
17 January 2018
Math 156

Name: Instructor: Switzer

Instructions: The following problems are to help you study for the final exam which will be on Tuesday,
January 23, 2018.

[1] Let A and B be sets. In logical symbols we can define A ∪ B as the set of x satisfying the open
statement x ∈ A ∨ x ∈ B. Using our logical symbols, define A ∩B and A−B in the same way.

[2] Let A and B be sets. Write a sentence in logical symbols which means that A ⊆ B then use it to
write an open statement Q(x) where the set of x satisfying Q(x) is exactly P(x).

[3] Give an example of sets A, B and C such that A ⊆ B, B ∩ C ⊆ A but C is not a subset of B or A
and A 6= B.

[4] Let A = {0, 1} and B = {y, z}. Write out A×B, A× P(B) and P(A) ∩ (P(A×B)).

For questions 5-8, negate the given sentences. If they are in English give the negations in English,
if they are in symbols, give the negations in symbols, simplifying with our rules for negations. Also, if
they are conditionals, give the contrapositive as well.

[5] If the train comes on time, then we won’t be late.

[6] ∀x ∈ Q∃Y ∈ P(N)x ∈ Y

[7] p⇒ (q ∧ r)

[8] I will eat cake if it’s your birthday.

For questions 9-14 let P (x) be “x is a pink elephant in the room”, let q be “I’m going home”, let r
be “everyone gets free lunch”, and let s be “It’s raining”. HINT: There is never a pink elephant in the
room.

[9] Translate the following sentence into symbols and decide if it’s true or false:
If there is a pink elephant in the room then I’m going home.

For questions 10 and 11 give the truth table and use it to state under which conditions the statement
is true or false.

[10] I’m going home and if it’s raining then everyone gets free lunch.

[11] Either everyone gets free lunch or I’m going home.

For questions 12-14 translate the given statement from symbols into English and decide if it’s true
or false.

[12] ∀x ∈ Q∃Y ∈ P(N)x ∈ Y

[13] ∃L∀ε > 0∃δ > 0∀x 6= 0(|x| < δ ⇒ |1/x− L| < ε)

[14] ∃xP (x)⇒ (0 = 1)



For questions 15-19 state the given sentence as a theorem and prove it in at least two of the following
four ways: direct proof, contrapositive proof, proof by contradiction, induction. If it’s a biconditional,
prove each direction with a different proof method.

[15] For all n ∈ Z, n is even if and only if n2 is even.

[16] No natural number is both odd and even.

[17] If n ∈ Z is such that n2 + 1 is odd then n3 + 4 is even.

[18] Let k ∈ Z be odd. Then, for all n ∈ N, kn is odd.

[19] If n+ 1 is an even integer, then n
2 + 3

2 is an integer.

For problems 20-22, use the ε− δ definition of the limit to solve the problem.

[20] Show that limx→4 9x+ 2 = 38.

[21] The function f(x) = 4x2−1
2x+1 is not defined at x = −1/2. Is there a function which agrees with f on

all values x 6= −1/2 and is continuous at x = −1/2?

[22] Show that limx→3 x
2 + x+−3 = 9.

[23] State a theorem about even and odd numbers and prove it multiple ways.

[24] Prove by contradiction that
√

5 is irrational.

[25] Prove by induction that for every natural number n, if n > 0 then 2n + 1 ≤ 3n.

[26] Prepare a funny math joke.


