
Homework 5

(1) For each of the following prime P,
find a generator ofp*

(9) p
=17

(b) p =29

(C) P =31 /

(2) If you pick any integer, from 2pP.

randomly: What's, the probability that

itis a generator ofIp*?

(9) p
=17

↑

(b) p =2y

(C) P =31



Homework 5

(1) For each of the following prime P,
find a generator ofp*

(9) p
=17 ord(q) =16

=24

(b) p =29
*he 2p*, odCh)/1k=16 =2*

ord(n) =2
"

for some i

(C) P =31 Take hex,", if h2 F1 mod I7
theord(h) =24
hence, his a generator

(2) If you pick any integer, from 2pP.

randomly: What's, the probability that

itis a generator ofIp*?
#of generators

- Ce(p-1)
(9) p

=17
size of Group p - 1

(b) p =2y If I is a generator

(C) P =31
the g" is also a generator

Ifi is coprime with p-1.



1b)
P
=29

p- 1
=28 =2?7

F hex", od(h)
=2 "75 0xix 2

0-5 = 1

If h211 and h 11, then the ordch)= 2:7.

If h2F1, what could be the order of h?
· 7,2.7, 2.7

2.7
Here, itin addition, h #1, then theory
order of his 227.

I

W



To find a generator of a group of order n
:in 2p*,n =p+)

es
n =p,... Pn, pi distect

primes

ni-i
Pick he G. If h"*1 for all i

then he is a generator.

= 1-pord(h)

Hence if h**1 for all i

they pi:/ord(h) for all i.

Since pits are pairwise coprime.

M
=P,PP2...P(od(h)

Hence, Grd(b) =n.



2)
(a) P =17, probabilityis==
(b) p

=29, probability. is 48) =6

-
=

3/7



generator & EG is such that

197
=49,i2x3 =.4

*hEG, h =g" for some i

ifI =3 is a generator,
-

then all elements in G is 3

for some i

-

-



13) LetgEG be a groupelement.

prove thatod(i) =or (g)

gcd(i,0d(g))



(4)



(4)

modulo
z1

Recap:X = i m+ 3 0xic m m=E7 =9

0] < n

21:11, 11, 1B, .., 118
u
=

11
-4
=7

1:al, 21.7, a1.7, ... n =a1

Find a match issuch thatI
"=21.75

Verify thatIl*= 2) by performing square and multiply



(5)

=n R



(5)
-

-

Solve g* =h where ordig) =p-1 =

g,.92 in 2p*

91 =gWn, b1 =h12,ord(y,) =od(g =

a,

12 =gh,h2 =ha, ord (92)
=92

solve X, and xa such that

9=h,

g2* =h2

solve X such that X
=

X, Mod 8,

X =x= mod a 2

Since G,d(9,92)
=1, their exists integers y,V such that

q,4 +qzV =1

X
=x,qzV +X = 9,4

Veity that g* =h

a = x, V a,xz Yg"=gx,qz
+x2q,

=gX,Nzgx4,4
=g · Ixz
=>g,YV

↳
92
M

=hY. ha
q2V+ 2,4

=yag1 =n
=4



(6)

W

If a is a carmichael number then n is

a productof distinctprimes.

n =D,P. Pu D; are distinctprimes

#

= e?xx...p



(6)

n is carmichael number if Iat 21, .. ,n-1]
W

-1
A =>I mod and n is composite
B

N

a =a mud->

Fermat little theorem (and versit

If p is prime, then for all integers a,

aP =a mod p

Fermat little theorem (ast resive(

If p is prime, then for all integers a coprime

to p, qP=I mod p



(9) By Fermat's little theorem

a=mod 3

9
"=mod 11

a
=mud17

-

956=q561hod
2

=>qmod3 -3/9561-9

956=a
561 Mod 10

=a mod ll -> I11a5s' -9

956 =9561md
16
=a mod 17- 17/9561-9

using the factthatif all and 5K and God (9,3)= 1,

then ablc.
· We have 3.11.17) 956-9

So, a5= d Mud 3. 11.17


