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INTRODUCTION TO NUMBER THEORY
Exam 3
April 27, 2007

The point value of each problem is given in the margin.
(8) 1. Find the least complete solution of the congruence, (that is all solutions mod 21).

6z =27 (mod 21).
& 2% 29 (mod7)
& gaxzHy (mod 7)
& xz36zl (med 7)
7 xzi, 8,15 (med 21)

2. Short answer.
(3) a)If f(z) is a polynomial of degree 5 what is the greatest number of solutions the congruence
f(z)=0 (mod7) can have? 5 g4 ng“‘a’“”c?e" Theoreert
(Assume f(z) is not identically zero  (mod 5) .) |
What is the greatest number of solutions f(z) =0 (mod 35) can have? 25  siuce -F{x)_-‘()[wds)
(Assume that f(z) is not identically zero (mod 5) or  (mod 7).) can wave 5 solutions @ncd
PIx)z0 (med7) canm have 5 solitons

(3) b) If f(x) is a polynomial of degree d and p is a prime such that the congruence f(z) =0
(mod p) has 2 distinct solutions  (mod p) , one singular, one nonsingular, how many solutions
can the congruence f(z) =0 (mod p?) have? (Give all possibilities.)

| ¥ the s'm;.d)m solutiom does mot i FE.
Pl F fhe singular solutior does Vs i
(3) c¢) What are the possible values for the order of @  (mod 23), if 234a? Or\d:.:; (a)y | 22
In'LHS ONJ2.3[Q): ingll (¥ 22

(3) d) If m is an odd number such that 2" =1 (mod m) but 2™ =2 (mod m) can we
make any conclusion as to whether m is a prime or not? Explain. %5 m = P
-~
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(10) 7.(State)and prove Euler’s Theorem (on raising numbers to a power  (mod m).)

Let % a,, d., ... O;élm,j be G redwced résidut systéon (noclim)
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(10) 8. In the RSA method of public cryptography suppose that you have chosen p =5, ¢ =13

i

it

/;ﬂzoc/m)

e=5, m=pg=2065.

) Calculate the decode exponent d. Recall, d is the multiplicative inverse of e modulo the
least common multiple [p —1,q — 1]
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ancd 56 4= 5. .
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b) Suppose that we start with a message M, (expressed as a number) with 0 < My < m,
(MO:m =1. i

} = 1. Explain how to encode the message and then how to decode the message.
— e
M, = encoded messags | M, E M,” (mod m ) , 0<M <m.
S decoded message My = M’a{ /moa/m)) O <M, < m

Tt Aotlows that 17,2 My (moden)

) What is it that allows the RSA method to be secure and yet public?
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(10) 3. In order to count the number of pennies in a large jar they are first stacked into groups of
5, with 1 left over. Next, they are stacked into groups of 6, with 2 left over. Finally, they are

stacked into groups of 7 and none are left over. It is known that there are between 200 and
400 pennies in the jar. How many are there?

et X T & peanies in 'ﬂ:edfc‘m

YT 1 {mea 5 )
CRT Xz 2 (wod&)
£ 2 O (med 7) —~ %= 7s For some }n\ieaer s .

Tcz2 (mod ) S5 s
:_,7 "

(Y ~42¢ 2/ (medS)

24 242 (med5) | swmce (2,5) 21,7 can bo conclled.
+ = { (mac!S)
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p [ﬂwc/é') = ¢= 21’-52”/ t e
19+ H2t

X ZI4+H2 [mod 2/0) ) x= 56 (mod 2/0).

200 <x< 00 we mest have X = 56+3.07 266
(10) 4. Say the decimal expansion of 66/325 is given by

Sfme
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with 7,k minimal. Find the values of ¢, k. (Use the theory to obtain 4, k. You can check your
answer by long division or on your calculator.)

66%2-31/ Note [(64,335) =1
3952 35-/3=5%/3 : ’
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10'2 -3 (med 13)
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107 2(-4)*2 3 (umodd 13)
102 CO)* 21 [medi3)
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(10) 5. If (a,m) =1, k=ordy(a) and a® =1 (mod m), prove that k|n.
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(10) 6. Use the method of lifting solutions to find all solutions of the congruence
=7 (mod 25).

. ) 3 . )
Stact (mod 5)° X327 (med5) © x 272 [mod 5)

Teﬂ-m(; 0, I,2,5,-1, we sce Fhal Thece it O’rdza one

solutiom X T 3 { moc 5),
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Fix)=x*-7,a=3 a7 4 = ‘%-;Q (mod 5 )
I(3)= 20 , |
£ly=3x" 2t =/ (el 5 )
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