Math 143
Exam 2 Study Guide

10-15-2012
Exam 2 will be given in class on Friday 10-19-12, and will cover Sections 10-11, 13-16, and 18.  To prepare for the exam, practice the exercises and proofs you did for homework, as well as examples from the book and from lectures.  Be prepared to state definitions, work examples, and write proofs.
Most important definitions and concepts:
1. Quantifying logical statements with "for all" and "there exists"; translating English to logic, and vice-versa; negation of a quantified statement; proof of a quantified statement.

2. Set operations:  union, intersection, set difference, symmetric difference, Cartesian product, complement, disjoint, pairwise disjoint
3. Set operation properties

4. DeMorgan's Laws

5. Relations:  relation on A, relation from A to B, inverse relation, reflexive, irreflexive, symmetric, antisymmetric, transitive

6. Equivalence relations:  equivalence relation (3 required properties), congruence modulo n, equivalence class

7. Partitions:  concept of partition; related counting problems

8. Binomial coefficients:  meaning of 
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, binomial theorem (p.108), Pascal's triangle, counting problems
9. Inclusion-Exclusion: for three sets, for four sets, for n sets; using inclusion-exclusion to solve list-counting problems, other counting problems
10. Proof outlines #1-10 (see front cover of your textbook).

Some practice problems are included below.  Work through these examples before class on 10/18 and bring specific review topics to discuss in class.
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Exam 2 SAMPLE QUESTIONS
1. (5 pts)  Suppose R is an equivalence relation on a set A.  Let 
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2. (8 pts)  Suppose R is an equivalence relation on a set A.  Give a careful, detailed, step-by-step proof of the following statement (don't use any theorems, just definitions; justify each step.):  
For all 
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, if  a R b and d R c and [b] = [c], then a R d.  

3. (12 pts)  n people attend a party, where n is a positive integer.
a. How many different ways can the party guests be arranged in a line?
b. Everyone at the party shakes everyone else's hand exactly once.  How many handshakes take place?
c. 5 people at the party win door prizes.  How many different subsets of 5 people are possible?  Assume n > 5.
4. (5 pts)  Is Cartesian product (
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) a commutative operation on sets?  ______  Explain:
5. (10 pts)  Let A = {1, 2, 3} and B = {3, 4}.  Find each of the following sets:
a. 
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d. A Δ B = 
e. 
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6. (5 pts)  Give an example of a specific relation on the set A = {1, 2, 3} which is neither symmetric nor antisymmetric.  Specify the relation using both a graph and a set of ordered pairs.
7. (5 pts)  Give an example of a specific relation on the set B = {1, 2, 3, 4} which is reflexive, symmetric, and transitive.  Specify the relation using both a graph and a set of ordered pairs.
8. (5 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.  

~ ( For all x, y in A, if x R y and y R x, then x = y. )

9.  (15 pts)  The number of length-5 lists whose elements are chosen from the set 
S = {1, 2, 3, 4} is 45 = 1024.  Question:  How many of these lists use all of the elements in S = {1, 2, 3, 4} at least once?  

Use the following sets of "bad" lists: 

A = { lists L of length 5 over S | 1 is not in L }

B = { lists L of length 5 over S | 2 is not in L }

C = { lists L of length 5 over S | 3 is not in L }

D = { lists L of length 5 over S | 4 is not in L }

For example, (3, 2, 4, 3, 1) is a "good" list, but (3, 2, 3, 3, 2) 
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 is a "bad" list.  Answer each of the following, and briefly explain each answer.
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(e) By inclusion-exclusion, the number of "good" lists is (show work clearly):
10. (6 pts)  Use binomial coefficients to answer each of the following.

(a) How many different 5-card poker hands are there?  
(b) How many different 5-card poker hands have exactly 2 red cards and 3 black cards?

(c) How many different 5-card poker hands have a pair of aces, a pair of kings, and a card which is neither an ace nor a king?

11. (10 pts)  Give a careful, detailed, step-by-step proof of the following statement:  The “same-size-as” relation is an equivalence relation on the set F of all finite subsets of N.

12.  (8 pts)  Suppose R is an equivalence relation on a set A.  Give a careful, detailed, step-by-step direct proof of the following statement:  

For all 
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(Don't use any theorems, just definitions.  When you use a property of an equivalence relation, refer to the property by name.  Let me know if you need the definition of “x 
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 [y]” for 2 points.) 

13. (8 pts)  Label each of the following sentences about integers as either TRUE or FALSE.  Justify each answer briefly.

a. 
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b. 
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c. 
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14. (8 pts)  Consider the “is-not-equal-to” relation on the set 
C = {{1}, {2}, {1, 2}}; for X and Y in C, X R Y  iff  X is not equal to Y. 

a. Make a digraph (arrow diagram) to illustrate the relation R on C.

b. Is R irreflexive?  ________  Why/why not?

c. Is R antisymmetric?  ________  Why/why not?

d. Is R transitive?  ________  Why/why not?

15.  (3 pts)  Complete the following definition:  Let A be a set.  Let P be a set of subsets of A.  Then P is a partition of A provided the following three conditions are all true:

a. For all 
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b. For all 
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c. The union (
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16. (4 pts)  Let S = {1, 2, 3, 4, 5, 6}.  In how many ways can we partition S into 3 subsets A, B, C, such that |A| = 1, |B| = 2, and |C| = 3?  ______  Explain:
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