(Proofs in Mathematics)

**Proofs are to Mathematics what calligraphy is to poetry.
Mathematical works do consist of proofs just as
poems do consist of characters
— VLADIMIR ARNOLD <

A.1.1 9firerT (Introduction)

FHal IX, X qo1 XIH B9 HeA, 9o HUH, HUd o FoyA, faam don gfaueres
ey R AR, ST e, @rea g FmAras faa=m &t Geheure o a9
o 1g ok B

T8l &9 T el i fag (W) s w1 fafae fafual w famm i

A.1.2 Ut T 2 (What is a Proof?)

ot TIforier sher ot St W el T U ST fafawe g ¢, ek Yo e
o sfifeca = foret aRenfora g o1 foredt stfpeia on foredt Ut @resr g1 g shd
&, fort fmafer fafyr qen = smaftanfod asi gr0 vl i difeher oMt 61 wam
< T vt S g A

TH YR Yedeh Suufd fmafes qenf &1 U @ g @, e @ g 6t oo
ReheuTd qen frehd B 1 ifurshal g ferelt wrea ot Sad fRu gu qedt @ weae Gfd
N fag #%d B R we-edt e v @Y fag w6 A1 oTden STk GAded Wi
1 TG T S 2al €1 39 YR Frelt W i foag & w1 < fafuat weivfa et
€, d: Yool SUGM 1ol STqcdel SUuTd 9 $@eh Sifdiem Wedsh faty ® o
f-fo= alieh e ®, foment == 9= @ T R

YeIeT YT I8 WA % 98 39U ©, 9 7 1Y ¥U | ued qea 9 Uiy oY
e 1 I9afa T W B
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198 Tfora

(i) Hrem-dremr SWEA (Approach) T ehl 1 Teh S@el €, S YSH 3@l shicqd
Al ¥ Y IR ek, PRIl aRwifya wgi qen qd gt WAt i werd
T ek & femi o van gr, fag fhe o el fred w1 geifor s 21

Frfafad 33eo | fa=mr wifs:

SEEIUT 1A P2 —5x+6=07 x=3 x=2T

T - 5x+ 6 =0 (& ?)

= (x=3) (x—2) =0 (TH HH & oI SAh ¥ e W)

= x—=3=0Aqx—2=0 (TGO A ab=07F a=0Ab=0,a,be REA)

= x=343=0+3TAM x-2+2=0+2 (THHT % A Uil  THA e e
T 3T ghfa afafda &t et 21

= x+0=3Ax+0=2 (I o FTIq YUk o acadeh(Identity) TOT °h
TR §H)
= x=39ax =2 (A o dId Yol oh TdHE 01 o TAM GHI)
X=5x+6=0=x=3Tx=2
Tl p UEH HUT X2 —5x+6=0"% 3 ¢ FT=HT He “x=3AMx=2" B
FHA poh HAsH x> — 5x+ 6, THH oI Th 3G Fsh (x—3) (x—2) ¥
gfeeenfid w2 % B9 Tk oH5Hh 1 “(x — 3) (x—2) = 0" T W B
() = (x—3) (x - 2) TFE ThR ok 22— 5x+ 6 % TUH (qed) € 2
(i) et =ister &1 ST THM TH 311 o 4 80 Y gfqeenfud & ad © 2379
T vem 1 e fusel wmensh § [ores g fag e e el
X=5x+6=x*-3x-2x+6=x(x-3)-2(x-3)=(x-3) (x-2)
fgdta 99 aeh & 98 &Y (qeh o TEEl) g HWE el 2

T S r YdHUT (Premise) a1 YA HeA @ Sl €, @@ wed
st “x—3=0 Fx—2=0" I BIl &1 Tedeh =00 (steps) b1 Hifae wIS+ (brackets)
" fea 2
IE Wiehal TR a0 ook werdl Tl © St qeh g Sifan TRt W T wde Wi 2

qeh H1 TR HEQeAd A BN A8 YW e H ? fE p =¢
T 2l

p 8 URY Feh A GR p =r =5 =... =g &I JHIUG HifQ| Td:
“p =q” TA Bl
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Tfore & squfeal 199
3ETET0T 2 fag HIT & el £ R =R S fx) = 2x + 5 g TR 8, Tk Tohe!
(one—one)qv_cﬂ%

Syufe =M ST fF wer £ T B AR f(x) = f(x,) =x, = x,
(Thah! o 1 qRT)
a9 UH AT R f(x) = f(x,) S 20+ 5=2x,+ 5

= 20+ 5-5=2x,+5-5 (3 vl ¥ WA HE&A Sed W)

= 2x+0=2x,+0

= 2x, = 2x, (STEdfesh W@l § AT TEHE 1 0T
. 2 % = 2 xy Gl e e i e e
= X, =X,

3Td: e THa! T

(i) T TR

Tfordta smTEE, el w5 fag w0 w1 we i fafy R fwe ey it

S 21 T faf § S oted Frefanad SRR R SeRE B S

N & U& U4 3u8q==d S H, AR
(i) Yrehd "&A 1 e S dAM
(i) Uhd &N k+1le S & ke S,WS=N

Tfordts ST w1 fagid ge € T A T weM “S(n), n =1 fau qe @ (s1eren
frdl ot yrfyes He©m j o fou 9 @) 3 S ®oM n=k o fou ¥ 8R4 § =98
fdrifed € foh T8 n=k+ 1 o foIu rfarda: oot @ (S st o gl £ > j), @ wew
e fordl ot o= qurieh o, W8T n> j o forg @ g 2

39 B9 B IS o B

cos® sin O cosn® sinn 6}

—sin n©® cosnO

msqﬁ;A:[ } ?ﬁ&@mﬁsm:[

—sin® cos O

cosn® sinn 6}

—sin n©® cosnO

&l 7 feran f P(n):A":[
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200 Tford

cos O sin 0
—sin® cos O

TH 3@ ¢ T P(l):Alz[
3d: P(1) 93 2
o WM o T Pk) 9o €, e
. cosk©® sink©
PR =A™= _Gnk o cosk 6
ql &n fag & WEd € R P(k + 1) @ ®, S i Pk) T ®, @i

cos(k+1)6 sin(k+1)06
Ple+ 1) - A% = [—sin(kﬂ)e cos (k+1)6} @
T AR = AR A
Ifeh P(k) 3 &, S@ferg
[ cos kO sinke} [ cos 6 sine}

Ak+1 = .
| —sink® cos k@ —sin@® cos 0

__coskecose—sinkesine cosk ©sin O + sin k 6 cos O
| —sin k © cos 6 —cos k 6sin 6 —sin k 0 sin 6 + cos k 6 cos ©

(3Tr=2e T 8T)

[cos (k+1) 0 sin(k+1)0
| —sin(k +1)0 cos (k+1)6

A P(k + 1) T ®, 5@ H9 Pk) TF 2
AT P(n), noh |t WE (e qUiieR) o forg @ 2
(iii) Taf= feafaat & fa@sT gro oteer 9T grr Suute

HU p =g & T0g HE w1 g8 fafr haet asdi wa 8, S9 p ol IS Al
r, S, t (WW)ﬁﬁ'@%ﬁWWW@@W%p:rv s v t(ﬁﬁ“v”g'cﬂil?
g “ar o faw)

RIEREIRECHCE | r=gq;
s =4q,
2 I =q¢q
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wforg o squfaar 201
1y fR S, W (r v s v 1) =g, TS B S @ SR 3H YER p =y
IO B 2
7@ fafy o uftered &1 Yeier S99 90 1 Sirer Wil g1 e fafy series w9
T haet quft giaursHe € oe fagued g U weHl 1 @ w9 el

saretor 4 fFE e ABC, # fag wifsw &

a= bcosC+ccosB
T WA S R p FeM “ABC TH e € 7 qu g Fem
“a=bcosC+ccosB’ %
M ST fF ABC T 399 21 ¥d A § BC (STvaadidaR 98k ) W o«
AD gifem|
&0 A ® R T e @ At Ao B stfushentor st = quehio e
m%,wgﬂpaﬁr,sﬁm tﬁﬁ'@'&@ﬁwm%,ﬁ
r: ABC T = fust 7, fod £ C =gahion &)
s : ABC T& aifusranio fruqet ©, fomad £ C sferskarion 21
t: ABC T gushiol frust ®, fad 2 ¢ oo 21
d: B WA 1 IUg i GHest o foe srem-eem fag w2
I (i) 19 L A, £ B, a1 £ C 1 & =Fehiol € (31epfd Al.1)
gashv B19s ADB, g

BD
E:cosB A
37eIiq BD =AB cos B=ccos B
gashu fA9s ADC gR0 . 5
W _
AC = COS
ERIGY CD = AC cos C ] ~
s c B a D C
T Deos TTERfA A1.1
A a=BD + CD

=ccos B+ bcosC .. (1)
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202 TTfoTd

T (i) 91 £ C SAferehepiol € (3ehta A1.2)
gHsu A5 ADB §N0

BD
E =cos B
37Aiq BD = AB cos B
=ccos B

D £ ACD
AC =cos

=cos (180 - C)

3TTeRfd A1.2
=—cos C
SRIGY CD =-AC cos C
=—bcosC
3 a=BC=BD-CD
?ﬁﬁﬂ a=ccos B-(—-bcosC)
a=ccos B+ bcosC .. 2)
<900 (iii) 919 £ C WHIOT & (3Tepid A1.3) A
3191 ACB, g1
BC
E:cosB . ,
?ﬁﬁﬂ BC=AB cos B
A a =c cos B,
b cos C=bcos90°=0 u
aa: &9 for@ geohd © a=0+ccosB B a C
=bcosC+ccosB FTpTA A13 ... 3)

TR (1), (2) 92 (3) W B9 UM €, o feret Brys ABCH
a=bcosC +ccosB

TIM () ¥ r =>¢ THIE B

TIM (i) ¥ 5 =¢ T B

a9 (iii) ¥ 1 =¢ TAT0 B

FA: (r v s v 1) =g THIE B AU p =g THI0E 2,
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wforg o Syafaar 203

AT Suuta: U T wiea 1 e yifog 3 o Uas °, g9 3U%h 9uqed
fordt T i fag #%eh, US9 WA 1 JEIOE I €
(i) Tetrenfem grr SUUfe (Reductio Ad Absurdum):

Tl B9 3@ Al W YR hid © o qieheu W € qen Rt ot #1 ek o

i o 9E 51 29 39 et R wEed € R U 9 9o e, e B, S U

feieiferd 21 o7d: Yo oM T © 39 fafdl & Uk ISR g HHE B
SETETOT 5 W AYRT @A 1 W= Ui (Infinite) BTT €1
7o 4 eifeie foh w95 19 gemnst (Prime Numbers) b1 ¥Y=ad P S eraifra
21 81 39 A o 9 (Negation) i, S1ifd Toe 19 G o1 G=ad IR
T %, T A o €, S1eiiq e ST Wemsh o1 g qiihd ¥ sufae e weed
A TS ® YAEE H Thd §| AF e fF P, P, P,,..., P, HEE 19N
Teet &1 g T o9 °E e

N= (P, P,P..P) +1 (D)

e ® fF N ot Semsti &t gt ° 96 7, Fife g g w1 e off wen
g stfus 2
N =1 @ A9 §& ? A HgE Hen ©l

I N 19 W& 8 @ (1) o 9 el @ for Uk Ul 319 W o1 st
g, S e # T R

e 3R, A N U Hgo TEA B, ol $6h1 % W H T 9T 9k (Divisor)
B =few) g g w1 #1E Ff Gem N 1 fawfea (qofen @) =2 o gl €, it
I 9 fRe & g N1 faisd o W 99%a ¥ed | a=d 21 37d: N 61 94
ISTeh e o ST i o G €l

g I%, 38 ®eF &1 T T Tt o1 et w1 gE o o 7, fekeifa @1
T YR TR YURn 5 Geft st Semet 1 gqeaa ufkftd €, o
q: gt A9 WS 1 W=ad S{UfHa e €l

| Teoott | (o GfSu i swi swafa & fafamr sensit o foraved g0 swufa
1 fare #1 STEM 7))

(ii) WS HAT T UlaeHTHe ( contrapositive ) HIT oF WANT gRT SUUTH:
TET GUfqael ®oM p =¢ ®1 f9g FH & T W B TR AT HUH
~ g =~ p &I fag wwd € (foenell gugead w1 genfua Y T 7)1

foreht feu g wufaey wem o skt qen uRehea &1 fafva &3 374 9 J&s &

YT S § YS9 HUA T GIAUAHS HeH ol 2
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204 TTfoTd

SAETOT 6 TG HINY T £(x) = 2x + 5 g0 TR Fe £: R R Theh! ®er 2

T WeM THH T T, A f(x) = f(x,) =x, = X,
THH] TN hh B YA BN ¥ 204 5= 20, + 57 =, = x," T8 p =g, F
Y HE, TET 20+ 5=2x,+5FUA p & A x, =x, HUF ¢ Tl 39 910 Hl &7 IR
2 ¥ “veaw fafy” grn fag & g 2

B TH S heH o UideETcHsh e o WA gRI i qHITo Y Hehd @1 TRy Y
FUT F UAEATEF FI ~ g =~ p T, FA “IR f(x) = f(x) Tx =x"FH
TfauAeTR € <A x#x, W) £ S(x)”

A X, #X,

= 2x, # 2x,

= 2x+5#2x,+5
= Flx) #f(x,).

Flfeh “~ g =~ p”, R “p =¢” A T, T THR YU gof |
SEEI0T 7 HIUIG hifeg foh “afg 3Mge A, Invertible % qr A, Non-singular 2"
T ST FH H FdiehTcAS ®9 H fa@H W p =y T&l p FeH “3ME A, invertible
@ e q YT “A, non-singular B

Yo e ! AU i o Tasl | &H gHeh GquHIcHs S i JHI0E Hid €,
3‘[% IACATH non-singular 378 BEl % qal 3Ye A invertible T B
I AT non-singular 38 & 7  gEeht e g3 Al =02

“&A 1 i 7 8, FFIAI=0

3d: A, Invertible &l %I
T YR 4 I8 YA o feon o afs At non-singular W‘lﬁ%?ﬁA,
invertible =&l T FAA ~ g =~ p.
3d: I T 3T1=[% A invertible % ar A non-singular %I
(iii) WISTEIUT (counter example) gRT Ui
Tford o s ® W oTaeR off o €, v foRdt ufteRfeud st &1 9

IYAFT G H o i TAH ST B ST © SN AT IR0 & TIHH i
safafradar stfoffa o= Tt 2

T feufd o o8 o ® T, oM 1 o9 fag &9 & fou, g9 T 39
%3 Toh| el oM i 3T T oTell SSTER0T YegSTER0] HEcldl &

A Al =
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wforg & Syafaar 205

Fifer e p =g H1 G, W ~ (p =q) 1 oheled A Teh STUM Brel 1 37l
7 off sudfa &1 ww fafy 2

SETETUT 8 HUF: TAF ne N U, (52 + 1) TH 1907 TE&A 2l

78 ®HYA FEfafEad Jeon o YR W Teh 999 9 U1 T ol
S+ 1=224 1=55 % T 19T wem 2
2+ 1=204+1=17 f& 1907 wem 2
27+ 1=2841=257 5 & & 19 2l
Fafa, gom 3fic # g8 ATqHiwor GE gdia g €1 stadTen g gfquifea
fom T fF 2% 4 1 = 22 4+ 1 = 4294967297 T AN HEm W& 2 witE
4294967297 = 641 x 6700417 €1 STl < H&NA 1 UGS € (1 91 T o Afafer)
TH YHN g SATHIH T “T&F n o Iy 22 + 1 Th 9T §&1 8 Vne N+
IEA B
TS Shelel I€ Teh A0 foh 22 + | 319 &l €, 1 SEeU] SAIh Ul i Gisd
FT o fau v 2
;g fag =R 5 fF wem “9d@% ne N& fau, 22" + 1 T& 3199 9&T
27w T 2
SETETOT 9 HYA “YAF Had o SR Bid 21" W fomEm wifiu
Wﬂﬁ:%’qﬁmﬁ@ﬁmmﬁﬂﬂm%:
O f=x
(i) g =e
(i) 7 (x) =sinx
3 geft B x o el A o foT Had B Ak g9 s © feER w3
x o Gl Al o foIq sreehera €1 98 e 3 faverd o forg Ui @ @ foh ke
“yeieh Had wer SfaeherE Bl €7 Wed Bl fohg A€ B Wwer “o(x) = IxI” I
HeTHEATIAl 1 e Y, S fh Had €, @ 8H 2@d € o T8 x= 0 W Aeherg Tel
21 THeT A9 TE g3 o e “ yodeh Had e Sfeeheria il @7 3TEed @1 wer
“O(x) = x| T el F8 Teh SIME, SATTHIH0T h1 Wed FH o fory gafe 21 er:
T “O(x) = |xI” I T T FHem erufq, ‘e Tad wer tdeReta g 21" o
T HT I FEd B
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wfurdta freeia

(Mathematical Modelling)

A.2.1 4T (Introduction)

e X1 H g TIfrcia f5e sl arfos Sie i THEAsT o 5o 379 1 o |
H o1e79H o Th YA o &9 H I goh €, 31, ST gfase 1 wA ek frdt
Gifqer feafa 1 fordia wqiqor & fordig faei 21 W 9] R i fae o
Hhehen €, e &n erol Bfe o WiuEl A1 oEqe o SAgeR @1 au & g fewl
(Models) &t =1, fafay YR § ¥&&l, @l a1 Y@l sheed Iummi, Tforda g1
a7fE & A gR L €

el seneti & go <@ ® T, fafae wfordta Heneonett o wam o Heifera sifusmia
T % T o T Uk YER W ORI FeeH ST savashd TSt €1 o1: 98 Heyul
2 for wfordt freelt &1 e1erm w% gus oo & w9 o fen S =)

39 e (IRRTR) ¥ 7W A v FReE @ e arafas Sied w1 $5e
@W?%Wﬁ,ﬁﬁw,wawmmﬁqﬁfmﬁmw
IERIES I

A2.2 Tt fEvi @2 (Why Mathematical Modelling?)

ferenfelat sl sfepmifora, s, Feptofafa den e g o7 o wfsses 9ol &l
T S F T 21 FHi-w T9 aRftufas= ye 1 Gifde ®9 9 3761 T | T
o & W wd € ufifeufas wel @ s & o fau wdifaes w9 9 Sl e
o W i SRl YSdl €, Stfd difder FEml aen e Teiiehl o WANT i vl
g e it qRomet 1 9 IR A 9 o w1 ST Feh| 3T TEqd gl
%! WA L o U BH T hivel 1 Sfevdehdl ygdl ¢ ford ot frasts wed
21 =13 Bn fefafed gaens w foen ot

() Tt 7 =t <hieR o & (R &9 | S 76 i IR A Hisd &)l
(i) Tt Tiict oF S 39 HETH HIT A1 AT (TNl Theh alcd i TS, HIETH

i, TEETRET g TS Yl W faar & g) |
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TR fReE 207

(i) fordt AR *1 = A S (g @ S« AR &1 3id en @) |
(iv) ¥ ®! g 1 AIEH G R
(v) o HE T gea AR forde & @ o fiy o= @ (fan e e fmen
oM S |
(vi) geat 1 SHAM 1 A
(vii) T HOA U 9RG | el BT YSER HT SAA AN (ST R Rl wHA
HEA H AR T )|
(viii) ot =afe o6 IR H & 1 3T¥AA A1G A (AR T W FhTer i sTHtd
& )1
(ix) ¥ 2009 . ¥ ARG FI SHESA &1 SFATAF O (S FF T 2009 3. a6 gefra
FH B TR T )|
Suder Geft TEEe o Mg T o WEnT g wXet TR S ekl € SR arkde
o e feran ST TRt @1 a%qd: 3T W B THEAST hl WA i i At w1 stere
39 4T UeAYEash | w411 qenfy g e grm Afs 319 SR W TRel I h1 T
X T off fomr wfoa o v forw 9@ omw T i erwar qen i fAee i
STEYIHhdl o Hew™ ohl HHS Hehil|
A.2.3 Tifurda frevia o fagia (Principles of Mathematical Modelling)
TRt fee Tk fagiaged ffa © o THd Hefud g fagid §) 3 fasidl & wey
e it €1 o e o 39 ga fagial i srRees ®9 e geieg
T%!EITTITIT%:
(i) Treel 1 sTewashal %1 we=tT (g9 Aied Fi @S ®© ©)|
(i) Hied o AU e/’ w1 geias HINT (30 F1 10 FET =6d ) |
(i) SUCTe WERT kel T TeH-T (A G g3 )|
(iv) TEN I qRfEafal i qeenHe (g, wea) |
(v) T wifges femi 1 ge=f
(vi) UgHIH:
(a) TIH B AT FHIHI|
(b) I S et T
(c) IRUTHEEY I gH drel gal
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208 Tfora

(vii) 3 Thern i weEnfy fS frefafea site s gen:

(a) Hisd 9o SEUE Fafyd a9 To woqed &1 9a gl

(b) wieA HI YA
(vii) 37 Tl 1 TEHIC S HiSd I GUR Tkl
feei o Suds fagidl o SR W e T ey o frafafed = 9@ e
=0T 1: Sifqen fearfa i ge=ty)
TOT2: e / =l o wE 3R A ifdes et qen wdient oy gry wifass feafa
=1 oK Ated § uRafda swifsu)
=0T 3: T YAl o ¥ TG it
TIUT 4: YT GROTH 1 O T (FHE) o 5o H e Sifery o sueht (aftom)
TeToTl 3Tere FAMT | e ShifeTg)
0T 5: A YROMH @HT Hel @id ®, l Aigel i iR sifey sren ifqen feefd
1 UREHET / HeqHl ] G ST 3R =TT 2 WS

Iuert =RON Wi A <Y 3@ W <@ ST Hehdl ©:
SEET0T 1 T €A % 99 g0 T € T AR w S9E A it
Tel w07 1Y T& 3 T HHR 1 9% 96 R USd wifde fefd 2

0T 2 T A foR AB & T HIMR € (3TRfd A.2.2)1 W ST PQ HiMR &t S
T ol Tk Yereh ©, fSEeht eitE fig P @1 "M iy fR PQ = 4 den HWHR Wi
A€ HE [ 94 < for Serem ot oifg o @R o fIraw (i) &1 s=e-ahn
a® 91 /= QB =PC

S | i e | T e i TR | e | T
faft  [ohdea | ool | o e | E
ol iiep]
eyl wieR) TRUME T @W & ’ ¥
@ | e .ﬁravﬁaﬁ@wn
.., Fif
UfehedmT 3
Tyl wife| TRom Ao T @ €
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TR fRYE 209

- AC _ H-h
tan oL = PC /
a0 H=h+1[tan a .. (1)

=0T 3 o ST R W=, 199 oSk T YR 1 9 © o7d: 9RemE (1) 9 9een
1 B I Bl 2

TUT4 39 T H 59 HIAR T SMER ST 8, FAfq 59 Yaqsh 1 [T 7E 09 T2 8,
9 A AT for HIMR o STUR B w1 fag P9 SfewA-shi01 B2 31d: APQB ¥ &

A

N

s

n~

i

I B © TR

=0T 539 feorfd o 50 <Ro1 1 Savashdl 7 © FAfE A, [ oden U o GE qH
T 2

SETETUT 2 A WS o Tk sAraEifas wH dF YRR o I P, P, 3R P, T ScEH
Fdt €, o 9 TR & Fed W1 R, R, 91 R, WA B &1 W e fo we
¥ T WeF F, 3N F,@l% &1 AT F 21 T8 A Y fF wH % U R, R, TR,
=1 Eifqd 76N B, T Hied aEe, S AT i g0 F o fAT Fe 7 R, R, 3R,
T AEST i GHARE H

T SO 1 W THE ¥ sdifaek feufd w1 qeem weftwfa 2

TTUT2 A WA 6 AT e €, S ekl F Qo E, i STavoiedl &1 el e
T 99 AT & @,
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210 TTfoTd

Fl|:. . .}

A=

F2 e o o

HH ST foF B UF 3TE €, Sl eI P, P, AP, &1 &% SohTE o IUIRA o Fedl

AR, R, TR, FT Taeash A=et i o w3 €1 7@ B i+ &g T y&R &1
=,

R/ R, R,

Pl e o o
B:P2 e o o
Ple o -
TOT 3 &4 AT o A G B SegEl 1 oA (St 3w feefd § guitfia @)
frefefed eeqe gR1 9 =i 2
R,R, R,
Fl{. L] '}
AB:
F2 L] L] L]
forerd areae # el F G F, o HEAE i g0 i eq %ed 4l R, R, 941 R, 1
Iifgd g=md 1 et €
IETE0T 3 3]0 2 oF Higd &I ARA HitQ, 59

340
10 15 6
A= ,B=[7 9 3
10 20 0
512 7
qe Feel IS F1 IS HEAE R T 330 THEA, R, BT 455 THEAT 31 R, T 140
SHT 2

e AR hife foh
3 4 0 R, R, R,
10 15 6 E[165 24
AB= 7 9 3 | h|16> 24787
10 20 0 E[170 220 60
512 7

g TS I © FF F 3R F, &1 Wi 1 0 H & faw Fea W R F 335 56,
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R, 1 467 SHE T R, T 147 THE HI SERTHA ¢ S o Fod A1 H1 ITeT
aenstt § etfie B1 Fifen il ScuTel T Wodeh SehTS oh (iUl Bq shed WIel o Tuferd
e ffyed €, SEfeTy 89 A1l Sed Hiel S IUCTed S o 9@ i HIT Y Fehd
T AUel W UEH! ©§ STH! W 1 HH HE H1 (o5 B Fehd B

feuruit afe &9 39T 3 H AT A ¥ 98 3, SR

{9 12 6}

A=

10 200

19, A Teh R ST AT R FH FE & ¢ 7E W E, @
340

9 12 6
A,B= 7 93
10 200
512 7
FETR, T 311, R, T 436 T R, T 138 ST UM © it fof Fredl W1t Bl SqcTe
NS R R, F1 330, R, % 455 T R, 140 shisal § &4 &

@ foooTlt |29 AW OH: 39 TR SEIfd T Tohd © S SUes ded "ol
PUGRICERIUEES L

T YR A Aehi BT HIT B QW H % @€ A F G HA-RY KU S T
Al A ATEhT o HE- TR 1 WA § I HY Hhdl g

USdTS U5 B 720 UG shed A i FiRa At o fae =0 &0, % o6 Aifersh
1 Ferdd, T U@ Mo died 9 Gehd ¢, TTEE 98 TR 9 SR Y U R A
SO AT %1 TH YRR Heifed Y foF Suete shea Wie quiden W § ST )
T I H SR FEfafad ssewon § o @ R
SETET0T 4 WM fAfST & P, P, P, @R, R, R, 38 TR & S S0 2 ® e
g1 WM oS foF wH o WM R, T 330,R, T 455 SRR, FT 140 THEA ST T
R A ST fo i Seae &1 & 3o & f & fag F=9 AR, R, AR,
1 qE Frfefad e 9 9w e ©

R, R, R

B=P

3 0
7 3
P15 12 7

T IS 1 fohe SehTeal am1g S foF SUTse el At 1 SYFRT Juidan & a2

141 216 78
1170 220 60

=

(S}
w

P

0
O

[\

w
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Tet =or 1 fefa @ @ vewE a9 2l

0T 2 HA AT foh &H P, 1 x 3oh1edl , P, 1 y Al P, %l 2 SR1SAN 1 ScA&A hldl

1 TR 3o P, % fAC R, #T 3, P, faw R &1 7 7o P, 6 faw R &1 5 sahredl

1 STETIHAl TSl € (3T B If@n) ok R, #1 F 330 Tohiedl SUasd T, 37
3x+ 7y + 5z =330 (%== HIeA R, & fam)

T g 4x + 9y + 127 = 455 (=4 " R o o)

3R 3y + 7z = 140 (F=3 A1 R, fam)

T (STH) i 9 1 oege &9 § 1 YR e R Tehd ®,

37 57[x] T[330
{4 9 12| y| =455

03 7 |lz] |10
TFOT 3 YR ufed Wi g, B9 W B §;

1 0 0][x] [20
01 0||y|l=]35
0012 5

T x =20,y = 3samz_5qu%|amamfpﬁzopﬁ3swpﬁ
5 oHIZAT 3T HT Hehal B

feuoit #E «ff <@ T & fF afk fmia el F, iR E, %1 H (S see 3 o
?) W foem foru fom & sha sqméﬂ%w%é?@ﬂ%ﬁﬁﬁﬂhém
T, 98 STH! T B G TG H Tkl ¢, HfR F, T P, HT 6 Tohredl i S
for il STt el 5 SehIEAT &1 1 Hehdl @

SETEYUT 5 U AT M, SR M, Sameal i Seee-ais S €1 M, 20,000
auTMﬁmoooaﬁaa‘féamwaﬂﬁ%@aWWww% [EnfciED
9 F 45,000 AT o o I & | ®E off T W wHA T M, FT 1,000
WW%WWWWWﬁ3H@SﬁIMHﬁ1000WW%WW
wﬁwmﬁﬁlwwﬁ%amwmé?m%a%aéw%lMﬁ
T ddel T Rs 8 T M, %1 Ui siqel W Rs 7 o9 Bl &1 - i, Heem e
aifsfa & 74, WWWWWW7

B B0T 1 Yed UREhedl o A, HewH o9 AfSa i =g, <enel M, qen M, &1
Sael 1 G A HEAT

TIUT 2 WM AT o T M, FT x 3R o M, FT y et 81 Fifw M, R T e
WWQRS8HWM@WWWWQRS7W% 3d: WW(objectlve
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function) , T/ atfereream e € 9 fo weietor @ fean an 2
7Z=7(x,y)=8x+Ty
T SRYI-Herd &1 frefafaa gfaesl (sredial) o sidia sifusman we @
(s 9 o 7™ 12 W e S |

x<20000
y<40000
x+y<45000 ¢ (D)
3x+y<66000
x20,y20

SIT0T 3 U e (constraints) (1) o SAdqid Srifehd &3 OPQRST W—?éﬂ 2
(eTRfa A.2.3)fegsT O, P, Q, R, S @ T &hia o fReme & (0, 0), (20000, 0),
(20000, 6000), (10500, 34500), (5000, 40000) T (0, 40000) 2|

e Hifse fo

S
S
A ©

=
[o\}
|
=

S (5,000, 40,000)

y =40,000

»

—R (10,500, 34,500)

Q (20,000, 6,000)
t t > X
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PO,00®Z =0
P (20000, 0) I Z = 8 x 20000 = 160000
Q (20000, 6000) I Z = 8 x 20000 + 7 x 6000 = 202000
R (10500, 34500) WX Z = 8 x 10500 + 7 x 34500 = 325500
S = (5000, 40000) T Z = 8 x 5000 + 7 x 40000 = 320000
T = (0, 40000) T Z =7 x 40000 = 280000

& T fF x = 10500 3R y = 34500 R Hew o Sifsia eiar 8, S f Rs 325500
21 o1 foiar (SAee) 1 Rs 325500 1 FewH @1 SIS w3 o fIT M, ® 10500
A M, i1 34500 Sidel S haAl =feul
SETET0T 6 A AT fof T st IE 791 Seurs oM =med! 7, fo W s o
(feor ok =X o) ot ® 3R AF <fifSu fof ot 39 S &1 T feer qoa
W fasd w1 A ST 21 3E Teufa o @rw-ert o e 89 U e
Hige ST
Tl =0T 1 I8l frafd Tysaa Te=E 9 )
TROT 2 FAOT 9§ B A ¥ HT @ & ER 1 E 7, fer qon =R feer o 3@
FT TS Y T e € (S R, Yok ofK), S fR R A Seas ki geA e
Q Fedl & (SE g, Ui senfs) | URY | & U od € foh =R AN Seig st §e
1 SHANUE € - SHH AN Wi WX 8l Sl 81 el ohi o o i1 T g
W et 8, 3R 98 (HuAl) T@ gAY e wEd € fh T8 U eF wewd
gfaen & fau, eq 9 9H o € & 9o Scufed gohrg denret o= < S 2l
R GIR R )
M ity o Searfea e fasd =1 T SehTEdl Bl W@« E,

C = SEEA &1 el @rmd 8 (T )

1= faa o € el St 3@ € (FuEr W)

P=ohd o9 B (941 o)
AN [ ST Il (assumption) o STER C <& 9T 9 fiet &< o 2:

R AN = o (F9 H),
=R AN = b (¥IC Ffd ThTL).

ded C=a+ bx .. (1)
e & o I fawa ged s (F9¢ ufd gehtE) W TR €,
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3d: I=s5x .. (2)
o9 P 3@ 3R N % @ o IR Bl 8, 36 YK
P=1-C
=s5x — (a + bx)
=(-b)x—-a .. 3)

T YhR 37 B =R ARST x, C, I, P, a, b, T2 soh &= (1), (2) T (3) H 30T
YREafies GeHl o1 T T Afeed Ure el 1 29 9 URes o1 aifiehir 39 YRR

EEGEN X

sty (was) G, I P

= a, b, s

SR Hl x, a, b, s, F1 TFHR T 3R 98 P M HT Tohdl T

STOT 3 G (3) G B @A © b E@H famsed fag (7 ®iE @9 SR T %I i)

#WP:O,&%x=LbWEﬁ|
o
TOT 4 791 599 faesad fog o foum @ g0 frand freret oo @ & aft ot 3w

W@Tﬁw&ﬁaﬂﬁ%,mhx:ﬁwsﬁﬁw@aﬁsﬁ%ﬁ%ﬁaﬁ?ﬁ%

ﬁwWWW%,aaﬁﬁWﬁﬁwﬁsﬁwwﬁmm

sAfaftaa, afs a9 faessa forg starfas fag e €, 99 *IE o7 tiee Wgad fhan o
Hehdl & YA o7 Yag § Hafd sAfqumonstt § Heiea fwan s gehar 2

feuoft Hay (3) 9, &4 u' off figern & 5,

i, x % Gue P o qREd 1 <, AT s — b W Tl et @ < o Seurg ok fasa
o T 3Hoh =R AN o SR o e 21 31: o SAfsid e o faw =@ ufer =i
¥R B T8 SR TR |60 § oy 1fsia & o foe g agd ifee ann sanfed
FHAT AT WA & W =R AN i HH B T GAH w18l
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SETETOT 7 WA wifee fom W 3 | 1000 ferer eem-se @ e wfa feet 250 g @@
21200 g/L ST STl AGU-STeA, 25 L/min 1 <X & 3 H 371 T & 9901 39 FehR 9T
s guH 9 O @ R et w1 21 e eor 1 R I | e i ann @2

Tl =0T 1 98 ferfd W ¥ Te9H w¢ o A T
TOT 2 HH AfSC ff y =y (1) g1 SAqais-dfeaie IRE g o a1, et 994 ¢ (fime
H) W, Ik W Iutkerd @0 1w (frel um #) giud (Wehe) et €1 5 £ =0, 27
sidate-dfeats URY 89 & gd y =250 g x 1000 = 250 kg
o AT T y & 9Redq, fagon & sfqafe-afeate o %R0 g @

3 3% W FEAU-STe H1 3fqdiE, 5 kg/min (FH 25 %200 g =5 kg) FT R @

AN A & qAT AIVI-STel T Afgae 25[ﬁ)=%okg/min (FfF ¢ g9 W IF

F v H A —— kg ®)

1000
3T: 1o WY % T oau R A § URedd ® X FEfiEd IHe 9 WE 2§,
dy o Y :
& =10 (F7)
Hy Lo 1
a dr 40° = - (D

g GROTH YS9 H F1 UH TS Gied <d 2

=0T 39RO (1) T g THwr 7, f5E st | Wi foan S gehdr 81 SHeR
(1) &1 &1 = fean @

t ' t

ye® = 200e9+C A y(#)=200+C e © ()
el C gHeher i TR 2l
e ST T 9@ @ T S/ =0, y = 250. 31T, 250 = 200 + C
7o C=50
79 T (2) H9 fafed w9 § wfEfia 8 s e,

y=200+50 ¢ % (3

y—200 %
a1 50 =e
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a0 e% = >0
y—=200
50
. = 401
1 t Og[y—zooj (4)

TH YRR TR (4) 98 THA 131 §, 5 Ik H @0 i G y kg B

ST 4 FHE (3) W W Frmd FeR ¥ R w9 y > 200 A |, "0 H A wEa
YTeHsh T&dl §

37d: Ik H oG Y FAAH WA AT 200 kg (TR Siem-diem 200 kg &) B Hehel B
Theh Al el (4) § &9 fepd feed € f6 7> 0 9f€ 3R shaa 4

0 <y —200 < 50 31eifq af 3R et AfE 200 < y < 250 SFqfa 3k & @EU-91aA &
fqdfe 3R Sfedfe o YR eF & oK @EU H1 AT 200 kg 3R 250 kg o WA R

Tt ey &t qﬁ'{ﬂ'ﬂlﬂi (Limitations)

aeft qoh ok TiUdg Afedt fasfaa frw 7T ® SR ST WA (application)
M Rl &1 TeAd ¥ gHeE ¥ gwadrgdes e S g1 21 59 faug S
RIUGIR] ‘ﬁﬁlﬁ TfoTd @W, gferan fagm (operations research), Stter-Tiford
(Bio-mathematics) 37, T fe3i 6 (S9) GTraT=/HHTTed 2l

Wy, e off ¢ ufifrerfaal GE €, R Aige aredt a9 € foues 98 wRo 97
2 o5 1 a1 o uRfeufr aga wifea € sreen faswfaa Afea mER s 2|

viferenel! S qeM -+ (Super Computers) o o 7, aRfeafaat &t
T 9gd 99! G & Ty, AR Aisd 9§, B9 we o faa 2

@ (fast) TN S0 HHX o FHRU Jg G99 & a1 ¢ for 70 sifer zemed
Hieadl w1 WA H Gohd & Tk 10 YeIo1 o T SR HeHfd 9 w1 S Gehdl 7

ety AR 9w, fRdt fordte Afea ® gy fafa= =1 o <=9 a1 31 = ok
ok ¥ oT=3 Aniesisr fagid 72l 81 arad o g9 U= a1 B: =X 1 994 Foh R
ﬁ%%WWRWHWﬁ (accurate) WWWWW%IW
Sh-3leh oAl 8] BH =X 1 W& HF § HH W@ AUl

Teq 1ea Sfeat uRfefaai & nforda freei ot st faem (fafere) wmemd i
2l sﬂwaﬁﬁﬁaﬁﬁm RpICE] (environment),ﬂ'ﬂi’ﬁﬁl‘f (oceanography ),
SHEE a0 (population control ) afe o o 959 (world models) o5 37T
H ot €1 forem 6t Tl st -, soger fomm, sifaent, sifuafent, qurere nfs
o TR fgsier, 38 AT 1 9E TEETEs Y ® 2

O/
— ... —
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(STTHTET)

1. () Tqed e, gata 7@l IR 9 @ Hhmen

13.
15.

-

<

(i) Toqed TEl, Taiha T SR A q Wbk
(i) Toed 3R Hehmeh T wHid T
(iv) TEqed, gHTHd IR Wi
(v) (a) Toqed, Gafd 3R Hehoeh
(b) T, THEG SR Hehmh
(c) Toqed 7El, Tafha T IR 7 df Hehtweh
(d) Toqed 7Et, Tafha T SR dferd Hepmeh
(e) Toqed 7&l, THfHa T R 7 etk
. Taqed T, gata T 3R @ Hehmw
. Taqed T, gata T 3R 7 @ Hohdw

@) {1,5,9}, (i) {1} 12. T, 3R T, WX Hafuq 2|
[t sl &1 9= 14. [+t W@st y=2x+c, c € R& 9=A
B 16. C

. e

. (i) Uoher! WY STl Tl (i) ¥ d The! R T & Rl

(i) 1 Tohen! SR 7 € A=WE (iv) Uoheh! WY Sl TEl
(v) Teheh! W el el

. (i) Tohep! R S (i) 7 Tohep! 3R 7 & A=IEH
. &l 10. = 11. D 12. A
T 1 G fafaer goaraet
No 4.n! 5. @
A 7. B
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13.

11.
15.

13.

SAHTAT
- ). X 3. L 4. %
6 "6 "6 "3
3 T4 "6 "6
S 10. = n = T
4 T4 T4 "3
B 14. B
—tan"'x 4 d 5 r_ X 6. sin~
2 4
3tan”' = g. L 9 2% 10. X
4 o l-xy 3
T n 13. B 14. D
2 - ) )
B
T 2 W fafaer goaraet
T , X 1. x=mn+Znez 12 x=
6 . 6 . 4, .
D 14. C
5
() 3x4 Gi) 12 Gii) 19,35,-5,12, =

1x24,2%x12,3%x8,4%x6,6x4,8x3,12x2,24x1;1x13,13x1

1x18,2%x9,3x6,6x3,9x2,18x1;1x5,5x1

9 25
Gi)y |2 2
8 18

2

@ (1)

o N
— N -
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AT
2 2
5 3

5. (G = 2 = 1] di

() 5 ; (i)
4 132
L 2 2]

6. 1) x=1, y=4, z=3
@) x=4, y=2, z=0
@) x=2, y=4, z=3

7. a=1,b=2,c=3,d=4

8. C 9. B

1. )

(ii)

2. ()

(ii)

3. @)

(iv)

[2a 2b (i)
n

0 2a

11 11 0

16 5 21 @iv)

5 10 9

[+ b 0 )
1

i 0 a* + b?

(14 0 42

18 -1 56 (v)

22 =2 70

1 0 -1 =2
32 1 0
54 3 2

or x=2, y=4,z=0

10.

11
A-B=
s 3

D

[(a+b)* (b+c)
(@a—c)’ (a-b)’

2 3 4
4 6 8 (iii)
6 9 12
1 2 3
1 45 (vi)
-2 2 0
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19} (v) BA= [

-3

11

—4 1

8 13

14

9

11 10

2

|
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11.

15.

19.
).

2

-

10

4 1 -1 -1 =2 0
A+B=|9 2 7|,B-C=|4 -1 3
3 -1 4 1 2 0
000
000 6. [(1) ﬂ
000
2 -12 2 13
_ 50 2 0 - 5 5 5 5
X: 7Y: X: 7Y:
» [1 4} [ 1} W X= 14
— 3 = N
5 5
-1 -1
Xz[ ) J 9. x=3,y=3 10. x=3,y=6,z=9,1=6
x=3,y=-4 12. x=2,y=4,w=3,z=1
1 -1 -3
-1 -1 -10| 17. k=1
-5 4 4
(a) Rs 15000, Rs 15000  (b) Rs 5000, Rs 25000
Rs 20160 21. A 22. B
YyATaet 3.3
1 -1 3 2
1 2
6) [5 = -1} (ii) (iii) 53
2 -1 3
6 -1
) 00 0l[0 a b
-4 5
[ 9. 10 0 Of,|—=a 0 ¢
1 6
- 0 0 0||=b — 0
_ A_'s 3 .\ 0 2
SRR ] R B
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11.

N A

R

6 -2 2 0 0 0
G) A=|-2 3 —1[+|0 0 0
2 -1 3 0 0 0
3 1 =2 o > 3
2 2 2 2
i A=l L 2 2042 0 3 iv) A=
(i) =l 5 5 (iv) =
>, A
| 2 1 L2 i
A 12. B
T 3 T fafaer goaraet
1 1 1
x=t—— y=t—— 7=t —
2 J6 NE)
x=-1 6. x=143

. (a) INR-IH A A = Rs 46000
FER-ILH e 3T = Rs 53000
(b) Rs 15000, Rs 17000

XZ{I ‘2} 9. C 10. B

2 0

. @) 18 2. () 1, () $-x2+2

. () —12, (i) 46, (i) 0, (v) 5 6. 0
. (@) x=£+/3, (i) x=2 8. (B)

I R LA
. Q) —, @G —/—, i) 15

2° 2
(i) 0,8, (i) 0,8 4. (i) y=2x, (i) x=3y=0
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0 3
-3 0

11. C

5. (D)

|



S @) M, =3,M,=0, M, =-4,M,=2A =3,A,=0,A, =4A, =2

1"
i) M =d M, ,=b M, =c, M, ,=a
A, =d A,=-bA, =-c, A ,=a

. @O M=1M=0M,=0, M, =0,M,=1,M,,=0,M, =0,M,,=0,M,,=1,

A=1,A,=0, A=0A=0A=1,A=0, A,=0, A =0, A =1

i) M =11LM =6, M =3,M =4 M =2M =1, M,=-20,M_=-13,M,=5

A11=11’ A12= -6, A13= 3, A21= 4, A22= 2, A23= -1, A31= 20, A32= 13, A33= 5

7 4. x-y) (-2 (—-x 5. (D)
31 —11 s
[4 _12} 2. |12 5 -1 5. ﬁ[ A 2}
-3 6 2 5 B
10 =10 2 -3 0 0
112 = Lo 5 —4 s oo
13|13 -1 TS 8.3 9 2 3
0o 0 2 -9 =
1—1 5 3 2 0 1 1 0 0
% -4 23 12| 10. |9 2 =3 11. |0 coso  sina
1 -11 -6 6 1 2 0 sino cos O
12 - Al _93 41 54
211 3 14. a=—4,b=1 15. =4 -1 -
- 5 3 -1
[ 1 -1
s
n 17. B 18. B
-1 1 3
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1. 9 2. T 3. 9T

4. Hd 5. 9T 6. WA

. 5 ; . =512 -6 -19
rEerE EETREAET! BETRRARET]

10 l.y=4 11 | y=d =

. = - = . = =— Z:—
X ¥ X , Y PR )

12. x=2,y=-1,z=1 13. x=1,y=2,z=-1

14. x=2,y=1,z=3

-2 9 -23
-1 5 -13

15. ,x=1,y=2,z=3

16. =S 1 qoF 9fd kg=Rs 5

T * eI Ufd kg=Rs 8
=reel k1 Hed 9fd kg =Rs 8

TSI 4 UT fafaer gyracit

9 -3 5

2.1 3, |2\ 10 5. — 2 +y)
1 02

6. xy 7. x=2,y=3,z=95

A 9. D

2. f,x=3W Had 2l

3. (a), (b), (c) 3 (d) G Fed Fer 2|

5. f,x=03Rx=2TR Had & Wg x= 1 W Fad &l 2|

6. x=2 W 3TFdd 7. x=3W AHdd

8. x=0R THdIa 9. SHIdEd 1 g fog Tl

10. STHITE 1 Hig fog T&l 11. A &1 &5 fag &
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12.
14.
15.

16.

18.

20.
22.

23.
24.

26.

29.

34.

BAHT 225
x=1W f 3¥aqd 2l 13. x=1W f Had =&l 2l
x=13R x=3W f Had =&l 2l
el x = | STdideadr 1 fag 2l
Had 17. a=b+§

Aok Tt off A o faT £, x=0 W Tad @ Wq £, A % Tk HH o fau
x=1W Had 2

x=1 W f Fad 2l 21. (a), (b) 3R (c) T+t Had wer Bl

Y& x € Réﬁfﬁq cosineW“&l"dﬁ%l cosecant ™l x =nm, n € 7 o SAfaftad

Hﬁﬁﬁﬂﬁ%lsecan’t%‘[x: (2n+l)g,ne 7. SAfafea qsft fagat

R Had Bl cotangent e, x = n, n € Z o SAfdre At ﬁgﬁﬂﬂﬂﬁ%l

JTEIdcadl 1 1 fog &t B

&, 9% xe Ra fou fdaa 2l 25. &% xe R% faq f&qa 2
3 -2

k=6 27. k== 28, k=—
4 T

k== 30. a=2,b=1
Saaed &1 H1E fag T2 2

2x cos (x? + 5) 2. —cosxsin(sinx) 3. a cos(ax + b)

sec(tan \/x7) .tan (tan \/; ). sec? \/;
2/x

a cos(ax + b) sec(cx + d) + ¢ sin(ax + b) tan(cx + d) sec(cx + d)

10x* sinx® cosx’ cosx® — 3x? sinx® sin? x°

22 x . sin/x
sin x>+/sin 2x2 ) 2\/;
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11.

15.

cosx —2 5 2 3, —— %

3 " cosy-—3 " 2by+siny
sec’x—y (2x+y) (3x”+2xy+y?)
_— 5. — N PN
x+2y-1 (x+2y) (x"+2xy+3y7)

ysinxy sin 2x 2 3
. . . - 9. 2 10. 2
sin2y—xsin xy sin2y 1+x I+x
2 12, —= 13, —2 P
1+ x? T4y’ T4y’ To1-x
_ 2

1—x?

e* (sin x—cosx) sy
——————.x#nn,ne Z 2. ,xe(—=1L1)
sin” x 1— %2

e " cos(tan”' e™)
l+e™

3x%e" 4.

T x s X X X
— e'tan e, ex¢(2n+1)5,neN 6. e +2x° +3x°e" +4x’e" +5x'e

Vx 1
, x>0

x>1

4 xe*/; xlog x

(xsinx -log x+cos x)

1 X : X
, x>0 10. — ;+e sin(logx+e*), x>0

— Cos x cos 2x cos 3x [tan x + 2 tan 2x + 3 tan 3x]

1 (x-D(x-2) 1 N 11 1 1
2V (x=-3)(x—-4)(x-5) x-1 x-2 x-3 x—4 x-5

x(log x)*
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11.
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(log x)** [ﬂ—sin x log (log x)}
xlog x

x* (1 +log x) — 25"+ cos x log 2
(x+3) (x+4)* (x+5)° (9x* + 70x + 133)

1Y x2-1 1 1w (x+1-logx
[)H_j{ 3 +log(x+—)}+x X[—z
x )| x +1 X X

(log xy*! [1 +log x . log (log x)] + 2x'"°&!  logx

1 1
(sin x)* (x cot x + log sin x) + =
2 Jx-x2

.| sinx . _ . .
X S [ +cosx log x} + (sin x)*** [cos x cot x — sin x log sin x]
X

4x

x “e[cos x . (1 +log x) — x sin x log x] - ———
(=1

1 .
(x cos x)* [1 —x tan x + log (x cos x)] + (x sin x) x [xcotx+l—120g(xsmx)}

X
T+ ytlogy 13 2[y=xlogy

x” log x+xy " x| x—ylogx

ytan x+logcos y y(x—-1)

xtan y+logcosx Cox(y+1)

3 7
(1+2) (1+22) (1+3) (1 +x8) [11 x4 8 };f’(1)=120

+x 1+x2 1+x* 1+
S5x*—20x° + 45x* - 52x + 11

1
12 2. — 3. —4sint 4. _t_2
cos0—2cos20
25in 20 —sin 0 6. _COtE 7. —cot 3t 8. tant
écosecﬂ 10. tan 6
a
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12.

10.

11.

12.

2 2. 380 x'8 3. —xcosx—2sinx
1

—? 5. x(5+6logx) 6. 2¢*(5 cos 5x — 12 sin 5x)
6 , __2x

9 €% (3 cos 3x — 4 sin 3x) 8. (1+x°)

_(I+logx) _sin (log x) +cos (log x)
(xlogx)? X’

— cot y cosec? y

27 3x* =9 + 5 2x-3)

X

T 5 YT fafaer

(5x)7° % [M —6sin2xlog SX}

g X
2\1-x°
1

2

gyATaet

2. 3sinx cosx (sinx — 2 cos*x)

X
COoOS —
1
5. - + 3
\/4—x21[2x+7 (2)6_’_7)E
1 log(l
- (1ogx)l°gx[_+w}x>1
X X

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

(sinx — cosx)*"* =< (cosx + sinx) (1 + log (sinx — cos x)), sinx > cosx
x*(1+1logx)+ax' +a'loga

2
X

X< {—_3+2xlogx}+(x— 3)° { al
x

t
—cot—
5 2

. (a) 67 cm*cm

5 cm?/s

2

13. 0

(b) 81 cm?*cm

3. 60m cm?/s
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5. 80m cm?s 6. 1l.4mcm/s

7. (a) —2cm/min (b) 2cm?/min
1 8

8. ; cm/s 9. 4007 cm*/cm 10. g cm/s

=31

11. (4,11) and —4,7 12. 2@ cmd/s
27 1

13. —n@2x+D)*> 14, —— cm/s 15. Rs20.967
8 487

16. Rs 208 17. B 18. D

3 3
cof) e

5. (@) (oo, —2)and (3,0) (b) (=2,3)
6. (a) x<-—17°n foIU BEEH 3R x> — 1 o foQ oefmm

(b) x>—%¢ﬁﬂl%ﬂﬂﬂ 3:ﬁTX<—%av_f?ﬂla%qul
() —2<x<—17% fau a¥AM 3R x< -2 3x>- 1 % fau gEAmE

(d) x<—% & fou amm 3ﬁ1x>—%% fo grEam
(e) (1,3) 3R (3, 00), § THAM T (= 00, —1) SR (= 1, 1) T BTHHA

8. 0<x<13Wx>2 12. A,B
13. D 14. a=-2 19. D
1. () F=am =3 =3 (i) =" a1 =-2
(iii) F==qH AF = 10 (iv) 7 @ F=ag 3R 9 @ Seead 9H

2. (i) T=am 9@ =- 1; Souqq 7F &1 ifead e
(i) I=aqH AH = 3; = AF w1 sifaa &l
(i) a9 91 =4;3=9q9 99 =6
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(v) =8 91 =2;3=adq9 91 =4
(v) A | |49 SR T A SeaaE Je
3. () x=0WR WHE a4, T f=aq a9 =0
(i) x=1W WY FEqE, O e a1 =-2
x=—1 W T Ioaqq], T Soadqd A =2

(iii) x=§mw=ﬁaﬁm, TMHME I5eq9 AF = /)
(iv) x=%n R A I==dd , TIHE Seuqq 91 = /)
x=%nth=|°mﬁ1=m, T e A=)

(v) x=1W WHEY Ioaqq, TG Ie9q9 A4 = 19
x=3 W WM a8, T Head 99 =15
(v) x=2W WHEY F=qm, e FEa =2

—_—

(vi) x=0W WFY I=aqq,  THE =99 A1 = —

2
(viii) x:%mwﬁﬁﬁaﬂ, wﬁﬁmm:&

5. (1) Truw fream 9= = -8, fruer S=gqm 99 =8
(i) TrUe feam am=-1, Uy Ssoqd o1 = /)
(i) fRUe f=Tag 7F = - 10, fruer S=uqm A =8
(iv) Tuer freram om =3, fruer S=uam UM =19

Afhd® oY = 113 3hTS
7. x=2 W =, =09 99 = -39, x = 0 R I=9aqd, Ieaqq A = 25.

=)

8. x=§3?r{%nm 9. ITHRE A= 5

10. x=3 T I==dH, I==dq A 89; x =— 2 W I=oadd, I==aq HH = 139
11. a=120

12. x=2n W I=FaqH, I=AdH AM = 21; x = 0 R =, =19 a1 =0
13. 12,12 14. 45,15 15. 25,10 16. 8,8
17. 3cm 18. x=5cm
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1 L
21. = [@Tcmﬁ? a\%”g = 2[@j3cm
T

T
112 281
22. cm, cm 27. A 28. D 29. C
n+4 n+4
3TEAT 6 UT fafaer gyracit
2. pf3 cm¥s
36 0<x< TR crco (i) S<x<X
. @ <Xx ) ) X T 1 ) )
4. () x<-13Rx>1 (i) -l<x<l
33
5. Tfab 6. Rs 1000
. 20 10
Tmad T n+4

10. @) ngmw-—ﬂamaﬂ (ii) x = 2 W T F=am
(i) x=-1TR 7d IRem &g

5
11. Wawm:z, ey f=aw 79 = 1

14 4R’ 16. A
. 3\/5 .

4

> —
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T 5 (IS 190 W V¥R ‘UHT 5' o Faid €1)
(i) SRETRE ®e™ f(x) = e* T ATHTST
M f(x) = e, A

o fOe A - ()
Ax—0 Ax

J'x)

I
[\
=
=
=

1l
Q
=
—
T‘%
)
Il
[
—

d
TG gER, — () =e" B
dx

(i) TR T f(x) = log x T TeTeheTst
afg fx) = logx®,

lim log,(x+ Ax) —log, x
Ax—0 Ax

')

log, 1+ Ax
. X
lim

Ax—0 Ax

log, 1+ Ax
lim 1 o
= A0 x Ax

X
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1
og,(1+h) —1
h

= ! [sife Lim
X

h—0

d 1
T yHR, ——log,x = — 3
dx X
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R T, qen 3%k T AR 6

forerr, sifreatem, forgare, o

I B 5 fee,
| qor 37 el N .
\ Afert o TR SR [T <hi Tehel

i srarsar] fifvad F ATl s

: g % fery
:k | ggdshey Bl Ul 3/ Higem |9T ¥ 279 darig '
_ | 26 TEeR, 1949 % w UAEgRT 3@ wWiawm™ @i
| o, srfufefinm ot srita @ ) \
| Tﬂwﬁﬁw wyeA) afufEm, 1976 H U™ 2 B (3.1.1977 9)

[ G- e TR 3 T S A
| 2. HfEyM (e gee) A, 1976 1 9R 2 51 (3.1.1977 §) U #

- A" & T ]

b g

L >
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Y Td e
(Relations and Functions)

12081CHOT

#*There is no permanent place in the world for ugly mathematics ... . It may
be very hard to define mathematical beauty but that is just as true of
beauty of any kind, we may not know quite what we mean by a
beautiful poem, but that does not prevent us from recognising
one when we read it. — G. H. Hardy +

11 9{&!3?[ (Introduction)
TR0 FHifST foF Fem XIH, 9aY Ud we, Wid, 9euid aei
TRER onfe &+t staumoneti &1, fafg= yeRr & arfas
AT werl 3R 3 eTeial |fed aiea w3 S g
21 g § weg ‘Hay (Relation )’ <1 HeheqT ! AU
qI H 3H V= o 1l @ foren w0 7, fNee R =
(Recognisable) el &l 7H wfifeie i A, forelt wpa &t
Fe X1 o foenfefdi &1 gg==a  qen B SHl Thal 1
Fe X1 foenfelal &1 9= ¥ oW =g A ©
T=d B % o GaUl oh 5o IR 38 ThR B
@ {(a.b)e AxBia b T ), Lejeune Dirichlet
(i) {(ab)e AxB:a b& 5 2}, (1805-1559)
(i) {(a,b)e AxB:a®l 3G bl 3G W 3ffueh ),
(iv) {(a, b) e Ax B: faselt 21fqm wlien ¥ ¢ 50 UM< quiieh b 5 9T qUTieh d
% 2},
(v) {(a,b)e AxB:qSH e &l € &l b &l ).
qufd A" B & o fohell Hay R &l &Y (Abstracting) ¥ &H U o
A xB o T W3 (Arbitrary) STEH=ad %1 0 IR w )
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2 fora

I (a,b) e R, dl 89 F&d ¢ T Hau Reh d0d o, b W Heifod & 3K 89 39
aR b Tor@d B 9em=a:, afg (q, b) e R, o B9 3§ o1d &1 foar 7€ & ¢ 6
a TN bk o= w1 ARG FE T tan T {1 5@ fF wen XIH <@ gk €, He
T To9IY YRR & Hay B B

T I H, B9 T YR o Hael T wel, Boldl oh e (composition),
ko (Invertible) ®erl SR fgamemd wfwansti &1 steaem |

1.2 Geeh o Wehi (Types of Relations)

79 =% § 'Y fafe= webr & Hell &1 eredd w1 gd A © fr frdt gy A
d ded, Ax AH T STEH=Sd el 2| ofd: Nad aq==d ¢ < A x A @
AxATE, Q3 Goel B TR B, R = {(a, b): a—b =10} g Y& TH=a
A={1,2,3,4} T IR« Tk G R W fomR i) 78 T o aq==g ¢, #ifs
TEr Hi1E ff FH (pair) T ® W UfaET g - b= 10 H G HA B TH TR
R ={(a,b):la-b1>0}, 9U0f =9 Ax A qcd €, Fifh Ax A gdt g
(a,b),la—b >0 FI< FW 21 Tg I 37 o I3 eH F=fafed aRemmsi
@ fae i@ =+ 2

TfTTeT 1 g=E A R uRefid Hey R U Rad Hag e 8, A A w8 off
oad Ash fRdt off eroma @ Gefud 7 7, 19 R=¢ c AxA.

T 2 WHEEE A R qRtd WeY R, Th WEeh (universal) Haiel el 2, 9%
A s agd Ah Gt erael @ Hefua ®, etefd R=A x A,

o deer qen gt W il wefi-weft o9 (trivial) Haw ot wed B

SETETOT 1 HH A foh A forelt srerert o Tt o weft ferenfefali o1 o= 21 T9ifsq
% R={(a,b):a, b &1 8} g 91 Ga¥ TH o Gae & 91 R’ = {(a, b) :
aTA b FI HAEA 1 S 3 HX G HU 2 ) 5N YSd GaY TH HEE G9u 2

T YYAER, T Tkt dcfehl o1 €, Taud Thel 1 shig ot foenefl, wper o fopedt
off fornefl &1 w&" T € "ewa1 21 om@: R = ¢, F5E@ w=i¥fa e @ 6 R R wey ?
Tg oft T ¢ T forl oft <1 fornfefal ) Sl o1 @ik 3 Wer & = g & =few)
Y Wehe B € o R' = A x A G de 2|

femuit wmen X1 faeneffmo dra ek € for freh gaa 1 < wehR @ frefya fmar s
Gehal ®, md: T fafy qen g fmio fafu) aenfa sgd @ wee g g
{1,2,3,4) W 9Rfed G99 R = {(a, b): b=a+ 1} H ¢ RH A «ft Faefua fH=n S
%,W&ﬁ?%ﬁqﬁb=a+lﬁlm$ﬁﬁ§ﬁwm,€qqﬂsﬂﬂﬂﬁ?(notation)
T FAN H
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Y T Hed 3

A& (4, b) € R, d &9 F8d 2 TF o,b ¥ Hafd &' 3R 39 a1d %1 89 a R bW
e FW B

T T TecIqul Her, forgeht ifora  wek @ik (significant) AT €, o

HaY (Equivalence Relation) Shagair 2l Joadl Hael w1 37T w4 o faU g9 9gd

T THR o o, qHd: wWqea (Reflexive), Tafd (Symmetric) T HehTHh
(Transitive) Heel 9 foamR 2l

TR 3 I A T RHId 99y R;
(i) Tqed (reflexive) B 8, 4% Y&% ae A U (a, a) € R,
(i) FEHA (symmetric) FEA €, A WO a, a,€ A & AU (a,a) € RE
(a,a)e RA 7l
(i) HHHF (transitive) HEAl B, IfE THE, a,a, a,€ A% T (a,a,)e R
(a,a)e R¥(a,a)e RIS Bl
TfTaTaT 4 A R IRl GeY R Tk qoddl GaY el §, A R Toiged, SHHd a0
Tk 2

SETET0T2 U olifore fom T ferelt wwaet o e oo Bioqsil o1 wh w=ad €1 9=
TH R={(T,,T,): T, T3 Faried ¢}t way 3 fag Fifow ff R T goom
ey 2

T G99 R Wqed 2, #ife yd®w B @d o gantgw ear g1 g
(T,,T,) € R=T,, T, & Tamed & =T,, T, % Faimaq & =T, T,) € R. W:
Ty R wAfd ¥1 g9ep Sfafad (T, T,), (T, T) € R =T, , T, & Tawed € qen
T, T,% Haite™ & =T, T, & Haimaq € =T, T, € R. 37: a9 R THma 2|
39 YR R T qoddl Had 2

IETET0T 3 A ity for L foret wwae o feq oo Y@metl o1 0% 9q=g € qe
R={(L,L):L, L, R &a ) T==a LH wRefoq ok e 81 fag #ifse & R
gafa ® fhg 8 9 @ Wed @ IR 7 Hwms 2

T R @ged & ¢, i wE W@ L, A9 S W a9 T e T ¢, g
(L,L)e R RTAMT 8, FifH (L,L)e R

= L, LR o2
= L,L ® o2
= L,L)e R
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4 fora

R EFmE T 2 frma @ ARk L LR g L, L,
LR &8, @ L, LR &0 Ff @ T &1 gt 81 I
H udl < # L, L% ®ARR BRI Ui, (L, L) e R,
(L,L)e RWg (L,L)¢ R L,

saTEvuT 4 fag FT fF w1 = (1,2,3) 5 R={(1, 1), (2,2), P 1.1
(3,3),(1,2), (2,3)} 7 Y HaY Tiqed ©, W 7 ql GHiEd 8 3R 7 Gtk 2
& REqed © ik (1, 1), (2,2) 3R (3, 3), R & o= &1 R wufia &t 8, it
(1,2) e R (2, 1) ¢ R. 56 ¥R R et -T&l ®, Fifeh (1,2) € R4 (2,3)eR
g (1,3)¢ R

3E1ET0T 5 g HIfNT % quiel o 99=sa Z H R = {(a, b) : §&A1 2, (a — b) Tl
faafsa Tt 8) 51 Yo T T qoddl SaH T

&1 R Tqed €, Fifh W0 ae Z o U 2, (a—a) & fasfs@ =t 21 om:
(a, a)e R. Tz, 9 (q, b) € R, q 2, a— bl fauifea &a @ | 31qUs b—a 1 A
2 fawfSia st 1 3m@: (b, a) e R, 550 fag & @ fo6 R 9ufia 21 56t v, afe
(a,b)e RAM (bh,c)e R, @ a—-baM b—cHE 2 8§ 99 21 34,
a—c=(@-b)+(b-c)TH (even) € (F?)| 3@ (a—c) ot 2 ¥ 97 21 T69 Tog
el € foF R Wbk 21 o1 W=ed Z W R Uh qoddl GaY 2l
ST 5 H, A Hife e wdt gm quis g 9 defua €, @ (0, £ 2),
(0, £4), .3 R € 3R =g oft foog gouifer 0 o wafer &t €, =iteR (0, = 1),
(0, +£3), .2 R & & € 56t wohr @it ferom quifer | § waifera € IR ¢ off ww quifen
| ¥ gafud T8 €1 Tqud, W& §H YUl 1 TqeEd E a1 Tued fooe quiieni
queeE O 999 Z % 39U 9= ¢, s frefafed gfaeal &1 d@qe s )
() E< TU 399d TH g ¥ Fafud & 9 O oF 99 o1g9d Th TR d
Heiferd 21
(i) E1 *1E 9@ s/ea O fordt ot stage 9 Hafud 781 2 &R faeiiad: O =1 #ig
ff st E o frell oft sterea @ Hefud &t 21

(i) Ed&NO EIH € IR Z=EU O &I

SqHH==4 E, I &I afas (contain)Eh_{_;T Tt W—‘oﬁ (Equivalence Class)
el 8 3R 5 wdfier [0] @ Frefua & &1 gt 9RO, 1 o1 sidfdee & are
Jogar-att 7, 98 [1] 5/ faefua @ €1 A F:ifSw % [0] = [1], [0] = [2r] 3R

L,
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g9 T§ HeH 5

[1]=[2r+1],re Z. a&@ |, Sl 9 04 $W @ 8, 98 fHe ff gqeea X d ©
W3 qoddl Ga R & fau g g 21 fordt 9ea wes aq==a X ¥ 959 U W@
(arbitrary) Jeodl e R, X o1 TR T8I STa=a A ¥ faufs o2 3w €, i
X 1 faareH (Partition)ﬁﬁ%@?ﬁﬁﬂﬁ@ﬁ%ﬁﬂﬁﬂ@?ﬁ%:

() T i fAU A o |t ofoFd TH g ¥ Hefud e 2

(i) A, FE o TPE, A F R ot oeeE @ wefud T e ¥, Wl e
(i) UA=XTM ANA=0i#]

STHI=E A qeadl-onl e 1 39 feufq o1 ek oy 9 @ R ww fauda e
ff Y Wehd T I % fOIU Z o $9 IufaweHl W TR wifse, St Z % T o
TR STHYER STTSTEA A, A, T A, BRI 9Sd ¥, fe wfmes (Union) Z 2,

A={xeZ: xT@M3H P T} ={.,-6-3,0,3,6, ..}
A={xeZ:x—19&N 3 F PN T} ={.,-5-21,4,7,..)
A={x€Z:x-2|&N 3 F PN €} ={..,~4-1,2,58, ...}

Z ¥ TH G R = {(a, b): 3, a— boh! auIfSa e B} qReioG sifsa) Seewo
5 ® Yga deh o TER g9 fag wT ¥ehd © foh R U ool Ga € 59 sifafia
A, 2% 3 |t YUl & Tead % e €, S ¥ § Hafud €, A, Z % 37 9
qUTiehi o T o IR T, Sl 1 W Hafud € 3R A, , Z'% 37 |l qUiiehl o T
R T, S 2 W Hafud B1 e A, = [0], A, = [1] 3T A, =[2]. 9@ | A, = [37],
A, =[B3r+ 1] 3R A, =[3r+2], 5@ re Z

IETE0T 6 O fifore fF Iq=e A={1,2,3,4,5,6,7} R = {(a, b) : a AN bIHI €
71 4 foom ® =1 wm ¥} g uReiid Uk e B fiag HIWT 6 R T qodd gay )
i & fag FifSw fF Swagsea (1,3,5,7) o 9t o= Th g § geifd 7, 31k
STEHS (2,4, 6} o Gt 31gE U TR U Geferd ®, W SUHgead {1,3,5,7)
#E ff rage ITHgEA (2,4, 6} o fRdl ot e 9 Hefud & B

o1 A %1 98 IS o9d o F1 d fauq € a1 §9 €, A (a, @) € R. 3Heh Afafiem
(a,b)e R=ada parl &, =1 @ fawm € =1 99 € =(b, ) € R. TH &R
(a,b) e R (b, c) e R =34 a, b, c, @+t =1 @t fawd &€ o1 &9 € =(a, ) e R.
3d: R U qoadl "eel 81 2, {1,3,5,7) o 9ot ore@a U g @ Helfuq €, =ifn
T STHg=d & gt eragd fawn B g6 wRR {2, 4, 6,) & Tt Togd uwm W 9
et €, @ifr 4 @t w9 €1 WY € SuEgeEd (1,3,5,7) 61 HE o EFd
(2,4,6} o et oft etz @ Helferd &Y € Teha1 8, TR {1,3,5,7) o ofed faom
g, 5@ T {2, 4, 6), % @99 99 B
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[ wemrarett 1.1
1. fuif +ifve f& Fn f=fafea 999 7 9 yd® w@qed, 9afaa den
W%
() @7== A={1,2,3,..,13, 14} § "4 R, 30 YR qRwifa & fm
R={(xy) :3x-y=0}
(ii) 9Tha &t o = NHR = {(x, ) : y=x+ 57T x <4} uR«iya
g9y R.
(iii) Tg=IF A={1,2,3,4,5,6} W R={(x,y):y W Sx ¥} g IRAG GeieI RE|

(iv) T quiient o "gee Z W R = {(x, ) : x — y T qUlieh ) R0 Reioa
gaYy R.

(v) foeht fovre oo R fFdt TR o fafaal & 9q==g ° ffatea
ey R
(a)R:{(x,y):xHQJTyQEF‘EﬁWHWWW%}
(b) R={(x,y): x Ty T & Heed ¥ ®d &}
(C)R:{(x,y):x,y@%ﬁa?—aﬂiﬁ7'@ﬁa@%}
(d) R={(x,y):x,y5|ﬁqc_*ﬁ%}
(e)R:{(x,y):x,y%ﬁ’lﬁT%}
2. Tag wifsw fF arafas gemst & =9 RE R = {(a, b) : a <b*}, §
uRenfod dsir R, 7 df Tqed €, 7 gufid 8 iR 7 € Gk 2l
3. Wi Hifse fo = == {1,2,3,4,5,6) B R={(a,b): b =a+ 1)} g aRkenfyq
Fey R Toqed, Gafdd a1 Whieh ¢l
4. Tag FfST fER AR = {(a, b) : a D}, 5 IR Fa R Tged a4 Fohoeh
2 forg wHtHa =&t 2
5. Sig HIfST fF FMR AR = {(a, b) : a <D} N URAMGG Hae Toqed, TAMA
AU HehTHE B2
6. Tag =ifvu fe wg=== {1,2,3} 5 R={(1,2), (2, 1)} 5} Ysd Ha¥ R HAMHA
2 fhg 7 @ e € @R 7 G 2
7. fag =iVY f& fRdt Flos oF qWIPeE &1 T Tl o q9==9d AH
R={(x,y): xq yH ISl % G&A G9F €} §R U0 Gay R Toh qoadl
oy B
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10.

11.

12.

13.

14.

oY T ®ed 7
fag ®iNT fF A={1,2,3,4,5} %, R={(a, b) : la— bl 99 2} S UST el
R U qoadl ey 81 gaifor s &R (1,3, 5) % @ ofema Tt g 9
Gefud € SR e {2, 4} o Gl e1egd Tk TR | Gatud § W {1,3,5)
FIE ot ot (2,4) % fordt ofeE § Hafd & 2
fog fpfee ff o= A= {xe Z:0 <xx <12}, ¥ fRu T f=fafaa daei R
o ¥ oI T qeddl HeY 2

() R={(a, b):la—bl, 41 TH TN 2},

(i) R={(a,b):a=0>},
A% UM H | W Fafed Te@al &l A Fife)
T Ty 1 3SR S, S

(i) Al 8 wg 7 @ Wed 8 I T Gk el

(i) Heh™h B WY 7 df Tded @ AR 7 gAfd 2l

(i) Tqed a1 AMA 1 fohg Hehme 7 B

(iv) Taqed a1 Hehtdeh @l fohg WG 7 B

(v) THMHA du1 Hehreh @l fohg Tqed 9 @
fag ifvu fr foadt amaa o feom fogeti o wg==a ¥, R = {(P, Q) : fog P=i
T fog o g, fog Q&1 et fag @ g & @M ©) g WeW HeiY R T ool
ey 81 : fag wifse i f6g P = (0, 0) o Hefa qsft fagent =1 aq==a P
T TR S a1l T U8 g6 o Feld shear ©, ot g getfeg W2
fog wifs foF wwed fygsi & 9q=99A ¥, R=((T,,T,): T, T, % T9&T T}
SR TR Ty R Toh qoadl Had €1 qensd 3, 4, 5 9 "wen s T
AT 5, 12, 13 Al FHHIO S T, qe G 6, 8, 10 ATed FHBIOT FHS
T, W fo=R FW T, T, R T, ¥ ¥ &9 9 Hqs weR Fefea €2
g ST foh wmed agysli o ¥g==a A®,R={(P,,P,): P, 7 P, %1 sTatl
1 &M GUF €)YHR ¥ YR ey R Tk qoddl Ga 21 3, 4, 3 5 e
T el aTel FHehIU IS 9 Fafud Iq=ad A o |t STaFal 1 9= 9
FHifs)
T A foh XY-aet | feerq woeq st 1 9q==a LT 3R LA R={(L, L)
(L, 9A=R € L, %) 5N uRefyd ey R 21 fag Fife fF R T qeaa ey
B1 3@y =2x + 4 ¥ Gafd qoe {@met &1 qq==g 916 Hifey)
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8§ T

15. 9M @ifee fo& wq==a {1, 2, 3, 4} %, R = {(1, 2), (2, 2), (1, 1), (4,4),
(1,3),(3,3), (3,2)} 5N gRenfod Geer R 71 Frefafed & @ @& sw 9w

(A) R Tqed q gafaa € fohq G et 2
(B) R Tqed qe Gshiieh ¢ fohg gmfia &t 21
(C) R Gufird qen Hehes ® fohg Toqed el 2
(D) R T qoadl §a 2

16. @ ofifsy f wq=e N®, R={(a,b): a=b—2,b>6} g Y4 Hsel R 2|
frfafea o 9 w8 ™ g
(A) 2,4)eR  (B) 3,8eR (C) 6,8eR (D) 8, 7eR

1.3 et o Weh (Types of Functions)

Tl I SR, F TS e S T@HE T, ST Held, SgUs Herd, IRed
e, AT %o, faed o i o1 99 396k fer@l dfed sem XIH foran s
9T 2l

< el o AN, A, O ql 9T 1 A A fRA S gt 1 iR el Wi
HehoUqT TIOTd Tl 3TeTTT i 3T et (Disciplines)ﬁwﬁwqﬁ@%,w
T el o AR | ST LTI o8l ¥ AN ag =ed €, Sel 39 Ugel WA feha o
30 A% U, &0 faf=1 YR o worl &1 stemae |
frafafad sepfadl g/ SRIC T ®e £, £, £, 90 f, W fo=m Fifs

sepfa 127 59 3@d 8 fF X & 1 (distinct) $fa@al &, we f, & @,
fafsa «ff fior= 2, fohg £, o ofwia <t fa stemat 1 7en 2 o wfafe o & € Tma:
bR YA X, ¥ FB TH UG T W e T £ W f, F Aqia X,k HH F srorm
o wfafaa T&l 8, S £, sfaia X, & |t steoma X, o foelt 7 ot saea o5
wfafes €1

IRt oitera § e et e wra et 2
TR 5 T Hed f :X—)YQ%»QT (one-one) 3183"1130_05 (injective) ™ol hgcdldl
2, % £ o ofadd X o T sfe@al o wlafss o fa=1 gid €, stefq go®
x,x,€ X, & U f(x)=f(x) F a0 T F x =x, FEA [ TH TGH
(many-one) el hecldl B
ST 1.2 (i) § Wl f, Toheh! Terd & T M 1.2 (i) H f, T g0k o
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i

1 a
. [ b
yA /{/ c
3 d
e
4 f
X, . X,
(@
1 fi
1 a 1 a
2 2 b
b
3 3 c
4 ¢ 4 d
X, (i) X, X, (iv) X
3TTeRTd 1.2

TR 6 e f: X =Y =85 (onto) 31Ul TSI (surjective) hHaaldl 7,
£ ok 3fqTa Y 1 Yt ereEe, X o Tt 7 foe ereea o wfafae g 2, sreiq yeis
ye Y, s fau, X ¥ U 9 sred x o At @ T f(x) = .
ST 1.2 (iii) W, B £, 3TBRHF ¢ a1 3 1.2 (i) H, FT f, SR
T B, FfF X, IS ¢, T f, f, % Fwq X, & fHe off stee o wfafaa
& 2
ﬁWﬁf:X—)YQEFWW%,QﬁGﬁTWW&'fW[‘TﬁFI’((range):Y.
TRTeT 7 U e f: X =Y T Qéﬁlﬁ qAql AT=d1<eh (one-one and onto) 3T Qéﬁlﬁ
=BT (bijective) HeT HEAM 8, AE £ Toheh! a =38 A &1 il 2l
Pl 1.2 (iv) H, Hel f, T Tehehl Qe S=TEl et 2l
SETET0T 7 HE offSu R e X o |l 50 feenfea s wgemm A #1 WE ol

Fi AN, f(x)=Tomnef x =1 a8 FR, g7 9RwfE ww wer B fag wifsg fw
f THE 2 fg sTeeREE @l 8l

TAHEN o o Ta=-fa= fornfef o Ua1 Faw qoH 72 8 Tehd & 3que fTeheh! B
STl 1 for &ffd forT &0 o Ted & foh foranfelal o Ut Fo0 1 9 50 9 ©1 36T
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e 7E g for N 3/dd 51, henl o fopell off fermneff &1 Tt =ox 1 2, eraug
f o @ld 51, A frdt off srage @1 wfdfae 7€t ©1 o@: £ eTesEE TRl e

SaTetuT 8 fag T fF f(x) = 2x R 951 %o £: NN, Thehl € T Teacs
& 1

T WO f TheT T, FE f(x,) = f(x,) =2, = 2x, =x, = x,. [T, f TSk A&l
g, Fifh 1e N o fau No t@ forelt x o1 st =& ® aifb f(x) = 2x = 1 &8I
3EET0T 9 g HINT fF f(x) = 20 W 989 el £: R —R, Tohsh! 9 =55 2
TA f ThHI T, R f(x,) = f(x,) =2x, = 2, =x, =x, WA &, RY Jaa Foreft

off aredfers e ya foy RY %wafaa%,aﬁf(%):l(%):y%laa:f

e o B

Y
A
y=fx)=2x
X'€ P
0 X
v
Yl
3TTeRfd 1.3

seevor 10 fag fffse fF f()=f2)=1 TN x>2 & U f(x)=x-1 5V T
weH f: NoN, eeses df € fhg Tkt T2 21

T f Thsl TE 7, FE f(1)=fQ) =1, Wq f A=EF ¢, FifF fHd g
ye N,y#1, & faQ, g4xl y+1 T9 o &, @k £ (y+ D=y+1-1=y WA &
le N faw £ (1) =17l

a0 11 g ST 6 f(x) = x2 g0 IR e £: R R, 7 @ Tohahl © 3R
T =S ¢
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> e
=<

& i f(—- 1) =1=f(1), 38FAC [ Tha!
& 81 T9: Teuid R o/e@d -2, Wid R f)=x
fordt ot sEa x w1 ufafaa T © (FD)|
d: f ABRH &l T fen-1 FM=1
ST 12 fag FT B A TR T . xe 1 [Oxe1
f£: NN, Toheh! o T8 <l & 8

B x+1,af< x foom 2 ;{,
J)= v—1af x T £ efemta 1 @ -1 @ wfafea #)
3TTeRTd 1.4

T A WA f(x) = f(x,) B R 76 Al x faom & qon 998, @ o + 1
=x,— 1, 3190q x, - x, = 2 S ST T 9 THR x, o §H M x, o fawm a9 &7 ft
T &t €1 gy x, q x, <A S A A favm g o wm g we e o
A xzﬁﬁqﬂ%,?ﬁf(xl)=f(x2)=>xl+l=x2+l=>x1=x2. gﬁwaﬁxlam
x, T T E, @R flx) =f(x,) =x,— 1 =x, - | =x, = x,. 3Tq: f Tkl I WA &
Teurd N &1 1 o fawm T@ 2+ 1, 97 N 1 & 27 + 2 1 Jfafed € 3R 9w
N & 1 ot ¥9 G 2, N %1 G& 2r — | &1 Widfa €1 31@: f =s6s

3ETET0T 13 fiag I o 3T=ores Wl £ {1,2,3) —{1,2, 3} Hed Toheh! He &l &l

T HA TSy T £ wohent &l 1 37d: 39 Wid § %W 9 FH < 6Fd g forn %
1 e 2 1 i © fSer wegid o ufdfes 99 21 @iel € £ o i 3 1 gfdfeis
ehael Teh &1 37erd B 31, URET ®, Weuid (1,2, 3} ok, 3Afuehan a1 & 7o 8l Wehd
g, food yae e @ fF 7 ot T B, S o ww faieife 21 ema: £l wohehl
BT € =feu)

3207 14 Tag ST fF T st e £ {1, 2, 3} {1, 2, 3)efed w1 9
s o B

T I f THE $, TET (1,2, 3) % d9 1o £ St wewd {1,2,3) 9 9
ITT-3TeAT SFedl W HAl: Hefed | o7d: f s o €

fewuit 3] 13 AT 14 H e Rom Rt off e 9RkfHa (finite) ¥9=99 X, &
foru oo 2, sreifd Uk Wohsh! oM f: X oX SfErd: SesEe gl € ael i
IRfHa Tq=ea X o fT T eTresiee el f: X —X Sifardd: Toheh! Bl B1 36eh
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fadia ST 8 e 10 W T el ¢ b ferell e (Infinite) Tq== o foq 7€
&l &t oft B Hehar €1 aad ® gg ufifia qen sruRifd gyl o s uw st
(characteristic) 37X Bl

| woTaet 1.2 |

1. WWWf(x):%WQﬁWW f: R, =R, Tehehl qeIl 3AT=S1<h
€, el R, 9l RoR ardfass Seet &1 gyead €1 4% 9id R, 51 N9 95
o S, S foF @' gEad R R, @ ot F 9w 9iomm g gem?

2. Tr=afafea wami =t Qav_ch‘ (Injective) e ST (Surjective) TTﬁ Cals |
HifSIT:

() f(x)=x*> g Y&& f: N >N Hed 2|
(i) f(x)=x* B Y&W f: Z —Z FTH 2
(i) £(x)=x*> EW 9&4 f: R —R wer 2
(iv) f(x)=x* B &4 f: N N %o 2
(v) f(¥) =x* BRI WA f: Z —Z FTH &l

3. fag #IfT & f(x0) = [x] S} 959 HewH Ul o f: R —R, 7 df Tohehl €
&R 71 resTEE ©, Wl [x], x @ HH A1 SHeh e HewH YUl i FTEid
L B

4. Tag ®IST % f(x) = x| §0 989 AG% e £: R >R, 7 @ Toheh! g 3R
T SSeH §, Sl | x| SUe x, AR x 97 1 I € q1 x| SRR — x, ARG
XW%|

5. fag =ifst f& f: R R,

1,3 x>0
f(x)=40,a€ x=0
-1,3fg x<0,
SN 9w ToeA e 7 df Toheh! ® 3R 7 3a1eh

6. HA efST fFA={1,2,3},B=1{4,5,6,7} 3 f={(1,4),(2,5),(3,6)} A¥ B
T T Her 2l fag ST T f whent 2
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11.

12.

oY T He 13

frfafed § 9 g frafa § aaemse f = KU gu woe Thal, ST=eik®
T Teheh! 3BT (bijective) B1 79 ST o1 3fifacd +ff saesyl

(i) f(x) =3 — 4x g URAfod weA f: R SR @l
(i) f(x) =1+ x> g0 G we f: R >R 2l

M ifSy for A den B < wq==a €1 fiag 1Y % £: Ax B —B x A, 38 ¥R
6 f(a, b) = (b, a) T Teheh! =S (bijective) e &1

nTH,Zlﬁ'nﬁl'W%
T oife fF ¥9d ne N& fau, f(n) = g TS

g URfod T W f£: N N 81 oqelsy b o1 el f Toheh! STesEl
(bijective) &1 3104 I =1 e o sdems

nﬁFﬂﬁqﬁm:R-{3}amB=R-{1}%’|f(x)=(%)gmvﬁmﬁqaw
1A —B W fo=R HIU R0 f Tha! 9U1 A=DEH 22 I ST H S
f Sqasu|

UH ST 7 £: R =R, fix) = §R TR 81 Tt ST 1 =& ity
(A) f THH! ADRF 8 (B) f TEUF ABEF ©

(C) f THa & g T=oR® 7o & (D) £ 7 @ Tha! § 3R 7 A=8rF 2
WWWf(x)=3x‘g’m‘TﬁﬂTﬁﬂﬁWf:R—>R%|Hﬁ‘ﬁﬂﬂﬁ"{:
(A) f Theh! T=BRF © (B) f TEUF STDEF &

(C) f Tha! & W A=oRF & ¢ (D) f 7 A Tha! ¢ 3R 7 Ao ©

1.4 TE St HESE adn FIShAUTE Wer (Composition of Functions and
Invertible Function)

TRt 8 A ST TR £: A 5B Tl g B >C = e &1 dd £ 31X g o1 HaH,
gof g TT&fyd Bal ®, de %eH gof: A —C, gof (x) = g (f(x)), ¥ x € AR gRefia
Bl 2
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3TTeRTd 1.5

SEETOT 15 9F oS T £:{2,3,4,5) —{3,4,5,9) 3 g: {3,4,5,9} ={7, 11, 15}
T HEH W UHER € T £(2)=3,/3) =4, f4) = f(5) =53 g(3)=g@d) =77
g(5) = g(9)=11,d gof Jd@ =ifsul

T TR gof(2)= g(f(2)=g(3)=7.g0f(3) = g(f(3)) =g (4) =7, gof(4) = g(f(4))
=g(5) =11 3R gof(5) = g(5)=11.

IETEL0T 169 £: R >R A2 g : R -R ®a %HI: f(x) = cos x 991 g(x) = 3x? SN
it @ gof 3ﬁ?f0g§ﬂ'd iU g FINT gof # fog.

T Tl gof(x) = g(f(x)) = g(cos x) =3 (cos x)*> = 3 cos? x. T THR, fog(x) =
F(g(x)) = £(3x%) = cos (3x?) Bl Al HIFT foF x =0 T 3cos? x # cos 3x> Bl 37
gof # fog.

S uftert, S 22 qen fewel frefafea oo & fag ofa #a €

TRATET 9 WeH f: X —Y SAehAUiE  (Invertible) FEaTdl ¥, If€ Th e
g:Y =X A 39 THR € 7 gof=1, T fog=1, T FTH gl F& f
yfaei™ (Inverse) Fed & 3 39 Tdleh £ §RT Yehe hId 2l

Iq:, AE £ kA0 €, @ f3Aarda: Teheh! qen M=ok Bl @ 31 feeima:,
IS £ Teheh! A1 ESES §, 1 fATTemd: S[ChHINE BIal €1 T8 a4, £ i Teheh!
A STeSIEeh (g Hich, STChHUN AT i H Weequl &9 § W el €, foei
w9 G 9 f 1 Hfqe™ oaEqd § Jd Tl w8

SEETOT 17 91 A 6 £: N =Y, f(x) = 4x + 3, SN TRAT T el €, Sl
Y={ye N:y=4dx+ 3Tt xe N & fou}| fag =ifse fF f Fepaviia 21 wfacim
e o F| it

T Yo fordl W 3ed y W fa=ar ifsre) Y, st 9Ramn gr, wid N o fdt etaaa
w3 oI y = 4x + 331 T Fored Frsere & xz(yff)% s g(y)z@m
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8=Y—Nﬁqﬁ‘qﬁmﬂmngof<x>=g(f<x»=g<4x+3)=—(4x+43_3)=x
WM fog () =f (g (1)) = f (yf) =4(y4_3)+3=y—3+3=y T,

T R gof =1, 7N fog =1, Tomen arcwd @18 gan fo f Aehmvig € 3R o ¢ Hem
f 1 gfaem 2

fafaer 3qrgvor

SETET0T I8 AR AR, W= AH ool Heiel ?, qi fag wifs fom R NR, ¥ T
ol HaY 2l

T i R T R, 1 Wt © ST (a,a) € R, T (a,a) € R, \yac A THH
e % IED (a, a) € leRz,va,ﬁ‘lﬂ@ fag =@ % & R, N R, &JeT %I g
(@, b) e R.NR, =(a b)e R, TN (4, b)e R, =(b,a) e R, T (b,a) € R, =
(b,a) € R,NR,, 31 R R, A 81 3 YR (a, b) € R, "R, T (b,c)€ R, MR,
=(a,¢) € R, @M (a,¢) € R, =(a,c) € R, "R, 388 fag @ € f R "R, HFma
2?1 o: R, AR, TF ol HaY 2|

IETE0T 19 A <fifore foh Tg=ad A § o7 quifeh! o shfHa g (ordered pairs )eh
T& Ha9 R, (x, y) R (u, v), A< ﬁ?%ﬁzﬁ' xv = yu BN IR 2l g =ifvT
fF R T qoadl g 2l

T TR (x, y) R (x, ), ¥ (x, ) € A, T xy = yx Bl 389 T el € 6 R
RG] 2l 9T: (x, y) R (u, v) =xv = yu =uy = vx AR AT (u, v) R (x, y)%l ELere|
wWe g ® f R gAfd 21 36 YR (x, yY) R (u, v) a4 (u, v) R (a, b) =xv =yu

b a
qAq ub = va :>xv£:yu£:>xv;=yu; =xb = ya #R g9 (x, y) R (a, b)%l
u u

IqUa R GehHeh B1 37d: R T qoadl Teel B

SEETOT 20 A Wfife R X = {1, 2, 3,4, 5,6, 7, 8 98 AA oifey f& X #
R1={(x,y):x—yH@T3 T W%}WWWWH RI%\' adqr R, = {(x, y): {x, y}
c{1,4,7} 3 {x,y} € {2,5,8} A {(x,y} € {3,6,9} 5 Y&d X H Tk 3 He*l R,
21 fag #ifsw fF R =R21
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o1 e Wit 6 {1, 4,7}, {2,5,8) T {3,6,9) A==l H ¥ YAh oI TAcIeq0l
(characterstic) o€ & for geh fopelt off < 1=l &1 3@ 3 1 T IO 2| ST
(x,y) € R, =x—yT@ 3 & TN ¢ ={x, y} c {1,4,7) & {x,y} (2,5, 8}
A {x, y} < {3,6,9} =(x, y) € R, a: Rlch.S“\:ﬁ TR {x,y} € R, ={x, y}
(1,4,7) 9 {x,y} © {2,5,8} T {x,y}  {3,6,9} =x— yT&N 3 ¥ 97 & ={x, y}
€ R399 ¥% &1 € 6 R, c R, ¥W: R =R 2|

IETETOT 21 HA ST foF f: X —Y Tk %ol 81 X ¥ R = {(a, b): f(a) =f(b)} T
TS Tk GaY R ufifia #ifsw) Sifew fF @ R T douar Say 2l

T Y% ae X AU (a,a) € R,wﬁf(a)=f(a),ﬁwwm%ﬁRW
21 3 YR, (a, b) € R =f(a) = f(b) =f(b) = f(a) =(b, a) € R. ZHAT R FHHA
Bl T: (a, b) € R (b, ¢) € R =f(a) = f(b) A& f(b) = f(c) =f(a) = f(c) =
(a, ¢) € R, F5@em arcd € fF R 9m™es 21 31d: R U qoadl qee 2|

SETETUT 22 W9 A= {1,2,3} 9 w@F e Gl Uoheh! et 1 W@ A Shifory)

T {1,2,3) ¥ @F d% Tehh! el ohae diF Fdlehl 1,2, 3 1 HE=d €| 37d:
(1,2,3} 9 & T o gfafasl (Maps) &1 el S 99 Yool 1,2 , 3 o6 Hwa=dl
1 hel &N ok e BN, S fm 31=672

IEETOT 23 9qF oifST R A={1,2,3) 81 9 fag HifSe f T8 gaui &1 g =1
g, fod (1, 2) @@ (2, 3) & 3R S Toqed a1 Gk qf € fohg gmfia 2 2

& (1, 1),(2,2),(3,3),(1,2),(2,3),(1,3)}, (1,2) €M (2, 3) Faal ol 9 Fad Bial
Hee R, 8, S TIged qen Hehmees @ fohq TAfta 96 €1 o/ ARk R W 7 (2, 1) F@
%, @ U e R, f Wged q1 Wepreh ¢ W WA T 21 SH YN, T R,
H (3,2) @l T R, 9 T Fohat €, Fomw srsiiee wqorend €1 wenfy 5w R, & foRef < gt
(2,1),(3,2) 9 TH I (3, 1) i Tl g1 Tehdl &, FiTh THT BT T &H, Hehroehal
T TR % fow, 99 g ) o o forg aren & S s 39wk g wre e
gafa off & ST, S et T 21 et snfie Weui Y el g o R

sarEtor 24 fag wINT fe sg==@ (1,2, 3) " (1,2) @0 (2, 1) i <fd< & o
oIl Waul i gew 2 @

& (1,2) TA1(2, 1) i Al HT oTell Fa€ B gl da¢ R, {(1, 1), (2,2),
(3,3),(1,2), (2, 1)} B 316 haed 4 ¥, THd: (2, 3), (3,2), (1, 3) 91 (3, 1) 99 ==l €1
I &7 9 | fre TR w1, 5@ (2, 3) @ R H fafdw wW ¢, @ wHfEa o fon
Y (3, 2) & ot o1 USW, WA & Hhuhdr o 89 (1, 3) q91 (3, 1) HI o *
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few amem 2 or: R, ¥ 91 qoudl e Shad Wi Ty ¥ T T i § R
(1,2) @& (2, 1) & fdfehe @ et qodd el ®1 el e & 2
SETET0T 25 qemeh Wwer I o N -N W fe=m ifSe, st I (x) =x, yxe NgJ
wfenfid 21 fag Fifs &, =@fy 1, sresrs € g frfafed e @ wfenfid s
I+ 1 : N -N 3T T8 2

G+I) =[x+ (xX)=x+x=2x
T Tadl [ sk § fhg I + 1, TSRk e ?1 Fifh ¥W Feud N o
TH FoFd 3 o Thd § o faw wia N# et o9 x 1 oifee /T R fR
(I + 1) () =2x =3

SETETUT 26 f(x) = sin x T U&H B [ [o,ﬂ—m qM g(x) = cos x R T&T e

g:[o,ﬂﬂmﬁanwlm;aﬁmﬁfwgqa%ﬁ%,tr@ﬂgwqﬁ
2

zel i [0,%},% Q fr=-fo eremal x, 91 x, % FAC sin x, # sin x, @0
COS x, # cos x, THIAT f T g TA & SToRFF ®9 § THa! 1 WY (F+¢) (0) =
§in 0 + cos 0 = 1 A2 (f+g)(§)= sing+cosg=1 BN I f4 g THET T B

e 1 W fafaey goraet

X
1+ 1 x|

[

fag FINT fF fFRo{xe R:i-1<x< 1} W& f(x)= ,xe Rg@

R e Tehehl dell ST=SIEH 2
2. fag FINT & f(x) = x* 5 987 HeA R—)R@v_eh‘ (Injective) 2l

3. T e gg==a X o g3 21 PX) S & X & 99& Sugg=adl 1 9=
2, W fommr wifsy frafafed @@ 9@ PX) o T ey R 9Rifia sifsu:

P(X) W STEH==Al A, B % folt, ARB, A€ 31 sheret af§ A B 81 #01 R, P(X)
T Tk g T 27 T S T shifee o fafau)

4. =4 {1,2,3,...,n} ¥ T T o UK ST=SEH Hol i G&A F1d Hifo)
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5.

wfora
e ofitee fF A={-1,0,1,2},B={-4,-2,0,2} 3R £, g : A B, HAM:

fx)=xr—x,xe AT gx)=2
f AU g WHH 22 IR IR A1 Aifacd o aqegul (Hehd : Al i fE
Tl f: A—B A g : A 5B UM HEdl € A€ £ (a) = g(a) Ya e AT

T A={1,2,3} & o U8 Hee {5 erea (1,2) @2 (1, 3) & 3R S w@ged
e wufha © fohq St el ©, ) Hewn @

1 .
X_E‘_l’ x e AEN IRfd wer &1 I

(A) 1 (B) 2 € 3 (D) 4
. afE A={1,2,3} ® q efeEd (1, 2) I qoddl Haul i Ge B
(A) 1 (B) 2 ) 3 (D) 4
qrIsT

9 7 °, g0 fafay yeeRr o g, werl aon fgsnemd wishaneti &1 steaeq fohean
21 39 1A &1 g faug-owg frefefad 2:

*

* L R R 4

*

X ®, R=¢cXxX 3N Y7 "9 R, faa gaig g )

X #, R=XxX 3N Y1 Hs¥l R, Wiafieh Gael ¢

X ®, W Hw fF vae X, (g, a) € R, Eed GaieT 2

X ¥, 39 YR 1 Hau R, S Gqey (q, b) € R a9 € T (b,a)e R
FT G A ¢ FHUT Faiel 2

X H, 9fds¥ R, (a,b)€ RAM (b,c)e R=(a,c)e R ya, b, ce XHl I
FTH dTell Heiel R Heheh @ael 21

X ¥, 94 R, Sl Wqed, GAMHG q91 ThHeh €, qoddr doe 2|

X ¥, frdl qead e R & faU o € X o WA geaar ot [a], X &1 98
Suag=s € f5aeh @t eed ¢ § gefud B

Th Wer f: X Y Teheh! (319el Toheh) oM 8, A

Jx)=fx) =x =x, v x,x, € X

Th Her [ X Y TS (AaT ATBET ) Her 2, g fmelt vew
yeY, 3 xe X, M TR f& f(x)=y

T el f: X —Y Sehuuia €, A% IR hact A f Tehehl dN ST=a1ah 2l

Reprint 2025-26



g4 T Ho

o el yea IRt T=Ta X % T weM f: X —X Tha! (TEHER STesRH)
B €, A IR ohael A% f MesoReh (ASHHR Tohehl) B1 I fopedl afifima
eI 1 Nfeneifoies ureH  (Characterstic Property) 81 @8 3rafifir
T o Ty wed Tl 2l

tfeiaes gvfh

et i Feheddl, R. Descartes (89 1596-1650 %) ¥ URY & X THh od
et ® foerfad g8 €1 Descartes 7 9 1637 2. ® 319+ wigfafd “Geometrie”
Y 9 ‘o T YA, SAMHAE Sshl, S sTfaEe (Hyperbola), RIECIGR
(Parabola) @2 SEigd (Ellipse), 3l S&8T hid 9HI, Th =X TRT x ok &4 Ui
o x"oh 31 § R ol James Gregory (¥ 1636-1675%.) 7 3791 &fd “ Vera
Circuliet Hyperbolae Quadratura” (¥ 1667 £.) H, Teld ohl Teh THT T AT o,
S fordt 3= ¥ R Sisia s1eran 31 Eishaneti sl SR WA i ° Wi gt
g1 9% § G W. Leibnitz (1646-1716 £) 3 1673 3 ® fafed ot wigfafy
“Methodus tangentium inversa, seu de functionibus” T 9% ‘e ohi Tt T
TR < 31ef o g foRan, St forsht ook oh T foig § g¥R fog T 59 YR 9Rafa
Bl et €, S o W feig o feunieh, ok 1 Yemn, 9% w1 et qen eifircie
uRefda g €1 qenfy e1aet shfa “Historia” (1714 €.) ¥ Leibnitz ¥ % i Teh =
R AIRA AT oF 9 H FAN fHar a1 A x 1 wed YA § AF 9 o
TayH AfK 9l John Bernoulli (1667-1748 3.) & Tage™ 1718 8. | Hohad
(Notation) ¢ ! STFRNTT ‘x 1 BT il Yohe HE oh foIC fopam o g wed
1 Frefra w6 & fau gdis!, S f.F, ¢, y... &1 &9 FAM Leonhard Euler
(1707-1783 %) 511 1734 . H 319 WEfAd “Analysis Infinitorium” o Jeid @UE
¥ fwen T oMl ] ¥ Joeph Louis Lagrange (1736-1813%.) 9 1793 5. | 79+t
gl “Theorie des functions analytiques” FeRT¥Td @i, o 3= faveromes
(Analytic) e o aR | U=l @i off qe Fehad £ (x), F(x), ¢(x) TS T T
x % - wemi o faw fRan on a8 Lejeunne Dirichlet (1805-1859 ) =
el it QRS <1 TSTEehT YaNT 39 99T q% Bidl @1 519 dh IaHM e | el
1 g Ygifaes TR %1 FeEe &l g3, S Georg Cantor (1845-1918 %)
BN forfoa w=aa f9gid o 9% 3Tl IdHH *id H gdtad ®ad &l a=ad
dgifqr RO Dirichlet SR USA oA i GRATST &1 HE TR0
( Abstraction) =1

O/
_..._
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** Mathematics, in general, is fundamentally the science of
self-evident things— FELIX KLEIN +»

2.1 9{&!3?[ (Introduction)

dqAE | W, T UG Yk & 6 R Wl f H Udlw
- gr fEfud gfaei™ (Inverse) Hel &1 Sifede ehad
adl © Al £ Tohen! 9 =OEH el 98d § Hor UH ©
S ke, SeSEE A1 Il & TE ®, sEfe gH S
HieAEl 1 aTd el T Wehd &1 el X1, B9 UG Toh ©
for Fepiviada werm o o (FEFT) Wid 3R
IRE H Tohen! T 3TEIEk T B B 3R 3oy ek
Hicrerdt w1 stfede =2l el 81 39 1A o g Brepiuifida
el ob idl qe URER W T el 39 sl (Restrictions)

Bl © SR SIeial gRI Ufdcdl 1 STaciieh Tl $9eh Arya Bhatta
sifafted 37 gfaaml o s YRIWE TorEH (Properties) W (476-550 A.D.)
oft faar &3

wfdam v wer, %o (Calculus) B T Tgequl gfent fad #, Fifs
ITh1 WETA W ek Tutehel (Integrals) IR eid €1 Ufdeim Sreptorfidta weri 1
HheTAT T G fogm den Afitent (Engineering) ® +ff 8fa 2

2.2 IMERYd WT@:’ (Basic Concepts)

e X1, H, B0 B wor 1 stered Y g €, S Frefafad weeR 9 iy €
sine Tl , 319ﬁ?[ sin: R —[-1, 1]

cosine Teld, 3194??1 cos: R —[-1, 1]
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T
tangent e, 3?%1%[ tan: R-—{x:x=02n+1) E,ne 7} —-R
cotangent i, ﬁ%ﬁ,cot R-{x:x=nn,ne Z} -R

T
secant e, 3?%360:R—{x:x=(2n+1)5,neZ}—)R—(—l, 1)
cosecant i, ?ﬁm cosec:R-{x:x=nw, ne Z} -R-(-1,1)

AT | AR i de g & aR . XYW U B & )=y &
Tcheh! AT ATSSIEH Held & df 89 Ueh SIfgdd Hed g Y—X 30 YR aRefud &
W%Wg(y)=x,slﬁxeX qdq y=f(x),y € Y%Iﬂﬁgﬁ%:fﬁqﬁ'ﬁ?
3R g 1 UG = f 1 Wid| ®e g i Hed f 1 Haeld wed 8 IR 8 £ gN
el wed 81 WY & g ot Toheh! a1 =SS Bl € 3R g o1 Yiaa™ wer £ gl
T gl=(f)'=f 3HH WY &

FrofHl=f1F@)=f"0=x
&R FofHM=fF o) =f@) =y
Fifh sine Fel 1 Wid aT&ifas HEetl 1 == © G TR IRER HJd

L1131 af =0 38§ Wi = B‘,ﬂﬁ@ﬁa(gﬁaﬁa)mi,aﬁgm

[ 1, 1] STCT, Uk Ueheh! Qe 3YTo81e® Hold &l Sdl 81 ardd W, sine Ho, Siaual

[ﬂ,_—n},[_—ﬂ,ﬂ,[ﬁ,iﬁ}w&ﬁ,ﬁ%@ﬁﬂﬂ@ﬁaéﬁﬁ,qﬁm[—l,l]
2 2 22 2 2
ST, Tk Whah! A1 TS Told &1 Sdl 21 37d: 89 98 ¥ Jish 3faqd ¥, sine

el o Jfdel™ e i sin! (arc sine function) S F&fYa &ad 21 o7 sin”! TH

W B, forme wid -1, 1] 7, ﬁ?ﬁﬂaﬂwﬁm[ 37‘,*} [__R,E}m[ﬁ,g’—n}
22 272 2’2

T § § i off aUa 8 Ghdl 21 36 YRR & YIF AU o 9 7H Held

sin"' @1 W& 9T (Branch) T it 21 = v, fereent aiEy [— —} 2, qeq ynaEt

(9= W @) el 2, 59 o IR o ®9 § 3 e 9 sin ' &1 fo=-fgm
IMETY fHerdt &1 19 89 % sin! w1 Sood 3 §, a9 B9 39 id [—1, 1] a0 IR

[_zn ﬂwwwﬁ g1 38 79 sin!: -1, 1] —>[7 —}1%1@% 2
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i Wl 1 YRE gNI, I8 frshd feherar € R sin (sin! x) = x , A

— 1 <x 4 qA1sin! (sin x) = x A —gSXSg B R w #, ARy =sin! x @A

sin y = x gfal 2

feuroit
() =9 oA 19 9 € R, 9%y =f(x) T hAvg e B, @ x=£"' (y) i
21 oTd: T o sin ok ™ o x qe y el k1 WER fafma Fweh wer
sin™! T 3@ 9T fehan ST Hehell 81 2147q, A (4, b), sin B S TG
wF fag B, @ (b, a), sin e o Ufaelid e %1 WG fag il 21 37 e

s Y 3n
on —TW Omn =n 2t S
-1 2
Yl
y=sinx
3Rt 2.1 (i)
Y Y
A N
2
2
3n J3n +*
- T 2 ﬂ
T T
- s
2 2

v
v

Y, Y/
|
y=sin x y=sinx 3y =sin" x
STTeRTe 2.1 (ii) ITTeRfd 2.1 (i)
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y =sin™ x &1 3T, Be™ y=sinxoh @ H x T y el o WeR fafa
ik U TRl ST Wehal 81 el y = sin x 91 el y = sin™! x o i@l
amepta 2.1 (i), (ii), & 9 T4 | e y = sin”! x o e ¥ TeU fafgd wm
q& ol i i & 2

(i) e Te@emn S Fehar ® b Hiaei™ e 1 e, 3@ y = x o ufid: (Along),
T A Hed oF A@ i {9 Gfafsd (Mirror Image), $1fd 9=
(Reflection) o &4 | Wi feha ST Fehel ©1 SH oA 1 Hedl, y = sin x 9l
y=sin! x o I=I & (Same axes) W, A Aci@l H HT S Hehdl ?

(3ATRTd 2.1 (iii)) |

sine e o THM cosine Feld ﬁ@&mwéﬁiﬂwmwﬁiﬁwﬁ
o1 T=E € 3R fSreent qieR @q=ed [-1, 1] 81 A 89 cosine He o Wid i Sl
[0, 7] § Hifad X < o T8 9REL [—1, 1] ST Teh Ucheh! A ATo0TGeh Wold & Sdl
?1 T&A:, cosine B, @ [— T, 0], [0,7], [, 2] St & o foreht o oft <
B 9, URER [—1, 1] 9Tl Teh Toheh! 3Me8E! (Bijective) o &l ST €1 o7d: €9 T
o 9§ Y AqUA H cosine Tl o Giaai™ i IR T Hehd | BH cosine e
o Yfdel™ e @l cos! (arc cosine function) g1 F&fUd H

F1 3T cos | TF Fo ¥ T Wi [—1, 1]F 3R 1R [-x, 0], X
[0, 7], [, 2] SE & | h1E ot Ul B Fehdl €1 36 YHR ﬁ
o YT AT o WA §H W cos! 1 Tk IIRET WIS @il 2i>
21 =98 v, frmeRt 9 [0, 1) 7, §&F e (= O 9E) 3n
T e e <n2
cos™' : [-1, 1] =[O0, «] %
y=cos™ x BRI Y& et ol Teid SH YhR ©il S Hehell LI
% S iy = sin” x 3 A S A H v fen st g &1 19 )
y=cos x AU y=cos ' x o Me@l i MHfAAT 2.2 (i) 9 (i) 2
o fememn w2 % <_”
5n 1 g 5m —32n>
el i\ _-m 2 N2 ¢ By
ey R AN AN ) (CRNHZET Y -
PR S s
Y’ ;E'_l
y=cosx y=cos x
STl 2.2 (i) ST 2.2 (i)
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33U 379 ®H cosec'x T sec 'x W fa=m =3

) 1
Fifm cosec x = —;

sinx’
ne Z}? dM IR WH=E {y:ye R, y> 1 3l y <1}, s1afq, qq==a
R- (-1, 1)@ 3@ 318 & f&F y=cosec x,~1 < y< | & B HT 3 G arferh
AT I TEU1 KT © qU1 T8 1ok qUlieh (Integral) TS o faw fenfoa 7=t 21 afx

B cosec el o WId i STarat [—E —} {0}, ™ Hifird < <, @ I T Tehen! qen
A=SEsHh e il B, ToEeh aiE wq==d R— (- 1, 1). Bl 81 a&d: cosec e,

THAT cosec e T Uid =9 {x:x e R I x £,

. .| 3n —m o o
W[T?} {—}[22} {0}, [2 2}{n}wﬁ<ﬁﬁﬁ{ﬁﬁsﬂ

i BH © Teheh! ST=aTE! Bil © SR ST IRER Tq==d R— (-1, 1) Bdl 81 38 YK
cosec! Teh UH el o &Y H G & Hehel 8 f5&eh1 9id R— (-1, 1) ® 31 9iE

31 -1

W[zz}{}[ 2}{%} B%}{}Wﬁiﬁﬁaﬁs‘%ﬂwﬁ

Hehel 21 TRER [_—;,ﬂ—{méawwﬁcosec-l 1 T I Fed ¢l 39 TR
q& wE fefafed e 9 o e @

<

2\ S
' ST '
—TC 2 1 ] 2 1 2
12 L 1 all PELURS
N et I —4="5X
: Of & '
1 2 1 1
: A . . /\.
Y’ y = cosec x
¥ = cosec x
3MeRTd 2.3 (i) JTERTA 2.3 (i)
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cosec! : R—-(-1,1) —>[7 E} {0}
y = cosec x AT y = cosec™' x o 3ATer@l &1 AR 2.3 (i), (i) § Tx@amn = Bl

1

COS X

. T
Tt T, secx = ,y=secx3|'7[‘;|ﬁ1:l'ﬂt_tl'€[R—{x:x=(2n+1)5,neZ}

2 dul Uil wg=Ea R - (-1, 1) 21 sHa1 &1l © % sec (secant) Wed
“1<y< 1 BEgH 3= Gt ardias TE Sl T8 (Assumes) LT 8 X T

géwﬂmﬁ%mﬁwﬁ%lﬁﬁsecam Tod oh Iid Bl fdde

[0, 7] - { g},ﬁﬁlﬁﬁaﬂ%ﬁ‘fﬂ%’@ Toheh! Al 3TT=BTES Hold Bl @ TSieehT IR
WR—(—I,I)@H‘I%IWﬁsecamwmﬁ[—nﬂ]—{_—n}, [0,n]—{g},
(7, 27 —{—}W&ﬁ@Wﬁﬂﬂ@ﬁﬁ%ﬁ@Qﬁaﬂﬂlﬁm%ﬁTw

trﬁmR—(—l 1) Bl B 37@: sec! Uk UQ el oh ®9 H URWUd & Hehdl @

SRt wid (-1, 1) 8 3R Toeen 9iEr sfaat [—n,O]—{_?n},[O,n]—{g

[n,Zn]—{%n}saTFq'ﬁﬁﬁéﬂﬁ%ﬁw%lsﬂﬁﬁmmé\swgﬁw

}

sec! @ fa-fu= wmEmd wra B € o' wmen fager o [o,n]—{g}%ﬁ?ﬂ%,
T sec! H TEA WG Heddl g1 THH g9 Frefafad IR ° oo i
sec! : R - (~1,1) =[0, ©t] — {g}

y=secx Tl y=sec x o @l i pfadl 2.4 (i), (i) ¥ f@eran = 21 fa
T, 319 89 tan! 91 cot”!' W foaR &
g9 9 ? T, tan ®OF (tangent Wer) HT YA GHTEA{x : x € R Al

x¢(2n+l)g,ne Z}%awqﬁmR%sﬂaﬂaﬁ%ﬁmant#ﬁmw
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L}

:

L}

:

L}

L G
L] - ,X
L}

L}

L]

1

L}

L}

, T 'R 27
X’ 60—0—0—02 X X< - o 'L 3
-2 1 2' -1 2 P)
------- _.L. e R R L] _2 [ ]
2 O_n : : []
\ 4 ' '
Y’ Y
y=sec'x y=secx
STTERT 2.4 (i) JTTeR{A 2.4 (ii)

3 for R T $1 4R T tangent T % W ) ST [%n,g]ﬁ@rﬁqﬁaﬂ

<, 1 € Tk Theh! 91 3TeTSsh ol el Sl € forgent ufer gg==a R eidl 81 ar&da

. . . (31 -7 -T T T 37 . .
ﬁ, tangent e, et [7’7} [7,5 J, [E,TJ SFEIT&Z o9 fedt § off

HfHa BF 9 Toheh! TSI il @ 3R SHeRT Ui ¥==d R Eidl €| 37U tan' Th

UH e o & | IRWId 8 Fehal €, foreent 9a R 81 3K 9 fauat [%_—;]

[__27th [g%nj gle § § g off 8 Hehdl 81 9 AdUell g Weld tan Wi

fr=-fo= vmaTd ferdt €1 = e, fme o [_—;,gjm%,%—cﬂtaw‘aﬁ
A& IITET Feadl ¢ 30 FhR
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y=tan'x
y=tanx

TR 2.5 (i) 3T 2.5 (i)

y=tan x AU y = tan"'x o STl I ARAE 2.5 (1), (i) ¥ @ ™ 2|
B 9@ € T cot wer (cotangent TeT) ST Uid FH==F {x : x € R 9 x # i,
ne Z) 8 a0 uReR Tg==a R 21 39T 31 ® T cotangent ®eH, 1t o qUiiehld Turel

y=cotx

TTRTA 2.6 (i) 3T 2.6 (i)
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#Wqﬁwqﬁélqﬁﬁcotangem W%Qﬁaﬁm(o,n)ﬁﬁlﬁﬁm
%a%WRWWWWW@W%IW:cotangentwmﬁ
(—m, 0), (0, ), (m, 2m) SE | @ fopeft o off W 89 9 Tt T=or e 2 3R
THRT TR T=ad R B 81 adel | cot”! U UH e o &9 H TG &l Fehal
, foreent wid R el 3R afer, efawet (-, 0), (0, 1), (1, 27) 3eaTfs & § wig off gl 59
e ¥ e cot! w1 fa=-fa= et W et €1 o v, feeen 9iEw (0, )
BT €, BeH cot™! 1 T IE@T FHEAM! &1 T THR
cot! : R —(0, m)

y=cotx AU y=cot'x o NG i AR 2.6 (i), (i) § F&i¥fa feman T 2|

frferfian TRON W Wie ST wer (e W W) w5 T Wi
o URER o WY WA feRan T 2

—
sin™! : -1, 1] - 55
cos™! 2 [-1, 1] - [0, 7]
S
cosec™! R-(1,1) — 55| {0}
T
sec™! : R-(-1,1) — [0, mt] — {5}
» o e
tan : R - 25
cot™! : R - 0, ™)
1. sin'x® (sinx)! 1 Aifd &l B Afeq| Idd § (sinx) = sirll AR I8 e
X
311 TrrIvfidt Wi & foau «ff 91 g =l
2. o9 Heft gfacy Seerortida wet it fhdt I faRiw 1 Seo 7 81, a9 g9
ATl I Wor % qed I 9 el 2l
3. et wfieim Breproifidia wer &1 o8 9, S Sush! g7 v | g e €,
Hfieis S ofidia e 1 & W (Principal value) e 2
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9 Y P 30N W forEr wi:

1
IETEY0T 1 sin™! [ijg@maﬁaﬁm|

1 1
T A o fR sin! £$j=y. 3Ad: siny= E

%ﬁaﬁ%ﬁﬁsin-lﬁg@wwvﬁm(

|
SIEA

T . o 1
’E) B % #AR Sln[ZJ= ﬁ%l
ZHAT sin! (—\%]w T T % 2l

1 -1
FETETUT 2 cot (—\ijg@mamaﬁm|

T A oifse o cot‘l(ﬁjzy.?ﬂﬁ'@

cotyZ_T;:—cot(g] = cot(n—g) - cot(z—;)zﬁ

B o1 € foh cot! 1 A Tl w1 URER (0, 7) BT ® SR cot [2—;J=%%I?ﬂﬁ:

-1 _—1 E %
cot \/§ <l &9 A 3 |
frfafed & ger 9= &t 9 Hife:
3 1 1 1 ﬁ 1
1. sin” _E 2. cos” 5 3. cosec™! (2)
1
4. tan! (_\6) 5. cos™! [_EJ 6. tan™' (1)
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-1 i 1 \/7 | =
7. sec \/§ 8. cot? (V3) 9. cos ND

10. cosec! (—/2)
frfafead o 99 A Hifer:

1 1 1 1
-1 —1 _— L | — -1 — L | _
11. tan™'(1) + cos ( 2) + sin ( 2) 12. cos (2) + 2 sin (2)

13. AR sin'x=y, @

T T
A) 0<y< B) ——<y<—
(A) O0sy=sm (B) —5=y=3
o) 0 D) —Fcy<®
(© 0<y<m (D) —5<y<3

14. tan' /3 —sec™' (-2) 1 UH SR

T T 27
A —— — D) —
A) = (B) 3 © 3 (D) 3

2.3 e Frenorfirdtr wemt o gmaﬁ (Properties of Inverse Trigonometric

Functions)
T Hifere ff, AR y = sin'x B @ x = sin y A1 A x =sin y & @ y =sin"'x
B 1 € 3H o1 o ¥Aqed (Equivalent) ® T

sin (sin"' x) =x,x e [- 1, 1] d sin”! (sinx)=x, x € [—g, g}
3fea o ol & e s waey Breeofida wem o aftomm 29 2

IETET0T 3 33msT o
@) sin” (oy1=x2) =2 sin x, —SS¥s

1
i) sin” (201 x?) =2 cos ' x, 5 X <]

g
(i) AF AT fF x = sin 6 @ sin! x = 6 3T THR
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sin”! (zxm) =sin™ (ZSine 1—sin29)
= sin™! (2sin0 cosO) = sin™! (sin20) = 26
=2sin'x
(i) T ST fF x=cos 0 d Swda fafy & = g &d
sin”! (2xﬁ)= 2 cos x W BT €I

cos - .
3TTEIUT4 tan™ _x , —ﬂ<x<ﬁ ! TAH ®Y § e hifed|
1—sinx 2 2

o1 & fore gehd ® TR

i 2 X .2 X
oS X cos E—sm 5
tan_l[1 - )ztan1
— X . a2X . X X
S x cos® Z+sin® ==2sin > cos =
L 2 2 2 2
i X . X X . X
cos—+sin— | cos——sin—
1 [ 2 2)[ 2 2)
— tan
X . X 2
COS — —sin —
2 2
i X . X X
COS—+SIn — 1+ tan —
— tan™! 2 = tan™! 2
X . X X
COS— —Ssin— 1—tan—
2 2 2
,1- L T X
= tan |tan| —+— || =—+—
i [4 Zﬂ 4 2

3BT 5 COt_ILﬁ}x > 1 %l Weaq ®9 ¥ faf@m)
2

7o O oifST fF x = sec 0, then \/x2 —1= +/sec20—1=tan0

= cot” (cot 0) = 0 = sec! x S e TWerdH &Y 2
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frefefan 1 fag Hifaw;

11
1. 3sin™! ='-‘3—43,xe[——,—}
sin”! x = sin™! (3x — 4x°) )

1
2. 3cos™ x =cos™! (4x*-3x), x€ [5, 1}

frfafea werl o Teaq w9 ° faf@u;

VI xE -1
3. tan 1—,)6?50
X
1| [1—cosx
4. tan ,0<x<m
1+cosx
—qi - 3z
s tan! COS X sTnx Lex<t
COS x+sin x 4
-1
6. tan ,xl<a

2
a —X

[3ax X
7. tan”

a’ —3ax* Ja>0 f f

frafafed 5 9 9 &1 99 A hifed:
l_ : 11
§. tan 2005(2sm Eﬂ
_. -1 2x 711_}72
9, tan—|sin 1+x2+COS 14y Jxl<,y>0dA xy <1
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YT 9& 16 9 18 H XU Y Hleh 1 AF A hifoid:

. . 2w
10. sin l[sm—j 11. tan‘l[tan3—nJ
3 4

12. tan|sin™ §+cot_l 3
5 2

13. cos™ (cos%t) EF[HHW%

Ay T g % o) D) =~
(A) 5 (B) 5 © 3 (D) 6
14. sin(E—sin_l(—l)) F A T
3 2
(A) l% (B) 1% (©€) l% D) 1
2 3 4
15. tan™ 3—cot_1(—\/§)?ﬂﬂﬁ
(A) T2 (B) —g% (C) 0% D) 23
fafaer. 3ergvor

. _1,. 3®
3STEYUT 6 sin 1(s1n?)aﬂﬂﬁ§|1ﬁ3|ﬂ'i\?*|‘ql

Tl 4 9| ® T sin(sinx) = x BT 81 iAW sin‘l(sin?’?n)z‘q’?7t

. 3n T T
ﬁ;}ﬂ ?G [_E,Eil ,Gﬁ sin™! x T HE Ml %|
. 3w . 3n . 27 21 T T
qenfyu s1n(?)—s1n(n—?) = sin= qn S e|: 2,2}
Ad: sin” (sin 5)_s1n (sin 5) 5
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e 2 W fafay goraet

fr=fafad & 9@ 3@ Fifea:
1 7
1. cos™ [COS%J 2. tan_l[tan?nJ
fag =ifST
3. 2sin_1§=tan_1% 4. sin_l%+sin_1§=tan_l3—2
44 412 433 412 . 43 . 156
5. cos §+COS Ezcos E 6. cCos E+sm gzsm 5
63 . 15 43
7. tan= — =sin~ —+cos  —
16 13 5
ag =i
1 1—x
tan ! _L ifl=-x
5. tan ' \Jx=cos (1+x),xe[o,1]

! J1+sinx ++/1—sinx X T
9. cot = _, xXe 05_

\/l+sinx —\/l—sinx

Vi+x —+vl-x T 1 1
tan1 S e ——— =———cos1x . <x< ehd: v —
10. [m+m 4 9 , \/E_x_l['ﬂaﬂ_d.x cos 26 @y

frafafaa aHieon & TWa Hife:

_ x 1 _
11. 2tan™! (cos x) = tan™! (2 cosec x) 12. tan ! =—tan™' x,(x > 0)
1+x 2

13. sin (tan"'x), lx| < 1 SRUsR Bial ®:

X 1 1 X
A
DI Pune Q0 P e
14. ZI'I:R’sin“(l—x)—23in“x=g,i‘ﬁx?ﬂqﬁW%:
A) o & L 1
(&) 0.5 B Ly (©0 (D) 5
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AT
¢ yfqam et werl (7 3man) o 9id 92 aRer Hefaftaa areft o
afvfd &:
e iq TRER
(& I1mEn)
N
y=sin'x [-1, 1] 55
y=cos!x [-1, 1] [0, m]
y = cosec™! x R - (-1,1) %n’g - {0}
T
y =sec! x R-(-1,1) [0, ] - {5}
T T
y =tan" x R [_E’EJ
y =cot!x R (0, ™)

¢ sinx Y (sinx)! F Wi T B Afel S%qd ® (sinx) ! = ﬁ AR T

TR I8 94 31 Brhuifidia wer & fau e g 2
¢ ot yfaam HvfHd wed &1 9% 9H, S 39! e vmer | o g
2, yfaeim o wer &1 9@ 7 (Principal Value) F8a 2|
SugH gidl < fere

Tt gy
o forvare feran e @ fof Sreioidt 1 steae geyem wra o SRy gan
ol SRIYE (476 3.), TRTE (598 5.) WIRT WM (600 T.) o wh fgeftar
(1114 )7 vq@ IROME i Wt o on 98 Sl 99 9Ra ¥ HeAgd iR O
Tel | W9 T A A off Feeifafa w1 stemEn oy fRa w S S
faftr ot sTugea off, ff sIRd fafy & 919 &1 SH W =g "ot fava grr oo
Tl

Reprint 2025-26



36

Tfora

qRd ¥ MY Brepofid wer S gt 101 &1 A1 (sine) 3R woH
o aRe 1 e foaerer fagid (Shd s H foran T safasia ) | fan =
& et e o o sfoe™ & 9@ 2l

AT T2 (600 5.) 7 90° § 3AfHeh, hI0 o sine o A o ¢ g &
of| HieTedl! YdTsa] sl Herdier™ 9T § sin (A + B) % THR &1 T 394 21 18°,
36°,54°,72°,31sz<$sineﬂ%cosine%ﬁl{l’@ﬂﬁ WWWWW%I

sin”! x, cos™! x, 3T &l =AM sin x, A9 cos x, 3 & TIH W G HH Hl
e SAfaufas Sir John EW. Hersehel (1813 €.) )1 fgu 7T & S=rg oIk <t
Geferd gl oF @1eF Thales (600 2. gd) T A Tufed 9 9 J1 g1 &1 3=
st & #er fifire &1 S9E & A9 %1 99 Ww 21 39 fau S=iH T F[
S & HeIE 38 a0 e w1 WoEal Sl AUkt 39k STU! Rl qerl
W foRan em 3 eEuE ©

% ?=tan(“€[€fﬁh‘[37—|'dT'QT)

Thales ! TSI &S 1 3 I TUET w3 k1 Ff 57 f&0 S 21 59
fau =i guey el o g &1 gEnT e om e iR < Hereft wel
T THEd sl 1 FEEa 9 ye=E 9RdE e o e 2
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3T?ZIW

T @W (Matrices))

*The essence of mathematics lies in its freedom — CANTOR <

3.1 Q{hih‘r (Introduction)
o & fafay et § gy o WM KT STevdshdl Ul B Mg, MW <k
Tafifuss wfememet @Al § 9 wh 21 o Weft-ard fafisl w1 ga § = it
TE BAR T BT BT B T WA HL 21 81 I@eh TR o R Bl 5
% foru wferd qen wa fafedl W #34 o ya o IROTHEET S i HeheH
1 faehT g3M| Mol i sheet ash GHIRN o 1 & o] 61 Yehe L b
fore &t & wam o < 7, 2ifaq eTregel 6t SUAfT 36 A o e afuss 7)1 oo
Gohad ql GRarstl w1 YAN AR el oh U SoieRieR weRiie Uil
(Electronic Spreadsheet Programmes) Y foman e % ISEED ‘;I'QT'T, ST A0 g
foam o fafe= &5 o e B, S9, o5ie (Budgeting), foshd wfgded (Sales
Projection), ©Td 3Tshedd (Cost Estimation), forelt 9= o aftomai <1 faverso TSI
zqor Afafe e wifeen HWT@ ECECiceE| (Magnification), E['ﬁ'*l (Rotation) de
WWWW(Reﬂection)ﬁwmﬁﬁﬁ'ﬂ@@ﬁ“@ﬁﬁmww
2 3113’1{\@ H1 gAT 1?.{@1:@7#[ (Cryptography) ® «ft @i g1 39 Tfordg
TEE H AN T Fad famE # @ F wmet 9% @ifd @, fug s wEn
STARTRT, S1efee, snyfer THifo™ qen SfEifTer waed # off fEan s 2

9 ™ H SR T SR SSrTo (Matrix algebra) o STHRYA fagral &
e BT, BH BfeIsh e

3.2 3FE (Matrix)

M AT foF g9 T8 Go1 oA A Ted & R [T o U 15 gk 1 3 'Y
[15] 9 ¥, 30 T o 1o 49 9 Gahdl &, & [ | R feaf@a gen qen & g
gfeaerietl &1 e 21 o1 A% g6 I e el € o e & U 15 qiEeRid qen 6
Fom €, 9 39 TH [15 6] YR W, TH GHIA o T I H Ghd € foh [ | IR
1 vy gfafte T & g i giasist o e, s fgda gfafte aen o o wemi
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38 T

w1 Fe < §1 3T W Aifore fR W e qen 39ek ] fas wifsEn den fama o
oG 1 gReiet den sl i fEfafEd gee i o S wRd €

T[T o I 15 RESEAE| 6 Fed &,
wifsE & I 10 gfedehTd qe 2 %o €,
o & 13 RESEAE | 5%H ¢,
19 39 B9 ORI w9 § frefafad YR 9 suafid w1 9ad o
gftent A
T 15 6
hifSTEn 10 2
ESEEEs| 13 5
=9 frefafed &1 § = w9 7
15 6 |<— =T afem
10 2 |« z&d u9fw
13 5 | <— dd ufe
t t
TR e T
F1era
e wifsEr T
EIESED] 15 10 13
FHem 6 2 5
9 frefafed €1 ¥ =9 #9647
15 10 13 | «— geett dfe
6 2 5 | «— g&d dfw
t t t

TEel WH  qE0 WY 90 WE
YEell YT 1 oFerEel § YU W I gfareedl sAl: O, Bt qen faee o
TG GRS H W@ Y FHA ¢ IR fgda W w1 wfaftest waer: qen, wifsan aen
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o & U wHerd w1 G YHe FIA ¢l TH UER, TEA YER K g § gom
oferd et wfefteal saer: e, wifsEn qeon faeE o 9 qRaentst i @ Yehe et
& Tt dferm =t wfafteal shwer: e, wifsen qen faee & a" wHoml %1 e e
Tl &1 STH TR 1 HeIEl A1 Y i 38 Fed &1 A= & 4 eH 378
=1 frefafaa weR 9 qifid w3 2:
TN | e WS A1 el o1 Ueh SAFAhR - T © | g HEAS A1 el
1 A8 o Fd Uel grareal wed g

e 1 W SIS I o 51 (Capital) 18RI §RI =79 hid 1 3Tel o 5
3T FefetEd €:

. 1
A=l 0 5].B=[35 -1 2 U RN,
5 CosSX sinx+2 tanx
36 NEI 2

S SN H &ifast W@t eege 1 Ul (Rows) SR Sed @it e o
Y (Columns) FETd &1 39 Y AH 3 Ufokal 9o 2 &9 & I B ¥ 3 dferai qen
3 W9 SEfek C H 2 dfaal qon 3 w9 )

3.2.1 3TE * &It (Order of a matrix)

m G qA p W arer fohE eI &1 m x n Fife (order) T T T had
mxn 3T FEd & | 3T STE o STHH SN & "3l H A, Th 3 x 2 37,
BT 3 x3 3eHE T C, Th2x 3 3 &1 TH WA & fh A H 3x2=63100d &
3R B M CH Hu: 9 T 6 3Fdd &

A, TRE m x n 3Tge 1 TrefefEa SRR - T g 8:

ml m.

H H . .
. . . .
a 2 am3." an it amn mxn

AU A=[a] ,1<i<m, 1<Sj<n W&l i, je N

ij"m x n’
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0 YR i UK % SR ay, a,, a,.... a, €, TEF 8§ W H SR a,,a,,
Ayjsees A, %I

H: a,, @ Wi SR & w9 H SR e ST B €1 T 36 A H (i, )
e i e Tohd 1 TRE m x n 3TTE | rE@El w1 GEA mn B R

o feorut] = st 3,
1. &0 Rl m x n e & TR BT e hTA o oL, Wohd A=[q,], BT T
Eaul
2. TH had UH el W fouR w31, foeh stoma arfas gead € st
IRfaeh Al i T FT el e &
TH U 99ad oh foRell fag (x, y) 1 T TR (W A¥@T dfed) §R Fehe X

Hohd ®, S° [ﬂ (3@ [x, y))¥, 33N, f6g P(0, 1), 798 &9 o P=m el
[0 1] 81T ehe fean ST Gehal 21

e S for 59 TR 70 et =g ek oefd o ol i T o1ege & &9
¥ for@ whd 71 S0 & Tt Tk Jgds ABCD R fa=R ifs, foees wid s
A(1,0),B (3,2),C(1,3),71 D (-1,2) €l

¥79, 9qs ABCD =g &9 ® frefafed vr 9 fefud ke 51w @

AB CD Al O
13 1-1 B|3 2

X= = Y =
02 3 2f,, cl1 3
Dl-1 2

37d: STl ol YA forell Traa | feerd SAfhdi sfepfaal o wisl &l fefud &
o ferq femen ST weman 21
3T 31 BH P I W =R H|

SaTetor 1 €19 tfagal 1, I den 1§ gew den dfeen wifal 9 gefua ffafad g
R fo=m wifse:
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S HH wfge st
I 30 25
1l 25 31
I 27 26

ST G Bl Tk 3 x 2 38 H Fefua sifem) diedt dfed o s o areft
yfafee o1 ghe w82

Tl USd Gl I 3 x 2 e % &9 H Frefafad yer o fefud s g 2

30 25
A=|25 31
27 26

el fer oI TR w9 1 gfafe Bad-11 srar o afgel wrEwdst & e
he HI 2

SETETT 2 AR TR e W 8 oro¥a €, I TH! Gud wifed F B Hehdl €7

T e T € T, K forelt oege 1 e mxn @ @ 36 mn 99 B €1 Saud
8 STagEl ol fohdl 38 o |l W9 HIfedl A0 i o T g0 Wieha GeASH o
37 [eft T Tl B [ R SR TOEES 8 7
ar: weft w9a i g (1, 8), (8, 1), (4, 2), (2, 4)

3TqUE G Hifear 1x 8,8 x1,4x2,2x 47

SEEIUT3 THh T 3 x 2 g &1 @l hitee, Swen s/e@a al.jzéli—3j|§1'{l
TS B

a, ap
T TH 3 x 2 3T, THd: 38 TR el 2 A{aﬂ a22]
az; ds
1,. .
Ad, aij=5|l—3]|,i=1,2,362ﬂj=1,2

1 1 5
ay =2 11-3.11=1 @ =11-321=>
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3.3

1 1 1

@y ==12=3.11=— @y =-12-321=2
1 1

a5 =513=3.11=0 a32=5|3—3.2|=%
P2
;2

aq: e Ao A=| 2 2 2l

0o 3
2

MRl o UK (Types of Matrices)

T =% | B9 fafy= YR o oTreel i uf=et s

@

(1)

(ii)

WA 3MIE (Column matrix)
Tsh T8, W Mg el ¢, 7% S ohadl Tk &9 Bl ¢ Sl &

0
NE]
fIw A =| —1 |, 4x 1 =ife 1 Tk &9 A7 1 =96 &9 W, A=[a ]

i mx1 -Qa;
1/2

mx 1 i 61 WA e 2l
Yfed 3TIE (Row matrix)

T N8, i 3TegE Hheddl §, af% SUH chadl Ts Ul et

W%WB:[—% J5 2 3} , Ix4 Hife &1 T Ul Tee B1=ATH

1x4

Y B=[b],,, T | xnFl F o AE €

Ixn

T MHE (Square matrix)
T e foaw il w1 gen w1 gen o 9uH g ¥, Th a9 sy
HEAM | 3T: Th m x n STE, o L el €, A€ m = n 3R W Hife

Reprint 2025-26



T 43

‘0 1 T T Hed FI S F Fw A== 32 1| uw 3 HfE

A Ojlw ow

AR ¢ Tk T HA=([a],  TF mFe F o A €

| feumit| af A = (o) TF o FfeH i smege ¥, A s (wfafen)
a,,d,, ...a % STEE A faH0l & sfoFd wed &

11> 722 °*

1 -3 1
ad: afe A=[2 4 —1|2d A % fawol & sfea 1, 4, 6 Bl
35 6

@iv) Taerut 3gE (Diagonal matrix)
Ush ot S8 B=[b,| [0l 3rgE el €, A% foshol & sifaftaa ook

it mxm

=1 gt T YA B[ € 9, Th = B=[b,], Tl sreR s
2, 3 b, =0, i
\o ~11 0 0
WﬁA:[m,B:[O 2},C: 0 2 O, H: I 1,273 %
0 03

et amegE 2
(v) fE3T ME (Scalar matrix)
s Tl e, Sifewr enegE we ®, A% 3@ fawol o stema wHH B
2, 9fq, Tk o SR B=(b), A ASE Feaw €, A
b,=0, @i #]
b,=k 9 i=j & kHE TR L
EHEUIRS
NE)

0
0
A: = =
3, B [0 _J, c=|o0o 3
0 0

0
0 | SHR:

V3
Hife 1, 2 qe 3 o eAfgw e 2
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(vi) dE@Heh 3R (Identity matrix)
T ot e, fogeh fashol o @eft sremd | B € den 99 o= geft sreEe
R €, T HE FEAM &1 T I W, M A A=[a], T TEHH
oAt =g
S %’qﬁ{a""—{o gk iz

T, nhife o ToHTE SIS i | BRI F&fid ed 21 91 el § whife T gt
2, 9 38 B hadl [ ¥ The W &

1 00
1 0
sl 12|

]m:aﬁﬁ 1,277 3 o dedHeh 3T &

o ST R A k=181 @1, T 1w ey, T e Bl 8, WY UE
T e Tl Uh Ay e Bl 2|
(vii) I TFE (Zero matrix)

TS SR, YA STE Al R S8 Feadl ¢, A% 56 99ft 379a A
Gk

0 0/’lo 0 0
O g feftd ot 81 Sl shifed, Hed g o= Bl 2

3.3.1 anw;ﬁ &1 garar (Equality of matrices)

e [0],[0 OHO 0 0},[0,0]%1‘14??@341%%1%”%3“&{6’@

TRATT 2 AR A =[a] T B = [b] T FEAd €, A
() 9 9UE HIfeT & B 8, qe

(i) A IF T9Fd, B o A 3T6IF oF GHM o, AU /i qe0 joh 9t 9+ o6
f?f'{aij=bij%)f
2 3 2 3 32 2 3
bt N e P b A T M
Aqegg & &l YdihA® ®Y W, AR I SMAE A G B gHHA €, A 9 39
A =B fa@d 2
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x y] [-15 0
A |z al|=|2 J6 |, @ x=-15,y=0,z=2,a=.J6.b=3,c=2
b ¢ 3 2
x+3 z+4 2y-7 0 6 3y-2
FEEUT4ag | -6 a-1 0 |=|-6 -3 2c+2

b-3 -21 0 2b+4 -21 0
B Al a, b, c, x,ydd 7 HF A SIS
Tl dfh IS ToIE WHH €, Safeiy ek Gd st oft @EM B Wi Steedt shi
oM 1 W g Frefafaad afom g g 2:

x+3=0, z+4=06, 2y-T7=3y-2
a—1=-3, 0=2c+2 bh—3=2b+4,
TR WA FH W e U =i 2 T

a=-2,b=-T,c=-1,x=-3,y=-5,z=2

2a+b a-267 [4 -3
SEETS AR Sy 4evsd| |11 24

el I ST I U i IR §RI, WG TG i THM WWH W TH Y gl
2 fm

}@ﬁa,b,c,ﬁ% dév“?ﬁ%lﬁ‘cl—ﬂ'ml

2a+b=4 Sc—d=11
a-2b=-3 dc+3d=24

T RN S WA FH Wa=1,b=2, c=3dUd =49 Bl 2
| woTerett 3.1 |

2 5 19 7
1. 3] A=|35 -2 % 12 |, % fou 9@ wifse:
Bolo-s 17

(i) 3TE T Fife (i) 3TeFal &t &

(i) 999 a,,, a,, d,,, a,,, a,,

13> 7217 733
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10.

|

Tfora

. A forglt o W 24 o1gFd € d1 SURT T Hifedl 1 72 A% 9 13 19w

gl q whifest = gim?

. A ot orege ® 18 otaFa ¥ |l STl W wifedt 91 72 AfE 39 5 g

gl 1 @ grm?

. T 2X2AFE A=[a,) F TN Hif e srepr frafafad 7R v €

i+ ))°
2

_@+2))

@ ay >

mw@=§ (ii))

. W 3 x4 SR 1 T HITSC Frgeh e Frefeiad g @ o 8 2

Lo .
0] ay:E|_3l+J| (i) a;=2i—]j

. Wmmﬁx,yﬁmz$WWW:

X+y+z
14 3 y z | x+y 2 6 2| .
@ |:x 5}:[1 5} (@ [5+z xy}:[S 8}(111) { xre ]:{
a—-b 2a+c _ -1 5
2a—b 3c+d}_[0 13
A=la]

e T T ST € A
(A) m<n (B) m>n (C) m=n (D) 38 ¥ & Tt

} ﬁa,b,cﬁ% dav‘ﬂﬁilﬁaﬁml

. xTAy S Yed FR AH % faw enegel o fefafed g gum @2

3x+7 5 0 y-2
y+1 2-3x|’|8 4

(A) x=—  y=T7 (B) TG A H9a & ©
=) -1 -2
© y=17, =7 (D) X=3 . VES
3x 3 hife & UQ Ml *1 Tt fohat G gt fomert g gfafie 0 a1 22
(A) 27 (B) 18 (©) 81 (D) 512

34 3—113&@ W GfsRATd (Operations on Matrices)
TH 17T | e STeEl W o Gihaist i J&qd 1 99 eegel =i an, fhdt eregg
W1 Teh 3T © T[OM, SR 1 Adeheld qell TOM:
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34.1 anw;ﬁ & T (Addition of matrices)

M ST foh ®ifae 1 TM A 901 ®F B W & el €1 e el | eigeh
T AEfRaAl oF fau, @ o S, 91 fa=-fa= gog o, e 1, 2 991 3 o 994
%) T A T T A S wen 9 R e gw fef

A T T B W e
gk A feRar ek dAsiRAl
1 80 60 1 90 50
2 75 65 2 70 55
3 90 85 3 75 75

M e T FIfa g&is Jod aff | a1 aicl ©d o S[dl 1 el &l Sl
el &1 316 Pl ST TH THR B:
Ted o | : Al o faT (80 + 90), @Rl o faw (60 + 50)

Ted i 2 : AShl oh AU (75 + 70), FEfHRA o AW (65 + 55)
Ted a7 3 : ASHi oh T (90 + 75), AEfRA o T (85 + 75)

80+90 60+50
A8 & &9 W 38 TH YohR The L Thd © | 75470 65+55
90+75 85+75

IE 1 SR, SUYH T SATE! b1 ANTHA €| eH 2@ & foh <1 STegel i anTtha,
TS STl o G 1ol ki Sied W U B o1l SegE eidl €1 s9eh tfafi, A
o fotu IM TRl 1 WHME Fife &1 M1 =feu)

= THR, AE A = a4 dp 43 QEF2X33'~|135|§%H941B=_Z?“ b, by, ™
_b21 by, by

Q. dy Ay

ay +by apt+b, a;n+by

BN IR e B

3:|=q2x3311a‘{5'%,ai%ﬂA+B=[

Ay +by Ay +by ap+ b23_

Wwﬁ,nﬁaﬁqf—%A=[aij]HWB=[bij]a‘rwaﬁﬁ,mxnaﬁa:na{a’
T AT B SRl AR, ST C = [c,], . 5 IR g 8, St
c,=a,+b, TN jF FA WA A F PR A
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2 @A + B T st

2 501
IR 6 A{f ; _1} qer B{

0 - 1

gl FifeR AT B HIH FIfE 2 x 3 91 3TE €, Ul Aden B w1 an gt
2, 3R

r+ﬁ 1445 1—1] r+ﬁ 145 0
A+B= =

2-2 343 04 0 6 %]gmwgﬁmél

1. B9 39 10 W 9o 33 € fF A Aden B @AM i ot eegg € i

A+ B it =2t 21 Sereomed A:E 3},3:{1 (2) ﬂ,?ﬁMBtrﬁwﬁqa

T R
2. B9 3@A T R SRl 1 AN, WM wife 9 Rl o wq=ad o fgeme
oo 1 Tk ISR 7

3.4.2 TS 3T & U 37fe¥ @ U (Multiplication of a matrix by a scalar)
37 T AT fom wifem 4 A W feord et o @eft gour ot o Seae i S TET

fean & (Faed 3.4.1)
A R ford hadt § S &1 e = {u orege o femed W 2

1 80 60
2 75 65
3 90 8 |
A W feod e ¥ Sefed o (et €F) e smifated @
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112%x80 2x60
2{2x75 2><65]
312x90 2x85
160 120
sﬁaﬂa{gwﬁ[lso ISOIW@WWW%IWiﬁﬁ%W%
180 170

T IE T e o ek A i 2 W TN HH W I Bl 2

ek &9 H B4, fohdlt sTege o T sifeer | A 1, Frefafed R 9 aifia
FW T A A=[q,),  TF AR € TN kTF AW & A kATH U6 = © o
A T 3T R AR kW O Hioh I feRAT S 2

TR R H, kA=kla] =[k(a)] 3 kA S (i, j)d @F9, i q2q0 |

" mxn i/ mxn’

#R@r’ﬂanﬁéfw,mij%ﬁm%

3115
e & faw, afk A=|J5 7 -3| ¥4
2 0 5

3 115 9 3 45
3A=3|5 7 -3|=[3/5 21 -9
2 0 5 6 0 15

3T T RUT 3TTE (Negative of a matrix) fF&l T8 A 1 R 38 —A
Y freftd e 81 80 —AH —A = (~ 1) A §RI TR hed 2

3 1
-5 x

3 1 -3 -1
_A_(_I)A:(_l)[—S x}:[S —x}

3MSTEl &1 AW (Difference of matrices) 3% A = [a,], = B = [b,] A wHife
mxn el q AHE T dl 39T HR A—B, Th T8 D = [d ] &l i q2 j o Hoed

)

Wﬁ,m?ﬁﬁqﬁsA{ },aﬁ-AﬁmﬁF@awﬁW%ﬁm%
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A % T d,=a, - b, 7, ER IRAMG B E W WR H, D=A-B=A+(-1)B,
31ATq 3T A TAN ST — B 1 AR

1 2 3 3 -1
mm7aﬁA=[2 3 JWB [1 0 2}%@[% B I s

T B UM B
[1 2 3} [3 -1 3}
2A-B=2 -
2 31 -1 0 2
{2 4 6} [—3 1 —3}
- +
4 6 2 1 0 =2
2-3 4+1 6-3] [-1 5 3
“|4+1 640 2-2| |5 6 0
3.4.3 3Teggl & GRT & TUTEH  (Properties of matrix addition)
w&waﬁﬂﬁwmﬁwmwaﬁ(ﬁW)aﬁww%z
() wem-fafma 99 (Commutative Law) € A = = [b,] T wHife
mxn, a0 AL €, A A +B =B+ ATl
3d A+B=[ij]+[ij]=[aij+bij]
=[b,+a,] | (EEmst w1 A wa-fatea )
—([b]+ A =B+ A

(i) wgerd W (Associative Law) TAM Hife mx n o Tl ot 99 @l
A=la].B=[b],C=[c,]% fW (A+B)+C=A+(B+C)

iy
@ (A+B)+C=(lg]+ b)) +Ic]
= [a,-,- + b,-,-] + [C,-,-] = [(a,.j + b,-,-) + c,.j]
=la, + (b, + c)] (i ?)
=la]+ [, +c)l=[a]+ (b]+[cD=A+B+O)
(iii) ‘€ﬁ11 % adeh T 3T (Existence of additive identity) A1 wfifs@ o
a,| T mx n S € AROTH mx n A T €, T A+0 = 0+A=A
%ﬁ?ﬂ%l{ﬁimﬁrﬁ el ok AN WiehA 1 qeEHE YA AIE O =

(iv) o R ;rﬁwhw T 3T (The existence of additive inverse) A e
o A= Teh I8 €, Ol Ueh 31 38 ~A=[-qa| 39 YK &1

ljmxn ljmxn
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& A+ (~A)=(—A) +A= 0, 30T T — A, 3TFE A & A & 3awd
Tidim STeg S1erel RO e T
3.4.4 UH 3MTsgg oF STQIT U o TUTIH (Properties of scalar multiplication of

a matrix)
A A =[a,) 3N B = [b,] FHH FfE mx n, qA T ME § SR kTN | sHfew F,
(i) k(A +B)=k A + kB, () k+ DA=kA+1A
@, A=[q), . B=1[b],, SR k3N st 2,
() k(A+B)=k(la]+[b)D
=k [a, + b)) = [k (a, + b)] = [(k a) + (k b))]
=[ka) +[kb]=kla)+kI[b]=kA + kB
i) (k+1)A=(k+Dla)
=[k+Da)=lkal+[lal=kla)+I[a)=kA+IA

8 0 2 -2
SEEUI8 AR A=|4 -2|,B=| 4 2 | 921 2A +3X =5B g & @1 a9z X
36 -5 1
BIGECAISE
el TR ®  2A+3X=5B
= 2A +3X-2A=5B-2A
0 2A -2A +3X =5B - 2A (e A wa-fafma ?)
el 0 +3X=5B-2A (= 2A, T8 2A &1 91 Hiaei™ 2)
0 3X =5B-2A (O, IR T dqHHF 2)
1
= X =7 (5B-2A)
2 2 8 0 ([ 10 =10 [-16 0
70 X:%542—24—2 = 2|20 10|+ -8 4
-5 1 36 25 5 -6 12

Reprint 2025-26



52 T

~10
10-16 —10+0 —6 10 3

M o0-s 1044 |t 2 a2 4 12
3N os-6 512 | °|-31 -7 3
31 -7

3 3 ]

5 2
SETETUT 9 X A1 Y, I shifeg, afg X+Y=[O 9}39% X—Y=[3 6J%|

! o 5o
el Jel W X+Y)+X-Y)= +

0 9| |0 -1
a0 (X+X)+(Y—Y)=[8 8} :>2X=[8 8}
0 8 0 8
1[8 8} [4 4}
7 X=— =
210 8| |0 4
oy & X+Y)-(X-Y)= [ } [ }
DI X-X)+(Y+Y ay=|? 4
( )+ (Y +Y) = = 0 10

12 -47 [1 =2
Rl Y=—
2[0 m} o s

ITET0T 10 fr=fafead THetor 9 x qen y o AFl 1 A Fifeg:

ol Sl )

T fem @
2{x 5}{3 —4}_ 7 6] _[2x 107 [3 -4]_[7 6
7 y=3) 10 20715 14 T 2y-6|T|1 2|7|15 14
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. [2X+3 10—4} 7 6 2x+3 6 7 6
= = =
14+1 2y-6+2 15 14 15 2y-4| |15 14

7 2x+3=7 qa 2y —4=14 (F?)
a0 2x=7-3 e 2y =18
a0 x:i qen y:E

2 2
SRIGY x=2 e y=9

SETET0T 11 % foram TafrsF @ik =R T8 shael dF R o wreet S ST,
THSA qT T HT Bt FI 71 I RTH gRI, Fader den TRk WTE W, 39 YHR &
wrael &1 faewt (vudi §) @i, Ffafad A9 o B eegel o o TR e €

fgdR Ae =+t faswt (Rs #)
A A EEL
A [ 10,000 20,000 30,000} R IETE]
50,000 30,000 10,000 | TE=R0T f&®

TR TS 1 ol (Rs )
AT fererc B 24|

AB:[ 5000 10,000 24,000}@%&1‘&

30,000 20,000 0 | e faw

(i) Y% fohE™ &1 & THR oh =Ec i fqdeR a1 STeRER &1 afHfad fost
A Hifs)

(i) TodsR T o9& TR H g8 foohl H HHT @ iU

(i) @ A ol 1 ot fashl | 2% @9 et 8, @ SRR | q&% ThR &
T &t fast W Y&® fhae &1 faem aren a9 96 &)

&l
(i) Y% T ® TF YR oF A6 6l HdeR T STHRE | I JHR o6
e 1 faw e g WA T 2
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54 TIoTd

ElR il TRHA EEL
REIEE
A+B= 15,000 30,000 36,000 ‘
70,000 40,000 20,000 Te=0 e

(i) Todem =t orden orerqel § g% fownl o et = & T 2,

I A BN
A po| 5000 10,000 24,000 | TR
30,000 20,000 0 e fie

2
(i) B 2% = —xB=0.02 x B
100

[ =il A SN
—0.02| 5000 10,000 6000 T
20,000 10,000 10,000 | T&=R™ fee

ekl A =
100 200 120 | wHfRIE
400 200 200 T fag

31d: STREX W18 H, TAMRYM, Ui TR oF =6d i fashi T waEs: 100,
2200, @1 T120 A9 W 3l @ AR WA e, Yo YRR o =6 &1 famt ®

FHEI: T400, T200 T2 3200 A1 SAd Il 2

3.4.5 2TgEl T U (Multiplication of matrices)

A S o W 3R < < s &1 i 2 shom den 5 el S JEdeh i =l
&, 1 for <19 1 8 hot™ qe 10 HeF! Hi T&ih! i SEYTHA €| 3 JHI Teh GhH

W (HHd) T HH ok fow S €, s FrEfafEg geR 2
FHAH - JAH 35, HEM B THH - T T50 T

I A ¥ YAE HI TR oA @™ weh qeT? Toeqadl, "W @
Z(5x2+50x5) e, T260 1 AATARAT 7, Sk 74T I (8 x 5 + 50 x 10) 37efiq
T540 1 OISRl €1 BH SUYE GOl ki MegE EUU H 3W R § TR Y

wﬁ%
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S ICFLE T gfd 1 W (FUE H) ATE9Teh SAYT (HUEl )

2 5 5 5x2+5%50 260

[8 10} [50} [8x5+10x50}=[540}
M T R 39 g1 foRel o7 g W 9 i R WE feEfafed TR g

FHAH - YAH I4, HEM Hl IR - TAH 40

39, I 9 TR9 5N GRS R oF fou STawEeh oA A (4 x 2 + 40 x 5)
=208 q2M (8 x 4 + 10 x 40) = T432 2|
T: STgH GEl ) FEfafEd 1 9 Frefua w1 wed €

ATAITHAT ufer 1 T (Fu= W) YT ATV (FU o)

25 4 4x2+40x57 [208
8 10 40 8x4 +10x40| |432
34, ITYH I XA H U G hl Th WY g Fedv g Fafatad

YR § Yk Y TFhd o

S ICFLE T yfad 1 W (FUE H) ATavTeh LATYT (HUEl )

2 5 5 4 5x24+5x50 4x2+40x5
8 10 50 40 8X5 +10%x50 8x4 +10x40

260 208
=[540 432}

ST foervT STgel o UM 1 Tk SIME T TH @ © o el AT Bk
o % e, AT wE g B W # wen & e S =t s st
TUAwA 3Tz (Product matrix) o SfaIdl hi U i b [T, 80 A1 Uil qen
B Wi <kl éib_{, ccpeiiic ShHITHR (Element—wise) TOTH ETG %\' 3R NEERG £l
Ul 1 ANTES T hd B | STEer ®9 9, B9 STeEl o U i Fefeiad ae
T Rt & €

ﬁaﬂaﬁAHWmevﬁﬂﬁa%ﬁm% Ifg AT ol 1 we, B e
ﬁm%wﬁﬁélm?ﬁﬁqﬁA a] Tk mx n i H1 ATE & IR

=1[b ]anpaﬁﬁaﬂw%lﬂHWAﬁﬂT B &1 UF®E Tk m x p il
WWC@W%IWCWO kyait ST ¢, 9T e oF fTw W AT i i
aﬁ?B%k&Wﬂﬁéﬁ%aﬁxﬁﬂWmﬁmwwmﬁ%mﬁmﬁ
Tl AR BT AMES TG H AT | W IR § AR,
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A=[a] ,B= T W AR o U [a, a,..a |70 B H AT WA

ijimxn’ nxp

bl k

by
§dc =ab +ab,+a b, +..+ab Z“:k
’ i = “in%%n 2 Y% i3 Y3k = v

in nk
bnk
e C=1c,],,, AT B F T 2

2 7
Wéﬁfwz,tr&;cz[l -1 2}6% D=|-1 1| g
0 3 4 s 4

1 -1 2
WCDW&W%HWCD:[O 3 4} a2 %2 st # o
5 —4

T Yfafte C &1 fwdt dofea =1 gfafteai &t Do fodt w9 =1 97a dfafea &
TUFEE o ATH o SR Bl ¢ 39 ISRl § I =N ufieher frfafead §

gIq qfed 1 (A

2| [ 2 7_[1)<2)+(—1>(—1>+(2)<5) ‘j
agar ggH —j 11=
wWaF e |0 3 4| |5 —4 ? ?
vmdE [ ol 2 T 3 @D r2(4
T ] 2 { (1) () + D (1) +2(4)
Wy eeaa [0 3 4] [ 5 —4] [? ?
wie [ o] [ 2 7] [13 2
qT g 1=
Wy ema |0 3 4| | -4 | _0 2)+3(=1)+4(5) ? |
wdw [ o] [ 71 [13 ]
o T -1 1=
oo 0 3 4] L5 —4] |17 0om+3)+44 ]

13 -2
3d: CD=
17 -13
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a]® Naerpf? 60
SEEROT 129 A=l o =7 9 g 2 @ AB T ®ifsu

TANIE AT 2 %Y § S e B 1 Ul oh wWH € 31qud AB Uit #1 o1

[6(2)+9(7) 6(6)+9(9) 6(0)+9(8)
AB=102)+3(7) 2(6)+3(9) 2(0)+3(8)

[12+63 36+81 0+72 75 117 72
S| 4421 12427 0+24] |25 39 24

| foguit | aft AB ey 2 < 7 strava et £ & BA st uRenfid @ s

30 § AB uRfid € wg BA uRenfia =€ @ sifer BH 3 w9 & Wefer AW sheet

2 dfeat (3 wferal ) ©1 af® ATeN B FHS: mox 0 T k x [ HIfAT S ATE

& @ AB @l BATHI € aRwfud € afg ofit haet afg n=k o1 [=m=n fovm

gg,aﬁAaﬁIBﬁﬁwﬁﬁ%aﬁaﬂa{s%,aﬁABWBAﬁvﬁw
|

3SR ok U i 3T5RA-faf-Harer (Non-Commutativity of multiplication of matrices)

379 B9 Wk 3901 o g 2@W fah, afe AB dun BA uRefia of ©f, O 9% revae
I8 & fF AB = BA®II

23
45
21

mmlﬂﬁA:[ 1N 3} AR B= , @ AB de BA 91d Shiferu) g9mse fo

-4 25

AB # BA

Tl ik fF ATH 2 x 3 3Te T 3IR B T 3 x 2 3TE ¢, 3G AB q1 BA S
& R & 9o HES: 2 x 291 3 x 3, HifA o e €| A Hiftoy fom

_ 23
1 -2 3 2-8+6 3-10+3 0 -4
AB= 4 5 = =
-4 2 5 )1 -8+8+10 -12+10+5 10 3

(2 3 2-12 —-44+46 6+15 -10 2 21
12 3
3R BA=[45 [ }: 4-20 -8+10 12+25|=|-16 2 37

4 2 5
121 2—-4 -442 6+5 -2 =2 11
wWeZadar AB # BA.
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58 T

U ST § AB q1 BA fu=i-fi= shifeail & enrege © @R safelt AB = BA
I I TH H= Wehdl @ fh 4fE AB 921 BA Tl THM I o eid al Gerd: o
T = g TE off T €1 9T 70 uw Sk 9w frmen & fauw T w® € fE Ak
AB 1 BA §HM &ife & & df ot 72 savas el @ f 9 whE el

IR 14 TR A={1 O}Hﬁﬂ B:[O 1}%6‘[ AB:[O 1}
0 10 -1 0

0
3d: SegE O HH-Tafme & g B

| Femott | gaemt a1 =% 6 R foF AGen B Seel % 39 Wl gl % forw, freh
fu AB e BA UR«Ifod €, AB # BA B 30T o foiw

10 3 0 30
qﬁA:[o 2}’]3:[0 4}’aAB=BA=[0 8}

e fee for TaM wife o faskol streggl 1 oM Fa-fafea e 2
N Y[R MR o TUMHA o ®U ¥ I[A MEE: (Zero matrix as the product

of two non-zero matrices)

Y o € fop 91 omdfosh S@AS o a1 b o T, AR ab =07 @ A A a =0 A
b=07%w 2| Tohq TeTel % e o7 sifereia: Tt =&l Eiel €1 39 <1 i g6 Teh IS0
B 3@

R BA = [(1) _1} 2| TI=TA AB # BA R

3E'I%TUT152H°<A=[3 _;}HQJTB:[S (5)} 2 @ AB W1 9H T HifSC

w0
0 2(|0 0] [0 O

1 A q AT 1 U Teh I e € Al STavas 6l ¢ o 70 4w
e AfTerd: I TR B
3.4.6 317@\%’? &F Nkl &F 707'17T<‘577?C (Properties of multiplication of matrices)
el & O % TOEl &1 W A oA s squfh iy Seoim W w® €

1. wrewd frem: fR=l ff 39 eTeEl A, Bden C & fau

(AB) C = A (BC), & &l GHiehtor ok <1 &1 qRei e &
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2. faaver fram : forgl +ff 99 sT=gEl A, B den C & fag
(i) A (B+C)=AB +AC
(i) (A+B)C=AC +BC, 5d Wt THfieor o 1 var aRenfia gid 2
3. U o qedHeh o AT : TAH o g AT fafu w9 *ife & T e
11 fede 39 YR el €, fF A= AI=A
319 BH ITEN oF FRI STYRI T[UTHH! 1 AT H |

11 -1 13
123 -4
SEECOT 16 A A={2 0 3,B=02H9«1TC={20 21}FﬁA(BC)
3 -1 2 -14

T (AB)C T shifsE IR fe@emsy f6 (AB)C = A(BC) @1

1 -1||1 3 1+0+1 3+2-4 21
7z U AB=[2 0 3|0 2|=|2+0-3 6+0+12|=|-1 18
3 -1 2|]|-1 4 3+40-2 9-2+8 115

2 1 1 NS4 242 440 6-2 —8+1

(AB) (C) = |-1 18 [2 0 2 J: -1+36 —2+0 -3-36 4+18
1 15 1430 2+0 3-30 —4+15
(4 4 4 7

35 -2 -39 22
31 2 =27 11

13 L2 34 1+6 2+0 3-6 —4+3
SCl BC = 02[2 0 o J: 0+4 040 0-4 0+2

14 148 —2+0 -3-8 4+4

(7 2 =3 -1

4 0 -4 2

7 -2 -11 8
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1 1 -17[7 2 -3 -1
FFqTE ABC)=[2 0 3||4 0 -4 2
3 -1 20]|7-2 -11 8

7+4-7 2+0+2 -3-4+11 -1+2-8
14+0+21 4+0-6 —-6+0-33 -2+0+24
21-4+14 6+0-4 -9+4-22 -3-2+16

4 4 4 -7
35 -2 -39 22
31 2 =27 11

T, (AB) C = A (BC)
0 6 7 0 1 1 2
SEEIOT 179 A=|-6 0 8[,B=[1 0 2|,C=|-2
7 -8 0 1 20 3

q AC, BC a1 (A + B)C &1 uRehed sifsul I8 off wenfuq wifsw o
(A +B)C=AC +BC

0 7 8
g1 A+B=|-5 0 10
&8 -6 0

0 7 8][2 0-14+24 10
3fqud, (A+B)C=1|-5 0 10||-2 |=|-10+0+30 |=|20

&8 -6 0 3 16+12+0 28

0 6 7|[2 0-12+21 9
Heh fafe AC=|-6 0 8||-2|=|-12+0+24 12

7 -8 0] 3 14+16+0 30
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9 1 10
e AC+BC=|12|+]| 8 [=]|20
130] [-2] |28
Tl (A+B)C=AC +BC
1 2 3
ST 18Af A=|3 -2 1| % qf <3z fF A3—23A-401=0
4 2 1
1 2 311 2 3] 19 4 8
T WM E R AZ=AA=[3 2 1|3 =2 =1 12 8
4 2 1|4 2 1] |14 6 15

1 2 31[19 4 8] [63 46 69
Tgfaq A=AA2=1[3 =2 1(|1 12 8|=|69 -6 23
4 2 1|14 6 15] [92 46 63

63 46 69 1 2 3 1 00
3 AP -23A-401=|69 -6 23|-23|3 -2 1|-40{0 1 O
92 46 63 4 2 1 0 01

[63 46 69 -23 —46 -69| |-40 O 0
=69 -6 23|+|-69 46 23|+ 0 —-40 O
92 46 63| |-92 —-46 -23 0 0 -40

[63-23-40 46-46+0 69-69+0 0
=[69-69+0 —-6+46-40 23-23+0 |= (O
192-92+0  46-46+0 63-23-40 0

©c o o

© o o
Il
o
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SaTeTuT 19 fordt faem |1 ga o SR T ToHiash a1 3 104 SEHIGIR & TR
34 T S HUh HH i 3oh W dled fhal FeR 2q o faftral g |ueh wenfya
e ffyea gem A ®: Il R, SR-¥R SR qe Tt e R Uedeh Haeh
Yok (i ®) = oreE A | o €,

gfd Haeh qod
40 AT g
A= 100 B STRT
50 = g™

XAAY X I H, IAF THR oF TFR| hl Q&A1 HE

EriEaE TR = g

g 1000 300 30001 =X 3 mg &1 X wen v ¥t § WS 301 5 = B
3000 1000 10,000|—Y

TS e YU 1 hiferal
A T W

[ 40,000 + 50,000 + 250,000 } - X

120,000 +100,000 +500,000 | =Y

[340, OOO} —-X

720,000 | —»Y

3d: <ol g1 S YW W oA Wi T hel SN HHY: 340,000 YH & 720,000
U9 37afq Rs 3400 @2 Rs 7200 Tl

| vt 3.2 |

2 4 1 3 -2 5
1. m?ﬂﬁEﬁFAzL 2},B=[_2 5},C=[3 4},??{?—1131%@?{313#%1@:

() A+B i) A-B (i) 3A - C
(iv) AB (v) BA
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2. frefafad =t afewfaa wifse:

0 a b+ab
1_—b a b a
-1 4 -6] [12 7 6
Gi) | 8 5 16(+[8 0 5
2 8 5| |3 2 4

3. Feifa e afefaa S

1

(it)

(iv)

63

|
|

a’+b* b +c? . 2ab  2bc
a’+c* a*+b*| |[“2ac —2ab

H

cos’x sin’x sinx cos’x

sinx cos’x cos’x sin’x

) a blla —b i [2][2 3 4] =241 2 3
Dy allp o @ X W1y 32 31
2 3 4][1 -3 5 21
_ 1 01
iv) |3 4 5[|0 2 4 (v) 32[1 21}
4 5 6]/|3 05 -11
_ 2 -3
- 3 -1 3}1 0
V1 .
-1 0 2
- 3 1
1 2 3 3 -1 2 4 1 2
4. A A=[5 0 2|,B=|4 2 5{dnC=|0 3 2|, d (A+B)qer
1 -1 1 2 0 3 1 =2 3

(B — C) URefara shifeu| =19t & geanfua shifeie fof A+ (B-C)=(A+ B)-C.

5. gfc A qem B=

N W N

WIN WA Wlw
N |~ |

WY W~ WM

NN LN W

wmiN n| s

, Tl 3A — 5B Ufehfera shifsal
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10.

11.

12.

. O Hifwg, cose[

. XamYamafri‘maﬁY{ g 2X +Y =

. X Qe y I eIt AR 2[(1) ;j+_y O}{

Tfora

cosB sine} . [sine —cose}
sin®

—sin® cosO cos 0 sin O

. XA Y A9 IS afg

. 7 0 30
) X+Y=[ }H%T[X Yz[ }
25 0 3

.. 2 3 2 =2
() 2X+3Y = qdqn 3X+2Y =
4 0 -1 5

3 2] 1 0
1 4 -3 2
5 6]
1 2] |1 8]
S THIHT Fl x, y, z g ¢ oh [ BA HIG IS

ol 2l

RIS x_2}+y[—l}=[20} @ X yH WA @ BT

3 1

o 3] © yH A H 4 x+y}%a‘rx,y,zawwé?m=ﬁ’ﬁaﬁ

'z w| |-1 2w] |[z+w 3

ifsTa)

13.

14.

cosx —sinx O
I F(x)=|sinx cosx 0|2 @ fas FIT & Fx) F(y) = Fx + y)
0 0 1

BRI
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15.

16.

17.

18.

19.

20.

ATE 65

2
- o =
—_ = N
S W
- 1

-1 1 0 -1 1 01 2 3
0 -1 1f(#{ 0-1 1|0 1 O
off2 3 4 2 3 4|1 1 0

2 0 1
e A=[2 1 3|® @ A2—5A+ 61, HF 1A BT
1 -1 0
1 02
I A=|0 2 1|2 a fag #IT F AS—6A2+TA+21=0
2 0 3
3 - 1 0] .
W&A:L 2} aun:[o JQE{AzzkA—ZIﬁFﬁkEIHEIﬁﬁIEI
0 —tang
afg A= 2 | qon 12 2 1 T G SR 1 @ fag i
tan2 0
2
cosO —sino
1°<=FI+A=(I—A)[. }
S1n o0 COosO

fordt =aTIR G o 9@ 30,000 THA HT W 7 TG - gehR & et
o fafera e 81 vem |l W 59 e qun fgda i ™ 7% =i = o
B B 8 TUH & WA g I8 Freifi S fm 30,000 TU4T o g i
T YRR o aiel H o9 w5 o forn fhg yenr st 99w =R 99 i 9t g
ElILERIS|

(a) Rs1800 @  (b)Rs2000 &I

fohell Thret 1 J&ahi i gHM | 10 oA W@ fomm, 8 ot ifass fomm den
10 TSI I T Gedoh &1 37 T&deh! o1 fasha Joa1 HueT: Rs 80, Rs 60 a1
Rs 40 9fd G&deh €| 38 SISHIv & WA g 1 Hifeg fof qeft geaent o1
SO W IHM h F Torad SAART T g

o e fof X, Y, Z, Waen PHERT: 2xn, 3 Xk, 2 X p, nx 3T p x k, FHifeaA
o 3Ty &1 e T wed "em 21 den 22 H W S gfu
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21. PY + WY & 9RWIfYd M o AT n, k qe0 p R T qfqae gmm?

(A) k=3,p=n B) k@8 ,p=2
(C) p&= ®, k=3 (D) k=2,p=3
22. AR p=p,q T TX - 5ZH Hife 2l
(A) px2 B) 2xn (C) nx3 D) pxn

3.5. AR <At Tfad (Transpose of a Matrix)

79 gesg § e Tt ooy & uftad qen o faviv yaR & ereEl, 9 wnfid
3% (Symmetric Matrix ) T2 fawH ¥9fHd 3T9% (Skew Symmetric Matrix) &
IR H S

TR 3 AR A=[a,] TF mxn e F A & T AFT Hfermi qon WAl H1 WER
fafra (Interchange ) HE T Y BH o Mg A #7 IRad (Transpose) haardl
2| Mg Aok UREd & A’ (A1 AT) § Frefud #d €1 g e °, 4

A= [aij]mxn’?ﬁ A, 7 [aji]n xmg}rrr“ ng’ -qﬁ
305 343 0
0 __1 5 2x3

5 3x2

3415’{@ & Ufiad o TguTaﬁ (Properties of transpose of matrices)

319 & fonelt 3T o URad T o ffafad qoremt vt fomn saufa fRu = &
& TR T STYF SAER0N gRT fRA S Fehal €1 SUgH Fife o fRl Rl
AT B& foau

(i) A=A (i) (KAY =kA’ (SEIkHE =R 21
(i) (A+B) =A" +B’ (iv) (ABY =B’ A’
3 3 2 2 -1 2
IEEIOT 20 AT A= qal B= a frefafaa =1 wenfua
4 2 0 1 2 4
ﬁ%ﬂz:
i A'Y =A (i) (A+B)Y =A’ +B’

(i) (kBY = kB’ , &l kg 3= B
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A
(i) =&l
NG >4 N
A=[3 3 2}:/&':\62 :>(A')'=[3 3 2}=A
4 2 0 4 2 0
2 0
@ Ay =A
(i) Tl
2 -1 2 _
A= 3 \/§ 2,B: :>A+B=5 \/§ 1
4 2 0 124 5 4 4
s o4
CRlec] (A+B) =|3-1 4
4 4
(3 4 21
- N |32 B=|-1 2
(20 2 4
s
37 A +B =|/3-14
4 4
31d: (A+B) =A" +B
(i) =&l
o2 L 2] [k & 2%
1 2 4] [k 2k 4k
2k k 21
GE] (kBY = |—k 2k |=k|-1 2 |=kB’
2k 4k| |2 4
37 (kBY = kB’
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-2
SEET 21 A=| 4 |,B=[I 3 —6] & T HeNfUd HITY (AB) =B’ A" ¥
5
o Tel
-
A=| 4|:B=[l 3 -6]
_5_
= 2 -6 12
gafeTT AB=| 4 [1 3 —6]: 12 24
| 5] 5 15 =30
2 4 5
37 (ABY =|—-6 12 15
12 24 =30
34 AN=[245],B=| 3
-6
1 -2 4 5
TfeTT BA=| 3|[2 4 5]=|-6 12 15|=(ABY
-6 12 -24 -30

et D (ABY =BA
3.6 qufta wur faum wufua 3 (Symmetric and Skew Symmetric
Matrices)

TRATHT 4 T AR A= [a,] FAHT FEA ¢ AWM A =AM T HE
= % T [a,] = [a,] I

o223
SR F A, A=| 2 —1.5 —1 | T THMAA AR 7, Fifwm AT =A
3 -1 1
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TIN5 U A AT A= [a] 9 A STPTE FEAR €, ARA” = - A, 399
iqen jév‘%'(ﬁﬂﬁﬂﬁ%fﬁ"{a}.f—aij%}fl W,Wﬁi’%ﬂi=j1’@.,ﬂ)faﬁ=—aﬁ%ﬁ"ﬂl
3Ad: 2aii=02|1aii=0Wia5ﬁ1'Ql
T 31 I geT o fordt fawn wmfia sy o faesol o |+ e/o@@ I 8
0 e f
%’lmz‘faﬂwﬁB{_e 0 giwﬁwwmaﬂa{g%,wﬁsﬁ =—B®I
-f -¢& 0

319, g0 wmfia den faww smfa el & e ot &l fag &

O 1 ATEdfash sTaFdl aret feRet vt STgE AW fAT A+ A7 T WA SR qen
A-A’ T fawn gafia smeg B €
Suafa AR AT fF B=A+A” 7@
B = (A+A")
= A +(A’Y (FHfFA+BY =(A” +B")
= A" +A (FHF A )Y =A)
= A+A" (HfFEA+B=B+A)

=B
TaferT B= A+A’ T THA M B
e HH SifSe foh C= A-A
C=(A-A"Y =A" —(A") ()
= A —A (F?)
=-(A-A")=-C
37 C= A-A’ T faum gufi@ 1ege 2

vue 2 foRdt ot oTeg 1 U WAfHG 9O Uk fawd wHfaa STl oF AnThd oF ®9
¥ o foman S Gehen 21

Suufa U <o fF A T o etegg B eW fora gand ®

1 o1 ,
A=—(A+A)+—(A-A
2( ) 2( )
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THT | 5N EH I ® TR (A+A’) Tk Hufia 3T qe (A- A’ ) U favm gwfi
Mg 2| it et off eTee Ash foIT (kA) =kA’ el ©1 368 ek freheran € o

%(A+A')WWWHW%(A—A,)WWW3W%I 1q: ferslt =t strege
T GHfHd qe Uk faue TEitd SRl % Aee o &9 § o R ST ekl 2

2 2 -4
SEEIUT 22 3ME B=|-1 3 4
1 -2 -3
3TE o ANThel o ®9 H e el
2 -1 1
T WB =|-2 3 =2
-4 4 -3

4 -3 -3
A efifse fo P=%(B+B’)=l -3 6 2
3 2 -6
, 33
2 2
-3
SE] P=|—= 3 1|=P
2
S 3
L 2 J
1 ,
Ia: P=E(B+B)@Wﬁqﬁaﬂw;e'%|
| | 0 -1 -5
Y 7 AE it Q:E(B—B')zzl 0 6|=
5 6 0
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o L 3
2 3
-1
Ll Q=|— 0 -3|=—-Q
2
B3
L 2 J
1 ,
1 =E(B—B)@1%rqnmﬁqaaﬂa{a’%|
, 3 3|y 2t 2
32 2 12 2 s o _4
SiC| P+Q=_?3 Ll+l5 0 3|=|-1 3 4/=B
1 =2 -3
Y I
2 2

37d: 3TE B T THMHT T a1 Teh foum 9ufid STy o A% o €49 H
EESRERIRIRIT

| wvTaedt 3.3 |
1. Frafafe sregel § 9 g &1 uiad Fd sif:
i o 15 6
() 3 (i1) [2 3} Gi) [v3 5 6
3 2 3 -1
-1 2 3 -4 1 -5
2. AR A=| 5 7 9| @M B=| 1 2 0|F d genfya Hifsw %
2 1 1 13 1
() (A+B) =A" +B’ (i) (A—BY =A’ —B’
34 -1 21
3. afg A'=|-1 2 HWB=[1 24%’61@@33#&1@1%5
01
() (A+B) =A" +B’ (i) (A—BY =A’ —B’
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4. Zlff{A’={_l2 ﬂ qen B=[_11 2}%@[(A+2B)’§lﬁaﬁﬁﬂl
5. AN B 3Tegel o forw enfua sifse f (AB) =B’ A’ , STel

1 0
() A=|-4|,B=[-1 2 1] i A:H ,B=[1 5 7]
|3 2

6. yaza=| oY Sina}%ﬁa‘fwﬁﬁﬁﬁq% A A=I

= sin0  coso

(ﬁ)aﬁA=[Sina Césa}ﬁﬁ’fwﬁﬁﬁﬁ@%A’Azl

—COoSOl SIno
1 -15

7. () foag #ifCfF e A=|-1 2 1| U& Gafia oege 2
5 13
0 1 -1

(i) fag Fifm & stge A=|-1 0 1 | % foom wmfim e 2

1 -1 0

8. WA:E ﬂaamwmaﬂmﬁs

(i) (A+A") T THHA e 2
(i) (A—A") T T giHa e

0 a b
9. I A=|-a 0 ¢
b — 0

10. frAfafEd gl & Th TaHd STg a1 THh foum afid oTeg o arwhd
o ®9 § FH RIS

6 2 2
L33 N I
D1, 4 (i)

2 -1 3
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3003
i) -2 -2
-4 -5

-1
1
2

e W& 11 941 12§ FEl 3| g
11. 9f€ Aden B 99H whife o gufi 3efe € @ AB - BATH
(A) Taom wfid smeqe @

(C) ¥ e T

o
12. 4% A= [COS

sinq
T

C) n

sin o

cos

73

1S
™ 11 2

(B) qufta e @
(D) cHTH ATE ©

}WA+A’ =L o T ®

B) =
(B) 3

3n
D) =

3.7 HekHUE 3TFE (Invertible Matrices)

TRt 63K A, HIfE m, F1, Tk o 371e 7 MR A Tk 377 =it 31 1 3ifeaqed
79 YR €, T AB=BA=1 1 B & e A & FhH I8 F&d & 3R =4
AR Frefad wed &1 T <O ¥ SegE A Schauig sedrd 2

IRy, g ofifee foh

oy

2 3 2 -3 .
A=_1 2}{%3_[_1 2}@3416{6%
2 3] 2 -3
AB=11 2]|-1 2
_[4-3 —e+6]_[1 0]_,
S [2-2 3+4) |0 1]
1 0
BA = }=I%| d: B 3TYE, Al eh B

0 1

TR W W, B=A" G A 8 B, 1 kW §, Ui A=B"
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1. forgit SRR (Rectangular) ST 1 kA ST &l 811 €, FHifeh oMHa
AB 721 BA & Rfa e 3R 9 eF o fog, 7 eiferd @ fov Aden B
TqH Fife o o AT B

2. AfK B, 38 AT kA ®, @ A, 3TJe B &1 k™ el €|

uHT 3 [SFchH 3B 1 Afgdizar (Uniqueness of inverse)] ﬁb_{ﬁ o 37T °hl hH
N, A 3T Sifiaed ® d sifgdiar eiar 21

STl 7 AR 6 A = [q,] FfE m®], TF o Mo 21 A e @, d WE et
B A C 38 A <1 ¥ o8 21 3/ &0 faa@ndt f B=C#
Hifeh 3MTE Al Jehd B

37 AB=BA=1 (D)
Hifeh SMeqg A 1 oehu C off € ea:

AC=CA=1 )
a7l B=BI=B (AC)=(BA)C=IC=C

U 49f AT B G9H Hife o kAU e @ df (AB)!=B1A"
IUUT U kAU SR i IR 9
(AB) (AB)! =1

el A" (AB) (AB)' = AT (A'S A Tl ¥ [EPH HH W)
Bl (A'A) B (AB)' = A" (A I=A"', T S8 U We=d gl )
= IB (AB)' = A"
= B (AB)' = A"
= B B (AB)' =B A"
= 1 (AB)' =B A"
37 (AB)! =B A"l
1. 398 ATl B U SW o ok B had IS
(A) AB =BA (B) AB=BA=0
(C) AB=0,BA=1 (D) AB=BA =1
fataer 3qrgvor

IEET0T23 A AN B 99 whife o TRl o1egg € o <uisy for AB wHfia 2, 4
3R el A A G901 B wAEHA §, 319iq AB = BA €|
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&1 & ® foF Aden B S wefid eegg ®, s@fiq A’ = AT B’ =B R
M wifs foF AB @wfd ® df (AB) =AB

g (ABY =B’ A" =BA (F)

Ad: BA=AB

faeima:, af AB = BAT df &0 fag & f% AB Tufa 21

S (ABY =BA
=B A (FifF Aden BEAfHA 7 )
=AB

31d: AB HHfid 2

2 -1 52 25
IETET0T 24 T ST fR A=[3 4},3{7 4},C=[3 8}%@@3@5

D 9@ it fF CD — AB = O @I
Tl Hifs A, B, C 9t wife 2, % ot fegg ® 3R CD — AB weil-wifa aftwifi 2,
zafel D &hife 2 &1 T a1 STE &A1 =feul

M fifsT R D=[a ﬂ%mﬁrCD—AB:o@W%ﬁT%ﬁﬁ
C

2 51[a b| [2 -1][5 2
3 8“:6' d}L 4}[7 4}=O
- [2a+5¢ 2b+5d}_[3 o}z[o 0}
3a+8c 3b+8d| |43 22| |0 0
- [2a+5¢-3 2b+5d }z[o 0}
|3a+8c—43 3b+8d-22 0 0
el w1 TAMAA 9 7Y Frefafad gHiwr w2
2a+5¢-3=0 . (D
3a+8c—-43=0 )
2b+5d=0 . (3)

BRI 3b+8d-22=0 o @)
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(1) Tl (2), Sl A HH W a=-191, c = 77 I« Bl 2|
(3)TA (4), Hl A HH W b =— 110, d =44 9 &1 2|

a bl [-191 -110
31?[: D: =
[c d} [ 77 44}
T 3 T fafaer goaraet

1. afAden B 9afia 7= € df fag T & AB - BATH foawq gufid o1 2
2. g =iNT o 318 B’ AB WHiHd 1een foww wufia 8 afg A gafia srern
forom wwfia 21

0 2y z
3. x,y,ﬁmzﬁwaﬁaﬁw,aﬁw A=|:x y —z]ﬂ'ﬂﬂw
X -y z

A’ A =1 GI< H 2

4. xo feg 9@ & faw 1 2 1]{

—_— N =
S O N
= N O

i

5. aﬁA:[ }%ﬁaﬁmﬁmﬁsAz—SAHI:o%

1
-1 2

1 0 2
1

6. 4 [x -5 —1]{0 2 ]{4
2 0 3|1

7. T fmiar &1 TR Y IqU x, y, 91 2 T ScARA Hdl € T 1 a8 3 G
H fosha wtal 21 a&gel 1 At ot e gfea (fefa) 2:

—0% T xH T T4 FIST

TSI ERIES]
I 10,000 2,000 18,000
II 6,000 20,000 8,000

(a) AT x, y T z I TS ThE I fahd Fod HAI;: Rs 2.50, Rs 1.50
Rsl.OO%ﬁWWﬁWW(Revenue),aﬂaﬁﬁmﬁﬁaﬁm
U 9@ sifsul
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8.

T 77

(b) IR ST dF aEgT 1 TIH $h1E I ard (Cost) HAW: Rs 2.00,
Rs 1.00 @2 U9 50 & & &9 (Gross profit) T e

12 3] [-7 -8 —9
e X 9 ki, e X, o 6} ) 4 6}%4

freiferfad voi § T8 S g

9.

10.

11.

® 6 606 0 0 o

*

o
?Iﬁr:A:[y
(A) 1+02+By=0 B) 1-02+By=0
(C) 1-02-By=0 (D) 1+02-By=0
a5 Wk e g den foow wafa <= € @

(A) AT faaol smegg 21 (B) AT&H I 7€ &l

(C) AT o1 e R (D) T8 ¥ FE 7

g AT a1 e 3@ YRR € FF A2=A, 9 (1+A)P -7 AR :
(A) A (B) I-A ©) 1 (D) 3A

_ﬁa}w;m{%ﬁ Az=1, 4

RIS
e, el I GEASH H1 Uk AFAHR hu- T B
[a,),,, T W9 AE €
[aij]lanEF RIES] W%I
menWWﬁ“’fW%,Qﬁ m=n%l
A=[a), T o0 = 2, A q, =0, 99 i#j

A=[a], T A T €, AR a,=0,59 i#j,a,=k (kT TR 2),
& =) R

A= [aij]nxn
i#j g
forelt =1 errege (o R eeqR) o weft erega g B 2
A=[a]=[b,] =B (i) ATeN BWHA Fife % & T (ii) i 92N j o THEA
T9g 9l o faw aij=bij Kl

T TEHE AT 8, AR q,= 159 i=j70 q =05
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L B R 2BE JBR 2R 2K 25 2R 2R JER 2R JER SR 2

*

*

Tfora

kA = Ka],,, =
~A=(DA
A-B=A+(-1)B

A+B=B+A

(A+B)+C=A+(B+C), &l A, BduC gaM Hife o e 2

k(A + B) = kA + kB, &l ATl B THM ifZ o T € qMk Th 3T T

(k+1)A=KkA + A, V& kTl [ 3R T

AR A=[q),, FAB=[b] WAB=C=[c,, & c;= Zau i &
(i) ABC)=(AB)C, (ii) A(B+C) AB +AC, (iii) (A+B)CEZAC+BC
aMRA=[q],,, TA TAT=[a] .

(i) (A") =A (i) (kA)Y =kA’ (iii) (A+B) =A’ +B’ (iv) (ABY =B’ A’
g A’ =AT @ AT THMAA e T

IR A’ =—A 8 A ATH foug THAT 317E 2l

fopedt ot eTTegE o Uk TAMHA iR U foug wufid segel & anThe o €9
o frefua fman s @k 21

Ifg AT BRI o 37ege §, 39 YR f AB=BA =1, 3TTI8 A T FhH
e BT, o A1 gR1 Fefud 3d € @i 318 B %1 Ihd A T

Tt ST 1 kA 3TE, A% 3T A ¢, Afgda g 2l

[ka,)]

mXxn

4

> —

o,
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12081CHO4

CFI'ITﬁJW (Determinants))

»* All Mathematical truths are relative and conditional — C.P. STEINMETZ <

4.1 9{&55[ (Introduction)

sl 12 |, g0 ey SIR STegel o sferiord o faua
o e fran €1 gHA S SRl o e Wi £
el & 9 H T A oft i 1 39 ITER faw
RN o e

a x+b y=c,

a,x+b,y=c,

(3 et

a, b,)\y C 4
37 THIRTOT o ™ 1 SAfgdid Bl © S1el 1, SHeh! PS. Laplace
a, b, —a,b, T W T T S B (FRO wiSw (1749-1827)

afs Dl oa y b b 20, @ A wET % e W T st @ 2) T8

a, O,

@M a, b, —a,b, T THEWH & @ % ofsda a1 9@ w2, T AR

A:[a1 bl}@ﬂﬁf%%ﬁ?g@AaﬂwﬁJm‘ﬂTdetAW 21 ArfureR] o

a b

gSfifafi, o, srefere, wmifses fomm gents § fagga ergwam )

39 ™ H, T had ardideh iafedl o 3 hife deh oh WRvTEeR] R fa=amr &
79 31 | GRivreR o T o, SUURiUe, Ge-@ve iR IS %1 &9%d 9 S
H GRIUTRT kT WA, Tk o STeT8 o He@es 3R k™, Ias Triiehior & et
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80 T

T HIA SR ST SR Tk IR o ckH 1 TANT HT I 1l dIF =Rl ok
o THEOT o A HT AT K|

4.2 ARfuTR (Determinant)
%ﬂnﬁﬁ%WaﬁWAqaﬂﬁwq@uaﬁmmqﬁw)gr{mﬁa'cram
o € 5 ot aege 1 ORMUTh Fed §1 38 UF Ho i WE W1 S Tkl € S
T I8 i T Afgdld T (Irafad a1 Afy) ¥ Fafe w2

Ifg Mot el 1 aqeed ©, k9l gemnsti (ardfee a1 9iws) 1 qyeed ©
R £: M oK, f(A) =k, & g TR € S&l Ae M 3R ke Kdd f(A), A
grfores wEeldl 21 39 |AlAdet (A) A o g1 ot Frefua foran e 2

a b

aﬁA:L d},aﬁA%WﬁMh‘
feauft

() e Ah foru, 1Al A% GRS Jed 2|
(i) oherct o Rl % WRM i 2

4.2.1 TF FHIE & g &1 R (Determinant of a matrix of order one)
AT Teh IS HT MHEA = [q | & @ A AR ! ¢ S SRR IR oo st 21

4.2.2 fgdta wife & 3Teqg hl GRIUTE (Determinant of a matrix of order two)

b
‘:det(A)gm foran s 21

a
c d

a a
L 2x2ﬁﬁwaﬂ3{gA={“ lz}%l
ay dyp
Al Ak TRfUTR 1 39 YR 9 wRefad feman S geRdr 2:
all‘ a a12
det (A)=1AI=A=| =, [=a,a,-0a,q,
21 a22

2 4
SEEIOT 1|, 2‘aﬂqﬁamaﬁﬁml

2 4
T || 5| =2 -4(-1)=4+4=38
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X x+1
SAERIT 2 | 1AM T hite)
X x+1
B 1 4 =@ -G+D -1 =x¢--D=xr-x+1=1

4.2.3 3 x 3 Fife & Mg HT GRIUTE (Determinant of a matrix of order 3 x 3)
T hife oF T8 oF ARIUIek i fgdia hife oF ARIURI ¥ e hieh A1 fohal Sl
21 7€ Tk GO 1 Tk Ui (I Tk &9) o A TERU FHEal 8| Jard it
% GRfo B B: TER W TERG fF S € A dfEE (R, R, T R) W H TEE
o HT SR A W9 (C, C, T C,) H § YT o TG T MY JERO FHE RO
[ & S R Frefafed fefmEl § v fmn mn 2

il Ao A=[q,),,,, % FROE W FER FW@ €

a;; dp 4

T’@Sf [Al=|ay, ayp axn
a3 Uz A3
wow ufe (R)) o STIfE9T TEL0T

a; a4, as
[Al=|ay ayn ay
4z Ay 4
TUT 1 R, UES AT a,, Bl (~1)1+) [(=]) T TITTY SiR ARfoe 1Al T e
Hfer (R,) 92 Tl &9 (C,) o a&al &l g2 © Wisl fgedtd shife o wrfores 9 on
WW all,Rlaﬁ'{Clﬁﬁsﬁlﬁ%

Gy, Ao

31@'1?[ SO it Gy, Ay
Ul 2 HfF a,, R, M C,H fom € g@few R, & g T a, F (-1)1+2
[(~1)%* T SR TRfores | AT Teel Ut (R,) 9 TER &9 (C,) i geH | W
fedta 0 & Grfors @ Ton FISE

) dp

19Iiq D'ay |,
Ul 3 F@EF a,, R, C, ¥ feom ¥ smfaw R, % @ s@Ea w1 (-1)' 41
[(~1)@* T 7 ST Rk | A | el 9fR (R,) o TR &9 (C,) 1 8 | T
e e & wRATE G o T
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ay Ay

a3 O3

TTUT 4 39 AT GRS AU | Ao o5 hl ST =101 1, 2 & 3 H 9Isf dAi
TSl 1AM Heh feafEy tefq

3:[% (_1)1 +3 a,

Ay Ay 142 Gy Ay
detA=1Al=(-1)'*'a + (D7 ap
D 1 Qi3 a3 433
a a
1+3 21 A»
+ (=D " aps
asz; Az
Rl IAl'= aj (azz Ay — 43 ay) — 4y, (a21 Ay — Ay a23)
ta, (a21 a;, — a3 4y,
=all a22 a33 - all a32 a23 - alZ a21 a33 + alZ a31 a23 + a13 a21 a32
T4y Ay Ay . (1)
| oot | &0 =m = 1 T e W
fgeitar ufem (R,) o STfa9T wowoT
an G i3
[Al=[ay Gy ay
a3 d3p  U3g
R,% R TR FH R, T W B T
ap a3 a;; ap
A= (-1)**"a,, + (D> ay,
s, ds3 a; ds
a,  dap

2+3
+(=1) Ay,
as  dax

=- 4y (alz a3 — Ay a13) tay, (au 33 — Ay a13)
= Ay (au az, — as ap,
TAT=- Ay Gy Ay + Gy A3y A3+ Ay, Ay Gy — Gy, Ay Ay — Ayy Gy Ay,
tay,a, a,
=)y Gy Ay — 4 Gy Ay, — A, 4y Ay + 4y, Ay Ay + 4 4y Ay,
T Gy dy Ay .. 2)
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g WH (C)) o SITEer qEor
ay 4 a3
[Al= |Gy 4y Ay
a3 43 djy

C,, % IFRY TR H R & Jef el 7

a a a a
141|920 Ao 241 |G i3
A= ay, -D + a,, (=D
Qs A3 asz  ds
a a
341 (%12 A3
+ a3 (=D
Qayy dp

=4, (azz Uy — Ay a32) — a4y (alz Uy — gy a32) +ay (alz Ay — Ay azz)

|Al=a a,_a,.—a a,a -a, a,a,+a,a,a,+a, a,a

11 %22 %33 11 %23 “32 12 %33 13 %32 12 %23
= Ay A3 Ay,

=4y, Ay Ay — Ay Gy Ayy — Ay, Gy Ay + 4y, Ay Ay + dy5 4y 4y,
—a, a, a, .. 3)

(1), (2) 3R (3) ¥ T2 B o | Al 9 G9H 21 98 TSH! o AW o oy Big
feon w0 2 foF 4 7% wenfom #X 76 A1 R, C, 3R C, % T w9 (1), (2)
AR (3) ¥ 9 giomE o g9 2l

37d: Teh IR i el off ofed a1 w9 o SIS T8R0T i W qHH 01 9
Bl 2

feuguit

(i) TTUHT T WA H oh TAU &0 IR 1 39 e 91 W9 o ST TE S
e 3=t 1w stfuenan e 2l

(i) TRTHT T TEOT HId FHA (=1)1*/ W O ¥ o T&F |V, TH (i + /) 99 A1
foom g9 o SER +1 A -1 9 o1 H Fhd 2

(iii)ﬂﬁ?ﬂﬁﬂA:[i (ﬂ@ﬁ?B:[; Haﬁa‘s’fmmw%ﬁs

A=2B.THgIAI=0-8=-83RIBI=0-2=-27%I
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IR HIFTT T [Al=4(-2)=22IBIATIAl=2"IBI, &l n=2, a1 el A
9 B® &I 2
e &9 W, A A= kB, 5el A9 Bl eegel it ®ife n €, 99 |Al=k" | B |, &l
n=1,23%l

1 2 4

FETETOT 39N A= -1 3 O &1 5H 7 sifaw
4 1 0

T o AT R W W § § wfafedr g € sefae i we (C,) % s
YOO i W EH U el ¢ TR

-1 3 1 2
‘0‘ +0

4 1 |41

1 2
-1 3
=4(1-12)-0+0 =-52

A=4‘

0 sin 00 —cos O
FEMET0T 4 A= |-sinot 0 sin B | 1 AH @ HifT
coso —sinf 0
T R, % TR O FH W EH Ww € R
0 sin 3 —sin o0 sin B —sin o 0
A=0 ) - —cos o .
—sin B cos a. 0 cosa —sin P

=0 —sin o (0 —sin B cos o) — cos o (sin o sin B — 0)

=sinocsin[300s o —cos o sin asin B =0

msaﬁ3 ] ‘?ﬁxawﬁsnﬂﬁml
3

o 50| \ d

SRIGY 3-x2=3-8

SRIGY X =8

31 x=122
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| worere®t 4.1 |

YT 1 9 2 T H GRUeRl o1 HH 19 HifsT

2
-5

(8]

4. A

4
-1

cos 0

sin O

A=

A=

—sin O

cos 0

1 2
4 2

S O =
S = O

N

(1)

x+1

},aﬁ&@m|zA|=4|A|

2 -x+1 x-1

B, femsy 13A1=27 1Al

5. fr=fafeq arfoeRl &1 79 J@ Sifse

@

(iv)

6. IR

[98)

2
0
3

A=

-1 2
0 -1
-5 0
-1 2
2 -1
-5 0
11
21
5 4

3 -4 5
Gy [1 1 =2
2 3 1

2

3,8 @Al A SIS
9

7. x% WM A@ HISQ A

@

2
5

1

4_
|6

2x 4

x Wy s

23‘
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(ii)

X
2x

x+1

0 1 2
-1 0 -3
-2 3 0

3
5
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x 2
8. 8 x‘ 8 6‘€ﬁ?ﬁxwé
(A) 6 (B) +6 C) -6 (D) 0

4.3 ﬁﬂ\_ﬂ <hl Q’:l‘ch—vf (Area of a Triangle)
T foseh weansti o dian & f Th %I‘ﬁ?f IELCD Q‘ﬁ"sﬁ%lg (¥ (X, y,) T(X,, ¥,),

B A IR TR STk %[xl(yz—y3)+x2 v,y + x, (v,~y,)] R =F fehanr S
21 319 TH SF HI ORIV o €9 § U YR o S gl 7

.. (D)

feauit

() R et Teh HTeHeh TR eIl € afeiy &1 T (1) W Grfores o1 fder
e o 2

(i) @ &srher fEon &1t oI o folt |RI0Te o1 eFTeHeh 37 SEueash 1 HH| b
ERRECAIEI]

(i) o T@ foged ¥ v s w1 Awa = grml

SETETUT 6 Ueh IS o1 &(hel A hiterg fSr@en 3 (3, 8), (- 4, 2) 3R (5, 1) B

@ S w1 aewa:

[98)

= %[3(2—1)—8(—4—5)+1(—4—10):|

N | =
|
N
— N o0
—

9}

=% (3+72-14) = ol

SETET0T 7 WRIUTERT 1 A ek A(1, 3) 3R B (0, 0) i g el T@r 1 FHieho

M HIST 3R kT 7 6 *HifST 4f€ T 55 D(k, 0) 39 ¥R & % A ABD &1
&thel 3 o ZhTE B
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&1 WA efifsly AB W &iE foig P (x, y) @ a9 A ABP I &5%et = 0 (F#1?)

10 0 1
SHfcTT 51 3 11=0
x y 1
1
Y I E(y—3x)=02ﬂy=3x

S s1efiee Y@ AB 1 GHiR B
g A ABD &1 &5(thet 3 i gehrd feom © or:

1 31
%0 0 |=+3c 9wz _—;k=i3,i.e.,k=
k01

87

2

|, frefafan wo & fou o v fgs o s T Sewe 9 )

@ (1,0),(6,0),(4,3) @@ (2,7),(1,1),(10,8)
(i) (=2,-3),(3,2),(=1.-8)

2. <WE R A (@ b+ ¢),B (b ¢ +a) 3R C(c,a+b) T@ &I

3. Y% W kW UF A6 SIS A st w1 &5 4 ot 3R @ el vifag

Frefafed 7
i) (k,0),(4,0),(0,2) () (=2,0),(0,4),(0, k)

4. (i) GRS 1 FEN HTeh (1, 2) 3R (3, 6) 1 THe™ arelt @ w1 g [

Ealsi

(i) ERIUTRT T T=T HTeh (3, 1) 3R (9, 3) i T orefl 3@ a1 THiehLor 7

ifsra]

5. =g 3fid (2, -6), (5, 4) IR (k, 4) I S 1 GBS 35 o 3R B Ak I

HIHF %:
(A) 12 (B) =2 C) -12,-2 (D) 12,2
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4.4 STERTUTR 37T @E§@s (Minor and Co-factor)

TH STe3% W B SUHRMUTI IR Te@el 1 JaNT Hich URIUTh! oF TER0T o1 forga &9
feran dE|

TS 1 AR % TR o, F1 SUERIM Th SR § S i o dfe oR o e

fsree oo a, feorq %, aﬁwﬁ@wﬁm%maﬂaa % ITERIE H M, % 5
= W B

ot n(n>2) % o ARV o 3{a9e 1 STHRUE 1 — | % 1 R0 B 2

123

4 5 6| U 3EFE 6 1 ITARE A I

789

T w6 U W TE gaE W § feem 21 sefae s ST = M,
frfafed TR ¥ 9= g 2

IETET0T 8 GRUR A =

12
M, =|, ¢ =8-14=-6(AWR,3NC, &M TN
TR 2 UF 3R a, 1 WeEe o A N IR FW €, Sl

A= CIYIM,
a%mvﬁmﬁﬁaﬂﬁ%‘aﬁaﬁaﬂswﬁwmj%l

1 =2
3?{@'{'01991?&65‘4 J%wﬂwa‘fésswﬁﬁsaﬂm@amaﬁﬁm

F P a, F ST M, &l
Rl a, =1, 38T M, = a, H ITER0H =
M,, = 376 q, , 1 STHARIUE =4
M,, = 3999 g, 1 STEAR[UTH = —
M,, = STId q,, 1 STHR[UTF =
5, 1 HEE@E A, 7| THlAQ
A, =D M, =(-1)2(3)=3
A,=CD'" M=) @) =-
A, =1 M, = (=17 (=2)=2
A,=C1P" M,=D)*(1)=1
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ay 4 4

SEETUT 10 A= |4y Gy Gy % S a, T a, F ISTEROE SR HeES

a3 4z sy

[ Fifra|
Tol STERIUTH 3R HeEe 1 YRH gN 89 U B

& M ay, Ay
a, ol - T g a =4y, Ay Ay Ay,
32 33
W—g _ — (_1)1+1 — _
a, ol - Au - ( 1) M11 =4, iy — Ay dy,
& M a4, a3
a,, ol T T g a =4, dy —d;zdg,
32 33

a,, %l Heds = A21 = (_1)2+l le = (=D (a12 Ay — Ay a32) =-a,autagag

femuft 32X 21 § WRTE A T R, % WU TEOT W EH UA §

a,, a
a,, a ay; Ay 2t "2

A= (—1)1+l a“ + (_1)1+2a12 + (_1)1+3 a13 as; as

23
asz, ds Qs dsz

=a“A“+a12A12+a13A13,T¥|€f aij_cl'T[ ggus A,.j%I
=R, % fadl 3R I TG Hewel & UHEA 1 Al
T THER AF R, R, C,, C, 3T C,F 3T 5 THON 31 YR ¥ &
Ia: "R A, foret dfemt (1 w9) o eredl SR S9eh Wd He@el & UF%hd
1 A 2
| e foorott | aft v Wi (a1 W) & stemEl 1 o ufed (AN W) % TeEe

¥ N fRAT ST @ SR A I ET €1 SIE@Al, WM A=a, A, +a,A,
+a,A, T

a, a
2 i3 a, a a, a
_ - o |4 3 s (G110 G2
A= a, =D a a +a, =D +a, =D
2. a3 A3 ay  ds
a, 4 43

=4 4, a3 =O(WR13ﬁTR2W%)

a3 43 4z
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3 YN B 37 ufeal S &4l oF fou 9T Y Hehd B

2 -3 5
FEET0T 11 GRforR |6 0 4| & 3raEl o STARfuTe SiR UeEe Fd T 3R
1 5 -7
A FIT & a, A, +a,A,+a,A,=0%]
. 0 4
FAW M, = |5, =0-20=-20; [T A = (D™ (-20) =20
6 4
M, =, _| =—42-4=—46,T0MTA = (-1)""? (- 46) = 46
6 0
M,=1 5 =30-0=30; W@ A, =(-1)'"*(30) = 30
3 5

M, =|s o =21-25=—4; TMA, = (1) (-4) =4

25
M, =|; 4| =-14-5=-19; TWMUA, = (-1*?(-19) =-19
2 -3

M,=1; 5 =10+3=13; g@fq A, =(-1)**(13) =-13

-3 5
M, = 0 4~ —12-0=-12; 29 E‘r]‘QAM - (_1)3+1 (-12) =-12

2 5
M, =6 4‘ =8-30=-22¥8IAT A, = (-1)"*(-22) =22

2 -3
3?'( M33 = 6 0 =0+ 18 =18; sH E_rrl'\{ A33 = (=1)**(18) = 18
o a,= 2,a,=-3,a,=5 TAMA, =-12,A =22, A, =18 %

; ' all A3l + a12 A32 + a13 A33
=2 (-12) +(-3) (22) + 5 (18) =24 - 66 + 90 = 0
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frafafaa arforent o te9al o STERS td "ewe fafam)
L a 2 -4 _la ¢
. 0 3 (ii) > g
00 1 4
2. )10 10 Gy 3 5 -1
0 0 1 2
5 3 8
3. 3Hd dfe o staFel o HeEel 1 WM weh A=(2 0 1| 1 9H F@ FHifSQ|
1 23
1 x yz
4. R T % el & wewe W wEm e A=|l Y P % am w wih
1 z xy

ay 4 a4
5. A A= |ay ay ay ﬁtaijwwEAuﬁaﬁAaﬂnﬁﬁtr%rF@amﬁ
a3 Q3 a4z

= foRaT S
(A) all A3l+ alZ A32 + a13 A33 (B) all A11+ alZ A21 + a13 A3l
(C) a21 A11+ a22 AlZ + a23 A13 (D) all A11+ aZl A21 + a3l A3l

4.5 I F @SS R HehH (Adjoint and Inverse of a Matrix)
st 1o o B9H U STI8 o ok 1 1T TRl B1 39 ST ees W €W Tk
38 o FohH oh ARG o A Il ol off e &3l

A T T o T 9B BH T AR 1 Hewes URWINd |

4.5.1 3Tgg Al gE S (Adjoint of a matrix)

AT 3T M PR A=[q,] F TGS, A [A,]F IR 6 w9 H 9RwME €,
Sl A, ST a, F1 TGS €| AP AT WeT@SH F adj AT GN TR F €
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TH ST A=|ay ay ay 2l

All Al2 Al3 All A21 A31
T adjA=|A, A, A,|EUREd=|A, A, A, |z
A3l A32 A33 A13 A23 A33

ISEIT 12 WAz[? ﬂwmﬁaﬁﬁm|

TABH WA B R A, =4,A,=-1,A, =-3,A,=2

[A“ AZI} [4 —3}
3q: adj A = =
J A, Ap| |1 2
a a .
W2X2ﬁﬁ$aﬁWA=L“ QIZ}WW@Hade,auaﬁ'{anﬁqw
21 22

T T a,, 3R o, % Fog afafda ®2 3 & «ff 9 foman s v @ S A gt
™ B

a,, —da,
adj A = g‘g =_a21 .

fog ==fere TER FEfeTT

7 fa syufa & Fefafes w9 e @ B

U 1 A AHE p i F AR T A, Aadj A) = (adj A) A = |A]L, ST&T 1, n Fife
1 TG AT B
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HAA: A AlfSu
ay ap 4 Ay Ay Ay
A=1[ay ay ay ,% 9 adjA=| A, Ay Agy
Ay Ay Ay

Fiifeh Tk dferd o1 T o STaFal 1 W TEWE! 1 UM T AN | AlSh THE Bl
T e I Fa

as; 4z di

Al 0 o 100

T THR A(ade):{O A 0]=|A| {0 1 0]=|A|I
0 0 |A 0 0 1

7t YR, 79 < Ghd € T (adj A) A=1Al1

o A (adj A) = (adj A) A = | Al | FeTfad 2

TR 4 Tk o S A FHAUIE (singular) FESAE B AR A| =02

I & fAu e Az[i ;}WWW%IW:AW%I

UfRaTeT 5 T o THE A Fh AU (non-singular) SHEard 2 |A| #0

o AT A = [; Jaan |_‘ 2‘=4_6=_2¢o%|

A A FHEU B

&0 frefafaa woa fam suufa & ffde = © 2

T 2 A AT B IAl UH § Hife oh FGHAUIA TS B al AB 79 BA off 3t
Fife & FHhuvlig T8 B B

YU 3 SRl o UHEA hT TR 3Tk HHAI: ARMTR] o UHEA o THM Bl
€ 19 |AB| = |A| |B|, 5@ Aden B wAH ®ife % o e 2

Al 0 0
ﬁWWW%%(danA)A:M“:{O Al 0
0 0 |A
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Al TR TR 1 TR oF T,

Al 0 0
(adj A)A| = |0 |A] ©
0 0 |A
1 00
a7 adj A) 1Al = |Al']0 1 0 ()
00 1
arerfq \(adj A) 1Al = |A" (1)
a1t \(adj M) = |Af*

TE T Y, AfE 0 Hife H TH M NS AT @ ladj Al = |Al~" EFTI
U 4 Tk 1 STHEA T IR 1 A €, AR 3R oot I A FhA SR T

Suaf AF AT n e 1 A T A © 3R 2 Fife T dGHE T 1 2
Td n HIfE & TH ¥ AFE B 1 I 39 YR 7l dfch AB = BA =1
FTAB =1 T |ABI=III & IAIIBI=1 (Hif® [I1=1,IABI=IAlIBI)
T WIS Bl IAl#0. 37d: A Sehug 2l

faetiod: A T A Sgenauia 81 @ |A1#0

CC ] A (adj A) = (adj A) A = |A|T (T9T 1)
DI —adjA |=| —adjA |A=I
A(IAIGJ j(m” )
. 1
q0 AB:BA:LTﬂ%’[B:mad]A
- |
37d: A% IR 1 SIfie ® 3N Al = madJA
13 3
SarETor 13 AR A= |1 4 3| T @ " FINT AL adj A= |A] 1R A
1 3 4

M SifTa)
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TABAUN T fF A =1(16-9)-34-3)+3(3-4)=1%0
s A, =7, A,=-1,A =—1,A, =-3,A =1,A_ =0,A, =-3,A_ =0,A =1

33

7 -3 -3
ERISH adiA=|-1 1 0
-1 0 1
13 3][7 -3 -3
9 Aadi A)=|1 4 3||-1 1 O
1 3 4]|-1 0 1
[7-3-3 -3+43+0 -3+0+3
=|7-4-3 -3+4+0 -3+0+3
| 7-3-4 -3+43+0 -3+0+4
1.0 0 100
=[0 1 0|=() |0 1 0f=]Al.T
0 0 1 00 1
. , 7 -3 3] [7 -3 -3
sk A‘lzmﬂd]A_——l 1 0|=[-1 1 0

2 3 1 -2
IETE0T 14 AR A= [1 _4} B=[_1 3 ]eﬁwﬁﬁ HIfT T (AB)'=B A%

, 2 31 =21 [-1 5
W“W%ﬁABz[l —4“—1 3}[5 —14}

=iife |AB| = 1120, (AB)"! &1 3ifie & 3R 38 frfafad ver @ o5 fvan
ST B
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9 T
AB) = —— adj(AB)=—| T | = 1[14 5}
= .a =— - T
(AB) |AB| J 111 =5 =1 1115 1

SR |A| =-1120F |B| = 1 #0. TWATA 3R B i o1 ffeqer @ iR 59
frefafed w9 | =9 fFan 1 g 2

Lo1[-4 3], [3 2
Al=—— B =
-1 2 11

1[3 2[4 =3 1[-14 =57 114 5
EGIi B'A'=—— __1 _ 1

11 1|l-1 2 1] =5 -1 11|5 1
31 (AB)' = B! A @]

2 3
IR 15 WW%WA:L 2}WT=|?€UTA2—4A+I=O,G|%TI

2 x 2 HIfE HT TH THTF e € 3R 0, 2x2 FHIfE HT Tk I AT &1 STHI
TerEd | A 9 it

ot 7 ST ¥ 5 A=A.A= [2 3}[2 3H7 12}

1 201 2| |4 7

- A2—4A+I=[7 12}_[8 12}[1 o}:[o 0}0
4 7 4 8 0 1 0 0

3 A2—4A+1=0
By AA-4A=-1
A AAAN-4AA ' =—TA' GEH ARA'H IW TH R FifHk Al#£0)
R AAA") -4l =- A"
el Al—4I=— A"

4 012 3] [2 =3
-1 — —_ —_ =
KL At=dl-A =14 41711 2| T |21 2

Reprint 2025-26



ARfTH 97

T 1 3R 2 W Yk e 1 He@es (adjoint) FG HIfeT

1 -1 2
1. [1 2} 2.12 35
3 4 2 0 1
T 3 3R 4 W T FINC fF A (adj A) = (adj A) A= |A]. 17
1 -1 2
. {2 3} L 130 2
N .
1 0 3
39 5 W 11 H U MU g el & Fopw (e sifaa @) 3 sl
) ) 1 2 3
2 2 -1 5 o) 4
504 3 6. | 3 7.
L L 0 0 5
1.0 0 (2 1 3 -1 2
g. |33 0 9. |4 10 10.]0 2 -3
5 2 -1 -7 2 1 4
10 0
11. |0 coso sino
10 sin0.  —coso

37 6 8
12. aﬁ;A:[z 5}@13:{7 J%aﬁwﬁaﬁﬁq%mm—l:&lk%

301
13. aﬁ;A:{_l 2} T TR B A2 5A+71=0 T THH! T ¥ A 91T i)
32 .
14. WA:L l}émaaﬁ?b@ﬂ@ﬁaﬁaﬂmmﬁﬁ

A’ +aA + bl =0 Bl
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11 1
15. WA{l 2 3| = fau wifzy A= 6A2+ 5A+111=0 I

2 -1 3

TS TEEE 9 AL FE Swifa)

2 -1 1
16. W&’A:{—l 2 —1|, @ genfud $ifT 5 A~ 6A2+ 9A -4l =0 & au

1 -1 2

TI&! eI WA @ it
17. afRA, 3x3®ifec &1 o e & @ ladj Al F1 94 T:

(A) 1Al (B) 1Al (©) 1AP (D) 31Al
18. IRAFIE S 1 FwHIT 378 © Al det (A!) SER:

1
B) et (A)

(A) det (A) O 1 D) 0

4.6 AUl M 3—1135@‘ =3 aaguah ( Applications of Determinants and

Matrices)

TH % W BH T A A ST RE o ek weie feh o g 3R Waew
GHRTON o TRt ) Grddr 1 Site W AR SR eTegel & STgAnT 1 9l S
e e e 9d FEam © AfE 39 ol (Th A sAfue) 1 sifede T 2
T FreRmE: Fa ST Feard € af% Tach R oft Tt 1 e Y B 2

| fomult | 0 sream 4§ e wifgda ea & S fem o i @

4.6.1 TIE F kT GIRT Iask THiHTo & 6T T 6T (Solution of a system

of linear equations using inverse of a matrix)

e 7Y g THIH0N o Fehm i STeqg GHiw o &Y § =9 Hid ¢ 3N T8
o SIhH 1 YA ik 39 B W &

frfafea e e w foaar sifeg
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ax+by+c z=d,
a,x+b,y+c,z=d,
a,x+b,y+c,z=d,

a,

A &ifee Az{%

a,

b
b,
b,

(& _x
C2 i X: y 3ﬁ—{B:
Cy _Z

d,
d,
d

Ta THEH R AX = B o &9 § fEfdiad YR § o9 1 S Gl ¢

a,
a,
a,

b
b,
b,

G

%)

X [ d,
=14,
z | d,

G

frarfa 1 Ak AU Johaoila oTegg ® 09 39 ofchd o e 81 31d: AX=B ¥

B U € T

A1 (AX)=A'B (A9 99 U o §R)
R (A'A) X =A"'B (FE=d U §I)
R IX=A"B
R X=A"'B

IE e THIhTOT TR 7T HHfiehton fHepm o1 Afgdia et WeH whial @ it Th
e 1 e AgaTd Bl &1 THieholl o e o &el i &1 7 fafy aregg fafy

e 2l

frorfa 2 IR A TH Tk TUT 3T €@ 09 |Al=0 Bl 2
79 feorfq o 89 (adj A) B 9@ & €
€ (adj A) B 0, (O I AE ©), d HIE 8 Tel gl & AR gHiepor e

T el B

AR (adj A) B = O, 79 f7eh™ Td a1 317a erft s=ifeh b o oFd g g =

i ot g1 &l g

SaE0T 16 frAfafaa gt e & g Hife:

2x+5y=1
3x+2y=7
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T TR TR AX =B o &9 ¥ foran s gdl 2, Sel

o oo

&9, |A| =—11 20, 37d: A SHAVTE 3T ? 3Hfely 38eh ok 1 3 €1 3R
THHT T AT B 2

12 -5
- - -
ZIERIEIED A= 1] -3 2}
12 =51
W —_ -1 —_
X=ATB= 11]-3 2}{7}
X 1]-33 3]
i u‘_ﬁ[ 1 } ) [_1_
Ad: x=3,y=-1
sarsvur 17 F=fafad g e
3x-2y+3z=8
2x+y-—z=1
dx -3y +2z=4

i e fafy ¥ ga i
Tol G ™ # AX =B % ®9 § e {Ra1 ST 9ehdl § S@l

3 -2 3 X 8
A=|2 1 -1|,X=|y|sRB=|1
4 -3 2 z 4

T e © R
|A] =32-3)+24+4)+3(-6-4=-17207
3A: A FIHAIE €, 3R $heh Fhy H1 A 2

A, =, A, =-8, A, =-10
A21 =-5, Azz =-95 A23 =1
A31 =-1, A32 =9, A33 =1
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3Ad: x=1,y=29z=3

SETETUT 18 T Hemstt 1 AN 6 T AR 79 dHd T F 3 W O hioh qHd HeE
o Sitg <l 8 11 9t eial 81 Teel IR Fed i Sied | eH SHd GE@ 1 g T
BI1 €1 SHeRT SIS Feuu iy @i e fafu @ wed Jm sty

o1 A oifey weelt, S o e e wEel x, y 3R ¢, g frefua @) a9 <
Il % STER BH W eidT 2
X+y+z=6
y+3z=11
x+z=2y

Ell x—2y+z=0
70 o™ FIAX =B & &9 § fora s wehar & il

TET Al =1(1+6)+0+1(3-1)=9#0 Bl 319 T adj AT F T

A, =1(1+6)=7, A,=-(0-3)=3, A,=-1
A, =-(1+2=-3, A, =0, A,=-(-2-1)=3
A, =3-1=2, A,=-(3-0)=-3, A,=(1-0)=1
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7 3 2
3d: adj A= 3 0 -3
1 3 1
| 17 3 2
ELSIREERY A‘_madj (A)_§ 3 0 -3
1 3 1
Fifw X=A"'B
. 7 3 21][6
X=3 30 3|11
-1 3 1]o0
x 42-33+0] 9
- yl_Lls+o0+0]_L |18 _|2
z| 9 |-6+33+0] 2 [27] |3
d: x=1y=2,2z=3

frfafed w9l 1 9 6 I < TE TR0 AR 1 TG STE ST o 9 | R0l
Hifsre

1. x+2y=2 2. 2x—y=5 3. x+3y=5
2x+3y=3 x+y=4 2x+ 6y =8
4. x+y+z=1 5. 3xy—-2z=2 6. Sx—y+4z=5
2x+3y+2z=2 2y —z=-1 2x+3y+5z=2
ax + ay + 2az =4 3x-5y=3 Sx -2y +6z=-1
Frafafed 999 7 9 14 % I g9 @ &1 g fafy 9 ga sifsu)
7. 5x+2y=4 8. 2x—y=-2 9. 4x-3y=3
Tx+3y=35 3x+4y=3 3x-5y=7
10. 5x+2y=3 11. 2x+y+z=1 12. x—y+z=4
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15.

16.

ARfUTR 103

3
3x+2y=35 x—2y—z=§ 2x+y-3z=0
3y—-5z=9 X+y+z=2
2x+3y+3z=5 14. x—y+2z=7
x—-2y+z=-4 3x+4y-5z=-5
3x-y-2z=73 2x—y+3z=12
2 3 5
R A=|3 2 -4 @ A AE KU A H FE Feh FEfarEd
1 1 =2
eiczuREcaeica I icaisi

2x—3y+5z=11

3x+2y—4z=-5

xX+y—-2z=-3

4 kg @, 3 kg € 3R 2 kg =meel &1 47 Rs 60 €1 2 kg @, 4 kg 7§ 3R
6 kg =Ect 1 oI Rs 90 ®1 6 kg @, 2 kg 3R 3 kg =6 &1 Ged
Rs 70 B1 3=ge fafy g gde o1 god ufd kg 3@ *ifer)

fafaer 3qrgvor

I 1 1

2772 0
IEEI0T 19 AR & PHARSA |0 2 3| |9 2 3| % WA * g FEfated
4116 1

32 2
gl ™ &1 & HifeT:
x—y+2z=1
2y-3z=1
3x-2y+4z=2
1 -1 27][-2 0 1
g feam @ pEwe (0 2 -39 2 -3
3 2 4 6 1 -2

Reprint 2025-26



104 Tford

—2—9+12 0-2+2 1+43-4 1 00
= 0+18-18 0+4-3 0-6+6|=|0 1 O
—6-18+24 0-4+4 3+6-8 0 0 1
A 11 27 2 0 1
0o 2 3 =19 2 3
3 2 4 6 1 2
a9 U T iR feh 1 oege & w9 frefdiad w9 o foen s s @
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| x 0 0 . 1 0 0
© —10 ¥y O (D) —|0 1 0
X
Y10 o V0 0 1
1 sin@ 1
9. gff A=|-sin® 1 sin®O| FEO0<O<2mT I
-1 —sin6 1
(A) det(A)=0 (B) det(A) e (2, =)
(C) det(A)e (2,4) (D) det(A) € [2, 4].
qrIST

¢ 3gE A=[a;,],,, 1 GRS |a11|lx1=a11é; g1 e <

a, a
. WE{EIA:[ ! 12} 1 TR
ay Qy
|9 G
|A|— 4y =a,a,—a, a21€b‘ g/ fea < %I
a b ¢
& R A=|a, b, c, | RO H A (R, IR TR0 9) A
a; by o
w9 gR1 5 S 21
a b ¢ b b
c a, ¢ a
|A|=a2 b, c,|=gq g 2—b1 g 2+c1 2
by ¢ a; G a, by

a; by ¢
® (x,y) (, y) I (x,y,) ¥ Al e F1 dwa e w9 50
IERIBSIGI] %:
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fiu T e A % GRS TH S q, F STEROME, i o o iR
]mWﬂRﬁ@WW@W%SﬁT@MWWWW%I

a, 1 FEEE A, = (- 1y M, 5R feon < 2
A% FRfO &1 WM |Al=a, A, +a,A,+a, AR SR TE AR @

Wﬁ&WﬁWWW%WW@WWW
ST 21

IfE wsh ufer (A W) & FaFel IR = gEd Rk (A wWW) & geEel
T 0N T Y ST q SR AT YA B B SEEA

a, A, +a,A,+a,A,=0

11 21 12 22
ay 4 a4
I e A=lay ay ay

. 031. az; ds;
2, &l a, F W@ A, B

A (adj A) = (adj A) A = |A| L, ST A, nHife &1 a7t e 2l
I T T TR FH: FTHAUN A FHIT hEe & AR |A| =
oA #0

I AB=BA=1, Sl BT o 8 & @ A% fohd B &Rl © 3R
A'=BA B'=AR T (A1) =A

foret i eT=gE A 1 Fohd B AR SR Fea Ak A Feprvia 2

All A21 A31
, A TGS adj A=|A,, A, A, |
A13 A23 A33

1
A =—(adjA
|A|( i A)
RIS ax+b y+c z=d
a,x+b,y+c,z=d,
a,x+b,y+c,z=d,

e 37 TN A AX =B % &9 | for@n S g% Bl
G X d,
&l A=|a, b, c, ,X=| y |3k B= d,
d3

ay by
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¢ TR AX = B 1 A5 5@ X = A B 5N e S € Sl |A|20

. w?ﬁwwﬁsmwmmﬁmm%qﬁw%ﬁmmaﬁaa%aw
&l 8l

¢ 3TE FHIRW AX =B H T& o 38 A & fau
() 3z |Alz0,d sfsdia &at 1 i B
i) afE |A|=03M (adjA) B =0, @ frelt g1 1 atfiaes =&Y 21

(i) g |Al=03 (adjA)B =0, @ fFM@ @ a1 Hw@ Bl 2

gt gEYgTy

MO € W Bl 1 TN Hleh P Eeh FHIHN HT @ TR 6
TUnieRi i FEfad s i =i+ faf 3 araa | foetiom ot arem fafy & s
F | TEEd 1 B| DS 1 HAl HH Uk R0k H GEemst @ sfaq sqewen
% S oft| TEfe Tk ARieR i SXeliehiol o i A1 dferial o seM s faem
IO HH H =+ gom faaresi § & (‘Mikami, China, pp 30, 93).

Tl TR oh He S oy Seki Kowa 8N 1683 H fafad gwe
'Kai Fukudai no Ho' & 31 gidl € foF 3= Grfvre iR S+eh J9R 1 oM o7l g
3= 3 faftr &1 gt sheet J THiRRon | Tk i o faeod | fan Wy g
WW%W%W‘EW@WW@W a1l “T. Hayashi,

“The Fakudoi and Determinants in Japanese Mathematics,” in the proc. of the
Tokyo Math. Soc., V.

Vendermonde Te& SAfd & fS=H AR &l Tds o &1 T o 9g=H
7 fafuad saeht e (Teemaes) el ST Gahdl €1 Laplace (1772) 7 ARfUmR]
%l 3Heh T SUHRIUTRI o ®9 H ek hieh TR &l A9 fafy 1773 |
Lagrangeﬁ{ﬁiawaﬂ%mﬁwmﬁwﬁﬁﬁéﬁﬁéﬁ
Tfafa 31 o= ot Fam foRaml 1801 H Gauss = He o fagidl & GRfUTeh!
1 g e

3TTel WM IRTEH 39 916l Jacques - Philippe - Marie Binet, (1812) & fo=i
m-&4 IR p-dfe o < TRl o [UFTA ¥ Hefid T w1 Sooi@ TR S
fagie feafd m=n o OHEE T § 9€ S 2
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34T T3 Cauchy (1812) 7 #ft 3Ht fawa-a%g W 3y T&qd fohul 3= o<1
% ARG AR I 1 YA fhanl 3= Binet 9 31fish Tge & drett
TOFwA THT Ft 3qufd

3 fagidl W HeMad AFE drel Carl Gustav Jacob Jacobi €1 39 9¥=Td
GRIUTeR ¥eR ol SifqH Tiepfd ara g2l

4

> —
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e D

ATded dAT TAheA-1adT

(Continuity and Differentiability)

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

5.1 ‘{&Eh‘f (Introduction)

Tg A ATARId: el 11 H UG U Waldl oh Tahold il tie i)

(differentiation) =T ShHITA glem o fAfvea JgwRE wadl
s TRl werl w1 Tahed & Wi e 2l
T A B ¥H Gracd (continuity), SATHAA I
(differentiability) T h ‘?IRWF{EF el i W‘T’f
Gheqell TR w1 TR W Wfaam e
(inverse trigonometric) Herl hl 3Telcheld Shl o FrE|
wwwwwéﬁwﬁaﬁwm@% IERED
ELeIGIE] (exponential) Ffﬂ"TUITﬁ'q (logarithmic) et
hed &1 37 Wordl 5N §H ST 1 T Fiete s
BIdl | STeehed T (differential calculus) o TI&7H ¥ §H

ST ®9 W OIS (obvious) F® Teeifal ol Tued &1 Fmrmrmrn

39 Uik, § B9 39 fawa & i SMuRYd (W) yHAl
(theorems) &1 TET|

5.2 |id™ (Continuity)

Sir Issac Newton
(1642-1727)

Y
A 1 Fheddl 1 FS FATAM (A1) I h
fay, 9 og=s] T ST saewl ° B
YR i 2| TrfetEd wer W faEm sifsu: Y
0,2)
I, alkx<0

4 (x)_{z, e x>0 S ()
TJg Tod oadd | ardiaes W@ (real line) o X'«
Yo fag W uRwifd ®1 3 B ST 0
Al 5.1 | =9 T Rl HE A 36 e 9 Y
feeh foreTer Tehen € foh x= 0o atfaiter, x-a1er 3T 5.1
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o 31 "iThe fogatl o fau e o §7d 7F f x= 0 & SHL Th T8 o FHT
(T GAE) Bl 0 o "i-the orEff SR ok fegati, stefq — 0.1, - 0.01, — 0.001, TR
o fergatl, W held &1 94 | € de 0 o dfTehe SRl @I ok fget, e1ufq 0.1, 0.01,
0.001, ¥ehR ok fargal W et &1 7 2 B =1¢ 31R <1q uet bt Eaed (limits) 1 ST
1 WA ek, B 8 Wehd © Toh x = 0 W e £ oh o1d qe g4 U shi WA el
| e 2 ) faeie ®9 9 ard qon a7d gt 1 S §EE / Hd! (coincident) TE €1
T U8 @A © fF x =0 T Hod &1 91 a¢ Uy R G % O 2 (S B) |
e HIfST foh 39 3ol i 89 AR Teh @Y (inonestroke),aﬂﬁwaﬁw
TS i Gde § fom 39, & @i9 ghd| 9%qd |, €4 Foq i 33H i ATagIhdl
9 Bl € N9 'H YA 9 Al iR o €1 U8 UH S @ Sl o
x =0T §ad (continuous) & 2

319 = qEITT T wer W feEr wifs:

L, af x#0

f()= {2, e x=0

Tg wer ot ok fog wouRefia @) Y
x=0R I &, aTE dor <1¢ geT T A 1 %
TR 21 o x= 0 TR ®e &1 AqH 2 8, S &1l
ST 31T T& BT HEST o ITATTS HH o S 02) =1
30

v

:lﬁ%l <
TH: B A A B TR Her o e il xre

ST e 33T 7W T Wi" TR T TT TH

O SN0 @ Fd x =0 W hoH Tad el 2
e ®9 9 (naively) B9 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 FoH IS T @ig Tohd &1 39 91 I gH 0 9 5,
ERIGE2 (precisely),ﬁ'ﬂlﬁﬂ'\@ﬁ YR 9§ Fad HT GHd o

i 1 7H it ff £ arafas gt & fhd STag=ag ¥ 9Rwiftd & arafas
T © 3R T ST R £ o Wid W ¢ T fag @1 9 £ 95 ¢ W Haa ®, 9%

lim £(x) = £(¢) 21

foega 9 @ AR x = ¢ R 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 o108 987 q1 37¢ 987 w1 G Ut §, a1 590 ITafTe
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M I 84 x=c W HeH S G Fed &1 39 YR 80 Fiacd 1 GRS i Tk 31
TR A ot = #R Hahd ©, o fm A= g e R

Teh Tl x=cWW%,W&Wx=CWqﬁW%3ﬁTﬁx=CWW
1AM x = ¢ R FeH H1 GH & SR 21 3K x = ¢ W 6o Fad T&l & o e Fad
& fF ¢ W f o1%dd (discontinuous) & T ¢ %l f 1 Th AT HT 45 (point of
discontinuity ) Fed Bl

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

T 9Bl U8 oA AT R e, x= | W IRfd ® 31X S9h 99 5 81 3Td T
F x=1 T G T W &1 WL ® T

lin}f(x)=lin}(2x+3)=2(l)+3=5%\*l

o lim £ (x) = 5= £(1)
FATE x = | Wf Had 2
SETETUT 2 SitaT fah 9 Ber f(x) = 2% x = 0 W Had 8?2

7ol oM ST % 9g9 fag x = 0 W o uReftd € SR @R 91 0 @1 o
x=0 W e i G e 81 s

lim f(x) =limx* =0° =0
x—0 x—0

9 THR lim f(x)=0= £(0)

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

SEEYUT 3 x=0 W oA f(x) =|x | Tad W fa=ar Hifsm)
Eel TR g

—x, IRk x<0
f) = x, R x>0

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

lirg f(x)= lirg(—x) =0 g
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T YRR O WS ¢ g 1 HE ok ferg
11%1 f(x) = lirgsz 2l
39 YN x = 0 T a4 9&7 1 G191, 370 qeY 1 HHT qe1 Her 1 7 Fadl 81 3
x=0W f Had gl
SETEI0T 4 JIMET foh wem

B x3+3, s x#0
fo = 1, I x=0
x =0 Had 7 7l
T FEl x = 0 W He JRATT B 3 x = 0 W SHHT HH 1 81 516 x# 0, q6 Held
TEuE 81 3y

li_r>13)f(x)=lin(1)(x3+3)=03+3=3

Fifh x=0 T £ 1 G, £(0) o =R &l 8, TEAY x = 0 W HeH Fad Tel

21 g9 g8 +ff giivea X "ehd € T 39 el o foq a1 fag shaet x= 0 R

SEEIOT 5 34 fogew &t Ste wifsie 59 W ™R ®er (Constant function)
f(x) = k Had 2l

T U8 Hold gt arafas Genstt & fou uReifig @ o) fordt off arafas e &
feTu 591 WM k©) HE ST TR o T ardfos ge ©,

lim f(x) = limk=k

e et amfoss @ ¢ & fau f(o) =k = M f(x) 2 sufan wem/ g
rdfas 9@ o fau gaqd 2l

3EET 6 Tog i foh amafas Gemstl o fau aeawe we (Identity function )
f(x) = x, T oTdfosh @A o A Gad 2

T WAl A8 e Y% fag R uRefia @ oIk yoe ardfas Gen o fon
f(c)=c®I

ESIR lim f(x) = limx=c
xX—c xX—c

T YHK, liinf(x)=c=f(c)3ﬁis¥n%ﬂza€w=rféwﬁéﬁl:r9ﬂ fagel W wad |
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T U5 fog W fFd wem & Aiae &t aRwifod &3 & o] 3@ g9 39 aferm
T T F9R (extension) ek fHEl el oh, SHeh id |, 9idd W fa=m =i

TN 2 Uk aRdfeeh B f Edad el € A 9 f o Wid o Yokt feg T Had @l

79 IR i F9 faEaR @ quer &1 Eavdehdl B 9 oAlfee R £ T T8 hel #,
Tvﬁﬂﬁ?f?ﬂ?mﬁ (closed interval) [a, b] ® aftenfia %,ﬁf@ﬁﬁﬁmw
2 % 98 [, b] & 311 f9g3T (end points) o TN b Hied STk Y fog W Fad @il
f @ o fog o R G & e ® T

lim f(x)=f(a)
ARf 1 bR HiaA w1 3 § fw
limﬁf(x) = f(b)

T FIC fF Lim £ (x) Tl hmf(x)aﬂaﬁ's‘anﬁﬁ%lwtrﬁwéwﬁuww
7fg féﬁlawﬁgmtrﬁﬂﬁﬁ% A o€ 39 foIg W Haa g ?, swefq Aafg £
Wid el (Fq=E) €, @ f Ueh Had el erdl 2l

SEETOT 7 A f(x) = | x | §R IRAMIG e Teh Fdd wer €2

—x, Ik x<0

Wfﬁ%ﬂ@ﬁ@ﬂﬁ%%f(x):{x o 130

IR 3 W BH WA B fF x=0 W f Had 2l

UM ST T ¢ T ordfoss @ 36 TR B T ¢ <0 813U f(c)=—c

i gl lim f(x) = lim (-x)=~c (F1?)

= lim f(x) = f(c), TAT £ Gf HoTcHh ardfas qeme & fau dqq 2
e A A o ¢ T orEafeos H@N 36 R © T ¢ > 081 3@ud f(c) =c
T & lim f(x) - lim x=c (&)
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Fifeh lim £(x) = f(c), T f Ff oFTcHeh aTdfash @aed o fou Had 2|
Jf £ Tl fagell | Wad ©, o1: I8 Th Had B 2

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

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

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

aa: lim f(x) = f(c) & SHT Yieh odfersh §&A1 o T £ Had ¢ S 27
2 T f T Had wer 2l

3ETELUT 9f(x)=l,x;t0_g’m TR we £ o Tia W faer Fifg)

X
ot frelt TF YR ( Non-zero) e & ¢ Hil GHR=ad hifg

34 limf(x)zlimlzl

x—c¢ xoc X ¢

1 1, 45 0, TS (0) = 198 S lim ) = f (&) i g - o
Wid o Ydeh fag W Had B1 39 WK f Tk Had Her
TH 39 TG ] A9, IFTd (infinity ) H1 eheudl (concept) 1 T o fou,

I3[ Bl BH THeh foIT e f(x):iWﬁ?@Wx:Oév‘ﬁwqﬁT{aﬂﬁ%l

ok T 89 0 o T i arifosh TEAsT o fau %o o AFl bl 7997 hid
ﬁqaﬁmgﬁaaﬂmhaﬂﬁ% Afema: (essentially)%ﬂx=0"l’(fa5?riq&1‘°|ﬁ
T A T BT YAE I S| THHI B e GRoieg i g1 (FRO 5.1)

RO 5.1
X 1 0.3 02| 0.1=10" 0.01=102( 0.001 =103 10™
fx)| 1] 3.333...] 5 10 100 = 102 1000 =10? 10"

T @A ¢ T S-S xRl SR @ 0 o e SUHL Bl © £(x) 1 °H ST
a1t fieran & S@ar STl €1 39 1d i Teh 31 YhR © ot oFed fohal ST Hehdl ®, Si:
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T o1 ardidesh G &l 0 o TAd fhe FAHT, f(x) o AM & fohdl ot 78a wen
Y aifyer foran S Skl 21 UdleR! § 39 o1 1 gH Frefaied YR 9 foed © R

lim f(x)=+0o0

x—0"
(SH! TH TN T&1 Sl B: 0 W, £(x) o S U& I oFHH  HiH 3 8) | T8l W
B o 3 HEd © o + oo Ush aTieoleh W& Tel € 3R $HieT 0 W foh ¢ U8l i
G 1 S el © (oTdfers @S o ®9 )|
T YRR W 0 W £ o a1¢ 9 I WA A HT ST Wehel €)1 FreAfeiEd wrolt 9@
@A T B

|HOTt 5.2
x | -1 -03 | -02| -—10"| -10° ~ 103 | - 10
fo | -1] -3333.] -5 - 10 — 102 10 | - 107
ot 5.2 @ &n frend ke € o6 wh s

FUNCHe: ardfds & &l 0 o 3T e
IR, f(x) o AH HI Rt f yeq den 9
%Y fran ST Wbl 1 Ydiehieqs &9 9 89
lim f(x) =0 form &

(59 39 YT 9q1 @1 8: 0 W f(x) o &g X’
91 1 HIH BT 37d 1) Tl 8 TH o
TR Tl 1 HEd B o — ooUsh AT &
& € AU 0 W £ o WId el Y HWH
feqea el € (arfosh Hemsti & w9 W)\

(2R

STERTd 5.3 %1 3o IYYa a2l a1 A v
AL 3T 5.3
FEEY0T 10 ffafed we o didd W faer S
x+2,afkx<1
f& = x-2,afkx>1

T o f adieeh W o Yelsh 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 %l

. lim £ (x) =lim (x=2) = c =2 =/ (c) 2
aqua 34 qeft fagedl W el x> 1€, f gad 2

FIM3AR c= 1, x=1R £ o o1¢ U&7 T HAT,
12

1,3)

lim f(x)=lim (x+2)=1+2=3 1
x—1 x—1

x=1WR f o IC v &1 G, 7l Y’
31I5§|%|5.4

lim f(x) = lim (x~2)=1-2=~1
e feh x= 1 W £ & a1¢ 9o ¢ 9&7 K1 FHEE @ (coincident) T E, o
x=1Tf Fad &l B 3@ YHR [ o iccd I fag shelel W x = 1 ©1 3@ el
1 ST 3R 5.4 | <9ian 7@ 2

areor 11 Frefafad ver & aRefid wer £ o T (99 omiae feigsti 61 9 sifse
x+2, Ik x<1

f =1 0,3 x=1
x=2, Ik x>1

T qdadl 3N H1 e Tl ff e IEd € YAF adfaeh G@ x| o fory £ Had
2l x=1% o £ o ad et &1 €, lim f (x)= ﬁr{l(x+2)=l+2=3%l
x=17% fae f % <€ v F1 ", lm f(0)= lim (x-2)=1-2=—1%]

Hfhx= 1R f o a1¢ qn ¢ ge1 K1 G gordt @ ¥, o x= 1 W £ Faa

TE 81 TH YR £ o Tde 1 g oheet W x =1 B| T ol o e 3Tehia
5.5 ® <uitan T )

sargtor 12 fafafed wem & 9idg ® faer sifea:

x+23% x<0
Fo) = —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 Hid
D,uUD,? W& D, = {xe R:x<0} 3
D,={xe R:x>0}%|

I 1 A ce D, @ lim f(x)=lim (x + 2) =

c+2=f(c)8 Ua D, ® fTad 2l

T2 A c e D, @ 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 fehrerd @ o £ Tk Haa e 2
TH ol 1 3TTeRd STehid 5.6 Wien T 81 e
ST 5 39 Terd o 3o i Wied & fau gd
T ! TSl 1 Gag ¥ M1 ggar 8, frq e
1 heret 39 Tagatl W T vgal & Sl W wer
gRefea &l 2l

Saeor 13 fAfafed wed o "iae ® fa=m
EISLE “'{,
x, aRkx=0 FId 5.6

xz, IR x<0

f(X)={

T T, YSd el Ui arfash Ge o
o R 81 39 o w1 STl 3R 5.7
T feon 21 39 oo & T § 7@ qehETd
Tl € TR e o Wid ! SRdfaeh 1@l o dqiF
g (disjoint) 39 TH==l H faufem
foran st 7 foren o

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

D,={xe R:x>0}%l
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91D, % e off g W f(x) =2 % 3R 78 et @ <@ <1 wehar € fF D A
f Faa ?1 (S 2 3fEn)
Z9m2D, & foel off fag W f(x) = x ¥ 3R 7¢ Waa ¥ @ o Far ¢ & D, A
f Had B (3T 6 fEn)
FIM3 3 B x = 0 W el ol fageiwo &id €1 0 o oI e 1 761 £(0) = 0 B
0 W f o «1¢ g8 i Hra

xli%Lf(X)=xli%Lx2=02=0% qen
0 R f o T T H1 HAT
lig 709= lig <=8
I1a: iigg)f(x)=0=f(0)3wqaomfw%waqsﬁa%gawﬁfmmas
T fig W Gad 21 31d: £ Uk Had %o g
SETETT 14 <TMET foh Yeieh 9gUg el Gad il B

Tl TR0 HIU fF HE BoH p, Th 98I Hold el © I 98 fRE Wiehd 9 n
%fﬂ"{p(x)=a0+a1x+...+anx" g aRenfia @,aﬁaie R e an;tO%\I RG]
T8 T ek St GeA o foru aRtwifird 81 frdt fafved arafas gen o fag
T 3w §

lim p(1)= p(©)
THfeT AR 5 ¢ R p Fad 81 Gk ¢ HE off St gen € safer p e

ff ordfas den & fau §ad ®, v
SUlq p TH Had Fo 2
SETETUT 15 f(x) = [x] BRI GRefHa ©.3) T e
HETH YUlleh el oh STEIA o THE ©.27
' ~4,0) (-2,0) (-1,0)|]O 30 (50

%Y A1 3T a2 40 @1

. o—o +(0,-2)
T UEd o g9 98 2@ ¢ foh £ |t —o  +0.3
arEdferr Gemsti & fau gRwifia 21
9 Fad hl @ STeRfd 5.8 H Y
fern T 2 3TTeRfa 5.8
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e | TH yeitd gl € o Wed e x o |eft quiier Wl o fow ergaa ©1 A g H
I H R = TE T B

9 1 A A fF ¢ Tk TE ardfas e €, S fRd off quife o sme 71 R
g § 78 T § o oo Fiohe *1 gl arcafas genst & fau Ky gu wed
M [c]; §, S lim £ (x) = lim [x] =[c] T & £(c) = [c] &d: T T, 37 qefl
Irfas Geme o fau dad €, < e e 2l
a9 2 9H AT & ¢ T quiier ?1 TqUd ©H U U qAtEd: s adfas ge
r>0 9w TR © S TR [c—r]=c—1vaf® [c+r]=c%l
st o &9, sHhT A 9% g fm
lim f(x) = c— 1 9 lirqf(x)=c

<fer et ot quiier ¢ & fo 3 diomd gam T = Gendt €, o7d: Yed Her x |eft
quifer AT ok fee etHqa 2
5.2.1 Had Wl @7 SSfora (Algebra of continuous functions)
fusct wen o, W 1 Hhoddl GH o ST, THA HHST o SSHIU w §9
eI foman ol STEUd: 79 8 Tad Wworl o SSTor o1 ff o T S| ik
fodt fag W T® ®ed & Wad UiEd § 39 fag W wed & d@m g

fruifd g €, oTaua Ig dhETd ® R 79 dmet o ggva & Fel o ssig ot
T 3TU&T |

THT 1 A AT foqen ¢ U8 ardfaes e €, S sk arkdfash SE ¢ % fo
Tad €1
(1) f+g,x=cW Fad &
2) f-g, x=c W Had ©
3) f.g, x=cW Had &
4) [i],xwmw% (SR g (c) # 0 1)
g
SUufe g9 fag x = ¢ W (f+ g) o Hided sl S & 21 8H S@d & 1

lim(f +g)(x) = lim[£ () + ()] (f + g F TR 3T)

= lim f(x) +lim g (x) (FreT & yET gr)
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=f(c) + g(c) (I f qeN g Tad B ©)
= (f+g) (o) (f + g T TRETET BR)
3‘|ﬁ:,f+g“ﬂx=cé*f?ﬂ1ﬂ?lﬁ%l
T | % 99 9Tt SUufd 6 o gAE € R ueskl & fau s 2 i
fezn T 2
fewuit
(i) STdF T ok 9N (3) H TH foum Mk faqu, Al f T =R e
f(x) = L8, Sl A, I 3=~ ardfas §en e, @ (L. g) () =A .g (x) g
R wer (A .g) W Uw Gad Bor 2 foRiw w9 9, AR A=—1, Al f &
Hidd § — f 1 Hide Adrifed s 2l
(i) SYde YHF o AN (4) B TH fowm W F faw, AR f & =R wed
A
g(x)

A .
fe)y=Aq &(x)= mvﬁwﬁawgﬁwﬁwﬁ%ﬁﬁ
g

g(x)iO%lWW@,ga?Wﬁéaﬂwaﬁ%%l

Iudert <Al FHE o SUAT gRI 8T Wad Worl bl Sl S Hehdl €1 39 T
fafead w7 § off wera faerdt € fF w1 wem waa @ a1 79 fefafed seew o
Ig W T H T 2
IR0 16 g HifSe fF g 9REy wor gad g 2

T TR ST T g% iy wem [ frefoafed w9 %1 g 8

f(x)=%, () %0

ST p 3R ¢ TGS Wwer &1 f w1 9, 7 fget & B 9 W ¢ I 7, 99
IRefersh HEATE 21 Wk SEUR B Tad B @ (SSE 14) , AU FHA 1 % A (4)
g f U Had ®er 2l

FETETUT 17 sine B o 9idd R fa=m sifem)
Tel 39 W fomar & o fou g9 fefafed aeai &1 5@ +@ 2

limsinx=0
x—0
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T 37 deAl &I 7Rl gt o Tel R €, fhg sine Wl & STeR@ ®i YA
fehe <@ AT A 928 ey (intuitively) ¥ I € ST B

a1 @ fF £(x) = sin x G aTEdtaess e o fou aitarfia €1 o= wifse fo
CWWM%I x=c+hT@H W,Wx%ﬁﬁi@ﬁ%ﬁh%ﬁm

lim f(x) = limsin x
X—cC X—cC

— limsin(c+ h)
h—0

— lim[sinccosh+ cosc sin k]
h—0

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

T TR lim f(x) = f(c) 3q: f Th Had wed 2l
feout T YR cosine el o Tide Wi o FEITU TR S HeRar B

3EET0T 18 fag HINT fF f£(x) = tan x T Had %o 2

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

gftsqiferd %,aﬁcosx;to,amhx;t(znn)g 21 T a1t i fRam @ T sine 31X

cosine He, Fdd Held &1 THAT tan T, 31 M1 HeHl 1 9IRS BH o I, x
o 39 gt qH o fou Haa ® 59 % fow o' uftafia @)

el o HASH (composition) H e, Had Herl i SHGER Teh Ueieh 7 &1
TR HifSe fom A% £ iR g < arsdfaes e €, @

(fog (x)=flgx)

Rt ©, S w9l g 1 URER £ o Wid 1 Tk U= Bl €| fretatEd g
(9o T oherel o), W (composite) WEl o Hided i TR Hl 2
THE 2 HA AT fF £ SR g 39 YR o §1 arEdfes WM (real valued) Her @
& c® (fog)tl'i'\{‘tlﬁ'\ﬁlﬁélqﬁ CW gdA g(c) W f Wﬁ%,?ﬁc‘ﬂ (fo g) Hdd
Bl 2

Frreferfad S<ewl o 39 Y99 1 o foman T 2
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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 4 T € Had o €, THiT Y60 2 gR 98 Tk femren
S "Wkl €, foh f T Haa e @l

TATETUT 20 EE & £(x) =11 —x + | x| R TR Fe £, el x T arfas Ge
2, T Had ®ed 2

Tl gt ardfas Emeti 1k fau ¢ &l g(x) =1 —x+ x| 9 AR A(x) =|x] X
qRefid Sifse)l a4,

(hog) (x)=h(gx)
=h(l=x+1x)
=11-x +Ixll = f(x)

IR 7 § B 2@ g © 6 h T Had B 21 3 YR T 9898 Wer SN TH
HTaleh He 1 AT B & HRUT g Teh Tad ol 81 37d: a1 Had el o S Her
B o HRU £ 9 T Had wed Bl

1. fog #ifST fF ®e@ f(x)=5x-3,x=0,x=-3dqM x=5 T Fad 2|
2. x=3W HeM f(x)=2x>— 1% FdA Hl = HifeQ)
3. fr=fafaa wemi o |iae &1 Sie St

(a) f)=x-5 (b) fx)= xX#5

x=5’

x> =25

() flo= s
4. foag ST fF B f(x) =x", x=n, W Hqd &, 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#E =5 (d fx)=Ix-35I

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

|x|43, A x<-3
2x+3, A x<2
6. f(x)={2 3 af xon 7. f(x)={ -2x, K —3<x<3
T * 6x+2, A x=3
[x] X 0
8. f(x)={x’q&”° 9. f(x):%xr’zr&"x<
0, I x=0 —1, 3 x>0
0. £ x+1, A x>1 1. £ ¥ =3, AR x<2
. = . X)=
! ¥ +1,3R x<1 x2+1, AR x>2
¥'—1, 3R x<1
12. =
/) {xz, g x>1
5, A x<1 .
13. wf(X)={x+ Y= gm e wer, wF wad wer 32
x=5, AR x>1
T f, o Wiaed W o wifsy, el £ fefate gr a2
3, g 0<x<1 2x, I x<0
14. f(x)=14, 9 1< x<3 15. f(x)=40, 3l 0<x<I
5, afs 3<x<10 4x, A x>1
-2, AT x< -1
16. f(x)=92x, A€ —1<x<1
2, A x>1

17. a 3R boh 39 HHI ! @ ST foen forw

F)= ax+1, A€ x<3
)= bx+3, AR x>3

B IR weH x = 3 T Had 2
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18. Ao f&g OF = fau

Mx*=2x), AR x<0

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

SR IR W x=0 W Had €1 x= 1 W 3Heh Fided W foer sife
19. W%g(x):x—[x]gmqﬁmﬁlﬁwww}%gﬁwwgl'q%:f
[x] 59 WEwH quiish FA&efd ial &, S x o SReX A1 x W FH 2
20. T f(x) = —sin x + 5 G TRATT e x =1 W Gad 27
21. T=fafad weml o Fiad R fo=r st
(a) f(x)=sinx+ cos x (b) f(x)=sinx—cos x

(¢) f(x)=sinx.cosx

22. cosine, cosecant, secant 3R cotangenttﬁﬁf o Hiad W fo=mr EAE
23. f o @i erEiqead o fogatl A witee, Sl
sin x
f(x)={_’ I x<0

X
x+1, IR x>0

24, fruif@ Fifee f& ®wem f

X

0, I x=0
2R IR Tk Gdd wer 2
25. f o WA i Si" ity skl f feEfafed ger 9 oifia @

f)= {xz sinl, g x#0

sinx—cosx, a< x#0
f(X):{—l, g x=0
T 26 ¥ 29 H k o WMl i TG HIGT Mk YS9 Hord ffase foIg W Faa 2.

kcosx '
, A x#=

_ T
26. fx)={F"% 2 SR R e x = W
3, Zﬂ%ix=g
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27.

28.

29.

30.

31.
32.
33.
34.

5.3

Tfora

kx?, A€ x<2

TR Fead x =2 W
3, g x>2 e o

f(X)={

f(X)={kx+l’ A% x<m BN URIfed ®e x = 1 W

cosx, IR x>T

SR IR e x =5 W
3x—=5, I x>5

adq bk HHEl I Fd hifSQ dqlfeh
5, g x<2

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

f(x):{kx+1, g x<5

N IR ®eH T Hdd $ed Bl

T 6 £(x) = cos (x*) EN IR He Th Had Hed 2l

3T T f(x) = cos x| G WﬁWWWWW%I
W%Wsinlxl@ﬂﬁﬁw%l

fO) =Ixl—lx+ 1157 aRefod wem £ o qft emicrar o fagsti 1 9
i)

. gaeradr (Differentiability)

foselt e | H@ T d9egi Sl TR HifGW| §H Teh adfaeh $old o SAaehels]
(Derivative) i frfafea yer @ gfitfug fean em

M ST o £ Tk orfoesh He @ 9 ¢ 5Heh Wia | T ww fag 81 c W f
ferhers] Tefefiad g | aiefia 2:

G
I ACRI O AC)
h—0 h
fE 38 O &1 ARG 81 @ ¢ W f ok TR &l £ (¢) A %(f(x»lc‘g’mm
FW 2

fx+h) - f(x)
h

£/ =lim
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SN AR wor, S ol 39 EE o ik B, £ o Sfeshels] bl U Shidl B

f o SFerherS i £ (x) A %(f(x»‘g’mwaﬂﬁ% AR A y = f(x) @ sﬁr%m ¥y’

gR U< wid B TREl oM T STEehelsl WA i i WAl i STeeher
(differentiation )&&d 21 BH SR “ xS | f(x) o1 TR ifsT (differentiate) ”
%1 ff T w2, T el g @ 7 (x) 96 i

HeThelSl oh SISO o &Y § fEfeiad FoEml 1 g fmer s g e

(1) (uxv)y =u’ £V

) (w) =u' v+ (TEHS A OARA )

’

@) (L) 2wV @ty 0 (TR Frm)
2

v v

F= & 7€ grolt § Fw g (standard) ol oh TdeRers i gEl < T €

|HUt 5.3
f(x) x" sin x CoS X tan x
@ nx"-! cos X —sinx | sec*x

e et off TR eraeherst i aRwifud R ® df wh geme o fean @ f ool o
7 7R 81" o7 Wi €9 9 YT Ied1 © 1o AfE UE IE © a9 B2 U8
ueA faia OrEfites ® 3IR 3@t s o) At limw?ﬂﬂfﬁaﬁ%,ﬁ

h—0

T HEd © 19 ¢ W f AToher T8l &1 R W W, 8H FEd © T T Wiq o e
f9g ¢ W ®od fogwaa g, afs T wnd lim LM =S oo

h—0" h

lim PG () YR (finite) 92N T9H 81 Wl U [a, b] H HATRGAE

h—0* h

FHEA ©, AC o8 A [a, b] o Yo Tog T STaeherid €| Si@ for Fiaed o g
o el T o TR eicd fagetl o qen bW wH wE: ¢ qen o el 1 @ ofd
St fo 3w 7T, dfes o e b T e o <10 qel qefl o el o 3feshels € 2l
T YhR Her A (q, b) B SATheHT Head €, AG o8 A (a, b) o Tedh
fag W smEsweE B
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TE 39 wed fRE g ¢ W srasherg ®, @ 39 fig W o gad ot 2

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

X—>C X—C

=f'(©

frgx#c o fag
) - flo) = LRZLEO (o
X—C
THferT Hm[f(x)— f(c)] = lim [M.(x—c)}
x—c x—c X—C
- fim [ £ ()] ~lim [ £(©)] _ lim [M} Jim =)
x—¢ x—c x—c xX—c x—c
=f (c).0=0
M lim £(x) =f(e)

T YHR x=c¢ W Hod £ Had 2l
m'] PISED 6*1°|°h(’1"1q|¢| el dad m%l
Zlﬁg'qWW%WWEWWW(COﬂVﬂse)WW%IWﬁ%ﬂ

@ Toh & TF £(x) = x| G TRAIRE Fel T Had e g1 58 %o o aTd uey whi
T W) fo=R 3 9

lim =-1
h—0"

FO+R)—f©O) _—h
h h

q [T qeT HT HE
lim LOEM=SO) _h_, 3
h—0" h h
<ffeh 0 R ST o g ¢ U8t ht Hard THE e €, 3afere %gmow

o1 3ffied &l & 3 36 WhR 0 W f Taeherid @l €| 371a: £ Ueh Sfeehed her
T 2l
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53.1 @ Ferl & araaherst ( Differentials of composite functions )

HIH el oh STaheTsl oh 3TEAIA HI TH Teh 3SR g TR HUl| qF eifae fw
TH f 1 3ol A AT =8d €, @l
fx) =Qx+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

a4 3
o f = [@x+1)]

= 4 8x° +12x* +6x+1)
X

=24x>+24x + 6
=6 (20 + 1)
3, e ifey
J@x)=(hog (x)
SRl g(x) = 2x + 1 T h(x) =x° B OF AT 1= g(x)=2x+ 1A f(x) = h(t) = £
eﬂazd—f=6(2x+1)2=3(2x+1)2.2=3t2. S\ at
dx dt dx
T @ fafa &1 @19 78 © fF 9 YRR o ®o, S (2x+ 1)!0 o STaehersl
ke #3139 fafy g Wt @ S 1 Suded it ° ' el w9 9
frefefad g wr eian €, 5 @en =™ (chain rule) #ed €l
T4 (et T ) uH ofifSe fw £ ek arafass e e €, S den v < hert

#1 GASH €; 3efd f=v o u. TH AT o 1= u(x) 3R, A %aﬁn %aﬁ Eal
X
e a _dv dt
& dx dr dx

T TH TG 1 SUUM BIE A | JEen w1 fowr fefafeaa wer 9@ e
S Gehdl €1 W ST foF £ ok aredfaeh qEE Her €, S Ser u, v SR w
T 8, atefq
f=wou ove AR t=u@) M s=v(H) T q
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e SYFe HeA o Wl SRSl o1 A 81l U R 3ifereh werl o HaSH
o fau @ =M %1 99w T gehd &
JETETOT 21 f(x) = sin (x*) T kS A hiTod|
T oA ST foh 9e9 el & el w1 HASH @1 ardd 0, 4 u(x) = 1 3R
v(t):sint%?ﬁ

f(x) =@ ou) (x) =v(u(x)) = v(x?) = sin x*
t=u(x)=x* T W oA dfee fF %:cosram %=2x AR T T i o

X

gl oa: Een frw g

d—f = ﬂ~£=cost.2x

dx dt dx

GO SAfqd o i xoh S § e hid o1 T € 3Taud

— = cost-2x=2xcosx’
dx

YT 1 9 8 H xoh 9y FeAfafad wedl o1 SAaehed shifed:

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

7. 24cot(x?) 8. cos(v/x)

9. fag IS 6 wef() =1x— 1, xe R, x= | W eehierd &l 2

10. fog =wifST fob 7w qoiieh Hed f(x) =[x],0<x<3,x=1TqMx =2 R

fashferd & 7

5.3.2 @ Wl & aahers (Derivatives of Implicit Functions)
3 qh BH y=f(x) % &Y ok {afqY THeHl 61 SFeshel Hid © § W T8 SAEvIh
Tl © foF werl o Tod gH w9 H e R Sy Sereond, x 3R y o o FrAfarad
qadi 4 ¥ Th W fouiw €9 ¥ fa=ur Fifw:

x—y-m=0

x+sinxy—-y=0
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el <9 |, B9 yoh Toly Wil Y Fehd © 3N G Sl y=x -7 ®I H fo@
Tohd &1 U 90 H, UH T o 7 5 e y Rl WA FE BT HE SAEE R B
ﬁlﬂ‘*ﬂﬁﬁﬁw?ﬂ@ﬂﬁ,)} ﬁx?ﬁﬁﬁ%ﬂﬁﬁﬁﬂé@‘lﬁ%l@x
3R y o die 1 Goiel 39 YhR e foha1 T Bl foh 39 y b foly Wt e S
B 3R y=f(x) % ¥4 | forar <1 9ok, a1 89 *ed € foF y il xoh T (explicit) B
o ®9 § ofe fra T ¥ SUgE SW GeY W, BW hed € 1o y Ol xoh A
(implicity ) e o 9 § e TRl T 2

d
SEEUT22 AR x—y=n A Eyiﬂﬁﬁﬁﬂl

T U fafy g € for 89 y o foiu ot oieh Swdea dew o1 e wahR fod =@en

y=x—-T=
= b
dx
faheud: =9 99y HTx, & Uy Y Aghad i T
d am
dx(x y) = =

maﬂﬁqﬁs%waﬁ%ﬁsxéﬁwﬁawamnwwaﬂmww

d d
E(X)—E()’) =0
ST aread € T
ﬂ dx
dx dx
3STEI0T 23 IS y+siny=cosx?ﬁ d—yi-ﬂ'd ‘cl—ﬂ'rTﬂ'Ql

dx
o1 B9 39 HaY &1 §Y aehels wld B
dy d . o _d
dx+dx (siny) = dx(cosx)
sJEel fEm &1 TR wE W

dy dy .
—— +COSy-— =—sinx
dx Y dx
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g Frefafed afoms fie €,
ﬂ_ 3 sin x
de ~ l+cosy
el y#Q2n+Dw

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

T ;oM oo € for wiaeis Sreriofidis wer Had g 8, 9 89 58 g el
FHAN| 316 TH T Wl oh STaehersll i 10 i oh Al §@e ™ &1 T= &

f(x) = sin" x 1 THAS @ BT T8 AqM AT T g@emT aifeaea 2l

T U it foF y=f(x)=sin'x2 @ x=siny
T vl T x o WU TR B T

1 dy
=cosy —
dx

dy 1 1
= o = Z
dx  cosy cos(sin” x)

oI AT fF T8 Faet cos y £ 0 % fer wRefem 2, aafq,sin-lx;t—g,g,amﬁ
x#z—1, 1,3 xe (-1, 1)

79 9RO I FB HF S 2q 8 FEfafad SeeR Hieel (manipulation)
F | TR0 HISY fF xe (- 1, 1) AT sin (sin”! x) = x 3N 30 TR

cos’y=1—(siny)*=1—(sin (sin' x))* = 1 — x?

o & SfFy e (—ggj cos y T HATHF TR & 3R THRAT cos y = [ 2

T YFR xe (-1, fag
dy 1 1

dx cosy J1—x2
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Sx) sin"'x cos™'x tan'x
1 -1 1

f(x) 1_x2 1_x2 1+x2
Domain of f* -1, 1) -1, 1) R

ﬁwr%fr@wﬁﬁ%amm

1.
4. xy+y =tanx+y 5. 0 +xy+y’=100 6. X + Xy +x7+ )y =81

2x + 3y =sinx

2. 2x +

3y=siny

3. ax + by2=COSy

2x
7. sinfy +cosxy=k 8. sinfx+cos’y=1 9. y=sin! ( )

11.

12.

13.

14.

15.
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5.4 =ETdTeRt 99T TTuTehtd %ot (Exponential and Logarithmic Functions)

a1eft Tk BHA !, S SEUS o, URET Her den Bk e, o fafe= o
& F9 Teqsll o IR H TR T TH IR W oH WER FafUd Herl oh Teh AT o
o 9R § @, {52 =Endiet (exponential ) H%'ITFTH"TUW#&I (logarithmic) T hed
g1 =&l W a9 &9 9 e Faei Savaeh ¢ b 39 e8] o Wgd W %A Uik Al
ToMaed & 3 Ieh! SUAl 3 YEsh i fava-oeq oF & ¥ &l 2l

3Rfd 5.9 ﬁy=fl(x)=x,y=f2(x)=x2,y=f3(x)=x3ﬁ9«ﬂ y=f4(x)=x4éb‘ e
feu T €| wam Y TR S-S 2 1 ST 9gdl St @ ash bt Yeurl ot sedt St
21 % 1 JeUTl S ¥ gfg I X oA Y
Bl St 21 3HeR A T B fF x>
A | HivEa gig o w1y = f(x)
M S Sl @ S9-S" p 1AM 1, 2,
3, 4 T S €1 98 Fou € fF T
e Gt AT W o T §ed © el
f.(x) =x" €| STORFFHET |, THHT 31 T8
gan fF S9-S0 o ¥ gfg e o @
y =f,(x) 1 G y-3F& HT AR Afereh
FohaT S 81 3T & A £ () =20 X’
Al £, (x) = x5SR forem Hifsw) 4 x =1 v
T 1 W FGH 2 B S, @ £, H A
| § 9@ 2108 Sl 7, S £ HT A M
| ¥ 9gH 219 B VI ¥ 3 YRR 1 W WA g F faw, £ w e s w5 F
arden eaferer digar @ et )

U afterel 1 feRt = @ foh 9gus werl &1 ghg ek s W R e €,
i o1 S BT iy Sedl ST 36k SUd Teh Tifesh Y9 g8 331 € foh,
F HIE TH o @ S 9gIS Hel 1 STueT Sifush oSt @ dgdl 82 TEeh SW
ThNHeh € 3R 36 ThR o Her ol Th Sy = f(x) = 107 €

TN @ 9 © fR R uh quife n % o aE wem f, wer £ (x) =x
TUaT SAfueh oS dgd 21 3AE o faw w9 fag W wwd © £, (v) = 10
aTden 10¢ feen dSil | Sl 81 F8 " ST o x o o2 wEl o forg, S| x = 10°,
g @) = (1091 = 10°° S&f f(10°) = 100 = 10" | T £, (x) BT ST f(x)

100
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1 UM agd AU 21 ¥e Tag T wisd el © fF x o =7 weft "nl ok ferg st
x>10°, f(x)>f. (x) B fohq B9 &l W 3Eeh! IUUT 4 1 4@ T w11 g6 TR

100

xoh 9 HEl I TR 98 TeAITd TR S Hewal € TR, el off o quifes ok forg
f,(x) T ST f(x) B A ek TS § dE T

TRSITET 3 el y = £(x) = b, ¥ 3MER b > 1 o T =Xl Her heamd 2|

i 5.9 W y = 10" 1 T@ites gerian 7= &1
IE elg & Sl ¢ f useh 39 Y@t i b o fafdre 5, S 2,3 3% 4% fou
i Y W SRERT G 1 o g9@ fagman Frefafad 2
(1) =Rl el 1 i, arkdfesh SeAsi % @q==d R e
(2) =R e 1 TRER, GHE U ordiaeh Seqsl s gq==d gl 8
(3) T (0, 1) =EiH! e & eRd W Fodl Bl & (TE 59 924 H1 [: HeA
2 fop ot oft oreafass S b> 1% faw 0 = 1)
(4) =S o Ged Uk 90 %o (increasing function) BT &, 37eiq
SE-S B9 91¢ W ¢ SR 9gd W §, 3ei@ IR 334l o g
(5) x o TATUF TS FOMHF HHI o Tl SRR Herd o1 T 0 o T3d ke
B 81 S vkl W, foedia wqgefer ®, oei@ ST x-3181 1 SR SRR Bl
2 (forg 3&@ et fiern == 1)
SR 10 9T TETIehT el bl HTEUT STt el (common exponential
Function) F&d 21 el XI &1 WEIYes & R A.1.4 ¥ g9 <@ o f& goft

1 1
1+E+5+...%|

1 A Uk T HEm © FrHent 6 2 9o 3 % Hey Bl © 31 f ¢ g Uk & B
TH ¢l MUR & ®1 H TN &E T, 81 TH A0 eVl =EMh e
y = e 9 B B L ‘J’I%Tﬁﬁﬁ TTHTATehl el (natural exponential function)
FEd T

IE ST SRt B foh o1 =REdioR] %ol o Siaei™ i 3t ¢ 3K 4 ‘&’
Tl 1 SEh! Teh THEd SANEAT 1 S Wehdl 1 € @il Tfertaa g o forg uita
Tl B
uftarar 4 wH ofifST T b > | T ordfas e ®1 a9 €9 %ed © 1,
b 3R W ¢ 1 L0 x 8, 9€ b = a B
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b STER W % T I T log,a ¥ The & €1 36 TR AR b=, @
log, a = x $Hh1 STIHe T o feIY Y 7 o T IIELN T T HL| 6 A
g foF 23=8 % T vl | 79 3 9 I G log, 8 =3 fov@ wehd €1 g W
10* = 10000 T2 log,, 10000 = 4 THI FoM 21 T W& F 625 = 5% = 2527 log,
625 = 4 312 log,, 625 = 2 FAI FUT €|

offgr T R Aferes ufiyeel gieehior § foe i W & %8 ¥hd © 16 b> | &
YR fifd &3 o &R0 T i oA aRdfas GeAell o Uead § 9

ArEdferh HeASA o FH=ad W Th el Y 7 = log, x
% ®Y W @ S HHA g TE B, T ¥ = log,x
TUTRTT et (logarithmic function) (Yo, ~
Fed ¢, Frefafed gwr @ uftfig 2

log, : R* —R X' (1,0) , X

x —log, x=y I b =x
7d ®fod e ¥, 9K SR b=107
Al U “WTNUT EUTeR’ 3R A% b=e®
Al SU ‘TeRfeer TTYUTeR’ Fed & Sgel 4
TF R T[T BT o N ThE H B ' 3TeFFT 5.10
TH AT T log x 3R ¢ ATt TPV Hel ol (&G hidl 81 SAhfd 5.10 7 2,
AT 10 S TUhTT ol o Aei@ ST T 2

YR b > | 9Tl AR T el ohi e Hewqul fEeva A= geieg 8:

(1 LY (non-positive ) TR o fau
T TEFIUR ohi ohis YUl qRwmen
&l & Hehd € 3R SHIAY ORI
T T Wid R* 2

(2) IR e H IR FHE
ArEdfesh G@e w1 Ty 2

(3) T (1,0) AR Hel o 3Terd
W T @l R

(4) TR Hod Tk g¥dE Hed ‘
B €, tufq sA-sat 5w o ¥ 3 Y’
N Fed B, 3o ST FIL 33T 3T 5.11
S 2
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0k STt fiehe aret x o faTT, log x & A &l fhdt off <t 7€ ardfas @@n
T %1 fopan ST Hehal 21 TR O H, = (=g wgufe o s y-2781 o frenea
IR B ¢ (TR 399 weft foemar =1 2)1

SPTAS. 11 H y= e TN y = log, x T G TN TT &1 I8 4 71 Ieish ¢ o
A o W@ y=xH TH T ok 407 wfdfea €

SO Herl o 31 Hewqul Tur A= yEifeE faey e €

)]

2

IR qRed= o1 T AFes fom €, e logap?ﬁlogbp o T& H T foha
S Gkl B AE ofiferg fom logap=oc,10gbp=Bﬁmlogbafyélw 31ef I%
g T av=p, bP=p AN bY = ¢ B 3@ dTR RO K TEA | WH >
(b = b = p
el st sl g e
bP =p = b

37d: B:ayﬂﬂa:%?l%ﬂw

log, p
log,a

TUFREH! W log B T GHE THRT Th 3 U U1 21 A ey T
log,}pq=06%l3ﬂ@ b® = pqg I B B1TH YHR AR log, p =P @2 log, g =y
2l bP=pdA bt = g U B B WG b% = pg = bPbY = bB+7 R
THH aeqd € T o= B+, seifq

log, pq =log, p + log, q
oY U fou Iaeh qen Hequl uRemm 9 e @ S p = ¢ ©1 U 9w H,
ST 1 qA: FfatEd gehr 9 foar s gehar @

log, p* = log, p + log, p = 2 log, p
THH! Th T SATHIBI ST o T Sre faan n & srof ol ff o s
n & fau

log p =

log, p" =n log, p
aree o T IR ok feRel oft aredferes WM o fow " €, fohq 39 e S
FE FH gAY T8 w6 fafu | yew frefafed w1 gt w1 g 2

x
lOgb; =log, x - log, y
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Tfora

IEETOT24 I I8 TA © T x o 9} ardfass OHl o foluw x = eloer 89

ol 98 a1 2 AT S log et &1 Wid |+t o ardfas Henst &1 == gl
2| ZEfIT SHRIE FHEHI0T W Ao GENS % Y 9 A2l 21 o™ WA ey
& y= e 219K y > 0dd S el T TR o H log y = log (€°) =log x . log
e=logx%\'| ﬁ'ﬂ'@y:xwmélmx=e‘°yaﬁlﬁ xR WW@WW%I

3faehal T (differential calculus) ﬁwﬁwm&mﬁwww STHTERT 07
T ¢ T, oo &1 gfwan o =g uRafda &t g 21 59 0 w1 = wwa | o

o T 7, e STufd &l 8w BiE 1 &
o 5+

6]

(2) x7 & log x T STIHCTS! 1 e 2, sriq %(logx)=
X

X WIUET o' Rl STl o B el €, 37Ul %(e‘)=e‘

IEETUT 25 x o e fafafed &1 e sifs:

@
'
@

(it)

(ii)

@iv)

e @) sin(logx),x>0 (iii) cos™! (e

M ST y = o+ B1 36 J@en 90 & F90 gr

ﬂ—e_x.i —_ — X
dx g V=€

M ST 75y = sin (log x) 1 o7& J@en faw gr
dy_ i -
dx—cos(logx) dx(logx)

qF AT TR y = cos! (¢7) B 319 SJ@en =@ g
dy _ -1 d —e*

_—~—(ex)=
dx '1_ (ex)z dx 1_e2x .

A AT 7Ry = e r B 19 F@en fag gr
Q=e°°sx~(—sin x) =—(sin x) "
dx

*FTA W TET A TS 232-233 W 3G
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fr=fafaa &1 x & Ay Taded Fifaa:

X

e

1. 2. sin'x 3. 7
sin x € €
4. sin (tan™' e™) 5. log (cos €) 6. " +e* +...+e°
COs x
7. e, x>0 8. log (log x), x> 1 9. logx’ x>0
10. cos (log x + €9
5.5. TTTUTRIA 3Tdahet (Logarithmic Differentiation)

39 398 | g fAfafad YR o T fafttse o o Tal &1 STasherd sl HE:
y=fx) = [ux)]*
AU (e SR R ) 4 R 9P i Fefeafad vR @ 74 fora g €
logy=v(x) log [u(x)]
sjEen fom o gI gr
1 dy 1
;E = V(x)'m “u (x) +V (x) - log [u(x)]
Theh! arcqd € Th

% = y[% ‘u'(x)+V'(x) - log [u(x)]}

7o faftr & wq <9 1 e 91 T8 © TF £(x) 91 u(x) 1 Ted U el =T
31T I9oh TTIUTeh TRHTST 81 Bitl| 39 Ul Sl STIITUTehIA 3Tdeher™ (logarithmic
differentiation) Fgd € iR 50 FrAfofaa ssEl gr1 T foan o )

_ 2
e 26 x % wg (ST o e iRy
3x" +4x+5

_(x=3) (x2+4)
R S y_\/ (3x> +4x+5)
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T Tel o TELE T W

logy= %UO% (x—3) +log (x> +4) - log (3x> + 4x + 5)]
AT T T x, o HIUET 3TEART B W

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

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

IEETUT 27 xS GNUY o T STEEHET RIS, Sl ¢ T o9 =K e
Wm@ﬂﬁl"{ﬁyzaﬁﬁ)l

logy=xloga
T val 1x, o WY TR HE W
1 dy
;E =loga
dy
SIRE]] b log a
d .
TH TR E(a)=a”loga
forereaa: i(ax) = i(e“‘)g“) =e“°g“i(xloga)
dx dx dx

=e'e loga=a*loga
IETET0T 28 x o WU xn%, o1 3fesher Iy, S fh x> 0 B
T WA g o y = i B1 31 A el T el[IuTeh o W

log y = sin x log x

1dy - sinxi(lo x)+1lo xi(sinx)
S y dy T RO TORE
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Ly
a0 Y dx = (s1nx);+ 0g X COS X
a1 ﬂ = y[smx+cosxlogx}
dx x

sinx | SIN X
X [— + cos x log x}
X

— . sinx—1 sinx

X -sinx+x"" - cosx log x

SEETOT 29 AR y 4+ 0 + 1= Rl A %am Hifs

Wﬁm%ﬁy”+x}'+xx=a”
U=y, v=xTq0 w=xT@H WEH u+v+w=qa < Bl 2l

du dv dw
Tgfe BTl A
dx dx dx )
3 u=y 2 IH Y& P ALTH T R
logu=xlogy
AT T T x o T A HH W
1 du d d
=2 - x(logy)+log y—
s xdx(ogy) Ogydx(x)
1 d
= x— P logy-1 T B R
y dx
du x dy o x dy
— —u|——+lo =y'|=—=+Ilo
gafee dx_u[ydx gy) y [ydx gy}
SH'TEIEFI'{ v=x
T Tl T TLOE o W
logv=ylogx
AT T T x o T A HH W
1 dv d dy
== = y=(logx) +logx=>
v dx ydx(ogx) ngdx

y-l+1ogx-ﬂ W Bl 2
X dx
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dv y dy}
37T — = v|—+logx—
dx [x g dx
Ty dy}
= x| =+logx—
|:x g e .. 3)
q: w=x*
T el T TLOE FH W

logw=xlog x

AT Tl T x o T A HH W
1 dw
w dx

d d
x—(logx)+logx.—(x
dx( g x)+log dx()

1
x-—+log x- 19 g 7
X

W
— =w (1l +logx)
dx

el

=x"(1 +log x) - @)
(1), (2), (3) a2 (4), s

of x dy (Y dy
——+logy [+x'| =+logx— x -
y [y : gy) [x g e ) TX (1+1logx)=0

d
e .yl +x . log x) d—y ——x(1+logx)—y. w1 —ylogy
X

dy —[y‘logy+y.x" +x"(1+logx)]
=

19 119% & 99 § YSK el ol x b TT98T 3Taehel hifol:

(x—1) (x—2)
1. cosx.cos 2x.cos 3x 2. x=3)(x—-4)(x-5)

X,y +x7 logx

3. (log x)* 4. xr— sinx
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oy,
5. x+32.(x+4)P . (x+5* 6. |x+— | +x\ *
X
7. (log x)* + x'°g~ 8. (sin x)* +sin™' [y
. . XCOSX x2+1
9. x4 (sin x)eos* 10. X +——
x =1

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

12@15w€\wqﬁﬁ9ﬁwﬁ€5m%aﬁﬁm:
12, @ +y' =1 13. y'=x
14. (cos x) = (cos y)* 15. xy=e“»
16. f)=U+x)(1+x2) (1 +x) 1 +x¥ 8 9= el S SEHeTS A HITSY AR
=9 R f7 (1) S HifsT)
17. (2 =5x+8) (* + Tx + 9) T Tahe AT T FhR F Hiferg:
(i) TOFERS 9 HT F=T Fh
(i) TR o RNl BRI T Uehel dgUR WIS Hich
(iii) TTEFTOTRTA STaehed I
g ot Gy HIT foh 38 YR WIwd i S H9H 2
18. AR u, v w, x o ®ed &, @ I fafeal staiq gem-—Toree fam s e
3, fgda - TR STashe g swiise fR

du dv dw
— (v.w)y="—"—v.wH+u. — . w+H+u.v- —_—

dx dx dx dx

5.6 ol oF UTelfeieh ®Ul o 3Tdchelst (Derivatives of Functions in
Parametric Forms)

-l < = URE o St 1 Geu T ql T Bl 2 3R 7 e, fhq Tk 3t
(ed) == AT & gerep-gerer Wl gR YoM < TR o Hea Toh dae TA1fad 8l S
2 Ut feorfq o &9 whed € o6 S7 S o ot o1 Wed Tk el =1 A o weEm o
afofd 81 78 ek =X T wrerel (Parameter) Seardl €1 3ifeh e aiieh 9 &1 =R
TR xq y o =, x=£(1), y=g(r) o ©I H K Gael, i Yrafcieh €9 H K
ey Hed €, el 1 Tk 9= 2l
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39 &Y o el o ashas Ad 3 eg, Y@ 99 g1

dy _dy dx
dt — dx dt
dy
dy dt( dx )
R o= dx " I el 2
dt
dy g’(t)( o dy dx )

YR — = 22 T @gifh = = g/(f) A — = (1) | [T [ (1) %0
w == 70 ST 1) | F ()20
W%TUT302I'F<x=acos9,y=asin9,ﬁ%ﬂﬁaﬁﬁ‘ql
o fem @

x=acosB,y=asin®
dx . dy
ERSIGIY de——asme, de—acos@
dy
dy 4o acosO
— = &2 = =—cot0
o de  dx —asin® S
do

3qTgur 31 qﬁx=aﬂ,y=2at%?ﬁiﬁ§lﬁa—ﬂﬁﬁl

Wﬁzﬂ%ﬁl? x=at* y=2at
dx dy _
i dt =2qt qAql dt_za
dy

dy 4 2a 1
3 == =-
dc  dx 2ar t

dt

3qTgLul 32 ZI'fo'x=a(9+sin9),y=a(l—cose)%\'?ﬁZyK-ﬂ'd‘clﬁ'rﬁrq |
x

= 0). % —asin
g de—a( + cos ,de—a(sm )
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dy
- dy _do__asinb _ O
dc — dx  a(l+cos@) 2

doe

| fewroft | 7=, 7% eam s R Zﬁﬁg@mm’xﬁyﬁqﬁﬂwﬁm
o1 &Y, oheret UM o YRl W e i B

2 2 2
222y
mssaﬁx3+y3=a3%a‘rd—y @ i

X
T T ST fF x=acos’ 0, y=asin’ 0 ¢ 9

2 3 2 2

X3+ y5 = (acos’ 9)5 +(asin’ 9)5

2 2
= a3(cos’ 0+ (sin’ Q) = a3

2 2 2
3d:

X =a cos’0, y =a sin’0, x5+y§=a§7=l'7[ et e 2
dx dy
= __ 20 o = 3 02
Y U, 70 = 3a cos? O sin O 3R 70 3a sin® O cos O
dy
dy 4o 3asin’@cos y
i — == ——tan0=-3—
' de ~ dx  —3gcos’0sin® x
do

I YT WA 1 W 10 T ° x q1 y KU Feieon g1, T W § yEfaew €9 H
s, it st 1 fai fo o, 2 anw i

1. x=2af, y=at 2. x=acos0,y=bcos b

3. x=sint, y=cos 2t 4. x=4t,y=

t
5. x=co0s 0 —cos 20, y=sin0 —sin 20

Reprint 2025-26



146 TTfoTd

sin® ¢ cos’t

6. x:a(@—sin@),y:a(l+cos€) 7. x= \/—21")/_\/—21
COos Cos

t
8. x=a(005t+10gtan5)y=asint 9. x=asecBO,y=>btan 60

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

11. -qﬁ x= [asin’lt’y: [acos’lt’ a‘-]w.% %:_Z
X

X

5.7 fg<tar =hife a1 3/@ahet (Second Order Derivative)
A e y=fxg @

@y _.
o=@ (D)

T £ (x) SRS B Al B9 xoh WIUET (1) T GH: 3feeheld o Fehd &1 38 WhR
dy

o d
ElRIRt: E (E) KRSl % TS fgdta shife =1 stehetst (Second Order Derviative )

wed ¥ oin L) 9 frefon w B fo % oA B & e # 0 6

dx
frefad oed €1 9k y =f() @ T DXy) A y” Ay, ¥ o Frefm w21 e feof
Fd & T =9 %H & eTadked i 36 YR fRe S 2

d2
331807 34 2I'Ff{y=x3+tanx%\Fﬁ d—giﬂﬁ Tl
x

' ﬁm%ﬁy=x3+tanx%\| A

dy
E =3x% + sec’ x
2
Tgfae % = di (3x% +sec? x)
X X

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

2
31807 35 IS y=Asinx+Bcosx% a fag EASEAED %+y=0%l
X
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Tl T|l W
D Acosx-Bsi
i cos x — B sin x
42
3R d—gza(Acosx—Bsinx)
X
=—Asinx—Bcosx=-y
d2
T YR e 0

2
SETETUT 36 AR y = 3 + 267 % A g FT ‘; Zy+6 ~0

T TE y=3e>+ 2037

dy =6e™ + 6e* = 6 (e* + &%)
dx

d2
T 125 4 18e™ = 6 (2e> + 3¢¥)
dx

o i—sd—m 6 (2e> + 3¢¥)
. dx dx y = e e

—30 (e + e +6Be*+2=0

IEETOT37 ARy =sin' x & a1 @MY & (1 - 12 ?— 0%
X
T Iel y=sin‘1x% al
dy 1

N

- \/a—xz)ﬂ:l
a (\/(1— )dy) 0

dx

: 5 Ly ()
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d’y dy 2x
(I-x%) —5—— =0
i dx*  dx \1-
d’y  dy
3 1-x*)—=—x—==0
( dx’ dx

faereua: e ® & y=sin“x%?ﬁ
1
) :ﬁ?ﬂuﬁ (l—xz)yl2 =1

SIRICH (A=x*)-2y,y, + . (0-2x)=0
3 (1-x)y,—xy,=0

YT & 1 910 Tk | U el o f5dig sife o sToaehors Ad Shifeg:

1. ¥*+3x+2 2. x*° 3. x.cosx

4. logx 5. x* log x 6. e*sin Sx

7. €*cos 3x 8. tan'x 9. log (log x)
d2

10. sin (logx) 11. € y=5cosx—3sinx ¥ i fig iferg fom d—§)+y=0
X

2
12. aRy=cos' x¥ %ﬁéﬁ?{yéﬂi‘fﬁaﬁaﬂm|
x
13. 9% y =3 cos (log x) + 4 sin (log x) T T WY & x2y, +xy, +y=0

d’ d
14. 3 y=Ae”“+Be’”%?ﬁ?¥ﬁ3§ﬁF d—zy—(m+n)d—§+mny=0
X

d2
15. 3% y=500e™ + 600¢ ™ & W e fom d—2y=49y 3
X

dx
17. 9% y=(tan'x)? T @ I foF (2 + 12y, + 26 (2 + 1)y, =2 %]

d*y (ayY
16. Zlﬁey(x+1)=1%?ﬁ@'ﬁ'&'qﬁﬁﬁ=[—J 21
X
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faferer 3qrevor
IEEI0T 38 x oF AUy frefafad o1 sfehed Hifvg:
(i) VBx+2+—— (ii) log, (logx)
2x* +4
7t

1 1

— Bx+2)2+Q2x°+4) 23

() A= KISEED y= N3x+2+

2x°+4

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

1
(Bx+2)2 ~%(3x+2)+( )(2x2+4)_2_1~%(2x2+4)

.
2
Ls +2)_;-(3)—(1)(2 2+4)_%~4

= > X > X X

3 B 2x
T 2J3x+2

3
(2x2+4)2
g gt aredfass qeme x>—§éﬁ1%ﬂzqﬁmﬁw%|

(i) = i fom y=1og7(1ogx)=%;f”(aﬂmtrﬁaﬁ-—r$u§rgm)
HUE rdfash @S x > 1 % U e g €1 gEfan
&1 deq
& log7 dx(og(ogx))
1 1 d
- log7 logx'a(logx)
-
xlog7 log x
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IETEIUT 39 x o e fFafafed &1 seesres sifs:

@
'
@

(1)

(ii)

cos™! (sin x) (i) tan_l( sin x ) (iit) sin_IE 2™ j
1+cosx 1+4"

UM AT 6 £ (x) = cos! (sin x) 81 &9 ST 6 @ wew |l areafers

gemstl & fau aRwfia 21 eq 3o frefafed w9 o fora wand 2

f(x) =cos™ (sin x)

_ T LY
= cos™! [cos(z - xﬂ , sincez —xe[0.7]

|

— X

£ x)=-17%
o AT B £ = tan! [Ij‘”

COS X
IRt st & fau gifed @ fomes fw cosx=— 1, 31fq noh g9&
foom T & sifaftea o= 9t arafos Gemst & fau &9 39 wed @
frefefiad YhR 9§ H: o Y Tohd e

]%lmﬁﬁqﬁﬁagwwqﬁ

1+cosx

e ARG

2 X
2cos”—

f(x) = tan™' s{nx j

—

_ X
= tan -
2

& SIS foh &9 391 qe 3L H COS( )aﬁmw Hfh T8 I h T

T 21 3 £ (x)=%%l

m?ﬁﬁqurf(x)=sin-l[12x:x)%| 9 e 1 Ui T L o fold g6 39
+

x+1
T ¢ T T B SRR & o fw —1 <2 <1%|6Pﬂﬁ 2 %ﬁa

1+4°
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2x+l
< 1,30 o
1+47

wﬂxﬁﬂé?m2“1s1+&%|%ﬂsﬂaﬁ2sz—lx+2x YR ot for@ wehd T,

S\t x o foIT 9 21 314 wor Y&e ardfas 9@ & fou aftwfd B s
2" = tan @ W@ R T8 oA ffafad yR 9 9 fa@n s g 2:

M Ax+1
f(x) = sin™ 2 }
L1+4F

) }
— sin 5
_1+(2x)

. 1| 2tan® }
=sin" | ————
| 1+tan"©

=sin"! [sin 20] =20 =2 tan~! (2%)

d
—(29)
1+(2")2 dx

fw=2

= -(2%)1og2
1+4x( o

~ 2""log2
1447

FEETOT 40 € G 0<x <7 € f(x) = (sin x)™ 8 @ £’ (x) I HifS@
T Tl Her y = (sin x)" T o arEdtas qEemen o fau aRfid @1 e

ISR IRCTS

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

1 dy : .
;E = E (sin x log (sin x))

1 .
= 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
SE| Ey = y((1 + log (sin x)) cos x) = (1 + log (sin x)) ( sin x)*"* cos x

d o
SETEIUT 41 ¥FIHS TR o foag Eyiﬂﬁ hifSTT, &l

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

o1 o S fop STy qe x, WO oRdfash @& 1 0% faw gRtefia € waeed:

1

dy d L H’;d 1
- = — —a '—|t+-|.loga
dt dt(“ ’) arl T8
t+1 1
a '"|1-— |loga
t
dx 11" a( 1
alt+=| -—|t+-
dt t dt t
a—1
1 1
—alt+-| -|1-=
CHIRGS

£0%%9d A r#+ 171 3d: t#+ 1 o fow

4,
!
|

dx
dt

dy (1), !
dy ¢ UT2)RY atloga

dx @ 4 |: 1:|a—1 | 1 - t+1 a—1
- 1= a -
e ' ( t2) t

JETETUT 42 e~ o HYE] sin? x Tl STThcld HITT|

Tt T ARTT F ue () = sin® x T v (0) = e <o 31 2t w A _ A/ A% g ey 3 e
dv dv/dx
du dv
— =2 in x cos x 3T — = e (= sin x) = — (sin x) PEREE Y
dx dx
du  2sinxcosx 2cos x
313: = : COSXx == COSx
dv —sinxe e
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e 5 G fafae goraet

YT G 1§ 11 I YT Bl b, x o 9TYe] 3Tdeheld shifelu:

1.
3.

10.
11.

12.

13.

14.

15.

16.

(Bx*-9x + 5)° 2. sin® x + cos® x
(5ax)3 cos x 2 4. sin'(x x), 0 <x <1.
cos_li
2 ,—2<x<2.
N2x+7

Cot_l[\/l+sinx+\/1—sinx} 0 T
Jl+sinx —/1-sinx |’ <x<2

(log x)e*, x> 1

cos (a cos x + b sin x), Th=l 3= a TA b = fau

(Sinx—COS x) (sinx—cosx)’ E<x<3_n
X Hx+a +a, fFR AT a>0qm x>0 & faw
P4 (x=3)" ,x>3% fom

AfE y =12 (1 - cos 1), x =10 (1 — sin ), —g<t<g ol %sn‘d i
X

I y = sin! x + sin’! w/1_)62,0<x<1%?ﬁii—“lz RIRCAIE L

RIS —1<x<135f?1"l X 1+y+y\/1+x=0%?ﬁﬁq$ﬁﬁmﬁs
ﬂ:_ 1
dx (1+x)2

I fFedll >0 faT (x—a)’ + (y— b =2 d fag Hifew fw

dy 2}2
1+ Y
[ dx ) 1 | 43R p ¥ @  fer i 2

2
AR cos y = x cos (a +y), T cos a =+ 1, @ fag FifSC f dy _cos’(aty)

dx sina
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17.

18.
19.

20.

21.

22.

Tfora

2
Z|'i;<x=a(cost+tsint)€vﬁT y=a(sinz—tcos ), %Eﬂﬁ Fifera)
X

I f(x) = | x I3, q THIT0TG HITST o6 £ 7 (x) 1 3tfdca © 3R 38 9| ot shifsy
sin(A+B)=sinAcosB+cosAsinB?>|'T[ERﬁ"TEh_{ﬁgqW‘s’m cosines
& fau 9 g3 9@ i)

F Tk UH o 1 e 7, St g fog W Had @ fhq shaer 31 fogeti w
IR T 8?2 30 IW H1 Sfifacd f sers

f() gx) hx) y
n |2 fag T fe d_y=
X

a b c

-q-ﬁ{ y= eacos’lx’—ISxSI,a‘T W -&}F

fx) g K

l m l m n

I y=

a b c

( — ) x——a 0
dx y=

HRTIT
T aTEdfesh WA el ST0R Wid o R fag W Haq s @ afg s9 fag
W e 1 HH, 39 f6g W wer % 7 o aUel Bl 2l
Tad well ok AN, SR, UAE SR TR Had B €, Ui, AfE £ qen
gWW%,?ﬁ
(F8) (1) =f(x) + g(x) Had &l 2
(f. &) (1) =f(x) . g (x) Had Bl 2
[i](x)—(];x) (STel g (x) #0) Tad 2l 2
Yok A e Gad B @ fhq sHeRT faeim T 7 2l
SJEA-TH Tl o HANSH 1 3fehe HiH o faT Th W @1 A

= Vout—u(x)?:ﬁ'{q&i—ﬁm 765[3?&?16%3%

df _dv di

dx  dt dx

Reprint 2025-26



A el rFwEAd 155

& T TS Sfeehers (uReid widl o) Frefafea €

i(sin_1 x)= ! i(cos_lx)= —1
dx 1-x2 dx 1-x?
i(tan_lx)z ! -

dx 1+ x

d ( d 1

= €x)=€x —(logx)=—

y dx( gx) »

X
¢ AR TR, f(x) = [u (x)]'® o TI o Herdl o TR Hid o (A
Tk G ekl €| 39 dohlh o 1efqul g1 o fory stevas ® R f(x)
T u(x) A S S B
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(Application of Derivatives)

s* With the Calculus as a key, Mathematics can be successfully applied
to the explanation of the course of Nature — WHITEHEAD %

6.1 ‘H;&IEFI' (Introduction)

™ 5 H TSI o, Ufaam Feiuiiidia wedl, STEqs Herdi, SeEdich i Hel
3R AENAR T Tl k1 STasherst AG T @l &1 F&d 1ead o, g9 T i
faf\= vmaneti # oTaeharst o6 STIHAN Wl 319 il IA1 s, fage, smfse
o &R % T &1 I3 & o 30 € fF fFY yeR sashers 1 STEn
(i) Tl o 9iEdd @ R A@ & |, (i) TRt fog ™ vt @ qun sifvea &t
YHIRTOT A0 6 |, (jii) Teh Held o 3eid | 9a 95 9 & o, <t g9 39 foged
F1 A0 FH H Gedd el 7 5 R e #1 Afushdg a1 =Ean 91 gl ¢ 86 S
ST I FA@ FH | Al AR 1 ITAT HA, S0 TH Fod THAH a1 greme
BIT 81 3fqd: e o URE o "k A WId HH § STashersl Fgod il

6.2 TN ok afiad= skl 2T (Rate of Change of Quantities)

ﬁsz%W%@mmwmt%W&I@s%vﬁaﬁq
F R Y BT IR, AR wh Ay ww @l ulen vk qne T ey = f ()

ﬁﬁ%mﬁ@qﬁaﬁa%ﬁ?ﬁ%ﬁ%(mf’(x)),xé?ﬂﬁayé?wﬁaﬁqﬁaaﬁ
TeRia e © R %} (T f7 (x,)) x=x, W) x o WrUel y ki IR BT R A

X=Xq

Yeiia e 2l
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% sffem, A @ ARE xR g & whE Rl @ @A s
x=f(t)3ﬁ'{y=g(t)%\ﬂﬁ9f@wﬁ?m@|

dy dy
= o —¢01;|Tlagﬁ?ﬂ
dx — di @l

sﬂw,xésﬂﬁayéavﬁaﬁ?aﬁﬂaﬂwﬁquéwﬁayaﬁ?xéavﬁa?ﬁ
1 < T FANT HTeh foha1 S Hehell © |
33T BH o 3TN W faam
IEET0T 1 Jd oF WA oh URed i &L THHI a1 roh HUY A HiGL 5@
r=5cm 2l
&l B a1l 99 1 89%d A=n2 W R S 21 safer, - o dmer A o afRed
ﬁﬂd—A=di(nr) 2ﬁr@W%lWr—50mﬁ7A_10ﬁ%|$ﬁ Ecfical

dr r r

%A 10K cm¥cm 1 € 9 92 @ 2

SETETUT 2 Tk ¥ 1 AT 9 cm/s H L Y 9 @I | AR Tk HR HI Al
10 cm & o 39k T3 HT &% fhd R U ¢ W T

Tl O oifST & o1 &1 T% HR &1 el xcm €1 99 61 3E V a7 o I3
FETRA S Bl A, V= 3R S =6x2 el x THT 1 T Fe ¢l

I % =9cm¥s (fm ®)
_ AV _d a9 5B
ESIi 9= " dt( ¥y = (X) 7 (y@en fm 9)
a2 X
B dt
- 3 |
- 2 . (1)
ds d d .
- E——(6x)——(6 )—x (sfge o @)
3) 36
_ 12x| — |=—
= x[xz] . ((1) = 9= )

das
Ad:, S x =10 cm, E=3.6cm2/s
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SETET0T 3 UH R 3ie A U TeeR erell Wl € SR oWt g9l | 4 cm/s 1 A @
JAdt B ST g AT F1 B 10 em ®, A 9 &n, o gen emee fehat dst
Y =g @I 2?2

Tl B r ool 99 T &%d A=n2 O 5 S @) safae g9a 1ok dme et
Ak Ui w1 @

APy .
- ( )= dr(nr) o = (Jaen fram =)
dr
7 e T B T — =4cem
ESIGIMSC] r=10cm

— =2n(10) (4) = 80n

W:Wr:lOcmﬂagﬂﬁﬁiﬁﬂaﬂWSOncmz/saﬁﬂT@aﬁfW%l

xwma@ﬁwﬁywnﬁm%aﬁ% YT B 8 3T x

wmaﬁ@aﬁywmw%ﬁ W%ﬁm%l

IEETOT 4 TR S S daE x, 3 cm/min H W W WS W O® IR SR
y,2 cm/min 1 Y 9 W 81 96 x=10cm 31 y=6 cm © T 377 o (a) IRAMT 31T

(b) %A H 9REd" &l X A1 SHifsUl
o1 Fifeh T o AU el x5 W 2 I HieE yug W R dl g9 U € TR

dx
dr -
(a) 3Td T URAT P Y WEN §, a7

—3 cm/min 3R E =2 cm/min

P=2(x+y)
dp dx dy

i — =2 2(-3+2)=-2cm/
dr (dt dtj (-3+2)=-2 cm/min

(b) Fd H SAFAAY TET B I
A=x.y
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dA  dx dy
@ _ &Y
dt dt dt
=—3(6) + 10(2) (FifF x=10cm 3 y=6cm)
=2 cm?/min
SETEI0T 5 fRdl oRg T x THEA & IURA H FA A Clx) T
C(x) =0.005 x* — 0.02 x* + 30x + 5000
¥ Yed 2| HHd AN 6 BT S 3 SRS Scqiied i Sl @1 Sel i e
(marginal cost AAMC) ¥ AR A forelt TR W IEA o WYl ARG | dlehiicren
IRed 1 X F R

ol R HHA AN 3 oF fohdll TR T x SIS oh A9 YU AFG o6 e
F R T U E fE

HHid rd MC = fi—C=0.005(3x2)—0.02(2x)+30
X
I x=3% d9 MC = 0.015(3%)—0.04(3)+ 30
=0.135-0.12 + 30 =30.015
aa: refiee HiHiq oTa erefd T Wi 3ot Rs 30.02 (SFTHAT) R
IETE0T 6 ToRdt 3T HT x SHEA o fashd W U< et 3T T | R(x) = 302 + 36x
+5Y USH B W@ x=5 B dl WHid 3 A Iy Sl deid e (marginal revenue

or MR) ¥ BRI 21f\9ma TRt &1o1 forshar &t 718 el oF dmdet 99Ul 3T o qfRercd
R A 2

ol Fifer Himia o fREt & fasa i 78 agget o @det o™ giadd w1 S g
21 89 S € TR

a3 MR=ﬁ=6x+36
dx
S x=5% @ MR = 6(5) + 36 = 66
31a: svfiee diTiq e Huld S 9fd 5T Rs 66 B
gyt 6.1

1. J9 o 9% o GRAdT i S SHRT 531 oF AU& 1A HifSIC Safeh
(a) r=3cm#el (b) r=4 cm?l
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10.

11.

12.

13.

14.

Tfora

. T T 1 A 8 cm’/s I Y 9 El 2| TS &5hel o9 5 W 95 W1 ¢

Stk T9oh TR 1 @art 12 cm 7

. T I &1 5591 999 §9 T 3 cm/s F1 R G 9 W 2| TG HIC fom g9 w0

ool fohe S W 9§ W1 € 5 54 10 cm I

. U UREdHN SF T fRAR 3 cm/s 1 R @ 95 @1 21T HT 3FAA fRE

Y g @ ¢ Seih fhR1 10 cm el €72

. T TR 3iie o Uw Weer Sl Wil € SR a6 gl W 5 cm/s 1 A W werdt

&1 S FHR a1 H1 5591 8 cm € 39 &, BRT g eee e W Wg
w77

. TH g9 & B 0.7 cm/s BT W 9@ W R gt IRy ) gfg R

29 r=49 cm?

. U 3T Fi Aol x,SCnﬂminaﬁ?{@W@%ﬁ?ﬁ?{l’sﬁyAcm/minaﬁ

WY g W Bl Tdxr=8cm 3R y=6cm € 9 I o (a) IRAT (b) &5TFar
o 9REdd i I T4 Hife)

. T TR S T MeAlwR T&dl €, Th 99 g 900 cm® 19 fd dhs R

oA Sl &1 [eIR i e & uftedq i R 9 HifSe sW B 15 om

. T TEN S 3T MeehR Tl €, 1 e qied-eiiar 81 e & amer e

o Ufed w1 X @ SIS S& B 10 em @)

T 5 m ool Gt SR & TR Foht g1 Gt w1 A 1 fgw, s ok efe,
TR R 2 cm/s H R G D=1 ol 2| IR R gqHT FAE 6T R G 7
W ® wefen Wet o A 1 U GerR ° 4 m W2

Tk U1 9 6y =x° +2 ok ST Td F= T &1 9% W 37 fagedi &1 9 Fife
Safer x-Fdens w5t gorn § y-fdeie 8 1A digar @ aca @ 2l

W%@Waﬁﬁw%cnﬂsaﬁﬂ@a@@%@@}wwﬁm
WY 9 W ¢ e B 1 cm @2

ww,ﬁﬂﬁaﬁww%,aﬂvﬁaﬁﬂsﬂaw%(hﬂ)%l x & TE

A o ARerdA 1 T A i)

@Wﬁiﬁ120m3/saﬁﬂﬁﬁlﬁ%|wwwm@wwm
2 ot Sor Wea SMUR 1 521 &1 ®a1 9 €1 X W 94 o Yk ki S
fFe X W 98 W ® VElh $9E 4 cm @72
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15. TH %] i x THEA oh SURT ¥ Fa9 Fad ard C(x) (¥ )
C (x) = 0.007x° — 0.003x% + 15x + 4000
T Yo 21 HHid AN 1 SIS Safeh 17 el shi ScdeA fRal T B
16. fHdt IR T x SHEA o fO%6d 9 W Fal & R (x) 94 o
R(x) = 13x* + 26x + 15
¥ yed €| HiHid S T I e x =7 €
T 1771 18 § FEI 3T 1 FF7 Hitaq:
17. W%ﬁﬁﬂr:6cmﬂr$ﬂﬁ&1%ﬂ%ﬁqﬁaﬁ?aﬁ§?%:
(A) 107 (B) 121 (C) 8n (D) 1im
18. TH STIE i x THEAl o foshd § W &l o ¥9Af |
R(x) =32+ 36x + 59 e &1 & x = 15 & @ €A a1 22
(A) 116 (B) 96 (C) 90 (D) 126

6.3 | (Increasing)a—ﬁ'{' BTHH (Decreasing ) Hetd
79 3= § T STdehel %1 YA F<eh I8 T w41 & Fer adAm @ a1 graEe @
T G FE T 2

f(x)=x% xe RSN U84 HeM f W &R HIEU 39 o &1 STe@ 3Tehid
6.1 ¥ feam w7

7o fag & arff 3R &1 7= Y 7o fog & TR &R &1 79
X fx) = x? 1 X fx) = x
) 4 0 0
3 9 L x, U 3T 1 1
2 4 e f) |2 4
1 1 : 1 1
1 1 Y0 ik I3 9
2 4 2 4
0 0 Y’ 2 4
S S 7 AT W WU iR gy ST 6.1 39 39 =9 9T ¥ < R aed
@R @ e Y A e S €l S i S wedl
St 21 St B
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ey qa g o < SR & sTera (31ehfd 6.1) W fomR & €)1 7 e &
e o SIS 9 o8 W 7 3R W €, e 1 Se1s oaR sedl Sl 2l
T KR e G x> 0 o U wer gHHe wean gl

e gt fog o ot 3R & ofei W faeR #%d 71 el e dad € R 99 S|
A & Ry a8 ¥ @ R IR T B, oK 1 SEE AR S St ?)
FoTa®y adfad TS x < 0 foft wor g9 wEard Bl

T o9 T AqUd H guHE a1 BE9H weHl &1 fefated faversones aftars <

Uit 1 WA ST ordfass 91 ®er /o 9id | 1 U Al €1 a9 f
() @ 1§ adum 2, Ak 17 x, <x, = f(x,) <flx,) T x,x, € [F fow
(i) @l ¥ gemH B, A 1H x, <x, = f(x) >f(x,) 9 x,x, € [ faw

(i) AL ¥ 3R 7, AR f(x)=c,x e [ T& ¢ TH TR T
U YHR & el 1 e feuu Rt 6.2 § fEn

v Y
X'<5 X X'<5 X
/
Y’ Y’
E'Ei'"(l'.):““ ' ITEX e
(i)
Y
N
X'<g >X
A
Yl
RO graam™ wer

(iif)
3TTeRTd 6.2
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376 TH TH foIg W 949M a1 EEE e i qRefud &
afterer 2 W SAfS foR arefas @ o AR we £ % Wid § T fag x ®

x, R f I TR FHEEME FEard ¢ Al x, B i w aet TH T g s
[ 1 el 58 YR © foh 1 o, £ ohmen: ad|H iR gremH €

ET 3H IRAN i FefaM Her o fay T % 2|
SaTetur 7 fRERT fF ¥eW W f(x) = 7x— 3, RR &% aefuH e 21
T A Wi R¥ x, 3R x, T 1 HeAn g, 9@
x, <x, = 7x, <'x,
= 7x, -3<7x,-3
= f(x) < f(x)
T YR, IR 1§ R fihad ® fF RW £ & adfue s 2l

I B eI 3R AEH el o folu W Staehers! Tl W vl 36 e
1 IUG W TeAE 5 W eAIH 1 T HAHH FHA T FAN H €

THE 1 O A R £ e [o,b] T Had iR foEd e (¢,b) R SEheHE €l qd
(a) [ab]¥ f adad € 4% Y&® x € (a, b) o T f(x) >0 =l
(b) [ab]¥ f BEAME 2 9 Y&F x € (a, b) F AT f/(x) <0 I
(c) [ab]¥ f UH 3R %eH & IR T&h x € (a, ) T f'(x) =02l
Wﬂﬁ(a)qﬁﬁmxl,xze[a,b]WW%%x1<x2WqWWW@x13ﬁ'{
x, % A UF 95 ¢ 1 Ifiqe 39 TR 8
() —fx) = f'(c) (x, — x))
a2 fx,) —fx) >0 (TR f1(c)>0)
19iq f(x) > f(x)
T R, €9 2@d §, &%
[a,b] T x,,x, o6 FAC x, < x, = ()< f(x,)

Iq: [a,b] W [ Th aHuH He 2l

AT (b) R () HI IUA SH ThR B| USehi oh Ty 39 19 Bq SISl el B

Reprint 2025-26



164 TTfoTd

fewuit
w0 g9 T Tk o W W & SER AR R st % sieq feige &
Ffafem £ (x) > 0 &l x, a0l | iE o7 € 3 £ SH el § Had ¢ a9
f ! aHHA HEd €1 3 YR A FRE fauel o i fagat o faa £ (x)
<O STEl x ST FT FIE I € 3N f IW 0 H Had ¢ 7 f ] gHAH
Fed
sareEtur 8 @Ry f& 9 we f,
fx)=x-3x2+4x,xe R
R W M wer 2
T &M ey, foh
f(x)=3x*-6x+4
=3(x>=2x+1)+1
=3(x—12+1>0, Oft xe R fag
AT ®er £, R 94aM 2|
W9WW%WWﬂx):cosx
(a) (0, 7)™ BEAF
(b) (m,2m), ™ adAE B
(¢) (0,2m) ¥ 7 @ =sefae &R 7 & BrEEE 2
T 2F oY ff f7 (x) =—sinx
(a) Hfh 8% xe (0,m) %k T sinx>0,80 90 & f&F £ (x) < 0 3R gHferw
(0, m) H f BEEH T
(b) = TFFHxe (1, 21) % FATsinx < 0,89 90 & & £ (x) >0 3R zuferg
(m, 2m) | £ adaE 2
(c) ST (a) 3R (b) W &= ¢ fF (0,2m)H £ 7 df aefdgH ¢ IR 7 & g9 2
SETETOT 10 3aUe A ity 8 f(x) = 2 — 4x + 6 ¥ U e f
(a) A 2 (b) TEEE

Reprint 2025-26



STHES o STTAM 165

&l T8l
fx)=x>-4x+6
Rl fr=2x-4
T, £ (1) =0¥ x =2 3 2 37 ,
fog x = 2 STdfas @1 H q SEIH A, 2 oo
AT (- g 2) R (2, 9 (3TFH 6.3) § Fawwa TR 6.3

LT B WA (—og2)H 7 (x) =2x -4 <0 Tl

T, 39 SqUel o, £ BEEH 21 AU (2,00),H f7(x) >0 T, THAT 39 Haue
T e [ oeHE 2

SEET0T 11 9 AU A HIeE 0 £ (x) = 403 — 62 — 72x + 30 SR YA HeH f,
() IHAF (b) BEAM 2

T TR
f(x) =4x* - 6x> = 72x + 30
()= 1242 — 12 — : :
B f =122 -12x - 72 < = ! e
=12(x* - x - 6) TRTA 6.4

=12(x - 3) (x + 2)
TEAT £ (1) = 0¥ x=-2,3Ww B &1 x=—2 3R x =3 &t @ hl dq-
G A, AWz (— 0q — 2), (=2, 3) 3R (3,09 W fawyer hea1 & (3T 6.4)1

A (— oq — 2) AR (3, 09 H £/ (x) ¥FcHeR © Saieh el (-2, 3)H £ (x)
SEUTCH 81 helea®y el f 3AaUell (— og — 2) 3 (3, o9 H aefuH 8 Sefeh fauel

(-2,3) " Her BEEH g1 9T £, R W 7 a1 axfgH € X 7 & geee 2l

ST [ (x)ya forg We [t Wepta
(-2 ) )>0 f aHEA 7

(-2,3) =) () <0 f B g

(3, 9 +) (+)>0 f a2
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SETETUT 12 3TaUa A Hifed S8 Y1 %o f(x) = sin 3u, xe[O,g} T (a) SeHM

21 (b) BEEM B
J(x) =sin3x STTeRTe 6.5
a1 f” (x)=3cos 3x

ThAY, £ (x) =09 T ® cos 3x = 0 fe® 3x=g,37n (wﬁsxe[o,ﬂ

—3xe [0,%})%@'«% zafera, x=% AR %%' e fag x=%,3:|’?mrvr [0,ﬂ

T T

< o ST [Ogjaﬁ: (6,2}ﬁﬁmﬁam%|

T m xe[O,gj F U fr(x) >0 FifE 0Sx<§=>0£3x<g s T
xe (E,E)aa T /(1) <0 FifE Lexs T o Fesecdt

62 6 T2 2 2

mm[ogj ﬁfaﬁqﬁ%aﬁima(%,g)ﬁwﬁ%maﬁrﬁaa
e T wer x =0 q;n x=g Wﬂﬂﬁqﬂélmgﬁqla?m,ﬁ[oa%} e

e 3R [%ﬂ ¥ grEuE 2

SETETUT 13 AU Ad It fSH f(x) = sin x + cos x, 0 <x L g Y4 He f,
T A FEEE

T 9 ¢ fF
f(x) =sin x + cos x, 0 <x <2n
a0 f’ (x)=cos x — sin x
. . T 5w . .
A9 f(x)=0 @[smx:cosxﬁlﬂ@lgﬁx=z,jwm%l FfF Q< x <271,
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ﬁgx— aﬁ?x— T siquer [0, 2n] F A orEgE SaTel, T [O,E),

4
5 5 i i i
(%,Tﬂ) 3R [Tn 2n}i fawed w3 2 o 4 7 2m
3TTHTd 6.6
e dfee fe f(x) >0 A xe(o,%)u[%ﬂ 27‘5}
. . L8 5T )
I1a: el [O,ZJ R (T,M} o ®er £ aefuE B
s f(x)<0, % x (I 5:)
31 f Faua G %nj o BEEE Bl
AR f/(x)w Tag el il Uehfd
[0,%) 50 £ A #
T 5™
(Z’T) <0 f &= €
(%,M} >0 f e @

1. fog FINTR W f(x)=3x + 17 ¥ Y1 e aeqM 2
2. g ST fF R Wf(x) = > ¥ YS9 ®or a4 2l
3. fag FINT f(x) =sinx ¥ T34 HeH

(a) [O,gJﬁaﬁqﬁr% (b) [g,nJﬁwﬁ%
(©) (0, 7 af sxfdF ® & 7 & BrEEH 2
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=

10.
11.

12.

13.

14.

15.

16.

. Tog =ifse f& y=log(1+x)—
. X% 31 HE W ST Seh Yy = [x(x - 2)] T a€HE wer 2

. ﬁ?@aﬁﬁqﬁﬁ[o,ﬂﬁ y—ﬂ—e,eaﬂwaﬁmw%h

Tfora

FATA A I 1 f(x) = 202 — 3x ¥ YA Hed [
(a) oA (b) BEAH

. e A SifeT S £ (x) = 2% - 322 — 36x + 7 9 US4 HeH f

(a) oA (b) BEAH

. A T ifee T frefafaa wer £ adae o g @

@) f)xX>+2x+5 (b) f(x)10 — 6x — 2x?
© fx)28%-9x-12x+1 (d) f(x)6—-9x—x*
(e) f(x) (x+1) (x-3)

2x
2+ x’

x>— 1, 310 "ot oiq & U U wor

a (2+cos9)

g HIfY foF TR ®er (0, 9§ aHHM e
fag ST o (1, DH f(x) =2 —x + | ¥ &0 ®er 7 o aefdm € i) 7 &
B

ﬁvr%fﬁaaﬁaﬁ?ﬁw(o,g) F BEHA B 2

(A) cos x (B) cos 2x (C) cos 3x (D) tan x
frfafad siauel & 9 68 a0 ° f(x) =x'° + sinx —1 SR US4 HoH f
BIEHH B2

(A) O1) (B) (gnj © (03] o wmaaim

a1 98 =IdH AF T4 hitae Swes faw stawa [1,2] 5 f(x) =P +ax+ 19
Yo el aHEe 2

T AR (1, 119 ST T SO E A s F R 1 £(x) = x4
X
Y Yed Her f, aEEE 2

g HIST foh ®er £(x) = log sin x, (o,gj o e @R (gnj o e 2
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17. fag &ifNY f& & f(x) = 10g|cosx| (O,gj H gdae 3l [3—;,2n] |

BIEAM 2
18. fag =ifsw ff R f&@n 0 %M £(x) = x° — 332 + 3x — 100 &AM 21
19. frefefag & 9@ forg ofauea 9 y=x2 e adam 82

(A) (=3 B) (-=2,00 (©) (2, (D) (0,2)

6.4 IsoAH 3T THeaw (Maxima and Minima)

39 =38 H, B fafi= werl oh Seuaw SR fetam 9l i M1 i W Sfeshers

T Hehoudl 1 FAT HUT IEqd § TH Toh Ho o Aei@ o oaq fagall (Turning

points) =i T T T 38 FehR S fagedi o1 1 il T W i@ T sifereran

(T AqH) W TEAl 21 39 TR b fagef w1 9 Th o H1 Meid died | wgd

Wﬁ%ﬁﬁ%l?ﬂ% Afafted &7 T ®ord &1 98T S==9aq 91 (Absolute maximum

value) Gﬂ'{ﬁ'{ﬁ&{:’fﬁqﬂﬁ ( Absolute minimum value ) it I I S FH3 S RERER]

TrEEt & ' o fau v )

EY BH <9 Shed =1 Frefafea gwenet « faar w¢

() AU o g o Tk A ¥ BH ol e Bl P(x) = ax + bx’ g YSd © @l

a,b IR T AR 19 Thg W TR & gall # g@m 21 ufq uhe fhad 9w
sferehay @y <92

2
(ii) @60mﬁwﬁwﬁﬁﬁﬁ%‘@ﬁ?hu):60+x—%$§m

fuifd a1 o oEfw wordt €, Sl x 9or @ T @t dfas g8 R A(x) SHH!
S B T feherl tfushad =g de qger?

(i) 1T T T AU AR T £(x) = x2+ 7 N USW Y h IR ST @I 2
fag (1, 2) W feord Tk Afer SH Bfetepieet i Tiiell AT =edl @ ST Rfereriet
3Gk fashedn @1l 78 Fohean i et 22
Sua gEeel ¥ 5 qodm ® 1eid 86 Y el oh Seuad tedl et
M 1 T = &1 31 THENS ol gaAH % ¢ en fofed T wer @
Afereha® WM A1 =JAaH HH 9 TG Seead o S Fetad o fagel ok e
fogatt &t fuifa & o6 w1 gRefia S
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TR 3 A AT T SaUe 1§ T %o £ 9Reifia @, qd

(a) [ Souqq W [Hemd B, A1 H T fag ¢ o1 e 39 yaR ® f%
flo)zfx),Vxel
@& f(c) 1 W f o1 S=aaH A %ed & 3R fag ¢l 1§ £ o Soeuad dH
e fog el S 2

(b) f @1 feraqw @M I e € A 16 wh fag o 1 eifde © 39 YR T
flo) Sfx), Vx e 1
G f(c) ol ¥ £ o1 Fetan A hed € IR f9g ¢l [ 9 £ o feaq am
aren forg et S 21

(c) Iﬁf@ﬁﬂ'{qﬂﬁ(extremevalue)@WWW%H&:I‘*@F@%@
¢ 1 AT 39 ER € TF £(c), £ S=uqH A el FEaq 7 2
79 feafd ® £(c), 19 £ 1 =0 AH el ¢ 3R 55 ¢ T = fag seam 2

Y’ (a) Y ()

3TTeRTd 6.7

P 6.7 (a), (b) 3R (c) & &0 Fo faftme worl & acie wakid
fopy  fo0 &8 s fig W S=uad O SR fetad 5 T % W e ferdt
21 ada § SerEl § 8H 39 el o S sTaehied Tl B 7| Seadd / freaw we
off T Y Tohd €, (ST 27) |

SEETUT 14 f(x) =22, x € RE U&0 Hel f o Seaad AR Fefaq o=, 9 i & i,
d ifSa)

&1 fSU Y e o 3R (3Tehfd 6.8) W W 8 Hehd @ T f(x) =0df% x=0¢ 3R
f(x)20,99txe R fom)
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i, f 1 Fetaq 9= 0@ SR £ o fream Am Y
1 fag x = 0?1 39k aifaftaa emer@ @ 7g off <@ =
THAT © Toh oM £ 1 H1E oI A T §, 3a: R

o £ o Ieaad " 6 fag Tl 2

| fermrot | =i & wem % wia 1 haw -2, 1] 7%

g Y q9 x = — 2 WS S=adq 0 (- 2)° = 4 )

TEAEIOT 15 f(x) = lxl, x € R A Y&A el f & x

Ieadq IR f=am 9H, Ak FE 7@ @, J@ S

Tl fau T Her % eeiE (ST 6.9) ¥ STFRT 6.8
F)>0,9ft x e RN f(x) =0 4 x =072
TEfeIT, £ 1 fead WM 0 € 3R £ o fretad

A 1 fag x =021 IR e ¥ I% off T & R

Hf ol I STaad WH & 81 37d: R o i S5uan

A w1 fag 72 2

feaoit

() 3 &9 Fel & Wid &I shed [- 2, 1]dF X<
Hifag %3, a1 f ®1 I=AAH HIA

—é—i—iol 123

[—21=2gmI Y’
(i) 3O 27 H &M % fF ®eM f, x=0 W TR 6.9
FaRTE Tl B

SEEIUT 16 f(x) =x,x€ (0, 1) BN Y=< oM o
Ty 3R Frerae o, 9fE w1 B q, 96 st )

T XU siaa (0, 1) # T %er T FRa a6mE
T Bl e f o e (SRt 6.10) 9 W@
et eial € b wer o1 fretam 9 0 o < 3
o Tiehean fag iR S==am oF 1 @ el 3R &
feeam fig W & =few) o T fog Swes €7 Xeg -
o fagetl =1 siferd e Hwg &1 81 ke o, 7l v f@)=xin (0,1)

0 1 Frerean fag x & )6—20<x0 Tt x, € (0,1) T 6.10

>
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1

X

% o @i afz | &1 fepean fag x & @ W+t x €(0,1) & foT >x B

+
2
ZafeTy fEU MY wer 1 SHauet (0, 1) | 7 d i Seaan g @ 3R 7 & HiE fean
M B

fewuft dresh 2@ Hehd B foh ST 28 W AR £ o Wid W 0 3R 1 ol Ghwferd e
forn W@ etefd £ o Wid il a@eRR [0, 1] X S ST @ %o &1 feaw A
x=0T 0 3 I==a" AH x= 1 W | 8| a&da ¥ g9 Frefeiad aiomg o« & (3
aRome ) STufd 39 qEe o &% § 9l ?)|

Uk Teh{S= (monotonic) Tel 31U R wid o 3icr fegaii W o™,/ fean
TEUT Il 2

29 R &7 31feek A9 9 98 ¢ fof TI9 Siaa W JAF Had o o Soady
3R =TS 1E B 2

| oot | foreht il 19 T wer @ g9 sifewm € f 19 e a1
FHAR € A FEAN 2|

TH T W Teh Gd aUel T IR el o Seeqy iR Feiaq 9 o ar
H 9] ¥ four &

3TEY, T TR 6.11 H IIMY 7T fohdl e o STei@ &1 3199 el Jf@n o
e T e g3t A, B, C 991D W a¥HH ¥ 39 A1 fadd: geaa & audH
211 21 37 fgefi 1 B o 9 fog Fed &1 79: e G i adq foget w e
T T T TRrEl A B S S S A IR R feIgst Aden CH ¥y o g
(Neighbourhood)ﬁwwﬁﬂﬁqﬂﬁ%,ﬁﬁﬁﬂﬁ AYI-279+1 =feai o STer
(Bottom) W B 38t YR fagati Ban D o cieh o Wiy § et ol Seudd 9
2, S ST STuI-SToT TRIfE Al o Wil W ¥ 39 HRul ¥ fage A den C el e

Y
A B D

KA

X<O ' ' >X

v 3TTeRTd 6.11
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et == (= |rder feran /M) w61 fag aen B iR D &1 T S=uad |9 (3 9re

I=aaH AM) o g THSA ST Hehdl ©1 o o T Seuad A 3R e et

A 1 SHA: e 1 T SwEad i T e el S el

e &9 e 'Y 9§ fefetaa aimn < €

TRt 4 A AT £ Tk ardfesh JHE e € 3R ¢ Hel £ o Wid | Tk Sfidieh

fog 21 @

(a) ¢l TAFE Soaaq &1 fag wer War € Al TH T A > 0% fE
(c—h,c+h)¥ TA x o fAT f(c) 2 f() BT f(c), BAT f 1 LA S=aqq
M e

(b) ¢ TFE fean w51 f6g el S ® A T W A> 0% B (c—h, o+ h) | Tl
x& U f(0) SF(x) B T f (¢), FeH f 1 WM F=aq 99 Fear 2|
S gt @, Suger a1 e ® foF AR x=c, Hor £ B ©WEE

S=aad 1 fag B, dl ¢ o ST T @ ST 6.12(a) o STTAR NN A S

o STAA (c — h, ) ¥ ®e fadam (319fd £ (x) > 0) 3R A (¢, ¢ + h) H B

BEEH (31U £ (x) < 0) 2l

T8 I8 frehd fashorn @ & 7 (c) 399 & 9= 2 =fey

Y f©=0

>

Y’ ® TR d 6.12

T UHR, AR ¢, B £ B g eam 55 @ A o oh U %1 e
aTepta 6.14(b) o SITER BN T8l STl (c—h, o) W f BEaH (A £ (1) <0) ®
AR T (¢, c + h) W £ ofam (efq, £ (x) > 0) T 78 TA: e =1 € & £7 (o)
31aed g I oA =feul

Srfe uftert 9 = freAfafag afamn e g 2 (fae soafa) |
THT 2 A AT Tk fagm Sauet 16 £ Uk gRefid e @1 3 e c e 1
fag 21 9% £ 1 x = c W T T I=9q9 91 U T Fean w1 fag 2 d@ f (o)
=0% I f fag ¢ W reehora &l 2
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feouit SR wHT F1 fodm smavas T € 7 g @ 99 fa s fag o w
Hhels I § S € @ I8 TEvash T ¢ R o% T Swaaw A T e
=1 fag 1 SRR A £(x) =2 B A £ (x) = 3% 3R @AY £/ (0) =081 g 0 7
A T Seuan @R T & T e f5g @1 eefa 6.5

HOF f o WId H Tk 6 o, T W A A S (0) =07 A f FewerE
&l ®, f o1 wifdew fag (Critical Point) et 81 &M f & afg £ fag e w
Tad € S 7 (c)=0% d 78 b UH h >0 1 A @ fF a0 (c— h, ¢ + h)
o £ feherd 2l

379 TH had YW STdhersll ol YAN Hieh LM Seaad fag a1 T fean
fogati =1 Aa & w1 foparfafy g&ga w3
TUT 3 (AW TFeheIST UIEIUT ) WM efifSe fof Tk wor ¢ et foga siava 1™
uRenfid B1 W ofifse fF £ ofatet 1 8 fro shifass 55 ¢ ® Haa 21 @@
(i) xo 65 ¢ 9 & a8 & WY-, AR Y
£ (x) 1 T 9 @ ko # giEfda e © .
ot =t fiig % ame @R 3R Sud Wi S =x
e & J&® T8 W f/ (x) > 0T ¢k
T SR R wfE freRe o gdw fog W
£/ (x)<0@ dl ¢ T e T fag 21 x X
) x% 3 ¢ @ F A F - AR i wfted fog
f () fog &0 F oA o ufEfda e g,
i af% f6g ¢ o =t 31k 3R 3Tk i
e & J&® T8 W f/ (x) <0 T ¢
T SR 3R SHeh v fiehe o e fog Y
W (x) >0 8 @ ¢ T e fag 2 3T 6.13
(i) x°F fog ¢ W B HT 9gd o WY AR [ (x) 01 Fag aRafda T2 e €, @ ¢ =
A T Seuan fog @ ok 7 T freran fg) ard o, 39 YR o fag &
afq afeda forg (Point of Inflection) (2Tehfd 6.13) Hed Bl

I ¢ Her £ 1 Th TFE SeIH g 7 @ f(c) BEH f 1 WA
IeIH UM 21 38 YR, AR ¢ FoH [ Tk WA e g €, @ (o) e f
1 T Feam O R ST 6.13 SR 6.14 THF 3 R S SR I Bl

=)
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FEETUT 17 f(x) =2 —3x + 3 G Y& el oh T, T S=aad 3 T fetan
& gt fageti i 3 wifs

W-qgtif f(x)=x3—3x+3
q ff@)=3x2-3=3x-1)(x+1)
DI Fx)=0=x=13W x=-1

T YHN, hadl x=+ | €1 T wifas fag € S f o T Seua eivan e
ety dofaa fag & 9 €1 T8t B9 1 = | W T & 2

e ST foh 1 o e 3R 1 o TR 3R £ (x)> 0% 3R 1 o e iR 1
SRS (x) < 02| ST JEH Teehersl Teml gRIx = 1, T fefam fog @ &R
T e w1 (1) = 121

x=—17% <M, —1 o TR 3T —1 o o= 3R £ (x) > 0 3R -1 o ke 3R
-1 o TR AR £ (x) <0 2| TEFAY Y| Sfeleherst THeT07 g0 x = —1 TqHIT S=aad &l
fag ® &N T S=uaw HWE f(-1) =57

x o | £ (x)=3x-Dx+1)w Tag
AT SR (A1) >0
1% fre <arrq°f3m(m=no.9) <0
TEAY SR (AMTI—0.9) <0
-1 fre <6rrq°f3ﬁ'((m=n—1.1) >0

Reprint 2025-26



176 TTfoTd

SETETUT 18 f(x) = 20° — 6x% + 6x +5 §R Y4 Held f o TIHIT Ieaaq IR T
T fag 9@ iy

& TRl

f(x) =2 -6x*+6x+5
a0 ffx)=6x*-12x+6=6(x— 1)
a ffx)=0=x=1

TH YR shadl x = 1 € f 1 hifder fog 21 o1d &H 39 fog W £ o g Seead
71 T fetan o fa gdeor s ey f g3t xe Ra foT £7 (x) > 0 3R faem
®q W | oF T 3 1 o arf AR S e A ok 9Hl o feT £ (x) > 071 zEferT
T 3ferhers THE § g x= 1 7 o T S=aad 1 fag @ it A € v fretam
?ﬂﬁvlg%l 3d: x =1 Tk Afd 9Rada (inflection) ﬁg%l

o AT 7 S 30H 7 (o) T FoE oFa R H weft o T
Al Td: £ o oMo H g ff odq fag € € oiR gafan e Seead @
T feran 1 &g o fag e 2

19 7H fordll Yed wer o T Seaad SR T fEan o adiernr o foe ue
T foranfafer weqa w11 e TeT Jom Tdehels TeT0 i qerl § WA WA 2l

U 4 0 S T £ Tt siaue 19 afifid Th wer € 991 ¢ e 181 91 st
& f ¢ W IR TER SEhad ¢l ad
() R £ (c)=03Mf”(c) <0l x = ¢ M= I=uay 1 Th fag 2|
TH QN T £ TG SeEad W £(c) B
() AR £/(c)=0 AR £”(c)>0T x=c T Fetqq o1 = fag 2
TSN H £ 1 T A 7= f () B
(i) IR £ (c)=0 S f”(c)=0% dq 78 T FHHSA & el B

79 feufa o &0 gH: gom sraehersl THe0T W A9E SR T8 90 S € R e
Feuaw, Freran = Afq afted= @ fag )

| fowuft | f8ig ¢ W £ @ AR AR seherE € $6E HA ad o WS %
fgdia sraenerst @1 eI B

JEETUT 19 f(x) =3+ |xl,x € REN Y80 He f 1 TR a8 AH I it

Tl T R R fen T x = 0 W TR T €1 36 YRR fEdie st wa
ST B ST €1 376 H YW STohels] TH& i | T RIS & 0 6@ f 6 T
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whifaer fog 81 e/ 0o ol 3R, f(x) =3 —x 3R WAL f* (x)=—1< 0B HA & 0
o TR AN, f(x) =3 +x 8 3N THAT £ (x) = 1 >0 B 3, GUH bt TH&I0
SN x =0, f 1 WA ey fag € 9o £ %1 " <Fa" 76 £(0) = 3 B

FETETOT 20 F(x) = 3x* +4x° — 12 + 12 G & %o f o T Seuad 3R e

| wF 9| S v
e OB
f)=3x"+4° - 123> + 12 \\J\ T @//
Rl f)=1203+ 122 - 24x = 12x (x = 1) (x + 2) 1S
B x=0,x=13Rx=-2Wf" (x)=0%I
X" ————+—+—+—>X
< f7(x)=36x2+24x - 24 = 12(3x + 2x - 2) 3-2-190 1 2 3
” _ Y/
fEO)_ 24<0 3R 6.15
3Ad: ff1)=36>0
f(=2)=72>0

THfere, gt staemerst Ter R x = 0 T S=uad 5 € IR 1 Trig S=aad
M £(0) = 1271 Selfeh x=1 ARx=—2 T femam fag ® ok T fag 7@
F(1)=7 3R f(=2) =202

AT 21 f(x) = 223 — 622 + 6x +5 NI UST %o f o WA ey iR T
e o asft fog 3 wifsu)
T T W

flx) =2x° — 6x* + 6x +5

f(x)=6x* —12x+6=6(x—1)
m £ =12(x-1)
FAf (x)=0" x=—1 9 Bl 21 a4 £~ (1) = 02| SHfAT F&l fgetar stereherst ey
RS B STd: TH YUY 3ferhelsl T 1 SR a1qE S|

T TEel B (ST 30) | <@ € o Werm eraehers WieTol shi gfte | x =1 7 ql T
=g 1 fag € iR A € T fream o fag ® sifag gg Afq wfeds o1 fag 2

TEMETOT 22 U 3 ¥ G@AW T FISC R A 15§ 3R e & w1 A
= &I
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Tl U ST Teelt T x® 99 gl GeA 15 —x €1 HH ofifee g gemet o ot
T I S(x) ¥ = Bl 7| qd

S(x) =% + (15 = x)> = 2x> — 30x + 225

S'(x)=4x-30
S (x)=4

b S (x)=09 ngwgﬂm%aﬁm S”[%J:bo 21 safery fgdta steshers

TieoT R S ok T Fretaw w1 fag ngél mma@ﬁg R 15—%=§

ql Temedl o o o1 I feas g
fmuit SerRTOT 22 1 Hitd g% fag foran s wehar @ fF Ut € 59 werd fSmen 9

k%aﬁiﬁﬂéﬁwﬁwﬁﬂmjﬁﬂﬁﬁﬁwg,gﬁl
WZS%@(O,C)@Wy=x23ﬁW@WWGﬁ%SCSS%I

T UM ST Weaerd y = W (h, k) I 65 31 0F A (4, k) 3R (0, ¢) o &=
T DI

D =1/(h—0)> +(k—c)> =\/h* +(k —c)’ e
(TR (h, k) Waed y = W T ® 3@: k=422 sqfaT (1) ¥

D=D(k) = \Jk+(k-c)

- D (k)_m
Jk+(k=c)?
3@ D'(k)=0@rk=2c_1 W e @

2c—1
2

2—1
2k —¢)+1<0, FAAD (k) < 0 & T2 w7k k >

o[ e for 59 k < 3
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T 2k —c)+1>0 T 9 D'(k) >0 (39 TR YUH 3Teehotsl TIeqo o =21

k Freraa 21 era: erefe <gAam g4

2
D[Zc—lj:\/Zc—l_'_[Zc—l_cj _ Vel s
2 2 2 2
@ feoult | Tes e ¥ fR SIer 23 ® T fidi st e o T W
Yo STaeherS T 1 GAN TR 7 iR I8 W Ud B B

Ly

SEETOT 24 9H WifST fag A @R B W %HY: AP T BQ ® SR w9 2l AR
AP=16m,BQ=22m 3R AB=20m & d AB W U& U fog R 71d shiferQ aifer
RP? + RQ? fr=ram =0

Q
%l AH Wit ABW T fg R34 ¥R 2 &%
AR =x m gl @@ RB = (20 — x) m (i AB = 20 m)
TP 6.16 W \ é
RP? = AR? + AP? -
AR RQ’ = RB? + BQ? i,
R -
AT RP + RQ® = AR + AP? + RB + BQ? T e
=x*+ (16)2 5 (20 —x)2 + (22)2 a;nq;ﬁ[ 6.16

= 2x2 — 40x + 1140
TF e o S= S(x) = RP? + RQ? = 2% — 40x + 1140 B
37 S’ (¥)= 4x — 40 B

TS ()=0" x=109< B & 3 Ffi x o fAC §”(x) =4 > 0% 3R @@
S”(10)> 0 2| s@fery fgdtar sraeherst Ther & x = 10, S 1 T Fetam = fag 2l
#d: ABW R A¥ T AR=x= 10m =

IETE0T 25 AT Toh HHEE aqys o SR o STfafad il sstl i @erl 10 cm
2 79 oee =g 1 Al Swe T it
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ol A THAd i Sed 6.17 | D 10 cm C
<9I T €1 AB W DP Al CQ e
@ifaw| 7 ST AP=xcm Bl &M s

dfsw 5 AAPD = ABQC & wafm S 6%
QB =xcm #I 3R UEYUMRE Y9I 9,

DP =QC = {100- x* 217 S A x cm P_l 10 cm l_Q xem B
TAES Fgs w1 &AHA A R STTeRFT 6.17

3d: A= Ax)

1. . .
E(W St HT I1T) (3H4E)
- %(2x+10+10)(\/100—x2)

= (x+10)(v100— )
(—2x) 2
a1 A (0= (x+10) +(100-22)
@ V100 x2

_ =2x —10x+100
— Joo-x2
& A @)= 0"2x + 10x - 100 =0, ’SEH x =5 3Nx=-10 W= Bl 2l
Hifer x 0 w1 &g w3 T safan 78 o1 T & Tehal ¢ shfiux =581 o
V100 — x* (-4x —10) — (—2x* —10x +100) (2%)

. 2/100—x?
A”(x)=

100 — x2

2x> =300x —1000
iy il al 5 (A FH M)

100—x?)2

2(5)° —300(5)-1000 _ —2250  -30

= = <
3
10052 7575 75

39 RN, x =5 W G H1 AAEA AFHIT ¢ AR Afkdy &wd
A(5) = (5+ 1014100 —(5)> =15+/75 = 75v/3 cm*®1

37d: A”(5)= 0
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3a1E0T 26 T9g INT ff w& 3iF o oidia 9ead Sy oI @d g daad i
5 vigp 1 B 1 amedt et 2

T AM ST vigp o MR 1 B OC = r 3IR S
OA = hB| #F e & U gu 31 & Siaia de &
YR o g9 H1 55 OE =x © (SMHT 6.18) 1 e &1
%9E QE & fau:

QB _EC . h
oA = OC (FifH AQEC ~AAOC) A
- @z r—x
h r :
h(r—x) B D—_O “FE C
a0 QE:f
M ST Se 1 ohYS S B | Ta ST 6.18
S = S0 = 21xh(r — x) . 21h (rx—xz)
r r
() =22 ~2x)
o r
S,,(x)=—47th

S (x)=0" ng I B Bl ST gt x o faw S7(x) < 0 ©1 I

S”[§J<O %Iwﬁﬂlx=£ ,S %1 Seuan fag 81 or: KU vigy o favfd weww a% I
I (e T | i ol e e e 1 A
6.4.1 TF I IHTA § Tohwdl T &l Ioelad 3T fem A (Maximum and

Minimum Values of a Function in a Closed Interval)
UM AT F(x)=x+2,xe (0, 1) EX &0 Th Yol £ 2l
M AT fF (0, 1) R Hod Tad 8 IR 3@ el § 7 9 TR hIE Seaqd AF
T IR A @ U B A 7 2

deta, af g o Uid S GIA SFAA[0, 1] TF o1 < da8 ot f H1 WAL HIE
T Seuan (fefam) o =l e W sHen Fived € Seead |9 3 = £(1) @R
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| 71 2= £(0) €1 x=1T f 1 I==a9 °7F 3, [0, 1] W £ 1 TR I==aq
g (W89 UH) (absolute maximum value) 31 HER 3Iferad A (global
maximum or greatest value) Shgardl %I T YR, x=0T f &l =1ag /9. 2, [0, 1]
‘?ITfEI'T[ﬁTef%Tﬁ":HqﬂH (a9 |) (absolute minimum value ) WE’I&WW
A (global minimum or least value ) hacirdl %I

T Hgd AT [a, b] R IR fhelt Fad wed £ oF §Td Tehfa 6.19 § Ui
et W faem ST o6 x = b W ®ed £ 1 wHE qq € qen s e
M f(b) €| e &l x=c T T Foaaq fag & 991 THE S=aqq 91 £ (c) 2l

Y
/

ROV R0 S,

Y 3TTHT 6.19

o &l AerE | U8 ff T ® R £ o1 TRue s=ea |E £ (o) 9o vy freaw
UM £(d) 81 3ok 3Afaiten e <ifs for £ o1 feder Seeae (Fefam) o =are
Seaan (freae) =@ @ fa= 2

39 BH Ueh o el [ W Teh el o -Ruel Seeay @i fruer feraw o fove
o T gftomi (far Swafa) oF em sand
UHE 5 WM AT Tk a0 1= [, b] R f T Gad He &1 qd f 1 FrRue seeay
M 2l € 3R 16 %9 U A Tk o £ 98 HF U il € a1 Feder fremam
H 8 © 3R [H %9 4 %8 T o) £ I8 0F 9 L

THE 6 WH ST GH el [ W f Tk SFashera Bl 8 3R " wiforg foh 1
g e g ¢ B o

() A ¢ f oy S=uqq 91 9w R, d@ £ (¢)=0

(i) ¥ ¢ W f Uy feam 90 o w2, @ OF (e)=0

STF YAl o fa=ur @, KU U S oiaua ¥ et wer o fRue Ssaaq 9
R Freder freram Am o w6 & fae fafy fefafea €
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ragiieh fafer (Working Rule)

=0T 1: XU MU ofaua # f o @it wifae fog 1 HIfT e v o 9% 9+ 919 9@
FITC ST A A f7(x)=0 A f TR T 7
WZ:W%W%@WI

=0T 3: 37 9+ft fogsti WM (30 1 9 2 H FHEg) f o A i AT SIS

0T 4: =07 3 | TOMAT @ W £ o A A W Seaad SR FEaH 9l sl el =€
Feadd 9, £ o1 TRUe Seuad "4 SR Fead qm, £ e e 9m e

SETETUT 27 31a0a [1, 51H f(x) = 24% — 1522 + 36x +1 § YSA %o o Fuer Ssaay
AR ey Frerae ol w1 | it
T Y A ®
Fx) =2x° — 1582 + 36x + 1
B f()=6x2=30x+36=6(x—3)(x-2)
& T £ (x) =09 x=2 3 x =3 I e 2l
39 eH ¥ fagetl o ofauet [1,5] % ofcr fogsti etefqr=1,x=2 x=3 3R
x=5W f o HAH H IREHT HUN| 6
F(D)=2(1)=15(13) +36(1) + 1 =24
F(2)=229)-152)+36(2)+1=29
f(3)=2(3%)-153>)+36(3) +1=28
f(5)=2(5)-15(5%) +36(5) + 1 =56
39 YR, BH 39 fept W UgEd € T Sfauet [1, 5] W e £ o forg x =5 W e
F=Iaq HH 56 3N x = | W Ry fegam 51 24 2

41
FEETOT28 f(x)=12x3 —6x3, xe[~1, 1] X YE< T el f o el S=ead 3R
ey feam o F Sl

T eH 9@ § %
4 1
fx) = 12x3 —6x3
1
7 £ ()= 16x3 —%: 2(8x2_1)
.?C5 .?C5
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THYFR [ (x)=0" xzéwgﬁ?n%l AR e A fh x = 0T £ (x) aRenfia

Hﬁ%lgﬁmmﬁgmoevﬁ?x:% 2 maﬂﬁmﬁgaﬁmo,%aﬁ'{méa
3 fogefl x=—19 x=1 W Fed f o HH &1 IRehad HH o
4 1
f=D) =12(=13)-6(-13)=18
£(0)=12(0)=6(0)=0

OREOROE

4
T =12013)-613)=6
W Bid €1 39 YR B9 39 fend W Tged ® TR x=—1 W £ 1 fRue Seead

oM 18 7 3R x=%mf?ﬂﬁﬁaﬁtmﬂﬁ ?%I
SETETUT 29 V1 1 Teh 79T BfeTehI@R aah y =12 + 7% SR 984 99 R S @I 2|
fag (3, 7) W feord s Afer erort frarfd 9 =9 i W 39 st i el 7

<Edl Bl =9 0 A it
&1 x o Yoeh WM o forg eferhie w1 fefa fag (v, 22+ 7) 81 5@y (3, 7) W e

e i it & d= 30 —3)7 + (2 +7-7)7 . T (- 3)7 + ¢ B

= wifey & fx) =x-32*+x*

70 Fr=2(x-3)+ 43 =2(x— 1) (2> + 2x + 3)
AT £ (1) =0 x=1 U Bl € A 202+ 2x + 3 =0T I ek ol e e
Bl 81 ;ST ok e fag oft e @, R Sw e A Sier s fes fo
# AF YA T el Shee U fog, AW o= 1 & U@ #1039 g W f w1 Ae
F)=(1=32+()* =59 4&d 2| 3@ Y&R, ek o feaie & 69 =1 3@

JrW =45

e dfST for /5 a1 @ Seuam 9 1 e we @) s
W=M=3>\/§%I

T8 e frekd e 6 \[f(x) &1 Freaam 795 21 o A iR 2fdeier o

1 1 Frew g6 5
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YyTEEt 6.3
1. fr=fafad fgu T womi & S=uaq o feaq 9@, afs e @1, I sifeg;
A f)=Qx-172+3 (i) f(x)=9x2+ 12x+2
(iii) f(x)=—(x— 1)+ 10 (iv) g)=x>+1
2. fTrfafeq fau 7o womi & Seaqw 1 freaw |9, ot wiE ®f, @ 39 i
@O f=lx+21-1 @) gx)=-=Ilx+11+3
(iii) h(x) =sin(2x) + 5 (iv) f(x)=1sin 4x + 3|

V) h(x)=x+1,xe (-1,1)

3. Trefafed wem & T Ssaaq a1 e, afs g 8 o, Ja Shifse qen
T Seaan a1 T frae w9, S feafa e, off 9 it
@ fx)=x (i) g(x) =x’—3x

(i) £2(x) = sin x + cos x,0< x <~
@iv) f(x) =sinx —cos x, 0<x< 2T

V) fFG) =X -6 +9x+15 (Vi) g(x)=%+%, x>0

(vii) g(x)= (viii) f(x)=xv1—x, O<x<l1

x> +2
4. fog =S f& frefafed sl &1 Soaqq o1 fream 99 7= 2
@ fx)=e (i) g(x) =log x

@) h(x)=x>+ x>+ x +1

5. Yed fauel § Fefeiad B o iy S=aan 7 IR i freaq 91 9 i)
D f)=xxe [-2,2] (i) f(x) =sinx+cosx,x € [0, 7]

@) f(x) =4x—%x2, xXe [—2,%} iv) f(x)=(x-1*+3, xe[-3,1]

6. IfE @9 e p(x) =41 —72x— 18x> ¥ Ued © al Tordll Ut gr il S=aam
SIGESIGRETIE 1Y

7. AU [0, 3] T 3x* — 8x° + 12x2 —48x + 25 % I=aaH AN 3R a9 A F1q it

8. e [0, 2] % Teor fogatl W we sin 2x 39T S=EaH HM UK hidl €2

9. Wsinx+cosx3¥[3‘?clﬂqﬂﬁw%?
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10.

11.

12.
13.
14.
15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

Tfora

ST [1, 3] H 2x° — 24x + 107 FT HEWH HH TNd HI1SC| TH Held &1 ST
[-3,-1] ® +ff #e9q AF I HifSQ

I feon ® T fauel [0,2]0 x= 1 ®eM x* — 624 + ax + 9 S=aa8 WH T
AN €, A 1 TH 1A e

[0, 27] T x + sin 2x 1 S=EaH SR FETa0 7 F@ it

Tt < @t A6 SitSe S A 24 € SR SR AW Seead @l
TH o FEA x 3R yﬂﬁaﬁmmx+y=603ﬁ'{xy33ﬁﬁ'q &I

Tl T o W@ x 3R y 16 I ST A 35 B SR AR 2y e Bl
Tt 31 o e A1 wifee fSeRt 90 16 € SR ek s 61 A feaw 2

18 cm Yo o fed o forelt SR The W T iAW Teh T hIeh adl 36
TR o+ o o ToThl 1 HIg F) gk ed Tk G oAl g1 e I ared
a1 i oS foRdt BT 999 9S h1 STEad Soaad @7

45 cm x 24 cm T feT T STIAHRR FMET o Al T a0 FEHL 991 36 THR
o fo & werhl Bl HigHl g Wed T g oFHT 81 12 WM a1l ol
e fohal BrT S99 9 1 3TFaH I=dad 8l

g forfae for ws fRu 9a & ool @ft el o of 1 eshel S=erad el 2
fag ffeu fo Y0 I3 Ud Hedm Taa & Soid %I S9E, SMUR % A
TR BT 7

100 cm® 3TEAA aTel fess |t a8 JeMeR (a9 ga) fesal § 9 =Aaq I3
el aret fess st faamd am@ fRfem)

Tk 28 cm e AR I I hel A faved fran s €1 U Zwe 9 o qun T
o I S A B A el HT A fepet g =fey fed o ud 9w
gfAfad &shd =Adq 17

g FIfS foh R 5o <F et o Siaeia foreTetan e o1 ST, el oF 3Tread

Cal %%ﬂ?ﬂ%ﬁ
fag ST fF 0w g3 #1 KU 319a7 o @a goiid Ik i G, SR Hi

oo &1 /3 T B 2
fag FIfeT fF § g fade S iR mewm s1ead 9 i 1 ordf o i

tan_I\/E B %I
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26. Tag #IfST for KU gC I IR Heww o1ed o1el o gt vigh o1 31ef o shror
sin*(%)%ﬁﬂ%l

T & 27 | 29 § el IW & IAE FifSUl
27. FHx=2y W (0,5) ¥ a9 0 W feera forg 2:
(A) V2,4 B) V2,00 (©) 0,00 (D) (2,2)

2
28, x, % TR AR WA F T L g e A

I+ x+x°

1
(A) 0 B) 1 <€ 3 D) 3

1
29, [x(x—D+11P, g<x<| 1 Souad 99

Alé Bl O 1 D) 0
()(5) ()2 ©) (D)
fafaer Sergvor

SEEIOT 30 Th %R G99 (=0 W 45 P A =Ml IR &3k 65 Q W ¥ Sl 2l
HR G t¥ehe H aF &I g, x HX d

x= t2(2—§) 5N YT T

FR I Q Tk T H N THI G HIfSY SR P A Q o e =i &t oft T =wifsu)
T HH AT ¢ Whe H HR H 9 vl

Jd x=t2[2—£J
3
Rl —ﬂ—4t r=t@4-t
vEg Mo r=1as
TG YHR v=09 t=0"q¢=49< B 2
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39 P 3R Q R FR T o7 v =07 TTAT Q N R 4 Yehel § LI 379 4 Hohel
¥ %R g 99 1 T g4 frefatea 2:

x],_, = 42[2—%j=16[§)=3—; m

IETETUT 31 U 1 ek 2o oh1 SRR, SEATER 3787 ollel Ueh See oiel g Wieh ¢ foreent
3 < 21 gHeRT o7g 3T B0 tan ! (0.5) 1 Y 5 m¥/min T Y G G S B
MY o TR o 96 i S 39 &7 FId hifSrT Sid ekt | MY
1 S=E 10 m 2

&AM ST o 7, h 3R o 3T 6.20 o STER €1 ad

tanon=£ %I
h

THfeT o= tan™ [%] =tan(0.5) (feom ®)

| =

a7 05 =r=
h

M Y Tip 1 @ VRl e

2 3
V= lnr2h=ln(ﬁ) p=T

3 3702 12
dv d(mh) dn .
o E_dh[lz}dz (F@efl TF=H 3T)
_Tpdh
4 dt

o dh
THfeT 4< 4y —
dh
a0 — i 3—5 m/min (71: = 2)
dt 4t 88 7

aa:wa;wasmaﬁaz—gmm%|
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SEEIUT32 2 m SE HT SRH 6 m 9 el & @9 ° R 5 km/h T FHE =1
Y Tl © SEHT BN HT A4 B ghg A B

o1 ERfd 6.21 ®, AM &fif9T, AB T& fasielt B
%1 @91 21 B fog W wea ¢ iR 9 ofifeg fm
T faeie " W SAEH MN 21 6 ey
AM =/ m 3R =afe &1 /1 MS 21 3 71
AT MS = s m 21

&M gifsie foh AASB ~ AMSN

o MS _ MN
AS = AB
Pl AS = 3s

[(FfF MN = 2m 31 AB =6m (f )]
YRR AM = 35— s=25 8 g AM =/HX 2l
By I= 2s

3:|H. ﬂ_ 2£
' dt — dr

aa‘f%%:smm%ma:waﬁaﬁrﬁﬁq@%knﬂhaﬁﬂﬁ%ﬁ?ﬁ%

FETET0T 33 39 3aUeli i A swifsre 9 wer

f) = %X4—%X3—3x2+?x+11
(a) T (b) BT &
T W 9 2
f) = %X4—%X3—3x2+?x+11
m f = %(4)63)—%(3)62)—3(2)5)4_3?6
S (-3) |

5
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L (x)=0" x=1,x=-2, 3 x =39 &
gl x=1,-2, 3R 3 ardfa W H 9N FHIH
Al HA: (—oq—2), (=2, 1), (1,3) 3R (3,09 H
faver el B1 (3T 6.22)

SHAA (— og — 2) BT TAIAY A T — o< x < — 2 Bl
o feafa 80 x—1<0,x+2<03N x—3 <09« &W 2l

(fovw 9 & x=-3a fau f@e &, /() =(x-1) (x+2) (x-3)

=(-4) (= 1) (- 6) < 0) TTAT, T —oo<x<—2%, T f (x) <02
A (—oq—2)H el £ BEEH B
A (=2, 1), 1 AT g o1 —2 < x< 1 2]

WM H x—1<0,x+2>03Wx-3<0?

(foe 9 ¥ x =0, % fau =om A R, 7 () == 1) (x+2) (x=3)=(=1) (2)
(=3)=6>0)

AT W —2<x< 1%, T [ (x)>07|
A (-2, 1) ¥ ®ed [ gdHE B

3@ A (1,3) AT 99 5 1 <x <321 A M AR x—1>0,x +2>0
A x-3<0TI
TEfT, 9 1 <x <38, T £ (x) <0%I

I (1,3) H ®ed f gHEH Bl fd W A (3, 09, I oAy 3refq <@
3<x<ooBITH M T x-1>0,x+2>03MW x-3>0% zEY 4
x>38 df (x)>0%7

I HAA (3,09 § Hor [ aduH 2

-2 -1 0 1 2 3

3TTeRTd 6.22

$aTET0T 34 fag ®INT % f(x) = tan"(sin x + cos x), x > 0 ¥ Y& HeH f, (O,E)ﬁ’

4

R aefam w21

& TR

f(x) =tan"'(sin x + cos x), x > 0
, 1 .
N ;= 1+ (sin x +cos x)° (cosx=sin)
cosx —sin x
T 24sin2x (S T
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= fee fw (Oa%)ﬁ T x ok fog 2 +sin 2x > 0 21

ggfeTy £ (x)> 0 A cosx—sinx>0
a £ (x)> 0 A cos x>sinx AT cotx > 1

7 cotx> 13T tanx < 1, 37, AR 0<x<%

WW(O,%) ¥ (0)>0%l

1 [0,%Jﬁ’ f T aHuE e 2l

IETET0T 35 3 cm 591 &1 Tk IR fo&h &1 T fohan STal €1 WER o ROl SEeh!

5911 0.05 cr/s T W W 98 W B 98 R 1A HIFY Y gHRT &5 98 @ @
9 3EhT A 3.2 cm ©

T A AT fof < T a1 BRE - 3R sEeT a9%d A R

qd A=mr?
dA dr .
B N S ZRrE (SJ@en = gy
s B F ahs 3 A e dr o %Atz0.0Scm/s%l
Tafey aswe § gfig 1 qfee < frifed @
dA
= —(A
dA dt( 1)
d
= ZRr[éAt] = 21 (dr)
=2m(3.2) (0.05) (r=3.2cm)

=0.320m cm?/s

IETET0T 36 THMHATH T 3 m x 8 m Tl AFAHR =R o Fieh i O THAM o i
W T TAIY & Theishl i g @ahH ed Tk Y3 SMT 81 39 JhR o+ Hgh
%1 SAfURdH ST 1A I
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&1 AM Aforg fo arem fohy g o &1 ST Y darEl xm €, 79 S $I SEE
oAt 8 — 2x 3R HIEE 3 — 2x (3T 6.23) B1 AR HIH &1 MFA V(x) € 7@

xf Lo

X

x|

X

8-2x

(@) (b)

3TTeRTd 6.23
V(x) =x(3 2x) (8 —2x)

V'(x)=12x> —44x + 24 =4(x-3)(3x -2)

=4x% — 22x% + 24x,31qd:
V’(x)=24x—44

S| V (x)= 0@x=§aﬁ1x=3wmé|mx¢3m¥?)
2
FHfeTy x= 3
3 V”(%) = 24(3}44 =-28<0
3 3
2

mx:gwwﬁg%ama&mwasmwagm 1 %
7 ¥ IR 99 O U TH Tk SHIC A TH kT G SAfuhad g S fFefafed @

2 3 2
V(Z)af2) —oof 2] 404 2] 290,
3 3 3 3 27

WS7WWRS(5—ﬁ)ﬁWﬁQ@XWWW%I

xW@WWWRsGHOO) 21 SHEA H 9E FEA T HISC S S
sifyshad oe 31fSid i o o s=rt =mfeul

&1 T ST x gohTEAl BT fohd qod S (x) € SR x gehTeal w1 SeE ged C(x) B
a9 g9 U ©

2

S = | 5——— [x=5x———
100 100

Reprint 2025-26



SgHES o STYEN 193

R c(x)=§+500
39 YN, o9 Her P (x) Feiferd g ueq 2
x2 X
P(x) = S(x)—C(x)=5x—— -2 —500
(x) (x)—C(x)=5x ™
24 i
37 P(x) = —x———-500
i e T
o e XX
=375

FAP (x) =0 x =240 Ul Bial & 3R P’(x)zg—é.sqrﬂq P”(240)=;—é<0 2l
TH T x = 240 Sead o1 Tag 81 ora: Fmfar stferesmam oy sifsfa s ehan § afg

T8 240 THEAT S=dl B
g 6 ¥ fafaer goraet

1. fag T ()= 8% R ¥e BOM x= o T TS B
X

2. T fAfvaa emaR b & T THfgarg s 1 99 od 3 cm/s T R G W
W@l B U 9 W Y 1 THF YT SR o SUe §, SHRT Ahel fehaH!
I ¥ T @I 2

3. AqUd A HifeE s\ W

4sinx—2x—xcosx

fx)=

2+ cosx
Y 9ed Hel £(i) R aefum (i) PR semmE 2
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