e

12081CHO5

Alde dAT TAheA- T

(Continuity and Differentiability)

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

5.1 9fHeT (Introduction)

Tg A AAd: Hel 11 § UG T %ol o TIher

(differentiation) T SHTA Bl en % Ffved sgaia weri

s FreRviHdE werl 1 sEeher & W e 2l

3 g H €W Wiacd (cont1nu1ty) EEETRIRD

(differentiability) eI ESca Wﬁ?m" Teel Wﬁ‘{ﬂf

ThouTsti i YR AT F@l g9 Wfaenw e

(inverse trigonometric) el ohl STaeheld el o HiE|

39 TH %D U YhN o HeHl i T&d Y ® ¢, e

ST (exponentlal) 3R FfﬂTWITﬁ'q (logarithmic) %eld

FEd &1 3 Horl g BH STehor i TR Tiarudl 1 [

B B 3Teehed T (differential calculus) & HIE7H ¥ g1

S &9 W GO (obvious) %@ fefaal 1 wwemd €

g ufern, ® g9 z@ faw &t FS MURYA (HeT) LRIl Sir Issac Newton
(theorems) ! T (1642-1727)

5.2 "id™ (Continuity)

Y
Hide 1 Hheddl ol HS Eﬁa)wﬁé
fer, mwﬁaﬁa’r% ~
mﬂm%ﬁﬁrﬁmwmfﬁnaﬁm Y
0,2)
B 1, akx<0

f(x)_{z afi x>0 Aw,l)
IE HoM add H ardfash @ (real line) o xre > X
o fag W IRwfE 21 39 weR Wl e 0
Pl 5.1 § g9en T €1 Wi o 3 ot 9 Y
ke freptel TeRel @ foh x= 03 Stfafied, x-314 TeRfd 5.1
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o 3 Hi-The fogatl o fau we o 97d AF off x= 0 & SEHL Th T o FHT
(T WEE) Bl 0 o Wiethe o SR ok fagati, steid — 0.1, - 0.01, — 0.001, ¥R
o fogefl, T we &1 WM 1 ® @1 0 % Gfeiehe < @R ok fage, ereq 0.1, 0.01,
0.001, Wb o fargefl W e o1 WM 2 81 a8 @R <1 uet w1 Tened (limits) w1 9T
1 AT ek, T HE Wehd € Toh x = 0 W e £ ok a0 qe S¢ & shi HiAd e
1 a2 ?1 Ty w9 9 ord qen Trd ua &) e §H9E / Ot (coincident) 7T R
T 98 W 2@d © T x =0 W Wer &1 HE o1¢ 98 h1 WA oh Fardt @ (e ®))|
e T foh 39 @ Hi TH TFMGR Th T (in one stroke ), TTq FHerH hl 39
TS i Gde § fom1 39U, &1 Wiv 9hd| I%qd |, €4 od i S3H i ATl
9 el € S ¥ YA 9 Wrl @R o €1 UE UH Sl € Wel el
x =0 Fad (continuous) & 2l

9 9 <YMT T Fed R fomm wifsa:

1, afg x#0

f(x):{z, AfEx=0

Tg o ff vk fag W uRefa @ Y
x=0T A &, o1d qer g gey k1 Hand 1 %
e 81 Fohd =0 TR el 1 /M 2 ®, S 4
3R 27 ueg ot el o IV HH % e ©.2) =1
lo

v

T 2l «
TH: BH AIE i B foF el o SIei@ i xre

fa somm SemT &n T Y gehd B Te T

O S0 € Fod x =0 W HoH Tad el 2
WEs ®9 § (naively) &9 % HHhd © T 52

T 3R fog W ¢ Fed Had 2, A 59 fag & 3@-99 (around ) el o 3@

%1 B FIT H1 T8 Y Hed ISIU fo W= Gehd &1 39 o1d 1 g9 T 9 4,

Fmaed (precisely), Fefafad YR o =9ed T Tohd 8:

ftamer 1 9H et o f arafos Semst o fhd Suaqesa o 9Rwifid us ardfas
Her € SR HH oifeTT iR £ o Wid W o Tk g B qe £ fag ¢ W Haa ®, A

lim £ (x) = £(c) 2

forgd ®9 W A x = ¢ W ¢ 9 HT G, T qe7 HT HE G BT o A
I afede (existence) € 3 A Teft T T o TR &, A x = ¢ R £ Fdd FHeaw
21 T HINC FF A x = ¢ T ard ey qen T1d e w1 EEnd G €, @ ek s9atts
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M i 8H x=c W %o H1 G Fed 81 36 FohR 86 Fiacd 1 R i Th 31
TR U off =ed R "ehd €, St foh A fean e 2

T He x = ¢ T Tad €, IR Herl x = ¢ W IRAME 7 3R AfE x = ¢ W Bod
1 HM x = ¢ R Hod &1 GH o SR 81 9% x = ¢ W GoH Fad T8l 8 df ed Hed
& 7 ¢ W f o@dd (discontinuous) & U1 ¢ %l £ 1 Tk GIded %1 95 (point of
discontinuity ) Ed 2l

SAMEIOT 1 x =1 W HeM f(x) = 2x + 3% Fdd &I S HifS)

T UBel U8 B4 ST TR e, x= 1 W IRd © 31X S9 99 5 ¢l 31d Fed
F x =1 T G T W B WL B

lirr}f(x)zlirr}(2x+3)= 2(1)+3=5%]

o lim £ (x)=5= (1)
AU x = | W Had 2
SETETOT 2 WrAC foh o ®er f(x) = 2% x = 0 T Had 272

Tl o AL 6 yem g x = 0 R oM aRwfyd € @R g9ent AF 0 21 o
x=0 T o & dm e 81 e

lim f(x) =lim x*=0*=0

T YHR lim (x)=0= £(0)

I: x=0W f Had 2

IEEI0T 3 x=0 W ®eM f(x) = | x | & Faw W fo=m Fifsu)
&l g g

—X, Ik x<0
f@) = x, Ik x>0

Tl x = 0 R Fed GRAd 8 3RF(0) =021 fagx =0 £ = o1d ver =i Er

lim (x)= lim (-x) =0 #
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T YRR O W 1T 91 s H@T o foag
lim f(x) = lim x=0 2
TG YRR x = 0 T aT¢ U&7 1 91, 370 gt k1 HE qen Ser 1 "E G 8 31
x=0W f Fad 2l
IETETUT 4 YT fF wed
B x3+3, IR x£0
fe = 1, g x=0
x =0T Fad 7 2
T FE x =0 W He YR © SR x =0 W THH TF 1 Bl S x £ 0, T6 Hed
Tgud B gy
li_r)r(1)f(x)=lirr(1)(x3+3)=03+3=3
Hifh x=0 W £ & EA, £(0) % S & 7, AT x = 0 W Her Fad el
21 80 7 ot ghfyea o Tehd € foh 58 o o g ardided 1 g et x =021
zarEtor 5 39 foge #1 Sw #ifsw S W ™R Wwe (Constant function)
f(x) = k Eaq 2l
Tol I8 o |t arfas gemst o foru gl § oik fedt off ardfas gen &
foru =91 WA k71 HH oifST R o T ardfas e ) @
lim f(x) = limk =k

xX—c xX—c

Jfer fordt arfas 9@ ¢ & fag f(c):k:}cgff},f(x)%qu_cr—lf ¥ IOED
aredfers Hen o fau Had 2
saEl 6 Tag I for amdfas Genstl o fau aeaws wed (Identity function )
f(x) = x, Y odfaeh §&A o faw Had 2l

T Tl 98 Hol Yoikh fag W uRWifid © SR goieh ardfaeh 9@ oo fag
f(c)=c%l

o &l lim f(x) = limx=c
xX—c

xX—c

T YHR, igmf(x)zc:ﬂc)ﬁTW%Wfaﬁma?wﬂT%lgaﬁqiﬂ?iﬁ%l
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T Y4 fog W fhE wed o [ia &1 IR 3 oh 915 379 & 9 g
T I FER (extension) Hieh et ®e o, 39k Wid H, Giacd W fo=ar w3

TFTWTET 2 U Sk e £ Hed el € IS 98 £ o Wid o Yol falg W Had ¢

TH R 1§ IR ¥ THgH 1 SAEvIwal 81 7 ST 6 £ Tk T e €,
S Hea e (closed interval) [a, b]® R €, @ £ o Had 8 o feq ewaes
2 T a8 [a, b] o 17 T9g3T (end points) o TN b Wied SHb Yeeh g W Had @l
f @1 e fag o R dae @ ot ® f

fim 9= 0
AR f 1 bR Wae w1 7 g fm
limf f(x)=£(b)

U0 I lim £ (x) el hmf(x)maﬁéa?ﬁqﬁ%lsntrﬁwéwﬁuwm
afs f e T g R AR 2, @ 9 v g W Had A 2, e £
Hid Thel (W) €, A f T Hdd wer Bl 2l

SEETOT 7 A f(x) = | x | G GRATIG e Th Had Held 872

—X, I x<0

gﬂfﬁ%ﬂ@mm%ﬁf@):{x TR 130

I 3 W B WA € b x=0 W f Fad 2l

M A o ¢ Tk aTEdfesh S&M 39 YRR € T ¢ < 0 B3 f(c) = -

e & lim f(x) = lim (-x) =~c (Fi?)

<t lim f(x) = f(c), T0IAT f A FOMHE dfereh gemel o fou gad Bl
9 9 ST o ¢ Tk Ao @ 39 YRR § T o> 0 ®13W@u £(c) = ¢
oY & lim f(x) — hmx c (;@‘?)

xX—c
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FAifH lim f (x) = f(c), 3T f Teft ofiors amafo wenst & fau a2
< £ weft fogell | Tad §, 916: 9% TH Fad wed 2

SETETUT 8 WM f(x) =2 + 12— 1 & Tad W fo=m sifaw)

T AT f Y% adias @ ¢ o Ty qRefid @ 3R ¢ WSl °H
F+cr— 12189 98 off S ® TR

lim f(x) = lim (x> +x* =) =c +* -1
X—cC X—cC

d: lim f(x) = f(c) ¥ Tl Yo amfeds wen % fog f Haq €1 g o
2 f% f U Had wer 2

WUT9f(x):i,x¢O's;’I'{T qRafod wed £ % Widd W faar wifsm)

7o fREl T YR®R ( Non-zero) IRAfoh H&AT ¢ i FHR=a HifQ
1

a7 lim £ (x) —limt=t
x—c x=>c X C

Wﬂﬁ,?i@c;to,mf(c):% 21 38 YR lim f(x) = £ (¢) AR zHfeT £ 3T
Hid % Yl fag W Had €1 39 YHR £ Th Had wer gl
TH W TIW T A, 377 (infinity) &1 GhedT (concept) il M o foTq,

I3 B B 3Hh oAU wor f(x):iﬁﬁWx:Oa?ﬁWWWaﬂﬁ%l

3ok faU 89 0 oF Gfahe i arxiidesh TS o AU %o o OMl 1 31e9dT
1 e Il BT FANT Hid &1 AT (essentially) BH x=0TR £ o ST U i
|1 Fd FE H1 YAE FQ o1 THH BH D GRofiag I B (SR 5.1)

|RUT 5.1
X 1 0.3 0.2 0.1=10" 0.01=102( 0.001 =103 10™
fx)| 1] 3.333...] 5 10 100 = 10? 1000=10° 10"

T 2@ § o S-S x Tl SR W 0 o fehe SE Bl © £ (x) 1 A IAUW
i S © gl Sl 81 39 o1 %1 Ueh 379 YR 9§ ot o4k bl ST Hehell ©, S4:
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Th ¥ aRdfdeh S i 0 o 3Td e AT, f(x) & AF & fhet off yea wen
Y arfuer fman S gd 81 YRl § 39 9d & g9 Frefafed geR 9 foed §

lim f(x)=+oo

x—0"
(SFH! 39 WhR UGI Al 8: 0 W, £(x) o <0 U&1 1 oA ©IHl 3Fd ©) | T8 W
T o <A1 Wed € o + coUsh aTedferes WA el § SN gHfely 0 W foh ¢ uey i
i 1 A e © (oTdfers @S o w9 )|
T YRR W 0 W £ o a1d 9& I HH A H1 ST Fehal @1 FeAfeiEd wnol 9@
@d: T B

WRUT 5.2
x | =1l -03 [ -02| —10'| -—107 103 | =10
fo| 1] =3333..] -5 ~10 — 10 —10° | - 107
RO 5.2 § 79 et e © R T v

SHUcHe: arfash T i 0 o 3Tcdd fehe
TR, f(x) S AH HI TR off weg den §
%Y fma ST Gkl ©1 Ydiehreqs &9 9 B9
}i_)lglf(X)=—°°f\F1@ﬁ‘§
(T8 39 R 7G1 S 2: 0 W f(x) o ag X'
T&7 T HHT RO 3Td ¢) T8 89 39 9
T Tl 3 Fed B T — ooUeh Aol WA
& § AU 0 W £ % WG e i HH I
feqes 7t © (ordfosh GEmel & w9 7))
3Tepfd 5.3 1 3Teid ST aLl 1 SAITHA
frreaor 21

sarEr 10 fEfafed ®om & 9dg | fe=m sifsa:

x+2, Rk x<1

fo = {x—Z, IRk x> 1

&1 o f e W@l % Yels fag W girfid 2l

UM 19 ¢ < 1, df(c)=c+2 71 T8 TR lim f(x)=limx+2=c+2%|

X—C X—C
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HI'CI(‘*AI qaUl ATh A 117
a: | 9 %9 qeft arfas g@me W £ Ead 2 Y
ZIM2 ae> 1, f(o)=c—2 %l
FET lim f(x)=lim (x—2)=c -2 =f(c) B
Iqua 4 weft fagei W el x> 1€, £ gad 2

TOM39fE c=1,d x=1 T f o ad g&1 k1 =,
T

1,3)

linﬁf(x)=linﬁ(x+2)=l+2=3 T

x=1WR f & I v KT 1, A Y’
liIIgf(x)=ling(x—2)=l—2=—l
319 Jfeh x= 1 R £ % 9T q1 T U&7 KT FEE HuEt (coincident) T2 ¥, ord:

x=1Wf Fad & B 3@ YHR [ o ¥idcd ol fag oheed W x = 1 €1 39 o
T AT AHA 5.4 T @A T T

zaretor 11 frefafad ver o aRefid s £ o g (Fef) swiae fogei w1 3 s
x+2, Ak x<1

f =4 0,3k x=1
x—2, 3k x>1

Tl Ydod! SSTE01 AT @E el ot B TEd € Yedeh oRdfaeh e x# 1 ok foly £ G

Bl x=17% foq £ o o1 veq =1 o, lim f(x)= lir{l_(x+2)=l+2=3%l

x=1% fou f & < ver =) i, limf(x)= 15111_(x—2)=1—2=—1%|
Hfhx=1 W £ & a1¢ qen ¢ v k1 G GO T €, od: k= 1 R £ Faa

&l 1 39 WK £ o @iacd w1 g oheael Wl x=1 B TH o whi T 3Tehid
5.5 | gwitan T )

sarEtor 12 fefafed $om & 9idg ) faer sifea:

x+23 x<0

Fe = {—x+2, IRk x>0
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T@ =F AN fo fTemE e 0 () 6
il 311 T arsdfas Gensti o fore aftenfiya
21 TRUSHER 39 e %1 Uid

D,UD,? & D, = {xe R:x<0} 3

D, ={xe R:x>0}z

M1 A€ ce D, @ lim f(x)=lim (x + 2) =
c+2=f(c)8 ¥uE D, H fHM 2|
M2 AR c e D, @ lim f(x)=lim (- x +2) =
—c+2=f(c)€ F@EWD, ¥ W [T T

Fifeh £ S04 Tiq oh THE fagei W Haa €
e g0 et frehrerd € T £ T Waa we 21
TH ol 1 ST SehTd 5.6 H Wien T €1 e
Y fF 30 %o & 3era i WA & fag gd
e 1 HST F1 de W SSH vear €, forg e
1 ohere S Tagetl W T gl 8 w8l W e
ufterfie et 2
samEtor 13 Frafafed wem & diae | faeEr
EAISLE

x, afkx>0

f& = {xz, I x <0

T T, WK el Yo ardfosh G o
o R 21 39 e w1 3o ek 5.7
o fea 21 39 Yo o FRET ¥ I8 qehdTd
1 ¢ TR el o Wid 1 Srdfaeh @l o dqiF
3EgF (disjoint) 3 ==l ¥ fawifsd &
foran U v foen o

1,3)

,-1)

D, ={xe R:x<0},D,={0} T
D, = {xe R:x>0}3
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91D, % faet oft fig W f(x) =2 % 3R 98 Waa ¥ @ o1 wka ¢ fF D H
f T g1 (3T 2 fEn)
2D, % faet oft fig W f(x)=x T IR 77 W@ ¥ @ 51 wwka ¢ fF DA
f @ T (ST 6 @)
I3 316 BH x = 0 T %o 1 fagelool 3d €1 0 o fIq %o &1 91 £(0) =0 B
0 R f o &1¢ & ki HA

Ji 109= i =0 0%
0 W fF T & K HAl
li £ i =04
1a: 1il%f(x)=0=f(0)31?1®omfw%lwaﬁwgwﬁfmméa
Yok fog W Gad 21 37d: f Uk Fad Ho gl
SETET0T 14 393U foF 9cish gUs o Had e €l

T T I T HIE B p, Th 9gI8 Fed el € 4% o8 fRE Wiehd WE g
Q'T’I%i'qp(x):a0+a1x+...+anx” mqﬁﬁﬁﬁ@,ﬁﬁaie R den an;tO%IWQ?I'&IT
IE Held YA i e o fore aftfia 21 fedt fifvea sreafas @ oo fog
T 3w ¥ R

lim p(x)= p(c)
Ty IR 51 ¢ W p Tad 21 Hfeh ¢ g ot arefaes ge@n @ gafer p frd

ff aredfers den & fau gqd g, v
S9lq p TF Hed Fo 2
SEETOT 15 f(x) = [x] §N g ©.3) T M
TETH Ulich Herd oF STHIde o THE 0.2t &—°
fagett 1 1 =i, < [x] ¥ 30 “VTdven @o
T Uik o Wehe hidl €, Wl x W C40) 20 CLY[O ~ T30 (5,0
FH A ITF TR ¢ =0

‘ —o +(0,-2)
Tol Tel ol g9 I8 <@ § fom £ g —o  1(0,-3)
Irefes Hemsl & fou area 2|
TH oM W A A 5.8 H Y
femn T B 3Mepfd 5.8
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Tei@ ¥ U1 el el ® TR WS Werd x o @t quiies | o fore ergaa 21 e g
IEAA H o F TR A R

M 1 HH AT o o T Gelt ardferss @e ©, S et oft quifer o awer 7@l R
AeE § TE T € o oo Frehe &1 weft arsafos wenet & fau Ky gu wed
T [c]; &, S lim f£(x) = lim [x] =[] T& & f(c) = [c] 3a: T e, 37 T
aredfaes Gemel o fau dad €, S guie e 2l
9T 2 A AT foF ¢ T quiier 21 o1qud €9 U U qaiwd: s adfas g
r>0mwm%ﬁﬁ[c—ﬂ:c—lm[c+r]:c%l
el o w9 |, gHen1 A 78 gan R
lim f(x) = c— 1 @A li_)qu(x) =c

e fordht «ff quish ¢ o fae 3 Frand gam = & Tkt €, o7d: USd wer x geft
quier HH o foru ergaa B
5.2.1 Had el @7 &eruTa (Algebra of continuous functions)
fusell e o, W HT Fheddl IS F WA, TG HHIST o SSEIUA S HO
e foran ol STEUd: 37 B9 WAd Werl o SIS o1 off 9 STeaa wa Jfw
fodt fog W & wed & Wad Uiy ¥ 39 fog W wed & HHW g0

i e €, eraue e qedwa € o g9 dwet & wgvd & @l @t sieig uRomt
T YT H

T 1 HH WS {5 £ qe g < UW ndtaeh %o §, S U ardiash §Edl ¢ o fag
Had g1 T,

(1) f+g,xzc‘ﬂ11?lﬂ%

2) f—g,xzc‘ﬂﬁ?l?f%

3) f.g,x:ctRF"d?f%

4 [i], x=c¢ W Gad & EEIED g(c);tO%I)

8
Wﬁ%ﬂﬁgx:cm(f+g)a?ﬂmﬁ3ﬁﬂm§|@?@ﬁ%ﬁ

lim(f +£)(x) = lim [f (x) +g ()] (f + g 1 TRHTET gRI)

= lim f(x) +lim g (x) (Trretl o6 YT gh)
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=f(c) + g(c) (i f AN g Had weH ©)
= (f+g () (f + g T TRATE FH)
@, f+ g f x=coh fou Faa B
O 1 o 9Y AN et SUuRd gE o TAE € R ueshl o fou st 2 Big
fez w2
feauit
(i) ST UHF % 9F (3) H U R M ok fow, AR f uH AR wed
F(x)=AE, &l A, g =R ardfas @ g, A (L .g) () =X . g (x)EN
IR ®er (L. g) il T Had e ¢l v w9 @, AR A=—1, @ £
Hided § — f 1 Hide SAafAfed sl 2l
(i) SUF UHF F 9N (4) B TH foR M ok fow, AR f wH TR wed
A
g(x)

A .
feo=Aq &(x)= mwﬁmﬁawgﬁw%wﬁm%,aﬁ
g

g(x)¢0%|ﬁ@ﬂw@,géaamwﬁ§mmmﬁ%ﬁ%|

Sude T YHA o START gRI 3 Had ol i Sl ST Hehdl €1 39 98
ffyed & o off gerar fHerdt € o %I %or Haa @ =1 =2 Fefafad sseet §
I o1 T H T 2
IEETOT 16 g HINT T g aRET ®er Had g

T TR0 HISY T g 99T wer £ fFrefafad w9 1 B R
Fo =29 420
q(x)

W& p 3R ¢ 9gIR Wer B f 1 U, 3 fgel w siem M W ¢ 3= T, 9u
Irefeeh TEA 1 <k TgUS Wl Had B § (SIER0 14) , 3T THA 1 o 9 (4)
g f U Hdd wer 2

JEEIT 17 sine Beld & Gidd W fa=m wifsm)
7ol 39 W foar & & fou g9 fefafead e &1 99 &9 2

limsinx=0
x—0
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T 39 el i Tl g df Fel R €, foheg sine Wel & oTei@ i I %
fhe 3@ # A 924 e (intuitively) ¥ T @ ST 21

9 AT & £(x) = sin x G aTEdtaes GEmst & fou a8 o= it 5
CQEFWF@T%I x=c+hT@H W,Wﬁx%ﬁ%‘qa@ﬁ%ﬁ?h%'{ﬂm

lim f(x) — limsinx

X—C X—C

— limsin(c+h)
h—0

— lim[sinccosh + cosc sin /]
h—0

— }lln(l) [sinccosh]+ }lln(l) [cosc sin ]
=sinc+ 0 =sinc=f(c)

TH Y lim f(x) = f(c) 3@: f Th Had e &
oot T YR cosine Teld o @ided i off wEiford TR S Hekar B
IEET0T 18 THg HINT % £(x) = tan x TF Fad e &

T W@WWf(x)=tanx=%%l%Wﬁﬂ’ﬁwmﬁa?m
X

gRId %,Elﬁcosx;to,?:wﬁx;t@nﬂ)g 21 g9 areft gmifora foram @ o sine @R

cosine e, ad Hel &1 ST tan He, 37 IHI Herl sl WHTh € % HRUT, x
o 39 gt g o fore Gad @ 59 o forg gg aftrfia 2

el o HASH (composition) ¥ Heifed, Had Werl i SHGER Teh e 4 2|
TRl SIS T afg £ 3R g T arafas ®ed ®,

(fog (x)=fgx)

TR €, S el g 1 URER £ o WA T Th SUHg=SA el g fetated w5
(WO T Sherel o), WA (composite) WEl o Hided i qRAITE Hedl 2l
THT 2 W A R f 3R g W YR o I e 7 (real valued) e €
fF cm (fog)qﬁ‘ilTﬁilﬁélzlﬁ‘( cW gdd g(c) W f Had B, @ ¢ ™ (fo g) Had
BT 2l

frrefafaa Seeol o 39 y9g 1 T foma w2
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IETETOT 19 WM 6 £(x) = sin (x2) 5 IR Fer, Th Had ®ed 2l

Tol Y01 Hifse o faameia wor yde arafas g o fau aiwfid 81 %o
f I, g hﬁ)lqv_vﬁlfa?w(goh)av‘mﬁ@ﬂwm%,ﬁﬁg(x):sinx
A 1 (x) =22 B S g 3R 4 Al & Had o €, THlelT 98T 2 gR1 98 frskd fehren
S "Wkl €, ToF f T Had wer @

TETETUT 20 TUEE T £(x) = 11 —x + | x| | G URoT Fed f, Sl x Toh arfaes qe
2, TF Had wed

zor |eft ardfas GEmst x ok faw g F g(0) = 1 —x+ x| T AT A (x) = x|l §R
TRy Shifsel q4,

(hog) (x)=h(gx)
=h(l-x+Ixl
=l1-x+ Ixll =f(x)

320 7 H B9 2@ G © 16 4 TF Had oA 2| 36 YHR TH 9gIe her SR TH
HqIh el 1 AT B oh R g Uk Gdd Hold €1 o1d: I Gad BoHl 1 G Hhe
M oF SR £ W TH Had woH 2l

1. fag =ifee & ®wed fx)=5x-3,x=0,x=-34d x=5T gad 2l
2. x=3W HeH f(x)=2x*— 1k HaA ! S HIfC
3. Tr=fafed worl o |ide &1 St= it

(@ f)=x-5 (b) fx)= ,X#S

x—5

x? =25
© f= 75

4. fag ifeq & weA f(x):x”,x:n,mﬂ?lﬂ%,aﬁn@ﬂqiﬂﬁ%l

x,df% x<1
5, af x>1

x=0,x=1,3d x =2 Fad 872

,X# =5 d fx)=Ilx->5I

5. EPJnf(X)={ BN R wed f
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£ ok weft ergiaeT o fgeti 1 s i, v fom ¢ fefafed ver @ a2

pr43. T <o |x|+3, A x<-3
6. f(x)={2x+3’qﬁ{x;2 7. f(x)={ —2x, A -3<x<3
R 6x+2, A% x>3
| x| ~
5. f={x T xF0 0. fiy={fx TS0
0, I x=0 -1, 3 x>0
0. £(x) x+1, AR x>1 1. f) x3—3, Ifg x<2
. X)= . =
¥ +1,3 x<1 x+1, AR x>2
xlo—l, Ifg x<1
12. =
J&) {xz, I x>1
5 <1
13. wf(x)={x+’ s g IR wed, Tk dad Fed 87
x—5, A x>1
T f, % Wi W feeR wifey, e £ fefated g g 2
3, Ik 0<x<1 2x, I x<0
14. f(x)=44, 3 1< x<3 15. f(x)=40, A 0<x<I
5, Ak 3<x<10 4x, A x>1
-2, At x<—-1
16.  f(x)=42x, A —1<x<1
2, AR x>1
17. a 3R bo 39 9Hl i TG HitSC e ferg
3 ax+1, I x <3
S)= bx+3, A x>3

g IR wed x = 3 W Had ¢
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19.

20.
21.

22.

23.

24.

25.

26.
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Lok feg om & fog

A(x*—2x), AR x<0

f(x)={4x+l, I x>0

SR IR Wel x =0 W Had 21 x= | R 3HF Fad R fa=R Hifsw)
MY T g (x) = x — [x] SR GReATA Hor g quiies fageri ® erqa &1 =&t
[x] 39 Hewd quiish FrEfud 3 &, S x & a0k a1 x T HA 2

F F(x) = 2 — sin x + 5 5 TRAMA He x = 1 W Had &7

frfafed werl o Aidd | fa=ar S

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

(¢) f(x)=sinx.cosx

cosine, cosecant, secant ﬁ? cotangentm o gidg W fe=m wifsu
f o weft srEiacadn o fagel i o i, el

sin x
f(x)= T, qﬁ(x<0
x+1, AR x>0

fuiia sifse f wem f

X
0, € x=0
BRI GRIfG T Had %o
f o Wiaed &1 S wifew, e £ FEfatEgd R 9 g @

)= {xz sinl, I x#0

_ sinx —cosx, AR x#0
J= -1, I x=0
T 26 W 29 H k o HHI ! F1G HIfSC difeh Y&1 W M fog ™ ¥ad =i

kcosx T
, AT x2=

fo={T"%* 2 mqﬁﬂﬁawqng R
3, Wf?sz
2
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27.

28.

29.

30.

31.
32.
33.
34.

5.3

ke, Ak x<2
f(x)—{l o 10 N IR Hed x = 2 W
f<x>={’““’ M xsr s e

cosx, AR x>m

kx+1, A€ x<5
f(X)—{3x_5’ A 1o s g R e x=5 ™
a A bh OFEI i A ST dqTlH

5, g x<2

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

R aRefod %o T Had e Bl

T o £(x) = cos (x*) G GRHINTG el Teh Had e 2|

T T f(x) = | cos x| G GRHA Her Tk Had ®e 2l

ST foF 4 sin |x| T Gad ®e 2

fx) =lxl—lx+ 11 g7 IR wem f o |ft o o faget =1 3
IS

. gaeadr (Differentiability)

foselt e | Hg U qedi S TR HIfAU| §H Ueh aIkifaesh Fold o ATehas
(Derivative) =i fr=fafad ger 9 uftenfia fean am

&+

M AT for £ Tk ol wer § 9° ¢ 36 Wid | i wh 65 Bl c W f
et TFrefafad g § giefia 8:
limf(C+h)—f(C)

h—0 h

g 3g 9 1 I & @ ¢ W [ F TEawReS hl [ (c) A %(f(x»lcmm
F B

fx+h) - f(x)
h

f()=lim
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SR IR e, St oft 39 G o SifEdc €1, £ oh STashers shi R i 2l

3 ST R () - (0) B T E o Ay = ) Ry

0 UHe L B fHH Wer 1 AR WA H HI GRAT I SEh
(differentiation )ed &1 &9 ST “ x o WG f(x) o1 Faeher HitT ( differentiate) ”
1 off v e ©, frmen aref g @ R £ (v) 96 S

fesherst o dleNTioTd & ®9 H Frefefaa femt s yoifor fean s g 2:

(1) (uxv)y =u" £V .

2) ) =u' v+uw’ (F&HST 2 %S 1)

@) (1) M= Sty 20 (e frem)
\4 V2

F & T gRoft § o g (standard) Wel o STdehersll w1 gEl < T ©:

ATt 5.3
f(x) x" sin x COS X tan x
f ) i cos x —sin x sec? x

e el ot T STaehers w1 TRt TR @ o W gea ot e © T ¢ afe e
7 SIRacT §" 79 g €9 9 U Sodl § 1 A1g UE 9E © O 9 B2 u%
He ata arEfiTes @ S gEen S il Al 1imwmwﬁaaqﬁ%,a‘f

h—0

T HEd € 1o ¢ W f ATsher T8l €1 TR Wl W, 8H Hed € b 79 Ui o fehel
fag ¢ W woad foawada 2, afk = A lim—f(CHz_f(c) qo

h—0"

limw fiftrd (finite) 92N G9H B Wl AU [a, b] § ATRAAA

h—0"

HEAMI €, A o8 A [a, b] o Y 65 W feeheria 21 Sl foh Fiaer o gl
o el T o TR o fogetl o 9u bW eW wHw: ¢ an a1d Uy i G o €,
S o IR Fw T, dfch o el b TR e o <0 qel a1 oTE qel o 3feshels € 2l
T YHR el ST (a, b) H SATHOHT FHEA 2, A 98 A (a, b) F IIF
fig W ke 2l
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TE 3 A wer R fag o W s @, @ 39 fag W 9 gad ot 2
suufa 9fe 55 ¢ W f e 2, o:

i LO=1©

x—c xX—c
fRgx#c o fag

£ - fle) = LO=IE (g
X—C
Tt im[f(x)— f(c)] = lim [M.u—c)}
x—c x—c¢ X—cC
- lim £ (0]~ lim [£(©)] = lim [M} Jim[(x— o]
x—c x—=c x—c xXxX—c x—=c
—F (c).0=0

&l lim £(x) = £(c)

TH UhR x=c W e [ Had 2|
IUUHT 1 YA A B Had Bl Bl
Tel &9 oA e € o Swie ®eum &1 fae™ (converse) T & €1 Fre=a € eH

@ b ® TR £(x) = x| g IR el T Fad %o 81 56 %o o aTd ual whi
W W R +E 9

i LO+W=F©) _—h
h—0" h h

=1

Jem [T ey T HrEl
lim LOFM=FO _h_, s
h—0* h h
I 0 TR SR S et <1 v kY e wH T € gwer lim
1 3fficd et B 3R 36 YR 0 W f ke @l €| 3d: £ U Sfoshed Her
T 2l

fO+h)~-fO0)
h

Reprint 2024-25



HIdeT qAT STeh Tl 129

5.3.1 Wgad Wl o 3raakerst ( Differentials of composite functions )

Y Wl oh 3Taehels] oh S1EIA hi &9 Tsh STV NI TI= Hidl| AH ofifeg fh
T f 1 ool TG ST =ed ©, el
fx) =@2x+1y
s fafy o1e @ for fgu= 09 o WA g (2 + 1)} o1 WG ohich WIw gu8 el
1 RS A FL, SHE A T R w

4. 4 3
——f() = — [@x+1)*]

_4 8 +12x* +6x+1)
dx

=24x* +24x + 6
=6 (2x + 1)
a4, = Sifse foh
Jx) =(hog (x)
SRl g(x) = 2x + 1 T h(x) =x° B OF AT r=g(x)=2x+ 1. f(x) = h(t) = F.
s & =6(2x+1)2=3(2x+1)2.2=3t2.2=ﬁ'ﬂ
dx dt dx
30 Ul fafy &1 @ 78 ¥ R FD YRR o W, S (2x+ 1)'° % Ak
ufeher e 39 fafy g Wt @ S €1 Suded ufitersi © oW siivenies ®9 9
frefefad wig ar gian €, 759 @ = (chain rule) %ed 2l
THE 4 (e TrEw ) 7E i fo f e aredfash aE e ®, S qe v 1 ol

FH GASH ©; A f=v ou. TH witsig R t=ux) 3R, = %HW ﬂ?ﬁ‘ﬁﬁh‘l

x dt

df dv di
C‘Flﬁ?la%,?ﬁ E_ZE
T TH YU 1 SUUM SIS < & uen w1 fawr Freftad weer o fma
S Gehdl &1 W SSC o £ Tk arediaes qHE Her €, S Wer u, v 3R w
A B, 31fq
f=(wou)ov%€rf=<{ t=u(x)qAn s:v(t)%?ﬁ

dt dw ds dt
_=_(W0u)._= _____
dx dt dc ds dt dx
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IfE SweR heA o Wl STaherS w1 AR € ol U 3R Ak werl o GaH
o foru sy@en oM = 9gF F Fohd 2|
JETETOT 21 f(x) = sin (x*) ST TThesl A hifSIT|
Tl A AU fF Ued Wed | worl w1 HASH 81 ardd H, I8 u(x) = 1 3R
v(t):sint%?ﬁ

f(x) =W ou) x) =v(u(x)) = v(x*) = sin x?
f=u(x)=x> T W &F {fEe fH %:cost q«n %:Zxaﬁ'{ﬁaﬂﬂﬁaa ot

X

g1 o7d: SEen FE g7

i=ﬂ-£:cost.2x

dx dt dx
qrr=rd: 3ifad aftons & x % Ue § oHed A o1 UEe B SIaud

—— = cost-2x=2xcosx’
dx

Y 1 9 8 H x o "y fTHAfcARed el ol Tdeher hifold:

1. sin (* +5) 2. cos (sin x) 3. sin (ax + b)
sin (ax +b)
4. sec (tan ({fx)) 5. m 6. cos x* . sin’® (x°)

7. 2+Jcot(x?) 8. cos(v/x)

9. fag #IfT & ®erf(x)=lx— 1, x e R, x= | W 3{ehfad &l 2

10. fag wIfST fo 9899 quier ®wed f(x) =[x], 0<x <3, x=1TMx =2

ferhierd &t 1

5.3.2 3T Gl & HadHerT (Derivatives of Implicit Functions)
e TH BH y=f(x) o ®Y o fafaY ol i AThe Hd ® € W T8 TR
7T 2 fop wom 1 Wed 3 w9 § e TR S0 3eeond, x 3R y & o Frefatea
Tl § 9 T W i ' 9 foum wifsu:

x—y-m=0

x+sinxy—-y=0
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Bl 9N W, BH y o oI Wel Y Wehd € IR ¥ i y=x-n ok ®9 § fo@
Tohd &1 U 90 H, UH T o @ 56 e y Rl TR B 1 HIE G qlRT B
fh oft S forelt oft ga A, y T x W TR % SR A HIE EWeE T 21 S x
AR y o a1 Foel 36 YhR ¥ [oha1 T Bl foh 39 y b folU Wil T ST
B 3R y=f(x)h ®9 ¥ foran <1 Teh, a1 89 ®ed € T y il x o T (explicit) Hed
o ®9 H oo foral M1 B1 SUGE W Ge H, €9 hed € Ty hl xoh TR
(implicity) e o &9 H e fehan T B

d
SEEI0T22 AR x—y=mdl Eyaﬁlﬁﬁml

&1 U fafy e € T en y o fou e wieh Swe wed @i 7 g ford Fen

y=x-T
i @ _
dx
Taehcad: 39 e 1 x, o 9Ue GiY AThad Hid W
am
—(x y) = E

maﬂﬁﬂzﬁcf—;maﬁ%ﬁxéﬁwawaqmnmwmlwm

d d
o (X)——dx(y) =
e aed © T

@ dx
dx dx

=1

JETE0T 23 AT y + siny = cos x A —yEH?I It

dx
Tl B9 TH qaY o1 Y afaehelsl Sy 2l

ﬂ+i(sm y) = di(cosx)

dx dx

SJEel 1| &1 T R W
d d
—y-I—COS)J-—y =_sin x
dx dx
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o9 frefarad afom faem 7,
Q_ _ sin x
dc l4cosy
STl yEQn+1)m

5.3.3 Gfdenw GrehivTfiedts werl & 3iaaherst (Derivatives of Inverse Trigonometric
Functions)

T YH: oA feeld € T Wi Srepivfidi™ wer Sad e 8, W g9 39 FHe T
FHN| 316 TH A Wl oh STaeheTsl i A0 A o ol §@en a9 &1 JA &

f(x) = sin”! x 1 ATHAS A HITAY Te AE oAty fom @1 tfeaea 2

T O ifST TR y=f(x)=sin'x€ @ x=siny
AT Tl T x o G STFehe H T

1 dy
=cosy —/—
dx

dy 1 1
= —-— = =
dx cosy cos(sin”

)

T IR o T el cos y =0 3 e, TReTfe 2, ﬂﬂfﬁ,sin*lx¢—§,g,31?lﬁ
xz—1, 1,3 xe (-1, 1)

39 YR i F TS S Bq 9 EfafEd S6eR il (manipulation)
FW Tl TR KNG & xe (- 1, 1) F T sin (sin! x) = x 3R 39 THR

cos?y = 1 — (sin y)2 = 1 — (sin (sin' x))? = 1 — x2

g & ?‘i@ye (—g,g), cos y Teh ¥ i ? Sﬁ'{gﬂﬁ'ﬂ{ COS Y= /] - x2

TG YRR xe (-1, 1) fag
dy 1 _ 1

E_cosy 1= x?
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f(x) sin~!x cos~x tan'x
1 -1 1

f 1-x2 1-x2 1+ x?
Domain of (-1, 1) (-1, 1) R

ﬁm&r@aqﬁﬁ%maﬁm

10.

11.

12.

13.

14.

15.

2x + 3y =sin x 2. 2x+3y=siny 3. ax + by’ =cos y
xy+y*=tanx+y 5. +xy+)y’=100 6. X + X’y +xy’ + y*=81

2x
siny + cosxy=k 8. sinx+cos’y=1 9. y=sin’ (1+x2J

Reprint 2024-25




134 TTfoTd

5.4 TETdaTeRt 99T TuTehtd werd (Exponential and Logarithmic Functions)

a1eft A T !, S SgYR o, URHT e qen ek i wer, o fafu=t o
& 9 TRqel & IR H HE 71 39 IR H §H WER Gl el o Tk AT o
o 9R | "iEw, f9= =Emdie! (exponential) T TR (logarithmic) Wel sad
g1 7ol W fouly &9 W I8 IqaH STavEE § 5 39 STes% o 9gd ¥ hUd Wk el
e § iR Sh! SUUTEl 39 q&ish hi faug-owg o & ¥ ST &

3R fd 5.9 ﬁy:jfl(x):x,y:fz(x):xz,y:jg(x):xz’?f’«“ﬂ y:f4(x):x4a? rerE
feu g 21 e ST fof S-S x 1 o Sl St @ ok 1 geurar o Sedl st
21 9% HT I S H gfg FT R A 1'%

A

B STt 21 3HE A T e R x> H
A | ffv=a gfg o w1 y = £ (x)
M Sgal Sl € S9-S 1 %1 7M1 2,
3, 4 B Sl €1 98 heudd € T
Fo gt ¥AeHE T o fou 9 § Sl
f.(x) =x" €| STORFHET W, THH o T7
ganl fah SI9-319 ¥ 9fg gt ot @
y =f (x) 1 S y-18 H AR At
ehdl STl 21 ST H f?fﬂ{flo(x) =x!0
A f(x) =x" W fo=am sifSu) afg x w1 v
HH 1 W gEH 2 T S S, @ L H AN
| § 9gHT 2108 W 8, Sk f, A g 5.9
| ¥ 9gHt 25 B VI €1 39 YRR x H WOW 9fs & faw, £ # Ifs s w 9fE w
19 sfes dierar 9 Bl B

Sy ufter w1 feht 98 ? foh agus Bl & iy Sk s W T R,
i ¥ S SET gfg Sedl i 39k SWid Teh wneifas ¥ g8 331 € o6,
1 HE UG Bod & S 9gug Herl i orden oifush oSl W W@l 87 THR SW
FHNHE ¢ 3N 36 YR o Hel i Th Sy = f(x) = 10°

WWW%ﬁWWWna?Wﬂ%’Wf,W fn(x):x”f‘ﬁ
STUaT ST I | Fga B 3 o U 7 fag W whd € 7R £ (o) =10 H
e 10¢ Afes IS § 9gdl 1 98 A Hif fF x o o€ 7F % fag, S x = 10,
o @) = (10)1% = 10°0 S@feF f(10%) = 100 = 10! §| Tqw: £, (x) FT STHET f(x)

100
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T Sgd AU 2| T g T wisd 7 € o x o 37 weft wel ok forg el
x> 10°, f(x)>f,, (x) 8 g &0 7l R 58T Iuufa 37 1 7 T H41 36 THR
X% o€ WA I TR F€ WeAua fran S wehar € fop, foelt oft o quifen ok feorg
£, (x) T TR f(x) T HE AfHE ST W dE 2

TRTHTET 3 e y = £(x) = b, ¥AHSE SMER b > | o T =Xl Her heamd 2|

MR 5.9 § y = 10* < T@it=s geia 7 &
€ TAE & Sl 2 Toh TS 36 W@it=st &1 b o faikre qHl, 59 2, 3 31 46 fog
i Y 3| SRERT Ee S o gqE e Frefetad 2
(1) =REElhT el o1 i, ar&dfesh Seael %1 @q==d R e 2
(2) =R e ol TRER, THE YT ariaes Sersll s qq==d gl 8
(3) T91g (0, 1) SREMIshT e o Mo T <d Bl 8 (T8 39 a2 &1 [: HeM
g for forel ot arafaes we@m b> 196 forg 0= 1)
(4) =R B G Th 9HH ®er (increasing function) Edl &, 37efq
S-S B9 a8 W S SR dgd Sd §, e SW Sadl Sl 2
(5) x o TAMF I FUMHE THI o fTT SR T He T T 0 o AAd e
21 B TR vedl W, gt wgerfer ), ofeia STRRR x-3187 R 3R SRS Bl
2 (forg 3&@ weft e == 21)
MR 10 a6l BRI el 1 WIEMTUT STETdieht el (commeon exponential
Function) F&d 21 el XI %1 UIgaqe & R A.1.4 ¥ gad <@ o fo goft

1 1
1+ﬂ+5+'”%l

1 AN T U @ @ G T 2 991 3 % 954 Bl § 3 Y ¢ g0 YR . &
T el HFMX & ®I H WM W W, BH TH FAd Wyl FCIIHRT Hod
y = e g Bl gl ‘J’IEFFdT:F STl Wee (natural exponential function)
FEd B

g ST Tfaet BN T 91 SREmdiRT wor o gfaeid w1 s § SR afg ‘el
Al 1 SR Tk YA AT 1 S Hehdl B1 8 @ISt Fefertaa giern o forg 9fta
el 2l
uftarer 4 WA AT F b > 1| s arafas @@ 21 d9 89 %ed © 6,
b YR T q 1 AL x 8, A€ b= a2l
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b SER R q % TITF 1 T log,a & THe H 81 30 TR AR br=a, @
log, a = x THHI SFIHE HT ok TAIT AEY &H P T IIEN H1 FAM HL| g6 A
 fF 2= 8 3| TV YRl H #H T 91 Bl [: log, 8 =3 fer@ WA 21 3 TR
10* = 10000 @M log , 10000 = 4 Tge HeA ¥ T @@ ¥ 625 = 5* = 25270 log,
625 = 4 31 log, _ 625 = 2 TAIA FUT €|

ofter @1 3R At ufiyee gfieenior § foaR 7 W &0 %8 Gd © % b> | &
MR fuia T oF &R TR’ 1 ¥F SRdfod 9estl oF Siead ¥ 9t

Irfas TEAel & Ty | THh Hed Y y = log,x
& &9 H @ W Gkl 21 T8 e, o ¥ = log,x
FIEITU'IT:Iﬁ'&l Tt (logarithmic function) y = log,x
#ed €, Frefafad yer o g 2:
N 1,0)
log, : R* =R X'« »X

x —log, x=y I b =x
7d Fford T ¥, 9 SER b= 107
Al U “WTENUT TR’ 3R A b= ®
dl 58 “UTehfaeh TTIUTeR’ HEd &1 Sgl !
MFfF T BT o G TS H B ¥ 3T 5,10
79 1A | log x 3R e Il TEIUHT ol shi Fefud sear &1 sepfd 5.10 ¥ 2,
AT 10 UM TR TE ol o i@ 9T 7 2|

YR b > | Tl TATUERTE Herdl shi o Heeyqul fagan 4= gefiag 8:

(1) ¥R (non-positive) T3l o ferw
TH AU i chis AUl GRET
T S Hehd € SR T ST
e T Wid R* @I

(2) AR Weld hT URE FHE
ArEdfaes HEAS w1 gyee 2|

(3) 95 (1,0) TR Tl & 3@
W T @l R

(4) TR Hed Tk aHUHE e
e ¢, e1eifq shi-i &w g 9 =
3N Feld B, ST ST HI IS
S 2
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(6)
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0 3TNk e aelx o AT, log x & A @l Tt oft & 7 arafas w@en
T o foRan ST Hehdl 71 TR I3 H, =Y (uged) wqeie § e y-31et o fehead
SR B € (o 3o st fremn &t ©)1

SFRAS5.11H y=er TN y=log, x % eI T T | I8 &AM 31 Joiah ¢ b
Al 9% W1 y=xH TH T & d07 gfafae F)

ATURTT el o 31 Heequl o1 =y fhe e €

ey

2

SR e 1 T A FEm 8, S log, p &1 log, p o9& H 7 fean
S Gehel &1 W oAt R logap:(x,logbp:Bﬂmlogba:y%lm 31 I8
® foh a*=p, bP=p A b" = ¢ B| 319 AR IROTH K GBS § W@ 9

(b1)* =b" = p

TR TR HHHRT § TIFT HE W
bP=p = b

31q: B:ayﬂﬂa:%%lgﬂm

TUFREH! W log e 1 UG THRI Th & sk U1 1 A ofifeg R
logbpq:(x%lgﬂ'@l b“:pqmmélgﬁw?ﬁilogbpzﬁﬂm log, g =Y
?dl bP=p AU bt = g W BT B WG b% = pg = bPbY = bB+7 R
T dread & R o= B+ y, 31l

log, pq =log, p + log, q
oY U To9iT Teeh e Hewyul uRemm e feherl § S p = g €1 UE g9 ¥,
Sude w1 qA: Fefataa yer o foran s wehar €

log, p> = log, p + log, p = 2 log, p
THHI Uh TR SATTh 0T 319 o fore g o 7o 2 sveffq fondht oft o qurfen
n o feu

log, p" =n log, p
AT § € TR0 ok Tt off eredferss W o fow W €, TR 3@ &W WU
FE R GAY 6 w01 3E fafa | yew fEfafEad w1 gt T ged 2

x
logb; =log, x - log, y
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IEETOT24 FI I8 TA 7 1% x % 9} ardfdss OHl o foIu x = elozr 29

T ved @ = AT fF log we 1 wid @t oM arsdfas Semnst w1 e g

21 THIY SUgsd THieRoT YR aTEdfesh WEel o T wed el €1 e WH elifeng

o y= e 819 y >0 qd S el 1 T o W log y = log (€°=) =log x . log

e=logx®| TSTE™ y = x U BIAT | 3T x = ¢t~ oheled x o o HAl o foIq T B
g T (differential calculus) ﬁmﬂ'{ﬂmwﬁm@ STHTEROT 707

Ig & Toh, Sraehei w1 Wikl W g8 uftafdd el erar 21 39 U1 w1 ey o o

fopen e €, et Squfa 1 B9 i o B

oY 5+

d

dx

(D) x o HTIe e‘WW@‘ﬁm%, C’H%‘IH (e)=¢€"

d
(2) xo HU& log x 1 STeThers 1 S 2, g - (logx) = i
X

SEEIUT 25 x o 9y fafafEd o1 seemas swifsa:

i) e (i) sin (logx),x>0 (iii) cos™! (eY) (iv) e~
&
() aH AL y = 1 316 JEen FF9 o T 5N
dy

£ ) efx.i — — X
A% P =

(i) =M ST T y = sin (log x) B1 319 J@en F&w gr

dy d cos (logx)
2 — cos(l 2 ——— et
cos(log x) - — (log x)

(i) A T fF y = cos (¢1) B 219 F@en Fa9 go
dy -1 d . —e"
w ey @ T
(iv) O ST foF y = e x B 19 g@en o8 g

d
_yzeCOSX
dx

COS X

-(—sinx)=—(sinx) e

*F Wk ST WA 9 232-233 W ad
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frafafad 1 x o TG9ey Tashed hifed:

ex

1. 2. psinx 3.
sin x ¢ ¢
4. sin (tan!' e¥) 5. log (cos €%) 6. "+ +.. +e*
cos x 0
7. e, x>0 8. log (log x), x> 1 9. logx’ x>
10. cos (log x + €9
5.5. TR 3Taehet (Logarithmic Differentiation)

79 o=} | &0 Frefofad wohR o U fafere oif o wel 1 sfashor S g
Y =£() = [u@)]"
LTI (¢ SHT ) o W ITIR 1 Freferian 91 & 7: fora wd €
logy =v(x) log [u(x)]
gEe M = w5
1 dy
T v(x) - (—) u (x)+V (x) - log [u(x)]
T ad € T

Zz y[ E ; W(x)+V/ (%) log[u(x)]}

79 fafe o M 3 &1 q&1 a1 98 € T £(x) 991 u(x) 1 o ¥AeHeS Bl e
3TN 37eh TTEIUTeh GRIA &1 Bitl| 9 Wfshal Sl TITUTeRtd 3Taaher (logarithmic
differentiation) F&d & 3R 58 Frefafad seewl gr we fean T 2

(x=3) (x> +4)
3x% +4x+5

o /(x 3) (x* +4)
get A &y (Bx* +4x+5)
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T Y& o TEE T W

logy= %[log (x—3) +log (x> +4) —log (3x> + 4x + 5)]
Tl welf T x, o WY STaETHRT B W

1 ﬂ_l 1 N 2x  6x+4
y de 2| (x=3) x*+4 3x’+4x+5
d 1 2 6x+4
o 2_2 e
dc 2| (x-3) x"+4 3x"+4x+5

1 /(x—3)(x2+4) I, 2x  6x+4
T2V 3% +4x+5 | (x=3) x*+4 3x*+4x+5

IEMETOT 27 x o G ¢ 1 STk HITAT, &l o T o7 TR 2
T AH AT R oy =g @

logy=xloga
Tl Tal 1x, o WY TR FEH T
1 dy
;E =loga
dy
SIRE) I =yloga
d .
ESREQR E(a ) =a‘loga
P 0y = Lo —gne 4 oo
dx dx dx

=e¢ Joga=a"loga
SETETUT 28 x O WU x, HT SR HIT, S fF x>0 Tl
T HH ST ff y = o 1 ST AT TR HT ALTOE o W
log y = sin x log x

l Q = sinxi (log x) +1o xi (sin x)
AT y ax = S teerrlos
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LN
Ell ydx = (smx);+ 0g X COS X
B| @ = [Sinx+cosxlo x:l
I y . g

inx| SINX
X [— + cos x log x:l
X

sinx—1 sinx

=X -sinx+x""" - cosx log x
FEAETOT 29 AR y + 0 +x = @Rl A %am e
7o fem @ T Y+ +x =ab

u=y,v=xad W=xTE1 WEH u+v+w=q ¥d 24 2

du dv dw
ELS G —t—+—=
dx dx dx g
A u=y 2 IHA Y& T AL T R
logu=xlogy
A Y&l T x o WYET e HH T
1 du d d
—— = x—(o +log y—(x
I dx( gy) gydx()
1 d
:x—-—y+logy-l W gl 2
y dx
du x dy < x dy
— _u|——+Io =y'|——+1lo
gafa o= [ydx gyj y[ydx gy
'BZ'H'TW v=x
T el T ALOF T T
logv=ylogx
Al &l T x o WUET e HH T
1 dv d dy
—.— =vy—(o +logx—
v dx ydx( gx) gxdx

y-l+logx-@ e B 2
X dx
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dv y a’y}
37T — = v|=+logx—
dx [x g dx
=x’ [z+logxﬂ}
X dx
g w=x*
T el T TLUE FA W

log w=xlog x

AT Tl T x o G STFehe H T

1 dw d d
—— = x—({ogx)+logx.—(x
w dx a’x( gx) g a’x()
= x-l+logx-11;{mg’[zﬂ%|
X
a1t d—i}:w(1+logx)

=x"(1 +log x)
(1), (2), 3) a2 (4), 5T

o xdy y dy
——+logy [+x’| =+logx— . -
y [ya’x gy] (x g e | T (1+1logx)=0

d
a1 (x.y'+x .logx) d_i =—x"(I +logx)—y.x"'—ylogy
dy —[yxlogy+y.xy_l+xx(1+logx)]

o dx x.y 7 4+ xVlogx
19 11d% oF 9991 H YT el ol x oh 9T98] STaeheld shifad:

. 3 5 (x-D(x—-2)

. COSX.cCos2x.cos 3x . (x—3) (x—4) (x—5)

3. (log x)=s* 4., xt— 2sinx
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DG
5. (x+3)7.(x+4)°.(x+5* 6. |x+— | +x\ *
X
7. (log x)* + xlog~ 8. (sin x)* +sin™' [y

2
: x“+1
9. x4 (sin x) 10. X +——
x =1

1
11. (x cos x)* + (xsinx)~

128 15 % % v % v o % fo 2w A
12. »+y'=1 13. y'=x
14. (cos x)’ = (cos y)* 15. xy=e*»
16. ) =1 +x) (1+x3) (1 +x*) (1 +x% g Y& He h1 Thelsl T I 3R
TH YR f7 (1) G HifS)
17. (®=5x+8) (& + Tx +9) 1 ke =fafad o TR & HiferT:
(i) oA FIH ®T Y= R
(i) RS o foRARUT BRI T Tehdl dgUR WK Hich
(iii) STEFTUTRTA 3Terhet NI
75 ff Tefud HIFT fF 39 TR g fHl ST 99 2
18. AR y,vaAA w, x ok Ted €A < fafeal srafq gom-orwe fam = g
3, fogdia - TR ST g <RIEY

du dv dw

E(u.v.w)=;v.w+u.a.w+u.va

5.6 Wl oF UTefqieh ®Ul o 3Tdahoist (Derivatives of Functions in
Parametric Forms)

Fofi-eft < = AR & g w1 Heu T @ T g SR A v, Ry U e
(dret) =R M § gereh-gerss Seei gR WO < R o T T Helol Tfad &l S
2 et feofa o 29 #ed & fF 39 41 o e o1 ey T ded = Ui o weEw 9
o 81 71e dredt =X Tl reret (Parameter) eaidl €1 Sifeeh Goase aiier § g =7
TRE xqM y o M, x=£(r), y= g (1) o ®U § K Gael, i Yrafereh €9 o e
TeY HEd €, S 1 Th qrEd 2l
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39 ®Y o HoHl o STasherS 91d B B, Y@ FEW gN

& _ b &
dt — dx dt
@
dy d;( dx )
D _ A iggedt —£0
7 " dx " T e 2
dt
dy g’(t)( .~ dy dx )

THR — = FifR = = g’(¢) TN — = f7(¢) | [T /7 (1) %0
= = o =g TN = () | ()20
mSOﬁx:acose,y:asine,ﬁ%m%’IEQI
o f ®

x=acosB,y=asin0
dx . dy
gafeTT de——asme, de—acose
dy
dy 4o acos6
— = === =—cot0
o dc  dx —asin®
do

IETEIOT 31 ?Jﬁx:aﬁ,y:Zat%ﬂ)fzzaTﬂ It

T e ® fam x=at’, y=2at
x dy
— =2ar M ==
'BZ'FITFI'Q r 2at & 2a
dy

dy _dr_2a 1
de  dx  2ar ¢
dt

IR 32 aﬁ;xza(e+sine),y=a(1—cose)%a’r;Zyardﬁﬁm |
X

dr _

%T'T?J%Tde

d
a(l + cos 0), di)(; =a (sin 0)
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dy
dcx  dx  a(l+cos8) 2
do

aﬁ,%m?ﬂﬁqﬁzaﬁg@mmxaﬁiyaﬁmm
fo 1 &1, ohelel Ul o US) § e hid B

2 2 2

S d

33Tt 33 ?Jl'f?x3+y3=a3%?ﬁd—y @ B
x

T HE ofifse T x:acos39,y:asin39%?ﬁl

2 3 2

2 3 2
x3 +y2

(acos®0)? + (asin’ 0)3

2

2
= a®(cos’ B+ (sin’0) =a3
22 2
1 X =acos’,y=asin’0, x>+ y3 =q> H1 Uik THH B
dx

dy
= — 2 i —eoa = 1n2
59 UK, 10 " 3a cos? 0 sin 6 3R 10 3a sin* O cos O

dy
dy 4o 3asin’@cos y
zafau — = ——tan@=-3—
' de ~ dx  —3gcos’BOsin® X
de

I T F@ 1 | 10 T H x q y KT Tl 517, Th W | gafas ®9 H
wmﬁ,ammﬁwmm,gmaﬁm:

1. x=2af,y=at 2. x=acos®,y=>bcos6

4
4. x=4t,y=—

t

3. x=sint, y=cos 2t

5. x=co0s 0 —cos 20, y=sin0 —sin 20
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sin’ ¢ cos’t
6. x=a(©®-sinB),y=a(l+cosB) 7. x:\/ 2t’y:\/ >
cos cos

t
8. XZG(COSf"'lOgtaHE)y:asint 9. x=asecO, y=>btan 0

10. x=a(cosO +06 sinB), y=a (sin @ —06 cos 0)
1. 3 x=\/asm4t,y=\/acosil’, @t <nis foh ?Z_X
X

X

5.7 fgata ahife =t 3t@ehest (Second Order Derivative)
q+ wifey fh y=f(x) gl

b _.
L =I'® (D)

TG £ (x) SAAHEE B dl €H x o GUel (1) 1 Y: el T ehd 81 30 FohR

. d(d
IRt o (d_Z) 2 5 7, 9 fgdia +ife &1 3t@@es (Second Order Derviative )

e ¥ ot L) 4 frefim w0 B £ % A R F e 0 A

dx
frefua w5 81 AR y=f() B A ™ D) Ay’ Ay, ¥ ot Frefa v €1 & feof
FW ¢ fF 3= %9 & ok W 39 YR fRT S 2

d2
SEETUT 34 A y=x+tanx & A d—famﬁfaw
X

3yl ﬁx’mﬁﬁy:x3+tanx%| 3
dy

o 3x% + sec? x
2

ELS 1 % = di (3x? +sec® x)
X X

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

2
IETEIT 35 A y:Asinx+Bcosx% @ fag =ifse fw %+y=0%l
X
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T T W
—y—Acosx—B sin x
dx
d’y d
3R d—:d—(Acosx B sin x)
x
=—Asinx—Bcosx=-y
d2y
'Y FUhX ?+y=0

IEET0T 36 AR y = 3e2x+2e3x%?ﬁﬁ:@ﬁmﬁ de 6y=0

dx
TA TG y=3e> + 2781 IE

dy
— = 6% + 6 = 6 (e* + &%)

dx
d’y
By F = 12> + 18e* = 6 (2e* + 3e*)
3 ﬁ—5ﬂ + 6y =06 (2e* + 3¢¥)
’ dx* dx Y

—30 (¥ + e +6@Be*+2=0

SEEIUT37 Ay =sin! x € d T9E f&F (1 -« )dy P _o%

i dx
%T'T?ilﬁy:sinflx%?ﬁ
@ 1
de\Ja-x")
dy
a 1-x*) —==1
( )dx
d 2 dJ’)
1- 0
i dx( d=x7- dx
d’y dy d 2
1-x? +=. 1-x%))=0
a1 d1-x7)- d2 Ir dx ( ( X))
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1-x*) ——-=. 0
i d  dv 41—y
d’y dy
37d: 1-x) == —x=2=0
( )dx2 dx
forereua: & @ fF y=sin'x2a
1
)’1=—2’3mh\ (1_x2)y2:1
VI-x !
Aqud (A=x%)-2y,y, + £ (0—-2x)=0
31 1-x)y,—xy,=0

YT & 19109k | QU ol o fgdig Fife o sTashas A1d Sifsa:

1. ¥*+3x+2 2. x20 3. x.cosx
4. logx 5. x*log x 6. e"sin S5x
7. e*cos 3x 8. tan"' x 9. log (log x)
. ) d’y
10. sin (logx) 11. ﬁyzScosx—381nx%?ﬁfH$a§|EQﬁ7+y:0
X

12, afRy=costxd %aﬁmyéwa‘fﬁmﬁml

13. Afg y:3cos(1ogx)+4sin(logx)%?ﬁ?ﬂfﬂﬁ Xy, +xy,+y=0

d’ d
14. 3afg y:Ae”‘+Be””%ﬁ§§ﬁ§Qﬁ d—g—(m+n)d—z+mny=0
X

d2
15. A% y = 500e™ + 600e § @ TwEw & d—2y=49y 3
X

dx
17. AR y=(tan'x)? 8 @ M fF (2 + 1)y, + 20 (@ + 1) y, =2 71

d’y _(dyY
16. af%:e>'(x+1):1%aﬁsﬁsqﬁd2=( j%l
X
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ferferer 3qrgvor
TEEI0T 38 xoF AUy frAfafad o1 e St
@) Brr2+—— (i) log, (logx)
2x% +4
T

1 1

1 1 , -
——_ (3x+2)2+(2x° +4) 2R
V2x© +4

I e foh 2% %o |t arafas gemei x>—§ & foru oftwfua 21 gafaw

@) qH oifsa fw y= 3x+2+

dy 1 - d (1) 2 ooyl d
— = —(0CBx+2)?  —(OBx+2)+|——|2x +4) 2 -—(2x" +4
R R Y A N

1 (3x+ 2)*% -(3)— (1) 2x* + 4)*% - 4x
) 2

3 B 2x
T 2J3x+2 (

3
2x2+4)2

78 T SRt Sens x>—§aamvﬁmrqa%|

(i) T ATy =log, (log 1) = ot ) (s ot % T )

log7

IS ardfas G@mstix > 1 o foau %o aftwifid 81 gafen
dy 1 d
Y2 (log (1
= 1Og7dx(og(OgX))

1 1 d
= ~——(logx)
log7 logx dx
1

- xlog7 log x
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Tfora

SEEIT 39 x o gy f=fafEd o1 sesar sifsu:

@)
'
(@)

(i)

(ii)

: x+1
cos~! (sin x) (i1) tan‘l[ S ) (iii) sin”! [12 ]
+

1+cosx o

E ST 6 £(x) = cos ! (sin x) &1 &AM ST fF @ el @efi arafersh
e o fou qiwifd 21 89 59 fefaiad &9 § fog g4 2

f(x) =cos™ (sin x)

_ T T
= cos l[cos(z—xﬂ , SinCGE_xe [0.7t]

- X

| a

£ ()=—1%I
T\ ofifee fF f(x) = tan~! (;mx j%| 2F difee foh I8 wed 39 |l

COS X
Rt genstt o foru R © fomes fon cosx#— 1, A © oF T
fomm o o eifaRaa o= |l ardfas Gemedl o fau 89 39 Wo @l
freAfefEad JehR § gH: o Y Fehd o

fx) = tan " sinx )

1+ cosx

Gl A |

X
2co0s’ =

—_

= tan~

N | =

e <ifete fob &9 ofer denm eX A COS( )aﬁ?ﬂzw Fiifh I YA o TR

T B 3w £ (x)=%%l

m‘—wﬁﬁrqﬁf(x)ﬂinl[lzx;j%l 39 Held 1 Wid I1d i o foe g9 A
+
x+1
et x I 910 FE F SAEYTRA ¢ o fow 1<1 - <1%|a2frﬁmr 2 Héa
+
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Pl

2x+1
< 1,3 d
1+

gft x fSer faw 2741 <1 + 4+ 31 &9 3EHI 23% +2° THR ot form g

S gl o fIU U 1 314 B Y i e o fore uRiwifd 21 era
27 = tan O W@ W I8 oA faiEd YR o G fa@n s denan 8:

[ Ax+1
f(x) = sin”™ 2 }
L1+ 4F

] 272 }
_ sin >
_1+(2")

4] 2tan@ }

| 1+tan’ 0
=sin~! [sin 20] =206 =2 tan~!' (2%

— sin

1 d
4 = 2 _(2x)
A& 1+(2)‘)2 dx

-(2%)1og2
1+4"()g

_ 2""'log2
144

FEETOT 40 A W O<x <7 AU f(x) = (sin 0 & @ £ (x) T B
T FEl W y = (sin x)i0 Gl U SrEafosh W@ o fow g 21 et

T W

log y = log (sin x)*™* = sin x log (sin x)

lﬂ—d(' log (sin x))
vdr T sin x log (sin x

. , 1 d
= cos x log (sin x) + sin x . ———— (sin x)
sinx dx

= cos x log (sin x) + cos x
= (1 + log (sin x)) cos x
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d
3 Ey =y((1 + log (sin x)) cos x) = (1 + log (sin x)) ( sin x)*"* cos x

d o
SETET0T 41 ¥ATHS TR g o fag Eysﬂﬁ HIfSU, el

1+ 1 a
y=a ', qq x=(t+;) 2

Tl M A foh <1y qen x, T ardtaes SEA £+ 09 T uftefia € e

dy d,\ df 1
_— = =d — | t+-|. 10 a
dt ~ dt (a ! ) a7

t+% 1
=a 1_t_2 loga

dx 17" d
ThR — =alt+-| -—|t+=
=0 dt [ t:| dl( t)

SR

ﬂ;ﬁOW?ﬁi’tiil%l I t2+ 1% fag

dt

dy 1 n
QZE a 1_72 loga a" loga

dx dx ~ 1 1y 1y
a o] (=3

JETETUT 42 " o TY&T sin? x 1 STTha HIfeT|

Tl GF ST TR u () = sin? x T v (x) = e 5+ B =&l =Y ﬂ: du/dx T HET 81 T
dv dv/dx
du dv
— =2 sin x cos x 3 — = eosx (- sin x) = — (sin x) e g
dx dx
du 2sin x cos x 2cosx
a:laz = : COSx == COSx
dv —sinxe e
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T 5 U7 fafas gyracit

YT W& 1 W 11 dh YS9 Bl 1, x o TTUeT SAaeheld hita:

1.
3.

10.
11.

12.

13.

14.

15.

16.

Bx2=9x + 5y 2. sin® x + cos® x
(5x)3 cos x 20 4. sin'(x Jx), 0 <x <1.
cos’lg
,—2<x<?2.
N2x+7

Cotl[x/l+sinx+x/l—sinx} 0 T
Jtsinx —l-sinx |”° ~* <2
(log x)e*, x > 1

cos (a cos x + b sin x), fF=l 3R ¢ q2n b & foau

. ‘ o 3
(sin x — cos x) Ginx—cosx 2 <x<—

X+ x4+ a +af, TR T a>03d9 x>0 éwm
xx2*3+(x_3)"2,x>3és foq

A y=12(1-cos ). x=10(=sinp, ~Z<r <> %ara i
X

g y = sin”! x + sin! 1/1_362,O<x<1%?ﬁii—‘; RIGECAIS I

e —l<x<1® 0 x fl+y+yJl+x=0  a fag sifvw &
dy_ 1

dr (1+x)
Afg fvdt ¢ >0 fog (x—a)2+(y—b)2:02%?|)fﬁ4a_&'aﬁﬁ'l'qﬁﬁ

dy 2}2
1+ —
J_M dx ) 1 | 43R p o wda e fer i 2

2
A cos y = x cos (a +y), T cos a#+ 1, fog FifST dy _cos’(a+y)

dx sina
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17.

18.
19.

20.

21.

22.

Tfora

2
ZIf'f(x:a(cost+tsint)3ﬁ'{ y=a (sint—tcos t),?'ﬁ %Eﬂﬂ it
X

I f(x) = | x I°, q g B o £ 7 (x) 1 aifqed © @I 38 9@ ot shifsg
sin(A+B):sinAcosB+cosAsinBWE@’TW‘c\l@lWW cosines
& e =M g3 9@ &ifs)

I Teh UH e o1 A ®, S Yedeh fog W Had gl fohq ohaer o1 feagati W
FEFANT 7 B2 A S H SAifacy ff sdqenzy)

f(x) gx) hx) .
n |2 fag wifse s d_y=
X

a b c

'q‘ﬁ-; y= eacos’lx,_lf_xgl,?ﬁ R -ﬁ;

() g Hx)

l m / m n

Ifg y=

a b c

2
(l—xz)d—i/—xﬂ—a y=0
dx dx

RT3
T ATt W e 19 Uid o el fag W Had g € 4k 39 fag
W e 1 HH, 39 g W Her % A o oUel Bl 2l
Fad welHl ok I, R, TOMAES X AR Had B €, Ui, AfE £ qen
(F ) (1) =f(x) + g (x) Had &l 2
(f. &) (1) =f(x) . g(x) Fad F 2

S f(x)
[g](x) 20 (STt g (x) # 0) Had ea &

Yeleh STEhe e Had eldl € fehd gHen faeim T e 2
SEA-FIH el o GASH I ke H1 @ T Tk fEw Rl A

= vout—u(x)?:ﬁ'{aﬁ—?fm Zmaﬁ?ra%?ﬁ

df _dv dr

dx  dt dx
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& T A SFeshas (IRt widl W) FreEfataa €

i(sin_lx): ! i(cos_lx): |
dx 1-x° dx 1-x°
i(tan_lx)= ! -

dx 1+ x

d (o) = o* d 1
—\e')=e —(logx)=—

d dx( ¢ ) X

X
¢ AR 3ahaH, f(x) = [u (x)]'© o TY o Hell o TThad Hid o AT
Teh GV dehrih € 39 deheleh o 31efqul B9 o fory sevas ® fR f(x)
el u(x) I S S B

J

> —
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