Math 143






Name: __________________

Exam 2
Sample exam
1. (10 pts)  Prove by the method of smallest counterexample:  Every natural number is either even or odd.
2. (5 pts)  Suppose R is an equivalence relation on a set A.  Give a careful, detailed, step-by-step proof of the following statement:  
For all 
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, then x R y.  
(Don't use any theorems, just definitions.  Justify each step.)

3. (10 pts)  (a)  How many different 5-card poker hands are there?  

(b)  How many different 5-card poker hands make a "full house" (3 cards have one value, and the other two cards have another value -- for example, 3 kings and 2 tens)?  For possible partial credit, explain your reasoning.

(c)  How many different 5-card poker hands make a "flush" (5 cards of the same suit)?
4. (5 pts)  Let A and B be any sets.  Is it always true that 
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5. (5 pts)  Let A and B be any sets.  Is it always true that 
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6. (6 pts)  Consider a relation R on the set of all living people on Earth, where x R y means "x is y's parent."  For example, if Phil is Sandy's parent, then Phil relates to Sandy, i.e., "Phil R Sandy" is true.
a. Is R a transitive relation?  ________ Explain:
b. Use plain English to describe the inverse relation, 
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 y means...
7. (5 pts)  Use a quantified formal logic statement to define what it means for a relation R on a set A to be symmetric:

8. (10 pts)  Simplify the given statement by moving the negation as "far inside" as possible, keeping the same meaning.  Don't apply any definitions, just use the rules for negating quantifiers and logical operations.

a. ~ ( For all x, y, z in A, if x R y and y R z, then x R z. )
b. ~ ( There exist 
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9. (10 pts)  Consider the relation "congruence modulo 5" on the set Z of all integers:  
x R y means 
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is divisible by 5.  For example, 3 R -42 is true but 7 R 14 is false.
a. R is an equivalence relation.  Explain what it means to say a relation is an "equivalence relation" -- what properties must it have?
b. Find five numbers in [0], the equivalence class of zero (for congruence mod 5):  ________________________________ 
c. How many different equivalence classes are generated by this relation (congruence mod 5)?  ______  
10. (5 pts)  Let S be a non-empty set with even size: |S| = 2k for some natural number k.  Give a formula for the number of ways to partition S into exactly two equal-size subsets (as in dividing a group into two equal-size teams).  Demonstrate that your formula works for k = 3 (S has 6 elements).
11. (5 pts)  Pascal's identity states that the 
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 entry in Pascal's triangle, where n > 0 and 0 < k < n, can be found by adding two entries from the row above; fill in the blank with the correct expression:  
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12. (5 pts)  Explain how to find 
[image: image14.wmf]|

|

D

C

B

A

È

È

È

 by inclusion-exclusion.
13. (5 pts)  Draw a relation on the set A = {1, 2, 3} which is reflexive, symmetric, and antisymmetric.  (It can be either transitive or not transitive.)
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