
Problem 1 (16 Points)

(a, 4pts) please compute 21000000 mod 55. Hint: use Chinese remaindering and Euler's generalization

of the little Fermat theorem.
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(d,4pts) The Riemann zeta function
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Problem 2 (5 points): using the quadratic reciprocity law, please compute the value of the

Jacobi symbol (#) Please show all yourwork'
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problem 3 (5 points): Using *"rJron iteration discussed in class compute consecutive,r t*fduk
bx e z3,then D1 € Z3 and,finally bz € zz such that bo * 3 br + g b2 : b e 221 satisfies b2 : 7

(mod 27).
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problem 4 (15 points): Consider the following table of indices (discrete logarithms) for the prime

number 23 with respect to the primitive root g - 5:

12345678910111213 14 15 16 17 18 19 20 2l

ind5 ffia lo 3 920 42117 8 712 5 13 1l

(a, 4pts) By inspecting the above table, please list all primitive roots modulo 23'

a has order 22 e o: d with gcd(i,2?) : l.
So a : 5,7,10,1 l, 14, 15,17,19,20,21

(b, 6pts) Using the above table, please solve for'r € Zzt,y e 27, and z € Zzz the three congruences

23), 7z : l0 (mod 23).l1xe :22 (mod 23), y4 =2 (mod

Please give all solutions and show your work'
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z'ind(1) : ind(10) (mod 22), z : l9-r3 :21 (mod 22)'



(c,5pts) Suppose Bob has setup apublic key p-23' g:.5'andh: 19:d (mod 23) forTaher

ElGamal's cryptosystem. Alice t u, 
"hore 

her iandom r : 15 and encrypts a message M:
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problem 5 (5 points): Please find three integers x,y,z €Z7x $rchthat GCD(x''l) : I and

* +yt : *. Please show Your work'
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