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c’dr_gcﬂE SenGS €& aiwogJ Ccml/f’é_’ﬂCﬂd' :

tol) Ar ob'ﬁoluf:f_ly con\!

7o00fs pov cach rezt, -lunl < tp 2 [unl

=) - [unl +lun) < Uy Hiual 2 21unl

= 0£ un+ lun] <2 |un)

£)
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ZUp conreages  ahsorutely

=) Zlup) Comveages

= Z 2lunl  onesges

SLBY camfc..s«r‘.sforu test, ifunﬂum) oM\ e vges.

5nce 2 (Un+lunl) CONIEYgcS and

Z lunl comrcgf-‘i

We hove 2 [ Uptlunt-(unl] = 2 U Conuerges.

PObICot  show that the gafes [+X +.’L? 'Pf?-f-' :
7] 3]

COMIEIGCS Gb50lut(‘f(j far elt  volveS qfx.
n

L

L 0 _
S00toN tep sy, = 2-'.'.:' So thot Un F 4
n=0 I.

ziup) = = 11”7

n!
0 I o« |
Unty = |7“n1 . i+ = 'L"_'
“a (a4)! 1" Nt

(Yo uf_i,'] :(frﬂ__‘}_l-— -0<1 foy ot xXCE R
OBy sighio test) = |unl LoV §CS5 for all x€fR.

t xeR.
Hence S up conveages  absolutdly  fOY a
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)ﬂ-l 3'50

———

probiem jrrove that < (o

——

r)
<X 2]
l- X .
QOGO fop x=1
- y
Then s (0" 35.2 - = (':)n 7:. 15 wnveryent.
n .
Lek -1 ¢x<1 {e x)<l

ek Uy = ()" x/

A

Then [u,) = lz_l_n nd

N

1
JUn+i) = 1x)™
ghdl

-;) ti[]—i—} l - ___':'__ [7(}
Un N+

3 N

— 1+0n)

Lfm[tiﬁ_ﬂ) . )
un

By Rotto test = | un) t§ @n\icagent  £OY |x) <1

.S un G convesgert for —1<x<)

o —1<XZL)
Hinee =un €§  conievgent for

(<)

cE (cmrqyrfi {foy
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LIMITS AND CONTINUITY

-—

peEcritlon - Let

r: SL)R bc G {‘Urﬁctf’on, 'O.'bc G L't
folnt af ag99mecgate 5 ard  gep

© The fonction f tends to Uit ‘A a3 ‘x berds £O
‘a! fom teft “{/ fol each €50  theoe ex?’ﬂ;.ﬁ S50
such that x€5 and a-S<x ca D |[fle)-1]< €E

e wsiee {cx) L as x->a Ctj:?— f(x)=40 o' .f"(q-o)-:.ﬁ
A2C
@ The functfon { tends to timit 2! cs'x' terds to

‘o' fyorm ﬁrght, t.'{; for f_’_QcL. >0 bheoe ex 5ty 850
soch that X €5 end a<aca+d = [£Ce)- L | < €

We Keifte f&x) >4 as x>dSat & u"m+ £(x) -2 S{(ato)=2
ZJa
@ the fonckton f tends to timie 1a! sz tends to'a!

) £6) each €50 these existy §so Soch thok AES
and o< |x-al<§ = [{G)-L]¢ &

We stee f(x) 22 a5 xT>6 of tira f(x) =2

x2QG
NOEe !
2 Um fO)=2 (5 called timit from betow ast teft hard
X a

Umit Of the funckion

x tim )= 2 5 eciled tirmit fyom above &1 >1ght herd
X6

Urmfe of the furction

x Um fo)=¢ ¢ called Umit of the funckion
1

G Scanned with OKEN Scanner



7262

problem -~ p rrposa} SR 5 defined by 00 =
G -G

sing the definttfon of tmit prove thak tim o) =20
THa
SotutTont- f'< R-$caj >R (5 defired by {(x)=*
« -G

let, €>0

| fo)-2a] - [_-'l’9—09

e —:zo'

= | {0~ 2¢|

= [ (x-a)(x+a)

s,

rt

| x+a- 2¢|
= Ift-sa] = jx-q

[fX)-2a] <& pohencyest 1x-al < e
fo, each eso & we take, S=e>o, then o<ix-cl<d
2 [{f()-2¢] < e

the Clents (e 1(’(1) = 2qa.
by definition S

?ﬂc_ait_c_m;, tet s= R-503. pefine f’-;-s—_aﬂ? such that
£G) =xsin(ifx) . wsfrg the defenition of imfe plove that

tim f(x)=0
250

solotion:- (et s=IR-$03 Deffnc 2 5);p Soch Hhat
£6x) = XS5(n (1)

lee €50

| fe)-0] = |xSlnL-0]
DI1f0-0] = |xsinL |
9 | f&x)-0] = (] tstn |

2 [f(x)-0| < |x-0|

(&
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Ir(]J. ol < ¢, l.qlnt"ﬂ(_‘\;(('n | X -0) ¢ e~

choosing  §- ¢ e heave | {(x)-0) < e pheneyed
O <|x-0l< )

Bjj AefreTon of (it

(rrﬂ ..r(":\') =0

A0

1=obtemy 10 pex) =SinL A xXE€ -50% . poove that

(i st does ot exist
A0 W

Solutlons L£z) = si'nt for atl x€ R-20%
= xX

Tf fossible sufpose thet gr;qo fx) =4

d’Qﬁ(‘(:) et

L
foor € - 12-1] 50 theoe ex?sté $>0 such that
O<Ix|<§
= | sl - | <14-11
B oexs " < §, |sintans L) -2 ] <121
onn 4 NJ2
= |1-L1<]2-1]
Tt &§ impbssiblC end hencc 241§ not txoc
casc (. ter 4-|
for c-150 theae existd  §>0 Such that o< xl<d
o |
= ]5:0.52._, ’<]

‘FOW OcyY = - <¢5, }5;‘(101‘1-'[‘5] = < |
NIT

this (5 Cmpossibte and bence  2=1«q ot Lo €

Jo UM efn does ot exist

]
D0 x

4]
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Proberns prove thet tim  BXTIXL - does pob exst
x50 x-SIxl

SowkoNs- &, zr+pxl

— ' 3x + [-x |
X230 x_5)x] x2306 3IJx-51-*]|
- tim 3xX-X
x>0 FLt5*
-um 2X =t
= | D5 12X - &6
Y X
(lm -__+—m_ - bcm 3)( *I

St
XD FA-51XI x-;'to',f g% —5%

= tm  GX

'x-j{)"‘ 2X
- {m 2 =.2
25071
t'm 3XH1X] 4 Um 3x+41x)
X0 Jx-s5(xl 2ot Ix-5x)

Thesiefdle Um  3x+ix]  goes ot exist
A0 gx-s5)al

Pooblem:- 3¢ £: ROR & G foncton defined by £0x)= fjﬁ:f.'
x-

Johen x+2 and fX)=0 when x=2., then pANE  that

(im  f£(x) docs rot CXiSE-
xD 2

Soluk’ons [ Ro § G furctlon  defired by

f(x) = 1%-2] when x42 and £(x)=0 then x =2
xX-2

pohen x¢2, 1x-21<€0),
(2-2] = - (x-2)
when x>2 , |x-21>0y

f:(-?, - x-2

£2
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Um  f(x) = tim (z-21 - vim _—
A2 DT o -2 79 > -2

-2
e (X)) = UM -2 _ e ) (X *) -
x 727 2% -2 9 x-2

tem f) F Utm £
X2 x321

tlm  fx) does not cxist:

x>2
Infinee Limitq
Defnltlorn- Leb 5 be an aggsegate, ‘a' b & s
Potat of 5 and f35 DR be a fonction. Given

any €50 ¢ thexe exiskg >0 Such that
= fO)>€-, then WE Say that f(x) ENdS €0 =0 a5

XES 6 jx-al<d
‘o tends

to a A& um -FC'X):G,D

X2DG .
y / oAt 0
pefinitions- tet S be an aggzegate, ‘o’ be a e & pocnt

of 5 and £:53R be a funeton. Given ANy >0 o

—e
theoe exigtd §>0 50ch that X ES, o< |x-0< &= FH)<~E
) tends to —wo @5 x tends 0 ‘o

then We say that (X

A [{m -FO(): - D
A2

Limles at infenlty

—_—

Sefinfilon.. et 5 be an aggmegate having Ehe jBOXIEy
byo, thesie cxisty XES soth that x>b.

foreton and LER. GiieN €50 thesie
5 X282 [fox)-LI<E Ehen

that 9given any
tet f25>OR b2 ¢
exfsts >0 such that X €
ot say thet {x) 5L a5 x> o0,

Then e sl Lgrg!m £x) = L

€3
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DFINTEONF  ter s be an aggacgate hoving the proftaty

thet  glen any bso. theae cxlts XC5 Such th(,t x<-b.
Loon Gard eR. then BC say thot

o existy f (01 each <>0 thest e
| £Cx) -4 ] < E

tee £ 5>R be a func

the temit Of G5 XD -
) - =)

extsts Sso such that XES, X< -4 .

Then e waifte lim fx) =L & {x)>t ax>

oD -0
1 y
poblem: 1 ra)= £ , {ind Whetheor 2.?0 fex)
14
exst§  oF not
Solutdons f)= e '~
141
(fm_ £00) = tm e'IX = _0 o)
xD0 ] ' ) )
A30 14X 1+0
) ‘ It t)x
(im ) fox) = Gm e . Um S

A0 + : STV
TR e oot (e 1)

! —
= = |

pE—

o+i

— Um
g(-)o"' al + 1

('m Flx) = Um)( 70 )

220" X206
tbvy £(x) does not carst
2020 | X
Problent-  Daove  that U (VL) =e
. X 2 _
Solotfon- ‘ -
= F8x=, thae et negt soch thar
N<X 4N+
= L4l 5
N b 14 ﬂ‘}"

6L
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= !
It~ =+ L = )4 :

—_—

" = Nt
= (14l '_:; |+.—) > (Hmn
—)nt;rjo (1+L ) :_;g,:lo (wéﬂ)n o é:; (14 _L)”
By Known theaoem fiom  Scquerke [r,:r:ag (r+-’n—>n:e
%_‘";o (14 n“)n - i;.r)nﬂ (0 +~)n+' .

By squeeze thaosiem ,  Lim (|+_,) e
X A0

continuity  a fonction ar o oLk o
-_‘__—___-_—___‘————-_,_
Le
et s pe an c9gsieqte | 3 53R ke ¢ ﬁ;ncb"on ond

A€S f & Sald to ke Continvouy at ' ffom (cfE |
Lf_gn;m €50, theae exists >0 sudy ot

XES, a-J<ex<a 2 [{()-f(6)] &

f s sald to b contfnvoudet'c' , fHrom xights &f glver
€50, theae exists §so such that

XES, acxa+d = | f6I- f©)l a@———-:

£ & 5a5d o be continuoug at ‘o't gen € >0 these
exists §so0 Such thot

-l <8 S (o) -fla)l < e

ZES,

£y
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DefiniboN ;- [ timit NOtak 0N q' (Mgrrm:_mj at @ I:()‘,’nr)

——e S——

let {2 MR be a fution and acs be o timft

joint of S.
{5 Safd to be cont’nuoy at 'e! faom (G

{f tm  fx) = (@) ) {(a-0) = f(a)
REST
£ 35 seld to ke continuady at @’ faom o17ght

o (T ,f[X) = {(Q) (an) f (c+0) = f(@).
-x"’)Cl.-l-

£ €5 sald to be continuous at 'a! Crx(jar: {¢x)={(a)

Continuity nteomal ;.
Definftlon '~ A fuoncton f:531 &5 gaéd €0 be
contfrvewnsy on the domain 5, o f (@ 2obinuooy

ek Qvesiy Po:'nf Qces.

DefinigonN (cOnt?muf’tj o a closcAd Enteyyal )

f7 [a,b) OMR & sad to ke continuoug on
v ) L° (x) =fCc) for cé€(cib)

(o, 8) €T

) U F0x) = f (b)

(it) ;aﬂ; , fa) =fca) end (@ N

pefinftfon- If £5 SR <8 rot ContiNUOUS
ot GeS, then BE Sey that o & pisconttrooud
ot ‘o', aes ¢ cated & Pt of g peinuTty .

6
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- s [1'(\“'(:11}
[ JYPSN , h‘l']r-] t { : )
'Ih("o..*]('rﬂ: (_’_-:(qu(ﬁn‘ conlttonon o ] 2

A {’unch'orﬂ 26O (s contiNuOU ot G ','tw?t
C:G5 t:( Gﬂd On{y q- .{'("xn) —) f(Q) {foi Cq‘c");_(/

\ t

sequence Sxpy tn S conveaging o .

E‘ff?—_f:' tet £ be  continuovg b QES

e hawe  that  {(xn) 2 f(a) for eway SequeN®
IXn} {n S conveaolng to Q. '
since { €8 cobnwooy a 'a’, {0 @ given €>0

theae  exist §>0  Such that x €3,

IX-al < § =2 [{0)-f) [ & —0O
Stace Sequente 3xn3  covages to 'al
18! §50 theoe OBty meEN soch  that
nem =2 [Xp-al <
vs’ng O, Nzm D [x,-al <J
| D [ flxp)-f@)] < &
?{(xnj_} _S'cclumcc CONNEDGLCS m. f @)
ek fxn) O f@) {6 eway  sequENE 3Xaj én S
COmfme?@ to “Ql-
e Paove thot o €&  contnualy ot ‘o' .
passible  supase thet o C& nct cmt?nuou‘f ot Q.
coe Cxisty,

o

fo Somc &3>0 and &Ny §s0 ¢h

€5, [x-cl <J
so that | flxn) -f(] =&

&%
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TaKE = Jr_v for menN

Then {’oT E’C:C]n m théod el stey

such that  [x,-al ¢ L = | fxn)- {(c)] = €
N

an :iﬁC-' S

LoxXna docs pot Sieaply  f(xa) <) {(c)
This (s contaiadiction
Henee £ (& Continwoug ot 'al

Pisconty Ny f’t_(j exiteaton .

Let 2 SR be a function and acs. then { @ rot
continvood at 'e!. T theme exSE§ @ ScqUINCCINNY

{ns soch that U'm x_:-a buot not Gm {(Xn) ${@)
N0 | NScd

fiscontinuity ;-

@ 'pemo\fOblC DfSCDﬂt?fU’?_Lj _:- :EF G_‘m ']CCX) erﬁbqﬁ C‘,—t{

)G

Um  £x) Ffa) or fl@) (& pot defined , then

pasle]

e Say that f lels  =sicrmoveble dgjcon!:mu_y ot 'c.
in such o casc ., WC defrrc a rneco forekton

9 soch theb 9x) = f0u) ¥ xH4Q 0 the dbpain of

gnd  &a) = Um fx), thin 9 & continuoog ot 'c!
xJa B
Examplet- considea  f(x) = 3_:_"_5 ¥ X$2 and {(x)=0 {81x=2

é:ﬂCC le {Cx) ” erYJ :(? 4 - (‘m ('x.f.;l_) - Lf'
%) 2 292 o o .o

ond f(2)=0, pe bae Um  [(x) 4{(1) end
A2

lhence £ has semoveble d?ﬁconh'nuﬂa ot 9.
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@Jvmp Discontinoity:- 3¢ lim_ () =f(a-0) end
i %36
Lim fcx) = f(a+o) both exist ord as¢ vot equal
%-—)0 . ot v
1 by Lo )
then K€ say that  § hes Jump prgcontinuity ot 'a

£(c40) - fla-0) €@ catted  the hefght czft[-( JOM/? at
A=a oY Saltus of f(x) ot x=a.

Examptel  consided fx) = x-[x] at x=

fO-0) = Um f(x) =Um x -Ulim (5] = -0

-—

A X X)) Him
140) = UM f(x) = tim x-Um ¢y
it x T A1 %1 /
= e |
= 0
Joo Um f2) & Um  fx) and hence o had
A" x99t

Jomp discontinuity ot ‘1, Atso height ¢f the
JUMP = [~O= |
Heme £(1)=0 ¢§ atso dfirad and f(1) ={(1-0)

w:‘ A =emoveblC d&scmh‘mf(cy o? Jornp cﬁ'éfc:nt?fwjbf
o forcklon <& catled Pigcontinufty g st K nd

z{ Simple [ié (mtf'no:"gy :

©)] f)i"jmr)h‘nu:' ty o{ Sceond Ef’ﬂ_d ‘- Jf qtleast enc gf the Ui,

e5 non - existent

tm ¢ex) ={Ca-0), tim {(x) = f(a +0)
end Erfinfke, then px XY L

of secwwnd pied of a.

Lﬂt’ 'r L\Gé dl:SCOf') E’?ﬁUfg

69
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E@m{} consiaca f(x) = —— ¥ x4a ard {(c) =K

Cx-G)
,',(L’If) “r(Q'O) — (i r(a;‘.)
peSIvy
- -
end  f(aip) - Um f(x)
2t
= D

=) {(x) has drsontinoity of scond crnd ok =6
x-Jx]

Pooiem - Show ehat  £iIR  defined by £0x)=
foy 240 and {(x) = 2. for X =0 (& Continuoog ¢k all
pointy of [ <xeqXx ot x=0

solotont  pomaln o (R

ek aeR and cco, tg' 5 a Umit point of ° ard

-((G): Q-1ql
(o}
<. Q—('-CI)
a
= 2
(F'rm £(x) = L X—]x]
- Q-lal
a
- a-(-a)
&
=92
=f(a)

e {0 €§ Continuovd Ak X =a and Hen@ Continvuove
at (-b,0)
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Let céfR end a:=0, ‘O' & a Umit }-Dtnﬂf‘ q’ﬂ?
bm  f) = Um - 1%] - Uim 2-C-X) (¢m 2 = 2
20" x5 X )0 X X0
Um f(x) = Um TIXD e xX 52 g
«-)ot xX-)ot K xJot X o0t

. -{(Z) Eé not COﬂ(:i'nuoué at x:=0
Y-0 t4 G 'bmf Qf JUMP df_scon&mu:y & x1=0 arQd
hef'ght of the Jum}7 2-0 = 2 |

tet ael ard a>0. 'a' {§ o Umit 7oCnk foP’

e fo) =8 x-21_a-lal .5 - fca)
x-) G A2DQA w5 a
-, g(x) ¢§ continuvouy at X=Q ard

(0, 60)

hence  f (x) €& Contintowd €N

Problem:- gy ¢, § t-echnique , prove c!not the fonckion
n/xJ for x40 cnd 'f'(X) O

defined by f(x) =x? sin(
cs continuoug at X=0

«fDT x=0
Solvkfon: - lek €50
,16(:‘)»{(0)]_ = 1175«1( ') )

A

Ix2] rfmc'lfr)l <x?
o | £0x)-fCa) | < é Dhepevest x?<¢e
(. WhenCueo !x}({”
c.e whencyen I’C‘Ol ¢ Je&

5f We take S= f€  ehen (2-0l < S
= [f00)- fC0)] < e~

By the definitfon QI (_'_onl-?ﬁ()ﬂa fx) hoy  continuove oltX=0

31
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Pobiem= show that {21M DM defined by f(x)=1 r_:f
A€Q and f(x)=-1 {f LE€R-Q €3 discontinuova + AEMR

SO LamIM  defrnad by f6x)- f xeq ord
fod=-1 {f xeM-q

Caset
asect) et aell and 'a' be salfonal numbeat.

-i"\Cﬂ .{’(0] o .

Fo! ecch pen, a-L ¢a+t ard hene by densness

dl-

toral vwmbeat X Such that

I g

o R theoe ties an Coma
A-2 <Xy <atl 2 [zp-al < L for néN
conveaging 'q', -

A[SO , tUm _{f(}(n) - Um f—l) - -1
N-3c0 N-)ed

Since  f(a)=1, tem {Xp) + fla) emd hena f éa not
N-ed : |
continLOLE ot GER.

case k) Let @elR erd'a’ ke {osotonal viumbeot

Then fla)=- 1
For ecch nNEN, G-}'—?- <c_1+.!_n O'nd In_c‘nC('.b'f denseneys @"ff,

theae Ues en salfonal ﬂombm xn Such that

o =) Ixn-al< Ll for penl

a-4 < Xn¢a+ ) 1Xn l<Ll f EN ’
. ahesie existy @ Sequen(c §XAnj CJ sel-fonal normoJt
con €39y o 'g'.

Als0 (‘m _F(xn)-: t'm (1) =
ndA N-JA

Al
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(e f(a)--1, Um rexe) e (@) and hence

-0

f (8 nol cortimuouy At af M- Q

penee £ 0 discontinooog  for dt 2€NY.

Poblem! 5l thot {3 RAR defired by o) =x i

xef-Q and {(x) =~ c:r AECQ €& Continuoug Oﬂ‘(j(}l 'O‘.

SowboN: e R pefined by {£0)=% ¢ XER-Q ond
fO0) = - L:r XEQR
casett) et 6=o
Then (o) = {(0)=0
Let eso
[{(x) - {o)] = 1x-0l ¢f x€R-Q
ov |£(x) - @)= |-x-01 if X€Q
2D [ {f@)-{(©)] = Ix-01 ¢f x€EM
I we choose §>o So that §:= e~ , then x€R,
1x-0l<§ =2 |foO-fO)]< &
By definttion of Con&:'nuf’\ty £ &5 continuoud at 'o'

casctit) tet ‘¢’ be 2otfonol vumbest ond ato  then

fa)= -a for cach nep, q-% <Gt L and hence

by denseness of R, theoe teeg on Comakfoncl

oMb <, Such that c:-r'.-j- < XpH < a+;'1-

=) IXn-al <;'1-' foy néEp
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o Theae xistg A Seyucnce XnY of Cst3okonol
o bed Cmvr&rgmg to ‘g,

ABO Lo {(xn) = Um XA = G
ﬂ—)po "_)00 A

since f@)=~a , lUm 4(xn) +{ca)
N-)R
{ (§ not Conbinuoug A a$o € Q.

CCLSC)([([) -

“t 'q' be C(avelfonel romben then

fla)=a 9 cach neN, a1 < q+l end hencc
z "

by denseness of R, thesie (eg a »abona]l numbed
Ao Suth thet a-+ <xp<att

= 1%, <" {67 nenl
o theoe exdsts e :chpmcc $xn of sekfonal
Nombeng Convediging  tO' .

Ao Um  fxp)= Um (%) = —a
NN - N-ded

SN f@)=a tm {0tp) 44@) and
/ ﬂf)ﬂ
henee 4§ 8§ not  eontfnoons ob aclR-§

Henee f & continuoog  enly et g
Theostem?- ¢ fi59R &§ continueu$ ot CES then IFI
€5 ConbinUoVR Gk QES.

Z‘?’E&- Sinee & ContiNVUOLY at a€S N
{07 Fach €>0 these exists &>0 such thot X€5

(x-al<s D LFR- £@Q)) < €&
oxes such that X0 —al < S

gl
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= [P AF@] < (po)- (@) ] 26

LUf) €& cOontinpug  at  acs

NOLCT-  le  conteanse of the theosern  reed ret he

towoe . ahek s, ,:f (1 % conttrnoous at 'e! then {
ted 1ot be canttroosy ot o
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L £(X) = lim (Q’/{c”)
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aelab) end 1@)<0 =) aes
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| 2
O 0)-40)] = 1 Rxe?] = (o) (utr)]
| =) (Xt X2 |

1)

hen for X, ard Xy .—.x,+_§;_ 1 -x2)

il

G Scanned with OKEN Scanner



A 8
- ]
i \iliil 5 )
s l')')(}‘i,'i'.‘
)
= ;n,ﬁ{_ﬁ? £ C— 1'4‘ x>0
L{

4 2
sincC £T so, we pyust
H

thig €& L"m}'ms?ble

4, & 2,20
OT C“l! /‘l vl
one X 4 & 1

[Hot h
' ckon
“. § deferdd on & and X tvd hene e fon

f g not Un?f@fﬂg conkinuovg On i2:

® -~ , lﬂc“
theogems Tf « {oncton € ContindO0R on (eib) s E

it fa Un?{oymlcj continuovg on CC'ub]

froaft ek 50

£ 04 continVOuLg 0N (Q,bj
WE can divide
gf sobinteaveld (a= to, k1), (tuta) -

) _r >0 Cofbj E_ﬂto G Fﬂ?tc
= oY /

rumbpes Say N
t Ea-r tm‘), (ED}J ba"f‘lj y o) Etn-l, tn= ]Dj

Such that [ fu)-{(x2) |2 & for %1, X2 betongng t0 e
2

Some Sob- inteaval -
ek (sz’; min f lb-ty ] >0, 1€ pany

LWO PoInPé of Ce‘,b') soch tCk
e Sub- & kesnal

'7,‘)2)<J
Lek 21,22 be Grg

eithest btlony & de  _san

! :(2, i
R nkca\leN$ WSth ¢ mm(

of 0 t00 CONSecubne Sub -

éna 'Po{’nb-

G Scanned with OKEN Scanner



CCOCY) ek X, X2 betong  ¢0 the Same Sob- itervols

-—

e tovwe Jiom ()
| £O4)-{(x2) ] *g': < €= Ao |x-x2) &

Ccascli)  pet xi, X2 belong Lo tWO  corsecopve  sob- jntavold

pith a  commdn  end point, Sy tay .
pe hove foom (),
[ G- FlEa) | ard [Flby) -£0x2) ) (_,‘i:‘
[(FC)-f02)] = [S$06)- ) +5 fte) 100l
< [Fox) - fLe) 4 fan) ~f)]

< E4E e for Pu-x2)d
2 pr ¥

<&
[§

Thug ¢ efthean case, KC oG {OT Og e >0 theoe
exists -§>0 such that
[FO0)-f02) <€ for o vl oy pointq x,%2 of

[Cf;bj 5\.(‘1 &O[— [I;-I;’}.-(cs
£ g Ur\lo-[’OYl‘Yig cortinaOd en [— Chb]

@

theoaem’- A forchOn defired on (& b) <@ Unr{og'rvy
continvoug on (<4 b) e &5 continuoog en (e/b)

Ml { @ Um"{orml(j conbnuove
0 [HONC dot 1 &4 conhnO (N 5 5
Fr X >0 J ¢>0
Auody t0 S5 =) 4ox
Gs unftormly  contint g
{a\ ot Jum)-— o))< for 22 P
Su

3 )40
; o soth ot px-%2
’ ey /:Omhs 9
pchngf 6o ]

60

G Scanned with OKEN Scanner



tet CCS
~,-r end xo =C pe hove fo €>0 theone

onN h’.‘:t‘;r\
12-C) <4

etde §e0  Soch that | po0- 0] <€ foy
any pofnt ‘' of 5

—-— I ¢ oanUOL'N:‘\" ol
i doanUOUOIr ol C\m&j

Smnce ¢ & acbit gma&j L f &S
jl*of’ Nt oJ’ 5.

{ &4 conhNVOLR o 5
) conliruody O (e bj

70 poove  thot (R unfmm(!j
etk €20

£ & continuova on (& b)

2) for €>0, WC can dryide [

of subintervalg [a=Eo

s 2

b)

¢ orHNLOVA on (ai

h) into @ pin?tC |
tlj;ft'»‘bﬂf" v

nombeo 505 N |
( Ea, Ex), [tm; Eatr), [ tn-+, tn'-b]
such thot [ fou) -4o2) 1< %.: for X2

the  Some Sub - (nktredl.
29D

et (o Lo pin & Jh-tyal>00 12 20
é (S 2 m 'I) Eq b.) _suCh HACJE

b (0N9 1'!’19 L0

Let xu,x2 pbe agj b ?o{’nt&' gf
| X2 | <5 qhen 2 ,%2 etthéa betorg e
b- ‘nteavol oy tO WO consecobue  Sulbo- TNV

SubD- |

otth e common  evd bt o |
cosctt)  pef i, x> belong EO ot Some Soh - Treeadls
S O

e hove f¥0m
y-f02) 1 < %—" L&

t0 the Sore

toy |1-X2 ) <J
) FO

ar

G Scanned with OKEN Scanner



(‘('_._";c'(ji) tet xy, x2 belorG o tob  consecolinge S0k - rolCnoky

rafeh o connon ¢l Iﬂfrii ;.’,r;nJ by

e have -[ﬂinl(n )
. Py -
RICOERILPR xt; and | f(tr)- [Cr2)] £

o) - A = | § e £ 34§ {ek)- ]
< ) foa)- Feey) 4 (Er)- fo) |

+& e for [0 IR

—_—

-
TL\U«? 42 c’,'c-f,\w., cqesc e have for a(ry & S0 theae
existy  6>0 soch  that

£ &
2

I'f(l’!)- f(jf?)f'i’é'—- foy O?‘j qg;bf’h@(ﬁj Po,'nfé C1) X gf [’c,b)
Such that  12-22] <4 .
g i ondtory copbnunas  ¢n ()

23
probicm!-  shows  ehal & forchon A aefined }ij ﬂ’ﬂ—f )
"é U”F'fOYMl(j contmuoud cn (24 Qj

SOWbont gl fonchon T defined Ry {G] =x3

Let X, %y E(-2, 2]

dhen Il 1x2] £2
) £e0)-fCx2)| 1113»125]

A

[ (x-x2) G4 20%2 +zz’)]

= % X2) 7+ X2 + %22 ]
2
l'xi—:m}[thiﬂmllx;l-rl?tzl )

¢ pexol (1274 141217
= w-x2] Cuty-u)

"

<)

@ Scanned with OKEN Scanner



=12 |x-%x2)
1£0a)-4Cx3)] <€ vheneyes [x-x2] ¢ €

12
« Guven €350 these exfsta 5= €

s b ehck
[
1 £Cx)- $(x2)] ¢ e pdaco [x-x2) 28 oy f‘\f"*"(y Yy X2 E f’Pﬂ—)

tiencC -fﬁt) ‘q Urﬁ‘{oyw continuong Cn ( 7}{,

Problemt o the definftion , Shaw thds {00 =74 37 05
Unf{'m’mg cortinuong  ON C"I—J

S01VLEON- 10x) = x243x

et €30 and X, 226 (-1,1)
Then Ixi <, 1x2) 21

[F)-Fx2)] = Fex2420) - (%22432))

—
—

| (X 2-%27 )4 3060-%2)]
= Ou-X)CutxE2)+ 3 Cx-x2)]

) Cxy-%2) (mﬂ}frB)]
1%,-x21 1X1+X2+3)

1 -x21 [ H1xal 3]

£ Iu-x2 | [MH'BJ
5 |2~ x2]

n

i\

£

oW - £0x2) ] <& mhenevea (X =% <&

£0Yy @ 9N €50 theae existS é(.ge:)>o soch that
o, 22 € (-1, 10-00) &4 D [Fou)- for)l<E

o FOx) =x2+3X 4 unf"rorm([j continuoug O f"’D
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UNIT [TV
DIFFER ENTIATION

De-ﬂn'\fabftft_y Q o foreHon at G poiots

m} (et S he on @Q9guegautc ad £:53fR be G
furction lek ces ke a tmit point Of S oY C ESNS

x>C
X —C

(5 deatvable ( dffpeamentiabic ) fyom
(s caled the lft- deatvative f{’ at
by ' (c-0) or Lgice)-
@ I(’ [ JM] (I:H) extsts, then WE .s"»aj tf/ﬁl-,F
95'3(+ X-C ht Ot"‘ 1 T"'C h‘mft
(g deadveble C&i’FFC.:nCn&-'Ob]CJ Fom 19 ‘ :
5 cated  the s1ight - destuable o £ 'at ‘' od
by f'(C+0) O RO

fi) 3 Ui {00-FL) ¢x4c) extra, then e Say that - (&
1C  x-C

(ft at - The Umit
C " ond S dcfﬂtfd

(& (‘J(K\Of‘fd

oot e EnC
deatvable Cd:‘FFcSrcnb’ob’C) at ‘¢! be it (& cal A

]
dsitvative o  at ¢ and & derotad by FC):
PDefinitions ret S f an aggregete  ord £153M ke o
funttion. tee Ces be a Umit Pk 9 S gnd LeR.
-F rfé .SQ&'{ to be Ck'SI’:UGbE gt ¢ l:F foy O_gfv(n S0

Ehesae eXisty >0 D 0<]x-c]<§ 2 ' £)-fce) St g The

. x-C
Humbcat l&? callcd e deartyeabve of f ot C & dmotfd

by £'Cc)
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Pefidion? (et [o (g, k)P be a fortkvn cnd acceb

® Tp tem  AOFO ) exlsts ) then e sey tHoat f
xAC X -C

(s desitveble fiom Eft ot C. 1he Umte &g cdted the
LC,[{‘ dt’a?dO}_‘l‘.ve ﬁ’)_](’ ot 'CI Gﬂd L!'é 1 l @ .F'CC-OJ oY
Lf'Ce).

0 1p U FHHO s CxIStS, then We Say Hat £

3¢ x —C

€8 deatvable  foom si’'ght ot C- The Uit & olld the
sifght - destvokve of «f"of:'C-' ard & cbrotd ffy £'cc+0) OY

Rf'ce). - |
@ zf (o) o 4e) exists | then e oy et f

——

x)C y-C
(& destveble of £ Gt 'c' The st & cated HnC

desivaive of p qt'c’ and i deroted by fce).

W g’ an  Inkavel -

Lef ﬁcf(a,b] SfK e o JurncHon. § €& Said tO be
Aﬁmfwﬁblc on [Q,b7 t:( @ -r'cc) cxfisty fO¥ Cc,,ch CE(Q:'D)
() RFf'c) =f'Cato) crist ana @ 1¢'Ch)= {'(b-0) exista -

Tkorivability and Conb?ﬂuf’y Qf G furckon *_

—

e g (al) SR &5 derivabe b celap),

i
Theodtem’-

then f €5 ontinuovg  ak C.
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Pooafi- {: (a/b] AR (8  desriyable at cefa,b)

ket ce (arb)

A{ o desivoble at ¢ =) tim £O0)- rff)

XN o

= {'cc)

Tor x4C , fox)-fcc) = [FOU-FCC) (x-C)

x —-C
Um ([ £00-£CO)) = bim ({m ch?} -y
%) x| T

lm £0x)- {cc) [er (x- c
2 C

[ F)-£¢)) = flee)- o
C

9«)
Lim [F(1)—FCC)J =0
2 € | |
= Um fx) - W pc) =
xC 2= C
= M gex) -fcc) =0
x3C
o Um pex) =f0¢) - \

) C
Joo £ €5 condnuouy ot CE(q, bj

ek C =G
! cc)

'l(t‘:’ 31_9“\& d&mmamc ar ¢ D L'm :FC'I) ~f
xJat

FOY x4a, 4()-{@) = [fo? 1‘(0)} (x-a)

[’ (2)-fea)) = Um M) (x-C1)
oLy ({I {:QJ vOloy (‘x-(l

- R F"(c.')
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S Go-fa) ] e
Xdat (rx f ) 1'm ()(-O)

X -G X at
=R A') (a-a) = pf'a)-0
U r(x) -fa)) =0
NG ( j
S Um f(x)-Um f@) =0

%) at xdat

=) UM ex) -f@) =0
P TR ‘

=) Um ¢x) = f@)
X9 et

F g gt continvar oF G
(¢t C:l‘:)

. {0 'F(.b) LE'( b)
E : — L|° PR -'--.
f ca destvable at b =) m . Tl

ror x3b, £0U-~f(b) = {{fﬂ)‘g"”] ¢x-b)
x.-

. )- £Cb) y_b)
[fro _¢(b)] = tim F_(j______) (x J
s b [¥(x) F' j 3 b (( - b)

= Um [fcﬂ'%(b)) tim  (x-b)

x3b Y-b x3b
2 Lf'(b): o
lim fee0-£(b)] = o
x)b
45
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2D Um f@)- Um f(b)=0

xIb X3b
S im f(x) - {(b)=0
2 b
= Um  f(x) = £(b)
xXI)b

. £ 0§ left Continuovs ot b
Henee f tfo? Conki NUDUG _a!: CE[Q,b},

NOtC:a" The  fonveorsc . _OJ Cffd"’é ﬁ[’](ﬂ]‘jff‘n neca nok he bYuc.

Thot (& ., & f <& continuong at ¢ Haen f need rot be
deaiveble at C.

ME knecd Bk ) =13l @ Conkinoous at X=0. We have
£(x)=-% fOor X<O Cond fO)=x Afor *=20

put Ui $00-£C0)
xd0 5 -0

- Um =X
xp- X
(1) =
X0
cnad U £ CO-£(0)
x-0 " x-0
= ﬁ'm __DE._-—
)t ¢

- tim | =]
9('”.)0.)-

4 that L f'co) + R['0).
pence  f00= 1zt & Nk desitvablb gl- X=0
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problem-  showo thot  {(x) = Sirx  &§ deeivable ot CIedy aeR.

SoluHore {(x) = Sin¥

e f(x)- f(a) - Um (.Sn’n:r-ﬁn'no)

x-) G

x-G %3G x -G
—tim  [2c0s (X19) St (xl__-sa)J
xya |-

X -G
= Um feos ( ?5_{9) sin (2{2;9)
2

x )G T
(=)

g e —~)] im0 ()

pe -
: 530 )
- €05 [G%Q),p = cos(ﬂa‘a)
= C0sa

SOfx) =Siox 5 dest®voble  oF @eR cnd f'(x):cmq
sinee aeR & a.snbrtrogj ex) = cosx .y xelR
e {Cx) =5TnX C5 destvable ot cveay  aefR.

Problem’ piscuss the J,'{fcarcnéfobﬂfg of £0) =1%x-a] 0 IR.

Sution-  (ek CER and <G

thin ¢-¢ <0 g
Teqe Cxfsts G deleted hbd 9f ¢ such tob x€ ¢ - delet

hbhd =X <a

Iv0
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(Fm {(7_‘)'"{(_() . Um Ix-a|l-|c-a]
x(C x - C xX)C T ¢ ‘
= tm - (X- H)— - (C- G]%
r s T

T~ C

3 “ﬂl c- .‘( = [drv (-l)r‘l

I x-C )
S fox) €5 deaivable a ¢ (¢a)efd and £'Cc)= -
et ce and ¢sa . Then ¢-a>0
Theae cxfstd a deleted nbd of 'c" such that
Y € C - deleted nbd =) x> ¢

Lim “1((7‘)"{(0) - U'm (x-O)*(C—Q)
%D C x-C x-C cx-a)

_ i x=C
x-)C . -C

- tf’m ! = '

o) €
£(x) €& demivabke at €(>a) €R and [« =1

let CER and C=G - 4hen fce) = c-a=0

for XeC - et nbd Hx<a so thot LE'CC)- |

ror xeC —vight nbd 2 x>q 50 that Bp'cc)=\

‘FC") (g rot ctatvable at c (=a)eK.
[00) €& datvabe 0 - 2ad.

Hence
probemt prgenss the  cksiakilfty of () — -] en R
SOluhn- £0x) = |- 2X §f o <0
e I q” oeX s

2x -1 L_r xS )

/e
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L ') = {(x)-f0) _ e [(l-?l’)—l J

%- O a0 %x-0

= Um 2% _im (2) = -2
x30 7 70
Rfo) = Cm  fo0-f©) _ .,
vc)o" [B_)

x>0" T,
L\m
3{3 Y [ )
- U'mm (o) -0
x0"

H @4 RF'to) and bence f'to) does not Cxist
Ler) = Um fx)-f00) ey (.,;)
T ot

X | <1 %1
:c5| [pc I)
~ Lirn
St (o)
’ " =0
RE'C) = Lt)m+ f-f@ . (rex-)-)
201 x - -35.31‘}
by
- U'm o%-2
o)1 ( x - )
= lim Q(Xeo
x99 [x-1)
- l{m
g (2)
x Ot
= 2

L{'o) + RF0) and pere £101) RS 01 cxist
Hence £ (8 cealtvable o cueay 1R- 50,1_}.

[
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pobem’- show that £x) = x50()1), 246, £(2)-0,x=0
(s contfruoud bUE not  destuable at x-0.

JOWkon:  fx) =xsins , x40, ) =0, X=0

tem £ox) = Unn gf_gi.ﬂ(-;l;)

X0 %) 0
= U'm (%) Um 5,‘n(-7-'(]
x50 =)0
= 0
Um o) = flo)

A
=) £ s conbnous ot x=0

i TOEO) iy [xsirt3)-0
20 y-0 %)

. ' (3{5%(%))

x-)0

=l gnf %) . decs not extst
20
pence £ &g ot cketvable ot x=0

3ﬂ€916Q5frﬁ anal (lcCat(’G_san {un[HOﬂf) ‘-

— e

DefinTtion: (et {273 be a fonchon and C€T- | C&
Seed to be ocolly incyeasing at (AR thcae oxists $>0
Such Hnck f(x)<FCO) por x€ (¢-§1¢) ¢ and F0)> FCO) fo
xe (¢, ct§) cT |

5 sald to bc tocol(lj dCC:{C‘OS}O@ at 'c’ {§f (- f) funchon

(& locally frcycasng - at ey,
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DeFnitions  tek f279R B a fontkon. f &5 soid to be
En(rcajn“@ or the Cokenial T, & Xu X €T, x, <Xz =
(0x) < fo2)- 43 saéd to ke sevictly irCrcasing on I

Y Y Lo
z_’( X1, X2 €T, X ¢X2 2 )2 f(x2). £ €& Seid

AECKCC:JF’O} on 1 ln{' the Aunctbon (—{)

s fncyeasing on 7.

rotet g po TR &5 deotvable ot ceT gnd {'¢C0)>0

then f (8 (ocaly {aCveastng b C-

Theaaem ( Dasbowx's theoaen)

£ (ab) SR s such that @ f <5 desfwoble 00 (o)
end @ £'ca), £'Cb) have Oﬂ?gjﬂ:@ signs ({.e F'(a)f"fb)‘fo):
then theoe exisks Cefq',bj soch  that £'CC)=0

POl fifab) SR i5 Suh ot

O {ls deatveble on (a/b) and

0 fa). .F'[b) hove o/';;?aSTtC S9N

let [(a)<o and {'(b)50 SO thot f1a) 1'tb) <0
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XE (ga481) € (ab) —(©
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cHefra  CES  bounds 00 (ab)
3 theae x5ty a.p € (ab) suth thot .
£(d) = of f ond f(g)=Sup f 7 [¢
Y74 /:o_sjr"blcf teb o=a then fca) = fnd oA
ey
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fom@® . f(2) < [(a) = Sof { [ xE (f-,,(-,‘r.ﬂ) c (a.b)
s €& G Contaxadc Hor
5 d4a
Sinilleny ke Can o thol @t b
( e de (ab)
NoW, e praye dot  {'(«) =0
M pessibe | Lot {r(<)e 0
o Thesie  exfsts 50 sich that (1) ¢ () = inf
{or x€ (a4 d+d, ) c (ab)
1his &5 a cortsadichon and hence ('(d) 40
Y possible | tet {'(d) >0
L theoie exisks 40 soch dob {(x) < {(x) = 0f
fof x¢& (d-&, o) c (ab]
This ¢§ a contaadiion ard kence f't4)%+0
tince  £'(<) =0
¥ (i) >0 ard {i(b] <0, tho W can poove ehat

{'CP):O wheoe  pé€ (ab)
¥ ) (k) <o tn thkae exist ce(a,b)
Such that {'Cc)=0

QI . L - o L“ > o
» . 2 @& increastmg faln X
PZ?_@!E_"’{ 51‘0(.0 thot (@ (H':I) o +% ..9

- sofkon- ek f(x) = ©9(Hx) - % for x>0
e krow that @mx} ond 2¥_ ase deatvoble O %50

2+X

Iy
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f'ex)="1= o ['mm)(y)- (97)09

14X -
(92t%x)?
- ' *(:ﬂ-m- ?x]
|4X
(24x)?
oL BT
| +% (?{-1)7

- (o) *. 1 1)

L) (24x) 2

— ’-?‘f'x?_f GX =4~y

_ x2

>0 foy x>0

o
(14%) (2+1)
Henee  f(x) trcreasing  fOr x>0

’P}obl(’m;"— P.wove that  tanxS xS sTX A XE (& %)

SolUHON-  Let ((1) = kent =%
4 S orrvable on (o, ﬂ/a) ard

{1(x) = Sec’™ -1 dor all xe (aTij2)

') s0 for alt x€ (o,m)2)
= { & inaeastng on (o n/2)

Ao {mj -tan0 -0 =0

L te)0  for ol ZE (0/2)
2 tonr-x so for al xé (om)2)
=) tonxsx fov all XE (o nl2)— O
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let 9(x)= x-5"nX

q (& deanvable o (om)2) end
E)'(l) w1 -C05X  fov al xC (o, 11[2)
ﬂ'(ﬂbo -or alt :z€(o,rr/9)

) 9 R rQeashng on (o,1[2)
Alsa 9(o) = 0 - 500 = 0

cLg()>0 oy alt x¢€ (o, 1|2)
2 X-5nX >0 for all X€ to,1)2)
=) x>sTX  goy oll x¢ ¢o,n)2) — ()

{yom @ end @ torX Sy > sint X XE (D;TUQ)

OB Giove thot a) - Eo ia ircreasthg in (0,2)
snX

Ssolukion ¢ {(17 _
SinX
o, 5L ame deofivable tn (6,n]2)
Sftox 40 fov alt XE€ (0,1[2)
for ol x€(0,m/2) and

end

('(x) existy
stox (1) - (1) (cost)

{'(x) =
@.’n‘:)z
r 50X - X (oSX

Sen*x

= X _ xcasX
casx st -
[ | Sec X570X

tary - X

—‘”)(sfn'&)

o € (o,n)2)
we hove tanpx >x ) CBX >0, sip?x so ¢ X€ (O

= f')>0 gor all ¢ (0,1)2)

Hence {(x) = X— & (n(rcusing 1g (o,ﬂ}Q)
SiINX
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Meon Uolye theazems

_—

Theosem  (Tolle's thoIem)

If & {forction {3 T=[a,b) 3K @ Such

() £ (s cortiruoxs ON (ab]

) £ <5 destvable on (a.b) and |

(i) 4ty =fCb), then theae exists celab) sk dhat £¢):0

oo {23 = (e,b) DN (s such that
’_——G) £¢5  contiroows on [a b)
() f¢a destvobe on (ab) erd
O ) £b)

{ C§ ConbinuoL§ ON [-0, b-) .
= { & boundd o [a.b] end  otiading  the (nfoum

and Ssforcmu M

5) these exist d.f € (e,b) Such thart . b]
f(d) = m=z oA ava {(P) =z sopf " (
ecaseC?) - ek m=mM

Then {(x) =™ {oF %€ (a, b]

. ¢ C5 a corstant  fonddN in (esb)

end  hence {1cx) =0 Aqov cvtsy Ie’(q,b)
Thos the theesem & e,

casecii) - let m#EM

—

Since  f@)={(b) ard m#m e bove eithcor M4 ()
avd bente M3 {(b) oy m3{la) axd herke r FCh)
let LS SoPRse  thot M #{C) , M#4(b)

ILe
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f(g) =M % f(a) =) Bi1a and
f(@)=m +{(b) =) p+b
G<P< b ® ﬁ€f0;bj
f (& desitvable o cab) ard Pé (a b)
=) { (& deoivable Q{' [3
Nocd, we frove that {'(P)=0
if  passthle, et £'(B) <0
- aheoie extss 4,50 Such thotlfmlb{(p) =M
for att xé (p-§, P) €L b)
1his & G copbadickon a5 v & de SupICHVM
(P 40

éfm?lqvg pe can prowe that f'(@)40 rnC £'cg) =0

beane
I mafe) mA{(b) then 1 <N move that 7o

cxfsty de (ab)
such  that {'(d]:O

' -
Hence  these xSt ce(a;b) gych that f'Cc)=0

probler?- Vesitfy pottes theoaem <N the eptestval [cnb)
n L

{o¥ the foncton £(x) = cxa)M(x-b) ¢ om0 ki)

tve  inkcge o

m n
Solution’-  {(x) = (x-G) (x-b)

N 5 a Pc;[(ymmr(][ {unchonN

soxe {(2)= (x-a)™ (x-b

h e
of (min)t degaie
@J/ f €8 ¢contirog o1 [a.-b] enc

® 4 €& desdvable on (ab)

o9
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Al50 f(fi']-*rj:‘f(b)
{ sehisfies ot the cordftiord of flolle's theosern on (e, b)
for el y¢€f

r-|

{‘(]) = m(x-a) (I'b]n+ (‘1~0)mr\ ('x-b)n'}
mo(x-g)™Md cx-b)" ) 4 (x-0)"" (-6 (x-b)

(x-a) ™MV ry )N [mcx-b)+p (7"0))
m- | ('L-b)n" [hﬁ*mb4 r‘;'I-noj

(x-a)m-! (x-b)n" [';( [m+n)-.(mb-;r105)

t‘fcm’la, G ¢ Mmbina <h for all mpne gt
M40

s for ¢ = mbna

™M+

Hienee  folle's theomem €& vesitficd.

n-1

1A}

= (x-a)

(B}

€ (a,b) we hwe f'cc)-o

Troblem:  Exomine the oppu"cob?"z?(ty of Rolle!s theooen

for  f0x) = 1- (x-1)*3 -on (0,2)

Jdd'fof\:- —{(1): | - (K‘I)Q’S

S5inee { t5 an agchalc fonckon, f <& ContinLDVS on fo,?]

if f (5 doivable ob Y€K tncn s

f'e0= 0- Z (x1) Bl -2 (x-)

= -2
9(z-1)"13

e fonchon [' &4 ot cbfined at x =i

£ &§ not desitvobe at 1€ (0,2) o

{ doa nol 5ah's£j the cordition ® Qf Roltes
icoble  qor for fon (o0,2).

Iheoscm

Hen(e Po[le‘j_ theoscm & ot apy

he
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'M’:‘ (Legoamges mcan wlue  theasem oy {Tst maan Valoe oo
i 2 (b)) DM & a foncion such thot
©) o 5 <ontinuovy on [ b] ard
@) { C§ deaiveble on cab) then theae exists o foint
¢ e(a,b) soch that

£(b)-fa@)
b+C1
Proof- 1 (ab) DR (8 o forcton soch tot
@) £ C9 continbdVy ON ['q,b] end
O ¢ 3 deoiveble on (ab)
pfine  the forckon &3 (ab) MR such, that @x) = fO)+EX
hese KEM & 9wen by ¢(q):¢(b)
& (a) :Cb(b) =) {(a)+ka :{(b)%tb
2) f(b)-{Ce) = Ka-kb
2) §(b)- fea) = ~k(b-c)
- {(b)- f(&)

b-a

- (¢ [oR) fCbyf) = f'c€)(b-d)

-:) - K s

ke, x %5 <ontinLoos on IR .

=) Kx 5 contfrvous ord eaiveble on R

£ &g conirood® on (a,h) GO kX T ortinuedy on R
= Bx) = Fxlgex (§  contrvovs ON f

{5 detuebl ©n (ab) ard KX T§ dearfvable on ¢

S fx) = f(x) KX €5 katveble on (a,b)

Fosithest {zom  the ckfinition § @, ¢a) = G(h)

2 The fonckion ¢ sattsfey all the  Conditiony Rolle’s theosicm
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1hus  thewe oists  cé€(a,b) Such tat 'ce) -
Srce  bx) = fe)rrx  for all A€ (6, b)

$'(x) = £'¢x) K

for cclab) and ¢'c)- O

=) f'(c)+k =0
D flec) = -k |
=) {'() = {(b)-{(@)
b-a
Hiree thesme  exists ce(ab) sach thot
ﬁ?‘i’ - £'cc) (o) fb)-fla) ={'¢c) (b-a)-
-

M_m:" U5r9 chm@cj EHOS‘ICM, show that

X > (09 ( X _ g —loq (1+X) ¥ X>0
> 19014%) > X g o o9 (1+X)

S0olgtion’- considen £¢x) = log (1#x ) defind on (o, t)

],.ﬂncae £SO clcaa_lg _,C,fg(. < onNbErooVd on[o,t-)

ara  deavable on (o,t)
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with @) =d(b) |
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<) &= f1xg (& desitvable on (g b)

Also &) <= ¢(bh)
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A d
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