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Your Name:
For purpose of anonymous grading, pleasedowrite your name on the subsequent pages.

This examination consists of 6 problems, which are subddighto 9 questions, where each
guestion counts for the explicitly given number of pointddiag to a total o#46 points. Please
write your answers in the spaces indicated, or below thetimunss using thévack of the sheets
for completing the answers ardr all scratch work, if necessary. You are allowed to consult
two 8.5in x 11in sheets with notes, babt your book or your class notes. If you get stuck on a
problem, it may be advisable to go to another problem and dzank to that one later.

You will have 75 minutes to do this test.
Good luck!
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Problem 1 (16 points)

(a, 4pts) Letp be a prime number 19 withp=4 (mod 5.
(i) please prove that(—1)+1=3p—2is divisible by 5.
(i) please prove that for all € Z, we have forb = a®P~2)/5 mod p thatb® = a (mod p).

(b, 4pts) The integer 341 is a pseudo-prime (to base 2hdiud Carmichael number. Please explain
what both mean.

(c, 4pts) Please show that®§=1 (mod 1000. [Hint: factor the modulus 1008 8-125.]

(d, 4pts) Please compute residueg e Zg, or prove that none exist, such that
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Problem 2 (6 points): Please prove that there are infinitely many cait@antegers
that are=5 (mod 6).

Problem 3 (6 points): By completing the 3L0 entries in the following table in terms of prime
numbersp andq with p # g, please verify Gauss’s Theorem for Eulep'function and its associate
Mobius inversion formula fon = p?g®:
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Problem 4 (8 points): Consider 2318 5-6-7-11 and leta € Zy319With
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(mod 11).

Please computg) € Zs, Y1 € Zg, Y2 € Z7 andys € Z1; such that
a=Yo+Y1:-5+Yy2:5-6+y3-5:6-7.

Then compute. Please show all your work.



Problem 5 (5 points): Letk = 2%+ 22+ 241 = 23. Please show how one can compafenodn
with 7 multiplications of residues modulo

Problem 6 (5 points): Please consider the following (toy) instancthefRSA: the public modulus
isn= 77 and the public (enciphering) exponenkis 43. Please compute the private deciphering
exponentj such thafM*3)) =M (mod 77) (at least for alM € U;7). Please show your work.



