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Aiaed qgT STqeheTA &
(Continuity and Differentiability)

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

5.1 9{&!3?[ (Introduction)

Tg A AAd: HeM 11 H Ug T Heldl oh TIhel
(differentiation) =T ShHITd glem o ffved JgiRE wadl
s AT werl 1 SEsher & Hrg e 2l
TH A W W WA (continuity), STamEATIAl
(differentiability) T h ‘?IRWﬁTJF el i q%c_cl"{’f
ool H FE T Tl eH Wiaem e
(inverse trigonometric) wel &1 STFHeT HET ot @
wwwmwéwﬁaﬁwaﬂ@% IERED
ELeIGIE] (exponential) W (logarithmic) et
HEd 1 31 HoHl g B Feeher i TR Wit w1 9
BIA1 81 el T (differential calculus) o T&H § &Y
SIfidTE ®9 ¥ eI (obvious) %@ Teerfadl =i e €
39 Uik, § B9 39 fawa & i SMURYd (W) yHAl
(theorems) ! @]

5.2 |id™ (Continuity)

HIA 1 FhoTAl 1 FS ATAM (TE) A F
T, B0 oTe8] & SHIT=Ih S 9
YR i 2| FrAfeiEd wer W faEm sifsu:

Sir Issac Newton
(1642-1727)

©.2)
B 1, ak x<0
FO=1) ameso Aw,l)

Tg o akad | darfash W@ (real line) o X'«

T fIg | aRefed 21 3 weH w1 ST
el 5.1 W g9en = 81 i o 59 eveE |
e fehrer Wehe @ T x =0 stfaftm, x-o71
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A el w161

o 3 "iTehe fogatl o fau e o §7d 7F f x= 0 & SEHL Th T8 o GHT
(T g9H) 210 o Gfiehe ol @ik & fagen, stefq — 0.1, - 0.01, — 0.001, THR
o fergatl, W held &1 94 | € de 0 o dfTehe SRl @I ok fget, e1ufq 0.1, 0.01,
0.001, ¥ohR ok fargal W et &1 7 2 B =1¢ 31R <1q uet ot Eaed (limits) =1 ST
1 WA ek, B 8 Fehd © Toh x = 0 W e £ ok o1d qe S U shi WA el
1 qen 2 B fouiv w9 9 ord qen g vet ki WA 99/ SOl (coincident) TE €1
T qE A 3 § fF x= 0 W o & AE a0 us h1 S o GOt 2 (AR 2)|
e HifST fh 39 3ol i 89 AR Teh T (inonestroke),ﬁﬂﬁwaﬁw
FIT i TdE W fo 33T, 7 Tig Wohd | I%qd H, T Heq i IIM i AR
9 el € S 'H YA 9 Al iR o €1 U8 UH S @ Sl o
x =0T §ad (continuous) ¥ 2

379 = T M Hed R foar Hifs:

1, afs x#0
2,3k x=0

Tg Her ot ok fog wouRefra @) Y
x=0R I &, aTd do ¢ geT HT AW 1 H
TR 81 FoRg x =0 R el 1 7 2 8, S &g
ST 31T T& BT HEST o ITATTS HH o SR 0.2) =1
30

f(X)={

:lﬁ%l “
TH: B I A B fF Her o e e

o1 e I3 7W T Wiw TR T TT TH

O SN0 @ Fd x =0 W HoH Tad el 2
e ®9 9 (naively) BH e Thd ¢ T S 5.2

T 3R fog W g He dad 2, A 59 fag & 31@-9™ (around) oA o 3Terd

I T HTS H Gd8 9 FaH IS fa1 @ig Tohd &1 39 a1 I gH T 9 5,
ERIGE2 (precisely),ﬁ'ﬁlﬁﬂ'\@ﬁ YR ¥ Fad FT GHhd o

gfersT 1 7H e i £ arafas gt & fhd STag=ag ¥ 9Rwiftd & arafas
T © R M ST R £ o Wid W ¢ U fag @1 9 £ 95 ¢ W Haa ®, 9%

lim £(x) = f(c) &

v

foega 9 @ AR x = ¢ W 9T &7 HT A, qC &7 HT A G e & OAE B
Ife 31 (existence ) %ﬁ?ﬁﬂ“ﬁ@?@iﬁwﬁ,?ﬁx=cﬂf@ﬁﬁw
21 TR0 FHIST R AR x = ¢ W a1 987 qe 37¢ 987 w1 D Ut §, a1 59 ITafTe
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162 TTfoTd

T 1 BH x = ¢ TR FoH &I GH Fed &1 T TR g5 A I TR B Th 1=
JhR W o = Y Ghd €, S T A= fean w2

Teh Theld x=cWW%,W&Wx=CWqﬁW%3ﬁTQﬁx=CWW
1 U x = ¢ W HelA %I GH & SR 21 AR x = ¢ W G Gad T € df ed hed
%T%Fcﬂfw (discontinuous ) FGEl c?ﬁf %l Th Wwﬁg(pointof
discontinuity ) Fed Bl

SEEIOT 1 x=1 W ®eM f(x) =2x + 3% Hded &I S hifog

T UBel U8 oA AU R e, x= 1 W IR B 3 39 9 5 21 37 Hed
H x =1 T G A HwW g1 WL ? T

lim £ (x) = lim (2x +3) = 2()+3=5%7

a7 lim £ ()=5= £ (1)
FATE x = | Wf Had 2
SEETOT 2 SEU fh 1 wed f(x) =22 x = 0 W Had €2

o oA ST % 9em f8g x = 0 W e uRwfid € SR @R 9= 0 @1 o
x=0 T HeH H GH Feprerd 81 s

lim f(x)=limx* =0*=0
x—0 x—0

9 THR lim f(x)=0= f(0)

3 x=0T f?f?l?f%l

SEETUT 3 x=0 R FeH f(x) =|x | & Fad W fg=ar Hifsm)
Eel TR g

—x, IR x<0
f) = x, I x>0

T x = 0 W el IR € SR £(0) =081 g x =0T £ & a1d qer =i &

11%1 f(x)= 11%; (x)=0 g
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T YRR O WS ¢ g 1 HE ok ferg
li 1) = lig +=0%
TH WehR x = 0 W &1¢ &7 1 HA, ¢ ueq shi GIH1 qe el shi HIF SOl 8 1 37
x=0W f Had 2l
SETEI0T 4 JIMET fh wem

x3+3, ik x#0

S M

x =0 Faq T 2
T TR x = 0 W Hold IR ® 3R x = 0 W SHHT HH 1 21 S x # 0, I T

TEuEE 81 3y
lim £ (x) = 111%(x3+3)=03+3=3
Fifh x=0 T £ 1 G, £(0) o R &l 8, TAAY x = 0 W HeH Had Tei
21 g9 g8 +ff gifvea X "ehd € T 39 Hei o folg srided o1 feg sheaet x= 0|

SEEIOT 5 34 fagew &t Site wife 59 W 3™R ®er (Constant function)
f(x) = k Had 2l

T I8 o |l arfas emst o foru gfteifia @ oIk fedt off aredfas gen &
foTu 591 9 k21 WE ST fF ¢ T ardfos e ©,

lim f(x) = limk=k

e ferel aTEfash @A ¢ & fU f(o) =k = 1M f(x) T s wemf g
St e o fau gad 2

3EET 6 Tog i for amafas Gemsti o fau aeawe we (Identity function )
f(x) = x, Tcdeh oTifesh @A o A Gad 2

T WA T8 he Y% fag R uRefid @ oIk yoe ardfas Gem o fon
fle)=c?l

rer g lim f(x) = limx=c¢
xX—c xX—c
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164 TTfoTd

T YEK, liinf(x)=c=f(c)3ﬁis¥n%ﬂza€w=rféwﬁéﬁwﬂ fagel W wad |

T U5 fog W fFd wer & Aiae & aRaifod &9 & o] 3@ g9 39 aiem
T T F9R (extension) ek fHEl el oh, SHeh Wid |, 9idd W fa=m =i

TN 2 Uk Aok B f Tdad el € A 9 f o Wid o Yokt feg T Had @l
79 IR i F faEaR @ qHer &1 AEavaehdl €1 9 <Alfee R f T T8 el #,
Tvﬁﬂﬁ?f?ﬂ?mﬁ (closed interval) [a, b] H aftenfta %,ﬁf%ﬁﬁﬁmw

2 % 98 [a, b] & 311 f553T (end points) o TN b Hied ST Y fog W Fad @l
f ® o g oW dae w1 oaed @ fE

lim f(x)=f(a)
AR 1 bR WA &1 e & T
lim £(0)= /i)

T FIC fF Lim £ (x) T 1i?f(x)waﬁ§aﬁﬂﬁ%lwvﬁwéaqﬁmﬂw,

xX—a

Ifg f ohael % fag W uffyd 2, 9 o7 39 fig W Had e €, sweriq afg £ o
Hid Thel (Ygeed) B, Al f TH Hdd ®ed Bl 2

SEETOT 7 A f(x) = x | §R GRAMIG B Tk Fad wer 22

. —x,qﬁix<0
Wfaﬁ@@ﬁ@m%ﬁﬁf(x)z{x’qﬁ 50
I 3 Y BH W & foh x =0 W £ Faa &l
UM ST T ¢ T ordfosh 9@ 36 TR B T ¢ <0 813U f(c)=—c

g g lim f(x) = lim (-x)=~c (F?)

< lim f(x) = f(c), TAT £ Gf HUTcHh ardfas demef & fau dqq 2
d A A o ¢ T orEafers §@N 36 YR © T ¢ > 081 3@ud f(c) =c

IR }ci_{llf(X) - }}_}nl x=c (F?)
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Fifeh lim £(x) = f(c), T f Ff oFTcHeh aTdfash @el o fou Had 2|
Jf £ Tl fagell W Wad ©, o1: I8 Th Had Hod 2

SETETUT 8 e f(x) =x° + 12— 1 & Fia R fo=m ifsu)

T WA f Y ordids @ ¢ o fay qRefia € SR ¢ W OgEel uH
A+ — 1% &n 78 ot 5 € T

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

3@ lim f(x) = f(c) & SHT Yieh odfersh G&A1 o T £ Had 2| Sqeh 27
2 T f T Had wer 2l

3ETELUT 9f(x)=l,x;t0_g’m TR ®e f o Widd W fa=ur wifsm)

x
ot frelt TF IR ( Non-zero) Idfdeh &A1 ¢ Hil A=A hifg

34 limf(x)zlimlzl

x—=c x=c X C

1 1, 45 0, T ()= 1 F8 S lim £ = f(0) i g - o7
Hid % Y 95 W Gad €1 39 YRR £ TH Gad Hed 2
TH 39 AT hT ¥, 37T (infinity ) Ht eheudl (concept) & T o fou,

I3[ T B9 THeh TeIU e f(x):i%ﬁ?ﬁﬂﬁx:ﬁaﬁwnﬁmaﬂﬁ%

Tk T 89 0 o e i arifoesh TEAsT o fau %o o AFl bl A9 hid
ﬁqaﬁmgﬁaaﬂwnmﬁ% CIECIRGE (essentially)%ﬂx=0"l’(fa5?|ﬁ'q%1‘°|ﬁ
T A T BT YAH I S| THHI B e GRUieg i g1 (FRO 5.1)

|ROT 5.1
X 1 0.3 02 0.1=10" 0.01=1072( 0.001 =103 10™
fx)| 1] 3.333...] 5 10 100 = 10? 1000 =10? 10"

T @A ¢ T S-S xR SR @ 0 o e SUEL Bl € £(x) 1 °H ST
a1t fieran & S@ar ST €1 39 1d i Teh 31 YhR © ot oFed fohan ST Hehdll ®, Si:
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166 TTfoTd

T o1 ardidsh G &l 0 o Td fhe FAHT, f(x) o AF & fohdlt ff 78a wen
Y stfyer foren S Skl 21 UdleR! § 39 o1 1 gH Frefaied YR 9 foed © R

lim f(x)=+oco

x—0"
(SH! TH TN T&1 Sl B: 0 W, £(x) o SIC U&7 ! FHs G 3 8) | T8l W
T o S 8 € TR + oo Uk ATfersh T el ® SR WA 0 W £ ¢ Ul i
i w1 e T ® (arsdfas geme & w5 W)
T YRR W 0 W £ o a1¢ 9e I WA A w1 FWehel €)1 FreAfeiEd wrolt 9
T T 2

RO 5.2
x | =1 -03 | —02| 10| =102 ~103 | =10
f| -1 =3333..] -5 ~10 — 102 —100 | —10
qrolt 5.2 ¥ 89 frsRd frere © 6w

U ardfdsh & &l 0 o 3T e
TR, f(x) o AH HI Rt ff yga dewn 9
%Y fran ST Wbl 1 Ydlehieqs &9 ¥ 89
lim f(x)=—co ferad

(59 39 YR 9q1 ST 8: 0 W f(x) o ad X
T& 1 S BT 374 B 1) T €9 39 W

T o 1 8 © T — oo Ueh ATE(aeh WAl
& € SAAUE 0 W £ o aId Uel i WA
feqes et © (omdfosh Sl o w9 7))

(2R

STERTd 5.3 %1 3o IUYard qel o SAH v
T €l 3T 5.3
30T 10 fAfafEad we o Fidd W faeur Hifva:
x+2,afkx<1
f& = x—=2,afkx>1

T o f aTdieeh W o Yol fag W g 2l

TIM 1A’ c< 1, df(c) =c+2 71 T8 TR lim f(x)=limx+2=c+2%I
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A | 9 w9 qeft arEdfos g@me W £ Had 2 Y
FIM2 AR e> 1, f(c)=c—2 Tl

. lim £ (x) =lim (x=2) =c = 2=/ (c) B
aqua 34 qeft faged W el x> 18, f gad 2

FIN3AR c= 1, x=1R £ o o1¢ U&7 T HAT,
12

1,3)

lim f(x)=Ilm (x+2)=14+2=3 T
x—1 x—1

x=1WR f o I v w1 G, 7l Y’
lim f(x) = lim (x—2) =1-2=—1
x—1" x—1"
Wi@x:lﬂf%ﬁﬁ%ﬁqaaﬁwm (coincident) 7&l &, a1d:

x=1Tf Fad &l B 3@ YHR [ o Eiced I fag ohelel W x = 1 ©1 3@ el
1 3T 3R 5.4 | <9ian 7@ &)

areor 11 Frefafad veR @ aRefd wer /£ o T (I ewiae fegsti 61 9 sifse
x+2, Ik x<1

fy =1 0,3 x=1
x-2, Ik x>1

Tl Aol ISTER0T HT TE el ot B ST € Yok IRt e x# 1 ok few £ G
21 x=1% o £ o ard ver 1 €, lim f (x)= Hr{l(x+2)=l+2=3%l
x=17%% fau £ o ¢ qe7 T Hrw, xli}r{lf(x)=)(li_>r¥(x—2)=1—2=—1%|

Hfhx =1 £ o a1¢ qe ¢ v B G Gt T €, ofd: x= 1 W f Faa

TE 81 TH UBR £ o STde 1 g eheet W x =1 B| T ol o Ao 3Tehia
5.5 ® <ertan T R

sargIor 12 fafafed wem & 9idg ® faer sifea:

x+23% x<0
Fe) = —x+2, x>0
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Tdl M AT foh foamda wed 0 () F Y
IR 3171 Toed Ao densti o fore aftenfya 1,3)
21 TRUTSER 39 e w1 uia
D,uD, % & D, = {xe R:x<0} 3R
D,={xe R:x>0}%|

o 13k ce D, @ limfx)=lm (x +2) =

c+2=f(c)8 Ua D, ® fTad 2l

M2 A c e D, A lim f(x)=lim (- x +2) = Y’
—c+2=f(c)T MWD, H F fHA 2

Fifeh £ S Uid oh THE fage W Had ©
e en frend e @ o £ Tk Haa e 2
TH el w1 e SR 5.6 W el T 21 &
ST 5 39 el o 3o i Wied & faw g9
e 1 B ®1 Hde ¥ SSHI Tl €, fhg e
1 heret 3 fagell W T el @ S8l W e
gRfea &l 2

sarEor 13 f=fafad e o 9idg W fa=r
EAISLS “'{,
x, aRkx>0 FId 5.6

f) = 2

x>, Ak x<0

T T, Y& o Yo arfash Ge o
fou w81 39 e 1 STei 31 5.7
o for 21 58 3o o e 9 I qehEd
Al € TR el o Wid ! SRdfaeh @l o diF
3TgF (disjoint) 39 ==l # fawifsa &<
foran st 7 foren o

D, ={xe R:x<0},D,= {0} q=

D,={xe R:x>0}%l
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91D, % fFElt off g W f(x) =2 B 3R 78 et @ <@ <1 wehar € fF D A
f Faa ?1 (S 2 3fEn)
oM 2D, & foel off fag W f(x) = x ¥ 3R 7¢ Waa ¥ @ 5 Fa1 ¢ & D, A
f Had B (33 6 fEn)
TIM3 3 B x = 0 W el ol fageiwo &id €1 0 o oI e 1 |76 £(0) = 0 B
0 W f o ¢ g8 i Hra

Jim f(0= lim x*=0" =02 qen
0 R f o T T& HT HHT
Jim 0= lim =04
I1a: }(Lr%f(x)=0=f(0)aaqaomfw%waqﬁa%ganﬁfmmaa
e fig W Gad 21 91d: £ Uk Had %o g
IETET0T 14 <IMEC foF Goieh ogue o Had Bl 2

Tl TR0 HIU fF HE oM p, Tk 98I Fod 2l © a5 98 fREl Wehd G& n
a'Tf?ﬂIp(x)=aO+a1x+...+anx" R R @,aﬁaie R e an;tO%\I RG]
T8 Tl ek St G@Al o foe uitwiferg 21 frdt fafved arafas gen o fag
T 3@ ¥ R

lim p(x)= p (c)
THfeT AR g ¢ R p Fad 81 Gk ¢ HE off St gem € safer p et

ff ordfaes den & fau Had ®, v
SUiq p TF Had Fo 2
SETETUT 15 f(x) = [x] R ORI ©.3) T e
HEqH Uitk e oF STIAe o HE eyt
' ~4,0) (-2,0) (-1,0)|]O 30 (50

%Y A1 I a2 40 @1

. —o +(0,-2)
T Ued dl g9 98 2@ ¢ foh £ |t —o  +0.3
aredfers Gemsti & fau gRwrfia 21
T e 1 AT S 5.8 H Y’
fe@rn T 2 3TTeRfa 5.8
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g 9 U@ goid 2ia @ foh 9<1 o x o Geft quiier wi o forg srdaa 21 e ' m
I H R = TE T B

9 1 A A fF ¢ Tk TE ardfas e €, S fad off quife o sme 1 R
g § 78 T € & o fehe *1 qft arcafas genst & fau Ky gu wed
M [c]; §, S lim f(x) = lim [x] =[c] T & f(c) = [c] &d: Tg@ T, 37 el
arsifash geme o fory gad #, st g e 2
a9 2 9 AT & ¢ T quiier F1 1qUd €9 U U qAtwd: B adfas qen
r>OWWW%G}%[C—r]=C—IWﬁF[c+r]=c%l
st o &9, sHhT A 9% gl fm
lim f(x) = ¢ — 1 @A 1LII{f(x)=c

<fer fohdt ot quiier ¢ & forw 3 diomd Tam T = Gt €, o7 Yed e x qeft
quifer AT ok fee etHqa 2
5.2.1 Had Wl @7 ST (Algebra of continuous functions)
fusct wen o, W 1 Hhoddl GHT o ST, THA HHIST o SSHIUM w1 F9
e foman ol STEUd: 376 T Tad Wworl o SSETui o1 ff o T S| ik
fodt fag W T& wed & Wiad e ¥ 39 O W wed & @ oW

fruifd g €, e1aua g% qReTd § TR 70 dmet o ggva & Fel o <sig ot
T 3TU&T H|

THT 1 HE AT £ den g S U9 ardfaes o €, S sk arkdfash Ge ¢ % fo
Had 21 9,
(1) f+g,x=cW &aa ©
2) f-g, x=c W Had &
3) f.g, x=c T Had &
) [i],xwmw% (SR g (c) # 0 =)
g
SUufa 89 T8 x = ¢ W (f+ g) o Hided sl Siig % 21 8H T@d § 1

lim(f +)(x) = kim[f () + ()] (f + ¢ 1 R B

= lim f(x)+lim g (x) (Tt o 9T gH)
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=f(c) + glo) (I f T2 ¢ Had HeH 7)
= (f+g) (o) (f + g 1 TRETH BR)
3‘|ﬁ:,f+g‘3ﬂx=ca'7f?ﬂlﬂ.?lﬁél
T | % 99 9Tt SUufd 6 o gAE € R uesl & fau s 2 i
fezn T 2l
fewuit
(i) STF U ok 9N (3) HI TH fowm MW F fau, IR f @& =R weH
f(x) = LB, SEl A, I =R ordfas Gl 2, A (. g) () =A. g (x) EN
R wer (. g) ff T Had %o B e w0 @, AR A=—1, d f &
Hidd § — f o1 Hide Adrifed s 2l
(i) SYde YHF o AN (4) B TH fowm W F faw, IR f T =R wed
A
g(x)

A .
fE)y=Ad &(x)= mvﬁmﬁawg%ﬂw%w@m%,aﬁ
g

g(x)iO%lWW@,gé?WﬁéaﬂWWﬁ%ﬁ%l

Iufert <Al FHE o SUEIT gRI 3T Wad Worl i Sl S Hehdl €1 39 T
fafeea w7 & off wera faerdt € fF 1 wem waa @ a1 76 fefafed seew o
Ig W T Hi T 2
IEET0T 16 Tag SIS 6 geie 9REa wed gad e 2

T TR ST T g ey wem [ Frefafed w9 %1 g 8

f(x)=%, () %0

Sl p 3R ¢ IgU8 Wwed &1 f 1 9, 57 fogel # S T W ¢ 7, 99w
Iredforh HEATE &1 <[k g% Ho TAd B @ (SR 14) , 3T T 1 S AT (4)
g f U Had ®er 2l

IETEIT 17 sine B o 9idd W fa=m sifam)
ol 39 W fomuR & o fou g9 fefafed 9o &1 5@ #4392

Iimsinx=0
x—0
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T 37 deAl &I 7Rl gt o Tel R €, fhg sine Wl & STeR@ ®i YA
e 3@ *X I 929 Wewgdfd (intuitively) Y oI 7 S 2

a1 @Y fF £(x) = sin x G aTEdtaess @ o fou aitarfia €1 a9 eifse fo
c U oo §&A Bl x=c+h @ W, A x — cdl 89 @4 ® 6 h — 0 ZHfag

lim f(x) = limsinx
X—cC X—cC

— limsin(c + h)
h—0

— lim[sinccosh+ cosc sin /1]
h—0

— lim [sin ccos ]+ lim [cos ¢ sin /1]
h—0 h—0
=sinc+ 0 =sin c =f(c)

T YR lim f(x) = f(c) 3q: f Th Fad wed &l
feout T YR cosine o o Tide Wi Wl TEITU TR S Hehdl B

3EET0T 18 fag HINT fF £(x) = tan x T Had ®er 2

T ﬁmgaﬂwqf(x)ﬂanx:ﬁﬂ%l%Wwwﬂwﬁmmﬁ%m
COSXx

gftfia %,aﬁcosxio,amhxi(znn)g 21 T a1t i fRam @ T sine 31X

cosine ToT, Gdd el 81 SHIT tan B, 39 M1 HelAl o1 WIS BH o SR, x
o 31 9t 9Hl o fou Haq @ 59 o fau 8 afnfia 2

el o HASH (composition) H e, Had Herl i SHGER Teh Ueeh q7 2|
TR SIS T e £ SR g = A wed €, ql
(fog (x)=flgk)
Rt ©, St el g 1 URER £ o Wid 1 Tk U= Bl €| fretatEd g
(qeToT T oherel o4e) , W (composite) WEl o Hided i TR Hl 2l

WZW?ﬁﬁEﬁF]‘ ﬁ?gwwﬁﬁwﬁ?ﬂﬂﬁq(realvalued)w%
ff c® (fog)tl'i'\{‘tlﬁ'\ﬁlﬁélqﬁ CW gdA g(c) W f W%,?ﬁc‘ﬂ (fo g) Hdd
g 1

frefefad Sl o 39 Y99 1 o foman T
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FEETOT 19 <MY R £(x) = sin (x2) G IRAMG Fer, Th Had e 2l

T 0 HifSU foh faameie wer uoe arafas S o foau giwifid 21 %o
f o, g QA W el o HANSH (go k)% ®Y H WET S Hehdl €, Sl g (x) = sin x
AT 1 (x) =2 81 Tk g 3R 1 S & Had o €, THiT T 2 gR1 98 Tk fehren
S "Wkl €, foF £ T Had e @l

TATETUT 20 WEY & £(x) =11 —x + | x| 5V TR Fe £, el x Tk arfas Ge
2, T Had ®erd 2

ToT 9t ardfas et 1k fau ¢ &l g(x) =1 —x+ x| &M AR A(x) = x| O
qRefid Sifse)l a9,

(hog) ) =h(g®)
=h(l-x+1Ixl)
=l1-x+Ixll =f(x)

IR 7§ B 2@ g © o h T Had e 21 3 YR T 9898 Wer SN TH
HT9leh He 1 AT B o HRUT g Teh Had o 81 37d: & Had el o S Her
B o HRU £ 9 T Had wed 2

1. fag #ifST fF ®em f(x)=5x-3,x=0,x=-3dqM x=5 N Fad 2|
2. x=3W HeH f(x)=2x2— 1% Tiaed & S I
3. fr=fafaa wemi o diqes &1 Sie Sifg:

(&) fW)=x-5 b) fx) = L X#ES

x=5

x* =25

(c) fo= s
4. foag ST fF B f(x) =x", x=n, W Had &, S&I 1 TH o7 TOlF 2

x, I x<1
5, af x>1

x=0,x=1,d9 x =2 R Fad &7

, X #=5 (d fx)=Ix-35I

5. & f(X)={
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£ o Geft eriae o fageti &1 T iy, 59 foh £ frefafed R @ a2

2x+3, A% x<2 [x[ 43, % x< -3
6. f(x)= p 3 A ro2 7. f(x)={ —2x, AT -3<x<3
T * 6x+2, A x=3
[x] X 0
8. f(x)={x’q&”° 9. f(x):<rxr’q&x<
0, € x=0 —1, A< x>0
0. f(r)= x+1, A x>1 1. fx)= ¥ =3, AR x<2
BN FERES ' 2+, A x>2
¥—1, AR x<1
12. =
/&) {x2, g x>1
5, <1 .
13. wf(X)={:5 i;lmqﬁmﬁﬁw,qmwwé?
weH £, o idd W faEr Fifs, skl Fefate g oitfia 2:
3, A€ 0<x<1 2x, I x<0
14. f(x)=14, 9 1< x<3 15. f(x)=40, 3l 0<x<I
5, afg 3<x<10 4y, A x>1
-2, Afg x<-1
16. f(x)=42x, A —1<x<1
2, A x>1
17. a 3R boh 39 WAl ! @ ST foen forw
ax+1, A€ x<3
f(X)_{bx+3, g% x>3

B IR weH x = 3 T Had 2
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19.

20.
21.

22.

23.

24.

25.

26.

Tia el rFEeHEd 175

Ak fve 7m & fag

Mx?=2x), AR x<0

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

SR IR %o x=0 W Had €1 x= | W 3Heh Fided W foer sife
T T g (x) = x— [x] S TRATGTT T GHE quiish fagest W wdqq 21 F=l
[x] 59 WEWH quiieh FAefd il &, S x oF SReX A1 x W A 2l

F f(x) =" — sin x + 5 G TRAMIG HeM x = 1 T Had 22

frafafad weml o dide W fa=R St

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

(¢) f(x)=sinx.cosx

cosine, cosecant, secant Gﬁ'{ cotangenttWFﬁ o Hia | fo=mr ‘clﬁﬁml
f o weft erEiacad o fagati w1 W witsT, Sl

sin x
f(x)= T, -q-&::x<0
x+1, AR x>0

fosfifq IR o oM f

X

0, g x=0
R GRAG T Had ®eld 2
f @ did S s, sl £ fefatad ger o aftfia @

f)= {xz sinl, g x#0

sinx—cosx, a< x#0
f(x)={_1’ g x=0
T 26 ¥ 29 | k oF WMl i TG HIW qlMk Y7 Hor ffase foIg W Faa 2.

kcosx T
, A x#=

f)={T"2%x 2 ‘g’l'{'ftlﬁﬂfﬁlﬁw:fx:g w
3, ZFl%ix=E
2
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27.

28.

29.

30.

31.
32.
33.
34.

5.3

Tfora

kx?, A€ x<2
f(X)_{l 2 12 g afid ®eHx =2 W
f(X)={kx+1’ A& x<m B IR Fe x = 1 W

cosx, AU x>m

kx+1, g x<5
f(x)_{3x_5’ o 15 SR IR e x =5 W
adq bk WAl I Fd HifSQ dqlfeh

5, g x<2

f(x)=<ax+b, I 2<x<10
21, g€ x>10

N RIS ®eH T Hdd $ed Bl

T o6 £(x) = cos (x*) G IRATA He Th Had Her 2l

T TR £(x) = | cos x| G TR Her Th Had Her 2l
W%Wsinlxl@ﬂﬁﬁw%l

fe) =Ixl—lx+ 1151 IR wa f o [t @i o fagst &l 9
Al

. gt (Differentiability)

foselt e | H@ T el i TR HifGW| §H Teh aIdfaeh $old o SAaehels]
(Derivative) &l frfafea yer @ gfifug fean em

Eal

A oS for £ Uk ardfaes %o @ 9 ¢ 39 Uid | g wh S5 Rl W f
ferhersl TefeiEd g 9 uRefia €:
limf(C+h)—f(C)

h—0 h

fE 2@ dm &1 e B A ¢ W f F TEweS &l f(c) A %(f(x»lcgmm
FW 2

PACKL )t NC3)
h

£/ =lim
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SN AR wor, S off 39 EE o ik B, £ o Sfeshelst ol U Shidr B

[ S 0 () T A = 0 A R

gR Uhe id B TREl oM T STEehelsl WA i i WAl i STehor
(differentiation )&&d 21 EH SR “ xS | f(x) o1 AR ifsT (differentiate) ”
1 o g w0 2, T e g @ T £ 9 s

HeThelS| oh SISO o &Y § FEfeiad Foal 1 g fmar s g e

1) (wxvy=u +v.

) (w) =u'v +uw/ (TS A PEERA 1)

’

@) (L) WV gty 0 (TR Frm)
1% V2

F= & 7€ grolt § Fw gt (standard) el oh STdeRers shi gEl < T €

UruT 5.3
f(x) x" sin x CoS X tan x
f(x) nx"! cos X —sinx | sec’* x

S et off TR eraeherst i aRefud fran ® df weh geme o fean @ f ool o
7 IR 8" 3T W@ifae ®9 9 YT ISd1 & foF AfE UE 9E © a1 9 B2 U8

g fraid grEfiTes @ SR sHe s o Al hmwwwﬁaaﬂﬁ%,?ﬁ

h—0

T HEd © 19 ¢ W f ATohor T8l &1 TR Wl W, 8H Fed © T T Wiq o TRt
f9g ¢ W ®od fagsaa g, afs qF w@ond lim—f(Hh}z_f(c) qen

h—0"

lim w YR (finite) 92N T9H 81 Wl AU [a, b] H FATRGAE

h—0"

FHEA ¢, G T8 AU [a, b] o Yo fog T Taeherid €| S@ for Fiaed o g
H a1 T o & o fageti q qen bW 79 Fuer: IC qen o1 el k1 G ofd ¥/
St o IR o T, dfeh o qen bR ®e o <0 qeT q1 oTE el o 3feshels € 2l
T YR Her A (q, b) H SATheHT Hed €, UG o8 A (a, b) o Tedh
fag W smEsweE B
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Ta 39 wed fRE g ¢ W srasherg ®, @ 39 fig W og ad st 2

suufs dfr 65 ¢ R £ fashora B, o
o S0 f©

X—>C X—C

=f'(©

fgx#c o fau
) - flo) = LT oy
X—C
THferT Hm[f(x)— f(c)] = lim [M . (x—c)}
x—c x—c X—C
7 lim[f(x)]-lm[f(c)] = lim [M} Jdim [(x—¢)]
x—c x—c¢ x—c xX—c x—c
=f(c).0=0
gl lim (x) =(c)

T YHR x=c¢ W B[ f Had B
IUUHT 1 YA A B Had el 2l
ZI%'T?‘:TWW%%WEWWW(mnverse)wqﬁ%lWﬁ%ﬂ

@ Toh § TR £(x) = x| G TRAINE Bl T Had e 81 38 %o o aTd uey whi
T W) fo=R 3 9

lim =—1

h—0"

JO+)—-fO) _-h
h h

qAT I q& T
fim LOFW=SO 2 s
h—0" h h
< 0 T ST ST e 1 gt T e T e €, gufen }Lmow

o1 3ffred &t B 3R 36 WhR 0 W f Taeherid @l €| 371a: £ Ueh Sfaeheid her
T 2l
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5.3.1 G@gad ®erl & argaert ( Differentials of composite functions )
HIH el oh STaheTsl oh 3TEAIA HI TH Teh 3SR g TR HUl| qF eifae fw
TH f 1 3ol Ad AT =8d €, Sl
f) =Q2x+ 1)
e fafy 77 2 for f5us Wi o 99 5T (20 + 1)° 1 FHIRA Hich 91 aIgUg Her
1 RS A R, SE A= T TR T R

da.. . _4d 3
o f = [@x+1)*]

= a4 8x° +12x* +6x+1)
dx

=24x>+24x + 6
=6 (2x+ 1)
ae, e[ dife fR
Jx)=(hog) (¥
el g(x) = 2x + 1 T h(x) =x° Bl OF @ST 7= g(x) =2x+ 1.1 £(x) = h(r) = .
eﬂazd—f=6(2x+1)2=3(2x+1)2.2=3z2. Ly
dx dt dx
T @ fafy &1 a9 78 T fF 9 YRR o ®od, S (2x+ 1)!0 o STaehersl
ke #3139 fafy g Wt @ S 21 Sude it 9 ' el w9 9
frefefad g ar g €, 59 g@en =™ (chain rule) %ed €l
T4 (et T ) uH ofifSe fw £ sk arafass e e €, S den v < hert

#1 GASH €; 3efd f=v o u. TH AT T 1= u(x) 3R, A ?aﬁn %aﬁaﬂ
X
4 _dv dt
e 2,9 dx dr dx

T4 TH YUY &1 STUR BIE ¥4 | JEen w1 fomr fefafeaa wer 9@ e
S Hehdl B1 W WS foh £ Uk ardfosh WHIE He §, S A wert u, v 3 w
A €, e1efq

f=(w0u)0v%\2|'|:<{ t=u(x)dA s=v(t)%?ﬁ
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g Swe e & Gt STashars 1 A B @ U iR i werl o GaeH
o foru sy@en fom 1 9ga F T 2|

IETETOT 21 f£(x) = sin () 1 TGRS @ HITAY

Tl oA ST foh 9e9 el & el w1 HASH @1 arkdd 0, 9 w(x) = 12 3R
v(t):sint%?ﬁ

f(x) = ou) (x) =v(u(x)) = v(x*) = sin x*
r=u(x) =x2 T W &F e fF %zcost qen §=2x AR Al w1 Al ot
X
gl oa: Een frw g

d dv dt
— = —.-—=CO0St.2x
dx dt dx
A St afony ol x % Ue § e i k1 TEoH © STdud
d—f = cost-2x=2xcosx’
dx
fameaa: g9 @Y W@ 9w 79 R 994 © 99 A= g €,
y =sin (x2)=>%=%(sinx2)

d
= cos x? E(xz) = 2x cos x?

SETETUT 22 tan (2x + 3) 1 TThelS A hifold|
el WM ST T £(x) = tan (2x +3), u(x) =2x + 3 AN 1(¢) = tan 1 €|

wou) (x) =v(ulx)) =v(2x + 3) =tan 2x + 3) = f(x)
39 FehX fﬁmwwﬁﬁélqﬁ t=u(x)=2x+3. @ %=seozt qeq

9 en 2 @ e 1 o sfEgen fEm g
X
a _dv dt

= =2sec’ (2x+3)
dx dt dx
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SETEYUT 23 x oF Y& sin (cos (x2)) T ATHE HifT]

T WeM  f(x) = sin (cos (1), u, v A w, A HeHl w1 FIASH Tl TH FHR
f@x)=(wovou) (x), Er u(x) = x%, v(t) = cos t MM w(s) = sin s Bl t= u(x) = x> #R

s=v(t)=cost@ﬁﬂ%ﬁﬁ@ﬁ%fm" %zcoss,%z—sintﬁm§=2x3ﬁ'{ﬁﬂqﬁ
s x

1, x o Gl arEdfaes AEl o forw sifae B

3d: Y@l =M & SIRIHT g

df dw ds dt ) o, ,
E:EEE =(cos s) (—sin?) (2x) = — 2x sin x* cos (cos x?)
fasreua:
y = sin (cos x?)
H_4 . n 4 .
zafere I dx sin (cos x*) = cos (cos x?%) It (cos x?)

= cos (cos x?) (- sin x?) % (x?)

= — sin x? cos (cos x?) (2x)

=— 2x sin x* cos (cos x?)

T 1 ¥ 8 H x o Ay fAfafed ®werl 1 Tddhe Shifeld:

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

7. 24cot(x?) 8. cos(vx)
9. fiag IS 6 weM f(x) =lx— 1], xe R, x= 1 T 3ehiod &l 2l

10. fog wifST fod 7w Qoiie wed f(x) =[x],0<x<3,x=1TqMx =2 R
FeeRTerd el 2l
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5.3.2 @ Werl & 3faaherst (Derivatives of Implicit Functions)

I T BH y=f(x) % &Y ok {afqY HeHl 61 SFeshel Hid © § W T8 SAEvIh
Tl ¢ foF worl o Tod gH w9 H e R Sy Sereond, x 3R y ok e Frafarad
Haui § ¥ T W faviw ®9 ¥ fg=ur s

x—-y-m=0

x+sinxy—-y=0

Tgell <90 W, B9 y b Ty Wel X Hehd ® IR GWEY i y=x—7h ®9 H for@
Tohd &1 U 90 H, UH T o 7 5 e y Rl WA FE BT HE SAEE qAH )
ﬁv_{‘*ﬂﬁﬁﬁﬁﬁﬁ“ﬂ@ﬂﬁ,)} ﬁxﬂﬁﬁﬁ%ﬂﬁﬁﬁﬂﬁﬁ%lmx
3R y o a1 Goiel 39 YhR ek fohal o Bl foh 39 y b foly ol e ST
B 3R y=f(x)oh ¥4 ¥ forar <1 9ok, a1 g9 Fed € T y ! xoh T (explicit ) Bl
o ®9 § ofe fra T ¥ SUge SW GeY W, BW hed € 1oyl xoh eI
(implicity ) e o 9 § e TRl T 2

d
33Tl 24 2|'ii’x—y=71:?1)l d—zﬁﬁ S|

T U fafy g € for 89 y o for ot oieh Sudea Hew o1 e wehR o =en
y=x-T=

@ _
A

Taeheud: 3@ 9aY 1, o GrUel WY fashed i |

q4d

d o, dn
VT i

maﬂmﬁﬁ%waﬁ%ﬁﬁxéﬁwﬁa@amnwwm|ww

d d
E(X)—E()’) =0

et aed © %
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SETET0T 25 AR y +siny = cos x A %Eﬂﬁ Al
x

ol B9 39 HaY 1 WY sfaehelsl S Bl

ﬂ+i(sin y) = di(cosx)
x

dx dx
sJEel | &1 TR wE W
ﬂ+cosy~ﬂ=—sinx
dx dx
g Frefafed afomm fie €,
dy  sinx
dx =~ l+cosy
SRl y£Qn+ 1w

5.3.3 Ufaen® GreRIvTfirdta werl o 3iaeherst (Derivatives of Inverse Trigonometric
Functions)

T ;oM e € for iaeis frerioiidia wer Had g 8, g 89 58 JHi el
FHAN| 316 TH T Wl oh STahersl i 10 i oh Al J@en a9 &1 J= &

FETETUT 26 f(x) = sin™! x 1 TRl Fd HIGC IJ§ HF dlfee foh @t
sifeaea =1

Wﬂﬁﬂﬁﬁl’qﬁy=f(x)=sin‘1x%ﬂ>[x=siny
Tl uall T xS W ST I W

l—cosy—y
- dx

dy 1 1
= — = =
dx  cosy cos(sin” x)

AT AT ok 78 hefet cos y %0 o forq aRefa &, a1effe, sin! x —ggamﬁ

x#z—1, 1,3 xe (-1, 1)
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79 9RO I F S S 2q 9 FEfafad SeeR Hieel (manipulation)
H | TR0 SIS 6 xe (- 1, 1) faT sin (sin x) = x 3R 0 FHR

cos’y=1-(sin y)* =1 — (sin (sin' x))* = | — x*

et & ek y e (—gg) cos y Tk ¥FTcHsh TRT & 3R AT cos y = /] — 2

T YFR xe (-1, fag
dy 1 1

dx cosy 1—x?

SETETUT27 f(x) =tan™ x 1 STdehelsl 1A HIFT, 78 WA €U foh gqeht sifkaed 2l

Tol M oifee ff y=tan' x é‘?ﬁx:tany 21 x o Grel A1 Ul T STahHeH
FH W

dy
1 = 2 —
sec? y

dy 1 1 _ 1 1
dx sec’y l1+tan’y 1+ (tan(tan™' x))*> 1+x

2

311 gfaetd o weri o STashersll &1 A1 ST 37Uk 31" o folt Bi
fean 7o 21 9 il enuiHde werl o Stehersii sl fefeiEd JRol 5.4 ¥ T

T R
WU 5.4
f(x) cos™lx cotlx secx cosecx
-1 -1 1 -1
(W \/l—x2 1+x° |x|~/x2—1 |x|\/x2—1
Domain of f* | (=1, 1) R (oo, 1)U, ) | oo, -1)u(, )
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ﬁﬁr%rﬁaasrﬁﬁ%amzﬁﬁm

1. 2x+3y=sinx 2. 2x+3y=siny 3. ax + by’ =cos y
4., xy+y*=tanx+y 5 X +xy+y’=100 6. X + Xy + xp* + y*= 81

2x
7. sin’y + cosxy=k 8. sinx+cos’y=1 9. y=sin"' [1+x2J

3x—x° 1 1
10. y =tan’! , = <x<—F=
g [1—3%) 33

2
11. y=cos_1[1 = }0<x<1

2
12. y=sin“[1 xz}O<x<1

a4 2
13. y:cosl( Xz}—1<x<1

14. )’=Sin_1(2x \]l—xz),—i<x<i

1 1
15. y=sec —— pO<x<—=
2x% —1 J2

5.4 =ETdTeRt 99T TATuTehtd werd (Exponential and Logarithmic Functions)
a1eft ok BHA ol S SEUS e, URET Werd den Bk e, o fafe= o
& FT Teqsll o IR | TR T TH TR § oH WER FAfUd Horl oh Teh AT o
o 9R H HET, {52 =Endiet (exponential ) H%'ITFTTTUIEIﬂ'q (logarithmic ) T Fed
g1 7l R 99 &9 ¥ 78 Fac Savas ¢ o 39 STIe8% o 9gd ° HUA Wk al
e € 3 Ieh! Sl 36 YEsh i faua-oeq oF & ¥ &l 2l
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3Rfd 5.9 ﬁy=fl(x)=x,y=f2(x)=x2,y=f3(x)=x3ﬁ9«ﬂ y=f4(x)=x4av‘ e
feu T €| wam Y TR S-S ¢ 1 ST Sgdl St @ dsh i Yeur ot sedt St
21 % 1 JeUTl S ¥ gfg I e oA Y

A

B ST B s A T e R A (>1)F
oA | HivEa gig o w1y = f(x)
M S Sl 8 S9-S1" p 1 A 1 2,
3, 4 Tl S €1 98 wou € fF T
Fod et ¥ATHE T o T 9 ® S'l
f.(x) =x" €| STORFFHET W, THH 7 T8
gan f J9-99 oo gfg et ot 2
y =f,(x) 1 G y-3F& HT AR Afereh
Fohdl S 81 IR & A £ (x) = 110
Al £ (x) = xSW for=r HifSQ) 4t x =1 v
AH 1 W FEHT 2 B S, @ f, HAN
| 9SG 20 STl ], Sk £ BT A K’
| ¥ 9gH 29 B W ¥ 3 YRR 1 H WA g F faw, £ w Ife s w oAfE F
e affureh dierar 9 el B

U aftert 1 FeRt = B foh 9gug werl &1 ghg ek sid W R e €,
HUq =T S ST ghg Sedl STWi| 36k ST Teh Tifesh Y9 98 331 € foh,
F HIE TH o B S 9gIS Hel 1 STueT Sifush oSt ¥ dgdl 82 TEeh S
ThNHeh € 3R 36 JhR o Her ol Th SRy = f(x) = 107 €

TN @ 9 © fR R oh quiie 1 % o A wem f, wer £ (x) =xt
7o STfeR TSt § 9@ €1 I o fau wH fag R W © R £, () = X0
arden 10° iferen ISl | Sl 81 F8 HE ST o x o o2 wEl o forg, S| x = 10°,
g @) = (1091 = 1050 ST&fH f(10°) = 100 = 1010 | T £, (x) BT ST f(x)
1 UM agd Sifueh 21 Te THg e wiod el © fF x o =7 weft "nl ok ferg st
x> 103, f(0)> [, (x) 1 Y 30 =T W 58T 39ufa < 1 799 T w01 TH THR
xoh I HEl I TR I8 TeATd TR S Hewal € TR, el off o quifes ok forg

f,(x) T ST f(x) B A Ao TS0 H q@A L

TRSTET 3 el y = f(x) = b, ¥ 3MER b > 1 o folT =Rl He heand 2|
APl 5.9 H y= 10* 1 T@faa geitan T 7
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IE el & Sl ¢ o use 39 Y@itas i b o fafdre 5, S 2,3 3% 4% fou
e Y 3| SREIRT Fed 1 o gq@ favman Frefafad 2
(1) =Rl el 1 i, arkdfesh SeAsi % @q==d R g
(2) =R e 1 TRER, GHE U o sl s gq==d gl 8
(3) &g (0, 1) =REMIHT Fer o AR W Td Bl © (T8 39 924 1 TH: HA
2 fop ot oft oreafass S b> 1% foaw 0= 1)
(4) =REEIHT o Ged Uk 90 %o (increasing function) BT &, 37eiq
SE-SY B9 918 W ¢ SR 9gd W §, ei@ $W 334l W gl
(5) x o TATYF TS FOMHF AHI o oIl SREIHRT Herd 1 T 0 o 7d Hehe
B 81 S vkl W, fedia wqgefer ®, oieiE ST x-3181 1 SR SRR Bl
2 (frg o8 =it foeran =&t ?1)
SR 10 9Tl SIS T Wl ohl WIEMTUT TETdiehl eld (common exponential
Function) %&d 81 el XI 1 U3as o IREm A.1.4 § 04 3@ o fo goft

I 1
1+ﬂ+5+"'%l

1 I T UE e © et 7 2 @91 3 o HeA Bl © SR R o 5 Whe S R
TH ¢l MUR & ®I H YA &G T, 31 TH Ad He@qU =EMehl e
y = e B B B ‘J’I%Tﬁﬁﬁ HTdiehl W (natural exponential function)
FEd T

T AT (et AT o S =Rl el o fdeid o1 1fede @ oI afg ‘ef’
A N SHHT Uk T AR w1 S Gehdl €1 I8 @il Frefatead gt o forg e
w2l
aftamer 4 9F WS R b > 1| T aafaw dem 21 a9 g9 %ed € o,
b 3R W ¢ 1 0 x &, 9€ b = a B

b STER W % T I Tl log,a ¥ The & €1 36 TR AR b=, @
log, @ = x 38T A HTH oh oy BT BH o T2 IR H1 J40 HL| 8H 1
T foF 22 = 8 3| U Wkl § BH T 91 i IH: log, 8 = 3 for@ wehdt ¥ T TER
10* = 10000 21 log, 10000 = 4 HAYE FF 1 TH T § 625 = 5 = 252 M log,
625 = 4 3197 log,, 625 = 2 HAYEA T T |

ofter T AR Aferes ufiyeel giieehior § foeR i W & %8 ¥hd © 16 b> 1 &
YR fuifd & o &R0 T i oA aRdfas GeAell o Uead § 9
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IR gemell & 9= | THh Hed Y y = log, x
& T H 3@ W ka1 21 T8 e, o » = logx
TUTERTT et (logarithmic function) y =log,,x
Fed €, Frefafad v o aitafig 2:

log,: R* > R X'« 5 @ > X

x —log, x=y I b =x
7d ®fod e ¥, K SR b=107
Al U “WTNUT STEoTeR’ 3R A b= ®
Al SU ‘WTeRfeer TYUTeR’ Fed &1 Sge v
Wiehfcieh SIT0Th 1 In §RI Johe hid 2| Y 3T 5.10
TH A T log x 3R ¢ ATl TAIUHT Hel i & hidl 21 SMehfd 5.10 7 2,
AT 10 S TUhTT ol o ei@ 39T MY 2

YR b > | 9Tl TAUERTT el shi o Heoqul e A= geieg 8:

(1) OERES (non-positive) TEmsT o fou g9 TETUTh EQRCaE] 31%1“'@ gl T 54
Thd € SN THAT O Hed %1 Wid R* R

(2) TTEUhIT el o URE HEE arEdfass G@Ae 1 S 2|

(3) fag (1, 0) TTOEHT HoHi o 3Teid W Hed &l &l

(4) TG T Tk FUAH Her el €, s1id -5 gq &l 9 ¢ 31 el
%\:, AW 3L HYL 33T Sl %l

(5) 0% Tnfee fiehe i x & forg,
logxa? qa & forEr o "I'Sc
IR &N ° FH R S qhdl
TSR I H, A (uged) wgefa g, R
SATeHg -6 o Fieheas SRR Bl § Y
(g 38 it firerar =&t @)1 S

(6) @Mepfa5.11H y=e q y=log x
o e <MY T &1 T8 A &
W%Wﬁ%i@y:xﬁ@ Y’
TR o o1 yiafae F) 3R 5.11

AUTRTT el o 31 Heeaqul o1 =y fofw o €

(1) TR 9fEdd &1 TF 7 2w 2, e log p &l log, p & W& # 9 foan
GlTEEb_dT%Iﬂﬁ?ﬁﬁl'QﬁFlogap=oc,10ghp=Bﬁmlogha=’yélw33[@2!%'
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%Wa“:p,b[‘:p?f?ﬂ bY = q 21 379 d R IR # 9o § W@ 9
N =b=p
IR TR FHIHT H FA I |V
bB:psza

7 B:ay?ﬂﬂoc:%%lww

TUFREH! W log B T GG THRT T 3 Uk U1 21 A ey b
logbpq=oc%|3'{:|ﬁ b* = pg 9T BT 13 YRR A log, p=p @M log, g =7y
B @ bb=p A b= g W BT I WG b = pg = bPbY = BRI
T Al € TR o= P+, 1l

log, pq =log, p + log, ¢
Y T 99 Tereh g Hewrqul qRumy qe ket € S p = ¢ 81U <90 H,
ST 1 qA: FfaiEd YR 9 fo@r s g @

log, p* = log, p + log, p = 2 log, p
THHT Teh TS AT S o foaw sig fean o 2 srefq fordt off o quifer
n % fag

log, p" =n log, p
arEa o T IR ok feRel it aredferes WM o fow T €, fohq 39 e S
T 1 g @ g fafy @ ueew feefafea 1 gonfia Y wed €

x
lOgb; =log, x - log, y

SEEIUT28 91 U8 T T fF x % @l arafas wHi oh fAw x= eloe @9

el I8d 1 2H AN T log et o1 Wid @+ ¥ ardfosh Hestl 1 9= 3l
21 TEfaT Sue THIeRTT Y-t aTkdfaeh SEmetl o fou T el 1 e W e
& y =2 219K y > 0qd S &l T TR o H log y = log (€)= log x . log
e=log x &1 TSTE@ y = x Wl BTl 21 3TAUH x = ¢ Sheled x o o WHI o foIq e 21

3T T (differential calculus) ®, WTERfeh == el 1 Teh STHIEROT 07

Tg ? o, oraener 1 Uikl & g8 uRafda T ear 21 59 or 1 A e o o
o T 7, e STufd &l 8w BIE °d 2
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uHT 5%
(1) x o ULl ¢ 1 FeTsholsl o & Bil ©, 37efq %(a):e

d 1
(2) x°h WU log x T STEheTS ! g 2, g —-(log) = —
X
SETET0T 29 x o ANy frefafaa &1 tase wife:
(1) e (]l) sin (log x),x> 0 (1]1) COS_l (ex) (IV) 08 ¥
&l
() WH Y y = 21 3@ JEen FE9 o W@ ga
dy . d 4
ax T Ve
(i) WM AT % y = sin (log x) B1 319 J@en F&9 g
%:COS(Ing).%(log X) :—COS (log x)
(i) A AT Ry =cos! (¢7) B o1& F@en Faw gr
ﬂ__—l.i(ex)_ —e
dx '1_(6,\7)2 dx l_eZX .
(iv) WH ST fm y = e B oFa g@en 98 g
ﬂ=e°°‘” -(=sinx) = —(sinx) e“*"
dx
frfafed 1 x o GrUel STaehers hifeg:
eX
1. 2. sin'x R
sin x ¢ €
4. sin (tan™! e™) 5. log (cos ¢) 6. e +¢* +.. +e"
COS X
7. el x>0 8. log (log x), x> 1 9. logx’ x>0

10. cos (log x + €

*FUq W TIZT GEA T8 303-304 W 3G
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5.5. FT‘EIQTU'Iﬁ'J AdhcA (Logarithmic Differentiation)

39 398 H g fAfafad YR o T fafite o o Tal &1 Tashald Sl HE:
y=f() = [ux)]
A (¢ SR R ) 1 R 9P l FAfeafad vhR @ 74 forg g €
log y =v(x) log [u(x)]

sjEen fem o gI gr

B ().L , ’
y dx e u(x) v -log (o]

T ad © TR
& = y[_v(x) ~u’(x)+v’(x)~log[u(x)]}
dx u(x)

7o faftr & wq < 1 e 91 T8 © TR £(x) 91 u(x) 1 Hed G gl =T
3TAT I9oh VTR GRHTSA 81 Bitl| 39 UfshaT Sl STIITUTehIA 3Tdeher (logarithmic
differentiation) Fed € iR 50 FreAfofaa ssEl gr1 T o o )

2
IEETOT30 x T T w?ﬂwﬁﬁml
3x“+4x+5

| (x=3) (P +4)
el T y_\/ (3x> +4x+5)
T Uell o T oH W

1
logy= 7 [log (x - 3) +log (x* + 4) ~ log (3" + 4x + 5)]
AT T T x, o HIUET TR B W

lﬂ_l 1 N 2x B 6x+4
y de 2| (x=3) x*+4 3x’+4x+5
dy y 1 2x 6x+4
37gell — == + -
dx 2[(x—3) x*+4 3x2+4x+5}

1 =32 +H[ 1 L2 6x+4
T2V 3x%4+4x+5 [ (x=3) x*+4 3x*+4x+5
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IETETOT 31 x o GUE ¢ 1 TR HITGU, &l ¢ T o9 3T 2
T O ofiftay ff oy = @

logy=xloga
T T&l HTx, o WU SR HE W
1 dy
;E =loga
SIRE]] ﬂ =yloga
dx
TH T i(Clx) =a'loga
dx
ﬁm: i(ax) - i(exloga) :exloga i(xloga)
dx dx dx

=e'¢ loga=a‘loga
IETET0T 32 x o WU e, o1 3fesher Wiy, S fh x> 0 B
T M WS foh y = xn* B) 7a S el o1 ek o W

log y = sin x log x

37U , ﬂ = sinxi (logx) +1lo xi (sin x)
y dx — dx £ £ dx
Tdy 1
a0 y dx = (s1nx);+ 0g X COS X
aq Q y[smx+cosxlogx}
dx X
sin x sin x
=X [—+cosxlogx}
X
= 2 sinx+ 2" - cosx log x

SEETOT 33 AR y + 0+ x =Rl A %Eﬁ Al

Wﬁ"m%ﬁyx+xy+x"=a”
u=y,v=x a9 W=xTE WEH u+v+w=a 9d B 2
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du dv dw
Tafere — =
dx dx dx 0
3 y=y 2l A qEl H AR o W
logu=xlogy
T Tell HT xS WY TR B W
1 du d d
- x L (log y)+1log y- &
L de xdx(ogy) ogydx(x)
1 d
= x—~—y+10gy~1 W el 2l
y dx
du x dy o x dy
— —ul——+lo =y |——+lo
. PRI P,
SH'TBIT*"I'{ v=x
THI Tl HT TLE H W
logv=ylogx
T Tell AT x o WY STTRET B W
1 dv d dy
=2 % logx) +logx 2
v dx ydx(ogx) ngdx
=y —+10gx D e g 2
dx
dv [ }
31dque —= +logx—
dx
dy}
= +1lo
[ s
q: w=x"
T Tel T TEUE FH W

logw=xlog x

AT Tl T xS T ST HH W
1 oaw
w dx

d d
= +logx.—
xdx(OgX) ogx z (x)

1
x-—+logx- 19 giar B
X
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W
— =w (1l +logx)
dx

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

x dy Ay dy
| =—+logy |[+x'| =+logx— x -
y [ydx gYJ (x g PRI RE: (1+1logx)=0

d
a (x.y*‘1+xy.logx)d—i=—x"(1+10gx)—y.xy‘1—y)‘10gy

dy —[y* logy+y.x" " +x"(1+logx)]

E:

19 119% o 991 § YSK el ol x oh TT98T 3Taehel hifsl:

x.y"7 +x" logx

" o 3 5 (x=1D(x-2)
. COSX.cCOS . COS J>x . (x—3)(x—4)(x—5)
3. (log x)* 4.0 - 2%
Yy,
5. (x+3?2.(x+4)> . (x+5* 6. |x+— | +x\ *
X
7. (log x)* + x'og~ 8. (sinx)* +sin™ /x
. . XCOSXx xz +1
9. xfinx 4 (sin x)eos* 10. x +2—1
2 —

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

. . d
129 15 9% o Yl § Y& el oh forg ﬁsnﬁaﬁﬁnz:
12, ¥ +y'=1 13. y=x
14. (cos x) = (cos y)* 15. xy=e&-»

. 4)

16. f)=1+x)(1+x) (1+x*) (1 +x°) R I HelA 1 STahersl 1A DI #R

9 JHR f(1) 9 HifSg)
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17. (2 =5x+8) (* + Tx + 9) T b FHAANET T FhR & Hiforg:
(i) TOFES 9 HT F=T R
(i) TR o RNl BRI Uk Uhdl dgUR WK Hich
(iii) TTEFTUTRTA STaehe NI
g ot G HIT foF 38 YR WIwd i+ S T9H 2
18. AR v w, xS Hed &, @ I fafeal saiq gem-—Toree fam s e
5, fgda - TR STashe g Swiise fR
du dv dw

a(u.v.w)=av.w+u.a.w+u.va

5.6 oMl oF YTelfcieh ®Ul o 3Tdchelst (Derivatives of Functions in

Parametric Forms)

FHefi-meft g = ARE o St 1 Gee T ql T Bl 2 3 7 e, fhq Tk 31
(fredt) =R TR § gercp-qores Sanl g UUM {1 IR oh Hed Teh dee Tfud gl S
2 Ul feufa o &9 hed € T S 91 o a9 1 Hed T Al wR AT o wrer 9
afofa 1 78 ek =X T wrerel (Parameter) Seardl €1 3ifeh gerse aiich 9 &1 =R
iy X qen yéa ﬁﬁ,x:f(t),y:g(t)%@ﬁ@iﬁﬂﬁﬁ,ﬁmmﬁm
T4 wed &, Wl 1 Ty 2

9 €9 F WMl oF STEhas dd w og, @ fEE 5|

dy _dy dx
dt ~ dx dt
dy
ﬂ_ﬁ( 5 & )
7 i = de SEED dtio I 2T 2l
dt
ﬂ_ g/(t) ( - Q_ ’ @_ ’ ) ’
39 THR &= 0 E2IIED dt—g(t)ﬁ%ﬂ dt—f(t) [a=Td (1) # 0]
W%TUT34qﬁx=acos6,y=asin9,ﬁ%3ﬁaﬁml
7 e g

x=acos0,y=asin9
dx

. dy
BRIy de——asme, 70 =qacos 0
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dy
dy 4o acosO
— = === =-—cot0
o dc  dx —asin® o
de

33180l 35 W&x=atz,y=2at%ﬁgmﬁﬁ§|

zo fem & x=at* y=2at
dx dy
ggqfeq — =2qt dqAM —=2
dt a dt “
dy
dy g 2a 1
3:|ﬁ' — = — ==
de  dx 2ar t
dt

IS8T 36 zrFf{x=a(9+sin9),y=a(1—cose)%Fﬁ;ZSleEh‘"l‘i\TrlE |

\‘.dx dy .
& Bl ——=a(l + cos 6), — =a (sin 0)

de de
dy

dx  dx  a(l+cos9) 2
doe

e e A Zﬁﬁg@mm’xaﬁrmmm
o1 &1, shael YA % URl | o F B

2 2 2

ISEIUT 37 Zlﬁ'x3+y3=a3%?ﬁ% M@ SIS
X

el M ST fF x=acos’®, y=asin’ ¢ @
2 2
(acos’ 0)3 + (asin’ 0)3
2 2
= a?(cos’ 0+ (sin’ ) = a3

=
w

+

~
0| w
1l
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2 2 2

I X =acos’0, y=asin®d, x3 +y® =g’ H UHEfcIH THHW T
dx dy
- _ 20 o = _ 02
T TR, 70 = 3a cos® O sin 0 3R 70 3a sin* O cos 0
dy
dy 4o 3asin’@cos y
zafau = = ——tan®=-}3=
' de ~ dx  —3gcos’0sin® x
do

I YT WA 1 W 10 T ° x q1 y KU Feiemon g0, T W § yEfas €9 H
aﬁmﬁmmwwﬂwmﬁmwm%mmﬁm

1. x=2a y=at 2. x=acosB,y=>bcos6

4
3. x=sint, y=cos 2t 4. x=4t,y= —

t
5. x=c0s 0 —cos 20,y =sin 0 —sin 20

) sin 1 cos’ t
6. x=a®-sinB),y=a (1l +cos0) 7.

= , Y=
o \Jcos 2t N cos 2t

t
8. x=a(COSI+10gtaHE)y=asint 9. x=asecO,y=btan 0

10. x=a(cos O +0sin0), y=a (sin 6 — 0 cos 6)

11. -q-&— x:\/asin’lt’y:\/acos’lt’ aw.ﬁﬁ %:_X
X

X

5.7 fgetar =hife a1 3@t (Second Order Derivative)
M efifse fw y=fx) T

b _.
5 =@ (D)
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TG f7(x) SR B 1 BH x o W48l (1) 1 TH: Saeher L ehd €| 38 FhR

o d(d .~
EIRIRES] I (d_z) Bl S =, o fgdia shife &1 staeketst (Second Order Derviative )

Fed & 3R i—zzy@ﬁlﬁﬁﬁmﬁélf(x)év‘%ﬁq FifE o ke &l f7(x) T ot
X

frefaa e 81 At y=f(0) 8 @ DAy) A y” Ay, ¥ it Frefag s &) zw feoof
Fd & T 3=a %H & eTadked i 3@ YR fRe S 2

2

3Iargur 38 2I'Ff{y=x3+tanx%\Fﬁ %Eﬁaﬁﬁl‘ql
X

' ﬁm%ﬁy=x3+tanx%\| A

dy
E =3x> + sec’ x
2
gafeTT % = di (3x% +sec’ x)
x x

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

2
3IETEI0T 39 A y=Asinx+Bcosx% @ fag ifse 6 %+y=0%l
X

T T W

L Acosx-Bsi
i cos x — B sin x
42
3R #:a(Acosx—Bsinx)
=—Asinx—Bcosx=-y
d*y
39 R ?+y=0
2
SEETUT40 AR y =3¢ + 207 @ fag FifC %— %+6y:0
x x

T TE y=362"+263)‘%| 3

dy =6e™ + 6e* = 6 (e* + &)
dx
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d?
Tgfen d—y 126> + 18¢% = 6 (2¢> + 3¢™)
3 i—Sd— +6y =6 (2> + 3e¥)
’ A dx YT e
-30 (ezx+e3)‘)+6(3ezx+263)‘)=0
IEETT41 Ay =sin! x B A <@ FF (1 - 2)—— = =07l
T Iel y=s1n‘1x% al
dy 1
dx 11—
dy
7 1-x*) = =1
( )dx
d 2 dy)
I Ja=x>-Z =0
K i ( =x )
d’y dy d P
1-x* +—=. 1 =0
- (=) e (=)
d’y d 2x
- (1- 2)._27__37. 0
dx” dx 21— x*
d’y  dy
3T 1-x*) =5 —x—==0
( X)dx2 xdx
faereua: & ® & y=sin‘1x%?ﬁ
= 3:'94%[ 1 x2 =1
\/1 x?
U (1=x*)-2y,y, + . (0-2x)=0
3 (1-x)y,—xy,=0

YT & 1 910 Tk | U el o fgdig sife o staehas Ad sifsg:

1. X2+3x+2 2. x* 3. x.cosx

4. logx 5. x*log x 6. e*sin Sx
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7. e%cos 3x 8. tan"' x 9. log (log x)

d2
10. sin (logx) 11. A y=5cosx—3sinx e @l g wife o d—§+y=0
x

12. Ay=cosxd A ‘;_j;wwya%uﬁﬁamﬁm

13. 3fg y=3cos(10gx)+4sin(logx)%ﬂﬁ@'ﬁ'ﬂﬁﬁ x2y2+xyl+y=0

14. 9% y=Ae™ + Be ® d 3wz foh ——(m+n) +mny 0
15, 7% y = 500¢™ + 600¢ 7 & T wwew fr = y =49y 3|

16. aﬁe(xﬂ)_l%aitsﬁmﬁs y [:Z)%I

17. 9% y=(tan'x)*® d ST T\E(x + 1Py, +2x (2 + 1)y, =2

5.8 HIEIH WHY (Mean Value Theorem)

39 STI% | g faehel T o & SMHRYd uRondt i, fo fag fhw, v &3

TH T YHAl i SAMHAT ST (geometric interpretation) T FH I FH|

T 6 U ST YT (Rolle's Theorem) AF ST % f: [¢, b] — R ¥gd HAaw

[a, b] © Haa qen forga et (q, b) § STaweE 2 3R f(a) = f(b) & &l a 3R b

arferes GEAT €1 qe fogd STt (a, b) W Tt T ¢ w1 e € 6 £7(c) =0 B
3Tepfa 5.12 3R 5.13 & &= U@ fafdre werl & o fiu 7w &, i Ut oy

1 TREHeT &l HE w4

N
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e ST foh o 3R b ok Tea feord ok o fagell ® Tt Y@ 1 geum@r W
Hfed el €1 T W Yoie oeid W %A 9 W U a5 W qeual g 8 Wt 8

Ut o WA 1 UL I <l €, Fieh y =f (x) o T o ot fag o ool
W@ T AUl o o Tel efug 9 fog W f(x) HT STk el 2
T 7 AEAEE 9T (Mean Value Theorem) A <fifst & £: [a, b] — R a0
[a, b] B Fad qe SRS (q, b) H SFahaa €1 q AR (a, b) § Fre TH ¢ 0
i & T

oL DT @
b-a

2 Y fF Tregm E 98 (MVT), T & Y89T &1 T faearon (extension)%l
3TEY, 79 &Y HILAHM YHA i SATHATE SRA THei| |eH y = £ (x) 1 i@ SThfd
5.13 9 fan 21 89 U € f/(c) F @ aH y =f(x) o 1605 (c, f(c)) W Gi= T

mﬁ%@ﬁm%mﬁmgﬁ%%lwﬁfs.mﬁw%ﬁswﬁgﬁ
—da

(a, f()) 3T (b, (b)) o TA Wit T D€k WM (Secant) HT FAUMI &1 HETHH THT
o gl T © TR T (a, b) W e Tk g ¢ 3@ YR ® T (¢, fic)) W @i T
et @, (a, f(a)) T (b, f(b)) Togeti & ot @i=h T S5 W@ o GA Bl 81 TR
v H, (a,0) ¥ TH g ¢ TR (¢ f(0) R TR @I, (a,f (@) TN (b, f (b))
i fe 9t Y@ Es o e Bl

Y
o, £ (b))
,_Q
N (£ ()
@ﬂ
X'<€ - 2 X
YI

3TTHTd 5.14

SETETUT 42 WeH y =2+ 2% fau el oF YHT 1 G ifee, & g = — 2 a0
b=2%I
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T e y =2 + 2, S [ 2, 2] § Had a4 e (= 2,2) H AweT 21 WY &
f(=2)=f(2)=6% 3@UA f(x) T qE — 2 T2 W FAE &1 Vel o THT & IFTERX Th
g c e (- 2,2) %1 Al &, &I £(c) = 0 819 f/(x) = 2x B 3HAT ¢ =0 W
f©)=03R c=0e (-2,2)

SETETUT 43 3Ta0a [2, 4] H ®eM f(x) =2 o U meomm y9a i genfua i)

T WO £(x) = A [2, 4] H Haa 3R AT (2,4) T SAoehera €, Fiifh SHeR
FTHAS f(x) = 2x FAaUe (2, 4) ¥ g 2

G f(2) =4 3R f(4) = 16 T 3T
f(b)-f(a) _16-4
b—a 4-2
HIEAHM YO0 o STTER Tk 95 ¢ e (2, 4) TH €A1 =1eT difeh £/(c) = 6 &1l T&l
F/(x) =2x AU ¢=3%13W@: c=3€e (2,4),  f(c)=67TI

1. ®eH f(x) =2 +2x—8,x€ [-4,2]F T Tt o Yo I FAMIq HifoTq)
2. it Sty fo o Ut o1 w0 Ffatad el § 9 f-fra ® ) g 2l
T SEEWH © A1 39 YA o FHF o faedid & g § PO HE ohd 87
(i) f() = [x] o fAT x e [5,9] Gi) fx) = [x] ok Tem@xe [-2,2]

(i) f(x)=x*—1% faW xe [L,2]

3. 9% f:[-5,5]— R U& Gad ®ed € 3R afk £ (x) fomdt o fag = = =& e
2 q fag Sty & £ 5) #75)

4. HIEEE THY MGG HISC, IS A [a, b H f(x) =22 —4x—3, SBla=1
AR b=47

5. HISAHM THY GAMG SHIST ARG AU [a, b] H f(x) = = 5x°— 3x, SR a = 1
AL b=3% f(c)=0% faT c e (1,3) ! @ HiST

6. T HEA 2 § SHE U F el o foIT Wi W okt STUET ki i hife)

=6

fafaer 3ergvor
SEEIUT 44 xoh Foe F=Afafag &1 steemeas sifs:

1 .
(i) NB3x+2+ (i) € *+3cos” x (i) log, (logx)

V2x® +4
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'

1 1

() T fse fm y:\/3x+2+\/21274=(3x+2)2+(2x2+4)_2%|
X~ +

I ST foh I8 Ho 9t arfaes e x>—§ o foru gftsnfia 21 ggfere

1 l_l d ( 1) 2 _l_l d 2
—(Bx+2)?2 - —(CBx+2)+| = |(2x"+4) 2 -—(2x" +4
S Gx42)2 = Bxa 2+~ J @74 2o (2 +4)

= % (Bx+2) 2-(3)- (%) (2x* +4) 2 -4x

3 _ 2x
T 23x+2 3
3xF (2x2 +4)2

e et x>-§aaram&mrqa%|

(i) T ST y =™ +3cos™ xRITE [—1,1] F FOF fag & forg areefem
21 gHferT

&y = eseczx.di(sec2 x)+3[— ! j
X

I—x
= eseczx(2secxi(secx))— 3
dx 1-x*
SCCZ.X 3
= 2secx (secxtanx)e
1-x*

SCC2 X 3

— 2sec’xtanxe —ﬂ
M ST & Uea Bo 1 Stdshers shad [—1,1] B € "= €, i
cos~! x ok STaehersl o1 A shael (- 1, 1) ¥ 2l
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(iiiy T AT 5y =log, (log x) = w
og7

I St G@msti x> 1 o Tt wer afitwfyd 81 safaw

(3R uRadd o T gN)

dy 1 d

— — —— —(log (o

0 10g7dx( g (log x))
! ! -i(logx)

~ log7 logx dx
1
- xlog7 log x
SETETUT 45 xoh Wel Frefeiad 1 STeeher hifse:
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