
Problem I (12 points)

(a,4pts) True of false:

Vp,ppfrme) 5:Ya€Zo: a3 :l (modp) 
- 

a: I (mod p).

Please explain.
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(b, 4pts) Please compute residues x,y €21s, or prove that none exist, such that3x*4y = 5 (mod 13)
and6x*7y: 8 (mod 13). Please show all your work.
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(c, 4pts) Please compute 710'o mod 10. Please show your work. [Hint: use Euler's theorem.]
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Problem 2 (6 points): For which n e Zis2-3n+t *4n :0 (mod 7)? Please explain.
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Problem 3 (6 points): By completing the entries in the following table, please veriff Gauss's
theorem for Euler's totient function f and its associated Mdbius's inversion formula for n:'72:
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koblem 4 (8 points): Consider L'l 16 : 13 . 12. I I and let a € Ze 6 with

a:9 (mod 13),
n:7 (mod l2),
Z=E (mod l1).

Please compute la e Zn,h €Zo mdyz e Zt slchthat

a:yo*yr.13 *y2.13.12.

Please show all your work.
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Problem 5 (9 points): This problem shows an instance of the Miller-Rabin Monte Carlo primality
test. Letn: ll05 arda:5ll € Znos.Notethat n-l:1104: f .eg. Thefollowinghasbeen
computed by repeated squaring modulo n:

a6e:5ll6e:766 (mod1105) and 7662:1 (mod1105). (1)

(a, 4pts) Please explain why (1) already proves that n: 1105 is a composite integer.

(b, 5pts) Using (1), please compute a non-trivial factor of 1105. Please show all your work.
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Problem6(5 points): Pleaseprove: if foran integer N >ztheinteger 2N +l is aprimenumber,
then N must be a pure power of 2, i.e., there exists an integer z ) I such that N :2" (N has no odd
factor ) 1).
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