , e =3as
'\’\‘:?‘;{CL = 123X19q = 22
¢ = p-1) Cg-1 = 12 x16 = 1AL
To F‘inc! d:
dxe = | C(mod ¢ C0d)
dx2s =1 (med 143)
39 13z (s 17)3s (o ': 1= 35 - 2013)
> '3_:1_ = 3¢ —2 tar —s(3s)]
3

@ = 1z-s(ss) 1=35-2013)

"

IEPEER

M3, 71

Pu‘a\?(_ kﬁ'-d = ‘{e,n—ﬁ

L

{)11\10&1 kf’d » ?‘:D!nh!l

find (7P exlest c: cz m® Cwed n)

B

= q (wed 779)
= 29 Cred 77)

= 35 (1) 4191 (-2)

\
|
1

= X35 = | (wed 192)

S d=W

= privake key of A Ts .

byotesforvtu.in

26



8. MAn Rep

C\xijijsE.cn\ wses  kwo Prime numbers
\](f\(\(kt"‘ i

3 L3 e
4(C¢ PL\H‘?C k\t‘ =3 N Ha rn»cx['ﬂ kuj R}
What s< e value o(’ mrlmh”ll f:: C Pinm texb =5?
P= 3, 9=13,

8:3,1‘{}:5,&—_:*. 3 c =9
N=PpXQq =3X13 =3q
To fmd

C = n'\& Cmod h)

s g3

(h‘\ccf 3q)

135 Cmed 2q)
= <

Wi

(med 2q)

':Q C:%'

An RSA  al Vit uses  dwo prime nambes 3 Ly ks jcniraff
Pr‘.’vc\f—t kua =3. What 1 fe value c{‘ C?I'-‘L{r{(xf' {-;, a P[ufn,
S L= using  RSA ?u‘hl?“_kc‘f m(rnjpin‘cn a(c}mff\m’_’

p= 3 > g =1, c[«*—?,m--S‘,e:?

L ?Xq = 3XI\ =383
¢y = (p-1) (g-1) = 2Xlo=20

“Ts -Fm:ﬁe'.

dxe =1 Cmod Pmy)
AX3 =1 (wod Qo)
L e =3

hotesforvtu.in




3¢ |
SC‘CK VA \\‘] 11 vouj nems at \1 S

.—]‘\ . e
" Let P be prime & ‘Pm) be a J)ol;.dhom?a_ﬂ wt 0y ?n@!’aﬂ Cncffi’c?cn@s

& C{eﬂwt n mo&uoop . T‘\Qn f(-;)-_:_o (mco\ ?) has uQ- mos?

N drisact  qools

““\m' Le 5 t K
. ¢ .{7(1) be a ch.tdnnm.al uo\H:. h\'ﬂeaef cbf’ff‘i'c?cnh moduﬂc n,

& 3T ce? such. Hal ‘F(c) =0 (medn) 3

then 3 qC0) cuch Hal £z cx-0) g0 Cmodn).

P‘i C‘nlfmg

V. Sclve '11-’&-’1 +\ =0 (wed )
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