


Practice Midterm 1 Solutions































































































CS 17 525

KatyCraig 2025

Pf For all neIN sup A in sup A Since

sup A is the least upper boundof A
sup A in cannot be an upper bound forA
That is antA sit SupA team
Since antA for all new we have

supA in am sup A

Fix ESO By the Archimedean theoremNER sit CE Thus n N
ensures t CE so

SUPA E SUPA Ean SupA

and Ian sup E This shows
lip an sup A
































































































































Fix ns N Since A is not bounded
above n is not an upper bound for A
so there exists antA s.t.am n

In thisway we know there exists a

sequence an with anEA and anon
for all NEIN

Fix m o Let N M Then for all
n N an n N m Thus an

diverges to too This shows Is an sopA












































































































Thus bydefinition of the greatestlower bound in infs Thus

Tys M This shows that ints
is the least upper bound of SThus its sups

By definition of what sups to

means it suffices to show s
is not bounded above

Suppose for the sake of contradictionthat M were an upper bound for s
Again since S Oto is nonempty
we have MO By part h O

is a lower bound for S This
contradicts that inf5 0 is the

greatest lower bound

Thus S is not bounded above






































































































































First suppose hitons for sca If
we define EF a s then EO

Bydefinition of convergencethere exists NERS.t n N
ensures Isn skE s ecsniste

Thus n N ensures sneste a

Hence MEIN sn a 1,2 LNJ
Thus En EN sn a is a finite set

Next suppose kosn d Let
M min 1 a ThenNS.t.sncmeafor all n N
Thus En EN sn a is a finite set

First suppose his tn t o Then
tn E Applying part with

sn th and a we obtain that
ne N Sn a nF N tnEE

MEN tn nF IN tn
are all finite sets This shows the
result for b E






































































































































Now suppose histn d Then
NS.t.tn N tn71 Thus
NEIN tn 1 MEN tn 1 is
finite This shows the result for
b 1

Fix ESO Since lmao aan a limo aanti
Ne No EIR S.t

n Ne lazn al E

n No Ident a CE

Define N 2 max Ne No Suppose
n N If n is even n 2m for
ME IN and n N 2Ne 2m 2Ne
M Ne so lan al azm al E

OTOH if n is odd n 2m 1 for MEIN
and m N 2No 1 2m 122 No 1 me
so lan al lazm i al E Thus in both
cases n N ensures lan ake This
shows Is an a















































































We begin byshowing San is

decreasing and San is increasing

mn

Now we show l sn 2 ne N
Since San is decreasing and 52 2
we have San 2 n Since San 1
is increasing and 51 1 we have
San 1 1 n Furthermore
San It I n and
Santa 1 É This shows
I Esn 2 ne IN













































































Note that
52kt I Fa

Since szk.FI Sood 1 Thus applying
the limit theorems quotient sum we

have soda Is 52kt I Food

Thus Soda solves Soad 1 It stood
5 soda 1 It 7 1 soddt I std I
Sofa sad 1 0 By the quadraticformula and the fact that sold 112

we obtain soda 9

Finally
52k 1

the the












































































































Again applying the limit theorems
we obtain seven It stood Seven 9

The result then follows byquestion 3

We will show Iran 0 Since
limo En 0 No s.tn
Noensures19tkELangland

We claim that N m EIN with NSN

Lehman We have justshown the base case m 1

Suppose lanim E m
ant By G

lantmt lantm 121Mt land
This proves the claim

Since EECO 1 byHW3
Q5 La E 10

so NEIN with N No Lmo E Manto

bythe theorem that the limit of theproduct isthe product of the limits












































































































Fix EO Then M sit mom
ensures E Mla not ke Thus
for m Not m 2 we may expressn Ntm for N Not and m m
so ensures Ian anim 4 lanal

therefore limo an 0






























































































































S is bounded below if there exists
moe R sit Moss for all SES

Suppose a 0 is a lower bound for S
Then as SES which is

equivalent to sES
Furthermore this is equivalent toted tes Finally we recognize
this is equivalent to being an

upper bound for S

If infs 0 then by partwe use the fact that infs is alower bound for S to conclude that
infs is an upper bound for S

Suppose M is an upper bound
for S Since S 01 0 is nonempty
M must be strictlypositive
By part In is a lower bound for S











Thus bydefinition of the greatestlower bound in infs Thus

Tys M This shows that ints
is the least upper bound of SThus its sups

By definition of what sups to

means it suffices to show s
is not bounded above

Suppose for the sake of contradictionthat M were an upper bound for s
Again since S Oto is nonempty
we have MO By part h O

is a lower bound for S This
contradicts that inf5 0 is the

greatest lower bound

Thus S is not bounded above



The correct definition is

Consider Sn 1 44 1 1 5 0

Then for E 2 and all NEIR NN
ensures Isn skE

Consider sn tn 5 0 For E 0 there
is no NEIR so that n N ensures
Isn O CE

Consider Sn In 50 For
Isn skE is not true for all NEIN






















