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Ques: Choose @ number , €g 35 |

*

factoes of 35 , Other than itself are : 1,5,7,

D.=(i tsa<3s | qed(a,35) =57
'\Sd’of st

=15,10,15,20,25%, 307

ID] s Cardinality of set D je nho of elements in D.

Wi Dy 2315a <35 gl (a,8935)=7 7

D= 1 3, 14,21, 25 ¢

|Dal = 6 [Da] = 4

| How to find DI ?

| Buler function : $(n) . Let n= 32 x5 xq43 , n writen s praduct of primes

U DRSS DR

Fird &(n) ‘
D(n) = £€X3* x 4 x5 x10xq1*
S noof all numbers below and  has ged = 1 with n.

et r't=53 x 32 x 13
(E(n = (5-1):5*'x (3-1)-727" x (13a-1)43'""
= 4xB x4 xF %12 x
@ln) = 50400

What does @P(n)= Soyoo mean ?

No: of positive integers belew n, st €ach has ged with n =1 <. Soypg
Creates . _a set D "-,i {fga<n | gcd (a,n) = Ij

-land _so_the cardinality , |[D| = Q(n) = soyoo

eg: N=302. Find Q(n).

n=2x15] !
Pp)=1%x2° x150x151°
1= 150, |
Mcanmg, if D-fl Q< 302 l aEN*, 3cd(a n)*i}

|1>| - $56 150.
eg: llet n <35 | Find F —f1<q<n | 9¢a|(q n)=5%. Find |F|
K Answer'- |F| (—-—) . ;
( ) cp(«s) L] i, | | ; N
CP(IS)- 21yl = | L | S N N N Y I O O O
; Hence [Fl ,,,_%erc Lare exacﬁy 8 numbers be\ow :iS wherc !ch EQ,;ISJ =g
Chek: | F= ?sm zo 85, 4o, 55, 65 ?o} ‘
- number of . e\emen+s = -] A 1 N | f
/LA B N R B S 08 YK G N 11 I I i
. EXREENRD ": BEEREN | TT 1171
i S RS S r"f —1 ] T ] !
I i B, _: .7 { | St T :
» | Sl RN L
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wa: ‘
lex n e N*
Take F -
Then | ¥ 11 Q.fn l ¥d (an) =k f fecall if ged (@,n) =K .ﬁ?en kla and kln.
' q)(‘E) _?.; will  always be an inteqer, “‘>

* By convention - Pa) =

Suppose n=3g
FaCfOrs ofF n

are :
i B3 =1 Adding P + (tQ(3) + Q8D = B8
3 ) = 8ig_result d‘z Pld) =n
‘ n
1 ‘,CPj(‘-D s 2 e if d,da,ds,..-., di are all factors of n
| - " de) + D). .+ Gldd= N,
5 1 1 deh =4 en  ¢(do)+ Pda)d ¢ (de !
Ll A= l3h. W)
| - Factors of 3y :
1 .=d' now), (1) +| ( + ) =
2 -ds —-how ¢L 4::1 cb(;) + Mf“ 34.
‘ 17 =da| ‘ 1 L1 16 16

34 =dy ||
| Observc 607 = & (ay)

o True < ¢(n>—¢(2n) - |
| & S - 3wen that | n s odd Cire 'n mod 2 =1 )

| c.'am :Cohcl_ude NIH'\ exap«plcs '-. 4’>(SO = ®(s)
T e 4G
- ! | | i | || buf

. - 49(8)=/= 4:(4) W)
L 4'%%? heok | | 1 1] |
| | E::mal ‘-‘P(n)‘f‘ 21 | aiso 4’(“)- 2X¢C2k '3
L L T ol ks
L ; j, ; - = | ok

, Ev.;lcr - Feh-nai- chul'f'

= et n,afeﬂ*,énd ecd(a,n)—‘l

Thcn 4’(", = g 1ln p\ancl- Zh | L. ]
y ad®™ =y (mod n5 1 ! 1]
S | (“)" | T | l i
i "e a.“" 4 1 1 ,q¢; = an +1 -For some EZ
" C ! 5 J‘ | ?‘ || Ct | v qi | ] |
S al quwalen’r sfn'kemen‘t‘s (3ocs bo’r‘n wayS) S5 [ [ 1S O IO O U O
| { § ! ! AJ . _»L»_W | SRS I BN SN S A il -
B o i 2 T T T T 1T 17 | | 1 T
s e S e B o ;_,_.:..i, oot - —t— I L |
= Lo bbb 8. 4.0..8.1 1 G IV I T O O N Y S O A I
- i 4 | f ¥ -u--«|»-§-» G ?,.,,,; i“*; o | 1. ! ‘ [ I 1 I |’ [ ':
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let n =15 = 3xs
p(n) = 8
now  ged (7,45) = 1 = 3 vaid for Qq
R ged (101,15) =1 = 101 yalid for a
ged (39,151 =1 —> 33 vald for a
So :)8 (mod 15)=1 15,(:’9._1)
101 % (mod 15) = { & 15|(101% - 1)
33 ¥ (mod 15) = { 1‘5‘(?98—1)
Homework questions :
X1 Let n =8y
i+ Find all factors of 8Y.
ans: | gy
2 42
3 2¥
i SRR
«i} 6 14
7. 2
ii: Say di, da, - dc ore all factors of n. Find $(di) for each 1 i<k,
ang:  d, =1 d2 =2 di = dyz y=22
S Sl G = PEY2  H(2Y) = 2
ds =6= 3x2 de = 7 dy =12=2"x3 dg = {4 = Fx2.
¢(3x2) =2 P)=6 )4 d) = ¢
df{-; 21= Fx3 dio=28=2"x3 di =42 = 2x2] diz = 84
i $(21) =12 & (28) = 12 G (42)=h) =12 Pldi2)= 24
.'l-l‘l'_ Find ¢ (d) + $(da) + ... +(dk)
Jans: It r2t2 + 2464 t 6+ 12 T12 12 +2y4
(11 =84 =n
|l Let F=Jlsa<88 | gqcd (a,98) =11 3. Find [Fl.
B lanst n=88 k=11 - ~
L _Then |F| = (%) - b (55) = b(8) =t
" [E i Find 13" mod 41. Justfy your answer. (note that @(41)=40.) So  13%= 1 in
| planet. Zyi. Multiply. both sides with 19,  We get 43" =13 in Z, .
S n GliQé Mwe“ some ﬁeﬁning Fo ().
b U lans. 43V =13 in ZFy - i
|1 his also means that 13" = 13 (mod 41) -
: . .and also. yi |13 =13 ¢ e W is afactor of 177-13
f' '[, ‘or. even M = qHI.’fH‘ for Some q €2
8
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. ASsume. that  qed (a,13) =1. Convince me that A7 (med 15) = a? (mod 15)
ansy  assume  ne= 15,
1
hen d(n) = g ¢ - : e N*
By Euler - Fermat Resur, @ (med 15) =1 , or any 0 L
now, o%F = °tF¥tEe3 ¢

= a‘. ag‘. as" q3

a (mod (5) = afa®aal (mod I5)
Recall  xy fmedn) = x (mod n)-y (mod n)

Hence al? (mod 15 ) = o (mod 15 )08 (mod IS ) a¥ (ved 15) - a’® (med 15)
= 1x1x1 x a® (mod 15)
a®*? (med 1I5) = A} (mod 15)

V. Convince' me that 2'%° (med I5) = 2. (note that G(15)=8

| | and 165 = 8x20 +5 and qgcd (2,/5)=1)
.ans: let a=2 and n=15,
~9cd (2415)=1. and &(S) =8
So by Euer - Fermat resuly, 2.8

n

(mod \5)
now, 9_“’5 = 28)(2025 o ‘\l)
2" (med 15) = 1“1"( od 15)- 2° (mod |5)
= | x25 (mod I5)

= 2.
21—
- R 02[18 *  qged of non- positive integers®  such as
i S N ged (=30, 2.).

ik is understood ;  qed ( positive positive )
.‘%' Yeu are Working in planet N

Fi‘d (‘9_,8) over N is 12,
1 ged (2,8) over 2 (s 2 and -2

- Definition:

l’b m Se%' HA.'
A : {d=ged (ayb) if | | , , ‘ .
! | |1 ! dlq and d\b ‘ . 0}))

% = 1{— mla and  m|b , #ew then m| d.

& gcd(z,q) Lover, Z is12 or -2, ‘

‘ Suppc.se d=2 ﬁeen “2-"2 in| Z | jie| ~9ix4) =2

; e {1 E | anal aso ~2(4 in E
| ; f f 5 | | |

- Slm:lqﬁy it s undersrood -anl' prime pumbers  are over N,
pnmc numbers can oﬂ.so bc over | Z

. MI -1 ‘—q —s 420 2, 3,/5) L.
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