
Homework 2

1. Compute the following values:

G:euler tortiantfunction

(9)U(2),4(3), a(5)

(b) G(22), 4(37),U(5")

x(23), R(33), UCSS)

(b) U(6), e(10), 1(15)

can you derive
a formula for UCul?



(9)4(4 =1,4(3)
=2,4(5) =4

G(p) =p-1 when p is prime.



(b) ((2%)=2,x(3% =6,4(54) =20

U(p-)
=

p(p -1) =pz - p
/

&of......

List down all integers between 1 to p
=

1,2,3,..., p

P+1, p+2, p+3, .
.

.,
2P

2p+), 3pta, 2pt3, ... 3P

" =

2

(P-3p+1, (D-1pt2, . . .
.

/ P

All elements in each row is coprine to p

exceptthe last element, which is

dpfor some integer do

There are p such elevents:p,2, ..., p=

So, by removing these pelements, we get

pp integers, all ofwhich are coprime to p.



(C)x(23)=4,4(33) = 18,4(53)
=100

Observation

x(pz) =p)- p

U(p") =pi - pt
- 1

Proof:

similararguementas before.



(d)((6) =2

x(0)
=4

.a(5)
=8

By observation

G(P2) =G(p) ((q) when pand a
are coprime

Proof:Use Chinese Ronander Theoroe.
*

Zpa = 2pxZ
since gad(p,a) =1

This implies that((99) =G(D).U(q)



Unique price factorization
a,d2 ann =P,p.... Pn

Pi are prime

Examples

6 = 3. 3

3

8 = 2

100 =2752

Q(1) =G(p9'p29]...p.9)

=((p9) ((p,*2) ... ((Yn9)

=(p?' - p(t)(p02-p(z) ...

(pay - p(Pu)



2. Letp =5..

2* =51,3,..,p-13
is a group under multiplication mod p

*

a), I

1
orderofg in &p

1

2

3
->

*

*6) I5 &p a cyclic group?
Can you find a generator?)

④) g. gp*(nudp)
1

2

3

*



·

3. Let n =12

2* =51,5,7., 113.
is a group under multiplication mod n

a), I orderof in *

1

->

5 17
1)

6) I5 2
*
a cyclic group?

Can you find a generator?)

④) 9. 9.4and n
1

2

3

*



4. LetX., X2 be integers.

Let me, red be coprine integers,

suppose there exist, no such that

m,n, +1> 1z
=

1.

show thatx =x,Mzcz +x*, R,

satisfies

<xlunde
Implication:

If we can find i, a such that

m,n, +1212 =1,

then we can solve Xexplicitlyby

setting X =x,n>12 +x2x,r,

This gives the construction proof for the

existence of Xin Chinese Remainder Theorem.



By assumption, Min1 +42n =1 (eg +)

·X =y,n>12 +Xznic)

=X,(1- m,n)) +X-M14)
=X, - x,n,r, +xcm,r)

=>x1 mod a,

X =x,mz,u
++2x11

=X(1212
+x2)1 -mac

=X,0012 +x2 - xawic

= X2 God M2

Altente proof:

(eq1) and m -> nexes = 1 ed be,

Xrod m
=

X,U212 rod M,

= Xmod a

(ey 1) andm -> m, n
=1mod m =

X Mod Mz =Xau, l, eod.wz

②

-

Xa mid M
=


