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1.

(a) For real numbers x and y, consider the statement below and answer the questions.

ORIGINAL: “fx+y >0, thenz > 0or y > 0."

1. State the contrapaositive to the original statement and determine if the original statement
is true or false.
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ii. State the converse of the original statement and give a counterexample to the converse.
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(b) (12 pts) Let A, B, C, and D be sets.

By giving a formal subset proof, show (AN CI)U(BUC)I*C AUBUD.
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2. (a) Give the negation of the following statement (distribute “not” as far as possible). Then
determine if it is true (no proof required):
ORIGINAL: For all a,b € Z, for all k € N, if ab* is even, then a is even or b is even.
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(b) (12 points) Consider the four “proofs” below of the theorem:
Theorem: For all x,y € Z, if x is odd, then x + 2y is odd.

(Pf 1){Assume z + 2y is even]

(PI2)|A - 15 odd and z+ 2y i1s eveny Thus,
r=2m+1and z+ 2y = 2n for some m,n € E.
Substitution gives (2m+1)+ 2y = z+ 2y = 2n.

Thus, = + 2y = 2k for some k € Z.
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Selving for = gives & — 2(k — g). Thus, 2k+1+2y = 2n which givesn—k—y = 3.
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Which cannot be true because the sum of ii-|
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All intermediate steps in the proofs above are correct. At least one of the “proofs” above is
an incorrect proof of the stated theorem.
By filling in the table below, for each proof, tell me if it is a correct proof of the
given theorem and, if so, tell me which of the main three proof methods is being

used.
ORRECT PROOF OF GIVEN |\ om0 op pRoor (1 CORRECT)
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CHECK YOUR TIME!

LAYOUT THE FORMAT OF YOUR PROOFS FIRST, THEN FILL IN AS MANY DETAILS
AS YOU CAN. MAKE SURE YOU LEAVE 15+ MINUTES TO WORK ON THE LAST PAGE.

3. (15 pts) Clearly giving a well structure proof and using the precise definitions of even and odd.
prove for all x, y in Z, zy 4 x is even if and only if x is even or y is odd.
(Hint: An indirect method might be useful somewhere in your proof.)
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4. (a) (13 pts) Using induction, prove that for all n € Z with n > 0, Z?r‘= L 11
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(b) (8 pts) Recall: The AGM(a) states 2zy < x2 + 9f and AGM|(b) states zy < {“-'—?,1)2 for all
real numbers x and y. Prove for all x,y € R, iffz £y < 10] then (1+z)(1+y) < 36;
(Hint: At some point use one of the AGM inequalities.)
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