s

T[iaT AAT STAhA=dT

(Continuity and Differentiability)

* The whole of science is nothing more than a refinement
of everyday thinking.” — ALBERT EINSTEIN

5.1 99T (Introduction)

TE M ATERIA: Hel 11 § 98 U Herl o Taehel
(differentiation) T SHHNTT A Fo ffrea Tgasa wadi
s BeRvidE w1 STEsed e W@ ¥ 8l
3H AT W TH WIAed (continuity), STaRATIIAI
(differentiability) e 3‘*@5 Wﬁih‘ qaui i Hewqul
GeheqTiel h1 YR w1l FET W Widerd et
(inverse trigonometric) T 1 STThe HEAT T H@|
e B D T4 YR o el Sl Gd Y ® €, TS
TR (exponential) R TR (logarithmic) Terd
#hed & 57 Werdl 5N T STehel i TR Fretei 1
BT 21 3Terehal T (differential calculus) o H1&99 9 &9
ST €9 | G (obvious) b Terfadl =l wwem 2 -

39 UfhRar, ¥ B9 39 oW &1 9 STURYA (qd) T8Il Sir Issac Newton
(theorems) I HET| (1642-1727)

5.2 Widd (Continuity)

Y
HIq 1 Gheddl 1 FS STIAM () A H
fer, &0 o=’ w1 T oriv=E ST § _
TR w0 g FeEfafad wer w faer s yre
0,2) o———
B L, aflkx<0

4 (x)‘{z af x>0 E— T3
qg Hor ad W ardfash @I (real line) & > X
v fog W offia 81 39w @1 eo@ 0
el 5.1 W g9t = €1 e o 36 oo | Y

Rt frientel Tehel @ Toh x=0oF 31fafied, x-3181 JTeRTd 5.1
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o 3T Gi-Tehe fogall o faT e o §Td AF «ff x=0 Fl SEH Th T o T
(ST WHH) €1 0 o @ieiehe SR 3R o fegad, tefq — 0.1, — 0.01, — 0.001, TR
o fogatl, W e o1 9F | € 991 0 & afehe it oIk o fagedt, @1l 0.1, 0.01,
0.001, YehR o Tergati W wer ol |7H 2 81 a1 SR T4 qey 1 TAet (limits) 1 AT
1 TANT hich, BH HE Gehd € Toh x= 0T Hed £ o aT¢ g1 <T@ qe7 h1 HATd hoer:
| qen 2 ¥ fomie g & ard qen < uey w1 G wEE / "udt (coincident) T B
T 98 ff 2Ed § % x = 0 W W &1 7E ad gy w1 HE o G 7 (SeR 7))
e HIT fh 38 @ 1 FH AR Th G (in one stroke) , A FHaH Hl 30
TS i Tag 9 fo 33, 781 Wiw Tewd| ardd |, 5 Held il SIS i STEvIHdl
9 Bl B S BH Y W Al SR AW B qE Uh S0 B SRl el
x =0 Gdd (continuous) & 2

319 A quIT T e R fa=R #ifsw:

1, afs x=0
2,k x=0
Te ®er ot g fag W ouRefia @) Y

x =0 Al &, sT¢ qen ¢ 9er ) Hod 1 ok
y=1
lo
YI

f(X)={

TR 21 fhg x =0 TR ®e &1 7 2 ®, S &g

3R < wey 1 Het oh SHATTSS WM o SXeR] ©.2)

qﬁ%l 4
TH: B A A B TR B & e By

o eSS 79 T Wi g §| 98 Th

T ST € FTEH x =0 TR e Had e 2|
Tesl 9 ¥ (naively) 9 &g Fehd g fm ST 5.2

T TR fig W g Hed dad 2, A% 59 f9g & 1@-99 (around) el o 3Terd

F TH HITS $I Gag 9 Herd 33T foq1 e Gehd 21 TH o1d 1 gH 0T oo o,

JUqraed (precisely ), fAfafed TR § =90 & 96 o

gftarer 1 A e o/ arafas St & fhdl STageaa | qReiyd us ardtas

Her § 3R A ST R £ ok wid § o T fag 81 @@ £ g ¢ W Haa @, A

lim /(x) = /(¢) 2l

foeqa &9 9 Af% x = ¢ W a1¢ v &I Gran, ¢ U H HH A Hed o T HT
g e (existence) € 3R 3 Tt Th TR o IR &, @l x = ¢ W f Had el
21 TR FIFTT R AR x = ¢ T a8 9e7 9o ¢ 97 w1 G GO §, 9@ S STArTS
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M Wl BH x = ¢ T Terd i1 GH Fed &1 39 ThN 80 Hided i G 6l Th 3
YHR ¥ ff e w Hehd §, i@ fom A= T w2

Teh thedd x=cWW%,qﬁWx=cWWﬁWm%3ﬁTqﬁx=cWW
1 A x = ¢ W e 1 GH F TR 71 AR x = ¢ W Bod Fad T2l & @ &5 Fed
& fF ¢ W f 3rgad (discontinuous) & T ¢ £ 1 ek 37Idcd 7 fag (point of
discontinuity) &d €l

SEETOT 1 x=1 W HEH f(x)=2x+ 3 F FaA &I A= HifeQ)

T Ugd 98 oA AU fF wer, x = 1 W IRwfid @ 3R s9eh "9 5 71 37 Wod
F x=1 T HH I W T WL ® T

lim f(x) = 115(2x+3)=2(1)+3=5%|

o lim /()= 5= /(1)
AT x =1 WS Fad 2
SEETOT 2 WAy fF & e f(x) =x2, x = 0 W Tad 8?2

T oA e foh 9ga fag x = 0 W wor uRefia ® IR 3@ 91 0 B 3
x=0 W %o w1 G Fererd 81 wrseaa

lim /£ (x) = lin?)xQ =0°=0

TH UFR lim f(x)=0=f(0)

3 x=0W fﬁ?ﬁ%l

SEEIUT 3 x=0W HeM f(x)=|x | Fad R fo=R Hifu
T 9IATT g

—X, e x <0
fx) = x, Ik x>0

Tl x = 0 R Her IRAMHd © 3R /(0) = 0?1 fag x = 0 W /1 o1d qer =i G

lirgl_ f(x)= lin(r)l_ (x)=0 %
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T FHR 0 WH I T4 wY G F o
lim f(x) = lim x=0 2

x—>0"
TG YR x = 0 T o710 ug 1 G, ¢ et bl EH a B 1 HE GOl 21 3T
x=0TW f Gad 2l
IETE0T 4 IR foh wem

X +3, AR x =0

R M

x =0T Had T& 2
T TR x =0 T Hed YRATHG © 3N x = 0 0 TG AF 1 81 &« x # 0, 96 T
IguSE B1 gy
lim £ (x) = 1in(1)(x3+3)=03+3=3
FifeR x =0 W £ 1 @, £(0) % aUR & 8, THAT x = 0 W Her Haa el
21 80 98 +ff ghfiea X "ehd € T 39 e & forg sriaed o1 fag shaet x= 0 )

3GETEL0T 5 39 1%|§3ﬁ H S wIfT 9 W =R %o (Constant function)
f(x) = kGaa 2l

T U8 Hod qet arafas genst & fou uReifia © ok fedt «ft arafas g &
T gmeRt 9M k21 "H AT fF ot ardfas e 7, @

lim f(x) = limk=k

g fRdt ardfess F& ¢ o AU f(e)=k= M f(x)} ofan wem/ go®
arEdfers G o fou Had 2
IR0 6 Tag wifsw for arafas genst & fau 9aqmwe wem (Identity function)
f(x) = x, ek dTEifesh @ o foy Haa @
T WA 9¢ e Y% fag W uReifia ® ok goieh arkfas @em oo fog
fle)=c?l

1 gt lim f(x) = limx=c
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T UHR, }anlﬂx)=c=ﬂc)aﬁ13¥rma€wqfé€uﬁéawﬁﬁgaﬁmw%l

T Y54 fag W et wer & |ide &t aReifyd 3 & 1% 3@ g9 39 ufismen
T T TER (extension) ieh fohdl el o, Sk 9id |, 9idd W fo=mr &l

TR 2 Tk STl Wl f T hedldl € IS 98 £ o Wid o Yok fag W Fad €|
TH IR 1 o ToRdR ¥ THgH 1 AETThdl €1 WM WS ok £ Th a1 e €,
S Hega et (closed interval) [a, b] § TR €, € £ o Had 8H o folq afewae
? T 98 [q, b] o 3 fagell (end points) a TN b GfEd STk YT fog W G &l
f A Y o W "EE oo €

lim £ ()= f(a)
R/ 1 b Fiaca w1 3 & fm
lim £ ()= f(b)
Fe0 FACTE Lim £ (x) T lim () 71 IS a1ef T 21 3@ R o gRoTHEEy,

xX—>a

Ifg f dad % fag W uRkefad @, @ 9 9 f6g W Gad g €, reiq Ak £ w
Wid Thel (HgeEA) B, @ f T Had ®od Bl 2

SEEIUT 7 N f(x) = | x | g RIS e Th Had o @2

. —x, Il x<0
Wfﬁ%ﬂ@ﬁ@ﬂﬁ%%f(x)={x’qﬁ 50
I 3 W B WA € TF x =0 W / Haa &
M ST fh ¢ T aTdfoeh @& 39 YR B T ¢ < 0 B3 f(c)=—c

e 2 lim (x) = lim (~x) = ¢ (i)

<f® lim f(x) = f(c), TAfT £ Gt o ardfaes gemst & fau daq 2
3 U ST f ¢ TR arfas §@m 36 IR © 6 o> 0 R f(o)=c

oy & )161_1)‘2 f(x) = )lcl_tg xX=c ()
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Fifeh lim £(x) = f(c), AT f W eFTcHes areafoss Gemst & fau dad 2l
I /@t foge W Fad €, o1: 9% Th Had B g
SETETUT 8 WM f(x) =x° +x*— 1 & Hidd W fo=r &)

T WA [ U arkdfash @ ¢ o forw qReifia @ @R ¢ W @ W
A+ — 12 80 78 ot Wi d € TR

lim f(x) = lim (x’ +x* =)=’ +* 1
X—>C X—>C

1 1@f(x)=f(c)%wmmwmm$mfw%|wa:rzf
2 fF £ T Had v B

33'1%TUT9f(x)=l,x¢0§|Tf IR e £ o dad W faar i)
X
ol forelt T I ( Non-zero) IRfaeh FE&A ¢ Tl FHR=a Hifsg

3@ lim £ (x) = lim ~ =~
X—>C x—)cx c
wuﬁ,ﬂﬁrcio,wﬁqﬂc):% 21 39 YR lim £ (x) = f(c) R ey £ 3T
Wid % Y fag W Had €1 39 RN £ Th Had Hed 2
TH U I HT oY, 3T (infinity) 1 eheul (concept) & T o g,

SB'I?[%'IWWWWf(x)=%WWWx=O$ﬁWFH¥WW%I

ok faU 89 0 oF Gf7ohe i ddfaesh TEAeT o U e & Al &1 18999
1 Eferd gt 1 9T i €1 SAfera: (essentially) 89 x=0W f o S U7 i
G A T G HI S| ST eH Y GRofEg e &1 (AROM 5.1)

| 5.1
X 1 0.3 02| 0.1=10"'] 0.01=102| 0.001=103 10"
fGo)| 1 3.333... 5 10 100 = 10? 1000=103 107

B0 <@d ® o S-S x <l 3R @ 0 o fehe SHER el ® f(x) 1 HH SRR
a1fct SfSr @ Sigan STl €1 39 91 ol Ueh 31 WehR W o ek TR ST ekl ®, S
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T ¥ ardfas T hl 0 o A The FAHL, f(x) o T &l fhdr dft 78a e
Y ity fRan S 9ehdt ¢ TSl § 36 91 & g9 efarEd YR 9 faed ® R

lirgf(x)=+oo
(ST T YRR TG ST §: 0 W, f(x) o ¢ UL KT oHE G A ®) TR W

TH 9 31 Aed € T + oo Tk ardfas G e © 3R safery 0 W £k <1d uer i
w1 eifede 2 @ (ardfas gemstt & w9 H))

T YHR Y 0 W £ o o1¢ U&7 k1 G Fa H S Gehdl €1 Frefafaa anoh @
Td: W B

| 5.2
x | =1 —03 | 02| —10'| -102 —103 | =10
fy| -1 =3.333..] -5 ~10 — 102 —10° | —10"
qrott 5.2 9 &9 frshd feper © f6

U aT&dfaeh H&A hi 0 oF 3Tcdd e
TR, f(x) F AE & Rt ff w9 dWen 9
FH fRar S Tehdl 81 YdwcTs €9 9 7H

lim f(x) =0 forad 2

(TS 8 YR I STl €: 0 W f(x) o &
T& 1 A1 RN 3Td 21) T8l 86 39 &
W Ge 31 e © o — oo Tk ardtaesh qE&
T ® AU 0 W £ o ¢ qel I WA
sffered 7t & (amafas Gemst & &9 o))
ST 5.3 1 TeRE STYF AL 1 SATHA
o 21

sarEvor 10 fefafad wom o Ta W fomr Sifsa:

x+2, A x<1
J&) = x=2, Ik x>1

T o f ot W@ % Yo fag W gReifE 2

TIM 13’ <1, qf(c)=c+27 T8 TR lim f(x)=limx+2=c+2%I
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Fq: | 9 w9 geft arsdfos gemel W £ Had 2
FIM2 AR > 1, f(c)=c—2%l

I lim /(1) =lim (x=2) = ¢ =2 =/ (c) ?1
araue 39 et fagetl W Sl x> 17, £ Haa @
FIM3AR ¢=1,d x=1Tf o 9T 9 HT G,
1

lim f(x)= lim (x+2)=1+2 =3

x=1W [ % IC q& H Hw, A

lim f(x)= lim (x~2)=1-2 =1

W%x=lﬂfﬁ*ﬂﬁﬁmﬁqﬁaﬁwm(coincident)‘!ﬁ%, Ad:
x=1W/ Had &l ¢ 3@ YHR [ o STidqed 1 fag shael W x = 1 B 3@ e
T TG SAFHA 5.4 § @A T L

arE ol 11 Fafafad R o 9kt oo £ o was (9 oiae fogsti 1 9 shifsie
x+2, IR x<1

fe)=1 0,3k x=1
x=2, A x>1

Tl gl ISR HT e el oft 79 3@ € Yok aRdfaeh @A x 1ok Ty £ G
Bl x=17%h foq £ o o1d qer 1w, lim f (x) = 1ir?_(x+2)=1+2=3%|
x=1% faw /% @ wa *1 T, lim f() = lim (v-2)=1-2=-1%]

Hfhx =1 £ o «I¢ o1 ¢ 9&l w1 WA Fql T F, o@: x= 1 W £ Fad

Tl 21 3H YR £ o i 1 fag oheet A x=1 2| 39 el w1 ST 3R
5.5 ® guitan T R

sargtor 12 fafafed wem & dideg ) faur sifsa:

x+23af% x<o0

S = {—x+2, kx>0
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Tel wF G fm foemeE wem 0 () %
srfafier 3= T At Geet o forg gftnfa
21 IRYIHER $9 el &1 id
D,UD,? S& D, = {x € R:x<0} 3
D, = {x e R:x >0}
M 1A c e D, A lim f(x)=lim (x +2) =
c+2=f(c)? 3@ D, H fHw 2|

TN 2 A ¢ € D, @ lim f(x)=lim (—x +2) =
X—>C X—>C

—c+2=f(c)% WDzﬁ it fHaa 2l

Hifh £ 39 Wid o Teea fagell W Haa € t
5 en frend fehrerd @ T £ T Haa e 2
TH ol 1 @ SR 5.6 H G T 1 A
ST o 38 we o sTei@ o+t ©iwd & foag &g
el i TS 1 Tde | SSMN Tedl €, fhg & x-
U1 heel 3 Targatl W T ugal @ W@l W her
it & 2l

seEvor 13 Fefafad wem & " | faear
_Olﬁ'&?rq: ‘&l

x, ARx>0 P 5.6
S = xz, R x <0

Tl SIS, YS ol Ydh ardfaeh 9& o
o afenfia 81 59 e w1 SMTeiE 3Mehfa 5.7
T oo 21 39 oo & g ¥ 98 qeheTd
O 2 foF Tl o Wid R et W@ % A
FEgH (disjoint) 39 H’ﬂﬁr&ﬁ 4 faafea #¢
forn S A= forn

D, ={x e R:x<0}, D, = {0} qen

D, = {x e R:x>0}%
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Z9M 1D, % e ot fig W f(x) =2 T 3R o8 Taw ¥ @ 51 Toha ¢ 6 D, A
f Faa@ B (S 2 3fEn)
29M2 D, % e ot fig W f(x) =x ¥ X 7% Waa ¥ 3@ o ¥ar ¢ & D, H
f @ g1 (3 6 IfEm)
I3 376 B x =0 W He o1 fIeaivor &3d €1 0 & faIu werd 1 46 £(0) = 0 21
0 W £ o ¢ 91 i HEl

xli.rgl_f(X)ilgg_xz:Oz:O% e
0 W £ o T 91 HI Hm
i )= lim x=0%
: lim £(x)=0=/(0) S 0 W fHad 21 39T 21ef g% gan R £ 31 uid &
Yo fig W ad 21 91a: / Uk Hdd %o
IETETUT 14 <MY foF Yoish agus el Had Bl 2

T TR I T 1 e p, Th SgIE Her el € 418 o8 el Tiehd T& 7
a*mp(x)=a0+a1x+...+anx" Wqﬁﬂﬁﬁﬁ,aﬁaieRﬁﬂT an;éO%I RS
T8 o Y i G o fora uReifia 21 foreht ffvaa aredfass e oo fou
7 3@l § &

lim p ()= p(©)
THfTT IRAT R ¢ W p Had B Hieh ¢ g ot areafas gen @ gufay p g

i arEdfoss "@m & fou Had w, %
SUlq p TH Had Fod T
SETETOT 15 f(x) = [x] 5 AR ©.3) T M
e qUIfeh e o ST o WA ©.nr &0
fagent ﬁ @ HIfSY, Sl [x] 39 o 3,0) (0’_1) Tavan o
e Ul ! Fohe X T, S x § C40) (2.0) CLO[O G0 (5.0)
%Y A1 IHeh a2 ©.=D
. —o +(0,-2)
Tl Tedt dl ¥9 9% S € f £ medt —o T (0,-3)
arsdfas Gemst o fora aftfua 21

T oM @ ool fd 5.8 | v
fe@rn T 2 3TTeRfe 5.8
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g ¥ UE Fdid el € foh 9<7 e x o 9ot quifss Al o faw ergad 21 e Bm
I w4 o = TE T B

a9 1 A A fF o TR T aredfas Gem B, S fRdr ot quife o SRR T ©
g o T8 e B fF o % e *1 gl arcafos gemst & fau Ky gu wer
= [c]; 2, 31 lim /(x) =lim [x]=[c] ¥ & f(c) = [c] 37d: YA ToH, 39 9t
arsdfass gemnsti o fay daa @, st quis & 2
a9 2 A AT & ¢ Tk QUi B oTqud eF U U yatdd: SR awdfos g
F>0 W B Fhd S TR [c—r]=c— 1 & [+ 7] =c R
st oF &9 o, sHh 1 9% gon T
lim f(x) = c— 1 a2 li_)H{f(x)=c

<fer ot ot quifeR ¢ & ferg 3 Hand gam T B geRdt ©, o1 Ued e x Jeft
quiieh WY o T sTEaq 2
5.2.1 @dad Wl &7 ST (Algebra of continuous functions)
fuselt e o, W *1 Teheu N WHSH o SU, THA HrEisTl o S w1 Fw
3T foRa ol STIEYA: 319 &1 Tad ol o SSHTuNd o1 St S STeadd hadl| Tk
ot fog W & ®ed &1 ¥iad Pied § 39 fog | wed & @ 57

fruifid g €, ordua o7 dhETd € o &n dimeti & 9qvd & Fel of sfisig gfomi
T 3T9&T

T 1 HA A R £ 9o g < U ardfaeR e €, S U arkfash 9@l oo fag
Tad g1 T,
(1) f—i—g,x:c‘T{W%
2) f—g,x=c‘T{qﬁH%
3) f.g, x=c W Ha@ B
“4) (iJ,cha’aa% (SR g(c) # 0 B1)
g
Wﬂﬁ[%‘?ﬁgx=cﬂ(f+g)éﬁwaﬁ3ﬁ'ﬂaﬂﬁ%|€qﬂ'@ﬁ%ﬁﬁ

lim(/ +)(x) = lim[/(x)+g(x)] (f + g TR 5m)

= lim f(x) +limg(x) (et o gHa g
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=f(c) + glo) (Rfi f T g Taq Fed §)
=+ 9 () (f + g 1 AR 3H)
3, f+ g ot x=c o fq Faa 2
T | % 99 9O ) Suuf s o wuH @ SR uewl o fo et 2 sig
fem o 2
feauit
() ST 99T oF M (3) I Th fomm wm ok fou, 9K f T TR wem
f(x) =L, &l A, B =R ardfos g g, @ (L. g) (x) = A . g (x) T
IR e (L. g) W T Had o B TR w9, A A=—1, d@ /&
Hided § — f 1 Hiqed SHdrted gl 2|
(i) ST THI & 9N (4) H TH R M ok faw, AR f TE TR e
A
g(x)

A
fe) =2, &(x)z mvﬁmﬁawgﬁwmﬁwm%,aﬁ
g

g(x)io%lﬁﬁwm@,géﬁqmwﬁéwwmﬁ%ﬁ%

IudeR <Al Tl o SUA g 3R Ead ®erdl i S S Hehdl €1 39 T
fafesd w0 & oft e oot € fF 1 wom Sad © @ T8 fefate saeeon §
IE I T H T B
IEETOT 16 Tag ST foF g ey %M gad B 2

T TR HIGY 6 g IRET wor [ FetatEd w9 %1 8 e
F@ =22 020
q(x)

SRl p 3R ¢ IgU% e €1 f 1 Uid, 39 faget %l sigax N W ¢ I €, gn
Aredfesh TEATd &1 St Sgus e T B € (ST 14) , 3AUS T 1 % 9 (4)
g f T Gad wer Bl

JETETT 17 sine BoAd o o R fa=m wifsw)
el 39 W TR & o fou ga fefafeag 92 &1 99 @ o

limsinx=0
x—0
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T 37 deAl 1 el g o &l fRan €, fReg sine Wl & TeR@ *i YA %
fHehe 3@ HT A 929 wesgYfd (intuitively) q W g S B

a1el Q@ R £(x) = sinx Gt ST st & forg aftwfua 1 am <fifse o
CWWE@T%Ix=c+h1’@ﬁ"l’(,ﬁx—>cﬁ%‘?é@ﬁ%ﬁﬁh—>0w

lim f(x) = limsinx
X—cC X—cC
= limsin(c + k)
h—0
= lim[sinccos/ + coscsin /]
h—0
= lim [sinccos/]+ lim[cosc sin /]
h—0 h—0
=sin ¢ + 0 = sin ¢ = f(c)

T YR lim f(x) = f(c) 3@: f Teh Fad ®eH &
fewuit 36t YRR cosine e & Gided 1t gmifora TR s g 2

saretur 18 fag FINT &% f(x) = tan x T Tad ®weH 2|

A ﬁmgaﬂwqf(x)ﬂanx:siﬂ%l%wwaﬂﬂwﬁmﬂweﬁ%m
COS X

TRefie &, ST cos x %0, aqzrmi(znﬂ)g ¥ T st yaifo R & o sine 3R

cosine e, Tad He €1 TAMAY tan e, 39 <Al ol 1 WNTHS BH % R0, x
% 37 geft g o fore gad @ 59 o forw gg aftarfua 2
el o GASH (composition) ¥ Fefud, Had Herl w1 IaeR Tk Tk q2 2|
o S for afg £ sk ¢ oo wed §,
(fo g (x) =f(g(x)
IR €, S Sl g 1 GRE £ o UIq 1 T SUEH= Bial ¢ Fetatad g
(wHToT fae1 Sheel =), WY (composite) HerHl o Fiaed w1 IR w2l

THT 2 HA ST fF £ 3R ¢ 3@ WehR o < arifersh HHIA (real valued) el @
fF cm (fog)WﬁﬂTFqﬁ%IW&{ ¢ gqdl g (c) q’(fﬂ?l?f%,?ﬁctr{ (fo g) |ad
I 2

frreferfead Seewl o 39 999 &1 e fomen T R
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SETETUT 19 TUEY &% f(x) = sin (1) 51 IRAYG ®oH, Th Had e 2l

zo YU Hife ff foameia wor e ardfas g & fau aiiwfia @1 %o
f I, g A HeE o GASH (goh)eh ®9 W Gl ST Wehdl €, &l g (x) = sinx
A 1 (x) = x> Bl ek g 3R 4 T & Had o €, THT T 2 gN 98 Tk fenren
S Hehal ®, T / Tk Gad wer R

SETETOT 20 Y 6 £(x) = |1 —x + |x|| 5V GRNfod ®e £, el x Teh A& qe
€, Tk Had e 2

Fol A arafas Femst x ok fau g ® g(x)=1—x+ |x| 9 A H A(x)=|x| W
qRerfya sifse) a4,

(hog) (x)=h(g))
=h(l-x+[x])
=[l=x+[x|| =)
IR 7 H BH 2@ g © 6 UF Gad Her 2| S YHR T 9gUs hed 3R TH
Al e &1 AN 8 & R g Tk Hdd Thod €1 37d: 31 Tad %ol 1 G Held
B o SR £ W T Had o 2l

9Tt 5.1

1. fag ®INT & e f(x) =5x—3,x=0,x=—3 7= x=5W Had 2l
2. x=3W HeH f(x)=2x>— 17 TdA HI = FHifeQ)
3. frfafaa wemi & Fide &1 S Hifeg:

@ f@=x-5 ®) f@= 5. x#5

_ x*-25
© fo="—

4. fog =ifsw fo we f(x)=x",x=n,WW%,aﬁnWﬂ?W%l

x, A x<1
5, A x>1

x=0,x=1,qen x=2 W Gad 2?

s x#=5 (d) fx)=x—35]

5. wf(x)={ B qRefia we f
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% Tl ermiaed o fageti @1 T wifse, 5 for ¢ fefafea wer o aifi 2

pvt3. A v <2 |x|+3, A x<-3
6. f(x)={2x+3’q&:x;2 7. f(x)=1 —2x, A —3<x<3
Y * 6x+2, I x>3
[x] x
5. fo=]x T30 0. fay={far T <O
0, I x=0 ~1, R x>0
0. £ x+1, I x>1 1. £ x3—3, g x<2
. = . X)=
! X2 +1,3€ x<1 x2+1, A x>2
¥ -1, AR x<1
12. =
J@) {xz, g x>1
5, <1 .
13. wf(x)={it5 ii;mvﬁﬂﬁaw,www%?
weH f, % Hidd W R Hifsy, sef £ fefatea gr affia 2
3, ac 0<x<1 2x, I x<0
14. f(x)=44, I 1< x<3 15. f(x)=40, g 0<x<1
5, afg 3<x<10 4x, I x>1
-2, g x<-1
16.  f(x)=4{2x, 9 —-1<x<1
2, A x>1
17. a 3R boh 37 | ! @ HITSC foer forw
ax+1, A€ x<3
f(X):{bx+3, g x>3

g IRIfd wed x = 3 W Gdd 2



18.

19.

20.
21.

22.

23.

24.

25.

26.
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Lok frg Om & fog

A(x* —2x), AR x<0

f(x):{4x+1, g x>0

SR IR e x = 0 W Tad 81 x= | W 8o Hided W o sifery
TWIEE & g (x) = x— [x] R IR et T quiter fogeti W ewdaa 21 ael
[x] 59 Wewd quiieh el iar &, St x o SeX A1 x W HH 2

FM f(x)=x>—sinx + 5 §R ARAMIG el x = 1 W Had €7

ffafad wa & Fiad | faur sifsu:

(a) f(x)=sinx+ cos x (b) f(x)=sinx—cos x

(c) f(x)=sinx.cosx

cosine, cosecant, secant ?ﬂﬁ'{ cotangent‘TIv_cfl'—ﬁ' o Tag R fo=mr wifsu)
o |t eraiacaar o fagett &A@ wifse, swl

sin x
(=1 x , A x<0
x+1, AR x>0

fauifa@ sifve f& ®em [

X

0, Ik x=0
g qRId Tk Gdd %ol 2
f o Gided &1 wirg Hifee, Sl frefafead yeR o aftfia @

f)= {x2 sinl, e x#0

sinx —cosx, K x#0
Fo= T
9T 26 W 29 H k % THI I A HIfSC @lfh 81 %o s fag w dad &l

fay={m 2 2 mtrﬁwrfqﬁw;Fg ™
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27.

28.

29.

30.

31.
32.
33.
34.

kx?, A x<2
f(x)_{i o 12 g1 Refog FeHx =2 W
f(X)={kx+L A x<n g IR W x = 1 ™

cosx, AU x>m

ke+1, I x<5 3
f(x)={3x_5’ o 1o SR AR ®ed x =5 T

a9 bk HA 1 G HISC qlR

5, I x<2
f(x)=<ax+b, I 2<x<10

Ll, I x>10
B aRenfod e T Had e gl
T o £(x) = cos (x?) GRI TRAIG He Th Fad He 2l
TWEW & f(x) = | cos x| §R1 IR %o T Had &
Wﬁwﬁﬁﬂﬁww%l
f(x)=|x|—|x+ 1|57 9Refod wem £ o |t s/icTar & fogeti =1 9
Al

5.3. 3raeheaar (Differentiability)

foset e ¥ @ U qeAl hi TROT HIGU| TUH Uk Idfaeh Beld o 3Taehers]
(Derivative) 1 f=fafad gr & uftafoa fwan om

M ST foF £ ek arifesh ®e ® 991 ¢ 39k Wid | e T fag Bl c W S

FT RS FAfarEd TRR 9 IR

o S+ = /()

h—0 h

af 30 W w1 S A A ¢ W F S F L) %(f(x))lcmm
W Bl

fx+h)—-f(x)
h

f'(x)=lim
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SN IR e, S/ off 39 Hien 1 i B, /o 3Tehorst shi AR e 2l

& SIS F L (x) W %(f(x))mww‘% iR ARy = f(x) @ Q%Wy'

T e HId 21 TREl Wl 1 STohelSt WA HIH 1 WHAT i Teeherd
(differentiation )h&d T1 &Y iRy “x o 9 f(x) T ARt wifse (differentiate) "
1 f FE w €, Trwen ered g ® TR £(x) T it

HeTheTS| o SISO o & § frefeiiad el st geifor fean S g 2:

1) wxv)=u=xv.

Q) (W) =u'v+uw (A& A1 OEERA )

G) (%) MY Sy 0 (T fFrem)
A% V2

T & T Arolt § o gHIfo (standard) Wel o STaeorSll 1 gET < T €

URu 5.3
f(x) X" sin x COoS X tan x
f'(x) nx"! coS X —sinx | sec? x

e et off e eTaeherel i affa femen © t weh geme ot fxan © T ¢ afs o
&1 IR 811" A9 e ®9 9 Y3 331 @ T 9fg W@ & ® qf e wm? 9w

o firat TR 2 @R e s A 1imd NSO 5 s w2 @

h—0 h

TH HEd § o ¢ W £ Taeheria el 81 SH veal W, €F whed § foh o1u Uid o TRt

fog ¢ W ®wad fAgwea 2, afc A el lim LM =) o

h—0" h

lim LM =10 g (finite) TN THH &1 WelM AT [a, b] H SFeeher

h—0" h

FHEA €, AC T8 HFATA [a, b] o T Tag W o9 &1 Si@ T Fiaed o g
H el T o fF 7 fagen o den » R T HHW: I 9o a1 vy i HE o €,
St foh iR @ &Y, afed o qen h R Ho % E qe7 AT oG qeT ok YRl € €l
TH YHR el WA (q, b) | She-Ia Fedrd €, A 98 FWR (a, b) & Ioh
fag W e B
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THE 39 e fedl fag ¢ W sraera €, @ 39 fag W o' gaa ot R
suufe 9 g ¢ W/ fehora €, or:

- f(xi :Z(C) o
fegx = c o fag
10— fey = LOZLE (o
X—C

e lim [£(x)— f(c)] = lim [me—cﬂ

x—c x—c XxX—C
- lim[ /()] - lim [£(6)] = lim [M} Jim[(e—0)]

x—c x—c x—c xX—C X—>c¢
~/(c).0=0

= lim /(x) =/(c)

T YHR x = ¢ W ®ed [/ Had 2
SUUHT 1 YIF kT o Had 2l 2l
Tl &0 o e € o Suderd e w1 faeli™ (converse) T 7t B1 Fie=a €t &w

@ b 2 T f(x) = |x| g0 IR Fer Tk Had o 81 39 el o a1d &l i
i W fa=ar & 9

fim LO+M=/O) _—h_
h—0" h h

-1

e ST T F T
hlggw=%=l 2l
<ok 0 TR STt TS den <7 uE Y WA gHE e, gt }}E&w
%Tﬁ%ﬁ?wwomfwﬁ%' o f T ST e
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5.3.1 g Hordlt & T ( Differentials of composite functions )

T el oh STaheTS oh 3TEAIA i TH Ueh IMEXU g TR &l AF et foh
TH f 1 STahelsl A HET AR €, Sl
f&) =Q@Qx+ 1)
s faf 75 € o f50= 79 & WA g (20 + 1)° 1 TIRE ek I Sgas B
FT FahAS A B, G A T fRmar T €

d d ,
af(x) = [@x+1)]

= di 8x® +12x* +6x+1)
X

=24x2+24x+ 6
—6(Qx+1)
39, &AM g R
Jx)=(hog) ()
&l g(x) = 2x + 1 7 h(x) =x° I ERGIIE LY t=g(x)=2x+1. f(x)=h(t)="F.
gt L _gerp=3et1p.2=30.2= DL
dx dt dx
0 gEd fafu &1 @19 78 ? fF T YER & W, S (2 + 1)1% F Fehersl H
e # 39 fafy g0 wa = S @1 Swded Uit @ e el w9 9
e wia ura e 8, 59 @en =9 (chain rule) ®8d 2l
THT 4 (e TEw ) 7 ST R £ ek ardfas JEE e €, Sy den v S hert

1 HASH T; S = v o u. TH AT 7R 7= u(x) 3N, 7 %H&ﬂ %aﬁw
X
sifees af _dv dt
¢ dx  dt dx

T 3H YOI 1 STUfA Big 30 B gEen fem @ fomr fefafed e | faen
S Gehal €1 WA ST foh £ ok ardtees qHE we €, S el , v 3R w
ERIEER I
f=wou)ov® AT t=u@@) qM s=v(HT @

df d dt dw ds dt
_:_(Wou)._: _____
dx dt dc ds dt dx
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IfE ST weA o Gt SrEhersl 1 i Bl A g SR SAfE Worl o GaASH
o fau sEen F99 #1999 L T 2

IETETOT 21 f(x) = sin (x2) T 3Tehersl A iU
o oM AT & 9 e < ®erl a1 GASH ?1 arad ), A u(x) = 12 3R
v(t)=sint%?ﬁ

f(x) = ou) (x) = v(u(x)) = v(x?) = sin x?

t=u(x) = x> W@ W A Ao o %zcost e %=2x AR < 1 erfedea off
X
g1 ord: @ = g
ar dv dt

= —.—=cC0St.2x
dx dt dx

T Tfan RO i xS 9S § e % T e © STaud

E = cost-2x =2x Cos x>
faseda: g0 @Y O o OF e T § 99 A aftfa g,

. dy d .
= 2 - — =— 2
y = sin (x?) e dn (sin x?)

d
=cos x> — (x?) = 2x cos x?
X

d.
SETETUT 22 tan (2x + 3) 1 TEhaS AG hifel
T °1 ot fF f(x) = tan 2x + 3), u(x)=2x+3ﬁ9vﬂv(t)=tant%|

(v o u) (x) =v(u(x)) = v(2x + 3) = tan (2x + 3) = f(x)

. . d
T YRR [ EeE F HASH &1 AR 1= u(x) =2x + 3. A ;‘;=sec2t qen

o qon <t & e 1 o g@en e g

dx

£=ﬂ~£=2sec2(2x+3)
dc dt dx
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IE1ET0T 23 x o 99 sin (cos (x2)) T 3Taha HifST
T ®EH  f(x) = sin (cos (1), u, v A w, 9 HoHl 1 GASH B 3@ TR
Fx)=(wovou)(x), & ulx)=x2, v(t)=c0stFT?lTw(s)=sins%l t=u(x)=x2 R

s=v(t)=cost1'@ﬁtl'{%qé@ﬁ%ﬁﬁ ?zcoss,%z—sintﬁiﬂ %=2x AR g weft
s X

1, x o Feft Irdfas wEl o foau ifae 2

3d: SEer M o AIHRIH g

df _dw ds dr

o ds A D (cos s) (—sin f) (2x) =— 2x sin x* cos (cos x?)
faseua:
y = sin (cos x?)
dy d d
TgfeTT -2 n (cos x?) = cos (cos x2) — (cos x?)
dx dx dx
) d
= cos (cos x?) (— sin x?) — (x?)
dx
= — sin x* cos (cos x?) (2x)
=—2x sin x? cos (cos x?)
Yy 5.2
T 1 9§ 8 # x ok Wy frAfafad werl 1 STk hite:
1. sin (x*2+5) 2. cos (sin x) 3. sin (ax + b)
sin (ax +b) .
4. sec (tan ({/x)) 5. os (cx+d) 6. cos x’ . sin* (x°)

7. 2+4cot(x?) 8. cos(+/x)
9. fag HIT fF BeM f(x)=|x— 1|, x € R, x = | W Feehiera &l 2l

10. Tog FifST fod 7eqq qoies wed f(x)=[x], 0 <x<3,x=1TqMx=2 W
et el 2l
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5.3.2 3@ el @ 3fdahersT (Derivatives of Implicit Functions)

IE T BH y=f(x) % & o fafae el &1 Ehed w1 ® € W 98 AEvTH
& ® foF ol ) Tea gHt w9 H o foRa ) Serewnd | x 3N o e frafafed
qaui ¥ ¥ T R fouom ®9 ¥ fa=r Fifvw:

x—y-n=0

x+sinxy—y=0

gl 39 H, BH y % fIu Wl R Hehd € SR WeY Hl y=x—nh &9 ¥ fa@
Tohd E1 T 90 H, W T @ © R Gy B WA FE B FE SAGE R R
ﬁﬂﬁ?ﬁﬁﬁ?iﬁﬁiﬁmeﬁy?ﬁquﬁﬁWQEWiﬁaﬁTﬁgqﬁ%lWﬂx
Ry ok = HT Hee 3@ YRR oFe fohan T @ TR 39y o oI W S emEE
B 3R y=f(x) o &9 | for@n o1 T, @ &7 Hed & & ol x & T (explicit) B
o &9 H ofe fha T ¥ SWie SW WeY W, T Hhed € Th y i x o ST
(implicity) e o ®9 | I fRaT T

d
SEAE0T24 AR x—y=n A Eyaﬁrﬁrﬁm

T T fafy 7 © foh 89 y o fow Wil ek Sudsd Hew o e yer fag @en

y=x-m
d

GE] _y:1
dx

Taereud: 39 Ha Flx, & TN Y FHhe HH T

d dn
a(x y) = o

mW%%waﬁ%%x¢W$WWnWWW|wW

d d
a(x)—a(y) =0
forge A © 6

Q_dx_

=—=1
dx dx
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SETET0T 25 AR y + sin y = cos x A %Hﬁaﬂﬁql
T BH TH HaY &1 Y Iades w2l

& +di(siny) = %(cosx)

dx dx
sJEer M &1 T W
d d
d—i+cosy~d—i =-—sinx
g frafafed ofom oo €,
dy ~ sinx
dx I+cosy
Sl y2@2n+ D=

5.3.3 Qfacia GeRvTirets werl & aiaeherst (Derivatives of Inverse Trigonometric
Functions)

T T[: M el € foh gfaeim Sepiiidia e ad eid €, T 89 38 JHe T8t
FHUT| 319 TH T ol oh STahersl i T I o [0 @l =™ &1 3= Ha

IETETOT 26 f(x) = sin’! x T TIRAS JM HIfSQ Ig AW g for gqah
Afeed 2l

%Tfr'ﬂﬂ"fFﬁ'ﬁqﬁy=f(x)=sin’1x%?ﬁx=siny
Tl w1 x o WU STk H W

1 b
=cosy —
dx

dy 1 1
= _ = =
dx  cosy cos(sin”' x)

ZIERAISI W%Wcosy;th?mWﬁﬂTﬁW%, 3T, sin x = —g,g,asqﬁ

x#—1,1,3q x e (- 1, 1)
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39 qiomy IS Y a1 %‘g{, 0 TAfafead SeeR S (manipulation)
F T TR0 HINC R x e (- 1, 1) AT sin (sin! x) = x 3N 3@ FHR
cos’y=1—-(siny)>=1-(sin(sin'x)y>=1-x2

& Gy e (—g,g),cosyw e T B 3 3T cos y = /] 2

T UFR xe(-1,1)% fau
Q_ 1 1
dx cosy J]1—x?

SETETUT27 f(x) =tan| x 1 STAHS A HIT, I8 A gC o 91 i =

T AE diftee ff y=tan' x %Fﬁx=tany 21 x o W9 A el R ST
FE W

d.)}
1=sec v —
sec’ y

Q_ 1 1 B 1 1
dx Seczy 1+tan2y 1+(tan(tan_l)c))2 1+x

2

3T Yfaer FIRIoHda el oh STaeharsl ol 1A hil 3Teh ™ o T Big
fean T 1 9 ufaeim Preriofidia werl % sterRersi o) fEfaiad wref 5.4 ¥ faan

T 2
| 5.4
f(x) cos x cotlx seclx cosecx
1 -1 1 -1
J'x) N 1+ 2 |2 -1 [dva? -1
Domain of /' | (-1, 1) R (oo, —1) U (1, ) | (-, -1)uU (1, x)
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frfefaa v § f—‘; T T

1. 2x +3y=sinx 2. 2x +3y=siny 3. ax + by* =cos y
4. xy+y*=tanx+y 5. x*+xp+)y*=100 6. x° +xy+x7+)°=381

2x
7. sin?y + cosxy =k 8. sin’x+cos’y=1 9. y=sin’! (1+x2j

_y 1 1
10. y=tan1[3x - J - <x<—=

1-—
11. y=0051( x2j,0<x<1

_ 2
12. y=sin1(1 =

2
13. y:cosl[ xzj,—1<x<1

14. y= sin”! (2x V1-x? ),

15. y=sec_1(2#}0<x<L
2% 1 2

5.4 TRETdTeht q9T ST e (Exponential and Logarithmic Functions)

a1eft ok EHA o, S SgR o, IRHT ®er aun Brivfida e, & fafae ot
& 9 Teqgell & 9N | W ¥ 39 IR W oH WER TAfud Herl o Tk T o
o 91 ° Tigw, 5= =it (exponential ) HWW (logarithmic) T HhEd
g1 7l R fouiy &9 ¥ 78 Iaam Aavas € o 39 31=s] o 9gd ¥ HUF Wk q
e & 3R Il SUUAl $H q&ish i fawa-od o &5 ¥ wel 8
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3ehfd 5.9 ffy=f1(x)=x,y=f2(x)=x2,y=f3(x)=x3?f9ﬂ y=]2(x)=x4<‘5F g
e T € wam S for S-S x BT 1 aGdl St € ok 1 Faur o Sedt S
2?1 T I YAV T ¥ Jfg F R 0 Y
Bt Wt B gt d AR B X (>1)H
A | fAfvEd gfg o /0 p = £ (x) H
M agdl STl @ S9-S9 7 61 91 1, 2,
3, 4 1 9T @ I8 wHeda § f
A G oI T ok Ty Wed © el
£,(x)=x" T AITIRET T, TR 7 TE

gan & -8 o ¥ gfg @ o @ 0.1)
y =1 (x) F Ao y-§ H AR Ao /

AT S 1 IR A £ (1) = 10 X' 0 "X
T £, (x) =x" W fomr ifSw) =f x 1 M
HH 1 ¥ 9 2 B S E, @ S, B A 3T 5.9

1§ 9gehT 210 I 8, S £ A
1 ¥ FgH 21 B W 1 39 VSR x | wAH 9fg & faw, £ w afs s, w 9fs -
sTaaT Sifeeh o 9 B B

Iqger qftere 1 ks e @ foh 9gug werl 1 gfg 3ok s W R s ®,
T oI TG SET Ifg aEd Wi 39 SWid Th o J9 78 sadi € 1,
F HIE T o & S 9gUR Herl w1 STueT Sifush oSt ¥ d@dl 87 TR SW
ThRIcHF € 3R T8 FhR oh Heid ol Th STy = f(x) = 105 7

WW%%WWWWnéFWWWfW fn(x)=x"_°|ﬁ
3ToaT SAfueh oSt @ ggdl B 3 o faw g fag w wHd € L (0) = x'0
aden 10¢ SAfeh ISt © Sl €1 98 e ST o x o o2 7El o ferg, S x = 107,
Foo (6) = (10%)190 = 10°° ST&feh £(10%) = 110" = 10100 F| T £, (x) T STH&T £(x)
1 WM agd AE 21 TE THg N HioT Tl ¢ o x o o7 geft wel ok forw Sl
x>10°, f(x)>f,, (x) 8 Y &0 77 W sHh! YU A H1 Ja T F41 T THER

x o IS Wl i TR T8 FeAd TRl S Hehal € T, fopell off e quifen p ok g
£, (x) T ST f(x) F A Ak T W q@A L

RT3 Wl y = f(x) = bY, ¥R SMUR b > | o folu =Remdishl Ho sheardl 2l
i 5.9 W y = 10* o1 T@ifest gwitan 7@
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Ig gare < Wt € o wew 39 Yntas i b o fafre At S 2, 3 3 4 % fag
e Y <@ =RAMIT Feld w1 $9 Tq@ foevan fefataa €:
(1) =T el 1 Wid, ST&difersh SeAsi % §q==d R &l 2
(2) =R el 1 UREY, THE S ar&ifas G@ell o1 =9 gl 2|
(3) T&1g (0, 1) =EdhT el o i@ T Hd Bial © (J8 H 927 1 TH: He
2 for fordlt ot omdfaes W@ b > 19 foag 40 = 1)
(4) =RETIHT el Hed Uk oA %o (increasing function) Bl ®, 31
SH-S9 B9 W¢ ¥ ¢ 3R 9gd W ®, 3e@ $I Sl Sl B
(5) x o STAMIF T FUNHSE HHI oF T SRETAIhT T ST AF 0 oh 3T e
B 21 T vkl H, fdia wqgefer °, e STk x-311 Y SR ST Bl
2 (forg S&@ it fiern ==t 21)
3R 10 ATel TEIRT Herd i WIRUT TSt Hel (common exponential
Function) &d &1 %&l XI %1 USAYE® o URETE A.1.4 5 309 3@ o fo goff

1 1
1+1—!+2—!+...%|

1 AN Tk U HEm € et 9 2 99 3 o Hed Bl @ 3R TN e 5N Y i B
T el YR o ®9 H WM & W, 86 TH TAd HAooqU <REmdhl Hed
y=e g I ‘J‘Iq?ﬁliﬁ SETdieht el (natural exponential function)
Fed 2

& ST Bfeeht BN foh o SReTdieh! ®er o Wiaei s eifed @ @R 97 ‘gf’
Al I SHR! Teh TG AT 1 S Hehd! ©1 98 @il Frefeted aftamn o forg afta
T B

uftarer 4 AE fifST fF b > 1 Tw arcdfas HE@n 21 99 89 %ed B T,
b 3R W ¢ 1 AL x 8, 9€ b =a B

b 3MUR R a % T H TdF loga T Tohe H &1 30 THR IR b =q, @
log, a = x 39T STIHA HT o I Y BH Fo T ITEN H1 T HL BH
T foF 23 =821 TR WAl H ¥ T 91 1 : log, 8 = 3 fer@ Wehd 71 36 TR
10* = 10000 1 log,, 10000 = 4 Fuged Fe &1 T @ F 625 = 5 = 252 701 log,
625 = 4 312 log,, 625 = 2 THIH FUA &

ofteT &1 3R s ufiqee giteshion § TN & T 89 %8 §hd € 16 b> 1 &
MR fAuifa % o &R0 T’ H HF ardfosh GeAell o gHead ° gt



188 Tiford
IRdfas FEmstl & UY=ad H TH wed
& &9 3@ S Hehdl 1 I e, o
U Tt (logarithmic function)
wed 8, fefafad e 9 afenf €:
log, : R" > R
x —>log, x=y e p=x
7o ®fod @® W, AR MR b=107
Al U “ETNUT TR’ R AR h=e®
ql SU ‘WTeRfeeh YOI’ FEd ¢ g
WIhfdeh STT0TR 1 [n GRI Yohe Hid T

Y

A y =log,x
y =log,x
y =logyx

)
X'« 0 > X
V'
Y 3MTeRtd 5.10

TH A | log x 3R e ATl AT Hel ! el shidr &1 3Mehfa 5.10 o 2,

AT 10 SR AR Ferl & ei@ < e &

YR b > | Ol T ol i o Heeul foeivard e geieg €:

(1) CELE (non-positive) TEeT m%ﬂwaﬁaﬁé 33[%12‘1;5'1Q gfReren &Y o
Tohd € IR 3HfeTT ITURTa ®e w1 Wid R* B

(2) TEURIT el 1 URE WHE drkiiash S@AS 1 S 2

(3) T (1, 0) T[T Hel o M@ W Fed Tl &l

(4) TR T Tk T o B €, o1efq sA-sa eq ol § I SR =er

2, g STRR F 33T Sl 2

(5) 0% Tnfys e ol x & fag,
logx & AM & fodt offt & T
IR @ | &H fRar S g
B vl |, = (=gd) wgata o
TG -8 o Tehead SR Bl ©
(forg za@ weft firern & ®)1

(6) 3TPfA5.11H y=e T y=log x
% SOE IT T E A A 3
W%Wﬁ"ﬁ%i’@y=xﬁ@o‘
T & o yfafea 2

3TTRTd 5.11

AURTT ol o < Heequt o7 e yaforg ferg Ta &

(1) WWWWWWW%W logap‘clﬁlogbp & gl | 7 fwen
ST TR T HE AT & log, p =, log, p =P M log, a =y T 50T 31ef T@
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g foh a*=p, b = p A b' = ¢ | 31 A IO K TE@A | WA °
by = b= p

TR TR FHHT | FA HH W
b =p = b

31d: B=ay3?943|Ta=E%|WW
Y

log, p
log,a

(2) TOFEEA W log B T YHE TEHT Teh 3 A= 0T ¢ WA oAfe fw
logbpq=oc%|3¥|@ b“=pqwm%|3ﬁ§lw2rﬁ{ log, p=p T log, g =y
@ BP=p AU b7 = g W BN B WG b% = pg = bPbt = bP 1R
WW%%(X:B-F%?HW

log, pq =log, p + log, q
T8 T T T g Hecyul qRom qe ket @ S| p = ¢ 81 0E <9 H,
ST 1 qH: FfaiEd ger o foan s gehr @

log, p* = log, p + log, p =2 log, p
THHT Tk T AT IR 1™ & forw Big faan 7 & stefq foreh off o qoifen
n o fag

loga pP=

logb P =n logbp
ared | Ig RO p ok Tt oft ardfaes @M o faw wer ®, fRq 39 ew ymifta
FE T TG TS w0 S Ay @ ues fEtated w gt Y 99d o

logbi =log, x — log, y
IETET0T28 o1 98 WA ® Toh x o |ft ordferss " o folq x = eloer &2
e U8l A ST TR log e &1 Wid |+t o7 arfas Henel s §q=ad gl
21 THT SUFs TR ¥R arkdtesh GEet o Ty wed el €1 e W ety
o y=oer B191€ > 0 a8 A1 Uell 1 AU oH 9 log y = log (€°¢7) = log x . log
e=logx & fSE& y = x W BIl B 3TqUA x = ¢oev oheled x o ©F WAl o feIq ¥ 2

3Teha T (differential calculus) ®, STehfeh =REMdIeh! Theld hl Teh STETEROT 07
7 ¢ T, srasher &1 fwan  gg aftafia F&1 e 21 39 or 6 e gwE | o
foran T 2, e STufa 1 B9 BT 29 2
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T 5%
(1) x o WU ¢ 1 Tahels o & el €, 37efq %(e")=e"

(2) x o HUY log x T TR b 8, arufq %(logx)=i
X

IETEI0T 29 x o e fafafed &1 sesas wifaw:

(i) e~ (i) sin (logx), x>0 (i) cos! (&) (iv) e~
5y
() AF AT y= e+ 71 3@ J@en fa9 & w@m g7
dy —p i — — X
o ¢ wm DT
(i) = ST & = sin (log x) 81 19 F@en FEm g7
QZCOS(IOg)C)'i(logX)ZM
dx dx
(i) WF ST fF = cos! (¢9) B1 319 J@en Fam gr
v _ -1 .i(ex)_ —e
dx '1_(8)6)2 dx 1_62)( °
(iv) AF ST fF = e r B1 3@ J@en M gr
i =e™ " . (—sinx) = —(sinx) e™**
dx
frefafed &1 x o dHe sTeshad Hifsa:
ex
1. 2. pSin'x 3. °
sin x € €
4. sin (tan! ™) 5. log (cos ¢) 6. " +e" +.. .+
CoS X
7. e, x>0 8. log (logx), x> 1 9. logx’ x>0

10. cos (log x + &)

*FUq W U G T8 303-304 W ]G
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5.5. Mg‘lUIOI';\ltl Adhei™ (Logarithmic Differentiation)

39 3TTR] H g fAfafad YR o T fafite avf o werl o1 sTasha el 9rei:

¥ =10 = [
U (e SR W) @ W ST 1 Fefeiiad TR @ q6: fo@ Thd &

log y =v(x) log [u(x)]

sfgen 199 & 9 g
1 dy

1
e = S @ V) og ]

9@ a9l ¢ TR

f_‘; _ y{:(—i;-u'(x)#-v’(x)-log[u(x)]:|

=4 fafy & oM < B g 99 T8 © £ (x) T u(x) F GG FIHR B SIfET
ST 3ok AU TR 81 Biil| 6 Hfshall ol TTIUTentd 3Taehet (logarithmic
differentiation) Fed © 31X 5@ Frfafead Ssewn g o< fean w2

30 x % wm (GO o e 2
3x"+4x+5
B (x—3)(x2+4)
L [%y_\/ (3x> +4x+5)

T geT o TLUE T W
logy= %[log (x—3) +1log (x* +4) —log (3x* + 4x + 5)]

T g&ff 1 x, oh GO 3Teclehd i T

l‘d_y_l 1 N 2x 3 6x+4
(x=3) x*+4 3x*+4x+5

y dx 2
dy y 1 2x 6x+4
CRL — == + -
dx 2[(x—3) x*+4 3x* +4x+5

_l/(x—3)(x2+4) 1, 2x  6x+4
2V 3% +4x+5 | (x=3) x*+4 3x*+4x+5
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FETETOT 31 x o AU ¢ T ST BT, & ¢ Th o9 3N 2
WWW%y=a{Fﬁ

logy=xloga
3T T HTx, o GO e HH W
1 dy
;a =loga
S PCH Q =yl
i =yloga
d .
ERREETN —(@") =a‘loga
dx
m: i(ax) _ i(exloga) :exloga i(xloga)
dx dx dx

=e¢'lea Joga=a"loga
IEMETOT32 x oh WU x", 1 STaeheld HITST, 5d T x >0 2
T U ST foR = xsinx B1 37e SHT qell ST TOR o W

log y = sin x log x

l Q _ sinxi (logx)+1o xi (sinx)
S v dx e g
LI RS
- y = (im0 +logxcosx
2" dy _ y{siﬂ+cosx10gx}
dx X
sinx Sinx
- x [—+cosxlogx}
X
_ xsinxfl . sinx+x5inx . cosxlogx

SEETOT 33 AR 7+ +x =Rl A %WW'

R e ot =a
u=y, v=xqq w=x" @1 W TH u+v+w=a I e 2l
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du dv dw
LSS —t—+—=
dx dx dx ()
T 4= Bl A Y& HT AR o R
logu=xlogy
T well T x S WUE STTHT HH W
1 du d d
=2 xZ(logy)+log y—
s xdx(ogy) ogydx(x)
1 d
= x—=Lilogy 1 W g 2
y dx
du x dy fxdy
2 _u|l——+lo =y'|——+lo
BRIl 0 u(y e gy] y[y i gy} (2
sﬁw v=x"
T T T TEOE o W
logv=ylogx
T well T x S WUE STTHT HH W
1 dv d dy
—— =y—I +logx—
v dx ydx(ogx) ngdx
1 dy
= y.—+logx-— T Bl 2|
x dx
dv y dy}
3Taud — = v|=+logx—
dx V{x gxdx
— x| L+lo Q}
x{x gx— . (3)
9 w=x*
T T T TEUE FH W

log w=x log x

AT Tl T x o U STaehe i W
1 aw
w dx

d d
—(I +1 —
xdx( og x)+logx o (%)

1
x-—+logx- 19 g 7
X
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dw
ERIG — =w(1+1
L (1 +log x)

=x* (1 + log x)
(1), (2), 3) 7= (4), 511

o X dy y dy
y (;a+logy]+xy(;+logxg +xx(1+10gx):0

d
a (x.y"*1+xy.10gx)ay=—x"(1+logx)—y.xy*1—y"logy

dy - logy+y.xy’1 +x*(1+1logx)]

dx x. "+ x" logx

19 11 9% o 999 H YST el Sl x o TT98T 3Tehal hisl:

1 2 3 2 (=D x=2)
. COS X .COs 2x . cos 3x C A Go3) =4 (x=5)
3. (log x)=s* 4. x—2sinx
0, )
5. x+3P%.(x+4)P. (x+5)7 6. |x+—| +x° *
X
7. (log x)* + xlog~ 8. (sinx)*+sin! [y
: . XCOSX xz +1
9. xS 4 (sin x)os 10, X+ 5—

x> -1
1
11. (x cos x)* + (xsinx)*

129 15 7% % v § 59 Tl ¥ R %WW:

12. »+y*=1 13. y=x
14. (cos xy = (cos y) 15. xy=ex

. (4)

16. f(x)=(1+x)(1+x2) (1 +x*) (1 +x*) §RI YT Hel ol Fesherst T HifoQ 3R

9 Y&R f(1) 91 HiQ)
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17. (®—5x+8) (x* + 7x + 9) T Tahed fHAfAfEd T YhR & SHiforg:
() TOHES 1w F FET we
(i) TUAEA & fIEIRO 5 Th Thal 988 W Hlh
(iii) STEFTUTRIA 3Taehe g
g off Heafya HIfST foh 36 YR 9 ol ST EHE 2
18. A€ u, v w, x o ®od B, d 1 fafeml srefq yem-Toree fam ) g
W, fgdta - U stase g J9IsY R
dv dw

u
—@ov.ow = vowtu. — . wtu.v —
I (u. v. w) dwi u I w+u vdx

5.6 el oF UTelfeleh ®Ul oh  Tdehelst (Derivatives of Functions in
Parametric Forms)

FHefi-meft 1 = AR o = w1 He 7 @ T g © SR A e, fohg T o
() == Uf¥n © gerep-gereh Warl g Werd <1 R oh Hed Teh Helel Tfyd 81 Sl
2 Ul feafa & &9 wed & fF 57 90 o 99 o1 Hou T A =R T o weem 9
afofa B1 98 dedl =R Ui Wreret (Parameter) heeldl 21 1feeh qeqs aiieh 9 & =R
TR x qeM y o &=, x = (1), y =g () o T H K Fad, Hl YAfeeh &9 H K
T Fed §, el 1 Tk g

39 &Y o el oh 3TEhelsl A & ?q, Y@l 99 N

dy _dy dx
dt  dx dt
dy
dy dt( dx )
70 o dr 7 T B 2
dt
dy g'(t)[ o dy dx j
TR — =" J;ifs == =g'(¢1) AN — = /' () | [3¥ f'(1) = 0
= ol o g T = (o) [ 0% 0]
BE'I%TUT34W&x=acos9,y=asin9,ﬁ%ﬁﬁaﬁml
7o e €
x=acos0,y=asin0
dx . dy
Tgfeq 70 =_ g sin 0, de—acose
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dy
A _ do_ aco.se =—cot0
dx dx —gsin®

do

3STEI0T 35 A x=atﬁy=2at%ﬂﬁ2§§!ﬁﬂﬁﬁ@l

7o fe ® fw x=at, y=2at
dx dy
gqfery 7 =2at qA dt_za
dy

dy g 2a 1
3 = fe=——=c
de dx 2at ¢

dt

I 36 aﬁ:xza(eﬂine),y:a(l—cose)%?ﬁf;amafrm |

o dx dy .
g1 F&l — =a(l + cos 0), 20 =g (sin 0)

do
dy
oy dy _do__asin® _ O
de  dx  a(1+cos0) 2
do

| oot | 77, T v < zﬁg@mmxaﬁiyﬁqﬁﬂqﬁmﬁm
fo1 €1, horel U=l o USRI H e i B

2 2

2
3ETEIUT 37 Zrﬁi’x3+y3=a3%?ﬁ% d shifsa)
X

& 9 eifST fF x=acos’ 0, y=asin’ 07 &
2 3 2 2
x3 +y2 = (acos’ 0)® +(asin’ 0)3
2 2
= a3(cos’> 0+ (sin” 0) = a3
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2 2 2
3 x=acos’0, y=asin’0, x3 + 3 = q3 1 YrEfcIsh GHIHT B
dx dy
_ = 2 5 - — 12
39 UK, 70 3a cos? 0 sin 0 3R 70 3a sin? O cos O
dy
dy 4o 3asin’0cos0 ¥
e = 4y T — _tanQ=-3=
' de  dx  —3gcos’0sin® x
do

I I WA 1 ¥ 10 T H x q91 p KU Fiwon g0, T W ¥ yEfas §9 H
s, < sttt a1 et fa fon, & s i

1. x=2af, y=at 2. x=acosO,y=>bcos0

3. x=sint, y=cos 2t 4. x=4t,y=§

5. x=cos 0 —cos 20, y = sin O — sin 20

sin’ ¢ e cos’ ¢
x= , V=
\/ cos 2t \/ cos 2t

6. x=a(@©-sin0),y=a(l +cosB) 7.

t
8. X=a(005t+10gtan5jy=asint 9. x=asecH,y=>btan 0

10. x=a(cos O+ 0sinB), y=a (sin®— 0 cos 0)

11. 3 x=\/asmilt,y=\/a°"s’”, qi <eise fo Z_yZ_Z
X

X

5.7 fgdta mife a1 araeherst (Second Order Derivative)
A s, fw y=f6) % @

% =f"(x) .. (1)
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T f(x) SEHSE € A BH x b U (1) 1 T: STaher H Tehd &1 T8 FHN

o d(d
IRt o (d_ij g 5 7, 5 fgdfta #ife &1 s/@%e (Second Order Derviative)

o3 # o LY 4 frefm w3 #1 £ F B B & omwe A 0 d @

dx
frefad ww €1 IRk y=/(0) B AW DAy) A y" Ay, ¥ ot FEfaq v g1 7w feouoft
F & foF 3=9 %9 & srashed off 3¢ YR feu S 2

33TgY0T 38 2|'|”T=\'y ¥ +tanx & a d—sﬂ?rﬁﬁm
3yl ﬁ'&ﬂ%ﬁy=x3+tanx%l 3

Ey =3x2 + sec? x
d’ ay d ( 2 2
Tgfeq = 3x” +sec )
o *

=6x + 2 secx.secxtanx = 6x + 2 sec? x tan x

2
SEET0T39 A y=Asinx + B cos x € d fag wifsw fa %+y=o%|

X
el T@ W

— =Acosx—Bsinx

d’y d .
I F=E(Acosx—Bsmx)
by
=—Asinx—Bcosx=-y
d2
TH Th g-i-y:()

SAETUT 40 AR =3¢ + 267 % A fag FA B ‘;y sjy

T @l y=3e2x+2e3x%l 314

+6y=0

dy
Rl — 662,‘6 + 6e3x — 6 (er + e3x)
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%y
gHfeTU d_ = 12e> + 18&% = 6 (2¢* + 3¢e¥)
X

d’y _dy A
I e Sd_ +6y =06 (2¢* + 3¢&%)

-30 (e +e)+63Be™+2e9)=0

IEEIUT41 Ay =sin! x € @ <M B (1 - )dy %:o%q
X

] dx’
&' 2l%'\f'y=sin*1x% qa
1
de\Ja-x7)

el J(l—xz)Q:l

“dx.
dy dy d 2
1-x%) =+ 2. 2 Ja-x%))=0
! ( )dzdxdx(( )
d’y dy  2x
- (1— 2)._2’__3’. 0
dx” dx 21— x?
d’y  dy
: 1-x) 22 x2 o
31?[ ( )abc2 dx
ﬁm:ﬁm%ﬁy=sin*1x%?ﬁ
1
J’1=—2a3:{94h(1—x2)y12=1
NV1-x
A (1=x%)-2y, + ¥ (0-2x)=0
3 (1-x)y,—xy, =0

YT 9= 1 910 Tk § U wodl o 5 sife o sToaehars A shifed:
1. xX*+3x+2 2. x20 3. x.cosx
4. logx 5. x* log x 6. e*sin 5x
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10.

12.

13.

14.

15.

16.

17

TfoTd

e’ cos 3x 8. tan!' x 9. log (log x)

d2
sin (log x) 11. AR y=5cosx—3sinx ¢ A fag Ffw & d—f+y=0
x

2
My = cos | x ¥ %wa‘myaﬂaﬁmw|
x
If% y =3 cos (log x) + 4 sin (log x) T A IWEY R ¥y, txy, +y=0

d’ d
RIS y=Ae’”x+Be”x% qr gemey R —f—(m+n)—y+mny=0
dx dx
dzy
(g y = 500e™ + 600e * & di <¥MEC T F=49y 2
X

szr:eY(xH):l%aﬁW%d—zy:(ﬂj 2
dx dx

Ife y=(tan*1x)2% q JeImsT TR (2 + 1Py, +2x(x*+ 1)y, =272l

5.8 WIEIW WO (Mean Value Theorem)

3T T8 | ©F STl U oF ] STRed ufkomE o, fae fag feu, =ea i
TH T THAI S SAMHAE ST (geometric interpretation) T FH < S|
T 6 AA AT YT (Rolle's Theorem) T ST f% f: [¢, b] > R Fga Aawa
[a, b] ¥ Haa qen forga a0t (a, b) H STosherd & 3N f(a) = f(b) ® &l a 3 b
aredfas G €1 a9 faga St (q, b) | FRE W ¢ 1 efma ® 6 /(o) =021

epta 5.12 3R 5.13 © P U@ fafire weri o aerg e T €, i It & 794

1 TR Sl G H B

>

>
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e T foh o IR b Aen feord ok o fogetl W woel Y@n 1 gaomr w0
fed i 81 370 W Yok e | %A 9 9 Ush oY W YU I € S R

Ut o WHA 1 AU FEl <1 €, Ffeh y=f(x) o Mo o fepet fag ox oot
W T YU FS I TEl Mg 9 fag W f(x) 1 3feherst Bl 2l
YT 7 HIEIWT YA (Mean Value Theorem) T ST &% /' [a, b] - R Aaa
[a, b] ® Haa Q1 SHAA (a, b) H FeheE B q6 HAAA (a, b) | e W o H
e ¢ fw

f,(c)zf(b)—f(a) 3

b-a

e S foh Aremm 9899 (MVT), Jot o 9899 1 T fRaR0T (extension) 21
3T 376 W WILAHN YHA i SAHAE ST T8l Hard y = £ (x) T 3@ STehfd
5.13 | f&an 21 B9 9gd € £/(c) H @ Tk y = f(x) ok 1905 (c, f(c)) T D=t T
mﬁ%@ﬁm&mﬁaﬂﬂéﬁ%m@ﬁlim@wéﬁwﬁgﬁ

—a

(a, f(@)) IR (b, f(b)) F TeA Vi T Bk T (Secant) i FAUII &1 T TH
o el T ® TR e (a, b) W Teerd T g ¢ 3@ ¥R 2 f9g (¢, flc)) W @i T
9l @1, (a, f(a)) T4 (b, (b)) Tageni o = @i T < T o GHIR Bl 81 TR

sl H, (¢, b) § TH 65 ¢ TR S (¢, f(0) R W @, (a, f(a)) 3 (b, [ (b))
F foa arel W@ ¥ & 9EE 2

Y
b, £ (b))
N
N (€ f(©)
\Qﬁ
X 0] a c b X
YI

3T 5.14

SETETUT 42 Ted y=x2+ 2% fau ot o 999 i G ST, S8 g =— 2 qel
h=2%
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T WO p=x2 + 2, A [ 2, 2] W Had q1 A (— 2, 2) H feherd 1wy &
f(=2)=/(2)= 6% 3T f(x) T TH —2 2 W T 2| el o T o AR Th
fag ¢ e (-2, 2) F1 Afed 8N, W&l f7(c) = 0 B9 f/(x) = 2x TFAAT ¢ =0
F()=03R c=0e (-2,2)

IETETUT 43 3TAA [2, 4] H T f(x) =x2 o ¢ HeamH 99a i Fennfaa i)

T W f(x) = A [2, 4] Haa R A (2, 4) W SToherd €, Hieh TEeh
YRS f(x) = 2x A (2, 4) H uferfe B
AqE f(2) =4 3R f(4) =16 T| zEAT
fB)-fl@)_16-4 _
b-a 4-2
AIEZAE Y99 o STER Tk {95 ¢ e (2, 4) TE 81 =1feT a1 f/(c) = 6 Bl 78T
F(x) = 2x 3@ ¢ =3BI13W@: c=3 e (2,4), R f/(c) =62

Y9It 5.8

1. ®eF f(x)=x>+2x—8,x € [-4,2] % fau I & y9g =1 Fafuq wifaq)
2. Sita HIfSg o = Ut w1 e ffatad weml § 9 foR-for W ey g @)
T SEEWH ¥ 1 A9 Yok o THT o ol o 9N H o HE Wehd B2
(i) f(x)=[x] % TC x e [5, 9] (i) f(x)=[x] % fTTx e [-2,2]

(iii) f(x)=x*—1% faT x e[l, 2]

3. 4 f:[=5,5] > R Gad ®eH € 3R 4% f/(x) fordt ot fag w 3= =& e
g @ fag wite &6 7 5) = £(5)

4. WA YHT AU Hitag, A€ a0 [a, b H f(x)=x2—4x—3,77|ﬁa=l
AR b=4%I

5. WA YE HoAad ST A% ST [a, b] B f(x) = x*— 5x2— 3x, TEla = 1
AR b=3%1 f(c)=07% ToIT ¢ e (1, 3) S @ HifsT

6. T T 2 WS XU A e o foIT e W R SIS ki S ahifen)

fafaer 3qrgvor
JATEI0T 44 x o |y fefafad =1 Jasad Sifea:

1 2
() V3x+2+ () " +3cos'x  (iii) log, (log x)

V2x® +4
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'

1 1

= Bx+2)2+(2x> +4) 27

@) e ifee fw y= NV3x+2+

2x° +4

& e fF 97 wor 9t arcafas gt x>—§ & fou gRefid 31 safere

dy 1 i*l d ( lj 2 ’l’l d 2
— =—=0Bx+2)? - —(CBx+2)+|——=|2x" +4) ? -—(2x +4
e 2(x ) dx(x ) 2(x ) dx(x )
1 1 1 3
= —(3x+2) 2-(3)—(—] (2x* +4) 2 -4x
2 2
B 3 3 2x
2 2 3
x+ (2x% +4)2

o7 el ST e x>—§as1%mqﬁwﬁsm%|

(i) ¥ ffee fe y=ese°zx+3cosflx%lzl'5' [-1,1] & & fag o forg aftenfa
21 ZEfaY
Q _ Seczx d

S S
0 e -a(sec X)+3k_ﬂJ

3

1-x°

— . [2 secxi (sec x)) -
dx

Se(}2 X 3

1-x°

= 2secx (secx tanx)e

sty 3

Ji-@
oM T R URT we #1 Sases thed [, 1] § € W ®, i
cos™! x o 3fherl w1 MM At (— 1, 1) H Rl

— 2sec’xtanxe
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(i) @ ST fF y=log, (logx) = % (3R 9fEre o P §H)
L At Gt x > 1% fou wer gftfig 81 safan

dy 1 d
— = —— —(log (log x
0 10g7dx( g (logx))
= ! ! -i(logx)
log7 logx dx
_
~ xlog7logx

IETEI0T 45 x o e fafafeq o1 sesas wifaw:

(i) cos ' (sinx) (i) tanl( sin x j (iii) sinl( 2 j
1+cosx 1+4*
&'
() " ST &% £ (x) = cos! (sin x) T M T foF I8 ®ow @eft arEafas
et o ferg uftarfua €1 59 38 fefafe w9 o foag g 2
f(x) =cos! (sin x)

= cos™' {cos[g— ﬂ , sinceg—xe[o-ﬂ]

T

:E—x
1d: f'x) =—1%I
(i) =M efifST fF f(x) = tan (1:1:0;) 21 v dfse fF 9 wed SA g

arsdfass gemet & fau afefia @ f e faw cosx=— 1, 34iq noh o
foom ot & eifafted o= weft arafas Gemst & fau &9 39 wed &
frefefad YhR ¥ IH: oo Y Tehd o

1) - tanl( sin x j

1+ cosx

= tan

|25 Jeos(5) ——a

X
2c0s2§ 2
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& AT foh &9 o9 qen & d COSGJ %I T Toh, Ik I8 I[A 6 aT
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