MATH 3000 Exam 1 September 30, 2013 Name
You are not to use a calculator, book, notes, or others to do this ezam.

1. Define the following. e ' (30 points)
a. N(z;e) wherezc Rande>0 = :

b. z is a boundary point of the set S C Rm
e Leok..

c.  is an interior point of the set S C R

d. S CR is an open set

e. SCR is a closed set

f. Let A and B be sets. A— B

g- U A, where for each o € I, A, is a set.
acl




2. Give the truth table for (p => g)A ~ q.

Pl l(p=2e)A~a

(5 points)

T[T
T | F
F [T
£ |F

N My

3. Negate the following statements, For each part indicate if the original statement is true and
if the negated statement is true.

(15 points)
a. VeeR,z2+42+3>0
FxeR> X+ 4x+320
2
Statement true? Ao Negation true? Yes &2 )+ ‘?’("2) +3= ~]

b.VzeR,IyeR > (z>0)= (32 < x)
dxelk 3 \;lﬁefﬂ, x>0 A ?IA‘X

Statement true? ﬁs Negation true? /Ja
. ‘o
L _J. = [ O LE]
Iz gmw

c. VER,IneN3 (z<0)V (L < 2)

AxelR> Vmé/}@/, CGx>o)N (4> x)

Statement true? Yes Negation true? A}@

This is Arehimedian Trepecty.



1
4, Let S={ EIneN}U[3,5) (10 points)
a. Find bd(S)

bol(s) = {of UZJﬁxaeJySufs,sl_

b. Find int($) = (3, s)

5. Prove that for any A,BC R, R— (AUB)=(R- A)N (R - B). (10 points)

Wee furd Shows R~ (408) < @A) 1(R~B).
LA xe R~CAvBY. .. xefR ardd xLAUB.

Siver xbAUB, oo shtimed weA o xed T foer.

ol Aar® XZR. Seres XER andxdh, XEIRA
Seree xR ond %d B, xe R~B.
 xel@=A)N(R-D), 5o R~(4uB) <R-AN(R~H).

o

Newt we 24 RN R-B) S /R=(AVB).

Lot x € R-INR~B).
25 x eV ~A Gl xelR~B.

 xefR, X¢ A ol XED.

S XEAUB

s, xeR~ (AUB)

e R-A)NRB) & R~AUB).

Fo @R DRB) = RN (AVB).

3



6. Use the definition of boﬁnda.ry point to prove that 0 is a boundary point of (0,1). (10 points)
et €50 A Frory  TRon ~$4 <0, SO —EhcR (),
Olor—E/n € NNO;E) Senes ]O ~CSDI=0%E,

S M8y NURN (0,1)) == &

W}v&j"z:m{%,‘:’i. T hRaum 10-%Xl=X<4& S0 xcAls;
aﬂw—ﬂ"x&")j_, Sor ’K&[@pﬂ).
. AMLDEYN (e, ) E -

. o bdlon.

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 union of open sets is open.

-~

b. Any union of closed sets is closed.

/: . [:0) a =) .‘Léjzp“%“&g

c. If A, B C R, then bd(A U B) = bd(4) Ubd(B).
7l A= (0,0] , B=Le,00)
LA (A)= {e\ bat (BY= L2)
AUD =R awt bhollR)= .

d. A set S C R is open if and only if int(§) = S.

-

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

F [oN\ coas, Ak bdled)= fon)



MATH 3000.001 Exam 2 Oct 28, 2018 Name

You are not to use a calculator, book, notes, or others to do this ezam.
1. Define the following.

(25 points)
a. An accumulation point of a a set S C R.

b. The closure of a set S C R. : _% M 4"
| /Vbﬁ‘%=

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 C C A, define f(C).

2. State the completion axiom.

‘ (5 points)



3. Let f: R — R be given by f(z) = z2. Find the following sets. ' (6 points)

a. f([-1,2))
= Jo0.4)

c. fN16,25) = [4,5)VE5,~4]

4. Find the following sets. (10 points)
a. c(R-Q) = IR

¢. ((0,1] N Q) (The set of accumulation points of the rational numbers in the interval

(0,1].)
Lo, )]

5. Give the maximum, minimum, supremum and infimum of each set, if they exist. State for
which they do not exist.

a. N, the natural numbers, (8 points)
Maximum = DA/& Minimum = )
Supremum = DA/ E Infimum =

b. {ze Q|z? <2}
Maximum = DA E Minimum = DA/E&

Supremum = fi Infimum = - Jz



6. Provethatiff:A—»Bandg:B—»C’arebothinjective, then go f : A — C is also
injective.

(10 points)
Swy pose 50‘?[«,) = QO‘P(%Q *«. A, X EA.
'TﬁBV\ S@ CHE 3(-&“,3)
2 Ry 2Pin) Sener Qb Lo ber,
A X)Xy sﬁ-;u_g ‘p :1 C‘ﬁgﬁﬁ’éﬂ:‘-ﬁ
. 36?‘ & Mﬂﬁ-ﬂw&?«f» .
7. Prove that if § C R, then bd(S) C SU S (10 points)

Let xe bl (s),
% xeS, tha xesust

So- we anttemt KES anel Shour 'xeS/,,
Ld’ €20 yn M&Aﬁw«)a

Sevnr x€ bk (s), 3 anCw;&)ﬂS.
%fazéxw 3@-5&—”@@ X &S.
?eu“(x;e,ms,

S NF(pe)Nns 2 4.

Serep €>ofqm,) xe Sl



8. Prove that if § C R, sup(S) exists and S is open, then sup(S) € S). (10 points)

MM%M &Wﬂéﬁfhség;
Seree J 41 epen, WS&MW;@M§5~

N s St Wisepsye)E S, Bc&tﬂg«;aﬁ}*%e/v@-ﬁs;aﬁ
so- S«qB)t 5 <8, mww%%‘}w
S%é)ém&%w—ﬂﬂ-snﬁ

nie 5«-—79_3 %S,

9. 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. Every nonempty open subset of the real numbers contains an irrational number.

-

b. If f: A— B and C C 4, then C = f-1(£(C)).
Fo s ReefR gocomm hoy Sod = .
c= Loy}, PR)XCeora)= 001,

c. For any S C R, if z is a boundary point of S, then z is an accumulation point of S.

FF'os=¥d oebals) , ogs!
d. If S C R, sup(S) € S and inf(S) € S, then S is closed.
IS [o,1) V(a,3]

e. A set S C R is closed if and only if §' C S.

'-7—/



MATH 3000.001 Exam 8 Nov 26, 2013 Name
You are not to use a calculator, book, notes, or others to do this exzam.

1. Define the following. (15 points)
- | a. Suppose that f: A — R and a € A C'R.. Give the definition of f is continuous at a.

b. An open cover for a set S C R. (Be sure to include in your definition both open and
cover.)

c. S C R is a compact set.

= —— T e

'State the following theorems. (20 points)
a. Heine-Borel Theorem

2.

boolk andf_ neles.

i

b. Bolzano-Weierstrass Theorem

J

| c. Intermediate Value Theorem

\

i/d. Extreme Value Theorem



3. Which of the following sets are compact? Give the reason that you know the set is or is not
compact.

(20 points)
a. [0,100] 'Q,aw\é)&o"f' = c,}a_seaQ ¢+ bounded

b. [0, c0) AloF Compmd‘ ~  nol beunded

c. U[%,IZJ = (@,1] WWM “Mﬁj_oavﬂﬂej-

neN

neN

e () (-22+1] = [0, 2) Compast — cboas f canol Apundedd.

4. Let S = {1 |n € N}. Use the definition of compact to show that S is not compact. (If
you use a theorem instead of the definition, then will get little or no credit. ) (10 points)

Lot @=fA, R U § Gt ) [nemsd.

/(/07@&@@3 %M NEN, 1o en me%m
ho colloelin B, Momedy, )e(3,n) and, for N2,
nelis, ). Clocy eocdsitin OioTaing a natine

. We ﬁwwqj &«}qm,,ﬁaﬁ Q. aﬂ,ozam




5. Use the definition of continuous to prove that if J:R — R is given by f(z) =32*+2z—1,
then f is continuous at 2.

(iOpoz’nts)
Lot €30 Le MM—, leF §= omen i'/ g/173.
§20 Senes 170 amed S17>0.  Seppane ot nefR
M i')(“al< S.
0% IX=2nl<)
S.o =<
) TR
.o‘*. 3 edveq
L. de3neg )]
d&o, | Loy~ P2 = 13 %20 2%~ =(3-20+2-2 1)
= | 3%+ 2%~ 16f
= [%=2) /3 %+8l
£ 1—2).17
< §7
SEN
=&..
6. Prove that if A C R and f,g: A — R are both continuous, then the function s: A - R ,
givw}zg:)\= f(z) + g(z) is continuous. (10 points)

ek €70 a/uwwz . 76 €/2>0. |

Serer T & continieocy oFa, 3 5 %0 3 % [x~al < §, Lo
1R~ D) & &/ |

Sener O L onBincous o, A8,502 P 1x-=L8, Lo
late) ~a)) <&/2,

Lat 5‘*”"‘*"’“5&»35. S>>0 32, §,504 5,>0.
Led xe A ol Ix-a)<§.

O )x=a< 8, w kR pmples, 10| <&y
otleay 1x=a )P, R (/Ms?@/e_g 93@-3@)4614

/]

Joo | s(~sem) = [ F60 rgem — (PErrgw))

= [RL)-PRS + (4 P.’c)-gl“)))
s WL+ 1 gu) <gw)

2
SEtE =

S Stcndobaes Srea wea o )Y

- 2 - —'.&;_!



7. Assume that C C R is a closed set, 0 € C and § = {ze€[0,1]|[0,z] c C}. . | (10 points)
a. Prove sup(S9) exists. ' i _ . :
[o,012C ' OeS

Ss[eoi), & Si M

b. Provesup(S) € S. Lel €29, Ran N xe (sepS-e,30 s1NS;
S Lol 2C. - XeCNM(spS;2) . GQloo,
WEpSi R I2g nela [0,2pSe 5] cC > upSrhaSy
l.SepS ebd(c) . ." sepnS RC sAmes L4 M
We maoh glonr that Loysps)eC ket telo,sups). Thead
Qe S s> Y>E Senee £<Wsa-' s Loyx]eC . el
GoLoys g $)°SC, Senip, SmpSeC, Lo,sepnSlcC,
i %Sé A

L

8. State whether each statement is true or false. If true, Jjust 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. The union of two compact subsets of R is compact.

-

b. If f: R — R is continuous and C C R is closed, then f (C) is closed.

F Peo= L ?(Z@, oo))‘ = (o0,]]

RITTLVLN

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

-

d. TACR, f: A— R is continuous and U C R is open, then f~1(U) is open.

F A= Zo“} , Lx)=% A C%,’D‘&‘ ) fb&m "Fa(.“):{%k)ﬂa

4



