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Math 52 Practice for Test II on Friday, April 10. 2009
Explain each step along the way in order to fully demonstrate your knowledge

1. EXTENDED EUCLIDEAN ALGORITHM
a. Use the Euclidean Algorithm to find integer values of z and y such that 23z + 57y = 1. Show your

work. 5‘7) - 1(23) 1—([{) The Eug,l:duu q’gorh“‘\w‘ co WSET'U oF

27)= 200 +() Feyeating The Division alyorithm
So Q) =@2)-20u) ( b‘*Cl"‘S“éS#‘I'u'hJu J(This irthe extendey
= (23)- z[@‘?%ihv] Fuclidean algorithm)

 25C3) -4(67)
So ‘)(:5") y:-gll

b. What is the GCD of 23 and 577
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c. Find 2371 mod 57. rﬂ{ defjihiu o€ b= a~t mod . ﬁ
Since | = 5',13‘:12“ / w:see — JQE’”“”‘{’"'_

|2 §:22 mod 51,
wf $227 | med &7,
d. Solve for z such that 23z =3 mod 57. o
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e. Name 3 integers between 1 and 56 that do not have inverses mod 57.
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f. The extended Euclidean algorithm leads to the proof that the greatest common divisor of a and b, -~
can be written as (a,b) = azx + by for some integers r and y. State one or more facts that can be
proved as a consequence of this explicit expression for the greatest common divisor.
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2. MODULAR ARITHMETIC
a. List two other statements which are equivalent to the statement that a = b mod m.
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b. Explain why Z /pZ is a field when p is a prime number.
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c. What is the definition of w = a1 mod m? / I uVeZe ,
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d. If u is the inverse of @ mod m, and n is a positive integer, show that u™ is the inverse of a™ mod m.
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3. FERMAT’S LITTLE THEOREM
a. State Fermat’s Little Theorem.
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c. Prove that 71% — 12¥ mod 11 = 0 for any positive integer k
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4. INDUCTION
We have proved the rule of modular arithmetic that if a = b mod m and ¢ = d mod m, then
ac = bd mod m. Use this to prove by induction that if a = b mod m, then a™ = 6" mod m for all
positive integers n. Point out the reasoning behind each step that you make.
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5. COMPLETE INDUCTION AND RECURSION < =/

A sequence is defined by setting a; = 2, az = 4. and ap+1 = 3a, — 2a,—1 for each integer n > 2.
Show that a, = 2" for all positive integers n.
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6. CHINESE REMAINDER THEOREM and EULER PHI FUNCTION _ M m
a. State the Chinese Remainder Theorem
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. Make a table showing how the numbers from 1 to 21 fit into rows indicating their remainders mod
3 and columns indicating their remainders mod 7.
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. Ues your table to find the unique integer between 1 and 21 which is congruent to 2 mod 3 and

congruent to 3 mod 7.
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. Evaluate ¢(21), the value of the Euler phi function.
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. If a is an integer that is relatively prime to 21, show that a®?(?1) =1 mod 21, by showing that it is

congruent to 1 modulo 7 and also congruent to 1 modulo 3.
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