
Problem 1 (12 points)

(a, 4pts) True of faise:

?ooQ

Yn €Z>2,a eZn: 12 :1 (mod n) ---:. a: I or a:n-1.

Please explain.

v'= ' (*; B)

(b,4pts) Applying Mobius's.inversion formula to F(n) : n, namely, -f(") :Zd1nd>olt(d)Ld yields

what number theoretic function for J2 Piease explain.

Sc^) /* ;;$t*l -- h,W,

(c, 4pts) Please show that 1105 : 5 . 13 . 17 is a Carmichael number.

f-t I rL-l => atn-';\ (-""{^)
+ [ t'o+
(z l\to4
lu t tr o4-
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Problem 2 (6 points): For which integers n e Z, $Iudrqgegatiyajd€g€rs , is 2n - 4 divisible
by 7. Please justifu your answer.

?ts=\ (u -?)

n= Z(*dB)
Zz_ef- = 2"_*

zo- +
a-t*+
zt-+

Problem3 (6points): Please computeresidues x,y e zy suchthat 3x*4y:0 (mod 11) and4x*3y: 1 (mod 11). Please show all your work.
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Problem 4 (8 points): Consider 315 : 5 '7 '9 and let a € 2315 with

a:3 (mod 5),

:=?, l;:i;]:
Please computeys e Zs,yt e Z7 andy2 €Zs suchthal

a: yo*yt.5 +y2.5 .7 .

Please show all your work. After seeing the answer, could you have determinedTl andy2 without

any computation?

l,'= 3
3+5q.(*,d1)
5'[,u (^"*o{r1

L{r

1= 3.-5 b+ 5'-? L(a

[ = 5 .1 \z_ (,"^J ?
l(-,) = (=(,Y-^d'()
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Problem 5 (12 points): Consider the following instance of the RSA: the public key K : P'Q
where P and Q arepimes with P I 1 (mod 5), Q# 1 (mod 5); the public (enciphering) exponent

isY:5,i.e., theciphertextof amessage MisN:Er(M):(AD modK). Pleaseprovethe

foliowing.

(a, 5pts) )" : ((P - r)@- 1) mod s) + o - 1

artd X _ tt(p - t)(9 - t) + t 
is an integer for pr : (4)"-t mod 5).

5

5tr P-r ) 6'l a-l -:7 5

l^
'+F' Q-jtr E o (b^*J

14 (; K)

t k-r) ("-{)
s)

(b, 5pts) The integer X as defined in (a) is the prryalg (recovery) exponent, that is for all residues

M e ZrwithGCD(M,K) : 1 one has (AF)x : M (mod K).

[r.4')o = pt' re-r) [& -r)+ I

= (rn$t"))-.M

(c, 2pts) What is X in this case (namely, Y : 5) for P : 3 and Q: 5't

\-- ].& =Ll*

A- ---l
\S

=? *J

7'6 +l

f=

x=
r*


