MATH 3000 Exam 1 February 14, 2014 Name
You are not to use a calculator, book, notes, or others to do this ezam.

1. Define the following. (35 points)
a. N*(z;¢) wherez€ Rand ¢ > 0

SFQQ your- Ee& k

b. z is an accumulation point of the set S C R

\
4 noetes Ser
ARinitions.

. z is an interior point of the set S C R
d. S C R is an open set

e. z is a boundary point of the set S C R

f. U A, where for each a € I, A, is a set.
acl

g- The closure of S C R, cl(S)



2. Give the truth table for (pV q) = (p A q). (10 points)
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3. Negate the following statements. For each part indicate if the original statement is true and
(15 points)

if the negated statement is true.
a. VSCR,Vz€R,(z € §') = (z € bd(S))
ISER>IxeR 3 (xes!) A (x¢ba(5)

Statement true? Negation true?

b. Vz € R, 3y€R30<x<1

IxeR>VyeR, 440" V(’X/;>I>

Negation true?

Statement true?



4 Let S={2+-|neN}U[5,10)

a. Find bd(S)
SU§2,6,10]

(10 points)

b.Finds'  §20U [¢,/0]
c. Find cl(S) sU {2.3 v [6 ,/DJ

d. Find int(S) (6,10)

5. Prove using the definitions, not lemmas or theorems proved in class, that for any set S C R
and any z € bd(S) - S, z is an accumulation point for S. (10 points)
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6. Prove that if U,V C R are both open, then U NV is also open. (10 points)
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7. State whether each statement is true or false. If true, just state that it is true. If false, say it

is false and then find a counterexample that shows it is false. You need not give explanation

with your counterexamples. Keep in mind that I am asking if the statement is true, and not

if it is the full definition of something. (15 points)

a. Any intersection of open sets is open.

F m é"}"—;é\')z ZOZ

nem

b. Any intersection of closed sets is closed.

+

[¢]

. A set C C R is closed if and only if cl(C) = C.

-

d. If a set S C R is not open, then S is closed.

K 5?—[@)/)

[¢]

. A set S C R is closed if and only if bd(S) = §'.

F LA(R) =@ =R



MATH 3000 Exam 2 March 26, 2014 Name___
You are not to use a calculator, book, notes, or others to do this ezam.

1. Define the following. (20 points)
a. Let § C R. Give the definition of an upper bound for S.

Se< your
noles or bosk
Do olefinitions
o2l Hhe
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b. Let S C R. Give the definition of a maximum for S.

c. sup(S) where S C R.

d. For f: A — B, define what it means for f to be surjective.

e. For f: A— B and D C B, define f~1(D).

2. State the completion axiom for the real numbers. (5 points)



3. Let f: R — R be given by f(z) = z2. Find the following sets. (15 points)

a. £((2,3))
g L‘%'ﬁ)

b LD _pp 4]
c. f1([16,25)) ;é-Sa ==$j 0[4') 6—)
d. f7((~00,-1)) =~ ?{

4. Find the following sets.

(10 points)
a. c(Q) = fa

b. int(R - Q) =~ ;j



5. Provethatiff:A—»Ba.ndg:B—bCarebothinjective,thengof:A—»Cisa.lso
injective. 2
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6. Let f: R — R be given by f(z) = 222 + 3z — 1. Prove that f is continuous at 3. (15 points)
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7. Let f: A— B and C;,C, C A. Prove that F(CLUC,) = f(C1) U £(Cs). - (10 points)
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8. State whether each statement is true or false. If true, just state that it is true. If false, say it
is false and then find a counterexample that shows it is false. You need not give explanation
with your counterexamples. Keep in mind that I am asking if the statement is true, and not

if it is the full definition of something. (20 points)
a. There is open subset of the real numbers that contains 0, but it contains no irrational
number.
F EJ&W ne‘a\lwv&ooeﬁ aQ O coutaias 6w |pprationa

wo . hwuihes,
b. 1 f: A— Band DC B, then D = f(f-(D)). ~ < VohE “hat %his 5

F «P(m-ﬂm O:C-“,O)
Loy = xr P oN=* (0) =¢.
c. Forany S C R, §' C bd(S).

F S (o) | 5' 2 Eo.)\j, SACS)‘=20»)3.

d. If S C R, sup(S) € S and inf(S) € S, then S is closed.
F: S: [O.') U(2)3]

e. A set S CR is open if and only if §' — bd(S) = .

-



MATH 3000 Exam 3 April 25, 2014 Name__

You are not to use a calculator, book, notes, or others to do this exam.
1. Define the following.
a. Let S C R. Give the definition of an open cover for S.

(15 points)

You can Lind
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b. Let U = {U;|i € I} be a cover for S. Give the definition of a subcover of U for .

c. § € R. Give the definition for S compact.

2. State the Heine-Borel Theorem. (5 points)

3. State the Bolzano-Weierstrass Theorem. (5 points)

4. State the Extreme Value Theorem. (5 points)



5. Determine which of the following sets is compact. Explain how you know. You can either

use the definition to explain, or you can use a theorem such as the Heine-Borel or Bolzano-
Weierstrass Theorem.

(15 points)
2 23) Wbt closed ;- Aot C—e‘*\f“-d"

b. {%IneN} U0+ A%@d L A)a'f' ww\f&d‘

c. [0,00) AMp + bownded . Mot w'v\f"d‘

d. [~1000,1000] - U2, (~100,n) = [-)@09, /oo] closed ¢ bowndded

.b' C—@MP@-&:

6. The Nested Interval Theorem states that if ¥n € N, I,, is a nonempty closed and bounded
interval and I, C I, then NpenT, # 0. Give examples to show that the conclusion of the

theorem is not true if all the conditions of the theorem are satisifed except the given one. (10 points)
a. The sets I, are all open instead of closed.

Tn= (0) *)

mIn =¢

Nen

b. The sets I,, are allowed to be unbounded.
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Use induction to prove that for all natural numbers n, 1_2-!-2‘3-0-3_44- +n(n+1)
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8. Prove the set (0, 1] is not compact using the definition of compact. (Little credit will be given
if you use a major theorem like the Heine-Borel Theorem.) (10 points)
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9. Use the definition of compact to prove that {0} U { |n € N} is compact. (Little credit will
be given if you use a major theorem like the Heme~Borel Theorem.) (15 points)
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10. State whether each statement is true or false. If true, just state that it is true. If false, say it
is false and then find a counterexample that shows it is false. You need not give explanation
with your counterexamples. Keep in mind that I am asking if the statement is true, and not
if it is the full definition of something. (15 points)
a. There is an infinite set S with S C (—1000,1000) and S’ = 0.

F .ﬁ-a Bolaans — Weiarsdrasn .

b. The intersection of any collection of compact subsets of R is compact.

—

c. If f: A— R is continuous and A C R is closed, then f (A) is closed.
+ e JD
-P (4‘) - %
A= fl, M)
d. If f: A — R is continuous and A C R is bounded, then f (A) is bounded.
— T (9)1]—R
Ply=3

Po)= L1, 9) .

e. If f: A — R is continuous and A C R is closed and bounded, then f(A) is closed and
bounded.
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