Math 220S
Exam 2 Information

5-16-11
On Wednesday 5-18-11, we will have an exam over Chapters 2 and 3.  You will be held responsible for all the material in Chapters 2 and 3 except Section 3.3 (which we skipped).  There will be four proofs; one of them will be for a possibly unfamiliar set theory statement, and the others will be taken from Chapters 2 and 3 or from class handouts.

Here is my "top ten list" of study topics for this exam.
1. Set Notation.  Know how to correctly use set notation to describe sets by the following methods:  listing, like A = {1, 2, 3}; as all the elements of an existing set which satisfy a certain predicate, like A = {x in Z | x > 0 and x < 4}; using interval notation, like 
I = [0, 10), which is the set of all real numbers which are greater-than-or-equal-to 0 and also less than 10.  A list without outer braces is not proper notation for a set.
2. Empty Set.  What does it mean to write
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}?  How many different subsets does the empty set have?  In general, what is
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?  What is the complement of the empty set?  Is the empty set a subset of every other set?  Is it an element of every other set?  Is it an element of every power set?  (Be able to prove your answers.)
3. Venn Diagrams.  Given an expression involving two or three subsets of a universe U, or a description of how the sets are related, be able to illustrate the expression using a Venn Diagram, and vice-versa (given a Venn Diagram, be able to express the same idea in symbols).  For example, you could use shading to illustrate the expression
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, and you could draw an appropriate Venn diagram to illustrate the meaning of the predicate 
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4. Definitions.  Be able to precisely define each of the following concepts using predicates, quantifiers, and logical operators:
a. A is the empty set.

b. X is a subset of A.

c. X is a proper subset of A.

d. A and B are equal sets.

e. X is the complement of A in U.
f. X is the union of sets A and B.

g. X is the intersection of sets A and B.

h. A and B are disjoint sets.
i. A, B, and C are pairwise disjoint sets.

j. 
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k. 
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l. X is the difference of sets A and B.
m. P(A) is the power set of A.

5. Translations.  Given a sentence involving set operations, be able to form an equivalent sentence using predicates, quantifiers, and logical operators.  For example, you would translate 
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as, "For some α in Λ, x is not in Bα."  
6. Negations.  Be able to negate sentences involving sets and set operations.  Always strive to write the negation as a positive statement/predicate, to whatever extent is possible.  For example, if we negate the sentence "A is the empty set," we obtain the sentence, "for some x, x is an element of A."  If we negate the sentence "x is in
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," we obtain the sentence "x is in Ac and x is in Bc."
7. Power set.  Be clear on the definition of P(A).  Given a specific small set A, be able to find P(A), using correct notation.  Which sets are always included as elements of P(A)?  When A is a finite set, how many elements does P(A) have?  What is
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?  Be able to translate power set expressions into English expressions.  For example, 
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 represents "all subsets of B complement relative to U," and 
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 represents "all subsets of A which are not subsets of B."  Be comfortable translating between equivalent expressions such as "x is an element of A" and "{x} is an element of P(A)." 
8. Proof of "A is a subset of B" using an element argument.  To start, let x be an arbitrary element of A.  To finish, deduce that x must be an element of B.  We did this many times in proving EX 2.4.4, TH 2.4.5, TH 2.4.6, PR 2.4.8, and TH 2.4.9.  You should also be able to prove TH 2.4.11 with this style of proof.
9. Proof of basic set theory facts.  Be able to give a rigorous proof, using only basic logic and set theory definitions, for facts such as the following:
a. The complement of Ac is A.

b. The complement of U is the empty set.
c. The complement of the empty set is U.

d. The intersection of A with Ac is the empty set.

e. The union of A with Ac is the empty set. 
f. The intersection of A with U is A.

g. The union of A with U is U.

h. The intersection of A with the empty set is the empty set.

i. The union of A with the empty set is A.
10.  Proof by induction.  Be able to apply the Principle of Mathematical Induction to prove theorems of the form, “For all natural numbers n, P(n).”  Use the standard outline which we discussed in class.
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