
 MATH2060 BC TUTOI

Def Let I IR be an interval

f I IR be a fan on I
C E I

The derivative of f at e is given bythe limit
files time It

provided this limit exist
In this case we say that f is differentiable at c

Thm If f I IR has a derivative at ce I lie differentiableatc
then f is continuous at c



Example1 56.1 Ex 7
Suppose that f is diff at c andthat f le 0
Show that g x If111 is diff ate iff f'd o

Ans x c

8 lfwl.fi
fh

falxignlx e lx el
sgn x c fMf since fa 0

I if so

Here sgnix if
Then

time814 timesgnlyglfmy.tl lficil

time814 live.sgnk 1fM.tl lficil

Note time814 2 exists iff time814 time84
So g is diff at c iff Ific l If al

iff f n 0



Example 6.1 Exto
Let g IR IR be defined by

gix sin if to
0 if x 0

Show that g is diff for all x EIR
Alsoshow that g is not

bounded on 1,13

Ans 0 By chainrule and productrule

841 2xsin Yt x cos 471 2 1

2x sin cos

0 fig 811 8101 limo sin 0

bySqueeze Them 1 Isin k x o

So g x exists xe.IR i e g is diff xe.IR

For unboundedness wish to find Xn f E1,1 sit Xn 0

sin k 0 and cos k I
Let Xp he IN
Then Ixil satisfies the desired properties and

g Xn 0 2 Ent l l 2 Fat N as n o

So y is NOT bounded on 1 1



Example 56.1 Ex12
If vso is a rational number let f IR IR be defined by

fix sink to

O X 0

Determine those values of r forwhich f o exists

Ans Note ftp.flxkflot limo sin

Casel 831
Then Ix sink 1 1 o

and limo1 1 0

By Squeeze Thm flo timex sin ft 0

Casez Ocr 1
Take in and ya
Then Xn yn to n and Xn ya 0

However Xn sink 0
while ya sin E anti E 1 v

o r 1
By Sequential Criterion flo time sink DNE

Conclusion fios exists iff r and re Q



Example4 156.1 Ex13
If f IR IR is diff at CER show that

fic lim n flatyn flail
However show by example that the existence ofthe
limit of this seq does not imply the existenceoffic

Ans Since f is diff at c
him flat h flu fie

Consider the seq that ha t
we have ha to and limtha 0

By Sequential Criterion for Limitsoffans
hi flatG let fic

i e f c him n flett fin

For the counterexample one may consider
the Dirichlet fan

fix 1 if xe

oifxEMQifcekthenntflcttnlfolelhntto.il
if cech
new CGR

lim n flat Fa 0
However f s DNE for any CER
since f is discontinuous everywhere



Example5 Let f 1 a a R with aso
Assume f is cts at 0 and sit The limit

him fix fix 1

exists where oct 1
a Show that flo exists
b What happens tothe conclusion when 31

Ans al let so

By 1 fso sit XE a a with o k as we have

e e fly fix c e te

Idea
tentfleeff.y.ttemx

for asn

Let eC a a with oak CS
Then O C Xx 1 1 8 the Nuto since Xe 0,1

Hence.tn
ix xxl c d t ee e

e e x flxx flaxx all e x

So N l E e e E flix fkxxlc.I.la e x

i e e e c th 1 late



Letting N o we have
flat timefix x since f

is ats at 0

1 fix lot 1
So I fix fol whenever octas

Therefore f or ftp.flxtyfiol

b If Xsl then octet
By letting xx we have

1 1 f fix limit flt time flt 41
and so l.im flt f
By as f o exists and

flol 1 since oct 1

Therefore flo Fx for octet 1st


