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Hael Ua W
(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 +

1.1 9fferT (Introduction)
T KIS o e XIH, oo Td W, 9id, Te9id qen
iR e &t saumoneti &1, faf= yer & arfae
AT el SR S el Gfed qREE S S g
21 Tford § 31 ‘Hay (Relation) ' 1 HehedH i TISH
q H 39 vsg o ored @ o w2, fNeeh erER
(Recognisable) W Bl 7= <fife fo A, foret ol Eq)
el X1 o foenfefai &1 gq==a 2 qen B SHl Thel &
wenl X1 oh famielal &1 wqeea €1 o wy=d A 9
TH=T4 B a% % GaHl o o IR 36 FHN B
(i) {(a,b)e AxB:a, b 9 %}, Lejeune Dirichlet
i) {(a.b)e AxB:a b 967 ), (1805-1359)
(i) {(a,b)e AxB:a® g bt Y ¥ 3ffw B},
(iv) {(a, b) e AxB: fusdl Afqm wdian o ¢ g0 U< qUIe b F 9T YU
1 2},
) {(a,b)e AxB:a3H & @Al ¢ T&l b @A B).
qufy A9 B d% o fodl a9 R & STTT'{F‘T (Abstracting) ¥ Y Tforg |
A xB % Th @3 (Arbitrary) STEH=EE &1 TE TR Hd 2|
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2 R

A& (a,b) e R, 81 %&d & foh Hay R 3idd o, b § Halfud 2 3K 89 39
aR b fored B 9H=ia:, A (q, b) e R, B9 39 o1d 1 foar 78] &@ © &
a TN bk o i AT e B StUen el 21 S| T wen XIH 3@ ek §, Her
T T YR o Ge Bl 2

39 1 H, 7Y faf=1 yohR o Hel ud werl, el o SarsH (composition)
Shuita (Invertible) el 3R fgamemd wiswmanet w1 steraq &

1.2 dsieh o Wk (Types of Relations)

70 =% § e fafe=1 WehR ok Heell 1 S1eqeq S| ed o ¢ o fondlt ay=ea A
T G, Ax AH Th STEH=ST el ¢ ofd: Nk q==d ¢ < A x A a0
Ax AT, I I Gy T TR B, R = {(a, b): a—b =10} g0 Y& =4
A={1,2,3,4} W IRl Tk Gau R W =R Hifo) o8 wh o wq==a €, it
TE *i1E fi ™ (pair) & & S A€ g — b= 10 HI T H B TH THR
R ={(a.b):la-b1>0}, GIU Gq=sT Ax A% qod €, Filh Ax A Gt g9
(a,b),la—b1>0 HI< HTd Bl TE <Al 3=d o SR &Y FeAferiaa afereet
o fau 9@ w3 2

e 1 F=E A R 9Rwftd Hey R U Rad Hag e 8, A Aw w8 of
aga Ach fordt off srega @ wefd & €, i R=¢0 cAxA.

T 2 W= A W gt Hey R, T WA (universal) Hael weed 2, 9
A Yok 3T Ash @i el § gefud €, e R =A x A.

o Weel qen WEte Hoe & Heii-wet e (trivial) Hew ot wed 2

SETET0T | 9 e fof A Rl sTerehl o Tohel o et famnfefal w1 wgeem 21 guize
% R={(a, b):a b® 981 8} g Y4 Hay T o Ha9 & 91 R’ = {(a, b) :
a T b I HEAEA FT FAW 3 WX W FH T ) §N YA G TH HeE Hay B

T YSAHR, Fifh Thet STeth 1 €, Tud Thol o1 hig o fomnefl, wha & fordht
off foenefl &1 w&4 & @ "era1 21 3@: R = ¢, FEQ yeikfa g 2 fF R feq day 2
g off Toe ® T foreel oft <) fomnfeleli o) Samedl 1 o 3 e @ %9 e & =fsu
T Yhe B B T R’ = A x A WEh Fa 2|

feoguit e X1# faeneffmor dia vk € o foredl gay 1 < yebr o frefug fopan <
Tehdl €, AHa: Je fafy qen wgeem fafor fafu) qenfy 9ga @ @i g g
{1,2,3,4) R gRenfod G99 R = {(a, b): b=a+ 1} Hl a R A <t Trefua fHan S
2, Al 3N ke 4 b= + 1 811 S0 0t Glerersier g, 89 o 38 Hehad (notation)
T AT FH4|
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Ty TI e 3

A& (4, b) € R, &1 Fed © TF o,b ¥ Hafd &' 3R 39 o1d %1 89 a R bW
YHe FHW B

Teh e WEeIqUl Heiel, TRt ot © weh @ik (significant) JiHeRT €, good

HaY (Equivalence Relation) sHgeldl 2 qoad e T 31T H3A o ol g9 Ugal

I YR & Gedl, md: @qed (Reflexive), TAMA (Symmetric) TN kA
(Transitive) Haei T fo=m w4 2l

T 3 Iz A W RHIfd ¥9y R;
(i) e (reflexive) el 8, 4% Ui ae A% U (q, a) € R,
(i) @A (symmetric) FEa@ €, S qH& a,a,e A % fT (a,a)e RH
(a,a)e RY eI
(iil)y M (transitive) FEd 2, Al o, a,a, a,€ A fam (a,,a,)e RTA
(a,a)e R¥(a,a,)e R =
TRATET 4 A TR IR Heiel R Tk qoddl de el 8, A R Sqed, SHHa qe
Tsheh

SETET0T 2 0 Sl fof T e maet o feord waea Brygsit o1 T Oq=ed €1 9=
TH R={(T,T):T,T,% Haied 8} % Hau €1 fag Hifew & R & geaq
e B

T WY R TOqed ¢, FiTh Ucdw YW @WF o Hantgw el g1 qA:
(T, T, € R=T,, T, & Tamed & =T,, T, % Haimaq & =T, T,) € R. :
Ted R TAMAA ¥1 39 S (T, T,), (T, T,) € R=T,, T, & Tameam & qen
T, T,% Tame™ & =T, T, % TaeH § =(T,, T,) € R. 370: "9 R Hheh ¢
39 YR R TH qoddl Gad g

SETET0T 3 7MWt fof L foret wvaa o feord @ d@msti o1 Tk g €

R={(L,L):L, L, | @ ¢} 9q== L ¥ wRefod ws waw 21 fag Fifw &6 R
Tufi 8 fohg € 7 @ e § SR 7 "o @)

T R Wged T ¢, i ®E @ L, 9 ST W 9 T e TRl ¢, g
(L,L)¢ R RuAf &, #ifd (L,L)e R

= L, L™ a2
= L,,L, @ 2
= L,L)eR
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4 R

R W & 2| frem @, A L, L, R @a g e L, L,
LR &8, @ L, LR & f @a 7 81 gt 81 I .
H uet wm A L, L% WARR BRI #tefq, (L, L) € R, :
(L,L)e RWJ (L,L)¢ R L,

sarEur 4 fag i f6 ag=a= {1,2,3} 5 R={(, 1), (2,2), SEFfT 1.1
(3,3),(1,2), (2,3)} 5} 9&d GaY Tqed €, W 7 dl THHd © AR A Hehmeh 2

& REEqged 8 @it (1, 1), (2,2) 3R (3, 3), R % 37 &1 R GHHA &1 €, aiifeh
(1,2) e Rf&g (2, 1) ¢ R. g8 YR R Wehmes &l €, it (1,2) e Ra (2,3)eR
™d (1,3)¢ R

sa1et0T 5 fag Hife % quiel o 99==a Z ¥ R = {(a, b) : §&A 2, (a — b) &l
fawifsia sl B} g1 Wed ey Uk qoddl HeH 2l

&1 R Tqed €, Hifh 9% ae Z o T 2, (a—a) &I fauisa & 21 em:
(a, a) e R. Tz, a7 (a, b) € R, @ 2, a— b i faefs sLar & | e@ue b—q &l it
2 fauifia =3 1 23@: (b, a) € R, F5&@ fag & @ f6 R 99fiq 21 st v, afe
(a,b)e RAM (h,c)e R, @ a—baM b—cHE 2 4§ 99 I 304,
a—c=(a—b)+(b—c)@:[(even)% (F?)1 2m: (a—c)“ﬁzﬁmélmﬁ:l@
el € fF R W 21 o §q==9 Z 9 R U qoodl §aY 2l
ISR 5 H, A Hifsg fF vl ww quie g 9 wetud €, #®@ifE (0, £ 2),
(0, +4),..31%& RE € IR %1E i famm quier 0 @ waiferd =& 2, *Fifw (0, = 1),
(0,+3), ..M R & & €1 gt werr weft forom quiier 1 9 waifer € ok ¥ off ww qorfen
| ¥ Heiferd = €1 FIUd, GO T YUkl 1 GH=ad E a1 GAE faum quiet @
gg=ad O U= Z % 39 G=d €, S Frefafea ufaesl w1 gqe w3 #
() E< UWed 3f99d Th g 9 Fafud & 991 O oF 9o ofedd T TR °
Heifurd 21
(i) B %12 @ stema O fordlt ot stage 9 Hafud 781 2 &R faeiidd: O =1 &1
ff /99 E & frel off srage 9 Hefua 721 2

(i) ETeNO 3EqH 8 3R Z=EU 07l

Iqqq==a E, [ 1 AT (contain) T el Feadl-a7t  (Equivalence Class)
el € IR 5 wdieh [0] 9 Fefd #ed €1 36t YR O, 1 w1 3fdfee e aren
Jeaa-oit €, fo@ [1] gr fefud w3 ?1 A | &% [0] = [1], [0] = [2r] 3R
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HaY T§ ®ed 5
[1]=[2r+1],re Z. 979 ¥, Sl %o g6 HW 2@l 8, 9 et off ggesa X d ©H
WD qoddl Fad R % foq 1 gl 21 fordl e @=s aq== X 4 Yot U @
(arbitrary) e Hae R, X i TER THIH sqqq=aal A | fauisq & 31 2, i
X @1 fausH (Partition) wed € R S frefeiaa wfieel 1 Gqe w4 €:
() T i% fIU A & | soe T g ¥ Hafdd @ 2
(i) A, HE o 3T, A % FHEe ot steeE @ wafua T S €, Wl i)
(i) UA=XTM ANA=0i#]
STH=Ed A TeadT-oft sheand 21 39 feufa ot Tk vt 77 @ ok ww fauda fomem
ot & Thd &1 SR & fau Z o 37 Iufawerl W faar wife, st Z o o8 9
RER THTH STHL==Al A, A, T A, 5RI 954 &, fSent @ftmer (Union) Z ®,
A={xeZ:xH&M3 H PV T} ={.,-6-30306..)
A={xeZ:x—19&N 3 H PN T} ={..,-5-2,1,4,7,..}
A={xeZ:x-2F&M 3 H P T} ={...,—4-1,2,58, ...}
Z ¥ TF G R={(a,b):3,a— bl fawifea wtar ) afwfia ssifsa) Seeeo
5 H Y9 deh oh ITTER B g U Gehd & T R T qodar ded € s it
A, 7% 3 |eft iRl & T o SeR €, S Y © Hafud €, A, Z % 39 9t
qUIfeh! o WA o TR 7, W 1§ Heifud € 87 A, Z % 37 Heft quifhi o T
TR T, S 2 ¥ Hefud ¥ e A, =[0], A, =[1] 3R A, =[2]. 5= | A = [37],
A,=[3r+ 1] 3R A, = [3r+2], 5l re Z.

SETETUT 6 A oo f Tq==a A={1,2,3,4,5,6,7} HR = {(a, b) : a T bTHI &I
71 4 fovm & = wm ¥} g0 Uit U Hew 21 fag #IST fF R T qedd gay 2
Tl € T it o STageaa {1,3,5,7) % 9t ore@d Tk S 9 Hefd 7, 3R
STEI=A {2, 4,6} o G faFe Tk TR 9 Fefvd €, W suegeEd (1,3,5,7)
IS Wt Fee SUHTEEA {2, 4, 6} o ferdl ot erge @ wefua Tl 2

T A UST HIS FE o F1 dl fauH © A HH 7, AW (g, a) € R. THh AT
(a,b)e R=ad@Mbpadl &, o1 @ fawm & =1 99 & =(b, ) € R. TH &R
(a,b) € RAA (b, c) e R =4 a, b, c, @+t =1 @ fawd & o1 99 § =(a, ¢) € R.
31d: R Uk qoadl "sie 81 G, {1,3,5,7) % 9t o1a@d Tk S 9 Fefud 2, it
7q Suggesd o gl orgee faud B1 gt UK (2, 4,6,) % Gt feEd Uh g 9
wefad €, it 4 |t @ € WY @ SwEgsea {1,3,5,7) 1 &2 f e
(2,4,6) o Trelt ot srage o Hafud 71 & W ©, it {1,3,5,7) o erage foaum
g, 5@ % {2, 4, 6), % e@Fe 99 2
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[ weraett 1.1 ]
1. fauif@ wifse fe @ fr=afafeas @90 & @ g T@qed, gufga den
THEF o
() =1 A={1,2,3,..., 13, 14} & Hs¥ R, 30 Yo qRIa € T
R={(xy :3x-y=0}
(i) TeFd Hemel o THead NHR = {(x, y) : y=x+ 50 x <4} 5N qRenfia
g9y R.
(i) == A={1,2,3,4,5,6} HR={(x,y): y 77 Tx ¥} g URAIM Hlel RE|
(iv) TOEd qUiishi o Tg=ad Z W R = {(x, y) : x —y T YUlieh &} gRI qrsoa
g9y R.
(v) Tt favie omg ) feedt 7R o farfaat o aq=aa ® f=fafed
Hay R
(2) R={(x,y): xq°y Tk & M W H& H 2}
(b) R={(x,y): x Ty T & Heeal § ®d &)
©) R={(x,y):x,y¥ SH-3k 7 O el 2}
(d) R={(x,y):x,y® o 2
(© R={(x,y) :x y foar 2)
2. fag =i & arafas gemst & 99=ed RE R = {(a, b) : a <b?}, B
R e R, 7 o Tiged €, 7 Gafia € @R 7 € G
3. i wifse fo @ 9= {1,2,3,4,5,6) " R={(a,b): b=a+ 1} 5N uRefoa
Tey R Toqed, Gafid a1 Wb 2l
4. fag Fifsw fTFR AR = {(a, b) : a D}, 5 IR Ty R Tged a0 FehTaeh
¢ forq wmfta & 21
5. Sig HIfST fF FMR AR = {(a, b) : a <D} N ARG el Toqed, TR
o HehHeh B2
6. Tag wifs for wg=== {1,2,3} " R={(1,2), (2, 1)} 51 9&a Heiel R FA(HA
2 forg 7 1 e € @R 7 W 2
7. fag =ifvq fo fedt Flds & s & 90 Y&IHl o 99=9d A |
R={(x,y): xqa1 y & U s GO GO 8} N U0 Hae R Th qodal
oY B
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10.

11.

12.

13.

14.

HaYy T ®ed 7
fag #IfST fF A={1,2,3,4,5) 9, R={(a, b): la—bl T4 T} T Y& Hay
R T qooal Hed 81 Wi sifeg & (1,3, 5) o @i ofoge wh TR 9
Gafud € IR Tgeed {2, 4) o Gl eFd Th TR | Gafud € W {1,3,5) @
HE off eraFa (2,4) o et stemE @ Hefud & 2
fag fefem fF ag=ag A= {xe Z:0 < <12}, ¥ fRu Tu fr=fafaa g R
o ¥ oI Tk qoddl HeY e

() R={(ab):la—Dbl, 4% TF TN 2},

(i) R={(a, b):a=Db},
A% M A | W Hafed staaal &l Fd Hifag)
TH Hey 1 380 N, S

(i) i 8 W 7 o Tiged 8 IR T Whieh €l

(ii) TR B TR A d Tged e AR | wufid @l .

(ili) Toqed o gAfhd 81 fhq e 7 2

(iv) Taqed au "t 2l fohg wwfa 7 @l

(v) Gafd den " @ fohg Taqed 9 @l
fag =ifse for fordt Tuae o fora fagsti o wg==a °, R = {(P, Q) : faig P =t
ot fag @ <, fag Q=1 ot fag & Tt o wwM 2} N WSd Hell R T qodl
Gav B1 q: fag wifw &R g P #(0,0) o Gafa qeft feigent 1 gg==a P
T B S o1l T UH g9 o Fefd shear ©, foeht oy getfsg W 21
fag ®ife for oo Bt & 9q==aAS, R={(T,T): T, T, 99&7 ¢}
SR IRfoq Haef R T qoadr Tael 81 osti 3, 4, 5 o " B T,
9SSt 5, 12, 13 ATt FHeAI0 B T, 9o YSiefi 6, 8, 10 Al FHRI0T gt
T, W fo=R #fS@ T, T, 3R T, ¥ ¥ &9 ¥ Hs weR Fafa €2
fag i o wmed agystl o 9= AH, R = {(P,,P,): P, 721 P, %1 “sniatl
1 & GOF ) YHR W TR e R Th qoddl Ga 21 3, 4, 3 5 e
T S ATt FHR s § Hafud T A o 9t TFEl w1 9= Aa
i)
A AfS fof XY-aet H feerq woeq st 1 9q==a LT 3 LA R={(L, L)
(L, TR € L, %) 3N Refd ey R 21 fag FifT fF R T qoaar ey
B1 3@ y =2x+ 4 9 e goed {@isii &1 ggeud 96 Hife)
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8 R

15. WA s foF @g=aa {1, 2,3, 4} &, R = {(1, 2), 2, 2), (1, 1), (4,4),
(1,3), (3,3), (3,2)} 51 uftafom Heier R 71 Freafafed o 9 9t s gfw)

(A) R Tqed a1 GHiHd © fohq S 72l 2
(B) R Tqed qel Gehiieh ¢ fohq Tmfta el 21
(C) R Gufla e Gshmeh 8 fohq Toded el 21
(D) R U qoadl Gay 2

16. =M <ifeg fof wq==a N®, R={(@,b):a=b—2,b>6} N Y&d Ta¥l R 2|
frfafead & 9 @&t 3w g
(A) 2,4)eR  (B) 3,8eR (C) 6,8eR (D) 8, 7eR

1.3 el o W (Types of Functions)

Tl 1 SR, F a9 B S GeHeh e, SR T, 9gug held, qiHd
e, s Hed, fagd e sTf o1 9o 3ok oTerel dfed el X1 fwan i
T 2l

] el o A, A, O q1 AN 1 f SrerE femAn < g @) Fiifen B i
HeheuHT 0T T 313 i 7 Iasti (Disciplines)ﬁ'ﬁﬁff%ﬂ%ﬁ'{ﬂf%,wm
TH Tl o AR H ST SLAFA g8 ¥ A1 9g =ed ©, STel 39 Ugdl WHI fR o
39 =% W, eH fafa= YR o Herl &1 e |
freferfed strepfadl g/ <OT T ®e £, £, f, 70 £, W fo=r =ifsm)

sepfa 1.2 &0 2&d 8 fF X, % 9 (distinct) $T9@e o, WM f o 3,
fafera «ff fio= 2, fohq £, o sfia <t for stemat 1 @en 2 o gfafad w & € Tma:
bTI A X, ¥ B UH STIT ® S e TU £ W f, % fqid X, ok B F ererrm
o vfafas F&l &, S £, ofaia X, & 9t eto@a X o foeft 7 ot saoa o
wfafae &1

S ufteat @ e frefateaa afamd g et €
URTET 5 Toh e f :X—)YQélﬁl-ﬁ (one-one) QWQaﬁF (injective) ™eld hgodrdl
g, A £ o ofadd X o fa= ofe@al o glafas o fa= g9 €, stefq go®
x,x,€ X, ® faU f(x)=f(x) & @ 8 f&F x =x, F90 [ TH TGLH
(many-one) Teld Shgcdldl 2

ST 1.2 (i) H Wl f, Toheh! F@M ¢ T STPMA 1.2 (i) ¥ £, TF 9gUF FoM ¢
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Si

1 a
, [ b
- c
3 /‘/ d
e
4 f
Xl . X2 Xl . 2
() (ii)
% 7
1 a 1 a
2 2 b
b
3 3 c
4 ¢ 4 d
X (iii) X, X, (iv) X,
TRt 1.2

TR 6 e f: X =Y =88 (onto) 31¥el 3T=SMRI (surjective) haaldl % RIE
f ok farld Y 1 Y tage, X o Tt 7 forelt st o wfdfee e €, steiq g
ye Y, s fau, X ¥ U 9 sremd x 1 A @ 9 f(x) = .
3mepfd 1.2 (iii) H, ®eM f, ST=TSH & a1 eehfa 1.2 (i) |, wer f, SAT=STEH
T 7, HfH X, T 0T o, AW £, £, S X, o TR off stawa o wfafea
&l 2
ﬁmﬂf:XﬁY@ aﬂwwéaﬁ: 3R Shae g f a1 IR (range)=Y.
TIRTET 7 U e f: X =Y T '{e\hcrﬁ qA AT=d1<h (one-one and onto) 3T Qéﬁlﬁ
A= (bijective) el HET 8, I(E £ Toheh! q ST=sEeh S & erdl 8
SR 1.2 (iv) H, el f, Th Thdh! qofl STemdl Ferd €|
SETET0T 7 0 AT o e X o |l 50 femnfe s wgsea A @1 W ety
FiASN, f(x)=Teomnedt x 1 Ia R, g0 GRATE TH ®wor 21 fag wifeg R
f Theh! € Tohq sTeoReE el R
T AN o & Ta=-Ta= femnfe o Ua1 o g9 & 8 Wehd &1 Sque fTeheh! B
el w1 fa &1fd fohy 80 oM Hend € fop faranfofall o et et 1 @ 50 ek €1 ST
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10 T

AT Ig g3 TR N1 3167 51, henl o Tt off faeneff o1 U1 Far 7€ €, erawa
f o St 51, A TRt ot sraga %1 wfdfss 7€t ?1 o £ STesRE e R

saTetor 8 fag ST & £(x) = 2x G 9G4 Fel f: NN, Thant © fohg mescs
& 2

T HEE f TS T, HH f(x) = f(x,) =24, = 2x, =x, =x,. TP, [ STS%F Tel
2, Hfe 1e N o fau N 08 forell x o1 stfiae 720 @ aifsb f(x) = 2x = 1 &I
FEET0T9 Tag ST 9 f(x) = 20 5 984 %o £: R SR, Toheh! 91 =86 2|
T f The! §, FMR f(x) =f(x,) =2x, = 2x, =x, =x, T &, RT Fea foedt

off aredfers @@ ya fog RY %WW%,Gﬁf(%):Z.(%):y%Im:f

s o B

Y
A
y=f(x)=2
X'¢ >
3 X
v
Y/
TTeRfd 1.3

sarEwr 10 fag el fF f(D)=f2)=1 TN x>2 & T f)=x- 15K 4T
we f: NoN, STesrEs df € fhq Ths! T&f 2l

A f Whe! W@l ®, FiH f(1)=fQ)=1, WY f =3 B, Fifen fohel g
ye N,y#1, & fQ, 89xhl y+1 G @d &, @b £ (y+ D=y+1-1=y W &
le No faw £ (1)= 172

arETor 11 fag ST & f(x) = x2 g0 aRwfid wer £: R =R, 7 df Tt g 3R
T S=SEF B
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& FE f(- 1) =1=f(1), 30T [ Tha Y
&l 21 TF: Wewid Rl 3foe -2, ¥id Reh fo)=x
et ot oo x w1 Ufafaa @ © (F?)|
3q: f SRS Tl B

X’<f(_1)=1 f(1)=1>X
saTeror 12 fag i i = gt wem x=-1 [Ox=1
f£:N SN, The! 91 =orEs <A &
x+1,af x fom ;{,
f(x):{x_quﬁxwg £ % 3tata 1 agr —1 & whatss £
T 1.4

A WM AT f(x) = f(x,) TN FITC B g x, oo & qon o, T F, @ ox + 1
= x,— 1, 9 x, - x, = 2 S ST T| TH THR x, o FH A1 x, % food B Y ot
T &l €1 THfey x, T x, A E A fawm B o T e " e G o
qaqa xza\ﬁfﬁﬂ'ﬁf%,T‘ﬁf(xl):f(xz):»cl+1=x2+l:>x1=x2. ﬂmﬁxlﬁ%
X, TF "E R f) =f) =%, — 1 =x,— | =x, =x,. ¥ f THHT T WA &
T N &1 &iE ot oo 5@ 2, + 1, 70 N T 6@ 2 + 2 1 yfafaa € iR v
N & i ot ¥9 §&N 2, N &l G& 2r — | &1 Wit €1 3%: f 3=srs 2

T 13 g T 6 sTsrs Wl f: (1,2,3) {1, 2, 3) §a Theh! HoM 2l 2l

T HA AT T £ Toher! &l 1 37d: $9eh Wid § %8 9 %7 < eFa g for %
1 e 2 o e © TSer @eqid o ufdfeis T9M 21 @1el €1 £ o v 3 1 gidfeis
hael T B e 21 3, GRE |, Weuid (1,2, 3) ok, Afuehad g1 &1 T 8l Wehd
g, TS yene g1 € o 7 steore el B, S Tk we Tt 21 em: £ ol Woneh!
g € =nfeu)

3aTEToT 14 Tag ST 6w wst wer £ {1, 2, 3) o{1, 2, 3)ter w9 9
A= i B

T Sk £ Wohhl ©, SEIAT { 1,2, 3} o o7 e1e@d £ o 3faria Wewid {1,2,3} o di
AT el W HEI: Feferd B ;£ A=oEE o 2

fewuit IO 13 qA 14 H yred ufkomy freht off woes uRkfia (finite) I9==a X, 6
e o €, 1eiq U Uohshl e f: X X SAfera: sTeseed g © al qeh
R Tg=E X o 0 Tk T=smesh e f: X —X SAaErEd: Tohsh! gidl 21 3Heh
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12 T

oo e 8 qe 10 § T gl © o et erafifia (Infinite) S== o faw =8
Tl el ot e Wenan €1 ar&ad § =g uffia qen sraifa weeEl o o s st
(characteristic) 3TdX 2

[ vt 1.2

1. fag =ifsg %f(x):%‘gm Refid wer f: R, SR, Theh! qe ST=a1eeh
€, STl R, 9+t HOIR ardfoss Hemslt & 9q=d 21 A Wd R, B N ¥ o<
fean e, S fof W' wia gead RE @, @ ot 0 98 9Romm we Bhm?

2. TrafafEa wer w1 T (Injective) TN ST=BTET (Surjective) TON i S
Hifw:

() f(x) =" SR WA f: N -N Hed 2l
(i) f(x)=x* SR WSd f: Z —Z e R
(i) f(x)=x* SR Y@ f: R —R %o 2
(iv) f(x)=x* S WA f: N N B Bl
V) f(@) =% BN W f: Z —Z Fa T

3. fag =T & f(x) = [x] S} 959 Hewd quifeh e f: R R, 7 df That @
3R 7 resTEH , Wl [x], x @ HH A1 SHeh aEX HewH YUl i el
T 2l

4. fag T % f(x) = x| g0 989 99% Hed £: R R, T d Tl © 3R
T TSRS §, Wl | x | TR x, A x 97 a1 I & @M x| W — x, A
XW%I

5. fag =ifsit f f: R =R,

1,3 x>0
f(x)=40,a€ x=0
-1,3af x<0,
g e o wer | dl Toheh! € iR A TS @l

6. WH RIT FA={1,2,3),B=1{4,5,6,7} 7 f={(1,4),(2,5).,(3,6)} A% B
T U B ¢ fag ST fF £ wohat 2
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10.

11.

12.

a9 Tg Hed 13

frefefaa & o wors feefa § saaey fF o KU gu wer T, s=sKs
A Toheh! 3BT (bijective) B1 9 I 1 3fifeed ot sqemz)

(i) f(x) =3 — 4x g0 R wed £: R —R 2

(i) f(x) =1+ g IR ®eH f: R R 2

A Y R Aden B & wq=aa € fag HIf & £: Ax B —B x A, 30 ¥R
% f(a, b) = (b, a) Th Tehsh! =BT (bijective) Fer &

%H,aﬁnﬁqq%
oM cfifee foe T9 ne N& fow, f(n) = % TS

g URW Tk Wer £: N SN B Saaey & o1 Be £ Thal STesr]
(bijective) B1 2T9H I 1 3fifecd ot sdemzul

nﬁa“r%nz%A:R—B}WB:R—U}%’U@):(i—:i)mw&wﬁaw
f: A —>B W Ta=R HIY) 21 f Toheh! a1 S=s1Eeh B2 104 I 1 S
f IIaEy|

M ity T £: R R, flx) =+ g GRfa 21 Hel ST 1 =7 wifu)
(A) f THE SBEHF & (B) f TETH SBTH &

(C) f THa ¥ frg oTeor® & & (D) £ 7 @ THE § 3R 7 TeERE 2
M ST fh £(x) = 3x G- IR e £: R >R 81 & S g
(A) f THH! A=BEH T (B) f EUF STIEF &

(C) f THH T T T=oRF T8 & (D) f 7 @ THHA & 3R 7 IEF 7

1.4 el Rl WA 99T SIGRATTE weld (Composition of Functions and
Invertible Function)

TRTHTET 8 7 ST T £: A —Bal g: B —C <l %ol 81 d9 £ 31 g &1 HaeH,
gof g1 Trefid Bl 2, 99 el gof: A —C, gof (x) = g(f(x)), v x € AR uRwftr
Bl B
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gof
TTeRfd 1.5

mlsmmﬁﬁ{2,3,4,5}—){3,4,5,9}3ﬁ'{g:{3,4,5,9}—){7,11,15}
T oM 39 THR T & f(2)=3,f3)=4,f4) = f(5)=53ﬁ'{ g3)=g@ =77aa@
g(5)= g(9)=11,1 gof M HIfST

T W gof ()= g(f(2)=g(3) =7, 80f(3) = g(f(3)) =g (4) =7, g0f(4) = g (f(4))
=g(5)= 11 3R gof(5)= g(5) = 11.

FETETT 16 1S f: R -R A2 g : R R ®aH AT f(x) = cos x A g(x) =3x2 N
Ref| © gof 3ﬁ?fog§|'l?‘l Hifsul fag ST gof # fog.

& T@l gof(x) = g(f(x)) = g(cos x) =3 (cos x)* = 3 cos? x. TH &R, fog(x) =
f(g(x) = f(3x?) = cos (3x?) 2l e HIfT foF x = 03F T 3cos? x # cos 3x2 21 o
gof # fog.

e uftere, Sl 22 qen feweh frefafaa afam & fag 9 w2

URATET 9 e f: X —Y SIeRAUiE  (Invertible) HEcmal 8, d€ Th e
g:Y =X W I 39 YRR B fF gof=1 T fog=1, B WeH gl Hod [ H
gfdet® (Inverse) ed g 3R =@ il £ §RT Yk L 2l

q:, A% £ hHUNE €, Tl fATeT: Tohen! A1 STeSIEeh Bl € SR foema:,
IfE £ Woheh! U1 =B €, °l f ATTema: SqhAIT BIal €1 F8 qe4, f i Toheh!
A TSI g Hich, STEhHUN AT i o Weequl &9 § W el €, fasi
®Y W TG f 1 YqclH aad § A &l w8l

SETETOT 17 A AT T £: N Y, f(x) = 4x + 3, g IR0 Th o €, Sl
Y={ye N:y=4x+ 3Tl xe N & foq}| farg =ifsw fr £ oqepuoia 21 wiae
Tt Ad it

T Yo fhdl @ saad y R fa=ar #ifs) Y, &t ol g, wid N o fedt seea

X3 AT y =4y + 331 369 Fred Freper § fF x=(y;3)%l a7 g(y)=¥m
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giY—NﬁqﬁWﬁﬁmlWWgof(x):g(f(x)):g(4x+3):—(4x+43_3)=x
o fog ) =fgon=f[ L2 )20 a5 2y 5as=y b e A

g o gof =1, TN fog =1, fSr@er arcqd o€ a1 foh f sqehmviia 2 3R e g Her
f 1 gfaem 2

fafaer 3ergvor

SETETUT 18 AR R TR, T AT Jooral wae 2, @ fag #e fF R AR, ©%
ool Tad 2|

T ik R T R, 1 Hael € ST (a,a) € R, T (a,a)€ R, yae A THH
aed € % (a,a)e R,NR,va &8 fag g@ 2 fF R R, =q B T
(a,b) € RN R, =(a, b) € R, TN (4, b) € R, =(b,a) € R, T (b, a) € R, =
(b,a) € R, "R, 3T0: R, AR, TAAT ¥l T JHR (a, b) € R, "R, T (h,c) R, AR,
—a,c) € R, T (a,¢) € R,=(a,c)€ R, NR, 38 fag @ & f& R, "R TFms
21 3 R, NR, T T Hadl 2|

ITEI0T 19 HH oifee fh qa=ad A b uq ‘{Uﬁ'elﬁ o Hiad E’l:ﬁ (ordered pairs ) b1
T G R, (x, y) R (u, v), A 3R sheaed 4, xv = yu R IRIfE 21 fag wifse
fh R T qoadl dee 2l

T WA (x, y) R (1, ), ¥ (x, y) € A, FfF xy = yx 2| 799 == B & fF R
RN %I Ti: (x, y) R (u, v) =xv = yu =uy = vx 3ﬁ'{ 3qfeTy (u, v) R (x, y)%l E'FRET
T gl © T R EWfha €1 gH ¥R (v, y) R (u, v) A1 (u, v) R (a, b) = = yu

b a
qdl ub = va :>xvﬁ:yug:>)€v;=yu; =uxb = ya 3R zHfeT (x, v) R (a, b)%l
u u

31Ta R €& ¢l 37d: R Th qoadl Hay 2

IEET0T 20 §A AfST R X = {1,2,3,4,5,6,7, 8, 9)81 94 ofifsw 7 X H
R, ={(x,y): x—yT&A 3 ¥ WA 8) 5N WA TH Tael R € T R = {(x,): {x,y)
C{1,4,7} 0 {x,y} < {2,5,8} A {(x,y} € {3,6,9) G T&d X | TFH 314 Hef R,
21 fag #ifvT fF R =R 2
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el A Hifaw 6 (1,4, 7}, {2, 5,8} 91 {3,6,9) Tg=adl § ¥ YAF H1 ATl
(characterstic) @& & for goh femdll off < afermdl w1 (R 3 1 Th U 8| SEfIY
(x,y) € R, =x—y ¥@ 3 & TN T ={x, y} (1,4, 7} & {x, y} C {2, 5, 8}
A {x, y} < {3,6,9} =(x,y) € R, 37 R, ch.E'FfT TR {x, y} € R, ={x, y} C
(1,4,7) 9 {x,y} € {2,5,8} T {x,y} € {3,6,9) =x— yT& 3 ¥ 99 & ={x, y}
€ R. 399 ¥ g1 ¢ 7 R cR.3W: R =R 3

IETETOT 21 A ST foh f: X —Y Tk Weld 81 X ¥ R = {(a, b): f(a) =f(b)} T
Wed Ueh ey R R i) Sifew 6 0 R wh qouar gay 2l
T YAF a e X o U (4, q) € R, FF f(a) = f(a), TG0 T2 21 & fF R @qed
21 T YHR, (4, b) € R =f(a) = f(b) =f(b) = f(a) =(b, a) € R. THfAT R TATHA
Bl T (a, b) € RAA (b, ¢) € R =f(a) = £(b) A f(b) = f(c) =f(a) = f(c) =
(a, ¢) € R, F5@en arcd € fF R Smes 21 3d: R U qoddl dee 2|

SEETUT 22 Fq=9d A ={1,2,3) ¥ & a% G Toheh! el 1 H@ A SIS

T {1,2,3) ¥ WH q% UhH! el had diF Tdlehl 1, 2, 3 1 HHEET | 3d:
(1,2,3} 9 @& 9% o Yfafedl (Maps) &1 el G& 4 Yol 1, 2 , 3 o wHE=l
#1 el GEA o ST e, S foh 31= 6%

TEETOT 23 HF AT R A={1,2,3) 81 99 fag Hifse fr 08 gaui 1 g =R
g, fo (1, 2) @@ (2, 3) & 3R S Toqed a1 WehiHe ql € fehg wafid & )

7 {(1,1),(2,2),(3,3),(1,2),(2,3),(1,3)}, (1,2) 71 (2, 3) FFal el 98 G DT
Ted R, T, S TG qe1 Wbk ¢ fehq TG T ?) o ARk R W W (2, 1) T
g, @ 9T Hee R, f Wiged qen TRk ¢ W A T 21 T YN, 79 R,
F (3,2)9g1 FX R, I HT Tha ¢, o s7efiee wqorerd € qenfr ww R, # Rt < g
(2,1),(3,2) T TH ¥ (3, 1) &I &l =&1 Wehd B, iR TH HH W gH, HehrHehdl
AT W@ o ToQ, 319 9 i o o forg s1ea el ST iR 39 uihan g W He
Tafia off g STem, S e @ 21 ot et Wei el ge i 2

zarEur 24 fag wifsT & ag=e= (1, 2,3} 5 (1,2) 0 (2, 1) Fl A HH e
ol el i gew 2 @

& (1,2) A1 (2, 1) I SHafete T e g B geaa @94 R, {(1, 1), (2,2),
(3,3),(1,2),(2, 1)} 81 279 heled 4 ¥, FHa: (2,3), (3,2), (1,3) T (3, 1) 99 5= &
ok &9 7 R Tk w1, S (2, 3) ® R, H Siafdw #W 2, @ wuiad o o
&Y (3, 2) & ot A1 USW, W & HehHehdl &g €9 (1, 3) @1 (3, 1) H TH &
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for s 2 o1: R, ¥ 91 qodd HaY Shad Wi HeH ) g T g § R
(1,2) @0 (2, 1) ! 3fafeee A el qoddl Haell ®1 el G& & 2
SETETOT 25 acmsh We [N N W faer &g, st I, () =x, yxe N5
wfemfom €1 fag wifsm &, =afa 1 sreses € fhg Fefafed yer 9 aifid we
I +1 : N >N seoes F&f ¢

G+ =[x+ (xX)=x+x=2x

T T [ 3TesEsh © fohg I + [ 3T9ed &l @1 itk &9 wewid N o
T oFe 3 o Whd © Toreh forq wid N# foreft U@ x 1 eife 7€ © T
(I + 1) (x) = 2x =3 &I

JATELUT 26 f(x) = sin x G Y& held f: [O,g}%R qdl g(x) = cos x S I Sheld

g: [o,g}_ﬂ{tr{ forR SIS g IfST foh £ qen g Woheh! €, W f+ g Toheh! &l
2l

Tl it [o,ﬂ,éa QA for-faet sreeal x @ x % AU sin x| # sin x, @
cos x, # cos x, Y f T g I B AERAF T W THH! 81 WY (f+g) (0) =

. T T .
sin 0+ cos 0 =1 M (f+g)[g)= smz+cosE:1 2l aqa;f.;.gq%ﬁ T B

AT 1 UT fIFfaer uvnaet

k.

. fag #iNT fF AR >{xe R:-1<x<1} & f(x)=

,x€ Rgl

X
1+ 1xl

R Fer Toheh! e STesIEE ol

2. fog =ifee f& f(x)=x*80 9T Hed [ R—)RQ% (Injective ) 2l

3. U e gy X & gen @1 PX) S fR X oF 9a% SuegsaEl %1 gy
2, W fa=m wifsy frefafag @@ 9@ PO ¥ T Hay R aiwifie sifs:
P(X)® Sueg=al A, B o T, ARB, 4 3R heiel 4§ A< BR1 &1 R, P(X)
H T e Hay €2 I IW 1 shfa sff fafan)

4. g {1,2,3,...,n} ¥ T % o GAK TSR Hel i G AG HIfU|
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5.

TIfoTd

oA oS fF A={-1,0,1,2)},B={-4,-2,0,2} 3R £, ¢ : A 5B, FH!:

1 .
fX)=x2-x,xe AT gx)=2 X_E‘_L x e AEN IRWIfE wed B

f A g HHA 87 A ST T SAifacd ot Tqensul (Hehd : e HifeT fom
Tl f: A—B Al g : A —B UM HEdl © A€ £ (a) = g(a) vae AR

A A={1,2,3} € TH Heier fo seme (1,2) @1 (1, 3) 8 3R S wiged

qe AT & fRq e TR €, # Hen ©

(A) 1 (B) 2 € 3 (D) 4
. A A={1,2,3} & q @ (1, 2) o oIl Gaul i @ 2l
(A) 1 (B) 2 () 3 (D) 4
qrIST

39 A H, g0 fafay YR oF Tew, wedl qen fgetemd dihaneti o1 stemeq feran
21 39 A ) g faw-asg frefefea 2

*

* L R R 4

*

X # R=¢cXxX 5N 950 ¥4 R, Reaa geier e 21

X #, R=XxX 5N 9S4 Hse R, Wrefieh Gaiel 2|

X #, T3 w94 6 vae X, (4, a) € R, @@qed Gag B

X ¥, 39 YR 1 Hau R, S Gfqa (a, b)) € R a9 & % (b,a) e R
1 G HAT € WATHG G 2

X H, 9fds¥l R, (a,b)e RAA (b,c)€ R =(a,c)€ R vy a, b, c € X Hl TI=
T aTell Heel R Gehiveh dae 2

X ¥, Gay R, S qed, GHEA 91 Gk €, deadl gay 2

X ¥, frdl qead ¥4 R & faU o € X o W@ geaar it [a], X &1 98
SuET= © foEen @il 31eFd o 9 Hetud 2|

TH FEA f: X Y Tl (311 Thh) el €, At

Jx)=fx) =x =x, v x,x, € X

Th e f: X Y =dEedh (Ial ATDIET ) Fer ¢, af% fhat g
yeY,3 xe X, W UHR fF f(x)=y

T G f: X —Y FehAUIT 2, I 3R ko A% £ Theh! a1 0K 2
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o T yem ufifd g=a X o fT e £: X —X Toheh! (qER ST=a15eh)
Bl €, AR IR kel A% f <R (AEHR Toheh!) 21 T fepel qifia
=9 w1 MAe&fteR qoEH  (Characterstic Property ) 21 T eruRfi
=T % fou w2

UERIEC I o

el i Haheddl, R. Descartes (1 1596-1650 's:.)@ YR B HT Th A
3iqel | fosfad T 21 Descartes 3 | 1637 g H ofut gl “Geometrie”
Y 9t ‘G’ R AN, SAHAE Sh!, S sfaREea (Hyperbola), LIECIGR
(Parabola) 2N SEiga (Ellipse), T ST hid §HA, Th =R T x oh & UMk
o x" o 31 § A ol James Gregory (§1 1636-1675%.) J 70 Ffa “ Vera
Circuliet Hyperbolae Quadratura” (8 1667 3)H, Tt i Tk THT Tl T e,
St ferdt o= Ufer WSt e1eran 1= wiwanstl i SR WA 3 ¥ W et
21 9% § G. W. Leibnitz (1646-1716 )3 1673 & ® fafaq soht wigfafy
“Methodus tangentium inversa, seu de functionibus” T 31x ‘o’ ! fordt Q’Fﬁ
Tfer o6 7ef # v TR, St TRl ook o6 U foig § SR g a% 39 YR ufafaa
Bt et B, S ok W g o 1wk, ook i YeUTal, ok <1 Tquil qen Sifcie
ufafdd eid €1 qenfd STaet shfd “Historia” (1714 5.) W Leibnitz ¥ e i T =X
TR ARG AT ok T H YA R oM AR x B HE YA H A A 3
gagerg =Afe 91 John Bernoulli (1667-1748 £.) 7 Tee™ 1718 3. | HohaH
(Notation) (])x%'ﬁ RIS “x hT HAT kil Gehe ki o faru fomam em ‘T{@ held
&l fefid =4 & fom ELical S f E 0, y... sl SAUh T Leonhard Euler
(1707-1783 %) 51T 1734 5. § 3191 Wigfattd “Analysis Infinitorium” & JerH @UE
H foar T oM A€ H Joeph Louis Lagrange (1736-1813%.) 9 1793 §. | 70+t
igfata “Theorie des functions analytiques” JhTRTd i, faw =2 foreeromete
(Analytic) %e&F o R § 9fe=t &1 of den "Werad £ (x), F(x), ¢(x) TS 6T T2
x % T9=-f= weri o faw foman o 9R90d Lejeunne Dirichlet (1805-1859 %) =
T i QRS 3| TSTEeRT ToNT 39 9T d% BIdT @1 51 deh adHM i | herd
1 Tgeed Ugifdes TRATT 1 Y=o &l 31, S Georg Cantor (1845-1918 §)
BN foefoa Tg=aa fagid o 9] g3t aduH &1d ° ydfad ®ed &t gq=ad
Ggifass RO Dirichlet S/ Y&d e 1 URETH T A TR
(Abstraction) 2

_.’._

*
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yfaenw Fremurfada wes

(Inverse Trigonometric Functions)

** Mathematics, in general, is fundamentally the science of
self-evident things— FELIX KLEIN <

2.1 95T (Introduction)

AT | H, TH Ug 9% ¢ % fHH woM £ w1 gdiE |
f-gr fefud gfaei™ (Inverse) ®el &1 sifida had

aft ® A £ Chen! a1 ASIEE 1 9gd 4 hed U9

S Woheh!, STERESH AT IHI €1 el B, T gH Sk

el st o e FR Gehd €1 e XIH, §H UG goh @

o Fepiviada e ST o (FEEE) Wid 3R

RER ¥ Uoheh! 4 ST=01Seh 7l B4 & 3 @y Seh

Wil w1 3tfed et Bl B 39 e | gH Brepiuiedi

el o idl qel IR W o 9ol S Widsil (Restrictions)

1 AT HT, 79 3Tk gfaaimi @1 Afa gHe=a
Bl B 3R Sei@l g Wiaeldl w1 STeeiieh il gHeh Arya Bhatta

AR 37 TR & %o FRFE o (Properties) T (476-550 A. D.)
off fomm 4|

Yfere® BrepiuEdta ®erd, e (Calculus) W T Heequl fen fum €, ifs
ITh! WEE W 3 FHehel (Integrals) TR eid €| Tidei Sepioriada weri =t
Hehedl 1 JA T qen faiteht (Engineering) ® ot Brl 21
2.2 IMURYA Hehed Td (Basic Concepts)
el X, ¥, g9 Brerviidia e 1 oo & 9o €, S FefeiEd YR § uRid 8
sine Tl , SWH sin: R —>[-1, 1]
cosine Tel, ST?JIH cos: R —[-1, 1]
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yis
tangent i, 3?%‘??[ tan:R—{x:x:(2n+1)E,ne 7} —R
cotangent ™, @ﬂﬁ,cot:R— {x:x=nm,ne Z} -R

T
secant T, 3?941°'c[zsec:R—{x:x:(2n+l)5,neZ} ->R-(-1,1)
cosecant i, 3?94'11 cosec:R-{x:x=nw, ne Z} - R-(-1, 1)

TH A | Hae ff 9w g% ? 6 AR f. XY @ R @ TR f) =y T
Teheh! T =SSk el 1 dl 89 U SAgd %o g : Y—X 38 WehR URHTd &t
Thd B o g(y)=x, & xe X M y=f(x),ye Y Bl T8 g &l Uid =f o GRER
3R g 1 URE =f 1 Tl B g ol B f 1 Hidel™ Hed € AN W £ g
frefid w3 €1 W & g ft Thep! a1 S=0EE Bl § SN g 1 Uidel™ B £ gl
g o gl=(f)'=f TEH WY &

Flof) =" =r"0)=x
&R (Fof™H ) =f(0) =f&) =
ik sine Wl 1 UId oo Gt 1 Tee € qel $TehT TREL Had 3Tala

-1, 1] 81 af% &0 9% id & [__;,ﬂﬁ@ﬁﬁ(uﬁmfw)aﬂ?f,a‘ragw

[ 1, 1] STel, T Toheh! q1 3AT=81Ee ol 81 Sl &1 ard W, sine Held, Sidauel

[ﬂ —_;H—?“ﬂ B 37"} TR, B ol F of T AR R, TR (-, 1)

STeTl, Uk Teheh] el 3TE8TeH Told B Sl 21 37d: 86 398 9§ Ucdsh 3{aUdl o, sine
el % Giqel™ %o i sin (arc sine function) §R1 TT&Yd &d €1 31d: sin”! TH
wer ¥, e wid (= 1, 1] %, ﬁmwwﬁw[ 37‘,_%} [;",E}m[ﬁﬁ_ﬂ
2 2 2 2 2 2
T § 9 HiE off SfaUel B Hehdl 81 TH YHR oh Y 3{qUcl oh HUd 89 el

sin"' %1 T W@ (Branch) e Bt €1 a8 o, fSeent 9ier [— —}% & IIEn

(9= W @) Feard 8, 5 & 1R & &0 § o el ¥ sin &1 fa=-fa=
et faerdt €1 59§90 e sin”! T Sooid FYd €, 99 &6 39 Wid [—1, 1] 92 9

[_; ﬂmww%lsﬁ%ﬂsml 1, 1]{75}1%1@%%
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Yfde ™ Wl w1 Ui gr, e frswd feherar @ fF sin (sin! x) = x , A

— 1 < 4 A sin! (sin x) = x IR —ESXSE 2l T ¥R A, ARy = sin! x T Al
siny:x?l?lT%I

fewguit

() B9 e 19 96 € o, A y = f(x) T Fepuoiid %o €, @ x=/"' (y) e
21 o7d: T o sin o @ § x qef y el 1 W fafmE wweh we
sin”! T ST U feRan S ekl B 1 1M, AR (a, b), sin o o M@
w65 %, @ (b, a), sin T o Gaelid o H GG {6y Bl 21 o7 wer

Y’ /
e Y
y=sim x y=sinx 3 y=sin"x
JTeRtd 2.1 (i) JTeRTa 2.1 (i)
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y = sin™! x 1 3G, B y=sinxoh @ | x T y Aeff o WeR faf
Tk I FeRa ST ehdl €1 He y = sin x A1 ®eH y = sin”! x % @l i
amepta 2.1 (i), (ii), & S9N T B1 e y = sin! x o 3o § Teq fafgd am
& Tl i Fefd s 2l

(i) =Ie Te@emn S Feha1 © o Hiaei™ el w1 e, 3@ y = x o 9fid: (Along),
T JA HAd oh @ i {YU Ufafsd (Mirror Image), $1Ifd SR
(Reflection) o &9 H Uw R ST Wehal 81 T a1d 1 Hedl, y = sin x a0
y=sin" x o S el (Same axes) W, WA @ W I W Hehdl B

(3TRTd 2.1 (iid)) |

sine W % THM cosine Held H Tk T Hold & Foder Wid arfas e
1 e B AR fSrent 9Rer w=e [-1, 1] 21 9% 89 cosine Fei o Wid i el
[0, 7] & g T ¢ 98 ISR [—1, 1] 9Tl Tk Teheh! 91 ST=86% el 81 Sl
81 I&qA:, cosine e, Fa¥@l [— T, 0], [0,7], [, 2] Seonfe & | ot o off i
T W, IRER [1, 1] STell T Tehsh! M=ol (Bijective) el B Sl 81 37d: €9 &
T ¥ Y% HdUe | cosine Tel o Gideld whi TR Y Fehd 1 BH cosine e
% Hfqe™ et il cos! (arc cosine function) g/ F&fua H

F1 37: cos| T e ¥ formeRt wid -1, 1]F @ik 9 [-x, 0], X
[0, 7], [, 2n] SeE W © i off AT € Hehell B TH FHR ﬁ
F Yds AAA G §H B cos”! i Teh MG W Bidl 2i>
21 9% e, e 9fEr [0, )7, T wreEn (YA 6 9E) in
FEA 8 3 &n forad € <n2
cos™! : [-1, 1] =0, 7] %
y=cos™ x GRI Y& Hel 1 ATeid U YehR Wi S Fehal 1

& ST foh y=sin x o @ oh SR | guid fan S e 2 X<o 7X

I
y=cosx AT y=cos'x o i@l ! AR 2.2 (1) T (i) S 2
o fememn T 2 Y i
’ —3n
5n T __5n 2
“ 2,/ N\ _-=m 2 2 X —2n>
5n

X7 =N iol 1 mam N
2 - 2

2
v
Y’ Y
y =COS X y =C0S X
IMFR 2.2 (1) TRt 2.2 (ii)
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AW 379 BH cosec x T sec”'x W fomm =+

) 1 .
FifeR cosecx:E,EH AT cosec HeTd hl Uid T== {x:x € R 3R x # nm,
X

ne Z)® M UNER W= (y:ye R, y> 1 31>d y <1}, stfq, aq==m
R-(-1,1) % @1 212 & fF y=cosecx, —1 <y< 1 Bg F 379 Gl ardfers
HHT 1 TEOT HIAT § AU T 1o QU (Integral) U o ferg aRenfia = ?1 Afg

%‘qcosecwaquﬁﬁmﬂ[—i—} {0}, & Hifird &2 <, 1 T T Tehep! qen
ATeBEH e il ®, e uieR wqssd R— (- 1, 1). Bl @1 a&d: cosec Fel,

-3n -1

W[T—} (-, [2 ﬂ (0, B 2} (n) Tz § @ fEe ¥

T e o Tohehl ST BIAT © SR 6k URER Tq==d R — (1, 1) €aT €1 36 ¥R
cosec”! T UY Fed o &9 T R 8 vl & FoIGe1 91 R— (=1, 1) & 31X 7R

m[_—”ﬁ}—m},[%,ﬂ (-, B 3“} (meefe § § #¢ off w @

m%mﬁw[jg
e v fefafEd we ¥ o et @

} {O}éh‘qu_cﬂﬁcosec ﬁ@?ﬂ@%ﬁ%l%ﬂw

y=cosec x
y = cosec x

3TTeRTd 2.3 (i) 3TTeRTd 2.3 (ii)
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cosec”! : R — (-1, 1)%[7 5} {0}

y = cosec x T y = cosec' x o 3@l &1 3Mehfd 2.3 (i), (i) & TE@em=n 0 2l

1 . T
Tt WE, secx:E,y:sechﬂ‘;lﬁﬂﬂt_vﬁrR—{x:x:(2n+1)5,ne Z)

g qun Uil wgwea R - (-1, 1) 21 sust @1l @ % sec (secant) Wed
1<y< 1% BEHT T Gl ar&dfes FHl w1 T (Assumes) HN € AR T

gaawwasmqﬁwmaﬁ%w&msecam wE ¥ id B St

[o,n]—{g},ﬁ@mméﬁ%wQﬁamWWm%mwuﬁw
WR—(—l,l)gﬁm%|wﬁsecantwma’f[—n,O]_{_—n},[o,n]—{g},
[, 27] —{—}Wﬁﬁ@ﬁﬁﬁeﬁlﬂfﬂa%ﬁﬁqﬁaﬂ?@ﬁm%aﬁ?m
qﬁmR—(l 1) Bl 21 31: sec’! U UH WeM o ®9 ¥ qRwifd 8 Gehdl ©

g wid (<1, 1) 8 iR foge gfee sfauat [—n,O]—{_—;},[O,n]—{g

[n,zn]_{%"}mﬁﬁamgsﬁam%mﬁammaanﬁw

b

sec”! 1 Fa=-for= @t et @1 o wwen e 9iEr [O,n]—{g}‘zﬁm%,
W sec! I GEA V@ HEAM &1 TR eH FEfafad R @ o S 8

sec’: R = (-1,1) =0, «] - {_}

y = sec x a0l y:sec*lxéﬁ rerEl il SR 2.4 (i), (i) | fe@emn T 21 3t
T, 3@ ¥9 tan”! 94 cot! W fo=m =i
g9 W € T, tan W (tangent Weld) 1 UTd @HwEE{x : x € R a0

x¢(2n+l)§,ne Z}%HWWR%|Waﬁ%ﬁtanwgé5ﬁrmW
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et/
------------------- I
,/_. 1 i o [ n\
X 0 . X< T o T :3_1: >X
-2 -1 1 201 12 2
"""" W -2 0/
20 ! ' !
. N
\ 4 ' . .
Y’ %
y=sec'x y=secx
JTeRid 2.4 (i) ST 2.4 (i)

o ferq it &1 21 9f€ 89 tangent Hei o id ol 3fadrel (_—;,gjﬁﬁﬁﬁ%‘{

%, @ I TF Teheh! q1 TBIGh Hed &l Sl & ekt IReR gy==g R &1 €1 ar&d

272 272 1272
Tiftrd e W Toheh! SeSTE Bl ® SR EehT URER WH=9 R eIl 21 31U tan”! TH

¥, tangent TeH, STarall (ﬂ,_—n], (_—TCEJ, (Tc 3% j e | 9 et 5 off
U9 wor o &9 | gRefid g "ehdr 2, FSget uid R 81 SR gy sfauat (izn_—;]
(_—zngj (gi;]wﬁ: H 9 % ft 8 Ghd 71 I FaUel g Wed tan H

for=-for= vt faerdt 8 9 o, e 9 (_—;gjiﬁm 2, W tan! 1

|

& 9l FEeldl €1 39 TR

ol a

-7
tan”' : R H(?’
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y=tan'x
y=tanx
TSI 2.5 (i) ATERTA 2.5 (i)
y=tan x AU y = tan"'x oF @l I SHAE 2.5 (i), (i) ¥ f@emn ™ 2|
& A ® T cot WM (cotangent We) ST Wid HH=EA {x : x € R qx # nr,
ne Z} T 7o IR Tg==a R 8| T 19 ® &% cotangent FeH, 1 ok Uikl ToTSH

y=cotx

3TTeRTd 2.6 (i) 3TTeRTd 2.6 (ii)
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28 T

o fou ftefia =Y €1 9 89 cotangent Weld o id 1 3fawel (0, 1) § HifHd T
% i 98 IR R oTell T Teheh! S04l el Bl 81 o&id: cotangent Tei Siadal
(-, 0), (0, ), (7, 2m) 3fe | | forelt § off Wifiq 81 9 That STl Bl © 3R
gHehT URER Teed R Eal 81 odd | cot™! Uk UH o o & W TR g Feha
2, forgent wid R el 3R aiter, st (-, 0), (0, 1), (1, 27) 3efs & § wig «ff gl 5
FHITA W HeH cot”! i Fa=-fa= v ura 2t ¥ o v, e g (0, 1)
B 7, e cot! H HBA VIET Fealdl &1 30 ThR
cot! : R —(0, m)

y=cotx AU y = cotx o @ i RTTE 2.6 (i), (i) § F&i¥ia feman won 2|

Frfafad arolt ¥ gfaam Seevfide wedl (J&3 A wmaet) i 39k il
qen iRl o @Y egd TR e 2l

sin! : -1, 1] - —E’E
’ | 2 2]
cos™! 2 [-1, 1] - [0, ]
N o]
=il % —,— | =
cosec : R-(1,1) — 722 ] {0}
T
sec! ’ R-(-1,1) — [0, ] — {5}
-T T
tan™! : R — A
cot™! : R — (0, T

1. sinx ¥ (sinx)"! 1 9ifq 7 T =feq) ard | (sinx) = '1 AR I8 e

Sin x
31 frerofid werl o fau off o g 2
2. & F4t gfaem Seroifada werm i iR e fovm 1 St T @1, @ 7N
Aeqd SH o i gEd 9@l 9 el 2
3. foreht wfiem Frepoifidia wer &1 o8 9, St SEh! g v | ford 2 €,
Yiaam R %o 1 J@& W (Principal value) g 2
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ey Sepmofada we= 29

319 TH D ITEN R fTam FH:

1
3ETEY0T 1 sin™! (ﬁj?ﬂg@maﬁaﬁm|

1 1
7o °H Wifee fk sin! (ﬁjzy. 3d: siny = ok

e 9a € R sin”! s H&A W@l 1 qRER (;agjﬁﬁﬂ% IR sin(gjz %%I

| sin! [%jﬁm & HH g 2l

IETEIUT 2 cot™! [_T;jm & 9 1A i)

Tl A eiitee TR cotl[%j:y.eﬂa@

coty=%=—cot(§) = cot(n—g) = Cot(z—;jél

o

e o € T cot‘aﬁH@IWTzﬁTWﬁ'ﬁ'{(O,n)%ﬁT%Sﬁ'{cot( 3 ]=_T?1)%IEFI?T:

-1 21
cot”! (EJHW T A 2l
frafafaa & g&1 9m =1 9 Fifea:
1n—1 1 1 ﬁ 1
1. sin” —5 2. cos” B 3. cosec! (2)
1
4. tan”' (—/3) 5. cos™! (—Ej 6. tan™ (-1)
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-1 i -1 \/_ - _L
7. sec ﬁ 8. cot? (V3) 9. cos NG

10. cosec™ (—/2)
fr=fafad & 9@ 3@ Sifea:

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

13. 3R sin! x =y, @

T T

(A) 0<y<m (B) —5<y<s

O 0 D —E< <E

(©) 0<y<m (D) —5<y<7

14. tan™' 3 —sec™ (-2) 1 9H SR

T L 2n
A B) — C — D) —
(A) m (B) 3 © 3 (D) 3

2.3 et Frenrorfid wert o ﬂﬂT‘c’lﬁ (Properties of Inverse Trigonometric

Functions)
T Hifere fF, Af€ y = sin'x B @ x = sin y 9 A x =sin y & @ y = sin"'x
Bl 81 98 3@ 91 o "uqed (Equivalent) € &

T T

sin (sin'x)=x,x e [ 1, 1] 3 sin”! (sinx) =x, x € [—5, 5}

3fed ofeR O & fau o™ 9aey Sevihdg wed o 9oy =9 2
JETE0T 3 TN o

1
@) sin™ (wafl—xz) =2sin x, ——25 XS—Z
1
(i) sin™! (2)6‘,1—)62) =2cos ' x, —ZSXSI

&
(i) T ST fF x = sin O @ sin”' x = 0 T THR
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yfaed emoifada wem

sin”! (ZXM) =sin™! (2sin6 1—sin® 6)
= sin™ (2sinO cosO) = sin™! (sin20) = 20
=2sin'x
(i) WM AT fF x=cos 0T ST fafy = = g &d
sin™! (2xﬂ)= 2 cos™ x W Bl B

FETET0T4 tan™! 1co§x , —izn<x<g F TATH Y § e hifad)
—Ssinx

o1 &9 forg gehd ® TR

2 X .2 X
oS x cos 5—sm E
tanl( - jztan‘1
— X . a2X . X X
1=sinx 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— —SINn —
2 2
i x \d & X
COS—+Sin — 1+ tan—
— tan™' 2 = tan™! 2
X . X X
COS— —Sin— 1—tan—
2 2 2
_1_ L T X
=tan |tan| —+— ||=—+—
i 4 2 4 2

ISTETT5 cotl{\/j_l}xﬂaﬁwmmﬁﬁf@m
2

Tl WH WL T x = sec 6, then /x> —1= sec?0—1=tan®

=cot”! (cot 8) = 0 = sec”! x S AL TWeldH €Y 2|

Rationalised 2023-24
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frfafea w1 fag wifsa:

11
1. 3sin”' x = sin”! 3x — 4x%), x€ [—— —}

9Tl 2.2

2 2

2. 3cos™' x = cos™! (4x°— 3x), xe [% 1}

frafafed wal = 9eaq w9 | fafau:
2
3.0t ’lm,xio
1| [1—cosx
4. tan ,0<x<m
1+cosx
i - 3z
5 tan-!| COSXTsinx Eex<2E
CcOs x+sin x 4 4

6. tan > ,xl<a
a —x
7. tan”! 3a"x—x > 0;
. ,a
a3—3ax \/_ \/_
frfafed 5 o Yk 1AM T Hied:
_ o
g, tan' 2c0s(2s1n IEH
-. 1 X -1 _y2
9, tan—|sm 1+x2+COS Ty’ Jxl<1,y>07TA xy <1
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yfaed emoifada wem

U9 T 16 9 18 | XU Y% <A 1 HH A9 hifold:

. . 2m
10. sin l(sm—] 11. tan‘l(tan3—ﬁj
3 4

12. tan sin”' §+cot’1 3
5 2

13. cos™! (cos%t) %TIFHW%

A 7_7t B S—W C E D E
(A) B) % (© 3 D)
14. sin(ﬁ—sinl(—l)) HAA T
3 2
NEL B) =3 o~ D) 1
A 3 (B) 3 © 5 (D)
15. tan"'\/3—cot™ (—/3) =1 WF
s
(A) 78 (B) —5% (C) 0% (D) 2.3
faferer. 3qrEvoT
331507 6 Sinl(sin3—5n)a;[ HE 7T qﬁ'&-rm
g A R 3n 3n
1 ¥4 9 € T sin (smx):x%ﬁ?n%l 3gfeTq sin (sm?)=?

. 3 T T
forg ?&‘ [—55} , ST sin”! x 1 qeA Il B
. 3. . 3n . 2¢; Py [ T n}
GEIE ) =sin(t——) = sin— qqr —e|-—,~
sin ( 5 ) = sin( 5 ) 5 5 o
3n _ 2. 2%
. I I o Lrgin 2% = —
a7 sin (sm—5 ) = sin” (sin 5 ) 5

Rationalised 2023-24
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fr=fafad & 9@ 3@ Sifea:
_1( 13n] _1( 7nj
1. cos 0S—— 7. tan tan?
fag wifST
3 Zsin’lgztan’lﬁ 4. sin’1—+sin’1§:tan’1—7
7 5 36
] 4 133 a1 .13 . 56
5. €OS —+4cos — =cos — cos — +sin” —=sin” —
13 65 5 65
-1 | 5 1
7. tan =sin~ —+cos” —
16 13 5
fag =i
1 1—-x
§. fan 1\/;:5008 l(m),xe [0, 1]

cot ! J1+sinx ++/1—sinx X 0%
= — e ’_
- Jl+sinx —+/1—sinx 2" 4

Vi+x—+vl-x T 1 1
tan ' | ——=————— | = = ——cos 'x _ <y < 'H'a:r_cl s —
10. [*/1+x+ 1—x 4 2 , ,—2—X—1[ : x = cos 20 @]

frafafaa HiRIon s T Hifou:

x> 0)
1+x 2

11. 2tan”' (cos x) = tan™! (2 cosec x) 12. tan~ Ty

13. sin (tan"'x), Ix| < 1 SRR gral 2

X 1 1 x
A B C D
Do Pl 90 P e
14. Erﬁ{sin*l(l—x)—ZSinflx:g,?ﬁxaﬂﬂﬂaﬁﬁ'{%:
A Ol B 1l 0 D L
(A) 0,75 ®) L7 ©) D) 3
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L IRUN)
¢ yfqam v werl (e 3man) o 9id 9 aRer Hefafaa areft o
affd 2:
T i aRER
S
y=sinlx -1, 1] DR
y=cos!x [-1, 1] [0, ]
S
= cosec™! R-(-1,1 —.=|-{0
y = cosec”! x (-1,1) 22 {0}
T
y=sec!x R-(-1,1) [0, ] — {5}
o T
y=tan™' x R )
y = cot™ x R (0, m)

¢ sin'x W (sinx)! H1 Wi T BT =1fenl SRa H (sinx) ' = ﬁ AR T

YhR I 92 3= THRIvihda Herl o fou 9 g 2
¢ frdt gfgem femofida wom #1 98 7F, S 39S §&F el | fed g
2, fdem Frepivifada wo %1 g& A (Principal Value) e €l

Y Widl o6 fag

feerties gy
w fervam foen Sar @ o FreRvfadT 1 StemEe weyem qRA H SR gl
o1 AL (476 3.), SRITA (598 3.) HERL GUH (600 3.) a1 9=k gt
(1114 )7 yg@ 9RO 1 91 foman on g Tquf 99 9Ra § JeAagd SR O
el 9 AT T g A ot repifafa @ seEe ey fRa Wy TR we
fafy saft egugea off, fof W fafy o S1a 81 91 W 9% 9901 favd gr 79
Tl
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Tfora

qRA H MY Brepioifidt™ wer S et hior &1 41 (sine) 3R weH
o g 1 qd faawon fagia (Sha A § foran T sAafadia ) | feon T
& fSrent =i T ok gt @ w@ 2

AT T2 (600 5.) 7 90° ATk, 10T ok sine o A o ¢ g e
o GeTge YIdTeE] 1 W™ A9 H sin (A + B) % JHR &1 T 39afd 21 18°,
36°,54°,72°, 7% o sine G cosine o To¥[G WM 9ieaht fgdtar g fXw 7w 2

sin! x, cos™! x, 3TE 1 =T sin x, M9 cos x, 3T o LA W FINT HH
gea Afaufas Sir John EW. Hersehel (1813 2.) gR1 @ 7 o S oIk <d
Gaferd weAl o @l Thales (600 €. d) o1 W 9ReME &9 § JeT g €1 5=
iy & TR TR #1 9% o "9 &1 99 U9 31 66 U 321 T& [
FOE & HeEe 38 a1 fRIfTe S WeTdl %l YR STk AU hi g H1
AN T onl 3 e @

%—% = tan (§F HT I~TaI9)

Thales %! THsI <& 1 T 1 TUAT & 1 ot 9971 &1 <man 21 9ok
e 3= gaEy el & U &1 ¥A foman on =g iR g0 Gaeht wel
B GAEY B #1 GErEd § 9 9RdE wEf § e 2

(2
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3T?ZI'ITJ

T @W (Matrices))

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

3.1 w;hzm (Introduction)
o & fafay et § gy o WM K1 STEvHshdl Ul B Mg, W <k
Tafifuss vfememet @Al § 9 wh 21 o Weft-ard fafisl w1 ge § = it
T BAR T BT BTN B T WA HL <1 81 @k T o AR Bl e
& foru wfera qen wXa fafedl W &3 o Yo o IROTHEEY S hi Hehe
1 faehT g3M| Mol i sheet ash FHRN o Fhm & o] 61 Yehe H b
fore &t & wam o < 7, 2ifag Siregel it ST 36 A o e afuss 7)1 oo
Gohad qAl GiRarstl 1 YAN AAfRRd el oh fau soieeieR weRiie UMl
(Electronic Spreadsheet Programmes) o foman ST % ISEED ‘;I'QT'T, ST A0 g
foam o fafe= & o e 2, S9, o=ie (Budgeting), foshd wfgded (Sales
Projection), ©Td 3TsheTd (Cost Estimation), ot 9T ok IOl 1 favelwor Ssets|
zqor Afaie e wifeen HWT@ ECECIECE (Magnification), E[Uf:l (Rotation) de
WWWW(Reﬂecﬁon)ﬁwmﬁﬁﬁqﬁﬁﬁ“@mmww
2 311?71\@ H1 gAT 1?.{@1:@7*3[ (Cryptography) ® «ft @i g1 39 Tfordg
TEE H AN T Fad famE # @ F wmeh 9% @fd @, fug s wEn
SR, Srefomen, ey AR qon SfElfieh geieq o off femen S 2

T 1A H S8 AUl IR S (Matrix algebra) o6 STHRYd fasial &
e BT, BH B o

3.2 3Fg (Matrix)

M AT foF &9 T8 Go1 oA A Ted @ R To1 o U 15 gk ?1 3 'Y
[15] %9 ¥, 30 T o T 49 9 Gahd &, & [ | R feaf@a g qen & g
gfeaeristl &1 e 21 319 A% g6 I e el € T e & U 15 qiEeRid qen 6
Fom €, 9@ 39 B9 [15 6] YR W, TH THIA % 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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w1 Fe < §1 3T W oAifore fR W e qen 39ek ] fas wifsEn den fara 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 €,
e o 13 eI 5% €,
19 39 B9 ORI &9 § frefafiad YR 9 suafid w1 9d o
gftent A
T 15 6
hifSTEn 10 2
ESEEEs] 13 5
=9 frefafed &1 § = w9 7
15 6 | «— = fdm
10 2 |« &l d9fw
13 5 | <— dd ufe
t t
TR e T W
F1era
TreT wifsEr T
EIESED] 15 10 13
FHem 6 2 5
9 frefafed €1 9 =9 #9641
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 WY I gfareedl sAl: HT, Hifsn qen faee o
TG GRS H HE Y FHA ¢ IR fgda W w1 wfaftest wmaer: qen, wifsan aen
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qTE 39

fguE o T Fodl H T Yehe FIA E1 S YRR, THG THR HT TR § Hem
ofers et wferfteal swaer: T, wifsEn qon faae o 9| qRdentet o 9@ qehe S
& Tgdta dfem =t wfafteal swer: T, wifsen qen faew & 9" SHeml %1 e 6
Tl B1 STGKT YRR hi e A1 YS3H h1 3TeE Fed &1 A= €9 9 e e
1 Frefafed yer @ uffia w3 8
T 1 3T Gt A1 Wetdl 1 Uk AR HH-fa=md &1 37 gemnsh a1 het
1 e o a3l yfafeal wed

e 1 TH ST JUMHEAT o &1 (Capital) 18RI §RT =79 hid 1 3Tel o F

3erety Frefafed 2:

. 1
_2 5 2+l 3 _5 l+ s 3
A=l 0 5].B=[35 -1 2| c=| * *
5 COSX sinx+2 tanx
3 6 \/5 5 7

WWﬁ%WWﬁW(ROWS)WE@WW%

T4 (Columns) HEA 21 36 TR A Y 3 Hferrali e 2 &9 € 3 B ® 3 dferqal qen
3 & SEfh C o 2wl qen 3 WY €l
3.2.1 3TJg &t Fife (Order of a matrix)
m G q p W arer foRE S 1 m x n Fife (order) T AT AT had
mxn 3IE HEd & | AT Al o STHH SN & Hadf H A, Teh 3 x 2 37,
B U 3 x3 egE a1 C, Th 2 x 3 3HE 21 BH 3@ & foh A H 3x2 =634 &
3R Bd CH HUI: 9 qM1 6 31999 &

A, TRE m x n 3TeTe 1 Frefofaa SR - T g 8:

ay  Qp Qe dyy e 4y,
Gy Gy Ay ?2,; es Gy,
(:'lil (:'liZ §Zi3 az] C:lm
aml Zlmz amz"' amj amn

mxn

AT A =[a ]

ijim x n’

1<i <m, 1Sj <n @&t i, je N
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0 YR i UK % SR ay, a,, a,.... a, €, TEF H W H SR a,,a,,
Ayjsees A, %I

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

o Frl] < st
1. &0 Rl m x n e & TR BT e hTA o oL, Fohd A=[q,], BT T
Eaul
2. TH had UH el W foaR w31, foeh stoma arfas gead € st
IRfaeh Al i T FT el e &
TH T 99ad oh foRell fog (x, y) 1 T TR (WY A¥@T o) §R Tehe T

Hohd 7, o9 [ﬂ (3@ [x, y))H, 33N, {63 P(0, 1), eTegg &9 o P=m el
[0 1] R ehe fepan ST Gehal 21

e ST foR 59 TR 70 ol =% ask oehfd o oiaf i T s1ege & &9
¥ for@ whd 71 ST % foT Tk wgds ABCD R fa=R #ifs, foees wid s
A(1,0),B (3,2),C(1,3),71 D (-1,2) €l

379, 9qs ABCD =g &9 H frefafad vr § fefud ke 51w @

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

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

37d: STl ol ganT fonel Traa | feerd SAfhdia sfepfaal o wisl &l e &
o ferq femen ST wean 21
3T 31 BH P I W =R H|

SaTetor 1 €19 Hfagal 1, I den 1§ gew den dfeen wifal 9 gefua ffafad g
R o= wifse:
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qew kit wfge et
I 30 25
I 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

T USd Gl I 3 x 2 AR % &9 H Frefefad yer o fefud e s g 2

30 25
A=|25 31
27 26

Al fem oI T w9 1 gfafe Bad-1 rEr o afgen srEwdst & e
e A B

SETET 2 AR TR e W 8 oroda €, I TH! Wud wifedl F B Hehdl €7

T o T € T, 9K forelt ooe 1 I mxn @ @ 36 mn 99 B €1 Saud
8 Tagal ol TRl 38 o |l TG HIfedl A0 B o oI g0 Wieha GeAst o
37 9eft T Tl B F@ R SR OEES 8 7
ard: weft w9a e g (1, 8), (8, 1), (4, 2), (2, 4) T

3TUE G Hifear 1x 8, 8x1,4x2,2x4%I

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

a; dyp
T T 3 x 2 I, UHA: TH IHR Bl B: A{a21 a22]
Y

L. ..
SIER 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)

39 =% | g9 fafe= whR & ool &t uftest S|

@

(1)

(ii)

WA 3MIE (Column matrix)
Tsh T8, W Mg el ¢, a5 S ohael Tk &9 Bl ¢ SN

0
NE]
faw A =| —1 |, 4% 1 Hife 1 TH W9 A7 81 =9% 9 W, A=[a ]

i mx1 -Qa;
1/2

mx 1 S 61 WA e 2|
Yfed 3TIE (Row matrix)

Tk e, YiT 178 Heal ¢, % STH Shael Tk Ul Bl 2

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

1x4

w1 B=[b],,, T | xnF F W@ AR €

Ixn

T MHE (Square matrix)
T e e ufeal w1 gen w1 gen o guH B ¥, Th i sy
HEAM | 3T: Th m x n STE, o e el €, A€ m =n 3R W Hife
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‘0 1 T T Hed FI W F FTw A= 32 1| uw 3 Hf w1

A Ojlw ow

AR ¢ Tk T HA=([a],  TF mFfe F o A €

| fewmit| af A = [a) T o Ffe i smege ¥, A sEme (wfafen)
a,,d,, ....a % STEE A faH0l & sfoFd wed &

11> 722 °*

1 -3 1
ad: Aafe A=[2 4 —1|2d A & fawol & sfe9 1, 4, 6 B
35 6

(iv) faerut 3gE (Diagonal matrix)
U ot oTegE B=[b,|  faevf arege et 7, A< faskol o eifafiem sqoh

it mxm

=1 gt T YA B[ € 9, T = B=[b,], Tl sreR s
2, A b, =0, i
N0 1.1 0 0
WﬁA:[m,B:[O 2},C: 0 2 Of,FT:hilE 1,2 A3 h
0 03

et amegE 2
(v) fE9T M (Scalar matrix)
& ol SR, SRV SegE wewdl €, A% 6o fawvl % sTeEd THM B
2, 9ufq, TF o =R B=(b)), AW ASE Feaw €, A
b,=0, @i #]
b,=k 9 i=j & kHE TR L
IR,
V3

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

0
0 | SHR:

NG
Ffe 1, 2 T 3 o 31fEw Mg €l
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(vi) dE@Heh 3R (Identity matrix)
T ot e, foaeh fashol o @eft sead | B € den 99 o= geft st
R €, T HE FEAM &1 T I W, M A A=[a], T TEHH
oAt =
e':'1?{5'%’2['?{ai"_{o RO

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
010
0 01

10
Wéﬁa@[l],[o J, ]m:aﬁ%l,zwﬁﬁmaﬂr@{ﬁ%l

o AT o 3 k=181 1, T I T, T SSE B §, WY Yok
T e Tl Uh (G g Bl 2|
(vii) I TFE (Zero matrix)

TS SR, YA STE AU R ST]E Feawl ¢, A% 36 99t 379a A
Gk

0 0/’lo 0 0
O g feftd ot 81 37! hifed, 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’@

TR 2 AR A =[a,] T B = [b] T FEAW €, A
() o 9UE Hifea & B 8, qe

(i) A IIF I, B o A 36T oF GHM o, AU /i qe0 joh 9t 9+ o
f?f'{aij=bij%)f
2 3 2 3 32 2 3
bt PN e P LR A T N
qge & T TdETTR ®9 ¥, AR I ST AT B WHNM €, @ ¥9 W
A =B fa@d 2
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-1.5 0

Xy
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 O
B @ a, b, c x ydd 2 TF JA SHifSU

T dfh IS SToIE THH €, Safeiy ek Gd st oft @EM B Wi Sfeeet shi
oM 1 W g Frefafaad afom g g 2:

x+3=0, z+4=06, 2y-7=3y-2
a—1=-3, 0=2c+2 bh-3=2b+4,
TR WA G WY uw =il 2 T

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

2a+b a-267 [4 -3
SRS AR Sy gensd| |11 24

el <l STl I UG 1 IR §RI, WG STE i THM WWH W H I 2l
2 fm

}%ﬁ?ﬁa,b,c,ﬁ% dév“?ﬁ%lﬁ‘cl—ﬂ'ml

2a+b=4 Se—d=11
a—2b=-3 de+3d =24
37 HHIRTON Sl WA T Wa=1,h=2,¢c =37 d =4I Bl 2l
| woTerett 3.1 |
2 5 19 7
1. 3R A=|35 -2 % 12 |, % fou 9@ wifse:
V315 17
(i) STE 1 Hife (i) 3T=Fal &t &

() AI9d a,, a,, d,, d,, d

137 77217 77337 T24° 723
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10.

|

Tfora

. A forglt o W 24 o1gEd € d1 SURT T Hifedl 71 72 A% 9 13 19

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 frefafad 7R & v €

_(i+))
2

_+2))

@ ay >

mw@=§ (ii))

. W 3 x4 SR 1 T HITSC Frqeh e Fefeiad g ¥ o 2 2

Lo .
0] ay:E|_3l+J| (i) a;=2i—j

. Wmmﬁx,yﬁmz$WWW:

14 3 y z o x+y 2 6 2| . W RAE
D0 5|71 5] W se; olT]s g | T

a-b 2a+c| |-1 5 3 N
2a—b 3c+d| |0 13| ¥ @b cTM d A A Bl
A=la.l]

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

. xTAy o Yed R AH o faw enegel o fefafed g gum @2

3x+7 5 0 y=-2
y+1 2-3x|’|8 4

(A) x== . y=7 (B) TG A H9a & ©
-2 -1 -2
©) y=17 , =7 (D) =3 VES
3x 3R o Y Mgl 1 Fal Fehat Fen gt fant g wfafee 0411 22
(A) 27 (B) 18 (C) 81 (D) 512

34 3—113&@ W GfsRATd (Operations on Matrices)
TH 1% | e STeEl W o Gihaist i J&d Sl S8 eTegel = an, fhdt oo
W1 Teh 3T © T[OM, SR 1 Adeheld qell TOM:
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34.1 anw;ﬁ & AT (Addition of matrices)

M ST foh ®ifae 1 TM A 901 ®F B W & el €1 e el | eigeh
qe AEfRaAl oF fau, @ o S, 91 fa=-fa= gog o, e 1, 2 991 3 o 99d
%) T A T T A S wen 9 R e gw fef

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

M oY T Ffa gois qod v | 991 aicl ©d o S[dl Sl el e Sl
el &1 316 Pl ST TH THR B:
Ted & | : Al o faT (80 + 90), @Sl o faTw (60 + 50)

Ted i 2 : AShl oh TAU (75 + 70), AEfRAT o AW (65 + 55)
ed a7 3 : ASHi oh T (90 + 75), AEfRA o foaw (85 + 75)

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

IE 1 AR, SUYH T SATE! 1 AN €| eH 2@d & foh <1 SMegel i anha,
TS STl o G TeEdl ki Sied W U B ol SegE eidl €1 s9eh tfafie, A
o fotu IH TRl ! §HM ®ife 1 7M1 =feu)

e, Ak A=| T2 @2x33ﬂw§%aa1B=_b“ P e o
_b21 by, by,

Qy;  dy Ay

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

BN IR e B

m2x3w%,ﬁmA+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 jFH FA G A F PR A
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SETET 6 A{ . = 1| ® @A+ B T@ Hif

NG ll}wB_r J5 01
2 3

gl FifeR AT B HIH FIfE 2 x 3 91 3TE €, TUfeTT Aden B 1 an gt
2, 3R

r+ﬁ 1445 1—1] r+ﬁ 145 0
A+B= =

2-2 343 04 0 6 %]gmwgﬁmél

1. B9 39 919 W 9o 33 € fF A A9 B @AM i Ot eegg € i

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

T R
2. B9 3@ T R TRl 1 AN, M wife O Rl o wq=ad o fgeme
Hfeha 1 Tk IR 2

3.4.2 TS 3T & UHk 379 @ UM (Multiplication of a matrix by a scalar)
37 T ST fom wifem 4 A W feerd et o @eft go ot o Seae i S TET

fean & (Fed 3.4.1)
A R ford et § e 1 e = {u orege o femed T 2

1 80 60
21 75 65
31 90 & |

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 SR Te AL ok Yo 3G i 2 ¥ UM FHH R W Bl 2
ek &9 H B4, fohdlt sTege o T sifeer | uA 1, Frefafed R 9 afifia
F B AR A=[a] ek e € AU k' Teh AR B Al kA Toh T 3178 ¢ 5

it mxn

A T IFFE R AR kW O HIh I fehA S 2

T uR ", kA=kla], , =lk(a)], . AHCKAH G, j)d o=, e |
% & 9 WA % fAU, ka, B €

3115
e & faw, afk A=|J5 7 -3| ¥
2.0 5

3 115 9 3 45
3A=3|5 7 -3|=[3/5 21 -9
20 5 6 0 15

3T T RUT 3E (Negative of a matrix) fFEl T8 A 1 R0 38 —A
Y freftd e 81 89 —AHI —A = (~ 1) A §RI TR hed 2

3 1
-5 x

3 1 -3 -1
_A_(_I)A:(_l)[—S x}:[S —x}

3Tl &1 AW (Difference of matrices) 3% A = [a,], = B = [b,] A wHife
mxn @ q T € T TR FAR A-B, TF A=E D =[d,] 5l i 7N j o T

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

1 23 3 -1
mm7aﬁA=[2 3 JWB [1 0 2}%@[% B I s

T W UM ©
[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
T l4+1 6+0 2-2| |5 6 0
3.4.3 3Teggl & GRT & TUTEH  (Properties of matrix addition)
w&waﬁﬂﬁwmﬁwmwaﬁ(ﬁW)aﬁww%z
() wrm-fafma 99 (Commutative Law) € A = = [b,] T wHife
mxn, A AHE €, M A+B =B+ AT
3 A+B=[ij]+[bij]=[aij+bij]
= [b, + a,] (FEA H A FH-faf 21)
=, +[a]) =B +A

(i) wrEed e (Associative Law) AN &ife m x n ot fh=dl off @9 smregef
A=[a..],B=[bU],C=[CU]a'T%‘|"I (A+B)+C=A+B+0

u
3 (A+B)+C= ([aij] + [bij]) + [C,-,-]
= [a,-,- + b,-,-] + [C,-,-] = [(a,.j + b,-,-) + c,.j]
=la, + (b, + ¢)] (i ?)
=la]+ [, +c)l=[a]+(b]l+[cD=A+B+O)
(iii) ‘€I'11T o qcAHeh Rt 3T (Existence of additive identity) A <fifery o

[a,) TF m x n S € AROTH mx n A T €, T A+0 = 0+A=A
%lgﬁi‘ﬂaﬁﬁ SRl o AN GiHA T qeush I SR8 O Bl

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

ljmxn ljmxn
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& A+ (—A)=(-A) +A= 0, 30T T — A, 3TFE A & A o 3
Tidcim STeE STerel RO e T
3.4.4 UH 3MTgg oF STV 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, (i) k+ DA=kA+1A
@, A=[q), . B=1[b],, SR k3N st 2,

() k(A +B)=k(a] + b))
=kla,+0b]=1[k(a,+D)]=I[(ka)+ (kD)
=[ka])+[kb]=kla]+k][b]=kA + kB

(i) (k+DA=(k+1Dla]
=[(k+l)aij]=[kaij]+[laij]=k[aij]+l[aij]=kA+lA.

8 0 2 2
SEEUI8 AR A=|4 -2|,B=| 4 2 | 921 2A + 3X =5B fam & @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 a1 Hiaei™ 2)
0 3X =5B-2A (O, IR T dqHHF 2)
1
= X =7 (5B-2A)
2 2 8 0 ([ 1o —10] [-16 0
70 X:%542—24—2 = 2|20 10|+ -8 4
-5 1 36 25 5 -6 —12
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—-10]

10-16 —10+0 —6 10 3

M o0-s 1044 |t 2 a2 4 1
N os-6 512 | °|-31 -7 3
31 -7
3 3

5 2
IETET0T 9 X 91 Y, 9 wifse, g X+Y=[O 9}69% X—Y:B 61}%1

° o oo A
el Jel W X+Y)+X-Y)= +

0 9| |0 -1
Bl (X+X)+(Y—Y)=[8 8} :>2X=[8 8}
0 8 0 8
1[8 8} [4 4}
7 X=— =
210 8| [0 4
g g X+Y)-X-Y)= [ } [ }
DI X-X)+(Y+Y ay=|? 4
( )+(Y+Y)= = 0 10
l[ ‘4} b s
7 Y=—=
210 10| |0 5

ITET0T 10 fr=fafad Tetor @ x qen y o AFl 1 A Fifeg:

ol Sl )L

7o fem 2

2{x 5 }{3 —4} 7 6 2x 10 3 41 [7 6
= = —+ =
T y=3] [1 2 15 14 14 2y-6| |1 2| |15 14
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. [2X+3 10—4} 7 6 2x+3 6 7 6
= = =
1441 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 2 y:E

2 2
SRIGY x=2 e y=9

SETET0T 11 % foram TafrsF @R =R T8 shael dF YR o wreet S STEEdT,
THSA qT T HT Bl FIA 21 I RTH gRI, FadeR den TRk W18 ¥, 39 YR &
wrael &1 ot (vudi §) @i, Fefafad A9 o B eegel o o T e €

fgdR Ae =+t fawt (Rs #)
A A GEL
A [ 10,000 20,000 30,000} TR
50,000 30,000 10,000 | TE=R0T f&®

3HEX A &I Tkl (Rs H)
AT jererc BN K24

AB:[ 5000 10,000 24,000]@%&?

30,000 20,000 0 | T e

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

(i) TodsR T oT9&m TR H gE foshl H HHT G iU

(i) @ A et 1 et fashl W 2% @9 et 8, @ SRR | q% ThR &
a1aa &1 faht W y&w foram &1 faem S @9 9 it

&l
(i) Y% fREH ® TIF YR oF A6 6l HdeR T STHRE | Idh TR o6
e 1 faw e g WA T 2
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E|ESE=il A EER
R EE]
ALp_| 15000 30000 36000 |
70,000 40,000 20,000 | TE fHe

(i) Todem =t orden orerqel & g% fowhl o et = & T

Elesenil A =0
A_p_| 3000 10,000 24,000 | THRIE
30,000 20,000 0 e fie

2
(i) B 2% = —xB=0.02xB
100

[ =il A SN
—0.02| 5000 10,000 6000 TH{H
20,000 10,000 10,000 | T&=R™ i

ST A RER
_| 100 200 120 | TR
400 200 200 _| e fE

31d: TR W18 H, THRRYM, Ui TR oF =med i fashi T waEs: %100,
2200, @1 T120 19 W el © AR A e, Yo YR o =6 &1 famt ®

FHEI: T400, T200 T2 T200 A1 AT HIal 2

3.4.5 3T=ggl T U (Multiplication of matrices)

A S o W 3R =i < st &1 i 2 shom den 5 e S JEeh i =l
&, 1 for <19 1 8 het™ qe 10 el hi T&ih! i STEvIHA €| 3 JHI Teh GhH

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

I A ¥ YAE HI fRaN oA @™ weh qew? Toeqdl, " @
Z(5x2+50x5) e, T260 1 AETARAT 7, SHfeh 74T I (8 x 5 + 50 x 10) 37efiq
T540 1 AETFHAl €1 BH SUYE Ol ki Mg EUU H 3W R § TR Y

Hihﬁ%
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S ICFLE T yfad 1 W (FUE °) ATE9Teh SAYT (HUEl )

2 5 5 5x2+5%50 260

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

heH - % I4, HEHT bl THIh - TAE 40

37, Ui 94 R g WISK i o folu oTewas oRafd wE:T(4 x 2 + 40 x 5)
=208 A T(8 x 4 + 10 x 40) = T432 B
T: SYGH GEl ) FEfafEd 1 9 Frefua w1 wed €

ATAITHAT ufer 1 (Fu W) ATV ATV (FUt o )

2 5 4 4x2+40x5 | [208
8 10 40 8x4 +10x40| |432
319, 3T AT IEMST H U AT i Uk Wi sege feunr g fefataa

YN § Yk Y TFhd o

S ICFLE T yfad 1 W (FUE H) ATE9Teh ST (HUEl /)

2 5 5 4 S5x24+5x50 4x2+40x5
8 10 50 40 8X5 +10%x50 8x4 +10x40

260 208
=[540 432}

ST foreruT STgel o UM T Tk SME T TH @ ¢ o el AT Bk
oM & fo, AT T H GEn B § U F S % SR e S s st
TUA® 3Tz (Product matrix) o fIdl i U i b [T, 80 A1 Uil aen
B Wi <kl éib_{, STEl R ShHITHR (Element—wise) TOTH ETG %\' 3R NEERG £l
UMl T ANTE T hd © | STEer ®9 9, B9 STeEl o TUH i Frefeiad ae
Y i o

ﬁaﬂaﬁAHWBvaﬁﬂﬁa%ﬁm% Ifg AT ol 1 we, B e
ﬁm%wﬁﬁélm?ﬁﬁqﬁA a] Th mx n e 61 ATE ¢ 3N

=1[b ]anpaﬁﬁaﬂw%lﬂHWAﬁﬂT B &1 UF®E Tk m x p il
WWC@W%IWCWO kyat ST ¢, Tt e oF fTe 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=la) . B=[b] T A ;& K [a,a,. a]70 B F kA @I

ijimxn’ Jjkinxp

bl k
b2k

%:’ qad Cik = ail b1k+ aiZ b2k+ ai3 b3k+ et ain bnk= ;au bjk
bnk
e C=1c,],,, AT B F ToHwA 2

2 7
Wéﬁfwz,tr&;cz[l -1 2}6% D=|-1 1| g
0 3 4 5 _4

1 -1 2
chmrﬁm&m%ww:{o 3 4} 1l o 2 %2 st # o
5 -4

T gfafte C &1 fwdt dofed =1 gfaftedi &t Do fodt w9 =1 97a dfafes &
TUFEA o AR o SR Bl ©1 39 3SRl § ¥ =N ufieher frefafed §

wem dE [ o] [ 2 7_[1)<2)+(—1>(—1>+(2)<5) ‘j
qdql 9egH -1 1=

wWaF e |0 3 4| |5 -4 ? ?
vmdE [ ol [ 2 7] I3 )24
o e e M D+EDHM+2(H
wWadk om0 3 4] |5 -4 |? ?
widm [ [ 2 7] [13 2]
qe v 1 1=

i amE |0 3 4] L5 —4] [0@+3cD+45) 2 |
R [ o] [ 71 [13 ]
o T -1 1=

wWawema [0 3 4] LS 4] [17 0(M+3()+4(-4)

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 Ui #1 o

[6(2)+9(7) 6(6)+9(9) 6(0)+9(8)
AB=100)+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 | afk AB i 2 < 7w stravae et £ fF BA st uRefi g swde

I § AB URwifid € wg BA Ul =€ @ sifer BH 3 w9 & Weafr AW shedt

2 dfeat (3 wferal ) B afE ATeN B HEHS: mox n T k x [HIfAl & TE

g @ AB T BARHI € ufwnfod € afe ofit et afg n=k @ [=m el fowrm

gg,aﬁAaﬁIBﬁﬁwﬁﬁﬁaﬁaﬂa{s%,aﬁABWBAﬁvﬁmﬁa
|

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

379 B9 Wk 3901 o g 2@W fh, afe AB dun BA URwifia of ©f, O 9% eevae
T2 & fF AB = BA =l

23
45
21

mmlﬂﬁA:[ =2 3} AR B= , @ AB de BA 91d Shiferu) g3mse fo

-4 25

AB # BA

Tl ik fF ATH 2 x3 3Te T 3R B T 3 x 2 3TE ¢, 39T AB q1 BA SHI
& R & 9o HES: 2 x 2941 3 x 3, HifA o e €| A Hiftoy fom

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

(2 3 2-12 —-44+46 6+15 -10 2 21
12 3
3R BA=|45 [4 ) 5}: 4-20 -8+10 12+25|=|-16 2 37

121 2-4 -442 6+5 -2 =2 11
wWeZadar AB # BA.
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S ST § AB q1 BA fu=i-fi= shifeal & emregqe © @R sfely AB = BA
21T I TH H= Wehal @ fh 4fE AB 921 BA Tl WHM i o eid al Gerd: d
T 1 fohg TE off T €1 9T 70 U Sk 9w frmen & fau T w® € fE Ak
AB 1 BA §HM &ife & & df ot Ig savas el @ f6 a9 whE el

IR 14 TR A={1 O}HS’«H B:[O 1}%6‘[ AB:[O 1}
0 10 -1 0

R BA = [(1) _(j 2| TI=TA AB # BA R

3d: SegE O HH-Tafme & g B
| Femott | gaemt a1 =% 6 R foF Aen B Seel % 39 Wl gl % for, freh
et AB @2 BA 9Refid , AB # BA @I 3q1&0 & fow

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

e AfSe for gam e & fawol sregel @1 m wa-fafwg g 2
T YA IEET o UMTA o ®4 I TSIE: (Zero matrix as the product

of two non-zero matrices)

Y o € fop o1 ordfosh @S o qdbh e T, A ab =07 @ A @ a =0 A
b =072 2| Tohq TeTel o fore @18 sifareia: Tt =&l giel €1 9 <1 1 g9 Teh IS0
B 3@

3E'I%TUT152H°<A=[3 ﬂa@nh[z (5)} 2 @ AB W1 9H T HifSC

e S
0 2(|0 0] [0 O

1 A T AT 1 IR Teh I e € Al Ao Tl ¢ o 70 9w
e AfERd: I TR B
3.4.6 317@\%’? &F Nkl &F QWSJVQC (Properties of multiplication of matrices)
el & O o TOEl %1 80 A oA st squfh iy Seoim W w® €

1. wrewd frem: fR=l «ff 37 eTeEl A, Bden C & fau

(AB) C = A (BC), & &l GHiehtor ok <1 &1 qRei e &

Rationalised 2023-24
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2. faavor 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 Tfietor o H var aRenfia gid 2
3. U o qedHeh o1 TS : TAH o g A% fafu w9 *ife & T e
11 feded 39 YR el €, fF A= AI=A
319 BH ITEN oF FRI STYK T[OTHH! 1 AT H |

1 1 -1 13
123 -4
IATET0T 16 Al A=|2 0 3,B=02394TC={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
T U AB=[2 0 3|0 2|=|2+0-3 6+0+12|=|-1 18
3 -1 2||-1 4 3+0-2 9-2+8 115

2 1 L 242 440 6-2 —8+1
(AB) (C) = |-1 18 { }: -1+36 —2+0 —-3-36 4+18
1430 2+0 3-30 —4+15

13 L2 34 1+6 2+0 3-6 —4+3
3 BC = 02[ }: 0+4 040 0-4 0+2
2 02 1
14 148 —2+0 -3-8 4+4
(7 2 =3 -1
_|4 04 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
SEEIT 179 A=|-6 0 8|,B=[1 0 2|,C=|-2
7 -8 0 1 20 3

q AC, BC @ (A + B)C &1 uRehed sifsul I8 off Tenfug 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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BC=

AC + BC =

T

1 2 3

FaET 18 A A=[3 -2 1
4 2 1

61

(A+B)C=AC +BC

2 @ Tuien fF A®—23A-401=0

19 4 8
1|=l1 12 8

[
\]

1 2 3

w
|
[\

TR WA T R AZ=AA=[3 2 1

63

A =AA =

4 2

1 2 3
3 -2 1
4 2 1

46 69

N

1

19 4 8]

1 12 8
14 6

1 2 3

15 |

14

63
69
92

6 15

46 69
-6 23
46 63

3 A3~ 23A — 401 =

69

-6 23|-23|3 -2 1|-40

92

(63
69
92

46 63

4 2 1

1 00
0 10
0 01

69

=23

23 |+|—-69

63

-92

—46
46
—46

[63-23-40 46-46+0

-69

—40

23 (+| O

=23

0

69—-69+0

0
—40
0

-6+46—-40 23-23+0

69—-69+0

(92-92+0  46-46+0

Rationalised 2023-24
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SaTetuT 19 fordt faem |1 ga o SR T ToHiash a1 3 104 SEHIGIR & TR
24 U S Uk H 1 Soh W STafed fohanl gER gq 9 fafemi g Huen wernfia
e ffyea gem A ®: Il R, SR-¥R SR qe Tt i R Ueieh Haeh
Yok (i ®) = oreE A | o €,

gfd daeh god
40 AT g
A= 100 B STRT
50 =t g™

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

IAHA I TE@l g
B_{IOOO 500 5000}—>X,§m%lXWYmﬁwﬁmwmmﬁ

3000 1000 10,000|—Y
TE el IR J1G Hifer)
T FE W

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

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

[340, OOO} —-X

720,000 | —»'Y

3d: <ol g1 ST Yed W oA Wi T hel SN HH: 340,000 TH & 720,000
U 37afq Rs 3400 @@ Rs 7200 2l

| vt 3.2 |

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

(i) A+B (i) A-B (iii) 3A-C
(iv) AB (v) BA

Rationalised 2023-24



2. frefafad =t afewfaa wifse:

0 [a b +a b
! _—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

|

cos? x sin’x cos? x}

sinx cos? x} Los2 X

a’+b* b*+c? . 2ab  2bc
a*+c* a*+b*| |“2ac 2ab
sin’ x

sin? x

la blla -b i 202 3 4] =211 2 3
Dl allp o] @ X W15 32 31
(2 3 4][1 -3 5 (21
_ 1 01
iv) |3 4 5/|0 2 4 (v) 32[1 ) J
4 5 6[/[3 0 5 11
_ -3
- 3 -1 3}1 0
V1 .
-1 0 2
- 31
1 2 -3 3 -1 2 4 1 2
4. g A=[5 0 2|,B=|4 2 5{dMC=|0 3 2|, d (A+B)qer
1 -1 1 2 0 3 1 -2 3

(B — C) uRefera shifsu| =gt & Feanfua shifeie ff A+ (B-C)=(A+ B)-C.

5. afc A e B=

N W N

WY W~ WM
WIN WA Wlw
N |~ |

NN LN W

wmiN n| s

, Tl 3A — 5B Ufehfera shifsal

Rationalised 2023-24
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10.

11.

12.

. XamYmWW&Y:[ g 2X +Y =

. x ggr y 9 it Aafg 2[(1) ;j+_y O}=[5 J

Tfora

—sin® cosO cos 0 sin O

. ,cose[ cos 0 sine]'_sine[sine —cose}

. 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] '10}

1 4] 3 2

1 2 1 8
TSd FHIRIT Hl x, y, z g ¢k T @ sifay afg

ol 2ol

RIS xﬂwﬁ}:[?} @ xq yH WA @ B

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

'z w| |-l 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

ENIEED

o0 2

Rationalised 2023-24



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 10 1 O
off2 3 4 2 3 4|1 1 0

2 0 1
g A=[2 1 3|2 d A2—5A+ 6l & HH @ SIS
1-1 0
1 0 2
I A=[0 2 1|2 fag HIvT fF A®—6A2+7A+2[=0
2 0 3
3 - 1 0] .
RIS A=[4 _2} aun:[o I}QHAZ:kA—zIaa‘rkamﬁml
0 —tang
% A= 2 | qon 191 2 &1 U qE TegE 31 fag Hif
tan2 0
2
B L4 A= -4 |:C.OS(X —s1noc}
S1n o0 cos
el =IO |9 o 919 30,000 TG 1 h g o g -9 g o arel

o fafera e 81 vem |l W 59 aiftie qun fgda i ™ 7% aiffe = o
BT B 38 A & FA g g8 Freifi S o 30,000 €94 o g i
T YR o aiel H o9 w3 & forw fhg yer s f9od =amr 99 %1 e g
EILERIS|

(a) Rs1800 @  (b)Rs2000 &I

ot Tohet 1 Tl 1 M W 10 ot e T, 8 g wifass fasm den
10 S I T Gedoh &1 37 T&Aoh! 1 faha Jo1 HHeT: Rs 80, Rs 60 a1
Rs 40 9fd G&deh €| 38 SISHIv & WA g 1 Hifeg fof qeft geaqent o1
SO W IHM h F Torad SAART T g

T e fof X, Y, Z, Waen PHERT: 2xn, 3 Xk, 2 X p, nx 3T p x k, FHifeA
o 3Ty &1 e T wed "em 21 den 22 H W S gfu

Rationalised 2023-24
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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@@= e ,p=2
(C) p&= ®, k=3 (D) k=2,p=3
22. AR p=p,q T 7X - 5ZH Hife 2l
(A) px2 B) 2xn (C) nx3 D) pxn

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

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

TR 3 AR A=[a,] TF mxn e F A & T AFT dferi qo1 Wl B TWER
fafra (Interchange ) HE T Y BH o e A &7 IRad (Transpose) hacrdl
21 Mg Aok UREd & A’ (A1 AT) ¥ Frefud #id §) g e °, 4

A= [aij]mxn’ ?ﬁ A, 4 [aji]n xmg}rrr” Wﬂgj’ -qﬁ
35 3430

A= NERR A A= | -1 21T
0 __1 5 2x3

5 3x2

3415’{@ & URad o TguTaﬁ (Properties of transpose of matrices)
319 7Y TRl ST o e eTegg o fefatad qoremt i fo 3aufa fiu =em &
&1 TR AT SUGR SEEWI gRI kel S Tehal €1 S hife o Tehedl Mgl
AT B ek fag

i) (A =A (i) (kAY =kA’ (SEIkHIE =R B))

(i) (A+BY =A’ +B’ (iv) (ABY =B’ A/

3 3 2 2 -1 2
wmzoaﬁA=42 0 ?WTB=1 5 4 q fafafas =1 genfud

ﬁ%ﬂz:
() A'Y =A (i) (A+B)Y =A’ +B’
(i) (kBY = kB’ , &l kg 3= B
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(i) =&l

(i) =T

(i) =&l

A" +B

(A+BY

kB

(kB)

(kB)

=A=[/32 :(A')’:[i *f 2}=A

qTTE 67

3 4

20 0

2 -1 2 _
- :>A+B=5\/§14
124 5 4 4
s L&
=[/3-1 4
4 4
(3 4 21
_ V3 2,B'=|-1 2
(20 2 4
5 .
=|~3-14
4 4
=A" +B
_el2 2]k ko2
12 4] [k 2k 4k
2k k (21
= |-k 2k |=k|-1 2|=kB’
2k 4k| | 2 4

— /
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-2
SEET 21 A=| 4 |,B=[I 3 —6] & W HeNfGd HITY (ABY =B’ A" ¥
5
& Tel
-
A=| 4|:B=[l 3 -6]
_5_
(2] -2 -6 12
THferT AB=| 4|1 3 —6]=|4 12 24
5] 5 15 =30
-2 4 5
3 (ABY =|—6 12 15
12 24 -30
3@ 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 =B A
3.6 gufta wer fawm wufua 3 (Symmetric and Skew Symmetric
Matrices)

TRATHT 4 T T AR A= [a,) FAHT FEAR € WM A = AL W HE
% T [a,] = [a,] B

o223
SR F A, A=| 2 —1.5 —1 | T THMA AR 7, Fifwm AT =A
3 -1 1
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TIN5 U M AT A= [a] 9 A SPTE FEAR €, A’ = - A, 399
iqen jév‘%'(ﬁﬂﬁﬂﬁ%fﬁ"{a}.f—aij%}fl W,W&'%ﬂi=j1’@.,ﬂ)faﬁ=—aﬁ%ﬁ"ﬂl
$T: 2a,=0a, =0 " i & fau)
THH1 31 Ig geT fof frdl fawn wmfia sege o faehol o |+ e/o@@ I 8
0 e f
%’lmz‘faﬂwﬁB{_e 0 giwﬁwwmaﬂa{g%,wﬁsﬁ =—B®I
-f ¢ 0

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

U 1 arEdfas sTaFdl aret foRet v STgE AW fau A+ A7 T WA STE aen
A-A’ T fawn gafia eg B €
Suafa AR AT fF B=A+A” 7@
B = (A+A"Y
= A +(A’Y (FHfHA+BY =(A” +B")
= A" +A (FHFA) =A)
= A+A" (HfFA+B=B+A)

=B
TaferT B= A+A’ T THHA M B
3 7H et fh C= A-A
C = (A-A")Y =A" —(A’)Y (FH?)
= A —A (F?)
=_—(A-A")=-C
37 C= A-A’ T faum gufi@ 1ege 2|

vue 2 fordt ot oTeE 1 U WAfHG 91 Uk fawd wEfHa STl oF AnThd oF ®9
¥ o foman S e 21

Suufa O i fF AT o etegg B ew fora gand ®

1 o1 ,
A=—(A+A)+—(A-A
2( ) 2( )

Rationalised 2023-24
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THT | 5N EH A § TR (A+A’) Tk Hufia 3T a9 (A- A’ ) U favm gEfi
Mg B it et off eTee Ash fIT (kA) =kA’ el ©1 388 freh feheran € o

%(A+A’)wﬁaaﬂa{s'aw%(A—A')1%rmwﬁaaﬂa{gél 1q: ferslt =t strege
T GHfHd qe Uk faue TEitd SRl % Aee o &9 § o R ST ekl 2

2 2 -4
SEEIUT22 M8 B=|-1 3 4| T& GUHA STE qoN T fowd wufa
1 2 -3
3TE o ANThel o ®9 H e il
2 -1 1
T WB =|-2 3 =2
-4 4 3
| 1 4 -3 -3 3
7 s faw P=—(B+B)=_|-3 6 2/=|7 31 %
-3 2 -6| |_
23
L 2 _
, 333
2 2
-3
3@ P=|—= 3 1|=P
2
23
L 2 _
1 P=%(B+B’)@wﬁqﬁaﬂw;e'%|
o 2L 2
1 s 2
e & 7H g Q:E(B—B')zzl 0 6=5 0 3|2
5 -6 0] |5
= 3 0
L2 i
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o L 3
2 3
-1
Ll Q=|— 0 -3|=-Q
2
D3
L 2 J
1 ,
1 =E(B—B)@1%rqnmﬁqaaﬂa{a’%|
, 3 3|y 2t 2
32 2 12 2 y 5 _4
SiC| P+Q=_?3 Ll+l5 0 3|=|-1 3 4/=B
1 -2 -3
Y I A
2 2

31d: T8 B T GHHA S8 M Weh foom 9ufHa g8 o ANThdl o &9 |
EESRERIRIRIT

| Wt (3.3 |
1. frafafed sregel § 9 yds &1 uiad 7 it
i /| 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|% 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’

Rationalised 2023-24
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4. Zlff{A’={_l2 ﬂ qen B=[_11 2}%@[(A+2B)’§lﬁaﬁﬁﬂl
5. AN B 3TegEl o forw genfua 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=| =Y Sina}%ﬁa‘fwﬁﬁﬁﬁq% A A=I

= sin0  coso

(ﬁ)aﬁA=[Sina C?m}aa‘fw&mﬁﬁq%A’Aﬂ

—COoSOl S
1 -15

7. () foag e fE e A=|-1 2 1| U& Gufia orege 2
5 13
0 1 -1

(i) fag #ifom % st A=|-1 0 1 | = foom wmfim e 2

1 -1 0

8. WA:E ﬂaamwmaﬂmﬁs

(i) (A+A’) T GHHA e 2
(i) (A—A") T T gida emege

0 a b
9. I A=|-a 0 ¢
b — 0

10. frAfafEd gl & Th GaHd STg a1 THh foum afid STeg o arhd
o ®9 § FH RIS

6 -2 2
3 s L s
Ol (i

2 -1 3

& %(A+A') HW%(A—A’) S
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33 -1 s
Gi) |[-2 -2 1 ™ |

-4 -5 2

e W& 11 941 12§ FEl 3| g
11. 9f€ Aden B 99H whife o qufid oefe € @ AB - BATH

(A) Taom wmfid ameqe @ (B) qufta e @
ORSE (D) TeEHE e ©
12. 4R A:[C,Osa _Sina}fﬁﬂA+A’ — LT o A R
Sin ol cos
R 5 =
(A) 6 (B) 3
C D) =
(©) = ™ 3

3.7 HehuUtE 3R (Invertible Matrices)

73

aftarar 69f% A, FifE m, 1, T o e € IR AR uH o o e e
79 YR €, T AB=BA =1 B & e A & ehH I8 Hed & R =

AR Frefad wed &) T <O ¥ SegE A Schauig sedd 2

Sareeond, 4 ofifsw fom A= ? ﬂawB=[_? _ﬂﬁraﬂ?{s’%

2 371 2 -3
o AB=\ 5l 2

_[4-3 —6+6]_[1 0]_,
S [2-2 3+4) |0 1]

1 0

Tt & BA = }=I%\'| d: B 3TYE, Al eh B

0 1
TR T |, B=A"! q°1 A 3TJ8 B, %1 g €, 319iq A =B
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1. frgit SRR (Rectangular) ST 1 kA ST &l 81 €, FHifeh ToMHa
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, 38 B &1 k™ &l €|

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

Sl 7 A 6 A = [¢,] FE m®], TF o Mo 21 AR el @, d 7 et
B A C 38 A < ¥ o8 21 3/ &0 faa@ndt f B=C#
Hifeh 3MTE Al Jehd B

37 AB=BA=1 (D)
Hifeh STeq A 1 =ehy C off € e

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

U 49 AT B G9H Hife o kUi 3egE & df (AB)!=B1A"
IUUT U kAU SR &1 IR 9
(AB) (AB)! =1

el A" (AB) (AB)' = AT (A& A Tl ¥ [EPH HH W)
Bl (A"A) B (AB)' = A'(A'I=A"', TN S8 U WE=d &l )
= IB (AB)' = A"
= B (AB)'=A"!
= B B (AB)' =B A"
Bl 1 (AB)' =B A"
37 (AB)! =B Al
1. 398 ATl B U& SW o kA 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 §HH whife o TR o1egg € o <uisy for AB wHfia 2, A
3R el A A G901 B wAEHA §, 319iq AB = BA €|
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&1 & ® foF Aden B S wefid eiegg ®, s@fiq A’ = AT B’ =B R
M wfifs foF AB Twfd ® 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 BEAfH 7 )
=AB

1d: AB HHfid 2

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

D 9@ it fF CD — AB = O @I
Tl i A, B, C 9t wife 2, % onf afegg § 3R CD - AB weil-wifd afwifid 2,
THfAT D Fife 2 &1 TH a1 TR &M =mfeu)

b
7+ s fw D=[a d}%lﬁﬂCD—AB:O@W%ﬁT%ﬁF
C

2 5l[a b] [2 -1][5 2 o
3 8|lc d] |3 4|7 4]
. [2a+5¢ 2b+5d] [3 07 [0 0

3a+8c 3b+8d | |43 22] |0 0
[2a+5¢-3  2b+5d }_[0 0}

3a+8c—43 3b+84-22| |0 0
el w1 GAMA ° 7Y Frefafad gHiwr we B 2

Bl

2a+5¢-3=0 .. (1)
3a+8c—-43=0 )
2b+5d=0 .. 3

qen 3b+8d-22=0 o (4

Rationalised 2023-24
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(1) Tl (2), Sl A HH W a=-191, c = 77 I« Bl 2|
(3)TA (4), Fl 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. afkAden B Tafia =k € df fag +#IT & AB - BATH fawm gufid o1 2
2. g =iNT o 3178 B’ AB WHiHd 1een foow wufia 8 9 A gafia s7ern
forom wwfia 21

0 2y z
3. x,y, @0 z% HHl I TG HIC, AR ISR Az{x y —Z]WW
X -y z

A’ A =1 GI< H 2

N N
S O N
N = O
= N O

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

i

5. aﬁA:[ }%ﬁa‘ff&@ﬁmﬁsAz—SAHI:o%

1
-1 2

1 0 2
1

6. 4 [x -5 —1]{0 2 ]{4
2 0 3|1

7. U fmiar & YRR Y IqU x, y, M1 2 1 ScAEA Hdl € T 1 a8 3 aeR
H fosha wtar ©1 a&gel 1 At ot e gfea (fefia) 2:

—0¢T T xF T T4 FIST

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

(a) AT x, y AT 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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T 77

(b) IR ST T 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 foom wafa <= € @ At
(A) AT faaol smegg 21 (B) ATH I 3§ 2l
(C) AT =1 Toe R (D) T8 ¥ FE
E AT a1 e 3@ YRR € FF A2=A, 9 (1+A)P -7 AR 2:
(A) A (B) I-A ©) 1 (D) 3A

_ﬂa}svw%% Az=1, 4

R
e, el a1 G H1 Uk AFAHR ho- o= B
[a,),,, T W9 AR €
[a,], ., T e ST €
menwa{s'@?a‘f@%%,qﬁ m=ngl
A=[a), T o0 o= 2, M q, =0, 99 i#j

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

A= [aij]nxn
i#j g
forelt =1 errege (@ fom emeqR) o weft eega g B g
A=la]=1[b]=B 3R (i) AT B WHM hife o € 1 (i) i de j o HHE
T9g 9l o faw a,—,:b,-,- Kl

T TEHE AT 8, AR q,= 159 i=j70 q =054
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L B R 2BE JBR 2R 2K 25 2R 2R JER 2R JER SR 2

*

*

Tfora

kA = Kay, .,
~A=(DA
A-B=A+(-1)B

A+B=B+A

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

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

(k+1)A=FkA + A, S8 kd [ 3R B
Zlﬁ{ A= [a] qaq B = [bjk]nx,; ?ﬁAB =C-= [c]

= [ka,)]

mXxn

ihmxn s ST € :Zn:“zy by @l
(i A(BC)=(AB)C, (i) AB+C)=AB+AC, (i) (A+B)CEAC+BC
aARA=[q],,  TA ATAT=[a] .
() (A") =A (i) (kA)Y =kA’ (iii) (A+B) =A’ +B’ (iv) (ABY =B’ A’
g A’ =AT @ AT GHMAA e T
e A’ =-A 8 A ATF foug THAT 37E 2
fopddt ot eTTegE Uk T iR U Ty wufid el & AnThe o €9
o frefua fan s @k 21
Ifg AT BRI o 37e €, 39 YR & AB=BA =1, 3TTI8 A T A
e BT, o A1 gR1 Fefud 3 € 3R 18 B 1 Ihd A T

Il A8 T kY AR, AR SHHT M 7, tfgdia g 21

4

> —

o,
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CFI'ITﬁTITJI'T (Determinants))

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

4.1 9=t (Introduction)

e stea o, T 3Tg 3iR STege! o siemiford oh fawa
o eree fran €1 gHA S SRl o e Wi
el o T H T HIA off Hen 1 38k SER Faw
TN o R

a x+b y=c,

a,x+b,y=c,

(3 Qg memromrn

a, b,)\y ) : (]
& A RN & % aibl Hﬁ' I P.S. Laplace
a, b,—a,b, & W TG oA S B (FRO FSw (1749-1827)

afs 4 h o a b,—a,b, #0, 8 A GOl & R w1 T Algdd € §) 7w

a, b,

&M a, b, - a,b, S THEH & @ F ofsda a1 9@ w2, T AR

A=[”‘1 bl}@a’ﬁaa% AN 39 A 1 RIS AT det A Fed &1 ARV 61

a, b,
SSfifafn, fomm, srefeme, wmifsen fomm sonfs o foega erqwa 2|
3T 31T H, BY ohadl Aok Fiaredl o 3 hife deh oh HRUeh T faam &)

TG A § YR ok T o, SRS, He-@Us SR 1S 1 &thel A0 w6
H GRIUTRT <1 WA, Tk o T8 o He@es 3R k™, ad uiiehior & et

Rationalised 2023-24
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T TIAA1 AR ST IR T TegE o ok 1 FAN FT & 31al A =hl
fas ieo & &a H1 I Al

4.2 Arfuteh (Determinant)
%ﬂnaﬁﬁémaﬁquaﬂaﬁ@q@T(Wmﬂﬁna)gr{rﬂﬁﬁrcrao—u
TR ¢ 58 o oTgg 1 AR Sed ¥ T8 T Wel i 9 Wi ST Hehdl € S
T I8 I Tk Afgdld e (arafaes a1 Ffey) ¥ Fefe w2

Ifg M et ool 1 ugead €, k9l gemst (anataes a1 aftng) & ggee @
AN £: M oK, f(A) =k, o g TR & S&l Ae M 3R ke Kad f£(A), A
GRfores wEeld 21 38 |Al T det (A) A o g0 ot Tl feran S 2

a b

a
c c d

b
WFC(A:{ d},?ﬁAéﬁWﬁWﬁMh
feugoit
() 3Te Ah foru, Al Al SR Jed 2|
(i) oheret o TRl % WRMU e 2

4.2.1 TF FHE & g HT ARIUIE (Determinant of a matrix of order one)
AT Th IS AT ATEA =[] B & A GRITR T ¢ % SR qRefed fhan s 2

422 Tgeig ®ife & Tgg & WRIVTE (Determinant of a matrix of order two)

‘:det(A)QT{T feran s 21

L 2xzaﬁﬁwaﬂa{s’A={aH alz}%l

Ay a4y
@A F IR I TH THR § IR R ST G

all alZ

=4a,a, —a,da,

det (A) = 1Al = A =

~ A
o"’d

Azf as

2 4
SEEIOT 1|, 2‘%%%#@@

2 4
T || 5| =2 -4(-1)=4+4=38
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x  x+1
SAEIUT 2| 4 1 A A IS
x  x+1
T oy |SF@-GHDG-D =R-@-D=r - +1=1

423 3x3 Fife &F 3T T WRIUTH (Determinant of a matrix of order 3 x 3)
Tt hife oF STgE oF ARIUIeh i fgdia hife oh ARIUGRI § e ieh A fohal Sl
2| € Tk GRIOT 1 T Ul (A Th &H) o A TERU HEd 8| g it
% WU B B: TER W TERG R S € A dfeE (R, R, 7@ R) W W TEE
o W TR A W9 (C, C, T2 C,) H ¥ T&H o T SR MY JEROT THA IR0
[ & S R Frefafed fafmt § o fmar mn 2

il o A=([q,,,, % ROE W R FW@ 2

a;; dp 4a;
STl l[Al=|ay, ay axp
ay 43 Uy
qow dfer (R,) o STIFE9T JEwoT

a;; ap ag

[Al=

Gy Gy Ay
a3 43 U3
TAOT 1 R, % e AT a, B (—1)0+D [(]) @I S wRfors (Al T v
HfeR (R,) 92 9l &9 (C,) o el &l 82 © Wil fgdtd shife o wrfores 9 on
aﬁﬁ’qﬁﬁ:"a“,Rlaﬁ'{Clﬁﬁaﬁ%

Gy Ay

3791fq (=) +! a,

N

Uz A
TUT 2 FfF a, R, C,H feod € z@fC R, & g EEd a, FH (-1)'*2
[(~1)@* T 7] S TRfoeh | AT Teelt IR (R,) 9 TER &9 (C,) i ge | I
fgda %\ °F TR 9 T SISy

3791fq (_1)1+2a12

N

Gy Ay
a3 43
AUl 3 @ a,, R, @ C, ¥ feom ¥ s@faw R, % @ s@Ea w(-1)' 41

[(~1)@ 7 iy wRfores | A el 9 (R) T dER W9 (C,) i g W
T hife o TR ¥ o1 HifT

Rationalised 2023-24
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ay dp

a; asp

TAUT 4 379 AT AR AA(q | A|oF s &l ST <=0 1,2 9 3 9 9 a0
TSI T AR ek fafan stefq

a7e0q -D'*%a,

N

Ay Ay 142 Gy Ay
det A=1Al=(-1)'*"a,, + DT a,
a; U3 ay 4y
a, a
1+3 21 Ap
+ (=D as
s dsp
@ IAl = a, (azz Ay — 4y dyy) — 4y, (a21 Ay — Ay, a23)
+ a, (a21 a;, — a3 4y,
=all a22 a33 - all a32 a23 - alZ aZl a33 + alZ a31 a23 + a13 aZl a32
—da,; a4, a4, .. (1)
W AR =R 1 T W W A
foeira dferm (R,) oF 1 fawr weon
an G i3
[Al=|ay @y ay
a3 4z Ay
R, % TR TR FH R, T U el
a a a, a
241 12 i3 242 11 3
IAl=(D)*"a, + (D" a,,
ay Az a3 ds;
a,, a
2+3 11 G
+(=1) s,
as 4z

== 4y (alz Ay = a32a13) tay, (all ay; = Ay a13)
=y (all ay, — as ap,
TAT=- Ay Gy, Ay + 4y A3y A3+ Ay, Ay Gy — Gy, Ay Ay — Aoy Gy Ay,
ta,a, a,
=y Gy Ay — 0 Gyy Ay — A, 4y Ay + 4, Ay Ay + 4 dy dy,
—da,; a4, 4y .. 2)

Rationalised 2023-24



TR W (C,) R AT TET
ay 4 a3
[Al= |Gy 4y Ay
a3 4z dzy

C,, % IR TR wH R T W el 7

a a a a
1+1 22 23 2+1 12 13
A= ay -D + a,, (G2))
ds, dsz sz 4z
a a
341 (%12 A3
4 ay (D)
Ay, dp

=4a, (azz Uy = Ay a32) -4, (alz Uy — gy a32) * ay (alz Ay — Ay azz)

|A I = all a22 a33 - all a23 a32 y aZI alZ a33 + aZl a13 a32 + a3l alZ a23

T Ay A5 4y

= all a22 a33 - all a23 a32 - alZ aZ] a33 + alZ a23 a3l + a13 aZI a32

—a,, a, a, .. 3)
(1), (2) 3 (3) ¥ =< 2 foF | Al 1 6F THM €| 98 Uideh! o 3199 o e sig

fean T @ % 3 7 wenfud ¢ fF 1AIFT R, C, 3R C, & 1f 7R/ (1), (2)
3R (3) | 9 gRommt o THE 2

37d: Teh IR i e off ofed =1 w9 o ST Jo0T & W qHE 91 9
Bl 2

fewuit
(i) AT 1 WA HE oh TAU 0 RO H1 39 U a1 W o ST T S
s =1 1 wen stfuenan e 2l
(i) TROTHT T TEOT B FHA (—1)1*/ W O ¥ o €M W, TH (i + /) 99 A1
faom e % SgER +1 91-1 9 o1 H Fehd 2l

(ﬁj)msﬂﬁqA:[i ﬂaﬁua:[; Haﬁ%mmw%ﬁﬁ

A=2B.THgIAI=0-8=-83RIBI=0-2=-27%I
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IR HIFTT T |Al=4(=2)=22IBIATIAI=2"IBI, &l n=2,a7 el A
g B® FifE B

9k ®9 W, A A= kB, &I Ad BT MeTEl i *ife n €, 79 |Al=k" | B |, 5&l
n=1,2,3%

1 2 4

IETET0T 3UR A= |—1 3 0| &1 99 7| S
4 1 0

T o i o S @ | < sfafedr v 8 seiae @ (C) % s
TEUT 3 W B I Bl € 6

-1 3
4 1

1 2
4 1

A=4 +0

-0

1 2
13
=4(-1-12)-0+0 =-52

0 sin 00 —cos O
FEET0T 4 A=|-sino. 0 sin B | 1 AH @ HifT
coso —sin P 0
T R, % TR TR0 W W EH W wa € R
0 sin 3 . —sin o sin B3 —sin o 0
A=0 ) —sin o — Ccos O )
-sinfB 0 Cos O 0 coso —sin

=0 —sin o (0 —sin B cos o) — cos o (sin o sin B — 0)
=sin o sin B cos ot — cos o sin o sin B =0

3 3 2
IIRIOT 5 TG )16=4 1‘?ﬁxé€nﬁamaﬂ1%m|
X
3 x 3 2
& =
To fem @ o ‘4 1‘
37eAiq 3-x2=3-8
37eAiq =8
a1 x= 242
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| woTareRt 4.1 |

T 1 9§ 2 9% H TR 1 BF A0 i

2
-5

(8]

®

3. 3%

4. A

4
-1

cos 0

sin O

A=

A=

—sin O

cos 0

1 2
4 2

S O =
S = O

B S

(1)

x+1

},aﬁﬁ@@|2A|=4|A|

2 ox+1 x-1

B, feEEy 13A1=27 1Al

5. fy=fafaa arforent =1 9= 74 ST

@)

@iv)

6. IR

98]

2
0
3

A=

12
0 -1
5 0
12
2 -1
5 0
11
21
5 4

3 -4 5
Gy |11 =2
2 3 1

2

3,8 @Al FE Hif)
9

7. x% WM A@ HiSQ A

@)

2
5

4
1

6

2x 4

x Wy s

23‘

Rationalised 2023-24

(iii)

2x

x+1

0O 1 2
-1 0 -3
-2 3 0

3
5

85
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8. IR

X 2‘ 6 2

18 x| |18 6
(A) 6 (B) £6 ©) -6 (D) 0

4.3 'F:r‘{lﬁ <hl @W (Area of a Triangle)

T faoeh wanetl o dien 2 foF ww Bs fowes o iifag (0, y,), (0, y,) T (xy, ),

‘%‘l?ﬁxw%z

B @ IHRT &THA HASTH %[xl(yz—y3)+x2 (Y + X, (y,—y,)] 5T = fohan S
21 319 TH F9F HI GRS o €9 § 9 UHR o s 9wl 7

xooy 1
Az_xz yz 1
xooy 1

. (1)

feugoit

(i) R et Teh YTcHe TR Bt € Safeiy &9 | (1) W Arfores o1 e
oM o B

(i) =% &srher o &1t oM o folt R 1 &M 3T SEuedsh 1 Al
ERRECAIE I

(i) 9 @ foget ¥ =9 s @1 ke = g

SETETUT 6 ek TIYST 1 &kl T Hiferg fSr@en 3 (3, 8), (- 4, 2) 3R (5, 1) B

T e # aewa:

98]

= %[3(2—1)—8(—4—5)+1(—4—10):|

N

8
2
1

o | =
W
—

LTSI
2 2

SETETUT 7 WRIUTERT 1 WA ek A(1, 3) 3R B (0, 0) i g el T@T 1 T
A HINTY SN kT A A ST afE Tk fag Dk, 0) 36 IR € 5 A ABD
&hel 3 o ZhTE B
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&l A oSt AB R &g f5g P (x, y) ® 9 A ABP &I &%l = 0 (F1?)

10 0 1
gHeTy El 3 11=0
x y 1
1
99 U © E(y—?)x):()?l'[y::%x

S erefie 3@ AB w1 GHIEHT B
g A ABD &1 &5(hel 3 i gahld feom © ora:

1 31
%0 0 1|=+3 4 g @ _—;k:i&i.e.,k:
kK 0 1

87

2

1. fAfafed g ¥ g Tu e fagstl o s &1 s=wa 9 Sl

@ (1,0),(6,0),(4,3) @) (2,7),(1,1),(10,8)
(i) (=2,-3),3,2),(=1,-8)

2. <uE TR 5 A (@ b+ ¢), B (b, ¢ + a) 3R C (¢, a + b) W@ =

3. FAE W A AE A BT AR s w1 e 4 9 g6 @ SR wifey

Frefated 7
i) (k,0),(4,0),(0,2) () (=2,0),(0,4), (0, k)

4. (i) GRS T FE HTeh (1, 2) 3R (3, 6) 1 THe arelt @ w1 gHien [

HifeTa)

(i) ERIUTRT T T=IT H¥en (3, 1) (9, 3) i T orell 1@ a1 FHiehLr A

HifsTa)

5. =g 3 (2, -6), (5, 4) IR (k, 4) Ot S 1 &% 35 o 3RS B Al kI

HHF %:
(A) 12 (B) -2 (C) 12,2 (D) 12,2

Rationalised 2023-24
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4.4 SUERTUTHR 37T @g@s (Minor and Co-factor)

TH STo38 W BH SUHRIUTI IR Te@el 1 JaNT hich HRIUThI oF TER0T o1 forga &9
feramn d@|

TS 1 AR % TR o, F1 SUARIM Th GRO § S i dfe ofR o e

fsree o/ a, feorq %, aﬁmﬁwﬁm%lma % ITERCE H M, % g
=& 4 B

ot n(n>2) %" o ARV o {a9e 1 STHRUE 1 — | % H1 RV B 2

1 2 3

4 5 6| H 39T 6 H ITERITEH T HifeC

7 8 9

T fE 6 @A e T qdta w9 W feed 1 swfew s STERUE = M,
frfafad whR o wrw e 2

IETET0T 8 ORI A =

12
M23=‘7 g =8-14=-6(A% R, 3R C, 3 W)
TR 2 TF 3R a, 1 WeEE o A N TR FW €, Sl

A, = (1) M,
o FR RN Hd € el a, F STERVE M, €

s-c(m9wﬁrreﬁ‘i ;z‘aaqﬁﬂama?éswsrm@maﬁm|

F P a, F ST M, &
Tl a, =1,39(C M, = a, F ITER0E =
M,, = 376 q, , 1 ITHRIUE =4
M,, = 31999 g, 1 STEAR[UTR = —
M,, = 39Fd a,, S ITHRUE =
9, F1 HE@E A, 7| THlQ
A, =DM, = (1P 3) =3
A= (D' M= (1) @) = -
Ay =12 M, = (-1} (<2) =2
Ay = (1P My =1 () =1

Rationalised 2023-24



RO 89

ay 4, 43

SEETUT 10 A= |4y Gy Gy % SEEE a, T a, o STERUE SR HeES

a3 43 Ay

Ad hifeTd|
ol SYENIU 3N WeEe i TR g 89 U
& M Ay Ay
allsm e R B 7 a =4y, i3 Ay Ay,
32 33
W—g _ — (_1)1+! _ _
a, <l - A11 - ( 1) Mll =4, a33 azs a32
& M 4, a3
a,, ol T2 T g a =4, dy — dza,
32 33

a, Pl WRES =A) = (1) M, =D @,a,-a,a,) =-a,a,+ a;a,,

femoft 32X 21 ¥ @R A T R, % HU& TEOT I W EH UA § R

a, a
ap Ao dyr Ay 21 T2

A=(-I)"a, +(=)*a, + (D) a,

a;, a
a3 4z a3 d33 SLE

=a, A, +a12A12+a13A13,T¥|€T aijEl'T[ ggus AU%I
=R, % 7oAl 3R I7F W Hewel & UHEA 1 Al
T THER AF R, R, C,, C, 3T C, % 3T 5 THI 31 YR ¥ &
Ia: "R A, foret dfert (1 w9) o Sredl SR S9eh Wd HeEel & UH%hd
1 I B
| e femott | =fs w Wi (a0 W) & oTerEl #1 o ufe (3 W) % weEel

¥ TN fRAT ST @ SR A Y ST €1 SEE0@Al, A =a, A, +a,A,,
+a, A, 9

4, a3

a a a a
A=a“ (=)' +a, (=D 11 13| 1o a, (=D 11 12

Qs A4z

4z dsz az;  ds
4 4 43
=g G 43 =O(WﬁR13ﬁTR2HHH%\)

a3 d3p dsg

Rationalised 2023-24
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T TN B 37 Gl I &9l oh fou 9T Y Hehd B

2 35
IETET0T 11 WRIUR |6 0 4| ok SraeEl o SUHREh iR WeEs w6 ity 3R
1 5 7
Tefid HINT & a, A, +a,A,, +a,A,=0%
% 0 4
T M, =[5 | =0-20=-20; TAC A =(-1)"(-20) =20
6 4
M, =, 5| =-42-4=—-46;T0AA = (-1)"** (- 46) = 46
6 0
M = 5|=30-0=30; T A =(1)"*(30)=30
35
M, =|s o =21-25=—4; TMA, =(1)"(-4) =4
2 5
M, =| 4l =-14-5=-19; FWTA, = (17" (-19)=-19
2 -3
M, = |, 5|=10+3=13 g0 A, =(-1?(13)=-13
-3 5
M =g 4 =-12-0=-12; WA, = (D™ (-12) =-12
2 5
M, = ¢ 4| =8-30=-228f A, = (-1)"?(-22) = 22
2 -3

R M33=‘6 0‘=0+18=18;3¥r%ﬂz A, =(ED"(18) =18

EE a,=2,a,=-3,a,=5 TMA, =-12,A,=22,A, = 18 %I
; ‘ all A3] + a12 A32 + a13 A33
=2 (=12) +(-3) (22) + 5 (18) =24 — 66 + 90 = 0
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frafafaa arforent o STe=al o STERS td Hews fafam)
L G 2 -4 . la ¢
. (@ 0 3 (ii) b 4
1 00 1 4
2. @010 Gy 3 5 -1
0 0 1 2
5 3 8
3. A Ofe o s1aFel oF He@el 1 WM ek A=(2 0 1| 1 9H F@ FifSQ)
1 2 3
1 x yz
4. < Y % ST % weEel w1 W e A=[L Y P um 9 s
1 z xy

ay 4, a3
5. A A= ay ay ay GﬁTaijWWAUﬁﬂAWqﬁﬁﬁmwﬁ
a3 4z i3

= foRaT ST
(A) all A3l+ alZ A32 + a13 A33 (B) all A11+ alZ AZI + a13 A3l
(C) aZ] A11+ a22 AIZ + a23 A13 (D) all A11+ aZ] AZI + a31 A3l

4.5 TR & GEEeSS 3N kA (Adjoint and Inverse of a Matrix)

st 1o § T U MHE o okd I 31edd fRal B1 39 o=k W €W
3 °h HhH oh SAIE oh A ¥l &l of e &

A I FE % AU e B9 T SR 1 @S IR i

4.5.1 37TYg T Wg@SS (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 €| AT AT We@SH Fl adj AT GV TR F €

Rationalised 2023-24
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a4 a3
OH ST A= |ay ay Ay 2l

a3 Q3 dy

An Ap A An Ay Ay
ad adj A=| Ay Ay, Ay [FURET = A, Ay Ay | F 2
Ay Ay Ay A Axp Ay

2 3 .
SaTe Ul 12 A8 A=[1 4} %1 WEESS FMA iy

T BN S § B A, =4,A,=-1,A, =-3,A,=2
. Ay Ayl [4 -3
37d: adj A = A, A, 10 2

a4y

ﬁmﬁzxzaﬁﬁéﬁaﬁaﬂa{s’A=[ }Wﬂ%’@ﬁade,anaﬁ'{azzaﬁW

ay dy

T T a,, 3R o, % fog ufafia w2 3 & «ff 9 foman 51 T @ S A g
T B

79 fa Syufa o FefarEd o9 e @ B

U 1 AR ARE p I F AR T A, Aadj A) = (adj A) A = |A]L, ST&T 1, n Fife
1 TEHF T B

Rationalised 2023-24
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WA A T

ay A dp A Ay Ay
A=|ay ay ay ,%WadJ'A= Ap Ay Ay
A13 A23 A33
Fifeh Tk Tl A1 T ok 3TEEl 1 WA FE@E! i 0N T AT | A|Sh FHH il
7H YR, B9 < Wehd ® T (adj A)A=1Al1

T ST T B R

]=|A|I
I A(adji A) = (adj A) A =|A| 1 Fefod 21
TR 4 Tk I SR A FSISRAYIE (singular) HEE © A% [A] =071

a3 Az ds3

oS = O
- o O

Al 0 o0 1
T THR AadiA)=|0 [A] 0]=]a| |0
0 0 A 0

ERERU R I | A=[411 z}WWW%IW:AW%I

TR 5 U o 3SIE A SR (non-singular) FE € AR |A| £0

1 2
3 4

A A FHEU B

&0 Trefafaa woa fam saufa o ffde # © 2

UHT 2 A AT BIA T F hife oF FohAvia T[T 8 O AB A9l BA o 3H
Ffe & FckHHNE e e 2l

U 3 TRl o UHEE ] RV 3Tk SHERT: ARIUGRI oh [UEEE % THH Bl
T @19fq |AB| = |A| |B|, el AT B WM ®if & i smege 2

m?ﬂﬁ@A:[ }%’f?ﬁ |A|=‘; i‘ =4-6=-2%0%

Al 0 0
WWW%%F(ade)A:M“:{O Al 0
0 0 |a]
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AT AR TRl T R o i,

Al 0 0
(adj A)A| = |0 |A] ©
0 0 A
100
e adj Al 1Al = |A]]0 10 ()
00 1
e \(adj A) 1A = |A" (1)
eIt l(adj M) = |Af

AUE ¥9 W, A n hife H TH o A8 AR @ ladjAl = |Al-! BT
U 4 TF 1 STHEA T IR F1 S €, AR IR oot I A FhAE SR T

Suufe O T p Fife 1 Fohavia AR A § 3R o Fife F T@HF TR 1 T
T n e & TH o AIE B 1 I 39 YR &l d@1fch AB = BA =1
FTAB=1 g4 IABI=I1l =M IAlIIBI=1 (FifF 1I1=1,ABI=1AlIBI)
3O WIS Bl € IAl#£0. 3d: A SehH 2l

faetid: A T A Sgeraviia 21 e |Al#0

CC ] A (adj A) = (adj A) A = |A|1 (T9T 1)
oI Al —agia = 2agia |a=1
Al Al
o 1 .
q ABZBAZI,WBzmad]A
- 1
37 A% IR 1 SIfie ® 3 Al = made
1 3 3
SEETor 13 ARA= |1 4 3| & @ "enfud FINT fF AL adj A= |A]. 1R A
1 3 4

A HifTT)
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T AN E fF A =1(16-9)-34-3)+33-4=1%0
A =7, A,=-1,LA =-1,A, =-3,A =1,A =0,A, =-3,A, =0,A, =1

33

7 3 =3
ELSIGIY adiA=|-1 1 0
-1 0 1
1 3 3][7 -3 3
A AdadiA)=|1 4 3||-1 1 0
1 3 4]|-1 0 1
[7-3-3 —34+3+0 -3+0+3
=|7-4-3 -3+4+0 -3+0+3
| 7-3-4 -3+3+0 -3+0+4
1 0 0 1 00
=[0 1 0[=() |0 1 0f=]A].I
0 0 1 0 0 1
. , 7 =3 =3 7 -3 =3
Al'=—.adiA _=|-1 1 0]=|-1 1 0
3R Al lj .

2 3 1 -2
mmmzrﬁ:A:[l _4}B=[_1 J,a‘fwﬁaﬁﬁq%@w:&w%

, 2 31 2] [-1 5
WWW%ﬁABzL —4}[—1 3}[5 —14}

it |AB| = 11 %0, (AB) "' =1 3ffiel € iR 38 fefeiad wehR @ o fohen
ST /1
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AB)! = ——adj (AB)=——. Bl 1[14 5}
= ——.a =—— =T
(AR = Tag[ " 1l -s -1 ufs 1

XAl =-1120F |B = 1 £0. TATA ' 3R B~ IFf #1 aifeqed 8 @ik o
frefafad w9 & = fohan <1 @ B

1[4 3] [3 2
Al=—— B'=
-1 2 11

13 2[4 -3 1[-14 =57 114 5
i B'A'=—— __1 _ 1

11 1|l-1 2 1] -5 -1 115 1
31 (AB)' = B! A @

2 3
ISR 15 WW%WA:L Z}WA2—4A+I=O,G|%TI

2 x 2 HIfE HT TH THEF T8 € R 0, 2x2 FHifE FT Th YA T8 ¢ TR
Tl § A I ifS)

o 7 ST ¥ A=A A= [f 3}[2 3H7 12}

2111 2| |4 7

7 12 8 12 1 0 00
A A2—4A +1= - + = -0

4 7 4 8 0 1 00
a7 A2—4A+1=0
zafeTe AA-4A=-1
el AAADN—4AA =—TA" GHAl IRA' T W °H g Fifh Al #0)
el AAAD -4 =- A"
el Al -4l =— A"

4 0] [2 3 2 3
-1 — — =

i At=dl-A =14 4|71 2|7 =1 2

2 -3
ard Al =

-1 2
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T 1 3R 2 H U S8 1 Hewes (adjoint) TG T

1 -1 2
1. [1 2} 2.12 35
3 4 2 0 1
T 3 3R 4 W T FIC T A (adj A) = (adj A) A = |A]. 17
1 -1 2
. [2 3} L 130 2
6 :
1 0 3
T 5 9 11 H U Tu yee el o FHohd (e sifda 81) 9@ sifsu)
) ) 1 2 3
2 2 -1 5 )2 4
5004 ;3 6. | 3. 7.
L L 0 0 5
1 0 (2 1 3 1 -1 2
8 0 9. |4 10 10. 10 2 =3
i -1 -7, 1 3 2 4
10 0
11. |0 coso sino
|0 sinat —cosa

12. aﬁ;A:B Z}aﬁw:[? 2}%&%%%(,«3)—':3—%—%

301
13. aﬁ:A:[_l 2} T TR B A2—5A+71=0 T THH! TeEd ¥ A 91 i)

32
14. e-znagrA:[l l}émaaﬁwbwa@ﬁaﬁﬁmmﬁﬁ

A2+ aA + bl =0 T
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I 1 1

15. sEA=[1 2 -3
2 -1 3

& fou <ozt fF A= 6A2+ 5A+ 111=0 2

TS TR 9 A A Swifu

2 -1 1

16. agA=|-1 2 -1
1 -1 2

.l genfud FIT fF A3 — 6A2+ 9A —41 =0 © den

TOHT TRl § A A FifSal
17. ARA, 3 x3hife & ot =g & @ ladj Al FT T4 7:

(A) 1Al (B) 1Al (ORVNE (D) 3IAl
18. ARAFIE I &1 FwHIT 378 © dl det (A!) SER:

1
B) et (A)

(A) det (A) <O 1 D) 0

4.6 Arfurenl ofiT TRl o WA ( Applications of Determinants and

Matrices)

79 =% H BW T A 919 o= R & faw g e & g iR e
eI o 9T T HiTaan i witd § RO SR Tegel o STy 1 i w i)
i TR TR 9a wedd € AfE 38k gl (TH A1 ) 1 S g ?)
T TemT: T erdTa e € AfE sueh fhdt oft gat w1 sifeae &l 2ian 2

| fowuit | 50 wream 4§ e wifgda ea & S fem o i @

4.6.1 3Teg o Fhy gRT ek THIHION o farT T T (Solution of a system

of linear equations using inverse of a matrix)

T & Aaeh THIH o TR o STTeIg Hishiol oh &Y § e Hid € 3N 8
o IR 1 WA ik 39 B Hd B

frfafea g e w faer sifsg
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a x+by+c z=d,
a,x+b,y+c,z=d,
a,x+by+c,z=d,

a b ¢ X d,

AT A=|a, b | X=|y|3RB=|d,

a, by z d,

T9 THEH ™ AX = B o &9 § Efdiad YR 9 e &1 S G ¢

aq b ¢ d,
a, b, ¢, =|d,
d;

a; by
frorfa 1 A AT kAU Mg © 99 THh oIohH 1 W 71 3d: AX=B ¥
T U E

[N

Al (AX)=A"' B (A"'H gd U % §N)
71 (A'A) X =A"' B (HrE=rd U gr)
B IX=A'B
B X=A"'B

T AR GHIH XU T G e 1 aifdt el geE R @ i T
ISR 1 kA AgdId Bl &1 THishvli o e & &a1 ¢ &1 7e fafer e fafy
Feard 2l

frafa 2 9k A T regRAviig 31eg8 © qd |Al=0 e 2l
79 feafa o g9 (adjA) B 710 w3 €l

IfZ (adj A) B # O, (O A 3THE ©), @ HE & T&l eIl & IR Feeheor e
ITETA FHEA B

AR (adj A) B = O, 79 7eh™ Td a1 3/7a erft s=ifeh e o oFd g g =
FE o g T A

IEEI0T 16 fAfafEd gt He™ &1 g Sifsu:
2x+5y=1
3x+2y=7

Rationalised 2023-24



100 TTfora

ToT TH fTRE AX = B o &9 § foran S 9%dl ©, S8l

o e

37, |A| = 1120, 3T0: A FShAYIE STHE 8 THCT T0F o 1 e Bl 3
TEHT Th AgdE 8 2l

12 -5
E,':l\al )
= e A= 11| -3 2}
12 =51
W — A-l —_
X=AB= 11]-3 2}[7}
X 1|-33 3]
i u“ﬁ{ 1 } B [—1_
3d: x=3,y=-1
Iargvr 17 F=fafaa g e
3x-2y+3z=8
2x+y-z=1
4x -3y +2z=4

I g fafy 9 5@ wifsul
ToT G TR 1 AX =B o ®9 § oo fohdl ST Hehl & &1

3 2 3 x 8
A=|2 1 -1/,X=|y|sRB=|1
4 -3 2 z 4

T 3@d ®
A =32-3)+24+4)+3(=6-4)=—17%07%I
Iq: A ShHAIE €, 3R TEeh Hehy &1 i 2

All =-1, Alz =-38, A13 =-10
A2| = -5, Azz =-0, A23 =1
A, =-1, A, =9 Ay =T
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| -1 -5 -1
W A_I = _ﬁ _8 _6 9
-10 1 7

3d: x=1,y=29z=3
SETETUT 18 F WSt 1 A 6 T AR TH A @A T 3 W O Hh O FeA
A Sig S dl g9 11 9 Bl 21 Teel AR A i Sied 9 eH SOl g 1 g
X1 1 3hT SISO freTor ity @ik sege fafy 9 gt @@ st
&1 A offSy veelt, SHd o e "' wHe v, y 3Rz, g el @) a9 <
Il o STER BH WE el 2
X+y+z=6
y+3z=11
X+7=2y

a0 x=2y+2z=0
79 1T FIA X =B o &9 § fora <1 wehal & w8l

[

T |A|=1(1+6) +0+1(3-1)=920 Bl 39 TH adj ATE FW &l

1
1
2

A=

—_— )

1
0
1

A, =1(1+6)=7, A,=-(0-3)=3, A,=-1
A, =-(1+2=-3, A, =0, A,=-(-2-1)=3
A, =GB-1=2 A,=-(3-0)=-3, A,=(1-0)=1
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7 3 2
o adjA=|3 0 -3
13 1
| [7 32
39 TR A _madj,(A)=§ 3.0 -3
1 3 1
ESIIED X=A"'B
7 3 276
X=g[3 0 3|
-1 3 1o
x 42-33+0] 9
- yl_Ljs+o0+0]_1 18] _
z| 9 |-6+33+0] 2 [27] |3
Ad: x=1,y=2,z=3

frfafed usHi 1 9 6 I < TE TR0 AR 1 TG STE ST o ®9 H el
Hifsre

1. x+2y=2 2. 2x—-y=5 3. x+3y=5
2x+3y=3 x+y=4 2x +6y=28
4. x+y+z=1 5. 3x-y—-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 S5x -2y +6z=-1
frefafed 997 7 9 14 T Y& G e &l e fafy § s &t
7. Sx+2y=4 8. 2x—-y=-=2 9. 4x-3y=3
Tx+3y=5 3x+4y=3 3x-5y=17
10. 5x+2y=3 11. 2x+y+z=1 12. x—y+z=4
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13.

15.

16.

2
IETEI0T 19 ARl & PAEa (0 2 3
4

ARfoTR 103

3
3x+2y=5 x—Zy—zzz 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=3 2x-y+3z=12
2 3 5
FrA=[3 2 -4 T A A'AWE KU AR FA woh FEfafe
1 1 =2
ety M &l & FifSTl

2x -3y +5z=11

3x+2y—4z=-5

xX+y-2z=-3

4 kg @IS, 3 kg T 3R 2 kg et &1 §ed Rs 60 &1 2 kg @IS, 4 kg T8 3R
6 kg @FA &1 oI Rs 90 Bl 6 kg N, 2 kg 3R 3 kg 96 &1 Ted
Rs 70 ?1 3T fafe R Uoish 1 o Wfd kg ¥ *ifer)

fafaer 3qrgvor

1 1 1

3 | =1 & wd g Ffarad

2
9
6 2

— N O

3 2

TR0 T i B hifT:

x—-y+2z=1
2y-3z=1
3x-2y+4z=2

1 -1 2]]-2 0 1

e @ pEwa (0 2 -39 2 -3

3 -2 4 6 1 -2
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—2- 9412 0-2+2 143-4 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
i 11 27 2.0 1
0o 2 3] =19 2 3
3 2 4 6 1 2
e Ry T iR fe 1 eege & w9 fefiad w9 o forn S g @
1 -1 27[x] [1
0 2 -3||yl=|1
3 2 41|z] |2
1 -1 271 20 111
el =0 2 3| |1]=]9 2 3|]|1
z] |3 2 4] |2 6 1 2
—2+0+2 0
- 942-6 |=|5
6+1—4 3
3d x=0,y=53ﬁ1z=3

T 4 UT fafaer goracit

X sin® cosO

1. fog =wifNt f& Wrfore |-sin®  —x 1 |09 =da 7l

cos® 1 X
coso cosP cosasinf}  —sina

2. —sinB cosPB 0 | &1 99 I hifeq)

sina cosf  sinasinf  coso
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3 I 1 1 2

3
5 2 2 0 1
1 21
4., AM ST A=| 2 3 1| @ @ ¥fqq sitee iR
1 1 5
() ladj A" = adj (A™) (i) (A=A
X y x+y
5. y x+y X |% 99 9@ sifaq)
x+y X y
1 x y
6. |l x+y y |%1 WM A@ Hital

1 x  x+y

7. Tr=fafaa gt e & g s

2
X
4
X
6
X

+2 =4
b4

+2 2
Z
20,

3
y
_6
y
9
y oz

frfafed gl 8 @ 9 ® WEl W 1 gAE Fifem)

x 0 0

0 0 z

105

2
Cafratr=| 15 6 5[eRB=| 1 3 0 |8 W(AB) 5 um @ e
2

8. AR x,y,z AW ardfas qed & @ e A=|0 y 0| 1 Jwhd :
x' 0 x'0
(A) |0y 0 (B) xyz| 0 y°
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[ 0 0 | 1 00
C© —|0 y O (D) —|0 1 0
X
Yo o V0 0 1
1 sin@ 1
9. 9ff A=|-sin® 1 sin®| FEO0<O<2ne d:
-1 —sin6 1
(A) det(A)=0 (B) det(A) e (2, =)
(C) det(A)e (2,4) (D) det(A) e [2, 4].
QRIS

& TR A=l ], 1 RO |4, =@, % gr e s 2

o amogE A= | @ wrf
A1 Ay
@ %
|A|_ ay; 4y = 41 9 N\TD a21éF ELURECINS Il %l
a b ¢
¢ AR A=|a, b, c, | WRUE A AE (R TR TR0 ) Fferted
a by

®Y g1 & S 2

a b ¢
a, & a, b,

|A|=0¢2 b, c|=gq q

a; G a, by

a; by o
® (x,y) () X (x,,y,) T Al s w1 dewa Frfafed w9 g
IERIBSIG] %:

6oy 1
A=—|x 1
5 |7 V3

Xy 1

Rationalised 2023-24



ARfoTR 107

fiu T PR A %GR % TH S, F1 STEROE, i o U iR
]mwﬂmﬁwwﬁrﬁﬁ%ﬁm%aﬁw@M SN = feoRan STl 2

a, 1 TGS A, = (- 1y M, 5R fen < 2
A% FRfO &1 WM |Al=a, A, +a,A,+a, A7 3R TE AR @

Wﬂ&&mﬁﬂ%swmawa&mmaﬁmﬁawm
ST 7

g Tk iR (AN W) o FeFel IR 3 Ed Uk (AN wWW) % geEel
T IO R & ST ST A I S § S0
a,A,+a,A,+a, A, =0

12~ 722

ay 4 4 Ay Ay Ay
-q-&\' W A= ay, A4y 023 ) ?‘ﬁ W adj A= A12 A22 A32 %)En
a3 43 dsg Az Ay Ay

g, sl a, WAU%I

® AadjA) = (adj A) A= |A|L, ST A, nHife &1 1 T 2
¢ AR FE T TR FE: TN AT AT hE ¢ A |A| =

A #0

I AB = BA—IWB@aﬁwéaﬁAWWBm%ﬁr{
Al =B B'=A 3R @w (A =

fopddt ot areE A og@u%@ﬁaﬁTWWﬁAwﬂﬁa‘gl

o A =L (adin)

A

¢ g ax+by+c z=d

a,x+b,y+c,z=d,
a,x+b,y+c,z=d,

T 37 TN A AX =B &9 § for@n S g% Bl

a b ¢ X d,
W&l A=|a, b, c,|,X=|y 3R B= d,
a, by z d,
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¢ THIHIAX = B &1 S5 g1 X = A B g & = € &l |Al#0

. wagwﬁaﬂ@ﬁmm@ﬁmm%ﬁm%tﬁmwwaﬁﬂa%aw
&l 8l

¢ T GHIHW AX =B H TF o1 3T A & fau
() o |A|=0, 7 sifsdia ga @1 sifeqe €
Gi) A |A|= 03 (adj A) B =0, @ frelt g1 o1 stfiaea 721 21

(i) g% |Al= 03 (adjA)B =0, @ FrFm@ @ a1 Hw Bl 2

Qfgriaeh gy
TN S W Sl 1 FAN Hich o ah THHEH HT | ARE 5
TRl 1 FEfa & &1 <= fafy =5 arga § foeed &t e fafy ot @
HT | TR 1 B| DS 1 HEEl HH Uk R § Gest w1 st syewen
%0 S off| safeT U AR 1 Seienior | Wl a1 dfeEl o T @ faEr
IO HH § <+ gom faarei § o (‘Mikami, China, pp 30, 93).

TR YAIeA! oh "M Sarl Uy Seki Kowa M 1683 H faf@d qwieh
'Kai Fukudai no Ho' ¥ F1d 811 8 foh 3= GRIUMR! IR ek J8R 1 I o1l W
3= 39 fafy &1 wam chad < FHiwn ¥ T i o foes | foran Wy gmaa
s gl o &l A A | SHeRT Gren g4 €l A en T, Hayashi,

“The Fakudoi and Determinants in Japanese Mathematics,” in the proc. of the
Tokyo Math. Soc., V.

Vendermonde Tee! e & fS=gH ORI sl TWaa Held &1 @ ° 89T
3% Torferead goent ofaveh (TET9sh) el S Hehdl 1 Laplace (1772) = WRfvrehi
%I 3Heh [ SUHRIUTRI o ®9 H e hieh TR &l A9 fafyg 1773 |
Lagrangeﬁ@iﬁ?ﬁﬂiﬂﬂ%ﬂﬂﬁﬁﬁﬂﬁ%%ﬁ?ﬂﬂﬁﬁ&%%
sifafte 3Rt 1= oft 9T fohaml 1801 H Gauss - W@ o fagial o arforen
1 AT foRa

3WTel HEM IRTEH 39 a1el Jacques - Philippe - Marie Binet, (1812) & fS=i
m-E 3R Ul & I ARl ok OAEA Y Gafud THF 1 Seord A S
faer featfd m=n o UHEA JHI H S8 S 2
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34T f&9 Cauchy (1812) 7 +ff 36T fas@-a%g W MY U&A Rl 3= TS
o ARG IR ¥e] 1 WA fRa1l 3= Binet ¥ Ifush Iqe & arelt
TUF%E YHE HT 3Ufd &

3 fagidl W HeMaH 9eH ot Carl Gustav Jacob Jacobi @11 38eh 9¥=Td
AR ¥e% ! 3ifaw Wieptd 9 gg

4

> —

o,
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s

TidT qeT 3TTheA-adr
(Continuity and Differentiability)

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

5.1 95T (Introduction)

IE TA SIARA: FHa 11 § U T Hol oh STohold it suia i

(differentiation) 1 AN €1 TH o Tii=a Tgud wemi
s Rl werl w1 steshe & W@ ga @l
TG AT W TH WA (continuity), THTATICI
(differentiability) T $¥eh UREANH Heel T Hewoqol
GheqTisll &l TRd HO1 el g9 Yfaam  BeRtHdE
(inverse trigonometric) wel T STIHe HET ft G|
39 BH %D U YN o el i T Y ® ¢, e
ST (exponential) 3R F@Tﬁﬁﬁ'&l (logarithmic) et
FEd T 57 el gN BH STelhelT i HYeK Sieterdl sl
BT 7| afaehel T (differential calculus) o HIE9H ¥ &1

ST 9 | I (obvious) T Tl 1 THA | ;P t i v

9 Yiohdl, ¥ B9 39 fao9 1 D SMURd (YA) THAl
(theorems) @1 T

5.2 Wia (Continuity)

A &1 HhedAl ol FS ST () HIH o6
foTT, B0 o1 =] & 1 SHIT=IE STl 9
YR Y 21 Frefefed wer W faEr Hifv;

I, alkx<0

f(X)={2’ kx>0 —0(0,1)

IE o ad H Ao @ (real line) % xr<

Sir Issac Newton
(1642-1727)

Y

y=fx)
0,2)

Yo% fag W aRafd 81 58 Werl @1 e
Pl 5.1 § S9E T €1 i o 3 oveE |
T forehTer Wepen € o x =0 atfaftem, x-271
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Hided qAT STeeh Tl 111

o 3T Hi-The fogatl o fau we o §7d AF +ff x= 0 & SEHL Th T8 o FHT
(T WEE) Bl 0 oF Wiethe o SR ok fegati, steiq — 0.1, - 0.01, — 0.001, ¥R
o fogefl, T ®er &1 A 1 ® 91 0 % Gfeiehe < @R ok fage, ereq 0.1, 0.01,
0.001, Wb o fagefl W e o1 WM 2 81 a8 @R <1 uet w1 Teed (limits) w1 9T
1 AT ek, T HE Wehd © T x = 0 W e £ o a0 qe g4 9e shi HH HHe:
1 den 2 ¥ Ty w9 9 ord qen Ird ua &) AW §H9E / Ot (coincident) 7T R
29 g% ff 2Ed € fF x=0 W wor &1 °H a1d Uy w1 G o G 7 (AU ®)1
e T foh 39 @ Hi TH TR Th T4 (in one stroke ), TTq FHerH hl 39
TS b Gde | fom1 39U, & Wiv 9hd| I%qd |, €4 od i S3H i ATEIhHdl
9 el € S ¥H YA 9 Wel @R o €1 UE UH Sl § Wl el
x =0 Fad (continuous) & 21

9 ¥ <9MT T Fed R o= wifsa:

L, Ik x#0
2,afkx=0

Ig o ff g fag w aRefa @ Y
x=0T AT &Y, a4 e W 98y i HH W 1 %
R 81 Fehd =0 TR el 1 /M 2 ®, S A
3R 27 ueg okt el o VAT HH % e ©0.2) =1
lo

f(x)={

v

& 2l “
TH: BH AIE i B fF Fel o SIei@ il xre

fa som SemT &w T WY gehd B T T

T S § T x= 0 W FeH Tad &l 2
WEs ®9 H (naively)%‘qﬂm 2 fw >2

T 3R fog W g Fer Had ¢, A 59 fag & 3@-9 (around ) el o 3@

%1 € FIT H1 T8 Y o™ 31T fo W= Wehd &1 39 a1d 1 g9 7o 9 4,

Fomaed (precisely), FEAfeiEd TR & oF & Thd 2:

ftarer 1 9H ST o ¢ arafos Semst o fhd STagesa | 9Rwifia us andfas
e € SR HH T R £ oF Wid W o Tk g B qe £ g ¢ W Haa ®, A

lim £ (x) = £(c) 2l

forgd ®9 W A x = ¢ W ¢ 91 KT W7, T qeT HT @A G BT o A R
i 31 (existence) %ﬁxamﬁ@@iéwﬁ,?ﬁx:cmfwﬁam
21 T SIS R AR 1 = ¢ W a0 9e7 den ¢ g 1 HEC GOt §, @ e IarTs
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112 T

M i BH x=c W %o S W Fed 81 36 FohR 80 Fiacd 1 GRH i Th 31
TR U off ored R Hehd €, S T A= e e 2

T HeM x = ¢ T Tad 8, IR He x = ¢ W IRAME 7 3R A x = ¢ W Bod
1AM x = ¢ R Ho H1 GH & SR 81 9% x = ¢ W GoH Fad T8l 8 df eH Hed
& 7 ¢ W f o/%dd (discontinuous) & U1 ¢ %l f o1 Tk @Ided %1 45 (point of
discontinuity ) ®ed |

FATEIOT 1 x =1 R He f(x) =2x + 3% Fdd I S SIS

To UBel U8 oA ST TR e, x= 1 W IRfd § 31X S9R 99 5 ¢l 31d Ted
F x =1 T G T W B WL ?

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

o lim £ (x)=5= (1)
AU x = | Wf Had 2
SETETOT 2 WItAC foh o ®er f(x) = 4% x = 0 T Haa 2?2

o oM ST 6 9em fag v = 0 W o Rt € SR @ "1 0 @1 o
x=0 T o & dm feed 81 e

lim f(x) = 1in3x2 =0>=0

T YHR lim £ (x)=0= £(0)

I: x=0W f Fad 2

JEEI0T 3 x=0 W ®eM f(x) = | x | & Faw W fo=m Fifeu)
Fel qRA 5

—x, AR x <0
f@) = x, Il x>0

Tl x = 0 R Hed GRA ® 3R f(0) =021 fagx =0 £ = o1d qer =i Hr

lim ()= lim (-x) =0 #
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T YR 0 W T U&7 T G o fow
lim x=0 2|

lim £(x) =
x—0" x—0

T YR x =0T 91¢ 9& 1 HH, ¢ q&7 1 S qe1 Her 1 9 Fawd 21 3
x=0W f Fad 2l
IETELUT 4 TR T wem
B x3+3, IR x£0
feo = 1, g x=0
x =0T Fad 7 2
T FE x =0 W e YR © SR x =0 W THH TF 1 Bl S x £ 0, 96 Hed
TgEA 21 gEferg
li_r)rg)f(x):liné(x3+3)=03+3=3
Fifeh x=0 W £ I WA, £(0) o IR T €, AL x = 0 W el Fad &l
21 80 7 ot ghivea o Tehd € foh 58 e o fog erdided 1 g et x =021
sarEtor 5 39 fage #1 Sw wifsw S W 3R we (Constant function)
f(x) = k Eaq 2l
Tol I8 Wor |l aredfas gemsti o fou uftwifig § o) fedt off sreafas den o
foTu =91 WM k71 HE it fF o T ardfas H@em ), @

lim f(x) = limk=k
x—c x—c

Jfer Tt arafas ge ¢ & fag f(c):k:)lci_{I}f(x)%WWf EICED
St TN o fau gad B

IR0 6 Tag Hifvu fF ardfas gemnet o fau d@mes we (Identity function )
f(x) = x, Y ofaeh HEA o fow Had 2l

T Tl U8 Ho Yok fag W uRWfia © SR yoieh ardfaes 9@ ¢ o fag
f(c)=c%l

o &l lim f(x) = limx=c
xX—c X—=c

3 YHN, i:n}f(x):c:ﬂc)aﬁTW%Wfaﬁmaﬁﬂqﬂﬁ!’gﬁﬂﬂﬁﬁ%l
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T US4 fog W fhE wed o A &1 IR H3 oh 915 319 & 9 IR
T I FER (extension) Heh fhdt ®we ok, 39 Wid H, Fiacl W fo=ar w31

TFTATET 2 U ardfeeh e £ Hed el € IS 98 £ o Wid o Yol falg W Had 2

70 TR 1 $o IR ¥ THgH 1 SAEvIHal 81 7 ST 6 £ Tk T e €,
S Hea e (closed interval) [a, b]® SR €, @ £ o Had 8 o foq ewaes
2 T a8 [a, b] o 17 T9g3T (end points) o TN b Wied SHeh Y fog W Had el
f 1 @ fag o R dae @ ered ® f

fim 9= 0
AR f 1 bR WA w1 7 g T
lim F(x)=f(b)

U0 HIC & lim £ (x) el hmf(x)aa‘raﬁéaﬁﬂﬁ%lsﬂwﬁwéwﬁuwm
A e T g W R 3, 6 9F 56 fig W A ¥, o A /oW
Hid Thel (W) €, A f T Had wed Bl 2l

SEETOT 7 A f(x) = | x | G GRANIG e Th Had Hed 872

—X, IR x<0

gﬂfﬁ%ﬂ@mm%ﬁf@):{x TR 130

I 3 W BH A € h x=0 R f Fad 2l

M AT o ¢ T aTEdfash SE 39 YRR € T ¢ < 0 B3 f(c) = -

e & lim £ (x) = lim (-x) =—c (F17)

i lim £ (x) = f(c), 39T £ Gf Homeass aredfas gemnstt & fau daq 2
9 9 ST o ¢ Tk Ao @ 36 YHR § T o> 0 ®13W@u £(c) = ¢
oY & lim f(x) = limx=c (F1?)

xX—c X—c
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Fifh lim f(x) = f(c), TAAY f TH UFcHer ardtash Geqet & fog gad gl
< £ weft fogell | Tad €, 919: 9% TH Had wed 2

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

T AT f Y% Odias @ ¢ o Ty qRefid € 3R ¢ W OSEehl uH
F+cr— 12180 98 off S ® TR

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

3d: lim f(x)= f(c) T THAY e arEdferh & o foIq f Had & Skt 37
2 f% f U Had wer 2l

3ETEIOT 9f(x):§,x¢0‘g’l'{'[ TR ®eE £ % Widd W fa=ar Hifsm)
o fREl T YR®R ( Non-zero) IRKTadh H&AT ¢ i A= Hifg

379 limf(x)=liml=l

x—=c x=cx ¢

WQﬁ,i@cio,Wf(C)=% 21 39 TR lim £ (x) = £ (¢) IR gEfere £ e
Hid o Y% f9g W Gad B1 T9 YRR £ Tk Gad o g
TH TT AW H1 oY, 37a (infinity) &I Hhed T (concept) 1 THAM o forg,

I3 B B IHh oAU wer f(x):%?ﬂﬁ?ﬁwx:oé?ﬁwnﬁmmﬁ%

3Hch AU 89 0 & Gfehe &1 arias Temst o fau $od o Ml &1 T899 &
1 WEIferd Il h1 TANT Hid &1 AT (essentially) BH x=0TR £ o ST U i
|1 F16 FE HT YAE FQ S| THHR Y D GRofiag I B (SR 5.1)

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

TH 3@ ¢ foh S-S x <l SR W 0 ok TR TSR Bl ® £(x) 1 " SRR
1t S © gl ST 81 39 o1 %1 Ueh 379 YR 9§ ot ok b ST Hehell ©, S4:
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T ¥ IRdfdsh S hi 0 o 3Td e FAHT, f(x) & AF & fhet off yea wen
Y arfuer fman S gdr 81 YRl § 39 9 & g9 frefeied geR 9 foed €

lim £ (x)=+ oo
x—0"

(ST TH WehR UGI AT 8: 0 W, £(x) o (T U& 1 oA ©IH 3d €)1 T8 W
T o <A1 Wed € o + coUsh aredieres WA el § @I gHfely 0 W foh ¢ uey i
i o1 sifida e © (ardfas gemsti & w9 H)|

T YRR W 0 W £ o a1¢ &l 1 EH A B S Wbl @1 Frefated wnot 9@
@d: T 2

WRUT 5.2
x | =1 -03 [ -02| —10'| -—107 102 | = 10
fo| -1 =3333..) -5 ~10 — 10 100 | - 107
RO 5.2 9 79 et feed © T <

SHEUcHe: arfash T i 0 o 3Tcdd fehe
TR, f(x) S AH HI fhd off ved e §
%Y fra ST Gehdl 1 Ydiehreqs &9 9§ 89
}L%{f(x)=—°°f?{@ﬁ‘§
(T8 39 YR TQ1 Sl 8: 0 W f(x) o ag X'
T&7 T HHT BOTCHSE 3Td o) F8 9 39 9
T T 3 |ed B T — ooUeh ATl S
& § AU 0 W £ % G uel i HH
e &l € (oTdfas Hemst o w9 H)|
3Tepfd 5.3 1 3Tleid IR Tl Rl SAITHA
e 2

saEr 10 fefafed wom & 9dg W o= sifsa:

x+2, Rk x<1

fo = {x—2, I x> 1

T W [ aRdiaeh @l o g fag W uRefia 21

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

X—C X—C
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o 1 ¥ %A 9eff gRdfasw wemns W f wad 2 Y
TIM2 A e> 1, f(o)=c—2 %l
TEAT lim f(x) =lim (x—2) = ¢ -2 =f(c) B
Iqua 4 weft fagei W el x> 1€, £ gad 2

TIM3AR ¢ =1, x=1 T f & a1¢ 9 1 G,
ST

1,3)

lim f (x) = lim (x +2) =1+2=3 +
x=1WR f o I v w1 G, 7fq Y’
lim f (x) = lim (x~2) =1-2=-1
e ek x=1 W £ o a1¢ 9o ¢ el i WA "t (coincident) TEF €, o

x=1Wf Fad & 81 3@ YHR [ o idcd 1 fag oheael W x = 1 €1 39 o
T AT AF 5.4 § @A T T

zaretor 11 frefafad veRr o aRefid s £ o T (Tef) swiae foge =1 3 i
x+2, a3k x<1

fey =1 0,3 x=1
x—2, a3k x>1

Tl dod! SSTE01 Y @E Fei ot B IEd € Yedeh oRdfaeh e x# 1 ok folw £ e

2l x=17% foaq £ o and 9er =1 i, lim f(x)= 1inll_(x+2)=1+2=3%|

x=1% fou f & < veT =) G, limf(x)= 1L1{1(x—2)=1—2=—1%|
Hfhx=1 T £ o a1¢ qen ¢ gel h1 G O @ €, o x= 1 W £ Faa

&l B 39 YR £ o 3T@iacd w1 o5 oheel Wl x= 1 B T o whi O 3TehTd
5.5 | gwitan e )

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

x+23 x<0

fe = {—x+2, IR x>0
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Td M AT foh foamd" wed 0 () F Y

arfafier o T arsdferss Gemsti o forg uftfia 1.3
21 TRUSHER 39 e %1 9id

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

D, ={xe R:x>0}3

v 1A ce D, @ limf(x)=lm (x +2) =
c+2=f(c)? 3@ D, ® fH@ 2

24 c e D, @ lim f(x)=lim (- x+2) =
—c+2=f(c)® F@E@D, ¥ *ff fHw 2l

Hifr £ 3794 Wiq o FEE fagsii W Had €
e g0 freepd frehrerd € T £ T Waa we 2l
TH el W1 @ ST 5.6 W G 7 81 &
Y foh 39 we & oo & Gied & fau &6
et hl SISl 1 Wag ¥ SO ugdl 8, fhg e x’
T sheel S fagell W T Tgd § e W e
gRfea &l 2

320 13 fAfafed wed o "iae w® fa=Em
EAISLE v

x, afkx>0
f& = xz, Ifg x <0

T T, YSI Bod Uodeh arfash Gl oh
o Rt 81 38 e w1 3o 2Tk 5.7
T o 21 39 oo o R § 98 dehdTd
A & T Tl % Uid o ardfaek W o b
STEgF (disjoint) U Tz # fasfoa =<
foron s 5= forn TR

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

D, = {xe R:x >0}z
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91D, % fardt oft fig W f(x) =2 % IR 98 W ¥ @ o1 k¢ fF D A
f @ g1 (3T 2 fEn)
92D, % fRet ot fag W f(0) =x B 3R 98 Waa ¥ @ 51 "k ¢ 7F DA
f @ T (ST 6 fE@n)
I3 316 BH x = 0 T %o 1 fagelool 3d €1 0 o Ty %o &1 qH1 £(0) =0 B
0 W f o 91T T&T HI G

Jim f(0)= lim x*=0° =0% er
0 W fF T & 1 HAT
li £ i =04
1a: 1il%f(x)=0=f(0)31|?ﬂl?>l0Wfﬂﬁﬁ%lg%&ﬁﬂ%gﬁﬁfﬂﬂﬁ%é?
Tk fog W Gad 21 3T f Uk Fad Ho g
IETET0T 14 SMEY foh Toieh gUs e Had il ¢l

Tl T RIS R hIE B p, T SEIS Held el © 4% 98 FRet Wiehd W& g
a'TfFi'Qp(x):ao+a1x+...+anx” Wqﬁﬁﬁﬁ@,ﬁﬁaie R Aen an;tO%l R Rl
T Held YA i e o fern uftfia 21 fee ffvea srafas @ oo fog
T 3w ¥ R

lim p(x)= p(c)
THfeT qRATST §RT ¢ R p Had 21 Hfh ¢ ®1E off arfas g ¢ safau p fadt

ff aredfers e & fau gq@ w, v
S9lq p TF Hd Fo 2
SEEIOT 15 f(x) = [x] EN TR ©.3) T M
HETH Ui hetd o STHiae oh T eyt
fagell #1 7 wifre, el [x] 5w 30 “DTdvan wo X
HETH qUlieh 1 Wehe il §, S x © Ca0) (20 CLO0 G0 30
FH A ITF TR 2 .
‘ —o +(0,-2)
Tl T Al ¥H I8 J@d € R £ uef —o  1(0,-3)
St wEet o foau gt 2|
T oM H1 IeiE oTeRfd 5.8 H Y
fe@mn = ) 3TeRfa 5.8
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Tei@ ¥ U el el ® TR WS Werd x o @l quiies " o fore ergaa @1 e gm
IEAA F o 7 TR 9 R

M 1 HH AT o o T Telt ardferss @e ©, S foret ot quifer o awer 7@l
AoE § TE T € o oo e &1 weft arsafas wenet & fau Ky gu wed
T [c]; &, S lim f£(x) = lim [x] =[] T& B f(c) = [c] 30: T e, 37 T
arefaes Gemet o fau dad ©, S quite e 2l
a9 2 M AT o ¢ T quiier 21 o1qud €9 U U qaiwd: SR adfas gen
r>0 9w HT Fhd © S TR [c—r]l=c—1Sdaf® [c+r]:c%|
el o w9 |, gHeR1 A 78 ga R
lim f(x) = c— 1 @A li_)qu(x):c

e fordht «ff quiss ¢ o fore 3 Frand gam 7 & TRt €, o7 USd wer x geft
quier HH o fou ergaa B
5.2.1 Had et @7 &eruTa (Algebra of continuous functions)
fusell e o, W HT Fheddl GHSH F WA, BHT HIHIST o SSEIU 1 FO
ST foran ol STEUd: 37 9 Tad Wweri o SIS 1 off 9 STeaa wa Jfw
et fog WM & wed & Wdd YUiET ¥ 39 fog W wed & G g

fuifa g €, e1aud g% qhed @ T g9 et & ggva & Tl o <isig afor
T YT

T 1 HH S 5 £ qe g < UW et %o €, S Ueh ardiash §Edl ¢ o o
Tad ¢ T,
@))] f+g,x=cq1ﬂ?lﬁ%
2) f—g,x:cmmﬁ%
3) f.g,xzctRH"dﬂ%
) [i],x=cmﬂﬁﬁ% EEIED g(c);tO%I)
8
Wﬁf%ﬂﬁgx:cq?(f+g)aﬁﬂﬁ?\’1ﬁ3ﬁ'ﬂaﬂﬁ§|@?@ﬁ%ﬁ

lim(f +¢)(x) = m[£()+ ()] (f + g F TR W)

= lim f(x) +lim g (x) (Tt o6 YT gh)
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=f(c) + g(c) (i f Ao g Had HeH ©)
= (f+g () (f + g T TRATE FR)
;q:, f+g M x=c o foQ daa 2|
O 1 o 9W AT et SUuRd gE o GAE € SR qewl o fou et 2 Big
fen T 2
feauit
(i) ST UHF % 9F (3) ®I Uh R M ok fow, AR £ uH TR wed
F(x)=AE, &l A, g =R s e g, M (L .g) () =X .g (xX)EN
IR ®er (L. g) il T Had e ¢ R w9 @, AR A=—1, @ f &
Hided § — f 1 Hide SAafifed g 2l
(i) ST THA F 9N (4) B TH o€ M ok fow, AR f wH TR wed
A
g(x)

A .
f=Aq &(x)= mwﬁmﬁawgﬁwmﬁwﬁm%,aﬁ
g

g(x)¢0%|ﬁ@ﬂw@,gé€amﬁ§mwmﬁ%ﬁ%|

Sue I YHA o START gRI 3TFeh Hdad ol i Sl ST Eehdl €1 3T 98
= @ § off ger et © fF 1€ wem Hqa © = 76l Frefated seeon |
IE A1 TIL HI TS 2
IEETOT 16 g HINY f g qiEa wor Had g

T TR0 HITSY T ydew IRGT wer £ frefafad w9 %1 86 e

f(x)=%, 40 %0

W&l p 3R ¢TI Werd &1 f HT Ui, 37 g w Sew M W ¢ = T, 99
et FEATd €1 ik Tgus B Fad B € (S 14), 3T THA 1 o 96 (4)
BRI f T Tad Fed ¢

IETETUT 17 sine HeH o Fiad W fa=m wifsm)
7ol 39 W foar @ o fou g frefafed 9o &1 w@m @ 7

limsinx=0
x—0
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T 39 el i TRl gt df Tel R €, fhg sine Wl & oTei@ i YA %
e 3@ # A 924 e (intuitively) ¥ T € Sl 21

9 AT & £(x) = sin x T aTEdtees GEmet & fou a8 o= it 5
CWWF@T%I x=c+hT@H W,Wﬁx%ﬁ%ﬂa@ﬁ%ﬁ?hwm

lim f(x) — limsinx

X—C X—C

— limsin(c+h)
h—0

— lim[sinccosh + cosc sin /1]
h—0

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

TE Y lim f(x) = f(c) 3@: f Teh Had e 2

feuruit S YRR cosine We o Wided i WY YU TR ST Wehal B

TR0 18 TiHg HINT % £(x) = tan x TF Fad ®eH &

7ol Tqam gom wed f(x) =tanx = Sir;x 21 € Wer S9 g ardtaess Fems o fou
X

CO

gRYI %,Gﬁcosxio,ﬂﬂﬁx;ﬁ@nﬂ)g 21 B ereft gmifora foam @ o sine @R

cosine e, Gad Hel &1 ST tan ®er, 37 IHI Herl %1 WHTh €F % SR, x
o 31 |l wEl o fau daa € T o faw @ aftfia 21

el o HASH (composition) H HeTHd, Had Herl i SHeER Teh e 727 2|
TRl HISY o afg £ ek g T arafas ®ed ®,

(fog (x)=f(gx)

Rt €, St eft g 1 URER £ o Wid 1 Tk SUHgeEd gl €| frtataa woe
(wHToT fo Sherel o), WA (composite) WEl o Hided i R Hdl 2l
THT 2 W A R f 3R g W YR o < ardtaess 7 (real valued) e €
fF cm (fog)qﬁﬂTf\Elﬁ%I?ilﬁ cW gdd g(c) W f Had B, @ ¢ W (fo g) Had
g 1

frfafad Seel o 39 y9g 1 T foma T R
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IETETOT 19 WM 6 £(x) = sin (x2) G IRAG Fer, Th Fad ®ed 2l

zo YU sifve f foemrda wem uais arafas 9@ o foau gRefia 81 wed
f o, g QA W el o HASH (g o k)% ®T H WET ST Hehdl €, Sl g (x) = sin x
A 1 (x) =22 B1 e g 3R 4 Al & Had o €, THlelT w8 2 gR1 98 frshd fehren
S "Wkl €, ToF f T Had wer @

TETETUT 20 TUEW T £(x) = 11 —x + | x| G URAGT Fe f, Sl x Toh arfas qe&
2, T Had e 2

zor |eft arcdfas GEmst x ok faw ¢ F o g(0) = 1 —x+ x| T AT h(x) = x| ER
TR Shifse| q4,

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

320 7 W B9 2@ g © 16 h TF Had B 2| 36 YR TH 9gIe ke SR TH
HqIh el 1 AT B o HRU g Uk Tdd Held €1 o1d: ] Gad BorHl sl G Hhe
EH oF SR £ W TH Had e 2l

1. g HIfST o6 e f(x)=5xr—3,x=0,x=-37Tq x=5 W Had 2|
2. x=3W HeH f(x)=2x*— 1k Had ! S HIfeC
3. frefafed werl o Fide i S i

(@ f)=x-35 b) f)= x#5

x=5’

x? =25
© fx)= 75

4. fag ifee & weA f(x):x”,x:n,WW%,aﬁnWWW%l

x,dfk x<1
5, af x>1

x=0,x=1,3d x =2 gad &2

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

5. EPIIf(x)={ BN AR wed f
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£ ok Teft ergiaeT o fegeti 1 s i, v fo ¢ fefafed ver @ a2

|x|+3, A x<-3
2x+3, 9 x<2
6. f(x)={2 3 af coo 7. f(x)=4 —2x, 9 -3<x<3
o AR 6x+2, A% x>3
[x] E2 0
8. fe=fxEF0 0. fey={iar T
0, I x=0 —1, 3l x>0
0. f(x)= x+1, AR x>1 1. fx)= ¥ -3, A€ x<2
) = ¥ +1,3 x<l1 ) x2+1, AR x>2
xlo—l, I x<1
12. =
/) {xz, IR x>1
5 <1
13. EPJTf(x)={x+ , R xS g IRIfd wer, T dad e 87
x=5, A x>1
T f, o Wiaed W feEr wifsy, el f fefated g a2
3, g 0<x<1 2x, I x<0
14. f(x)=44, 3 1< x<3 15. f(x)=40, A 0<x<I
5, 4 3<x<10 4x, A x>1
-2, At x<-1
16.  f(x)=42x, A —1<x<1
2, AR x>1
17. a3 b 39 AE &1 T4 St e o
)= ax+1, I x<3
V= bx+3, A x>3

g IR wer x = 3 T Had ¢
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18.

19.

20.
21.

22.

23.

24.

25.

26.

Hided qAT STeeh Tl 125

Lo fFa om & fog

A(x*—2x), AR x<0

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

R URWIfid ®eM x = 0 W §ad 21 x = 1 T 39k Fid W fo=m ifsu)
TUEE 5 g (x) = x — [x] 51 AR o GaEd quiis fogei ® a1 Fel
[x] 39 HewH quiish FrEfud 3 &, S x & a0k A x T H B

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

frAfafad wem & Fia R faar wifa:

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

(¢) f(x)=sinx.cosx

cosine, cosecant, secant G‘ﬁT cotangentth_dﬁ o gidd W fo=m sifsu)
f o |t srEiacadn o fagel i = i, Stel

sin x
f(x)= T, Zfﬁ(x<0
x+1, AR x>0

fuiia sifse T wem f

X

0, I x=0
g IR Tk Gad wer e
f o Wiaed &1 g wifew, SE £ FeEfatEgd R 9 g @

)= {xz sinl, I x#0

3 sinx —cosx, AR x#0
J= -1, I x=0
T 26 W 29 H k o HHI I [1G HISC difeh Y&a T M fog ™ Fad =i

kcosx T
, A% x#=

f)=1""2%% 2 Wqﬁ“ﬂﬁlﬁw;c=g —
3, Wf?x=£
2
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27.

28.

29.

30.

31.
32.
33.
34.

ke, Ak x<2
f(x)—{l o 10 B Ui we x =2 W
f(x ={k’”1’ AR a1 AT T ¢ =

cosy, AR x>m

ke+1, A€ x<5

= ’ qrforg =
f(x) {3)6_5’ A 1o s LU IS T x=5W
a T b HHE HI A BT s
5, e x<2

f(x)=<ax+b, I 2<x<10
21, I x>10
R IR %o T dad wed &l
T 6 £(x) = cos (x2) §RI TRANG Fer Th Had He €l
TR o f£(x) = | cos x| G URHAI He Tk Gad ®e €l
Sifere f& =M sin |x| T T Her 2

f) =lxl—lx+ 11570 IR wem f o |ft o o faget =1 3

it

5.3. rgaeraar (Differentiability)

fosell e | H@ U LAl S TR HIfAU| §HG Ueh aIKifash Fold o AT

(Derivative) @i frefafad gr & gftsfoa foman o

oM AT for £ Tk ol Wer § 9 ¢ 36 wid | fud sk 65 Bl c W f

1 TTehelsl FT=fagd YR 9 gRefa 2:

af 3 T B SR B W e W F S F (O %(f(x))lcmm

lim L€ tm = f(o)

h—0 h

FW B

PACE Dbt AC))
h

f()=lim
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SR IR o, St oft 39 S o Stk €1, £ oh STahers shi R e 2l

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

ER Uhe Hid B TREl el T STEshels od i i WAl i STeeher
(differentiation )ed &1 B9 SR “ x o WG f(x) o1 SFaeher ST ( differentiate) ”
1 off W e ©, frmen aref g @ R £ (v) 96 S

TRl o SISO o &Y § fefeiad FEml o g fher 1 e e

(1) (uxv)y =u" £V .

) (w) =u v+w (TS A PEERSA )

’

@) (L) 8w ¥ w0 (amEe Frem)
A% V2

F & T gRoft § o G (standard) Wel o STahersll 1 gEl < R ©:

ROt 5.3
f(x) x" sin x CoS X tan x
f ) nxt e coS X —sin x sec? x

e el ft B STeeRerst i Ui e € il U g ot i @ R ¢ afs g
7 IR §/" 379 WIfae €9 9 U 31 § 1o A1E UH IET © O 9 B2 u%

T Taid grEfiTes @ SR sHeRt ST o At 1imwma:rﬁaaﬂﬁ%,a‘r

h—0

T FeEd € fF W f semera T ¢ g e #, 79 Fed € fF o wia o fRed
f9% ¢ W WA [ asmada 2, A A ¥ limf(c+h)—f(6) S

h—0 h

limM R (finite) 92N T9H B Wl AU [a, b] § SATRGAA

h—0" h

HEAMI €, A o8 A [a, b] o T4 65 W feehora 21 S foh Fiaer o gl
H el T o T i fget o 9o bW W HHW: W qen o1d uy w1 G o €,
St o IR F® T, dfew o e b IR e o <0 qel a1 oTE 9el o 3feshels € 2l
T YRR B A (a, b) W SFATFHAE Fead ¢, dE 98 A (a, b) F IIF
fig W ke 2l
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TE 3 A wed R fag o W s @, @ 39 fag W 9 gad ot 2
suufa 9 55 ¢ W f e 2, om:

i LO=1©

x—c xX—c
fRgx#c o fag

f00 - o = LR (’2 — f © (-0
Tt im[f(x)— f(c)] = lim [M (x —c)}
x—c x—c¢ X—cC
- lim [£ (0]~ lim [£(©)] = lim [M} i [(x— )]
x—c x—c¢ x—c xX—c x—c¢
— " (¢).0=0

&l lim £(x) = £(c)

TH YR x=c W e [ Had 2
IUUHT 1 YA STk e Gad 2l Bl
Tel &9 oA e € o Swe %A w1 fae™ (converse) T & €1 o= € ew

@ ok B TR £(x) = x| SR IR Fer T Gad o g1 56 %o o aTd uel whi
W W R @ 9

i O+ =f(©0) _~h
h—0" h h

=1

T [T ey HT HrET
lim LOFM=FO _h_ s
h—0* h h
I 0 TR SR S et <1 v kY e e T € ger lim
1 e el B 3 36 YR 0 W f e 7@l €| 3d: £ U Sfoehed Her
& 2l

FO+H-7O
h

Rationalised 2023-24



Hided qAT STeeh Tl 129

5.3.1 H'gck'l el & kel ( Differentials of composite functions )

T Wl oh 3Tahalsl oh S1EFIA hi &9 Tsh IRV N TI= Hdl| AH ofifeg fh
BH f 1 gl T ST w8d €, SEl
fx) =Q2x+1)
s fafy o1e ® for f5U= 999 & WA gR (2 + 1)} o1 WHIG hich WTw gu8 el
1 SEHAS T Y, S A T R T R

AP 3
—f( = —[@x+1)]

_ 4 8x* +12x* +6x+1)
dx

=24x* +24x + 6
=6 (2x + 1)
31e, =H g fh
Sx)=(hog (x
SR g(x) = 2x + 1 T h(x) =x° B OF AT 1= g(x) =2x + 1.7 f(x) = h(t) = £
m:ﬁ=6(2x+1)2=3(2x+1)2.2=3t2. S\ED 4t
dx dt dx
g & fafy &1 o9 78 ? fF F9 YRR o Wed, S (2x+ 1)!% % STaehersl
uReher e 39 fafy gr1 WXl @ W €1 Suded ufitersi 9 oW siivenies ®9 9
frefafad wig wr gian €, 759 @ =™ (chain rule) %ed 2l
THE 4 (e TEw ) 7E A o £ e aredfash g e ®, S qe v 1 ol

FH GASH ©; Al f=v ou TH witsig TR t=ux) 3R, 3 %HW %?ﬁzﬁﬁh‘l

X

df _dv dt
feer &, dx dt dx

T TH YOI w1 STUM Big < € uen w1 fawr freftad ger o fe
S Gehdl €1 W S o £ Tk arediaes qEE Her ©, S Wer u, v 3 w

A B, 37efq
f=wouwov® AR r=u()dM s=v() T @
Y _a ouy. L ds dt
dx d dx ds dt dx
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IfE SHeR heA o Gl STehors w1 AR € Al U 3R Ak werl o GaH
o foru sy@en oM = 9ga F T 2|

JETETOT 21 f(x) = sin (x2) ST TAheTS A hifSIT|

Tl M AU o 9ed ®ed | worl w1 GASH g1 ardd H, I8 u(x) = 1 3R
v(t):sint%?ﬁ

fx) =W ou) x)=v(u(x)) = v(x*) = sin x?
f=u(x)=x> T W &H {fee fH %zcost q«n §:2x AR AT w1 Al ot
X

g1 o J@en Fam gr
d
—f = ﬂ-ﬂzcost.Zx
dx dt dx

g SAfad afong i x % Ue § e G 1 TEeH ¢ odud

— = cost-2x=2xcosx’
dx

Y 1 ¥ 8 H x o "y fHAfARad ®erl ol 3Tdshar hifeld:

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

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

9. fag HIfT 6 ®erf(x)=lx— 1, x e R, x= 1 W 3(ehfed &l 2

10. fag wifST f& wewm quie Hed f(x) =[x],0<x<3,x=1TMx =2 R

fehierd Tl 1

5.3.2 3 Terl o 3aehersT (Derivatives of Implicit Functions)
e TH BH y=f(x) o ®U o fafaY ol 1 AThe Hd ® € W T8 AR
et 2 fop or 1 Wed T w9 § e TR Q) 3ereoned, x 3R y & ot Frefatea
Tl § 9 T W v ' 9 fomm wifsu:

x—y-m=0

x+sinxy—-y=0
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Bl 9N W, BH yoh oI Wel Y Wehd € IR ¥ Wl y=x-n ok ®9 § fo@
Tohd &1 U 90 H, UH T o @ 5 e y Rl TR B T HIE G qlRT B
R oft g9 §  forelt oft ga A, y T xR TSR % SR A HIE EWeE T B1 S x
AR y o a1 Foel 36 YhR e {oha1 T Bl foh $9 y b folU Wil T ST
B 3R y=f(x) % ®9 § for@n S Toh, @ &9 %ed © Tyl x o T2 (explicit)Fer
o ®9 H oo foRan M1 R1 SUGE W G §, €9 ed © fh y hl xoh TR
(implicity) e o &9 H oFe fehan T €|

d
IEEI0T22 AR x—y=mdl Eyaﬁlﬁﬁml

&1 U fafy g € T en y o fou e wieh Swe Wew i 7 g fad Fen

y=x—-T
T a _
dx
Taercud: 3@ 9a¥ HT1x, o 998l WY STghed i |
d am
E(X—y): e

maﬁﬁqﬁ%maﬁ%ﬁxéawawamnmwmlww

d d
E(X)_E(y) =0
et e © T

@ dx

= —=1
dx dx

SETET0T 23 A y +siny =cos x A %am It
X

To1 B9 TH qaY o1 WY afaehels w3 2l

dy d . d

— +—(siny) = —(cosx

dx dx( Y) dx( )
SJEel | &1 T FE W

d d

—y+COS)7-—y =—sinx

dx dx
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o9 frefated oo faem €,
ﬂ_ _ sin x
dc l4cosy
S y£Q2n+1)n

5.3.3 Gfaeny GrehivTfidts werl & 3iaaherst (Derivatives of Inverse Trigonometric
Functions)

T ;M e € T et Sreriofidia wer Had g 8, g 89 58 g el
FN| 316 TH T Wl oh STaeheTsl i 10 A o ol §@en a9 &1 T F

f(x) = sin”! x 1 ATHAS A HITAY Fe AE Ay fom @1 feaea 2

T U ST TR y=f(x)=sin'x€ @ x=siny
A1 g8l T x o Gy 3TEehe i W

1 dy
=Ccosy —/—
dx

1
= dx  cosy cos(sin”!x)

& ST foh 78 oheed cos y #0 o e aitwnfig €, e, sin ! x = —g,g,@mﬁ

xz—1, 1,3 xe (-1, 1)
TH IR i F Aehteh o 8q g9 faiad s7eer ®ivd (manipulation)

FA & TR0 FIC F xe (— 1, 1) T sin (sin' x) = x 3R 39 THR

cos?y = 1 —(sin y2 = 1 — (sin (sin x))? = 1 — »2
et & iy e (—g,g),cosy@ YFTeRe T § 3R Tl cos y = /] 12

39 ThR xe (-1, 1)@ fag
dy 1 1

E_cosy 1= 2
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f(x) sin~!x cos™lx tan~'x
1 -1 1
re 1- % 1- 2 1+x2
Domain of (-1, 1) (-1, 1) R
Freffan sl % 2 #ifre
2x + 3y =sin x 2. 2x+3y=siny 3. ax + by>’=cos y

4. xy+y*=tanx+y 5. X +xy+)y’=100 6. X + %y +xy* +y’=81

2x
7. sin’y +cosxy=k 8. sinx+cos’y=1 9. y=sin1( 2)

3x—x° 1 1
10. y =tan™ , — = <X<—F=
g (I—szj NVERVE]

_ 2
11. y=cosl(1 xz}o<x<1

42
12. y=sin‘(1 xz],0<x<1

13. y=cos"1( 2x2 }—1<x<1

14, y=sin"' (Zx\II—xz ),—L<x<L

15. y:sec*1 + ,O<x<L
2% ~1 V2
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5.4 =ETdTeRt 99T TuTehtd werd (Exponential and Logarithmic Functions)

a1eft A T !, S SgYR o, URHT o qen ek i wer, o fafu=t o
& D TRQel o IR H HrE 71 39 IR H §H WER GAlHd el o Tk AT o
o 9R | "iEw, f9= =Emdie! (exponential) T TR (logarithmic) Wel Had
&1 Tel W fouly &9 ¥ I8 IqaH STavEE ? 5 39 3Tes% o §gd ¥ U Wk el
JUMed § R Sh! SUUTEl 39 q&ish i faug-ow] o & ¥ ST &

3R fd 5.9 ﬁy:j”l(x):x,y:fz(x):xz,y:jg(x):xﬁf?ﬂ y:jj(x):x“a? e
feu T € e ST fom S-S xR ST Sgdl St @ aeh bt Yeurar ot st St
21 9% T YU S ¥ ghg H L oA Y
B St 21 s A T B TR x> H
A | ffv=a gfg o w1y = £ (x)
M Sgal Sl § S-S n %1 M 1 2,
3, 4 B ST |1 I8 Howg © f @
Fo gt ¥ATeHE T o fou 9 § el
f.(x) =x" €| STORIHET W, THH 7 T7
ganl for SI9-319 ¥ 9fg gt ot @
y =f (x) 1 S y-18 B AR e
ehdl STl B SIEI0T Hk f?ﬂlflo(x) = x!0
A £ (x) = xR fo=r Hifsw) 4 x a6 v
AH 1 W gEH 2 T S, @ L H AN
| § GGt 2108 W 8, Sk £ A P 5.9
| ¥ 9gHt 25 B VI €13 YRR x H WO 9fs & faw, £ w Ifs s w 9fE w
arden erferen dfioar 9 et

Sy ufter w1 feht 98 ? foh 9gus Bl 1 ghg Sk s WA S g,
fq ¥ SR BT gfg Sedl S| 39k SWid Tk wneifas ¥ g8 331 € o5,
1 HE UE HoH & S 9gug Herl i oden oifush oSl W wgdl 87 THR St
THNHE ¢ 3N 36 YR o Her 1 Th SRy = f(x) = 10° T

quﬁf%ﬁﬁ?@fm{“ﬁnaﬁm%tﬁ?f,w fn(x):x”«‘:lﬁ
ST Sfeeh I | Fgd B 3R F U 7 fag w whd € 7R £ (o) =10 H
e 10° Afes IS § 9gdl 21 98 A Hi fF x o o€ 7F % fag, S x = 10°,
o @) = (10919 = 1030 S@fF f(10%) = 100 = 10! T Tz £, (x) FT STHET f(x)

100
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T M Sgd AU 21 T g T s T € T x o 37wl wel ok forg el
x>10°, f(x)>f,, (x) 8 fohg &0 7l R sHehT Iuufa 37 1 7 T H1 6/ THR
X% o HHI I TR T€ WeAua fehan S wehar € fom, foelt oft o quifen ok forg
[, (x) T TR f(x) T HE AfHE ST W qE 2

TRTHTST 3 Tel y = £(x) = b, ¥ SMER b > | o T =Xl Her heand 2|

MR 5.9 § y = 10+ < T@it=s geiian 7 &

I8 HAE 3 Il ¢ o ues 39 Y@ifas & bh e faftre gm, S 2,3 31K 46 fom
i Y 2| RERT Ee S o g9E faan Frefetad 2

(1) =REElhT el o1 i, ar&dfesh Seael %1 @ R e 2

(2) =REEIHT e ol TRER, THE Y ardiaes Sersll s qge=d gl

(3) T91 (0, 1) SRETIhT e o 3Tod W H<d Bl € (T€ 59 a2 &1 T: HUA
g fr et off araforss g b> 196 faw 0= 1)

(4) eI B G Th 9FH %o (increasing function) Edl &, 37efq
SE-S B9 98 ¥ 0 SR 9gd W @, 3@ H9 3341 o

(5) x o TAMF I FUMHE THI oh fTT SR He T TH 0 o FAd ehe
21 B TR v W, gt =gt ), eieia STRRR x-3187 R 3R SRS Bl
2 (forg 3&@ weft e == 21)

3R 10 96l TETIhT Hel Sl WTERUT SETdiehl Weld (common exponential

Function) %ed 8| el XI %! Ugagss o IR A.1.4 9 864 @ o fo goft

1 1
1+ﬂ+5+"'%l

T AN T U @ @ T 0E 2 991 3 % 954 86l § 3K Y ¢ g0 YR . &
TH e H MURX & &9 H TN & W, TH TH JAAd HeoQU =REMS] Hed
y = e 9T Bl 21 Z8 ‘JTEEFH'EE wTdleht e (natural exponential function)
FEd B

g ST TTeeht B o o1 =SR] Wer o Wiaeld a1 eifdel @ 3R afg ‘&’
Al N SHHT Uk GYfed S 1 ST HWehdl €1 I8 @iel Frefaied afien o forg i
T B
uftamer 4 wH AT F b > 1| Tw arafas e 21 d9 89 %ed © 6,
b YR T q 1 AL x 8, A€ b= a2l
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b SHR W a % TLITH 1 T log,a § THe HW 81 30 TR AR b =q, @
log, a = x THHI 3FIHE HT o TAIQ AEY &H P& T TN A1 FAM Hl g6 A
 fF 2= 8 3 TV YRl H #W T A1 Bl [: log, 8 =3 for@ WA 21 3 TR
10* = 10000 @2 log,, 10000 = 4 TG FoF &1 T T ¥ 625 = 5* = 252 Al log,
625 = 4 1A log, _ 625 = 2 FATA FUT €|

ofter @1 3R A ufiyee gfieenior § foaR 7 W &0 %€ Thd © 6 b> | &
YR MU T oF FRO TR’ & U9 ardfas Senstl o Seed 9 9

W‘H@mﬁéﬁwﬁww Y y = log,x
& &9 H 3@ W Gkl 21 T8 e, o » = log,x
FITTUI'EI'ﬁ'&r et (logarithmic function) y = log,x
Fed ¢, Fefaiad ger 9 a8
. (1,0)
log, : R* -R X'« »X

x >log, x=y AR b=x
7d Ffod Te 9, 9 SR b= 107
Al U “WTENUT TR’ 3R AR b=
Al 58 “UTehfaeh TTEIUTeR’ HEd &1 Sge v
Wiehfdeh TR W1 [n GNI Wehe L Bl a T 5.10
T I H log x MR e Il TTUH Fo shi fRefyd hedr &1 3Tepfd 5.10 ¥ 2,
AT 10 U TR 1T el o i@ 9T T 2|

YR b > | Tl TR Herl whi o Heaqul faga 4= geiag 8:

(1) =R (non-positive ) TEA3T o fag
TH U 1 ohig AUl GRET
T = T T IR THTT TR
e T 9 R* R

(2) TR Teld R URE FHE
ArEdfaes HEMS w1 gyee 2|

(3) 55 (1,0) TR FHerHl o 3@
W Had &l B

(4) TR Hed Tk aH¥HE e
e €, ereifq sdi-i &w ad 9 =
R =eTd B, Ao I S Sl
ST B
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0k Tfees fiehe aret x o T, log x & O &l fohdt off <t 7 arfas @en
T o Foran ST Hehdl 71 TR I3 H, = (uged) wqeie § oo y-31e o fehead
SRR B 2 (g 398 weft foerar = 2))

SFRAS5.11H y=er TN y=log, x % eI I M | I8 &AM 31 o3k ¢ o
Tl T W y=x T TH TR F 407 yfdfea 2

ATOH Bl o 3 Teeyul 07 e yEifore feRw T €

ey

2

SR IRadd 1 T A 2 €, S log, p 1 log, p o 9&1 | ¥ fokan
TSITW%Iﬂﬁ?ﬁﬁl@ﬁlogap:(x,logbp:BHWlogba:y%IW 31 I®
g foh a*=p, bP=p A b" = ¢ B 3@ AR IROMH K GBS § W@ °
(bn*=b"=p
I S G
bP=p = b

3T B:ayﬂﬂa:%%lgﬂw

log, p
log,a

TUFREH! TR log W 1 UG THRT Tk I sk U1 1 A Aoy R
logbpqz(xélgﬂ'@l b*= pq 9T BT 81 3E YRR AR log, p =P T log, g =7
2 bP=pAA bt = ¢ U BT B WG b% = pg = bPbY = bB+T R
T el ® R o= B +y, 3l

log, pq =log, p + log, q
oY U To9iT Teek e Hewyul uRemm a9 fehern § S p = ¢ €1 UE g9 ¥,
ST A fEfafed R 9@ foan <1 g @

log, p* = log, p + log, p = 2 log, p
THH! U TR AT A0 3199 o fore g o 7o 2 svefiq fondht oft o quifen
n o e

log p =

log, p" =n log, p
A § € GO ok TRt off eredferss 7 o fow Wt €, TR 39 €W WU
FE F TG T8 w0 g faftu 9 uee frefafed w5 genfid 1 96 8

x
logb; =log, x - log, y
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IEET0T24 F I8 TA 7 1% x % 9} arafass OHl o foIu x = elozr 29

ol ved a1 = AT fF log we 1 Wid @t oM arsdfas Senst w1 weed g

21 THY SYs THieRoT ¥R aTdfesh WEel o fou wed el €1 3 WH eliferg

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

e=log x 8| TSE@ y = x WIw BTl 21 3T x = e shelel x o o THI o ToIq e 2|
31aeha T (differential calculus) ®, Uiehfeh =RETdIh! He ol Ueh STETEROT 107

Tg & o, Sraenei i Wikl W g8 uRafdd el erar 21 39 U1 w1 e g o o

fopen o €, St Squfa 1 B9 i o B

g 5%

d

(1) xoh HUET ¢ 1 STahelSl o €1 BHal ©, 37eifq =

(e)=e'

1

X

d
(2) xoF HUe log x T TS 1 e 2, 3rufq - (logx) =
X

IATET0T 25 x o Gy fr=fafad =1 edsem Sifaa:
i) e @) sin (logx), x>0 (iii) cos! (e¥) (iv) e
&
() °H Y y = e B 3@ JEen F=H o T ga
dy
dx
(i) =M effST & y = sin (log x) B1 o1& J@en FEw ga

—eix.i — — X
= dx(—x)——e

dy d
22— cos(l 2 =
cos(log x)-— (log x)

(i) A ST T y=cos” (1) B 1@ F@en Fa9 go

cos (logx)

X

dy___ -1 .i(ex)z —¢
d_x '1_(ex)2 d_x l_eZX .
(iv) OF ST foF y = e B 19 g@en o8 g

) =e"”* . (—=sinx)=—(sinx) e
dx

COS X

*SFUa Wer T GEA S 232-233 W 3G
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frafafad 1 x o TYey Tadhed hifT:

ex

1. 2. sinTx 3, X
sin x ¢ ¢
4. sin (tan™! e7™) 5. log (cos e) 6. " +e" +..+e°
COS X 0
7. e, x>0 8. log(log,x>1 9. 10 X2
10. cos (log x + €Y
5.5. STIAUTeRIA 3Tdehet (Logarithmic Differentiation)

3T 3] § eH frafafed ywR o uw fafire i o el 1 sTashe S HiEi:
¥ =f@) = [l
I (e SR ) &4 TR SYYe hi FAfofad gR 9 g4: fora wehd €
logy=v(x) log [u(x)]

sJEe | o JA )
lﬂ ( )L ’ ,
§ dx = X (x) “u (x)+V (%) - log [u(x)]
3T a9l ® T
% — y[% u'(x)+V(x)- log[u(x)]}

7 fafu o &M 39 &1 &7 94 98 € 6 £(x) 991 u(x) 1 e HAHeS BT e
3TN 37eh TTEIUTeh QRATA T8l Bitl| 9 Wfshal Sl TITUTeRtd 3Taeher (logarithmic
differentiation) Fd & 3R 5@ frefafaa seewl gr we fwan T 2

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

C(x=3) (¢ +4)
get A 2 y_\/ (3x% +4x+5)
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AT Tel o TUE T W
logy= %[log (x—3) +log (x* + 4) —log (3x* + 4x + 5)]

T Y&l ST x, oh ETUY TR H W

1dyll+2x_6x+4
y dx 2| (x=3) x*+4 3x’+4x+5

Y 1 4 2x 3 6x+4
T2 (x=3) x*+4 3x*+4x+5

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

IEMETOT 27 x o WU ¢ 1 STahe HIMAT, ST ¢ T o7 =R 2
T AH AT R oy =g @

d
SREI o
dx

logy=xloga
A1 g8l W1 x, o GU STEehe i T
1 dy
;E =loga
YT ﬂ 1
dx _y oga
d .
ESREQL — (@) =a‘loga
dx
ﬁm: i(aX) — i(exloga) :exloga i(xloga)
dx dx dx

=e'¢e log a =a‘loga
SETETUT 28 x o WIUE x5 1 3feehe HITST, S fF x>0 2l
T HA ST o y = x| 37 S &l T SO o W

logy = sin x log x

l Q = sinxi (log x) +1o xi (sin x)
AT y dx = S teenlos
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1 dy . 1 1
- Vdx = (smx);+ 0g X COS X
. dy y[smx+cosxlogx}
dx X
sin x Sin'x
— X [—+cosxlogx}
X
= x™ 1 ginx 4 x*" - cos x log x

318l 29 qﬁ{y‘+x’+x‘=ab%| a %W EAiS

7o femn ® fw Y+ X+ x =ab

u=y,v=xad W=xTE1 WEH u+v+w=a ¥d 24 2

141

du dv dw
ELS LY — t—+—=
dx dx dx g - (D

I =y &1 <A gell BT AP I W

logu=xlogy
A1 g8l T x o G 3TEehe il T

1 du d d

—— = x—(logy)+log y—

- xdx( gy) gydx(x)

1 d
:x—-—y+logy-l W B 2l
y dx
du Xdy X Xdy
— _u|——=+Io =y |——+Ilo

T 2 = [ydx gyj y |:ya,x gyl ...(2
E'H'TFIT:FR v=x
T T&Tf T TR o W

logv=ylogx
A1 g8l T x o G 3TEehe i T

1 dv d dy

—.— =vy—{(o +logx—

v dx ydx( gx) gxdx

y-l+logx-ﬂ e B 2
X dx

Rationalised 2023-24



142 TTford

dv y a’y}
3 — —v|—+logx—
dx [x g dx
y dy}
= x'| L +logx—
[x g It .. 3
g w=x*

AT el BT TLUE FH W
logw=xlog x

T 9&Tl ST x o HIU&l o i W

1 dw d d
—— = x—({ogx)+logx.—(x
w dx a’x( gx) g a’x()
= x-l+logx-1gmg‘m%|
X
1A — =w (1 +log x)
dx
=x"(1 +log x) o @

(1), (2), (3) WA (4), 5T

x dy y dy
y'|=—+logy [+x”| =+logx— x -
[ ! g j ( g ! +x*(1+logx)=0

d
a1 (x.y'+x.logx) d—y =—x"(l +logx)—y.x"'—ylogy
%

dy —[y'logy+y.x’" +x* (1 +logx)]
dx =

x.y" 4+ xV logx

YyATaelt 5.5
19 119% oF 991 H YT el ol x oh 9GT9e] STaeheld shifad:

(x—-1D(x—-2)
x=3)(x—-4)(x-5)

1. cosx.cos 2x.cos 3x 2. \/

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

2
9. x4 (sin X TR e
x -1

1

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

128 15 7% % v % v v % fo 2w A
12. »+y'=1 13. y'=x
14. (cos x)’ = (cos y)* 15. xy=e*»
16. ) =(1+x) (1+x3) (1 +x*) (1 +x% g &0 He 1 Tehersl T I 3R
39 YR f7 (1) 1 HifsT
17. (®=5x+8) (& + Tx +9) 1 3TTheM T=fafEad dF TR & HiferT:
(i) oA FTIH *T Y= R
(i) TUFEA ok foRANT BRI Tsh Ushol Si@US U<l hieh
(iii) STEFTOTRTA 3Terhet G
75 ff Tefud HIFT o 39 TR g FHl ST 99 2
18. AR y, AL w, x ok Tod €A1 & fafea srufq gom-orwa fam = g
3, fgdia - TR STasRe g <RIEY

du dv dw

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

5.6 oMl o UTefier ®Ul o 3Tdehets (Derivatives of Functions in
Parametric Forms)

FHofi-eft < = AREl & g w1 Heu T @ T g SR A v, Ry U e
(fradt) == Tl & gorch-gerep Heelf gRT Yord <1 AT o T Tk Gl Tfaa &1 S
2 et feufa o 29 #ed & fF 39 91 o e &1 ey T ded = Ui o weEm 9
afofd 81 =g dredt =R Al Ureret (Parameter) Eaidl €1 S1feeh Goase aiier | g =7
TRE xqM y o M, x=£(1), y=g (1) o ®U § I Gael, i Yafeh €9 H e
TeY HEd €, Sl 1 Th I 2l
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TH ¥ o HoHl o Aol A S ©q, Y@ H g

dy _ dy dx
dt — dx dt
dy
dy  dt dx
R E:dx(WWﬁd ¢0)Wzﬁm%|
dt
dy g’(t)( .~ dy dx )

EETS — = & T ggifer == o’(r) T — = £7(¢) | [T £ (1) %0
= & o =g (T = [0) |7 [ ()#0)
mSOﬁx:acose,y:asine,ﬁ%aﬁE'IEQI
o fn ®

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

IETEIOT 31 qﬁx:atz,y:Zat%ﬁiaﬁ ISl

T e ® fa x=at’,y=2at
dx dy
- =2ar qM ==
BRIl 5 = 2at 5=
dy

ITEITT 32 ?il'ﬁ{x:a(9+sin9),y:a(l—cose)%?ﬁZyal'dilﬁﬁrq |
X

dx _

%T'TEI%Tde

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

145

o1 &, Sharel U= o S § oFed i Bl

S e zﬁg@wmmmmm

2 2 2

S d

33Tt 33 qﬁx3+y3=a3%?ﬁd—y @ BT
x

T HE ofifse T x:acos39,y:asin39%?ﬁl

2 3 2 2

X3 +y2 = (acos®0)3 +(asin’ 0)3

2 2

= ag(coszG+(sin2 6):a5
2 2 2
3. X =acos’®, y=asin’d, x3 +y3 =q3H WElTH TR 2
dx

dy
_ 2 : 3;ﬁ—{ i i 02
59 UK, 10 = 3a cos? 0 sin O 10 3a sin* O cos O

dy
dy 4o 3asin®@cos y
THfeT — = ——tan®=-3—
' de ~ dx  —3gcos’0sin® X
de

I T W& 1 " 10 T H x q y KC Gl 517, Th W § gafas &9 |

TR BT, @ WA 1 A . Zﬁaraﬁﬁq:

1. x=2at,y=at 2. x=acos®,y=>bcos6

3. x=sint, y=cos 2t 4
5.

.ox=4t,y= ;
X =c0s 0 —cos 20, y =sin 6 — sin 20
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sin’ ¢ y= cos’t
xX= , Y=
\/ cos 2t \/ cos 2t

6. x=a(O®-sinB),y=a(l+cosB) 7.

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

10. x=a(cosO +6 sinB), y=a (sin @ —06 cos 0)
11. A x=\/asm4t,y=\/a°"silt, LI ED ?Z_X
X

X

5.7 fgata ahife =t 3t@ehest (Second Order Derivative)
qH ofifse T y=f(x) g

b _.
L =I'® (D)

TG £ (x) STHEE B dl €H x o GUel (1) &1 Y Skl T ehd 81 38 FhR

. d(d
T gey o (d_z) 2 5 7, o fgdia *ife &1 3@@es (Second Order Derviative )

mﬁ%’aﬁxz_?aﬁwqam%wﬂx)aafgmwaswaﬁf”mmﬂ

X

frefia @ 81 IR y =/ @A™ D) Ay’ Ay, ¥ it Fefa v €1 & feof
FW ¢ fF 3= %9 & ook i 34 YHR fRT S 2

2
SEETOT 34 I y=x*+tanx € %mﬁﬁm

X

3y m%ﬁy=x3+tanx%| SiC)

dy
o 3x> 4 sec? x
2
ZgfaT % = di (3x? +sec® x)
x x

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

2
IETEI0T 35 A y=Asinx+Bcosx% @ fag =ifse fw %+y=0%l
X
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T T W
—y—Acosx—B sin x
o
42
3R d—z:a(Acosx—Bsinx)
X
=—Asinx—Bcosx=-y
d2y
TH JhR ?+y=0

3T 36 K y = 3e2x+2e3x%?ﬁﬁ:@ﬁm% d 2y+6 =0

TA TG y=3e> + 278! IE

dy
o 6e* + 6> = 6 (¥ + e*)
d?y

zafeTy e 12¢* + 18¢* = 6 (2e* + 3e*)

X

d’y dy
q: d__sd_ +6y =6 (2¢* + 3e¥)
X

—30 (e + e +63Be*+2=0
SAEAUT37 Ay = sin x T A @R BB (1-x )Zf zy=0%|
X X
%T’f?ilﬁy:sinflx%?ﬁ
y 1
dx J(1-x)

= Ja=ah 21
X
" =)=
7 Jam Ly A (7)<
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(1- 2)'d_2y_ﬂ‘ 2x =0
i d  dxv 41— 52
d’y _ dy
37d: 1-x) == -x=2=0
( )a’x2 dx

Tarareaa: fen 2 T y:sinflx%?ﬁ
1
) =ﬁ3"9ﬁﬂ (l—xz)ylz =1

SIC) (l—xz)-2y1y2+y12(0—2x)=0
31 1-x)y,—xy,=0

YT & 19109k | U ol o f5dig &ife o STashas J1d Shifsg:

1. ¥*+3x+2 2. x*° 3. x.cosx

4. logx 5. x*log x 6. e*sin 5x

7. e*cos 3x 8. tan'x 9. log (log x)
42

10. sin (logx) 11. I y=5cos x—3 sinx ¥  fag i & d—f+y=o
X

12, aRy=costxd %aﬁawayawﬁﬁamﬁm

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

d* d
14. = y:Ae””+Be’“% a1 gumsy o —z—(m+n)—y+mny=0
dx dx
a’2y
15. AfE y=500e™ + 600e ™ € @ =MW foF —5 =49 2l
X

2 2
16. aﬁey(xﬂ):l%a‘rwﬁmﬁd—f:(ﬂj 2l
dx dx
17. AR y=(tan'x)? 8 @ M fF (2 + 1)y, + 20 (@ + 1) y, =2 71
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fearfarer 3qrgvor
IETEIT SSxQFW%IﬁWﬁF@HWWW:

(1) ~3x+2+

(i) log, (logx)
V2x* +4
&l

1 1

() = <ifse fF y= 3x+2+\/21274=(3x+2)2+(2x2+4)2%|
X+

I T TR 2% %o Tt arafas gemei x>—§ & foru oftefa 21 gafaw

-1 d 1 - d
(3x+2)2 -£(3x+2)+(—5)(2x2+4)2 -£(2x2+4)

3

1 - 1Y, 5,
E(3x+2) 2'(3)—(5)(2)6 +4) 2-4x

3 3 2x
T 23x+2
\/ i (2x

3
244)2
75 aft St Sema x>—2é€fwzvﬁﬂfqa%|

(i) AW oifeq & y =log, (log x) = %;g”(maﬂtrﬁaﬁ?é?q?m)
e arEdfass G@sti x > 1 % fau wer gftsfid 81 sdfer

dy 1

————10 log x

. 1g7dx( g (log x))
L1 4 ogx

~ log7 logx dx
-
- xlog7 log x

Rationalised 2023-24



150

Tfora

IEEIT 39 x o gy f=fafad o1 seeas sifsa:

@)
'
@)

(i)

(ii)

: x+1
cos~! (sin x) (i1) tanl( S ) (iii) sinl[ 2 ]

1+cosx 1+4*

E ST 6 £ (x) = cos~! (sin x) 81 &AM ST fF @ el el arafersh
e o fou qiwfg 81 89 59 frefafad &9 9 foa g 2

f(x) =cos™! (sin x)

_ T T
= cos l[cos[z—xﬂ , SinceE—XE [0.7]

- X

| a

£ ()=—1%
A oifee fF f(x) = tan~! (;mx j%| g ST fh a7 e 39 st

COSX
arfaes gemst & fau gty @ f5es o cosx=— 1, 31fq noh ga&
fomm o o SifaRaa o= |l ardfas GEell o fau 89 39 wod @l
frfefiad JhR 9 9H: oo HY Fehd €

fx) = tan™' in S )
1+cosx
ZSin[x)cos[x) . X
— tan™' 2 2 — tan”! [tan[—ﬂz—
2coszz 2 2
L 2

e <ifete fob g9 ofer den &X A cosgjaﬁww,a?ﬂﬁa%wéﬁw

T B 3w £ (x)=%%l

T T foh f(x) =sin! [ 2"

1 41]-% 3 el &1 Wid A1 i o faw g9 34
+

X+ x+1
T T AT & T o —1 <2 lxsﬁslaﬁﬁ 2+4x1ﬁ<‘>r

1+4 1
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2X+1
—< 1, @1eiq
+

1

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

S gl 1 fIU U B 314 B Y ardfaess @ o fore uRiwifd g1 eta
27 = tan O W@ W I8 ol AfaiEd YR o G fo@n s "o 2:

[ Ax+1
f) = sin!| = }
L1+4F

[ 2tz }
_ sin >
_1+(2")

. 4| 2tan® }
=sin | ————
| 1+tan“ 0O

=sin~! [sin 20] =26 =2 tan~!' (2%

1 d
Y= 22— (29)
< 1+(2’“)2 dx

= -(2")1log2
1+4“‘()g

~ 2""'log2
T 1+4

FEETOT 40 A W 0 <x < T f(x) = (sin 0" @ q £ (x) T B
T FEl W y = (sinx)0 Wl U arEdfesh W@ o fow g 21 oo

T W

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

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

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

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

d o
SETEI0T 41 ¥AIHS TR o o foaq Eym ST, &l

1 a
t+- 1
y=a !, a0 x=(t+;) 2l

T o SIS fop Sy qe x, WO ordfash @A £+ 0% fow gRtefia €)1 wgeed:

dy d,\ df 1
_— = — =da — |+ - .10 a
dr dt(a ’) arl T8
t+1 1
=a '|1-— [loga
t
dx [ 1}“ d( 1
alt+-| - —|t+-
dt t dt t
a—1
el (1)
t t

dx
Ziowqﬁitiilél d: r#2+ 1 fau

!
!
|

dy ] ol
& 4 a l—t—2 loga a1 loga

dx_@ = 1 a-1 | 1 = t+1 a—1
— . _— a —
dt a|:t+t} ( tz) t

JEMETUT 42 " o TIY&T sin? x 1 STThal HIfeT|

Tl O ST TR u () = sin? x @1 v (x) = e 5+ Rk @: du/dx T HET 1 T
dv  dvldx

du dv
- 25inxcosx33ﬁ'{— = e " (—sin x) = — (sin x) eCOS~X%|
dx dx

du 2sin x cos x 2cosx
HAd: = ==

COosx COS X

dv —sinxe e
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AT 5 UT fafas gyaracit

YT W& 1 W 11 T YS9 Bl 1, x o TTUeT ST hitad:

1.
3.

10.
11.

12.

13.

14.

15.

16.

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

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

cos (a cos x + b sin x), fF=l =R « q2n1 b & faU

. ‘ o Ry
(sin x — cos x) Ginx-cos0 oy e T

4 4
X+ x+at + a0, T AT a> 07 x>0 & fow

xx273+(x—3)x2,x> 3% fau

A&y =12 (1 = cos 1), x= 10 (¢ — sin 1), —§<t<§ ar %am Fifs)
X

g y = sin"! x + sin! /] _ 2,0<x<1%?ﬁ% d hifedl

IR —1<x< 1 fau x«/1+y+yx/l+x=0%ﬂsfﬁqa_§7m'ﬁmﬁ
ﬂ: 1

A (1+x)
Afg fvdt ¢ >0 fog (x—a)2+(y—b)2:c2%?|)fﬁqa_s\'aﬁ'mﬁ

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

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

dx sina
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17.

18.
19.

20.

21.

22.

Tfora

2
?ilﬁ’xza(cost+tsint)33ﬁ'{ y=a(sint—tcos t),?'ﬁ %Eﬁl it
X

TR f(x) = | x 1P, q THIT0TG HITST o6 £ 7 (x) o1 Stfied © 31”36 o ot shifsm)
sin(A+B):sinAcosB+cosAsinBEh“f‘;I?’ﬁTrEh_{'c\l@lWQ’J cosines
& fou = ¥ 9@ &)

I Teh UH o o1 A ®, S Yodeh fog W Haa gl fohq ohaet o1 fageti W
FEFANT 7 B2 A I H SAifaca ff sdqerzu)

S gx) h(x) J
n |39 fog =it fe 2=

dx
a b c

'q‘ﬁ-; y= eacos’lx’_lf_xgl,?ﬁ X gq ﬁ;

() g K

l m l m n

Ifg y=

a b c

2
(l—xz)ﬁ—xﬂ—azy 0

dx dx

{37
Tk ST W Held S Wid o feRel fog W Haa e @ A 39 foig
R e i G, 59 g W e % M oh SR Bl 2l
T el ok AN, SR, TOMES AR IR Had B €, Ui, AfE £ qen
(F ) (1) =f(x) + g (x) Haa Bl 2
(f. &) (1) =f(x) . g(x) Wad EMl 2

FYo f® .
[g](x) g g(x) #0) Had Bl 2l

Yeleh STEhe e Hdd erdl € fehq gHen faeim T e @)
-T2 Tl o HASH 1 e % o faT TH g A

= vout—u(x)aﬁ'{aﬁ{—?f?ﬂ EWW%@[

df _dv dr

dx  dt dx
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& T A Fashas (IRt widl W) Feefataa €

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

dx 1+ x

d (o) = o* d 1
—\e')=¢e —(logx)=—

d dx( € ) X

X
¢ AR 3aheH, f(x) = [u (x)]'® o TY o Herl o TThad Hid o A
Teh TR bl &1 39 deheish o stefquf B o ferw emevas € f f(n)
el u(x) I S S B

J

o —
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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 3

6.1 gffaT (Introduction)

31 5§ T WY Horl, Hfaam Rl wer, ST el SREmdih i Herl
3R AIHCIHTT el ol STeehels] 1 Al HiEl 81 F&d o1eA™ o, g9 T
fafs= vmansti § sTaherst o STIWANT 1 STEAA il oM sherar, faam, amfsen
foa 3l ¢ T &1 S & T g9 WE for fohe qahR eraehers 1 ST
(i) TR % feds &1 R J@ FE H, () T g w ot W@ qen sfeta @t
HHIERIOT T A H, (iii) T e o Ae@ W g 95 9d & |, S 89 34 fagei
1 T HH W Fedh Bl 8 5 W e 1 tfushad o1 <an W el 21 W 34
HATTA B A HH U O SRS Rl ST H, f50 T T IHHH a1 greHH
eIl 21 3fdd: B0 ho UNE % Wi I W i W STeehersl Y i

6.2 TRy o ufiads @t = (Rate of Change of Quantities)

A TR HifY foh Taehers %‘@l FHNI 9 FH STaTe ¢ oF ardel 8 s o giadd
1 Y BT YR, AR Th ARy Tk SHA AR ok we fmel My = f£(x)
g 7 g A A A D G (), 3 ey e

yefdfd & & 3K %} ('?JTf’(xo))xzxoq'{)xav‘ﬂﬁﬂyaﬁqﬁ_elﬂqzﬁ?{aﬁ

X=Xy

ekl & 2l
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o ofafiea, afs < TRmEF x 3Ry, ¢ o T gREfdd @ @ oE erefq
x=f(1)3Ry=g(r) & a9 J@an f=m o

dy dy [dx dx
2 _9/ =20
= % dl,trﬁ: ” I Bl 7

TH TN, x o FUE yoh URedd i < 1 GReher ok WUE y 3 x % IRed
FHT T T YA Hh TR ST TRl © |
3T TH Fd 3TN R fa=r +|
SEE0T 1 J9 oF %A o URAdd i I TR B oF THe T ity e
r:5cm%|
7ol o 1 99 *1 &Ewd A=n 2 W i S ?) sEfer, - oF wme A Sh afRed
dA d

dA
F W —=—nr)=2nr ¥ W ¢ 59 r= a—=10n : T A
K8 0 dr( r) r ? r=5cm o 81 3 BN

f9%A 10m cm¥/cm F R ¥ 95 @ 2

IETETOT 2 T B 1 S 9 cm¥/s i W g @ 8| AR THeh R i Al
10 cm © <l 3Hoh U3 1 &kl fohd X W &g W@ 2

Tol A ST 5 51 Y Tk HR w1 daE xom {1 9 R STEEA V A I % TS
HT EAEA S T, V =x3 3 S = 6x2, Sl x GHA ¢ HT FelH T

3 %=9cm3/s (f= %)
s AV _d g e
9= o T TG g (T e )
:3x2-@
dt
- b3 |
P - (D
dS d 2 d 2 d.x .
— = —(6x)=—(6x")-—
o o= G =—n6x0) - (e e )
3 36
= 12x| = |=—
X[xzj " (1) & 93T )
das
Ad:, S x=10 cm, —=3.6 cm?¥s

dt
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IETET0T 3 U R ofiiel # U eeR orell Sl € SR % o9l | 4 cm/s W1 A @
werdt &1 Ve gAehR X i B 10 cm €, @ SH e, R g3 enwhe feha dsit
¥ 95 @ 8?2

&l B ool 91 1 e A=n2 T S @1 el wHa s o wer et
A% uReadd # W R

A d e dr ~

o= dt(nr) d(n )dt amr— (sJ@en frm /)
%ﬁmw%ﬁ %=4cm
B GLESE] r=10cm

— =21(10) (4) = 80m

m:mr:IOCmﬁﬁﬂﬂ@ﬁi&ﬁEﬂWSOncmz/saﬁﬂT@aﬁf@%l

xmmaﬁﬁaﬁyaﬁrmm%a‘r% YT Bl & 7R x

mmaﬁ@raﬁ:yaﬁrnﬁm%?ﬁ W@W%I

SEETOT 4 TRE S S darEi x, 3 cm/min B R W WS W R IR ISR
y,2cnﬂnﬂnﬁ§?ﬁ%1ﬁ%lmx=mcmﬁy:6cm%ﬁﬁl@rﬂﬁa‘?(a)w3ﬁ?

(b) &% § e 1 R T FHifeu)
maﬁﬁw%mﬁaaﬁmﬁxm%ﬁ%aﬁiiﬁsﬁya@@%aﬁmwﬁ%ﬁ

d
_x= — 3 cm/min 3ﬁ'{ —= cm/min
dt dt
(a) a1 URE P WS ¥, s

P=2(x+y)
dp dx dy

i — =2 + 2(=3+2)=-2cm/
dr (dt dtj (=3+2)=~2 cm/min

(b) A #1 STFAA Y TET 2 I
A=x.y
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dA  dx dy

dt dt yra dt
=—3(6) + 10(2) (FifH x=10cm 3 y=6cm)
=2 cm?*/min

SETE0T 5 fHdl a%g &t x THEA & IARA H FA A C(x) T |

C(x) =0.005 x* — 0.02 x* + 30x + 5000
9 Ued 2| 9 Ard T IS Sd 3 T Icaed w1 S 21 S@l Sied anTa
(marginal cost ATMC) ¥ FHART AU fFe TR T ITIRA o YUl ARG § Trcehifcren
e # R Y R

el Hifh HHIG AN 3R oF fohell TR W x ST oh A9 HYUT ARG oF g
H R AN E R

Tmia @ MC = ‘;—C =0.005(3x%) —0.02(2x) + 30
X

S x=3% d9 MC = 0.015(3%) = 0.04(3)+30
=0.135-0.12 + 30 = 30.015
37d: ST Wi @R STUfd @FTd Ui ST Rs 30.02 (FFT) @

IETE0T 6 ToRelt IAE T x SHEA o fashd ° U< et 3T T | R(x) = 3x% + 36x
+59 USd BI & x=5 Bl 1 TG 7™ 1 HifTw) el draid 3 (marginal revenue
or MR) ¥ &AM Ifvura forelt eqor foha &1 T8 agstl o Ue Tqul o1 o gRedd
F T H B

ol i HiArq o fREt e fasa 1 T8 a&getl o @el o uiadd 1 ST B
218" S § R

HiHid 31 MR=§=6x+36
dx
& x=5¢ 9 MR = 6(5) + 36 = 66
aa: sivfiee HiTiq e HeUfd S 9fd 3T Rs 66 €
gyt 6.1
1. I9 o 9% o URadd &1 I 3HHT 5520 & 9raer Fd Hifse Safes
(a) r=3cmzel (b)) r=4 cm 21
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10.

11.

12.

13.

14.

Tfora

. W T 1 A 8 cm’/s I Y 98 El 2| IS &5kl e 5 W &g @I ¢

WWW@WIZ Cm%I

. W 9 K1 50 UHE ®Y Y 3 cm/s F R W 9 W ORI T HIC fom o9

&orhel ford <X ® &g @I ® wiE B 10 cm @)

. T qREd-eiel SF w1 fRR 3 cm/s 1 W 9g @1 1 ¥F 1 A fhE R

¥ 9g @1 € e R 10 cm el 872

. T TeeR oiiel o U U Srel Wil € SR a6 gl W 5 cm/s 1 TG W =l

T1 ST R a7 1 B 8 om ® 1 3W &0, oy gan el e X 9 W%
@1 772

. W g9 B B 0.7 cm/s T L W 9 W BRI gHHT IR HY ghg I w0

99 r=49 cma?

. T A i A« x,5cm/minﬁ?{@ﬂ'&'{%ﬁf%e’ﬁ'{?ﬁ@ﬁyAcm/minﬁ

WY G @ 2l Tdx=8cm 3N y=6cm & a9 I ok (a) TRAT (b) &5Fa
& qREde &1 X A Hifoa

. T TR S TS MR @dl €, T 99 g 900 cm® T fq Hehs R

AR Sl B1 [eAR i A1 o ufierdd shi X F6 HITSC Se B 15 cm R

. T TEEN S Hed MR @l 8, 1 B afted=ehiar 21 e o |mer s

o UREdd ®1 € A1G FITSC S 59 10 cm B

Th 5 m oell il $eR & TeR gohl 81 Wt 1 A 1w, s o efe,
IR T W2 cm/s HT Y G 1 21 R W sH HAE FE R A o
W@ & wafr did % = w f SeR W 4 m W R

Teh U1 o 6y = x° +2h ST T T @1 2| ook W 3 faged i 7 wifeg
Sfeh x-Fréee &t qor § y-Frdwier 8 1 g @ ag @ 2l

m&wgagﬁaﬁﬁw%cnusaﬁmﬁmﬁﬁélgaﬁwwﬁm
Q@W@%Wﬁﬁﬂllcmé?

ww,ﬁﬁﬁww%,mwﬁaﬁmﬂam%(hﬂ)él X% e

AT oF GREdT i < 1 HifT

T T29 W W@ 12 cm/s H Y R @ ) et 3 S W) e T vie st
2 TSTEeh! S9E Wea SuR %1 B &1 931 9 1 3 W 9 o Y i S
fohe W @ g W & Welh H9E 4 cm €2
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15. TH 9% i x THEA o IURT ¥ Fa Fa ard C(x) (¥ H)
C(x) =0.007x* — 0.003x2 + 15x + 4000
Y YT 2| 9Hd @ a0 SIFTT Sefeh 17 SRl 1 SR fRar T
16. ot 3R &t x 3H1RAl o fohd ¥ UM el 8T R (x) &9 |
R(x) = 13x* + 26x + 15
T yed 7| HHid 3T F1q R S x =7 2
YA 17 d 18 § |l IW T FFT hifoC;
17. T 990 &1 B r=6cm W r % GO &hel § IRedd 1 2
(A) 107 (B) 12 (C) 8m (D) 1in
18. TH SR i xIHEA o foha 9 W Fad T T0df |
R(x) =3x2 + 36x + 59 e &1 & x= 15 € @ €G3 =2
(A) 116 (B) 9 (C) 90 (D) 126

6.3 asu™ (Increasing) I BT (Decreasing ) et
TH =% | B STaeher S WAN ik 98 T il o Her axfue € 1 gE|E o
= ¥ i T R

f) =x% xe REN Y&d HoH [ W =R HINT 36 ®ed 61 Ae@ 3T
6.1 H & o 2

7 fag & arff 3R &1 7 % 7o fog o SR 3R o1 7
X fx) =x* 1 X fx) =x*
-9 4 0 0
3 9 C owoamrm | L 1
2 C a3 o) |2 .
1 1 5 1 1
1 1 X o 1x2 X 3 9
2 4 4
0 0 Y’ 2 4
SR i o B L I 9 7w AT @ < SR aed
ST Al oA i S Hed S © e B S gl
St B St B
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Tegem ot ferg o <t 3R o i (3eRfd 6.1) W fomR w21 98 f@u fa
A o SR S8 S od 9 ¢ 3R S ®, e i = AR sedl st 8
TE R SRt HEMSd x> 0 o foy wer axfue ween 2

e got g o ol 3R & ool W faeR #d B el oW dEd € T S9 S|
A o RY a8 W W H AR A B, G 1 SEE ANAR TS Wt 8

Foa®y ardfad TS x < 0% U Her gaH HEard Bl

Y 39 T AdUdd H geHE A1 JEEH Sl &1 fefated favamoness aftam <)

aftarer 1 uF ST arEdfesh HH ®e £ o Wid B [ T Sl g a9 f
() @ [H aefam 8, af [ ¥ x <x, =f(x,) <f(x,) TF x, x, e [ fau
(i) Ul ® gEEE 8, AR [H x, <x, =f(x) >f(x,) T x, x, e [F U

(i) AT § =R 2, 9 f(x)=c, xe [ Sl ¢ TH 3= 2|
39 YR ok el 1 A fET0 emepfa 6.2 § IfEm)

Y Y
X’ ) X X’ ) X
/
Y’ v’
FfA T

. 3o e
® (ii)

(i)
TR 6.2
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319 BH U fog W FEAM o1 gEEE %ol Sl qReafad S|

gftemeT 2 9H <fifse f& qlwfqmﬂﬁé?qﬁﬂﬁﬂqm?fé?mﬁ@ﬁgxoéw
x, R f I R AN Feamd € AR x, F Sl FH o1 TH TH fagm i
[ e 30 YhR § fF [ |, £ %oe: oefae iR greme @

3MET 39 GRAT &) SEHE e o fau T w3 B
3ETET0T 7 fEEEt o 9ed wer f(x) = 7x — 3, R W T odM %o 2
Tl A e Rﬁxle’ﬁ'{xzaﬁgﬁﬂ@ﬁ%,ﬁﬁ
X, < x, :>7X1 <7)c2
:7x1—3<7x2—3
= f(x) < f(x,)
TH YhN, IR 1 9 9Roms ke ® fF R W £ T oefdm %o 2l

37e BH iU SIR GO Hotdl o Tt Werm eTaeherst Tiero] T&qd il 38 Tieq
1 SUURA | A 5 W I Hl T HEAWH THI 1 WA H B

THT 1 A S R £ S [a,b] T HAd SR T S (a,b) R SEheE B
(@) [ab]¥ fa40M ? A Y&F x € (a, b) o fOC f (x) > 02
(b) [ab]¥ f HIA & 4 Y&AF x e (a, b) F T £ (x) <02
(¢) [ab]¥ f T = Held § 97 Y&F x e (a,b) % AT £ (x) =02
ST (a) A AT x, x, € [0, b] T THR € 7 x, <x, 7@ TeA 9 79 9 x, 3N
x, % e TF 9 ¢ 1 e 39 7HR B
F) —f) = £ (©) (x, — x))
1 f(x,) =f(x) >0 (AR £ (c)>0)

e f0e) > f(x)
9 TN, T9 sEd ¥,
[a,b] o T xl,x235f?ﬂl x<x, f(x) f(x)
q: [ab] ¥ f UH GHHA He B
9T (b) 3R (c) T IUUT TEH GohR B| WSH! oh foIq S8 A9 Bq Biel oKl 2|
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feauit
W TR H TH A UM YHT o STER ARt fRdl sfaue o T fagew ok
Al £ (x) > 0 &l x, a0 § HIE 1a7e 2 3R f 39 AaUal § Had & a9
f ! aHHA wEd €1 T YR A FHE sfauet o i fogatt o faa £ (x)
<O TEl x AU 1 HIE aFe 8 W f SH WA § Fad € qel £ hl BIEEM
FEd B
AT 8 fRER f ye@ wer f,
fx)=x-3x+4x,xe R
R W M wer 2
7o M 1y foh
ff)=32-6x+4
=32 -2x+ 1)+ 1
=3(x-12+1>0, Ift xe R foag
THAT e £, R W axam 2|
W9WWWWWf(x):cosx
(a) (0,m) ¥ BEHA 2
(b) (m,2m), ¥ afaE @
(©) (0,2m)H 7 @ wefHFE R A & BEHEA 2
7 &AM Y fh £ (x) =—sinx
(a) Hfeh T xe (0, m) e AT sinx>0,80 90 & & £ (x) < 0 3R s@feg
0, ) f BEaH Bl
(b) =ik Y& x e (1, 2m) & fTsinx <0, 89 7 € f&F £ (x) >0 3R gafery
(m, 2m) ¥ f =rfeE 2
(c) ST (a) 3 (b) W T & fF (0,2m)F £ 7 d oefam & IR 7 & g&EE 2l
SETET0T 10 Aaa A S FH f(x) = 22— 4x + 6 4 UST oM f
(a) ofaE @ (b) BEEME T

Rationalised 2023-24



3EHTS H SWAN 165

T B
fx)=x>-4x+6
@ f(x)=2x-4
e, £ () =09 x=2 U el g1 37 ,
fog x = 2 ardfas W@ w1 SEIH Aawa, 2 +00
AT (- og 2) AN (2, o9 (TFFA 6.3) F fawem 3P 6.3

I Bl WA (—og2)F f/ () =2x -4 <0

SEfAT, 36 e W, £ A B AUl (2,00),H f7(x)> 0 B, THIAY 37 el
o e £ oeHE 2

IETET0T 11 9 3{qal A hifeT fSFH £ (x) = 403 — 632 — 72x + 30 B YA e f.
() TEHF (b) BEHM 2

T Tl
fx) =4x* - 6x> - 72x + 30
"= 1202 — 12x — | |
a0 ffx)=12x*-12x - 72 \ N\ 3 3 o
=12(x* — x - 6) TR 6.4

=12(x-3) (x +2)
TEAT £ (1) =09 x=—2,3 W« B &l x=—2 3R x =3 A&AteIs @ Hl =
TR FATA, Tz (— g — 2), (=2, 3) 3R (3,09 | Tawerd a1 B (3T 6.4)1
A (— og — 2) AN (3, 9 T £/ (x) ¥TIcHF B Safeh a0l (—2,3) " £ (v)
SRS €1 Helea®y el f el (— og — 2) 3R (3, 09 | aefeqH 2 Sefeh Hauet
(—2,3) " Her BEEE 21 991 £, R T @ oefdH € 3 7 € gEEE 2

St £ (o) forg e f @ TRt
(-3 -2) ) )>0 [ e B

-2,3) ) (#) <0 f T 2

(3, 9 +) +) >0 £ adaH

Rationalised 2023-24



166 T

SETE0T 12 3(aUd A1 hiteq, fSMH 989 ®e f (x) = sin 3x, xe[o,ﬂ T (a) IeAM

21 (b) BEEA B
f(x) =sin 3x T 6.5
a f” (x)=3cos 3x
THfT, £ (x) =09 fiera € cos 3x = 0 e 3x=§,3—2n (Wﬁxe[o,g}

i B R I Y.
—8xe [0,7})9@@31% e, x = R 2%|3:|Tsn%|g o S [0,2}

F 7 e St [OEJaﬁI (g,ﬂﬁﬁmmél
A el xe[o’gj & faT f7(x)>0 il OSx<g:>0£3x<g 3 T

T T . T T T 3n
€| == |= fau ¢ Hifh —<x<—== <
X [6 2) f(x)<0 6<x_2:>2<3x_ 5

ZHfT, S [O,%) o oo 2 3 siaue (g,gjﬁmﬁ%maﬁrﬁaﬁ
feon T ®e\ x =0 a9 x=% W Haq ot 21 zEfen v éﬁ‘gﬂ,f,[&ﬂ 4
e 3R [%ﬂ o BEaH B

SETE0T 13 3iaUd 9 hiteg 598 f(x) = sin x + cos x, 0 <x 2 §R =4 HeH f,
a1 gEEE B

T 9 € fR
f(x) =sin x + cos x, 0<x <2n
a f’ (x)=cos x — sin x
. . T 57| . .
A9 f(x)=0 @smx=cosxﬁl’€l@%’ﬁx=z,TW%ﬁ%l W‘[\Eogxgzn,
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. L St . ) ) ) P
fag xzz SN x:T A [0, 2n] I A 3T 3IAVAl, AHd: [O,—),

4
R ek R R
TTeRTd 6.6
o Afe o7 f(x) >0 3fg xe[o,gju[%,mt}
1 et [Q%j R (%,M} o wer £ aeuE 2
, T 51
3 f(x)<0, afg xe(Z,T)
31 f U G%n) o BEEE 2
AT f(x) ot Tag e ht WoRfd
[09%) >0 f e @
T 57
[Z’T) <0 £ BEEA
(%ﬂﬂﬂ} >0 f e ©

1. fog FINTR W f(x)=3x + 179 950 Hor aeqm 2
2. fag FINT fF RWF(x) = ¢ ¥ Yed e a4am 2l
3. fag #INT f(x) =sinx ¥ TS HeW

(a) [0%)1#' oM (b) [gnj T e @

(©) (0,m) ¥ 7 @ adaE & 3K 7 & s 9 2
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=

10.
11.

12.

13.

14.

15.

16.

. fag wifse fF y=log(l+x)—

TIfoTd

A A B 0 f(x) = 20% - 3x | U=d HeM [
(a) A (b) BEAM

. AU I SIS S £ (x) = 20 — 3x2 - 36x + 7§ YT HeH f

(a) oA (b) BrEHH

e Fa ity 5 Frefafad wer £ o[ E @ seEE 2
@) fx)x*+2x+5 (b) f(x)10 — 6x — 2x?

© fx)28%-9x-12x+1 (d) f(x)6—-9x—x°

(e) f() (x+1) (x-3)

zixx,x>_1,mwmﬁ@mw%|

x % I GHl B A S e Yy = [x(x - 2)]2 T 9T T @
4sin0

.maﬁﬁqﬁ[o,ﬂﬁy— —0, @ F TH T Her 2

_(2+c0s9)
g wINT for AR Bl (0,09 W FEfuH w2
fag FT R C 1L, D f) =2 —x+ 1 ¥ 9&d %o 7 al aefaH 2 R 7 &
FEEM 2

ﬁﬂr%ffaaﬁaﬁqﬁw(o,gj ¥ A € 2

(A) cos x (B) cos 2x (C) cos 3x (D) tan x
frfafaa siauel & 9 ffg 3fala o f(0) =2 + sinx —1 §R &9 e f
TIEAM &7

(A) O.1) (B) (

a1 € =[AqH WHE 1 6
Y&d e addM 2l

o= AT (-1, 1] 9 3TEgH T Al e af fag i fF Iﬁ'f(x):x+l
X
Y Y& Wer £, aEuH 2l

b N |8

,nj © [Ogj (D) T & FE @
fore forger fore efawet [1,2] % f() =2 +ax+ 19

WWWWf(x)=logsinx, (0,%) T i &R (g,nj ﬁ'@"lﬂ'ﬂﬂ%l
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17. fag &ifNT f& ®wem f(x) = log|cosx| (0,%) e 5 [3—;,2n) |

A 2
18. fag wifve fF R 21 0 %M f(x) = £ — 3% + 3x — 100 FHAF B
19. frefoafaa & & fg sfae o y =2 e aefdm 82

(A) (=309 B) 2,00 (©) (2, (D) (0,2)

6.4 Ssaaw 3T F=1aw (Maxima and Minima)

30 0%, v Tafa= worl o Seaau IR feTan |l i TOFT i H STeshers

1 FReTT H1 FAT H| IRd H TH Th BT o Ae@ o add fagef (Turning

points) ! T T SR TH TR 3 fagati &l o1 w1 T W eTe@ T stfushad

(T =IAqH) TR gl 81 T8 WehR o g 1 A Tk o T Sfei@ @i | agd

IYAT B 7 Tk AfIRed 89 U held 1 98t 3=uad |9 ( Absolute maximum

value) aﬂTﬁTﬁ&TWﬂH ( Absolute minimum value) W Jd T S g S RERES]

FaEE % T o fou AEvas 8

R &9 e Sitaq ot fAfafea aaemst w® faur w1

(i) Gl o g&i o Uk o W B oell @ %o P(x) = ax + bx? 5 YEH © W@l

a,b I ¥ AR x Ud Whe W TR o geli I @M 2| W Hs fehad ga
sfereRay @y 39?2

2
(ii) 116560m”ﬁﬂﬁﬁ@ﬂﬁﬁﬂé@ﬂ?hu)zéoﬂ—%%m

fauifia v o erfw =t ©, T x 9or @ 1% i afas g SR h(x) ST
S B T foperl tfushan =g de Tger?

(iii) I T T AYH AR o £(x) = x>+ 7 5N Y4 UY & N 3 @I 2|
fag (1, 2) W e T A 9 Sfeepiet 1 el 7 =red @ ofe Bfereniet
3Iqoh Frehedd &1 98 Frehead ot feat 22

ST FHEE 5w TS ® 19iq eH USH Hedl oh Seuad el ey
A @ FET =R S| 5 THES 1 gosn o fou en fafted u wer
Afreha® W A1 FqH 7 o T Seedd o S e o faget ok g
fogett =t fruif@ W o Tdemn &1 gRefia w3
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TRTHTET 3 A AT T a0l 1§ Tk %o £ 9Reifia @, qd

(a) f1 S=aqq OF [ W& 2, a1 W wh fag ¢ 1 3ifiae 3@ YR €
fO)2f(x),V xel
T f(c) Sl 1 f o1 S=aa UM %ed € IR 65 ¢l [ W f o S=aaq aH
e g el W 2

(b) f 1 Frefas = 1 ¥ e @ At 19 wh f6g ¢ 1 o @ 39 WK T
flo) Sf(x), Vx e 1
GEAf(c)®l 1H f o1 Fretaq o #ed € IR fag o1 1 § £ o fretaq o=
e forg et S 21

() Iﬁf@ﬂ'@lﬂﬁ(extremevalue)T@ﬁmwméﬁlﬁ@@ﬁg
¢ 1 AR 38 HR € T f£(c), £ S=aqH A el Feaq 7 2
79 fefd & f(c), ¥ £ 1 =7 WM e § R 65 ¢ wh wwm {65 e B

(.

Y’ (a) Y ()

3TTeRfd 6.7

AFR 6.7 (a), (b) 3R (c) § 71 Fo faftme weri & aTera weiid
oy & 90 &8 U g W S=uad oM R fead o w6 S o e ferd
21 e § el ¥ gH 39 el o S sTaehied Tl 2 7| Seadd / freaw we
off Jd H Hehd &, (ITET 27) |

SETETOT 14 f(x) =x%, x € R Y Y& o f o Feaad 3R Fead 7F, 4 *ig ef
1A IS

& f4U T W & e (ST 6.8) W EH %e Hehd € TR f(x) =03 x=0% 3R
f(x) 20,8t xe R fom)
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T, £ o1 Fetad M0 R iR £ o Frefad A Y
&1 fag x =071 39k aifafiem emei@ @ g7 off <@ =
Hehdl € foh e £ 1 IS Seuad WM el 7, om: R

¥ f % S=aq9 A &1 fag T 2

| oot | =if &n wem % Wi i e (-2, 1] 7%

g Y T x = — 2 W/ H Iodd™ T (- 2)> = 4 B

EEIOT 15 f(x) = Ixl, x € RBW Y&4 ®ed f &y X
SegaH IR Fretan 7, Afs w1 8, I it B2t 123
Y/
7ol QU U weH o oTeE (SAeRfd 6.9) @ Y
f(x) =20, 9ft x e RSN f(x) =0 4 x=07
ST, £ FTeTaq o 0 § 3R £ o fean Y

T 1 fag x =021 3 e § T8 off T ® R

Hf 1 HE S=aqq 9F & 21 37d: R | i S=aaq

T w1 fag 7 2

feauit

() A TH He & Wid H el [ 2, 1] TH X
gifga &I, a f &1 I=IaH AN

|- 2] =2 gl Y’
(i) ST 27 H &9  fF e f, x=0 ™ TeRTe 6.9
FTFHE TE 2

IEEIT 16 f(x) =x, x € (0, 1) 5N YA HelH o
=aan 3R Freram 9F, 9 FE @ a1, 9 i Y

ol U faua (0, 1) ® & wem & R aemm
®er €| e f o i@ (SRt 6.10) § W@
Tdia erdl @ o wer w1 fetam 91 0 % < 3
o fehean fog ik Seuam A 1 o ol 3R &
foehean fag W g =few) = U9 fag sy €7 X«

o)
o fagetl =1 siferd e Hwa Tl €1 o o, Afg v f(x)=xin((%,1)

0 1 Frerean fag x & @l x—2°<x0 Tt x, €(0,1) T 6.10
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x+1
2

T U T wer 1 S (0, 1) W A @ HIE I=aaq 7 © R A & e fean

qH 2l

feoguit ares 3@ Gehd € foh SR 28 W AR £ o wid W 0 iR 1 Wi wfwfea

foen S stefd £ oF Wid 1 agreR [0, 1] R fe S dt wem 1 fream um

x=0TR 0 3R I=9q9 I1 x= 1 W | ¢ aqa § g9 Fefafad 9Romm 9@ & (39

ARl 1 SUAfd 39 T % &5 § el 7)) |

Uik TG (monotonic) HET 310 TR Wid o 3fc foigeii W Seeram,/ fetan

TEUT I R

39 URUTH &7 31Tk 9% 7 98 ¢ foh T il W Y&ieh Had el o Soedd
R FrTs 71 B 2

| oot | ot sferer 19 whfae wor @ e s & 6 18 wer o
A € A FEHN 2|

79 =% | Teh G Faiel W YR Heid o Seead 3R fetad Al o o
o] ¥ foum &

3T 319 AT 6.11 H 9T TC fohelt weM o 3o 1 31799 &Ll f@u fo
e 1 Terd faget A, B, C a9 D W a&9M 9 grauM A1 faetivd: graam 9 aefam
21 21 39 fogefi w1 e o o fog shed €1 3: e Gy fo o fageil W emea
o T B TRIEN A DR HE Sl 21 /i 9 W fagst Aden CH 9 yokd o |
(Neighbourhood)ﬁth_cﬁ &1 a9 JH % ST STeh! STO-3TqT Sfeal oF STeamt
(Bottom) W 2| 3 YR fagafil BAenD & © ek o |Hie | %o 1 S=aad |
®, S ST STol-eTu TRIfEEl o wiel W ®1 39 HRur ¥ fage A den C el

% fou oiR afe | &1 fsheqn fag x & @ Wt x €(0,1) F U >x gl
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foFem A (= wrder Fretad W) 6 fag qen B iR D w1 T Swuan 9 (3 |el

Ieaad HH) o o5 GHE ST Wehell €1 el oh T Seuad AM SR T s

M 1 FHHY: o H LA Seaad S T fread w81 S e

e &9 Sl w9 ¥ Frefafea o 29 2

TR 4 W ST £ T ardfesh HHE e @ S ¢ He £ o Wid | T 3Aidies

fag 21 @«

(a) ¢ ! TUHE SouaH 1 fag wer W ® A UH T A > 0% @
(c—h,c+h) T TH xF AU f(o) 2 f ()BT f(c), FOH f T AT I=aqq
M e 8l

(b) ¢l TF e 1 fag el Sir @ 9K T | A> 0% 7R (c—h, o+ h) | Tl
x& U f(o) SF(x) B @@ f (¢), FeH f 1 WM F=qq 99 Fear 2l
st gfteenior §, e qRwm &1 31ef ® fop AfE x=c, oA £ B @

= o1 g B, dl ¢ o ST T @ SAEhTd 6.12(a) o STTER BN &4 ey

o ST (¢ — h, ) | BoH fFafum (31U £ (x) > 0) 3R A (¢, ¢ + h) § Her

FEE (3 7 (x) <0) 7

T 78 Tt frshern € T f7 (o) srawa & g g ey

Y f©=0 Y

N

I\
&

3
‘%%“o &f
L5 ro=0
>X

Y @) 3T 6.12 v ®)

T YRR, A ¢, B £ 1 T eTaw fog @ @ o oh SEIH 1 e
epfa 6.14(b) o AR BN T8l STl (c—h, o) W f BEHH (A 7 (1) <0) ®
3R SFRA (¢, ¢ + ) W £ aHqA (9@, £ (x) > 0) 1 78 YA: el a1 @ B £ (¢)
3199 & I B =feul

3T it § 'Y frafafea o g e @ (faen soufa) |
THT 2 WA ST Tk fogm Sfauel [§ £ Uk qRIid e 21 " e o e 1 i
fag 21 9% £ 1 x = ¢ W T WM I==q9 1 T A Fegam &1 fag 2 a1 £ (o)
=0% A f g ¢ W ahera T2 2

T

[ Ao
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frguit ST wHE &1 foem smavas @ 2 fh a8 S8 fe s fag e w
Sfehelsl I & Sl € @ 98 31evash e ¢ o o% i Seuaw A e frew
1 feg 81 SR A f(x) =X 8 A £/ (x) =322 R @A £ (0) =071 T 0
Al T Seen @R A € e e fag @1 emefd 6.15

Ho f % Hid B T T8 o, fo WA A 7 () =07 A f SremerE
7€l B, f 1 shifdes fag (Critical Point) egamdl €1 M <ife o 4% £ fog e ™
Had € 3 7 (c)=0% q 78l T WH />0 1 e @ T FaUed (c— h, ¢ + h)
o £ Sfeherd Bl

319 B9 hacl YUY TTherSi 1 YAN ek LM Soaad fog o1 T feray
foget =1 9@ w &1 fRafafy wwga &)
U 3 (WAW 3Tdehelsl GeIUT ) A oifSe foh T wer £ R faga st 1™
uRefr ®1 A efife T £ ofater 18 feord shifaes 65 ¢ W Haa 21 @
(i) x%F fo1g ¢ ¥ & IR T4 & TA-Ty, IR Y
£ (x) 1 Tog o9 @ ko1 § ufEfda e @ _3
s At fiig o % a9 i Sud i J=x
e & Y&® f98 W f/ (x) > 07T ¢k
Tl AR 3R v fere o g fag W

/() <0@ q ¢ T Suan T f6g B x< >X
(i) xoF foIg ¢ ¥ B X Fg1 o WA-|A AR O e wftet= firg

f ()1 faE %0 ¥ oA ° uRafdd g e,

ot Al foIg ¢ o =Tt IR IR SHeh waia

ﬁm%mﬁgmf (x) < 0T ¢k
T SR SR SHeh wATw fiehe o ek fag
W7 (x) >0 8 T ¢ T e g 2 3R 6.13

(i) xo f95 c W & X o o WY AR £ (x) H g uRafdd 7€ e €, @ ¢ |
Al T Seuan fog € R 7 T feran fog) arde o, 39 YR o fag @
Afq aReds 65 (Point of Inflection) (3Tehfd 6.13) ed 2l

I ¢ Her f 1 Th TFE SeIH g ® @ () BEE £ A
IeecH UM 21 36 YRR, AR ¢ Fer £ Th WA tean 65 €, @ f(e) e f
1 T e T R ST 6.13 3R 6.14 TOF 3 i SATEE S il 8

V
’
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FEATETOT 17 f(x) =x° = 3x + 3 SN Y %o o oIQ T S=aad SR T feta
& Tt Fag F am F

ol TRl fO) = x¥*=3x+3
il =32 -3=3x=D@x+1)
B F()=0=x=13R x=-1

TH YN, ol x=+ | €1 U hifdes fag € S £ o T Seaau Sl S
freram Gurfea fag & gehd €)1 Tedl B9 x = 1 W W0 % 2

o ST o | o Fehe 3 1 % <R 3 £ (1) > 0% 3 1 o fhe 3R 1 &
Ef SF (x) < 0 1 SEFAT HoT aehers e gRIx = 1, T fetam fog 2 el
T et Jm (1) = 121

x=—1H S H, 1 o Fhe 3R —1 o ol 3R F7 (x) >0 3 -1 o ke 3R
-1 o I SR (x) <0 B 1 ST Yo Sfaehers TUe0T g7 x = — | TAHIT S=aaq &
fag © oIt T S=uaw A/E f(-1) =57

X% U f/(x)=3(x—1)(x+1) =T Torg
TR AR (HAMIL.1) >0
157 <arrq°f31k(n1=no.9) <0
TR AR (FAFT—0.9) <0
-1 fre <arrq°faﬂ1(m=n—1.1) >0
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SEATETUT 18 f(x) = 2x° — 6x% + 6x +5 GRI W& ol f o TIHIF Souad IR THE
freram fog sm@ it

& TR

fxX) =22 -6x*+6x+5
a1 ffx)=6x*-12x+6=6(x—1)°
a ff)=0=x=1

TH R heel x = 1 € f o1 shifdes g 21 376 89 39 {65 W £ o T Seeuam
o T eran o forg wderr s fEe o gt x e Rob fow £ (x) 2 0 @ik fagm
®Y Y | o T 3R | o ol R S SR SR o 9 % faT £ (x) > 0 ®1 gEfaT
T Sraehers THe | fag x= 1 7 o Tg seuan 1 fag € @R 7 & v e
Wﬁg%l 3d: x =1 Tk Afd gRadd (inflection) ﬁg%l

o AT 7 S 30H 7 (o) T FoE Fa R H weft o T
RN 3C: [ o oei@ | i off oA fog TR @ SR gHie T Sweaw o
T e w1 wE o fag T R

el g9 Tt Wed el o THIT Seaad 3R T Fretam o wdert o foe T
T fopafafy weqa i 98 Ther YU Staeshersl TeT &1 qe | WiE: 9l

U 4 W A T £ fordt siauer 19 qRwifid Th wer @ 991 ¢ e 181 91 st
% f ¢ W 3 R AR SEHeg ¢l qd
() AR ()=03RF”(c) <0 x = ¢ TIAT ToaIad 1 Tk fag 2
TE I H f 1 T S=IaH °1E £ (c) B
(i) TR f'(c)=0 AR f7(c)>0T x=c T Fead =1 fag 2
TH W0 H £ 1 WA e 1= £ (c) B
i) I £ (c)=0 W f”(c)=0% q 78 T FHHA & Sl 2|

7 feorfd o &0 9H: YU Sfeshersl THeul W S SR 98 T ki € TR ¢
SeaaH, et = Afa aRed= = fag 2

ﬁ?lgctr{fﬁlaﬂwndl{d{q*wﬂq%wﬁ%ﬂmaﬁ‘ﬁﬁc?{fa?

fgdfta stames @1 i 21

FEETOT 19 f(x) =3+ |xl,x € REN Y81 HeM f k1 TR a0 AH I sifsul

T £ I o & T x = 0 R stk Tel 21 39 YR i stesherst wla
STEGT T ST 8| 379 TH W STeehersl WA wd €1 T HIS & 0 el £ H Th
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ifden fag 81 &1/@ 0oh ol 3, f(x) =3 —x 3R TEAT £ (x)=— 1< 0B WA & 0
o T SN, f(x)=3 +x T AN THAT £ (x) = | >0 T AT, GUH Heehersl THE00
g x =0, f %1 TEE fan fag @ den £ 1 T = 91 £(0) = 3§

FEATETOT 20 £(x) = 3x* + 4x° — 12x° + 12 §R 94 el f o TAHIT S=edqd AR T

feaq 71 9| S v
e el % 1 %xi'
fx) =3x"+4x° - 12x* + 12 \\J\ T @//
el Fre)=123+ 122 - 24x = 12x (x = 1) (x + 2) 18
70 x=0,x=13Wx=—2Wf (x)=0%
< —t— +—+—+—>X
3 F7(x)=36x2+24x —24 = 12(3x% + 2x - 2) 32419 1 2 3
v
” Yl
0)=-24<0
/ E) ) 3TTeRTd 6,15
3d: ff1)=36>0
f(=2)=72>0

gHfe, fodia sraenerst wer g x = 0 T I=aaH {65 € IR o1 T S=aaH
A £(0) = 12 Safsh x=1 MR x=—2 Tty ey fag € ok s frean o=
F(1)=7 3R f(=2) =202

FEAEIOT 21 £(x) = 22 — 622 + 6x +5 G USH o f o T Swaad 3R T
freaw & |l fog 9 wifs)

T T W
flx) =2x° — 6x% + 6x +5
f(x)=6x*—12x+6=6(x—1)*
h £ =12(x~1)

HAf (x)=0¥ x=—1 9 Bl 21 a2 7 (1) = 021 THfAY =& fgeftar sterherst wdiaron
S 2| 37d: §Y UUH koS YO0 I SR S9H S|

T UES € (ST 30) W 3@l B T Wer tershers! qerl shi gfte ¥ x =17 ql T
I=gqn &1 fog € &R 7 & g e @ fag @ eiftg o' Af aftedw = fag 2

IEETOT 22 T T ¥ @AW T wISw fR 9 15§ iR e |t @ A
A B
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&1 UM oS Tgell e x® 99 gl §E 15 —x €1 WM ofifee 31 wemst o ol
1 A S(x) § FH B B qd

S(x) =x% + (15 = x)* = 2x*> — 30x + 225

S'(x)=4x-30
S"(x) =4

b S ()=09 x—125 g Bl § qen S [fj 4>0 2 sHferu fedia srahers

e g S o T feam o6 fag x=§%| ;v Tt 12 aﬁt 15_?_§
@ Gt o5 ot &1 A fream g

froquit 3T 22 Y wifa e fag e s wehar € 6 T <1 wa ged feen g
k& i for a1 s =g @ A % et 5 @

TETET0T 23 95 (0, ) @ Waed y = ¥ 1 =ZAa9 g 1 HIfST el %SCSS%I

T HM AL WA y=x2 W (h, k) 1S T6g €1 °F ST (h, k) 3R (0, ¢) o o=
< DRI @

D =/(h=0)> +(k—c)* =\/h* +(k —c)’ (D
TR (h, k) Tee™ y =2 R o € e@: k=122l g®fan ()9

D=D(k) = \Jk+(k-c)

m b (e H2E=0)
Jk+(k—c)?
o D (=03 k=21 g 2 3

c—1
2

21 2
oI AT T k< T4 2(k — ) + 1< 0, FAAD! (k) < 0 & T ST k >
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2c—1

9 2(k—c)+1>0 %aﬂh\D’(k»O (39 YR UUH Taehels] TR0 H k =
k Fream 21 e arviiee =pan

2
D(Zc—l]=J2c—1+(2c—l_C] _ 4c—1 %I
2 2 2 2
o femull | Tes e ¥ fR SR 23 7 T fidi st et o T W
YUH SfFhers T 1 YA foRen @ iR U8 W 1@ B B

w

SEET0T 24 HH WfSC fag A 3R B W %uI: AP Tl BQ &1 StaieR & B AR
AP=16m,BQ=22m 3R AB=20m & @ AB W Uh U@ fag R 7 shiferg arfen
RP? + RQ? f=am =0

Q
&l AH Wifq AB W TH fg R39 ¥R © &%
AR =x m# T@RB = (20— )m (FRFAB=20m) |
S 6.16 W - E
o
RP? = AR? + AP? =
3R RQ? =RB? + BQ? .
R
20 —
=@ RP? + RQ? = AR? + AP? + RB? + BQ? il ZO(I: Xm
=2 + (16 + (20 — x)* + (22)? TR 6,16
=202 — 40x + 1140
A e R S= S(x) = RP> + RQ? = 22— 40x + 1140 1

31 S’ ()= 4x — 40 €l

TS (X)=0" x=109d B & IR Gt x o fAT S”(x) =4 > 07 3N Hfew
S”(10) > 0 81 sEfeTy, fgdtar Sfeeherst Theror | x = 10, S 1 TH@ feam w1 fag 2
3d: ABW R A¥ T AR=x= 10m =l

SETET0T 25 IS T HHAd Igys oF STHR oF e diFi qenstl i aardt 10 cm
? a9 e wqUS 1 iU eehe T it
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T AW gUAd Hl SR 6.17 H D 10 cm C
<91 T 81 AB W DPAel CQ oe
Fifew) 7 ST AP=xcm 21 &M s .
éfu fF AAPD = ABQC ® zdfam N, ’%
QB =xcm B 3R UEUMRE 99T 4,
DP =QC = /100 = 2 %l":ﬂ:l F’ﬂm A" P_l 10 em l_Q xcm B
Tretd wqds 1 SFEA A B ST 6.17
Ia: A= A(x)
1. . .
= E(W‘Iﬁ'{ el T A) (H4TE)
_ %(2x+10+10)(\/100—x2)
= (e+10)(W100—= %)
(—2x) 2
il A= +100——=2 4 (J100- )
@ V100 - x?
_ —2x* -10x+100
 Vhoo-+2
Cic) A )= 0822+ 10x — 100 =0, FSTEH x =5 3x=—10 9= =l 2l
it x Tl 1 Frefra Fxa1 @ gufen o8 For T8l Tehdr 71 Hi . = 581 319

V100 % (~4x~10) — (24 ~10x+100) =2

, 2/100-x*
A7 (x)=

100 — x?
2x> —=300x—1000
- T (A & W)
(100 — x*)?2
_— A”(S)= 2(5)° =300(5)-1000 _ —2250  -30 <0
: = - = -
2 7575 75
100-(5)%)2 V15T
T UFR, x =5 W HHAS 1 &AFA Afuehan & R Afuehan &wa

A(5) = (5+10)14/100—(5)> =154/75 = 75v/3 cm>®1
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3ETET0T 26 Tag *INT fF T 3ig o fdia dead ahyss ald @d g S i
5 visp 1 B = el Bt R

T WM WST Yiep o MR &1 a1 OC = r 3R S
OA = h ®| W oiifsie o fRu gu visp o siariq soH o
YN % 99 1 B OB =x 2 (3T 6.18) | S
S QE % feru:

QB _EC . . h
oA = oc (FifH AQEC ~AAOC) A
- QE _rox
h r :
h(r—x) B DP—_O “E C
el QE=—
T ST ded 1 oHgS S © | 99 STeFf 6.18
S =809 = 21xh(r — x) _ 21h (ri—2)
r r
S'(x) =2—nh(r —2x)
a0 r

S (x)=0" x=% I g g1 it @t x % fau 87 (x) < 0 ®1 3@

S”[%}O %lsm%ﬂzx:% , S o1 S=uan fag 81 ord: U visy o Aavid Heww o I
o oo i B T 1 B 6 e 't 2
6.4.1 TR @?Wﬁw TeT T Seeldd 3T s 91 (Maximum and

Minimum Values of a Function in a Closed Interval)
A ST f(x)=x+2, x € (0, 1) X Y& T Toi f 2
& AT fF (0, 1) T For dad 7 3R 39 faud § 7 a1 39h FI5 Isadd HqH
2 3R 9 & TR S a9 2

denfa, af€ enf o Wid i Ga§ AUt [0, 1] 9k 991 < a9 ff £ T S HIE
A Seaad (Fefad) 7 @1 v W e Ffved € Seuan /e 3 = (1) iR
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| 71 2= £(0) €1 x=1T f 1 I==a8 AE 3, [0, 1] W £ 1 FRU I==am
(9899 9M) (absolute maximum value) I TE=eh 3Iftehdd AM (global
maximum or greatest value) hgardl %I T YR, x=0T f &I a9 2, [0, 1]
T f ol ey freram 9 (a9 A1) (absolute minimum value ) 3T e JAdH
A (global minimum or least value ) F@ctrdl 2

T G ST [a, b] R TRd fhdt Haq we £ o 9a 3ehfd 6.19 ° yefifa
Ao W =R HIT o x = b W&o £ o1 WFEE =00 @ qen e e
M f(b) €| HEH Hl x=¢ T T Feaaq fag & q91 WHE S=aaq 91 £ (c) 21

Y

/

@ ) f© L fd)

X'¢ ——>X
o « b ¢ d
Y/
3T 6.19

Y € e § ¥ ot T € fom £ o FRuer SeeaH | £ (a) den e feraw
M f(d) 31 39eh ATafem e <ifse o £ 1 fedey s=aam (Fetam) 9m e
e (Fream) o 9 fa= 2

e TH Teh HIW el [ H T el o ue S=aad SR Feder ferae o fawa
o 31 uftomml (fan squfd) o wed sand
UHT 5 WA ST Toh a0 = [a, b] W f Th Had Fed €| a9 £ 1 F0e) S=aad
M Bl € 3R 16 %9 W ¥ Tk o) £ 98 0F W Sl € ael f ol gy et
TH 8l © 3R [ ¥ %9 4 %8 Th o) £ I8 §F W L

UHT 6 | AT T e [T f Teh 3fesheld e 8 3R 7 et fm 1
IS AR fag ¢ 21 o

() ¥ ¢ W f Oy S=uqq 91 9w B, d@ £ (¢)=0

(i) A ¢ W £ vy Freas o9 o & €, @ F7 (0) =0

ST yHE o faar 9, fRu MU Haa siava o fhdt wor o fRus S=uam Ae
IR Frder freran 9 9@ & & fog fafy feafafed 2
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ragTiies fafér (Working Rule)

=0T 1: TSU MU e | f o |t wifass fog S ST steiq x o 9% 9+t 99 9
HISY STl 1 @ f/(x)=0 a1 f STk Tl 2|

TOT 2: TS o iy fog

SR0T 3: 37 9ft fogeti W (01 1 9 2 ¥ gAES) f o HEl hI T HifSQ

FTOT4: =RO7 3 | MO W WS £ oh HAl § W Seuan R Fetad 5l sl ot =@
I=aaH WM, £ 1 FRUe S=aa8 "7 SR FeTaw |16, £ o o feae 9= g

SETETUT 27 30 [1, 5] H f(x) = 223 — 15x2 + 36x +1 5N U8 %ol o fRueT S=aay
AR Froe fregae ol &1 3 it
T W 9 ®
fx) =2x — 15x% + 36x + 1
a1 ff)=6x*-30x+36=6(x—-3) (x—-2)
Wﬁmf'(x):O@x:Z\’:ﬁ'{x:3W€ﬁ%I
e w9 3 fagetl @R ofawe [1,5] % of fagefl tefqe=1,x=2 x=3 3R
x=5W f & AF F IRbeA HA| 74:
F()=2(13)—-15(12)+36(1)+1=24
£2)=2(2%)-152%) +36(2) + 1 =29
f3)=2(3)-15(3%) +36(3) +1=28
£(5)=2(5) - 15(5) +36(5) + 1 = 56
TH YK, BH 39 fend W wged € TR e [1, 5] W we £ o faw x =5 W e
Jeaad T 56 3R x = 1 W FRuer e wm 24 )

41
IEETOT28 f(x)=12x3 —6x3, xe [~1, 1] BN Wed U HoM f & FRIE I=aaq 3R
frgey f=ram o= 9 Sifsa)

TATH Id ¢ T
4 1
fx) = 12x3 —6x3
1
! 7= 160~ 2 = 26520
x3 3
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TWYFN f (x)=09 x:%m——rgﬁm%l AR M AT foh x = 0T 7 (x) IR

ﬁ%lgﬂmmﬁgpoaﬁ?xzé 2l mmﬁgaﬁxzo,%aﬁ?ma%
3 fageti x=—19 x=1 W %M f % AM 1 IRbeH w9
4 1
f(=1) = 12(=13)—6(-13) =18
£(0)=12(0)-6(0)=0

) of) 6) -2
8 8 8 4
4 1

T =1203)-6(13)=6
W B4 €1 39 YR B9 39 et W UgEd € foh x=—1 W £ o1 fRue S=eaw

oM 18 B 3R x=%mfmﬁﬁaﬁ1=mnﬁ _79%%

SETETUT 29 31 1 Th AU BfAshe ok y = x° + 7 % STfEe Ued 99 W 3 @l B
fag (3, 7) W feord w Aften a7t feafd @ =gad g W 39 Bferhiet & et wr
<Tedl B =aH Tl T wife)

T x o ok UM oh Ty Bfereriet i feerfd fog (v, 22+ 7) 1 gl (3, 7) W feord
& o el o @19 T\ [(x—3)7 + (2 +7—7)7 . T (x = 3)7 + x* &

M oifae fh f) =(x—-3)2+x*

0 Fr)=2x—=3)+403=2(x— 1) (22 + 2x + 3)
AT £/ (x)=0H x =1 I Il & A 222 + 2x + 3 =0T I Iafash oI et &
Bl &1 I: Faue ok 3 fag oft T €, R Sw wy=a | Sier g feees fo £
w1 HH YA € iiq shad Uk fog, THa: x=1 € UE 21 @ fag W £ w1 wE
F)=(1-32+(1)* =59 Y4 Bl 39 YR, Ufieh wd Bferpiet o d= &t g

JrM =5 2
eI ity fof /5 o1 @l Seaad 5E A1 fead 5E 21 it
G = JO-37+ @ =355
9 e frekd frven & ([f(x) &1 fegam 7945 21 o S ok efaeiey o
9 # fre 0 5 2
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YyTae 6.3
1. ffafea feu T wemi & S<aaq o feag 7 , e wE @1, F9 S
Q) F0) = 2x— 1) +3 (i) () = 9 + 12x + 2
@) f(x)=—-(x-1)%*+10 i) gx)=x*+1
2. Tr=fafea fgu 7T womi o S=uqm a1 feaw |/, o w8 8, @ 39 sife:
@) fO)=lx+21-1 (i) g() =—lx+11+3
(i) ~(x)=sin(2x) +5 @iv) f(x) =Isin 4x + 31

V) hx)=x+1,xe (-1,1)

3. fr=fafed woq o T Ssaar o fea, afe g & 9, 0 S qen
T STadd A e e e, S feafa g, o T st
A fx)=x (i) g(x) =x - 3x

(ii1) h(x)=sinx+cosx,0<x<g
@iv) f(x) =sinx—cos x, 0<x<2m

) x 2
V) f)=x—6x2+9x+ 15 (vi) g(X)=5+;, x>0

1
(vii) g(X)sz (vii) f(x)=x/l1-x, 0<x<l1

+2

4. fog wifvu f Frefafed wemt w1 Ssgan o1 f9aq 99 &8
1) flx) =e' (i) g(x) =logx
(i) h(x)=x*+ x>+ x +1

5. e Sauel § frfafad weri o FRue S=uan 7 @R Fde freas 5 3 i)
O f)=xx€e [-2,2] (i) f(x)=sinx+cosx,x e [0, ]

(i) £ =4x—%x2, xe [—2,%} (V) )= (=D +3. xe[-3.1]

6. I @9 HEH p(x) =41 —72x— 18x> W US4 © ql Terdll U gru Al S==ram
SIGEISIGREAIE 1

7. AR [0, 3] T3x — 8% + 1222 —48x+ 25k Ieaaq HH AR Faq g T hifer)

8. 3fael [0, 2n] o Tohel fagesl W wer sin 2x 1O S=EAH WH WK il 872

9. e sin x + cos x 1 ITAdH HE FT 22
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10.

11.

12.
13.
14.
15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

Tfora

A [1, 3] 5 2x° — 24x + 107 T HeqH HH T FHICI TH He T A
[-3,-1] ® ot 7e9w U= A4 wifaw)

I fean @ fof iU [0,2]H x=1 T B & — 6242 + qx + 9 SEIAH WM U
X ®, @ a1 TH @ HieQ

[0, 27t] T x + sin 2x 1 I=aqH SR FeTa9 9H T i)

Tt < @t @ witSe ST A 24 € IR ST AR S=ead @l
i H‘Iﬂ'@lﬁx?’ﬁ'{ yaﬁaﬂmmx+y:603ﬁ?xy3ﬁﬁ'q 2l

et < o FEATT x 3R y T BT ST T 35 2SI UM 125 S5aaH el
Ut < o[ GEATd 1 HITSC fHh1 A 16 81 3R ook ST 1 gt feram el

18 cm ST ok e o forelt IR The | Y&H M W Th a7 heh ad 39
TR o+ & o Totehl w1 HIg X Gk ed T Ggeh ol &1 e ST ared
o i oS foRat BT 99 WEE #1 STEAH S=aad =17

45 cm x 24 ¢cm i faT T AFARR =T F kAl T T hIEhT d 39 TR
o+ fe1 o ekl S HighR 9% Fed Tk gk I 21 1 ST aret ot 1
el foRat Brft 999 ¥3e &1 STad I=aad Bl

fiag forfSIy o wer fou o= o siarta wft el o ol 1 &srwel Seaw B 2
fag fafeu % Jog I3 v Hedm aad & o &l 9E, SMHR % A o
TR FA

100 cm® 3T¥AE a6 fesd it a8 Se R (S99 fesl ¥ 9 =g 78
& At fesd &t fommd W feRfs)

T 28 cm @9 AR I < Thel § faer foman 1 21 T Tk 9 ot qenm T
o g SR S 81 S ZohEl i A fehd g =fen foed ot ue g
gfHfad &% =Aad 712

fag Fifee fob R oo o el o sidvia faeTeran ¥isp <1 TR, et o6 STeaA

8
El Em%l
fag ST fF Aan g8 #1 KU 319dq o @9 geiia Ik i G, SR Hi

s = 3 T e R
fag #IfST fF & g8 fade g iR wewm sread ol i &1 ord o i

tan_lx/a Kl %I
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26. g HifeT for KU gC I IR Heww 1@ oTel ofel gt vich o1 31 3 i
sin_l(%)%ﬁ?ﬂ%l

e & 27 ¥ 29 H WEl 3T 1 FAE FHifC
27. "@EH =2y W (0,5) ¥ a9 g0 W fem fag 2
(A) V2,4 (B) V2,00 (©) 0,00 (D) (2,2)

2
28. x, % TR A WA F T L gy e A

I+ x+x°

1
(A) 0 (B) 1 <€ 3 (D) 3

1
29, [x(x=D+11®, o< x <] 1 I=9d9 9 =:

Alé Bl O 1 D) 0
()(3) ®) 5 (© (D)

fafaer 3ergvor

FEETOT 30 Th %R G99 1= 0 R a5 P ¥ =l IR %ok 6 Q W T Sl 2|
FR EN Yohe H T i U, x WX H

x= t2(2—§j R ES

T ! QT TET W o HHA T HITWT 3R PaenQ o st &1 g off 3 shifsw)
T HH AT ¢ e | HR H o9 v el

3d X = tz[Z—LJ
3

DI ax A—P =14
v="—"= -2 =t(4-1)
T YFR v=0" r=09r=49d B 2
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& P 3R Q W R 1 a7 y =07 T Q W FR 4 Yehel | YoM o1 4 Hehel
¥ ®R g 99 1 T g0 frefetea 2

4 2) 32
x],_,=4|2-=|=16| = |==m
- 3 3) 3

SETETUT 31 U 1 ek 2o oh1 3T, SEATER 3787 oled Ueh S el g vieh ¢ foreent
i = 21 3Tt org o HIO tan ' (0.5) ¥ TEH 5 m¥/min 1 < W GAT 9 ST B
Mt oF TR o 9+ i S 3T &7 M hIfST ST TRt | =T
1 S=E 10 m 2

T | AT TR 7, b SR oL 3Rl 6.20 o STER B a4

tanoczi %I
h

gaferT o= tan™ [%) =tan'(0.5) (feam @)

r h
Ad: — =05 r=—
h 2

T ST 3iep 1 STE VR ad

av d(nh’) dh .
o zm[v]'z (cgaen e 5
_Eh2@
4 dr
319 3T oF TR i T 7R ‘ji—V:5cm3/min I h=4mz
'
T, dh
- @ =
zafay 5=,
dh
a — = izﬁm/rmn[n—gj
t 4w 88

d: YT oF TR ok SS9 I I gm/nlin%|
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IEEIUT32 2 m SR HT 3MEH 6 m S fosiell & @9 § Q5 km/h FT FOF =1
T Al © U DA HI A4 B ghg A BT

el oThfd 6.21 ®, UM ofifst, AB T fasielt B
1 G 2| B fig W wod ® iR AM ofifsw fr
T 9T W ¢ W SAEH MN @1 6 wfitey
AM =/ m 3R =afe &1 /@1 MS 21 3 71
Fﬁﬁl’r{MS:sm%I

&M gifeie foF AASB ~ AMSN

- MS _ MN
AS ~ AB
P AS = 3s

[(FifH MN = 2m 3R AB=6m (f1 2)]
TWURR  AM = 35— s=2s8 g AM = HiX 2|
ESiiY I= 2s

dl ds
3d: E: ZE

w&%:Skménm:maﬁaﬁﬁﬁq@%km/haﬁat@%ﬁ?ﬁ%l

FETET0T 33 39 3aUell i Jd swifse 599 wem
3 4 45 » 36
=—x ——x =3x"+—x+11
FO=10% 75 5

() IEHF (b) BEHM 2
T gd 9 € T

3 4 36
f(_x) = Bx4—§x3—3x2+?x+ll
3. 4, 36
)= - (dx7) 2 (3x?) = 3(20) + 2
el f ) 10()c)5()c) (2x) 5

§<x—1><x+2><x—3> (T W)
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I (1) =0F x=1,x=—2, R x=3 W
&l x=1,-2, 3R 3 ordfos W@ WX SFHIH
Al qHA: (—oq—2), (2, 1), (1,3) 3R (3,09 H
fawerd Lar €1 (3MRTd 6.22)
FATA (= og — 2) 1 Y UG T — o< x < — 2 B
o feofd 80 x—1<0,x+2<03W x—3 <0 HW &

(fovg T ¥ x=3 & fau f@u &, f/ () =(x— 1) (x +2) (x - 3)

=(=4) (1) (=6)<0) THAT, S —co<x<—2%, q0 f (x) <02l
A (—oq—2)H e £ BEEH @
A (=2, 1), 1 AT reiq o -2 < x< 121
TEEMH x—1<0,x+2>03Rx-3<0%I

(fagm 9 @ x =0, fau s G fF, 7/ () =(c—1) x+2) (x=3) = (1) (2)
(-3)=6>0)
TEfT S —2<x< 1%, T8 [ (x)>0%
@ (-2, 1) § W [ 9dAE B

I A (1,3) AT 31eiq 5 1 <x <3 THIM AR x—1>0,x +2>0
A x-3<0%I
TEfeT, i [ <x<3%, @ f (x) <0%l

ad: (1,3) W Wwed f BEAM B d W AW (3, 09, I Wity vefq v
3<x<wRITH WM H x-1>0,x+2>03MW x—3>07 T 54
x>38 A () >07

Id: AU (3,09 § Teld £ aefue 2l

-2 -1 0 1 2 3

TR 6.22

31707 34 fag wifsu %f(x):tanfl(sinx+cosx),x>0@ IS e f, (O’E)ﬁ'

4
R adam e 21
& TRl
f(x) =tan"'(sin x + cos x), x > 0

a f )= . ! > (cos x —sin x)

1+ (sinx +cosx)

cosx—sinx

T 2+sin2x (T BT )
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= e TR (Oagjﬁ gft x & AT 2 + sin 2x > 0 =1

ggfeTy £ (x)> 0 AT cos x—sin x>0
a £/ (x)> 0 A cos x>sinx AT cotx> 1

SCl cotx> 13T tanx < 1, 370, IR 0<x<%
. AT
WW[O,Z) q £ (x)>0%!
a7 [o,gjﬁ' f T FHAN e 2
SETETUT35 3 cm 591 &1 Tk IR fo&h &1 79 fohan Sian €1 WER o ROl SEehi

551 0.05 cm/s 1 W E o W Bl 98 R T HITQ (THE 361 el 9 @1 §
e gEeh! 591 3.2 cm R

T 9H oifoe foF & 7€ qeadt w1 B r 3R sHET 9% A 7

qd A=mr
dA dr
a0 — = 2Wr— e lCKIRERE|
dt dt ( BT

e o &1 gfg &1 |i=ehe W= dr= %At=0.05cm/s%|
eIy ehet W gfg 1 "i-ehe R feifend @

dA
dA = —(Ar)
dt

dr
= 2mr| —At | =
[ ar J 27r (dr)

=21 (3.2) (0.05) (r=3.2cm)
=0.320 cm?/s

SETETOT 36 TIMAMATH & 3 m x 8 m hi STAAHR FE F Y&k hid § M o e
W I T & el i A gash Fed Tk Tseh sFMI ©1 39 ThR o Haeh
1 fRaq 3TFad A1 ifed|
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T UH ety o 3t foRy T o T qon Y oferl am ®, 99 oo H S x,
e 8 — 2x SR HIE 3 — 2x (3N 6.23) 1 AR W 1 A V(x) § o

' I [ |x
- =
8-2x E x| 32
x| [ 8-2x
b
(@ 3TTeRTd 6.23 ®)

V(x) = x(3 2x) (8 — 2x)

V/(x) =12x% — ddx + 24 = 4(x - 3)(3x - 2)

=4x3 — 22x% + 24x,3d:
V’(x)=24x—44

3@ V ()= 0@x:§ﬁ1x:3mm%|mx¢3(aa‘f?)
2
EISI x= 3
3 V”(gj = 24(3}44 =-28<0
3 3
2

szgmaqwﬁg%mh?ﬁ;%ﬂ =R o I Fchvﬂ{@f%m ST o o
& < SR 9 W U UH TS S ol TIh o1 G SAfuehad g il feferfEa 2

2 3 2
V2] 2a[2) 20 2] 424 2] 2 290,
3 3 3 3 27

IETET0T 37 Uk Al Rs (5—ﬁj yfd THE HI L Q x THEA 99 Hhdl ol

x THEAl HT IR A Rs (§+500) 2| THEA ® 9% @ A6 ST S 39
Afereram ey SifSia & o fau s=At =nfew)
&1 T AT x gehTEAl i fohd god S (x) € SR x 3ehTedl w1 SeE god C(x) B

q9 B9 9 ©
2
S = [5_i)x:5x_x_
100 100
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3R C(x) = §+500
T YR, A9 Hor P (x) FEifrd g/ uea =1
X2 X
P(x) = S(x)-C(x)=5x——-=-500
(x) = S(x)-C(x) 100”3
24 2
a7q P(x) = —x————500
° 5 100
= P s o
(0= 50

HAP’ (x)=0F x =240 U BT & 3R P()— WP(240)_—<0%|

193

TH TR x =240 S=ed¥ 1 faig 2| aﬁ:ﬁﬂfm 3:|'ﬁ>|°hcll-| 1Y AT T Fehdl © AfS

T8 240 THEAT S=dT B
e 6 U¥ fafaer goaract

1. fag R 5 £(0)=128F gr1 ¥aw WO x= o T T 2
X

2. T ffvaa smaR b & wF THfgeng s o1 999 =T 3 cm/s 1 R G W2

@l 21 39 qHF 5 IS 1 FHE YT YR o U 8, IHehT esthel Teha]

IS W w2 @R
3. A0S G Hifed o ™

4sinx—2x— xcos x

fx)=

2+ cosx

Y Yo wer £ (1) FRa | m (i) Fea gemE 2

. e 1
4. S @ HGC TR f(x)=x" +—, x#0 ¥ &H B
X

(i) oef| M (i) g 2

2 2
X

5. g —+?—léa Jiqid 39 HAfgag IS &1 TeTH &A%d A Hik
a

et it < a1 @1 T TN 2
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<

o

10.

11.

12.

13.

14.

15.

Tfora

. STFARR SR & IR SRl 1 2 m Ted 3R § m’ 3TFad &1 T o

THFRA I ThT 1 FE HE 21 AR T & i § R & feru Rs 70/m?
3R R W Rs 45/m? =4 o741 ¢ df a9 @< 9 o <] &1 and = 82

. W I 3R ek ol ok URATG 61 AN k7, ST k Tk 3R B fog St o 3o

&oThell w1 AN FTTa| €, ST ol 1 ST 99 i B 1 A R

fopell 3T o S o g™ o TR arell fageh! B1 fage! &1 gyl aRam
10 m B quieen Geit fagaht @ siferman e o o fore faget %1 fammd @
FHifS)

. TSt Y getetl @ g 3R b T R Frege o ol W T w fag R fag wifsg

o o F I A (434 p3)2 B
37 fageti &A@ HIT /9 Wf(x) = (x - 2)* (x + 1)° T YT e fH,
(i) T Seeam fag @ (i) T e fag 2
(iii) = Treds fag 21
f(x)=cos’>x+sinx, x € [0, ] SN U3 Tl fhl e S=aay &) frerag 7=
1 hifsT)
fag +IfST fF T » 3 o6 Tiiel o STdTd S=aq T9ae o od g 31 hi

ﬁﬁ‘i;%l
T Y [a, b] T IR Tk Fer £ 8 36 TR T 996t x e (a, b) & fog

£ (0)>0% d fag FINT 7 (q, b) W £ T afam wem 2
fiag =IfST fof Tw R 5531 o et o Sfarid eAfoehas STEIde o doid ohi Seame

2R 3\ srfera atmRe s 9w AR
NG

g iy foh et wivr o 3R S=1E 1o &a geig Sich o i Afushas
ARG o S W S, Yeh o S HI H OBl ¢ SN der 1 AR

4 5
A™aT —mh” tan” o
> 2l

19 ¥ 24 % o U9 oh T IW FU
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16. TH 10 m B0 o SRR 2t ® 314 m¥h #1 @ T 90 S@ 21 W T
T T T w9y W

(A) 1m/h (B) 0.1 m/h
(C) 1.1 m/ (D) 0.5m/h
qrTsT

* Wﬁ@@y@@ﬁﬂx%qﬁaﬁﬁ@ﬁmpf@ﬁww
gqtrﬁaﬁa%ﬁf%a‘r (S (x)) xo WU y ok GRede w1 T 1 FTefd

dy
I B 3N a} (A (%)) x=x, W) x & T y & FFEad Ft T HI
X=X()

frefia st 21
4 qﬁﬁﬂ@ﬁx?’ﬁ'{y, t*ﬂﬁﬂ?ﬁﬁﬁﬁ@@ﬁ@%xzf(t)ﬁy=g(t),
qa S@en fem 3
dy _dy dx
dx dt/dt qﬁ #0
¢ TH oM f

(2) A [a, b] | aHfHH T =R
[a, b) ¥ x,<x, =f(x)<f(x), 9 x, x, € (a, b) & faTC
fasheud: s 9% x € [a, b] & T £ (x) 20,2l

(b) A [a, b] ¥ BEAE T AR
[a, b) & x, < x, =f(x) = f(x,), 8 x, x, € (a, b) & fa€

fashead: 9f< Y% x € [q, b] % faT £ (x) 0TI
& T £ WA Y TEH g ¢ T WA A £ (0)=0 f Hesher e €,
f 1 Shifde fag sheerm 2|

& UIW FAHAT THYUT HH ST Toh g el | W Fed f TR 2|
M ST 18 Tk whifdeh {65 ¢ | Fel £ Had & 9

() & x5 c o oEf 3R @ < AR Sqar & 79 £ (x) 1 98 ¥9 9§ w0

o ufafdd g € etef ¢ o @ 3R iR wate fehe gk fag w Atk
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TIfoTd

£ (x)> 07U ¢ o < AR SR AT ke gesh fag Al £ (x) <0
9 ¢ TIAT FeaaH %1 T fag 2

(i) & xfg ¢ arf SR W T AR Few T @ [ (x) F fow ww W
o & qiafdd eiar € stefq oo o @R SR vt frehe gee fag W
T £ (x) <O T ¢ o A SR AR v Fehe e fag W Ak £ (x) >
0 ¢ T Fead 1 T feig 2

(i) S xTogcoh oE AR 9 <A SR ggd ® 99 £ (x) qRafid T8l e
® @9 ¢ 7 ql T Seuan w1 fog @ @R A € s freram @ fg)
ar&dE | 36 YRR 1 fag Tk Afd giedq fag 2l

o fEda srashers TRETUT 0 ST U Sfaue [ W FU G e @

Ace 17 9 ST £ ¢ W AR & aR SEsherd g ad

() AR ()=03W f”(c)<0 T x=c TIAT IeaaH HT Th g 2|
f 1 T S=Ed9 "1H £ (c)

(i) FRF (c) =03 f”(c) >0 qd x = c TFHE F7=7qq &1 T 55 21 5@
feafa o £ o1 o feam 941 f(c) 2

i) IR £ (c)=03R £7(c) =0, q g T FHFHe &l 2
7 Teorfd o B9 9: o199 YU Feeharst THE 1 T wd € 3R T
A H € b ¢ Seaam, fegaw = Afa afteds = fag 2

foRuer Seuam iR Fder fefqn AT i 9 0 1 SRR & 2:

BT 1: 31T | f o |t shifden foIg 1 T 1o x o6 o 9+ 79 I

HIT Sl A @ £ () =07 f SEher T2 2

BT 2: 3T o A foIg wfifsu)

TROT3: (BROT 1 9 2 W yra) 9ft fogeni W £ oF ol &t 7o i)

BT 4: =01 3 § AT § Wi £ o el O § 9 Swead SR s we
1 AT T SeuaE 9, £ 1 e Seuan WM SR e 5e, £ o
ey fetam = g

> —

o,
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fora § Suufaat

(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 95T (Introduction)

Hel IX, X T XIH BH &, 95 hoF, o o e, foaay qon gfqumes
ey IR AR, S e, e g FHArHs faa=m a5t Geheurel o an
" 1% g <l

Tel &n T el 6 fag (vifE) s %) fafa= fafual w faer s

A.1.2 3uafed ==& 2 (What is a Proof?)

fepelt TftTeia smer 1 Suufa o el 1 Tk eTshH Stafdte el 8, ek goish e
o sfiferca o ferelt aRenforg o5 o1 Tt stfpeia = farelt Ut @remr grr wwfore shed
€, T8 frmfae fafy 9on $o smaRtanfod Uei 511 shael ek atfeher Framt 1 wamT
ek ol wqaifed fran S <=t =i

39 YR Yesh SUdf e qenl &1 us o B @, S @ geis 6t et
UReheaATd o Firshe Bid 71 etferhat B0 foRdt Tre i1 3EH XU gu qeal @ e dfa
3 fag wW T g Ff-Ff Team w1 g fag w7 T ST0eT STh GAT A
1 TG T A 2ial 81 39 YR frelt e i foag & w1 < fafuat weivla e
€, IHd: Yo SUY SUel SIycael SUUMd qel sUeh SAfdiekd Weush fafer § o
fir-fir ek e §, Tt ==t e &1 T 2

YeaeT IUUTA I8 WA % 98 IYUMd 7, 9 =W @19 ¥9 | ued qe 9 UnRy o
e T I9afd T W 2
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(i) Hrem-drem SWEA (Approach) T Tehl 1 Teh J@el €, S Y&H <@l shicdd
Al ¥ Y IR ek, sTPETal, uRwifua ogi qen qd yeifora WAt - wewE
T ek & Feml o van gr, fag fhu oM el frend i g s 21

frafafEa e W faar +ifs:
TEETOT 19 ¥ —Sx+6=0d x=3q x=2 3l

T - 5x+ 6 =0 (& ?)
= (x=3) (x—2)=0 (% HF & Jod 9 § IEeH W)
=  x-3=0;x—2=0 (TIM WA ab=0Td a=0Ab=0,a, b RFN)
=  x-3+3=0+3AWx—2+2=0+2 (THH & A Y& H TOH &N S
T 3T ghfa aRafda &l et 21)
= x+0=32|1x+0=2(W%WW#W(Identity)W%
TR 5)
= x=3AMx=2 (AN o AFq qUlieh o TTHH T[0T o FAF )
X=5x+6=0=x=3ATx=2
Tl p UEA HUA U’ —Sx+6=0"% 3N g = wem “x=3AMx=2" Bl
FHUT p ok AP 12— 5y + 6!, THh oA Tk 3 el (x—3) (x—2) ¥
gfeeenfid w2 % B9 Tk =S 1 “(x - 3) (x—2) = 0" T W B
(i) =H (x—3) (x —2) TFl ThR oh 22— 5x+ 6 o TOH (qed) € 2
(i) TRl =HSTeh i SHeh THM Ueh o1 o4sieh § 84 ¥ Wiaeeiid &Y Tehd © 2370
T wom 1 e fusel wmenst ° s g o Y e © e
X=5x+6=x*-3x-2x+6=x(x-3)-2(x-3)=x-3)(x-2)
T WY qeh o oY ®9 (dek o 9oEl) gN E9E el 2l

T SWA r YIRS (Premise) I A ®UF @ W@l 2, @@ e
st “x—3=0 FAx—2=0" s Bl €| Tesh =T (steps) 1 3MTecd sissh (brackets)
" fea 21
TE Wieha TR T ook werdl el © St qeh g Sifan TRt W e w8e Wi g

qeh HT TR HEQeAd A R 48 YW e H ? fE p =¢
A Bl

p ¥ IRY Feh A SN p =r =5 =... =¢ &I JANUG HIGC 34:
“p =g TA Rl
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IETET0T 2 THg HIT T B f: R SRS fx) = 2x + 5 GR1 GRAING B, T Toheh!
(one-one) el ®
Suufa WW%W}”W@Tﬂzlﬁif(xl)=f(x2)=>xl=x2
(THHT HE HT TR
G UE AT R f(x) = f(x,) FA 20+ 5=2x,+ 5

= 2x+5-5=2x,+5-5 (M wel § WA WA Sed W)

= 2x+0=2x,+0

= 2x, = 2x, (ArEfash HEANSA H AT TE@HE HT 00
= %xl = %xz (S Tl sh1 T YRR He ¥ fasifsid 3 )
= X, =X,

Td: e Tohah! ¢

(i) TrOTE ST

Tfordta S, WAl i fag e w1 T v fata 7, fwe wwe i

g 21 39 fafy o syufa piedw fefafed s w® smenfa g6 2

N & & U4 3uaq==d S H, AR
(i) Yrehd "&A 1 e S dAM
(i) Wpd @& k+1e SVa &Mt ke S,MS=N

ToTeiter ST T fagia 7 € o 4K Tk e “S(n), n=1 % fog @ & (31en
et e URf9e We j o fau o ©) 3R 9f€ oM n =k foq 9 e | e
fafifed & foh 98 n=k+ 1 ok forg srfara: o1 @ (S0 eft o quifer & > j), a1 w&w
wo fRelt off o7 quiies n, 5T 1> j o fow ¥ @ R

379 B P ISR o B

cos® sin© cosn® sinn 6}

—sin n©® cosnO

mswﬁ:A:[ } ?ﬁﬁ?@@ﬁﬁA":[

—sin® cos O

cosn® sinn 6}

—sin n©® cosnO

el 9 foran fo P(n):Anz[
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% 1 cos©® sin©
T e P(1): A= —sin® cos 6
3d: P(1) 9 2
o WM e T Pk) @ €, e
. coskO® sink©

Py A=\ _Gnke cosk®

Al en fag T =ed ® T Pk + 1) @ §, 59 &t P(h) T ©, 39fq
o cos(k+1)0 sin(k+1)6 5
Ple+ DA™ =1 Gnk +1)0 cos (k+1)0]
: AR = AF A
T P(k) 91 @, g@fer

Akl [ cosk © sinke} { cos 6 Sine}

| —sink ©® cosk© —sin® cos 6

[ cosk B cos ©—sink Osin 0 cosk Osin © +sin k © cos O
—sin k©®cosO—coskOsin® —sin k ©sin O+ cos k 6 cos O

(3T o1 5T0)

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

APk + 1) T B, 519 S P(k) A 2
AT P(n), n ok i AEl (e quiish) o ferw @ 21
(iii) fafr= feafaat o fawsT grT srtgar f:9moT grT SUut

FUA p =q H Tag HE H1 7 fafe saat aft dug 2, 5@ p HI 3FH weHA!
r, s, t (mm)ﬁﬁ@%ﬁﬁmmwﬁém%pﬂv S v t(ﬁﬁ“v”‘;l'cﬁT:F
g “ar o fao)

g Fufaay Hemt ro=q;
N ﬁq;
qen 1 =q
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1 YA R S, @ (r v s v 1) =¢, OG5 8 ST 3R 3 TR p =g
o e 2
7@ fafy o uftered &1 Yoier W9 90 1 Sire1 Wil g1 e fafy seeiis w9
T ohaet qdft giaursHe € oW fa@ued g uw weHl 1 @ w4 el

saretor 4 T fBqs ABC, # fag sifse f&

a=bcosC+ccosB
T WM WST T p U “ABC U 519 ® Gl g e
“a= bcos C+ccos B”®
A ofifS fF ABC weh frq 21 it A @ BC (STE¥Ishd{@R SgE ) W e
AD gifem|
=8 T ¢ for u e a1 @ = Bgs @ sifrenior et a1 gHeRie e
@W%W%‘qpaﬁ r, s adl tﬁﬁ'@ﬁ@ﬁﬂv_{m%,ﬁlﬁ
r: ABC T =i fruqst 7, fogd £ C =gahivn &)
s : ABC T& atfusraniol foruqet ©, fomad £ C aferskarion 21
t: ABC T wwshivl fiaet ®, fsmd 2 C wwahion 21
Id: BH WeA i Sue il Guest & fae srem-sem fag w2
I (i) 5o L A, £ B, q% £ C & & =epior € (3mepfa Al.1)
gashv 195 ADB, g0

BD
AB =cos B A
37eAiq BD =AB cos B=ccos B
gashu fA199s ADC g1 . b
CD c
AC = Cos
37eAiq CD = AC cos C - [] c
_b C D a D A 3
—Peos 3TTeRfd A1.1
SiC| a=BD + CD

=ccos B+ bcosC .. (1)
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9T (i) ST £ C Aferehepton @ (3Mepfa A1.2)
gashu A5 ADB §R0

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

v st ADC 8N

CDh
—— =cos £ ACD

AC
=cos (180 - C)
—cos O 3TTeRfT A1.2
37eAiq CD =-AC cos C
=—bcosC
3™ a=BC=BD-CD
37eAiq a=ccos B—(—-bcosC)
a=ccos B+ bcosC .. 2)
<900 (iii) 919 £ C GHHIOT € (3Tepfd A1.3) A
191 ACB, g/
BC
EzcosB . ,
3emiq BC = AB cos B
e a =c cos B,
b cos C=bcos90°=0 u
¥q: &Y for@ g € a=0+ccosB B a C
=bcosC+ccosB STFT A1.3 ... 3)

TR (1), (2) A1 (3) W &9 uW B, o fonelt forqwr ABCH
a=bcosC+ccosB

TIM () W =q FH0E 2

FIM (i) ¥ 5 =g TH0 2l

qAqT T (jii) ¥ 1 =g T B

FA: (r v s v 1) =g THIU B AU p =g THI0E 2,
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AU SUUf: I T TreA i WY YA i oh TaS |, §H 39k AHqA
fordt Tre i fag #Hieh, U89 WIe 1 FHIE i €
(i) Terenfea grr Suufs (Reductio Ad Absurdum):
Tl TH 3@ Al W YR hid © o Teheu W © e Rt oted ®1 ek oh
i o 9 5N e 39 et R wEed € R U 9 9ot e, o B, S U
feieiferd 21 o7d: Yo oM T © 39 Tafdl & Uk IS g HHE B
SETEI0T 5 WH AYRT H@AS 1 GH==g AR (Infinite) B1T 21
T 9 WitST o HE 3199 GEemst (Prime Numbers) &1 S==@ P& S eaiifia
21 81 TH A ok 19 (Negation) i, S1ifd T 19 G o1 G=a3 IR
T ®, T I o €, erefiq e 19T Geel 1 gqeea ufifid €1 safae g gas
S TEnsH H YAEE H Thd §| AF WS fF P, P, P,,..., P, HNE I9RA

st wt g T o " e
N= (P, P,P..P) +1 e (D)

172 73"

e 7 fF N o gemsti &t gt o 96 ®, Fife ge g & e off wen
q s 2
NI & 9T H& € a1 U Ge 2

If% N 1970 T € @ (1) ¥ T 2 8 & T T 19 g w1 i
?, S g # 7 2

T @R, A% N Ush T G €, Tl 3Uh1 %A ¥ %A Th F9 9t (Divisor)
T =fewl W T &1 wE off Ten N fawfea (pie ®) T = @hd €, Fife
ST et o g1 N ol Ta9IfSa s W SIohel Td | o=al B1 37 N ol 3190
ISt T ok SR IS 3T HEA €

fohq 78, T FoF &1 fF 70 qeft 1T wemedt &t g o ot €, feRwife 1
TH TR AR JHUROT T geft o1y Semet & e ufifhd ©, e R
q: gt A9 WS 1 W= UG e 2l

| fooott | (e <ifSe o SRl Swufa o fafer=r <enstl # fomve gr swufa
1 fare 1 3yEn o 2)

(ii) WS HAT T YlaeATHe: ( contrapositive ) YT oF WANT gRT SUUTA:
T8l FUfaay FoF p =g F 95 FH F WM W 89 3Tk GAqT YA
~ g =~ p &I fag wwd € (foenefl ugead w1 genfua Y T 7)1

foret fu g wufaeyr wem o skt qen uReea &1 faf g & 374 9 Jois &

%A W W YS9 o 1 GiauHcHe HeF ol B
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SEAETT 6 THg SN T £(x) = 2x + 5 g0 TR Fe £: R R Theb! Her 2

&l Seld Qaﬂ_‘ﬁ B €, AR fx) =f(x,) =x, = x,.
WEl'*:ﬁ"'[Elo_@h‘BﬁEI'HTﬁTIHEh_FIT%ﬁF“le+5=2x2+5”=>“xl=x2”?3|76’p=>q,$
Y T T, Tl 20+ 5=2x,+ 5HA p B AMx, =x, F2F ¢ T 39 a1 1 37 I
2 ¥ “yeaw fafu” grn fag & g 2

TH 39 USW HH o FiauHcH e o FAN gRT oy e "ehd €1 fRw g
FUT F UAEAEF FI ~ g =~ p T, A “AR f(x) = f(x) Tx =x" FH
TfaeAeTR § <A x#x, W) £ S(x)”

A X, #X,

= 2x, #2x,

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

TR “~ g =~ p”, X “p =¢” TAGA B, TH WHR SUI 9o B
SETETUT 7 WA HifT foh “AfE @mege A, Invertible €, @ A, Non-singular 8"
FoT I HOH h FdlohTcHh €9 | fa@H W p =y &l p HH “3TMHE A, invertible
%” qdl g 99 “A, non-singular %I”

Y HoH I YHIN HH o TS H &H Gk YIdUHHE HUF ki YHIUE L ©,
31iq A A TF non-singular 8 &l g, 3TE A invertible =&l 2
If A TH non-singular 38 &I 2 ol TRt e g3 1Al =02

“l‘if 1 i T 8, FFIAI=0

31d: A, Invertible T&t 2l
T YR 94 I8 YA o feon o afs At non-singular Gﬂaﬁqﬁ%ﬂ){A,
invertible &l 2| ?ﬂﬂf'v[ ~q =~ Dp.
q: I T 3Tgg A invertible % ar A non-singular %I
(iii) YISTEIUT (counter example) GRT Suura:
TIfora o sfder ® WH oTeeR off o €, v foRdt afteRfeud ATt &1 9y

IYAFd G H o G GAH STEEA B ST © SN SHATIhR IR0 & TAHHA i
sifafradar stfoffa o wdt 2

T frufd o o7 o B 6, oM 1 e fag 9 & fou, g9 T 39w
%3 Toh| FRdt oM i STHRT F ol ST TSR0 HEA B

EE At =
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Fifeh e p =g F1 G, W ~ (p =q) 1 ohelel AH Teh STUM Bl &1 3
Tg off sudfd 1w fafy 2

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

7g wYA F=fafEad Jeon o TUR W Tsh 999 9 U T ol
S+ 1=224 1=5 % T% 19T we 2
)+ 1=2041=17 5 & 21907 wem 2
27+ 1=2841=257 1 & & 9 2l
Tafa, gom 3fic ¥ g8 =arqHisor 9Et gdia g @1 sfadTen g yfqurfea
fom T 2% 4 1 = 22 4+ 1 = 4294967297 T NN Hem W@ 2wt
4294967297 = 641 x 6700417 €1 Sl < T 1 UGS € (1 91 T o Afaier)
T YR T8 ATHIH T “Yeh noh Tl 22" + 1 T AT &N Vne N
IEA B
TS Shelel I€ Teh a0 foh 22 + | 39 &l €, 1 SEeUl SAIshishUl i Gied
F0 o fau v 2
31d: g g R fon fF oM “Ud@a% ne N& fau, 22" + 1 T& 3199 @&
27 ¥ Tl 2
SETET0T 9 HA ‘U Fad Ted STashedd Bl g1” W faEr it
suufa: gn fefafed wer W faer o[ €
O f@=x
(i) gx) =e
(i) h (x) =sinx
3 gt B x o |l HHT o foT Haa ©1 A% g9 s © feer s a3
x o el AEl o T sraeRer €1 98 B 39 faverd & fau ufa v @ fF e
“Yeieh Had wer SfeeherE Bl €7 EWed Bl fohg A€ BH Wwer “o(x) = IxI” Wi
HeTHAATIAl 1 e Y, S fh Had €, @ 8H 2@d € o T8 x= 0 W Aeherg T&l
21 3HeT Acqd T g3 o e “ ycdeh Had el Sfeeheria il @7 3TEed @1 her
“O(x) = | x|” T helel I Teh @, SATTHIHIU] i Ted Hid o T gaia 2| 37a:
HE “O(x) = |xI” i TG T HeA rufq, ‘e Tad wer tdeheta g 2" o
T HT I FEd B

4

> —

Rationalised 2023-24



-2
iUt fraei

(Mathematical Modelling)

A.2.1 9fH&T (Introduction)

efl X1 H g T e &l ardfaeh Sitaq st THensti oF e 3791 ol T |
¥ 1egH o U WA o &9 W o goh €, 31T, SUge Tierel 1 WA ek feret
iferer feorfa =1 iR wuiaor & wfvrds free @1 9 9] R i faeh o
Hiren ®, fSa en erurl o o @ieEl a1 aqetl oh SAeeR sl aui i gq (sl
(Models) @t =1, fafay TeR @ eal, sTR@l a1 Y@nfes, shefed TRl Tiordts i
S o FANT GRI Y T

et weanel | s <@ 7 R, fafay it Sewcamet & wan 9 gafia st
T % & o oI U YRR ¥ R fee S stewaed qedt €1 o1 Je Heeyl
 for Tifordiia e 1 e1eem e gues v o w9 ° fRan S =gy

39 7™ (IRRTR) H 79 qA: o fReF w1 e anafas Sied & 5
et wmee & foau S, f ereqe, s qen e S i wifatuet s g
[ERIES i

A.2.2 TfurdE fE9iT @Ri? (Why Mathematical Modelling?)

ferenfeat w1 sfermifora, s, Freptofafa den Waesw domee o7fE o wfsses 9o &l
T L F IH 2| HH-swdft gn uRftafas= ue 1 Gifde 9 9 ST T § 10
fo & Wt w0 )| uRffas= 99 #1 g W % fory ifdes w9 9 9 T
o WM i SRl Tedl €, Stufd diftes FEml 9o 5w qdiel o WA S ek
598 g Tforde 9Romt w1 Sd Wi A S Qe i S Geh| e TEgd geel
%1 W H o U 86 U Hivel 1 Aevgehdl ISt & ol nfurdta frasts wed
21 oY wH Fefafad gwenst w fa=m &
() Tt = =t =i T w (R &9 & S/ ) 1 UL HE HioT &)l

(i) ot Tiict o Sk B9 HETH I T HIAT (Ml Theh ATt Shi HaTE, AIETH
iR, TEETHY ¢ S Yraett W faar #d gu) |
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(i) fordl MR &1 S9E @ wE (fogvey 9 s« 99R o1 9id = ') |
(iv) ¥ ®! % 1 AIEH G R

(v) T@ w1 e gea Ui 1 foree o gEm @ fy = 7 (feen wme i fawen
IESIEASIE
(vi) geat 1 SHAM 1w
(vii) T HEA U qRG | el Bl YER BT STHA A (S TR Rl wHe o
T 1 AR T )|
(viii) TRt =afed oF YRR o Yo T STRIGHA 1A heAT (Ao o1 T feRTe &1 3THfd
T 2|
(ix) 12009 3. H 9IRG i TS H1 STTAH A1 (S9 foh T 2009 <. T Teve
FE F A T )
Suder el T i T e o WA gr wXel TR ST wehan € SR Ak
o T T ST et 81 a%qd: S99 W 5 TSNS i Tl B i At s st
9 3 WSHYETE | | Aty 78 fIamys 3 A 319 $eR] W W w1 T
# gz ot fom wfora & wom forw) 99 o fvra 6t emar qen i fAee w6t
ATATIH AT oF Hed hl THY Tohl|
A.2.3 Tfurdta fevi o fagia (Principles of Mathematical Modelling)
Tforta Freei ek fagiags o © o s Gefa o fagid €1 31 fagidl s @y
o it €1 it frestt o $9 ga fagrdl w srReers w9 ¥ e gees
o T 2
(i) el #t srewEsmal w vewt (30 Hied = @nl ® )
(i) wiee o T greeli/=R i Getag it (g9 F1 Td & =Ed 2) |
(i) SUCTe WA kel i TeT (A 52 g )|
(iv) I A gRfEfaEl i qEee (qEHRen, swed) |
(v) Treses sifge fradl & we=if
(vi) UgHIHG:
(a) g TH dTet FHHT]
(b) T S Freft T
(c) URUTIEEEY 9 g dTell gl
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(vii) 37 g0l i ye=nte fe frefafed Site o St geh:

(a) TEA qo1 3TW Gafed fadi vd Feaed w1 §d gl

(b) WA sl YA
(viii) 3 Ul I TEEIHT S A H GUR Tk |
e o Sugea fagial & STuR W ed e free o frefafed =0 W e @
=0T 1: difaes feerfa &1 wewf
TOT2: Wreel / =R o = SR Fa difae Framl aen wdienl o e g sifaes feerfa
=i o wiea o uRafda wifs)
=IT0T 3: O YA o B A i
TITOT 4: WIS GROTH &1 Gl U9 (FqHEn) o Geo H qreA Hifery iR SRt (qitom)
TeTonl ST YA ¥ gor Hifeg)
=0T 5: g GROMY S Bel @ 7, @ Aied ol SRR S sren difas feefa
FHT TR / FHET i TUHT HIFTT SR =T 2 T SR

Iuder =0T ! e 9T SRE W @1 S Hehdl @
SEETOT 1 T €M oF 99 g T E) TE HiAR R SerE A i)
T W07 1 “TH & TR HHAR &) 9 9 & e Hifge fufd 2

T0T 2 A AT R AB € TR HIMR € (3TRfd A.2.2)1 9 SifST PQ HIMR it S
A A T Yerk ®, Tt it fag P @1 W ity foR PQ = 4 den HiMR w1
FE HE| IH: 99 <ifSe f Yk &1 sifg 9 HAR & Rrer (3i) 1 s=ea-i
a? ¥ [ = QB = PC

W |oitf fromiy | O gt o] A | e [ WO
feft (o wer| R o w | T
Ealitep
Prast wier| TROTE A @ § ¥
e ' U&TUT T T
.__:::W
Tyl sifwg| TR T T Ew §
3TTeRfd A.2.1
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- AC _Hoh
tan 00 = PC !
a0 H=h+[tan o .. (D)

=0T 3 e ST foR W A, 1991 ocsh W Y& R 9 @ o7d: 9RemE (1) 9 9Hen
1 & U il B

TUT43H WM H 5 HAR 1 SR ST 8, 07 ST YeTeh i [T A 1 & @,
a9 U it foh HIMR o SR B w1 fog P fe@A-h101 BRI 21: APQB W &H
A

N N

.

~~
N
N
\
.
N
Q
~
l&
<
@}

Q B
MR A.2.2
e e ® R
PR_1 - _
tan = B 1 A I=hcotP

=ur 539 fefa o g9 =R & sewEehdl el € Wi A, [, ode P Ul o el "
A 7

SETETUT 2 WM AT o Tk Amerfas T i Yok o 3R P, P, 3R P, o1 TR
T 8, 5 @ TR & Fed e R, R, 91 R, FAT e @1 7 et o
¥ T Wek F, 3R F,@% H1 A0 F E1 A8 A g R HH o 99 R, R, TR,
=1 Eifgd 76 7, TH Hed ey, S AT B 9 FH o A Fed 7 R , R, IR,
B Ry

&l =0T | 39 gue | sifaes feofd s wewH weftwifa 21

ST0T 2 HH Ao for A Tk otege €, S UEsh! F, G F, 1 STavehal i fefid s
21 q9 A &9 TH BT,
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A ST fom B Tk e1regg €, S SR P, P, TP, %! Wcish 318 o 3cUIE Bq Fed

AR, R, TR, 1 Tawash Aet i &9 e €1 7@ B i+ U T &R &1
=,

Rl R2 R3

=0T 3 oA ST R A 91 B STegel w1 quEwa (Siogw feefq o guftwifia @)

TEfAfEd SegE §R 9 B ¢

Rl R2 R3
I“1 [. L] .}
AB=
F2 [ ] [ ] [ ]
fSreg aTeda H Weehl F, T F, o HEAERN 1 90 T 8 %=d A1l R, R, 71 R, i
Fifisd AEME 1A B 2
IETET0T 3 SEEL0 2 o Higd &l AN Hhifau, 5id f&
3
10 15 6
A= ,B=|7
10 20 O
5 12 7
qe Foel TS H1 ST AT R T 330 THEA, R, hT 455 THEAT 31 R, T 140
AT B
7o e Sifey fH

10 15 6
AB=
10 20 O
12

7§ TS R € R F 31R F, &1 Wi 1 Q0 % o fag wed w1 R T 335 ThE,

4 0
9 3

Rl 1{2 R3
F[165 247 87
T K170 220 60

DN 9 W
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R, %1 467 THTE T R, T 147 SHE 1 STORARA € Sl o Fod A B 3T
e W SAfes 1 iR diFl Scaral i Uedieh TohTE oh THIUN B hedl Wiel oh STUferd
At fifved €, SHfery 89 = A F=d Hiel B IUCTed HIEISA o 9@ i AT L Fhd
& S1a B9 TEH] ¥ AR G hl HH HH B " H GHd

femuit aft 79 3@ 3 W A®I A, ¥ 91 3,

9 12 6
A=
10 200

ufd, 9% T T ST Hil ki HH I o foIg A S €, i

340
9 12 6
A B= 79 3
10 200
512 7
FETR, T 311, R, T 436 T R, 1 138 Soh1eal STUE & i foh hedl HIet hi SqaTe
T STeiq R, T 330, R FHT 455 T R, 140 Thiedl ¥ A &

@ fooIUT |30 AT OH: 39 YRR TN T Tehd § fSTHY SUes el T 6
quidEl TN B S
T YR A Wehi BT HIT h T F % @€ A F 5 HA-RA KT 5 T,
dl T ST e o HE- TR T WA I FL TRl 2
USATS UST B G0 UG Fhed H1a shi i Aensti o forg o 39, % o Hifeeh
1 FeEdd, Th UE MO Hise o Hehd €, TTEE 98 Teeh! ¥ STy Y Toh ok o
ST AT T 39 YRR HENfd Y T SUGe shean Oie quiaan SR § ST )
T IS &1 W Frefated saeon § o e e
SETET0T 4 WM fafse fF P, P, P, @R, R, R, 38 TR & S 330 2 ®
1 W i foF wH oF MR, T 330,R, T 455 SRR FHT 140 TR ST T
3R 7 e fe 99 SaR & T ghTE oh fmi0 o fau &=a AR, R, AR,
&1 A Frefafad oree @ e Bl ©
R, R, R
P
B=P

3 0
7 3
P|5 12 7

Jeih SCUIS 1 fohe SehTeal aMTg ST foF SUCTse ohedl AT 1 SYART Uil & a2

141 216 78
1170 220 60

=

2

0 —_
O
w

\S]
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Tot =T 1 fufd Wed ¥ g9 A9 Bl

=0T 2 HA AT foh wH P 1 x 3HT8dT , P, 1 y Tl P, 1 2 SHT15AN 1 ScA&A il

1 T e P, % fAT R, &1 3, P, % faw R &1 7 9o P, faw R &1 5 sehred

1 STITIH TSt € (TR B @) 3R R, F1 Fo 330 TohEAl SUCT €, o7
3x+ 7y + 5z =330 (%= WAl R, & fom)

TH YRR 4x + 9y + 127 = 455 (%= A R, faQ)

3R 3y + 7z = 140 (F=2 1 R, fo1Q)

T4 (STY) GHIH Fep &1 3ee &9 § 11 TR oFed Y ehd B,

37 5[x] [330
{4 9 12||y| =455

0 3 7 ||z] [140
wT 3 YRt ufed |fE g, B9 W B ©;

1 0 0][x] [20
01 0||yl=]35
00 1|z 5

T =20,y = 353941z—5ﬁm'c|1%| AT HH P T 20, P, FT 357 P, FH
5 $°h|$¢|| 3T~ h{ Hch\‘ll %|

femuit ¢ <t 3@ Tl € Al fofa el FoiR &1 w0 (S See 3 |
) T R T fa € e S Fed T % SER S FE 1 A o
2, ﬁ%mwﬁﬁwqﬁmm% Fiifh F, = P, ! 6 gohtedl Hift & S
o frafar ST Faat 5 THEAT &1 o TRl B

SETET0T 5 Tk ge-fmiar M, 3ﬁ'{M TS B SCITEA- qlwdlm%IM T 20,000
HWM@%OOOW%WWW%@QW FeT-E S £, [ETASRED
o Fe 45,000 A ﬁqﬁa‘e’aﬁﬁ@aﬁéaﬁwmm%Mﬁlooo
WW%WWWWWﬁsﬂ%ﬁTMﬁmOOWW%mW
wﬁwmﬁﬁlwwﬁ%amwméﬁmmﬁ%ﬁw%lMﬁ
T Siac T Rs 8 72 M, %1 I Siqa R Rs 7 @1 &l &1 o1~ Fmfar, wewm @
ISt & TG, AT SCRA-AS fohe YR F1T?

T BT0T 1 Y Rl o Hqd, HewH o SAfSd i =g, <enel M, qe M,
el i &A1 Jd R

SUT 2 WA SR R <o M, T x 3R 3o M, &1 y Siae €1 Riife M, T g aiae
T @9 Rs 8 HWMﬁWaﬁwmwsznﬁm% 37 IR~ e (objective
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function) , f5r@ SIfan T © A o et 9 e T R
Z=7(x,y)=8x+Ty
T4 SRYI-Wor w1 fefaied giaeel (sreriel) o ofatid efushad e @
(s T & e 12 W A i)

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

SIT0T 3 U el (constraints) (1) o Adqid Sriferd &3 OPQRST W—@ﬂ 2
(amRfa A.2.3)fsgew O, P, Q, R, S @ T &ia & fademss wH: (0, 0), (20000, 0),
(20000, 6000), (10500, 34500), (5000, 40000) T (0, 40000) T

e ifs fw

B S
S
=
(g\]
I
=
S (5,000, 40,000)
y =40,000
—R (10,500, 34,500)

Q (20,000, 6,000)
t t » X

\
Z N
%
arepfa A.2.3
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P(0,0)WZ =0
P (20000, 0) T Z = 8 x 20000 = 160000
Q (20000, 6000) T Z = 8 x 20000 + 7 x 6000 = 202000
R (10500, 34500) W Z = 8 x 10500 + 7 x 34500 = 325500
S = (5000, 40000) T Z = 8 x 5000 + 7 x 40000 = 320000
T = (0, 40000) W Z = 7 x 40000 = 280000

e T T x = 10500 3R y = 34500 T HewH o9 2Afsid eidl €, s T Rs 325500
1 o7 fmfaT (SeeH) BT Rs 325500 1 FewH 4 $ifSfd e ok forw M, &7 10500
A M, 1 34500 Siqel 3= H! =fe)

IETETUT 6 WA Y foh Toh o 1S 141 Seq1g ST =t €, FSe W oo«
(feer oiR =X omma) ol 8 iR A ofifse fon shoell 39 Scurg it Uk e gea
W TR T HT A a8 39 feafa § enw-gi o qdiernr 8q T i
EISGECEIE

Te =T 1 g8 el Trwden euH A Bl

0T 2 GAUT ¥ T T © HT AN & UER H B €, Fer qon =1 feer o 3carg
1 HeA U A el @ (S8 R, Yook o)) | Sfe o SR AN Seirg i WA ag
Y Fedt & (SIE g, Ui senfs) | URY | &9 O od © foh =R e SIS i Gl
1 SHANUE € - U AN Hisd TR 8l Sl &1 hael i o o ¥ fosha g
W Bl ®, 3R g (HUH) u€ ghHEd S wRd © 6 98 ww eF wewd 2l
gfeen o U, e 98 7 od € o qoieh Scarfed gohrd dehrel o= < St €

TfUTdT e
oM ofse o Scarfea qen a1 T Sl & §Sa T,
C = SAEA &1 el @rmd & (9 )
1= fasa 9 B arelt et 3@ © (FuEi H)
P=d o9 2 (¥9a H)
AN 1 3Wda W=l (assumption) o 3TER C & il @ et e o @
f&wam:awa‘fﬁ),
T AN = b (¥IC Ufd THE).
aud C=a+ bx .. (D)
e € e I T qed s (JUT Wi 3ehtE) R R,
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3d: I=sx .. (2)
o P 3T I AN o S % SRR Bl 7, T YRR
P=1-C
=sx — (a + bx)
=(-b)x—-a .. 3

TH YR 79 g =R e x, C,LP, a, b, 9 sk o= (1), (2) T2 (3) | 9w
JREfes el o1 Teh 0T Hiee 9Ie Bl 81 7 =) TR 1 anfieio 39 YK 2,

E=GE X

afyd (was) C, L P

U IEN a, b, s

SR Wl x, a, b, s, 1 THR € AR o8 P 6 HT Tehal B

TOT 3 ey (3) g BH 2Ed © T ue fomsed fag (7 1 enw SR T i =il

% o P =0, 372, xzibgsms?ﬁl

s —

TROT 4 A1 599 faesed f5g & fooR 9 en frehd frerret wehd @ for afg 0 9

gehTgal €1 Seied it ©, @7 x:Lb T W HH B A 39 = B SR Afg o'
o

affereh gehTedl Sealfed Ll €, i fbsib‘ls'q‘f o atfuess @ SH oY B SHeh

Afafter, afz an foede fog sramafas fog g 8, 9 *IE o= Ated wga fhar s
ohdl © A ©F YaTE 9 Heiferd sifrRonet o wened foRar <1 wehdr )

fewoft Haw (3) 4, 74 g« fyern © o,

ar
dx_s_

il x % QdeT P ok URed S ST, TR 5— b R 7R w2t @ S fop searg & forha
o Al SUeh B NI o 3l o aXeR 1 37d: oy SAfsld i o fora 5@ ¥ &6
YTeHeR BT ST SR T | | oy 3tfsid s o forg w6 =g stfuess amn Seifed
FHEAT e WA T WY =R AN i FH HI HT GIG T HIAT AT
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IETETUT 7 W A o Tk 3 | 1000 feret wreaor-wier € e ufa feret 250 g e
21200 g/L @01 o1l SAe0I-STed, 25 L/min 1 < 9 3 H 371 @I € 91 38 Feh I
s g9 9 O 9 et ket @1 21 TR &1 ¢ W 3 o et i ann = 82

&l =0T 1 7l fefq S 9 qgwE % % A 2
=0T 2 9 e fF y =y (1) g1 Aqate-afeals URY e o o1, fovdt 993 ¢ (frme
H) W, Ik o Sutterd @@or &t w0 (el o #) giud (ehe) ekt €1 5 =0, 29
sidate-dfeats URY 89 ¥ 98 y =250 g x 1000 = 250 kg
o AT for y § IRedq, fago o siqafe-afeats o HROT gl ©

39 3 W oFUI-STel kT AdEiE, 5 kg/min (FTH 25 x 200 g =5 kg) H W A

U] AT & A AGUI-SA T dfgare 25[%)2%1(%/@11 (TR ¢+ THa W IH

F @ H A —— kg ®)

1000
37d: 1o AU °F § 99 I T § URadd @1 X Fefaiad T 9 U et e,
dy y .
@ _ 5 Y ?
dt 40 ()
- AL |
dr 40”0 = - (D

g RO Yoo G 1 T O A 1 2

=0T 39RO (1) Tk e gt 8, 59 s 9 e foma S gehdl 71 SHie
(1) &1 &a 9= fen 2

t f t

ye® = 200e9+C A y(f)=200+C e ¥ o)
el C THIehe 1 3= 2|
e T T 9| @ T S =0, y = 250, 37T, 250 = 200 + C
7 C=50
9 T (2) 99 fafed 9 § gRafia 8 s ©,

t

y=200+50 ¢ © . (3)

y=200 -+
a so0 ¢
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. %0
y=200
313: = 4010
! g{y—200 ®

TH YR GHIHT (4) 98 GWA (31 €, 5o 3 H 90 i A0 y kg €l

=TT 4 THET (3) | 7w Fred e § fF w3 > 200 FifE , 0 A g
YT &l €

3fd: o T 01 Y aE W SR 200 kg (TR S-St 200 kg @) € wehdl €
seh Sffafied TRl (4) 9 &9 frad frepred € fF ¢ > 0 3fE 3R oheret afg

0 <y —200 < 50 eifq =€ IR sheaet A 200 < y < 250 idia I o waU-5el o
qdie 3R afgdle o YRY eF o o5 @au H1 B 200 kg 3R 250 kg o wEA 2

ot fAeviT &t Wﬁ'{ﬂ'ﬂ'lﬁ: (Limitations)

et qeh ok TS A faepfia forT 7Y ® SR ST WA (application)
TS RfefE ®1 TeAd ¥ gHeE § gwedargde e S g ¢ 5w farg S
Tford <lﬁ'[;clﬁlﬁ ot s1efvmrs, wiear fomm (operations research), STra-Tforg
(Bio-mathematics) 3fe, o= g2 o (SM9T) Taf=em=/aqmTelt 2l

W, oS ot e ufiferfaal GEt €, fer wiga et w1 €)1 foees 9w SR 98
g fr o @ o uRfeufqel aga Sfea € ereren faefia Afsa MMER @ €

SRt el qen $fd-sw =X (Super Computers) o faepm 3, affeerfaat w1
T W 9 el o o, MEEER qied S H, g9 Herd o e 2

w@fd (fast) T S=1d X o HRO 9g G9a & Fal & for Bw atferen =rened
Hied 1 A1 % Thd B e g1 YU o WY dgdl GeAfd U i S Hehd o

Ay gAR ury, fordl Tfordia Hieet ® wE fafu= =X o =E qen e Wl ok
AR 2 31=8 Ariceish fagia 7€ 71 e H 79 Ui a1 B =) w1 951 hioh el
%ﬁaﬁmj%ma@%ﬁwawa‘f (accurate) nﬁa‘rmﬁnﬁaﬂm%m
STeh-3% oA 8q 89 = &1 W& ®H 9 HA W@ A6y

& S1rE Sifea ikt & fond frest &t s fortw (fafkme) wwemd 2
2l TG YR i ftfeerfaat gr: gafaTo (environment) , 995 IERIE (oceanography ),
SHEE 0 (population control ) affe o o 99 (world models) o5 31&T¥
H eyt &1 fnen 61 gl wmaneti-io, SHoged famm, ifae, sifietert, gemere s
o TfUrdrg feeier, 39 T 1 Qe GEdgds w ®

K/
— e —
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1. () Toqed =&, gafid e IR 7 @ Whwew

13.
15.

[\

<

(i) Tqed =&, Tafha T S T a G

(i) Tqed AR HepHe W Huid TEl

(iv) e, GHiHd 3R GehHeh

(v) (a) TIqed, Gafa iR GhmS
(b) e, FHitd 3R Hheh
(c) Tqed &, gafdd el @R 7 df Hohreh
(d) Toqea El, Tt el iR oifer W
(e) Toqed -TEl, WA &l 3R A 9 Hehrw

. Tqed e, gHiHa el iR 7 @ Hehre

. Tqed e, WA el iR 7 @ Hehre
() {1,5,9}, (i) {1} 12. T, 3R T, "eR Hafyq |
gt g &1 gg= 14. |t W@sti y=2x+c, c € R 9=
B 16. C

. T

. () Tl WY eSEl e (i) 7 o Tehep! AR A & ARl

(i) = Whep! 3R 7 & SR (iv) Tehsh! Wq =S Tl
(v) Teheh! Wig 3A=amel el

. () Uehe! 3R =B (i) 7 @ Tehep! R A & A=OES
. Rl 10. = 11. D 12. A
T 1 W fafaer goaraet
No 4.n! 5. &
A 7. B
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.= , = , , =T
6 6 "6 "3
5, 21 6. -~ 7. L . »
3 S "6 "6
9, T 0. —= n x . =
4 T4 4 ©3
13. B 14. B
3. —tan”'x 4. = 5. X, 6 sin1
2 ! :
7. 3tan~' 2 g. ~ g2t 10. —
4 T l-xy 3
n, —= n Z 13. B 14. D
- . = . .
15. B
3T 2 W fafaer goaraet
1 E 2 E 11 x—nﬂ:+E nez 12 x—L
. 6 . 6 . 4, . Jg
13. D 14. C
. . 5
1. () 3x4 Gi) 12 (i) 19.35,-5.12, 5

2. 1x24,2x12,3x8,4x6,6x4,8%x3,12x2,24x1;1x13,13x1
3. 1x18,2%x9,3%x6,6x3,9%x2,18x1;1x%x5,5%x1

2 2 L 9 25

4“0 |, 2 (ii) 2 Giy |2 2
9 4 2 1 g8 18
2
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130
1 0 -1 =2
5. () 3 2 é1 @ |32 1 0
. 2 2 54 3 2
4 1532
L 2 2]
6. 1) x=1, y=4, z=3
i) x=4, y=2, z=0 or x=2, y=4, z=0
@) x=2, y=4, z=3
7. a=1,b=2,c=3,d=4
8. C 9. B 10. D
3 7 1 1
1 = A-B=
() A+B [1 7} (i) [5 _3}
i) 3A-C 8 7 V) AB -6 26 ) BA 11 10
iii —-C= iv = \% =
6 2 -1 19 11 2
_ [2a 2  l@+b? (+e)?
2. (1) } (i) s 5
| 0 2a [ (a—c)” (a—D)
11 11 0 )
. 11
(iii) 16 5 21 (iv) L
5 10 9 L
A +5 0 i 2 : -3 -4 1
3.0 2| @ @ g 13 9
0 a“ +b 6 9 12
(14 0 42 (1 2 3
. ) 14 -6
iv) |18 -1 56 vy |1 45 (vi) 4 5
22 =2 170 -2 20
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4 1 -1 -1 -2 0
4. A+B=|9 2 7 [,B-C={4 -1 3
3 -1 4 1 2 0
0 0 O
5. 10 0 0 6.[10}
0 0 O 01

11.

15.

19

20.

10.

2
7(.)X_soY_zo i X 5 5
SR E RN i VA=
5
-1 -1
8. X= 9. x=3,y=3
-2 -1
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) Rs15000,Rs 15000  (b) Rs 5000, Rs 25000
Rs 20160 21. A 22. B
YyATaet 3.3
1 1 2
() [ 5 } (i) [_1 3} (i
) 00 0][0 b
-4 5
9 0 0 O0f,|]=a 0 ¢
1 6
- 00 0||-b — 0
. A_3 3 .\ 0 2
O 273 472 0
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14
5

A

10. x=3,y=6,2z=9,1=6
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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
; L ST, 503
2 2 2 2
1 -5 1 2
iy A== =2 =2|+|—= o 3 ; -
(1) 5 ) iv) A [2 2}+{
=, =3 )
| 2 1 L2 i
A 12. B
T 3 W fafaer goaraet
1 1 1
x=t— y=t— 7=t —
27" % NE)
x=-1 6. x=143

. (a) FNRIH el 3T = Rs 46000
FER-IILH el 3T = Rs 53000
(b) Rs 15000, Rs 17000

X:[l ‘2} 9. C 10. B

2 0

. @) 18 2. () 1, (i) ©-x*+2

. () -12, (i) 46, (i) 0, (v) 5 6.

. () x=+43, (i) x=2 8.
s 4

. () B (i1) 5 (1) 15

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

Rationalised 2023-24
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11. C

5. (D)



gyt 4.3
.G M, =3,M,=0, M, =—4,M_,=2,A =3,A,=0,A, =4,A, =2
(i) M, =d,M_ =b, M, =¢, M, =a
A =d A=-bA,=—c A =a
. () M,=1,M_,=0,M,=0, M, =0,M,=1,M,,=0,M, =0,M,,=0,M,,=1,
A=1A=0, A=0A=0A=1,A=0, A,=0, A=0, A =1
() M, =11,M =6, M =3,M,=-4M=2M=1, M,=-20,M,=-13,M,=5

A11=11’ A12= -6, A13= 3, A21= 4, A22= 2, A23= -1, Ajl: —20, Aﬂ: 13, A33: 5

7 4. x-y -2 @@—-x 5. (D)
3 1 -11 N
SR 3 & Ao W
301 6 2 5 B
10 =10 2 =3 0 0
12 = 1 s 1o
= 7. —| 0 5 -4 8 3 -
1313 -1 10 9 o 3
0 0 2 -9 -
| -1 5 3 -2 0 1 1 0 0
_? -4 23 12| 10. |9 2 =3 11. |0 coso sino
1 -11 -6 6 1 2 0 sino Ccos O
) 3 4 5
12 A Al=tlo 1 _4
=S I 14. a=-4,b=1 15. =1 -1 -
- 5 -3 -1
i 1 -1
s
n 17. B 18. B
-1 1 3
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A=

10.

12.
14.

15.

16.

gd 2. 9 3. 9T

Id 5. IT9Td 6. 9T
. 6 ,_-19

X=5y=- TRRET TRREET!
l,y=4 1. x=1 13

-x__ay_ '-x_ay 29Z 2

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

0 1 -2
209 23| o o3
-1 5 -I3

9 -3 5

2.1 3, |72 10 5. 2 2(¢ +y)
1 02

6. xy 7. x=2,y=3,z=5

A 9. D

2. f,x=3W Had 2|

3. (a), (b), (c) 3 (d) @t Haa Ter &

5. f,x=08Rx=2W Fdqd & Wq x= 1 T Haad &l 2|

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

8. x=0WR THdIq 9. MIdEd &1 w15 fog T

10. 3TEIqeal 1 s fog &l 11. ideEd &1 &8 fog T2
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12.
14.
15.

16.

18.

20.
22.

23.
24.

26.

29.

34.

STAHTA 225

x=1T f Hqd 2| 13. x=1W f Had F& 2
x=13R x=3W f Haqa &l 2l

el x = | STEidedd &1 fag 2l

Had 17. a=b+§

Ao fRdl oft 7 o foIT £, x= 0 W Fad @ W £, A % Yk 9F & fag
x=1W Fqd 2

x=71 W f Had 2l 21. (a), (b) 3R (c) @+t Had wer Bl

Te%h x € R% U cosine ®elM @ad €1 cosecant B x =nm, n e Z ok iR
Teft faga W Tad 1 secant FEH x = (2n+1)g,ne 7% sifaftad weht fagadt
W Had 81 cotangent W, x = nm, n € Z o Atarte gt fogen W Had 2

A 1 IS fog Tal 2
&, 9% xe R& foIq f&aq 2l 25. 9% xe R fau fHaa 2
k=6 27, k=2 28, k=2
4 I
k=§ 30. a=2,b=1
ST 1 1S fog Tel 2
. 2xcos(x*+5) 2. —cosxsin(sinx) 3. acos(ax + b)

sec(tan \/)7) .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°

- 2\/5 X 8 _ Sin ,\/;
sin x*+/sin 2x? ) 2\/;
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11.

15.

o

yyTaet 5.3
_ 2
cosx —2 , —Z 3 _L.
3 cosy—3 2by+sin y
sec’x—y (2x+y) (3x*+2xy+y°)
g1 S. T oo ) 2
x+2y-1 (x+2y) (X" +2xy+3y7)
ysin xy sin 2x 2 3
A - 9. 3 10. 3
sin2y—xsin xy sin2y 1+ x 1+ x
2 12, —= 13 —= 14 =
1+x° R R CoAl-x
.2
1-x°
X . _ sin—1
M,xinn,nel 2. x,xe(—l,l)
sin” x 1—x2

3xle" 4.

e " cos(tan”' e™)
I+e™

T <2 3 4 5
—e'tane’, e #(2n+1) E,n eN 6. e'+2x° +3x’¢" +4x’e" +5x"¢"

4 xe“/;

(xsinx - log x+cos x)

e

Va 1

, x>0 x>1

xlogx’

1 X : X
- x>0 10, —(—+ejmn&%x+exx>o
x(log x) x

— CcO0S x cos 2x cos 3x [tan x + 2 tan 2x + 3 tan 3x]

1
2

g

(x-D(x-2) 1 4 1 1 1 1

(x—3)(x—4)(x-5) x—1 x-2 x-3 x—4 x-5
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10.

11.

12.

14.

16.
17.
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xlogx

(log x)** [Cloi—sin x log (log x)}

x* (1 + log x) — 2"~ cos x log 2
(c+3) (x+ 472 (x + 5 (92 + 70x + 133)

1Y x2=1 1 (411
X+— x2 +log(x+—) |+ x E x—zogx
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 x—x*

G | SIDX fNeos : ;
X sinx [—+cosx log x} + (sin x)*** [cos x cot x — sin x log sin x]
x

4x

x ¥ [cos x. (1 +log x) —x sin x log x] - ———
g g (x2_1)2

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

X
oy 4ytlogy 13 Y[y=xlogy
x” log x+xy *™! " x| x—ylogx
ytan x+logcos y 15 y(x-1)
xtan y+logcosx Cx(y+1)

3 7
(1+x)(1+x2)(1+x4)(1+x8)[ L 2x2+ 4x4+ 8xJ;f’(1)=120
1+x 1+x° 1+x" 1+x

Sx* =205 + 45x* - 52x + 11

1
r 2. — 3. —4sint 4. _t_2
cos0—2c0s20 0
2sin20-sing O T3 7. —cot 3t 8. tant
écosec6 10. tan ©
a
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12.

10.

11.

12.

for

2 2. 380 x'8 3. —xcosx—2sinx
1
—? 5. x(5+61logx) 6. 2e*(5 cos 5x — 12 sin 5x)
2x

9 €% (3 cos 3x — 4 sin 3x) 8. _m
B (1+1logx) 3 sin (log x) + cos (log x)

(xlog x)? X’
— cot y cosec? y

3T 5 WY fatay gyaet

27 B -9x + 58 2x - 3) 2. 3sinx cosx (sinx — 2 cos*x)

3cos2x
5X 3cos2x
e oo
é X
2V1-4°
1
2

—6sin2x log Sx}

5.

1 X

cos —

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

X

X

1
— + -
v4—x2«¢2x+7 (2)64_7)E

7. (log.x) logx |:l + log (log ‘x)

},x>l

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

2 2
X< {x—3+2xlogx}+(x—3)x2{ al 3+2x10g(x—3)}
X

6
—cot —
5 2

. (a) 61 cm*cm

— 2/
3Cl’l’lS

13. 0 17.

(b) 81 cm?*cm

3. 60w cm?¥s

Rationalised 2023-24
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4. 900 cm?/s
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T
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11.

13.

16.

13.

1.

2.
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