
R1'.=tlct� 6.1 

� 1. �� ���cfft"G{�� r����� 
(i) r = 3 � ti (ii) r = 4 � ti

� lfl.:r � fct> A¥ q,r � �.cfm'TT t � ¥<6) �rt,�
A=w2 

31if, � "ij; � c6) � � � r "ij; � m vffift t1 

dA = �(w2) = 2 1U
dr dr 

(i) � r= 3�, (dA) =21t(3)= 61t�2 ma�
dr r=3 

�. ¥ q>f � 6 �2� c6) � "6 � m � t1 vfiT �
�3�t1

(ii) vfiT r= 4�. (dA) =21t(4)= 81t�2ffllft
dr r= 4 

� vfiT ¥ c6) � 4 � m. m ¥ <f>T � a �2� c6) � "6
�m�tl

� 2. � eR cfiT 3W«R 8 �ffi cfft G{ ��@ti � �Fm��
�wt ��cmcfft� 12�t? 

(a)W V = a3 cpl�� '£A� q;n-�����I 

(b)� ��'£A, $ llUJ �u cpl�� da cpl tflWT �I
dt 

� lfl.:r � fct> tR "ij; ffi � � X t, 3WRA V t � 1z'° � S ti

V = x3 � S = 6x2 (·: cf11 °ij; 6 cf11 � ma t � � � X ti)

vi"@, x� t q,r � ti

� � 71m t fct> di/= a-MT3ro
dt 

�. � � q,r WIT1T ffl lR, 

31if, 

8 = di/ = �(x3) = 3x2dx
� 

dx _ 8 
dt dt dt dt - 3x2 

dS = �(6x2) == 12xo'x 

dt dt dt 

... (i) 

6 3lElffiQ 

31dd>c1J1 'a5 31:JWtflJ I 
Application of Derivative 
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dS = 12{...!.) = 32
cJt 3x2 X 

'ijJi{ x=12�1
dS= 32�2ffl => dS = ��2ffl
dt 12 dt 3 

�(i)� 

am:� 'EA t cf>R cGf � 12� t, cJq ljC6 � 1�2ro- cGf � � qq � t,

� 3. � � ctft � � � � 3 � ctft �� G(c{ «ft t, � � fcf; 
�q;r �fcf;lf��G(c{Wt�� 10-«iftt?
� ll'R�� t�tR���r tafR�ct>J�At,
� Acf>T�=xr2

aTif, �t ��� A�-qftffl���WJ>Rcftvffifttl

dA = E._ (xr2)=2nrdr 
(� � �) 

dt dt dt 

� � � t �� � � 3 �ffl� � � � � t,

:. am: dr =3�M 
dt 

�. 'ijJi{ r= 10�; 

dA ...\.A2,-,\.-= 21tf(3) = 61tf "(1 ... 1 /"(1 

dt 

� 4. � qf<c:1tf.i�� liR ctft � 3 � qft-���«ft t, liR cfif � fcf;lf 
���wt,�� 10-«ift�t? 

� ltR�tA� ffi�� xt, afR amrcR vt, tfi{ V=x:3 

:. � � � 31nRR � -qftffl � �. 

dV =!!._(x3 )=3x2dx (���) 
dt dt dt 

� � � t � tA � ffi 3 �ffl � � � � � t,

dx = 3�ffl :. dV = 3x2(3) = 9x2 �3ffl 
dt dt 

�. uJif X=10�, dV =9x(10)2=900 
dt 

3@: ufif �«Br� 10 tt t, m tR .q;r 3ITT1wf 900 Wffl «Br�� qq � t1 

� 5. ���if����t�cRif<l'fflif 5-«ift� qft11ftf� 
�t, ��cttrrctft� s-«iftt, 'ffl� �, mmu1tilupr �
� � � 'i(c{ 'ffi t? 
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v'f q;r � '3lR � furtu � "J:JUl "WA= w2 q;r � �I

'3f6f, � t � ffiaf m;yj 3fR qif � � '3l� � Wcl �, 

� 1iR�fm�ffi"llctf�rt3lrx�AEI 
A= w2

� "fflnl (t) "ij) "fJTQlff � (A) "ij) lWcrcR c6) � � WnR cft vmfi t1
dA d 2 dA dr � _;,.

) --= -(1U ) => -= 27U-- (� ,.,qo-i X1 
dt dt dt dt 

� � "lflIT E TTP ffiTf 5 �ffl c6) � xl ¥fl "ff� i,

dr = sMM :.
dA =2w x 5= 10wM2M

dt dt 

�. '3J"ij r= aM, dA = 10x(8)= aoxM2M
dt 

3IB: '3J"ij � � c6) � a M t1 � &m � s31l � aox �2M ctr 
�xl��EI 

� 6. � � cfft � 0. 7 wfiffi cfft � � arcf 'ffl t, � -qftft;r qft � cfft � 
�t� r = 4.9�t? 

v'f�� '3fRfurtu�"J:JUlWc =27tfq;J ��I 

'3f6f, � t � ma1 � 3fR qif � � � � Wcl �, 

� l=JA��(t)tR���rt3fR�-qftft)ctl 

tfif, C=27tf 

� � cff.t � �. : = 21t: (t °ij) "ffll)lfJ � ffl tR, � � GRT)

vi"@, dr �����El
dt 

dr = 0.7Mffl
dt 

: =21t(U7) MM=t41tMffl (·.-: =U7MM, �t)
:.3@:, .� � � � cR 1.4 1twfiffl t, 

� 7. � 3'Pffl cfft � x,5� ctft � � "6IG � t 3'ftt � y,4
�qft���Wtl � x= 8� a-ft{ Y= 6°@ftt, tfq' 3'Ti@� (a)� 
(b) ��intc@;fqft���I 
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iftw1' llA � fcl; fcITT:fi � t 'CR, 3lTmT � �. �. � 3lR �
�: x, y, P 3lR At, � P = 2 (x + y) 3lR A= xy ... (i)
3lTmT cf>T � = 2(� + �) 3lR � = � X �

� � t fcl; dx = - 5tllfiffer.re {-ve � Gfflm t fcl; � tJc � t)
dt 

3lR dy = 4 tllfiffer.re
dt 

(a) 31if, P = 2(x + y)
t 'ij) 'ffilt&{ � ffi 'CR,
�'ij)��� dP =2(dx+ dy)

dt dt dt 

= 2(-5 + 4)tllfi� = -2 tllfi� c: = - 5 3lR: = 4)

am:, 3lTmT cf>T � 2 tllfi� � � � tJc (-ve �) � t1
(b) �. 3lTmT cf>T � A = xy,

t 'ij) 'ffilt&{ � ffi 'CR,
�'ij)��� dA =Xdy 

+ y
dx 

dt dt dt 

dA =a x 4 + 6 x (-5)
dt 

= 32 - 30 = 2 tllfi2�

( .. dx = -5 3lR o'y = 4) 
. dt dt 

am:, 3lTmT cf>T � 2tllfi2� � � � � � t1

.fre ��<Pt cR Ffcf v-ift �. ffl' �{+ve �) � f aTR ��<Pt
cR FJc v-ift t, ffl" � (-ve �) mt fl

� 8. ������t, �'titrl;JU900wft3 ��im 
���t,����������� 15"@ft'f1 

ffl llA�nl>�� t"CR��� rt 31R3nmA vt, qij�
cf>T 3nmA V = (�)1tr3 

� cm � titJ &RT 9oo-Mt3 11ffJ � � � � vl@T t1

� t, � t 'ij) 'fflll� 3nmA 'ij) � � � 900 -Mt2M t

t 'ij) � 3nmA (V) cf>T � ffi 'CR 3nmA 'ij) � � �

c; = rn 1t )( �:)i '1fif f = 15 'Mt, m 900= rn 1t ){3 X (15)2 :}

dr = 900 x �
cit 3 X (15)2 41t 
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⇒�(r)"ij>���
dr = 900 =�. dr =_!_�ffl
dt 41t x (15)2 1t x 225 ' dt 1t 

am: ufij � � � 15 � t, m � � � _!_ �ffl � � � � � t1 
1t 

� 9. ���·�'Wffli', cfit� qf<qcf��ft� �I��� 
���cfit���;jfif� 10-@ftt1 

� ";JR������ r afR 3lfijcR V t1 

cfif r=10� afR V=�w3 
, 

3 

� r "ijj � 3ITTRA "ijj � cGr � dV = (� n)3r2 (r "ijj � 3TqcpWJ ffl w)
dr 3 

= 4w2 = 47t(10)2 = 4001t (·:r = 10� 

am: � q;y 3lfijcR 4001t �3ffllft � � � � � t1 

�10. � 5+ft������t1�q;r�q;rftm,�� 
�,���2wfiffiqft���'1f@Tfl�"tf{����� 
�wt� ���q;rftm�� 4 .tt�t? 

�. \11) cfm i); � � � i. �� q;J � � i, � � 
� = � q;r cfiOf, ft� cf;J '3UUR = � i); QIG � cftcfR � �.

���=�i);�'4J7T���� 

tt�cf>.(01 ffl i); � �� wtq q;r � � � mJ � �I 

� 1=1R�A8=5��c/ir�t3fRy� A 

c/ir�t �W��t 3fR�q;y"CJTGBW 
t, ufID � C c/ir � (� �) x ti 
� TJm t � � q;y ";fr'ij cpl fm"T ullft.:J "ij> �. 
� � � 2�ffl � � � � vJTm t1 

dx =2�ffl 
dt 

B X C 

��WI� t TTl> M.BC � �� t, � � � �. 
x2 + y2 = 52 ... (i) 

vfi.J X = 4, cfif y2 = 5 2 - 42⇒ y = .J25 - 16 ⇒ y = 3 �

"fllft (i) qi) � (t) � mqlff zyn 31N cpl � ffi w,

2 x
dx +2ydy =0 ⇒ x

dx + lY =0
dt dt dt dt 
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4x2+ 3x dy =0
dt 

dy = -8

dt 3 

�cft<IR lR �<Cr�:= �°Mtffl <Cr�� tic� t1

(-;fi,Oii�<t> � � � t � cftcfR "CR � <Cr � � °Mtffl <Cr � � tic � t)3 

JN.f 11. �q;urcm; 6y = i3 + 2� oG'@llftrcfi\'fflfl cfsfilR<Ff.cfil'i@
��x-���-q y-� 8 �"dti@Ji�'fflfl

�«)�ffiaT x�� � y-��tfucR�� dx �dyi
dt dt 

� dy=8dx q;J��I
dt dt 

ffl � t 6y = x3 + 2 3fR dy = 8dx 

• 

I dt dt 
t � �&1' � ffl "CR,

6dy = 3x2 dx 
� 6 X 8dx = 3x2 dx 

dt dt dt dt 

3x2 = 48 � x2 = 16, X = ± 4

vfi{ X = 4, tliJ 6y = (4)3 + 2 � 6y = 64 + 2 � y = 66 = 11
6 

vfi{ X=- 4, tlif 6y=(-4)3+2 � 6y=- 64+2
-62 -31⇒ 

y = s = 3 

3@: qJp "CR� (4, 11) � (-4, -:
1) t1

� 12. lcff�����¾� ��i��·l�cfil

� m � � � "{11 t, � � 1 � t?

� �q;r���31TcPR<f;Jtl
lfA ���<Cr� rt�� cf;J 31nrcA V ti

�t � �t lRtlil�����. dr =!°Mtffl 3fR r=1°Mt
dt 2 
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t � � � ffl lR, 

3mRR���. 

dV = (�1t)(3r2dr
) = 4x,2dr = 41t(1)2_! 

dt 3 dt dt 2 

=21t�3ffl 

am:, � qjJ 3mRR 21t�3M ��"fl�� t1 

� 13. ��, ����t, cfiT qf<cnf-11'ftl1 olim �(2x+ t)"tl x 
2 

*��*-qftqcf;fqft�"ij@�I

1Tfa q;J 3{Jt«R =�1t (�) 3 � q;J � � 1Tfa �. 3{Jt«R 
3 

= 1 "(� r if;J xi\; <IIQ111 - �I

� �t,�cf>lc.lim=�(2x+1) 
2 

� = oqm = .!(�(2x + 1)] = �(2x + 1) 
2 2 2 4 

V = � 1t (�)3= � 1t[�(2x + 1)]
3 

=> V = 9n {2x + 1)3 

3 3 4 16 

3mRR � � � � � �. X ��Ill� ffl lR, 

dV = 91tx 3(2x+ 1)2 x2 = 271t (2x+ 1)2
dx 16 8 

am:, 3mRR � � � � 271t (2x+ 1)2 t'I
8 

� 14. ��t� 12�2ffictrr�tfiRllftt, fimft��'tf{�� 
� � ·� � � � qft� cfiT lJcn 'qpt t, � t "iR �qft 
�fcf;a�t�wt�� 4 �t? 

ffl llR���r. �hafR3mRRVtl 

-� � t, dV = 12 °fl1fi3ffl 3lR h = _!, => r = 6h
dt 6 

m, V = _! ru2h = _! 1t(6h)2h = 121t h3 

3 3 

dV = (12n)(3h2dh) = 36 1t h2dh
dt dt dt 
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RQ.:J 18. � � qft X � � � � � � � � 'q 
R(x)= 3x2 + 36x+ 5��t, � X= 15tm��t:

(a) 116 (b) 96 (c) 90 (d) 126

trcl (b) � t, R(x)= 3x2 + 36x+ 5 
� dR dR '<'wm1 3ITT1 = - · -= 3 x 2x + 36 = 6x + 36 

dx ' dx 

\ili.r X = 15, "ffi � 3ITTJ = 6 X 15 + 36 = 126 

3@: � 3ITT1 = � 126 

Si!t.-lldt-ft 6.2 

RQ.:J 1. ��R'Rf(x)=3x+ 17��1tiffif.mR�tl 

� f(x) qUl=JR !, oGf f'(x) � 0 '3fR � f(x) � qUl=JR l oGf f'(x) > 0

trcl llR� � R 1t, X1 � X2 �G)�t, vf@Xi <X:l 

f(x) = 3x + 17 ⇒ f(x1) = 3x1 + 17 

� f(x2) = 3x2 + 17 [·:f(x) = 3x + 17, � E]

31if, � � t � f(x1) < f(x2) 3@: R lR f � q'$fA t'I 

�� 

� t, f(x) = 3x + 17, x � 'ffl"qlff � ffl lR f'(x) = 3>0

3@: R � � 3RRIB lR � � q$fA el

RQ.:J 2. ft:r.l;�fcf; R"tR f(x) = e'l.x ��1tiffif.mR�t1 

� llR � R lR, X1 � X2 G) � t

c'fil', x1 < x2 ⇒ 2x1 < 2x2 ⇒ e¼ <e 2x2 ⇒ f(x1)< f(x2)
3@: R lR f � � t'I 

�fitfil 

� t, f(x) = e2x 

x � -w-qlff cn-=rr 31N cf>T � ffl lR, !!._f(x) = !!.._(e2x) = f'(x) = 2e2x 
dx dx 
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(i) ufil X> 0. <fil 2e2J< = 2[1+ 2x+ (?.;( + .. } 0 :. l'(x)> 0

(ii) vii{ x = 0, cJiif 2e2x =2 x 1 =2 ; 2 > 0 :. f'(x)> 0

(iii) vii{ X<O, cfif 2e2x =2e�-z); 2e-2z = �
e 

= [1. 2 
2 ·

i

> 0 :. f'(X)> 0 
1 + 2z + (2z) 

+ ... 

21 

3@:, X t" � lJA t" �, f'(X)> 0 

� f(xt R tR � � l1>wl ti 

�3. ftf;;�/(x)=sinx��� 

(i>( o,"i)iff.mR�t (u>(i' 1t )itf.mft�t 
(iii) (O, 1t) if� ffl � t ��"gt� t1

f(x) �(a,b) 11 � qUJWJ i, � f'(x)> 0 '3fR � (a,b) 11 �
tmri1A t. � f'(x) < 0

ffl � 1Tlrr l1>wl f(x) = sin x ti

X � � � ffi lR, 

f'(X) =COS X 

(i) 3ffi: � XE ( o.�}t- �cos x> O (·:cosxllW{ � 1t �t)

f'(x)> 0 

�. f, ( 0, �) 1t f.mR fflR t1

. (ii) 3@:, �XE(�• 7t} ��COS X< 0 (•: COS X � �-ij � t)

� f'(x)< 0 

�, f, (�· 1t)1t��t1 
(iii) vii{ XE (0, 7t) � � t � ( 0, � )1t f'(X)> 0 3fR (i• 7t )1t f'(X)< 0

� f'(x), (0, 1t) 1t � 3fR -::fi.Ullt'icf> ti

� (0. 1t)'if f(x)� m � t 3lR � � � t,
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�4. oRR'@��miff(x)=�-3x���f
(i) f.rm� (ii) f.rm�

� � t, f(X)=2x2-3x

x '$ °ffll)itT � ffl 'Qx, f'(x) = 4x - 3
--------.--------,-

f' ( x) =om 'Qx,
f (X) cpl � f (X) "ilft 

4X - 3 = 0 => X = 3/ 4

� X= 3/4, � "mT q;) "<U
3R,1T 3TcR@' -ij � "ffl' t,

(-oo, ¾) (-) -;ff_Ojjciicf> � � .

� (-, ¾) 3'R (¾· -) t1 (¾,-) (+)� ��

3@: f(x), (¾, 00)-it �� t 3fR (-,¾)-ij� � tI

� 5. oRR@���/(x)=�-3x2 -36x+ 7���/
(i)f.rm�t, (ii)f.mR'�t,

� � t, f(x)=2x3-3x2-36x + 7

X '$ �ltl � ffl 'Qx,

f'(x) = !!.._(2x3 - 3x2 - 36x + 7) = 2 x 3x2 - 3 x 2x - 36 x 1 + o
dx 

= 6x2 - 6x - 36 ; f'(x) = 6(x - 3)(x + 2)
f'(x) = 0 m 'Qx, 6(x - 3)(x + 2) = 0

X= 3 31R X=-2 vt)fcp cfffiffctct> � "<m � 3@"ffifl lt fct1TIRi@cfRm ti

vt)fcp (-co, - 2), (-2, 3) 31R (3, oo} ti _2 3

00 

(-co, -2)

(-2, 3)

HH = +ve
f(X)cf;l� 

(·:x<-2� x'$ -3,-4,-5, ... � lfR) '$ �
(x - 3) 31R (x - 2) � -;#_OIIMcf> �I

(-)(+) = -ve
(·:3> X>-2� x'$, 1,2,0,-1, ... � lfR1 '$
� (x - 3) ·:::&.UIIMq; afR (x + 2) � m1TI

(3, oo) (+)(+) = + ve
(·: X> 3�, X°$ , 4,5,6, ... � lfR1 '$ � 

(x - 3)3'R (x+ 2)GFIT � m1TI

f (x) t6t � 

�, � "1fm � f 3RR@' (-co, -2) "ij afR (3, oo) "ij � <1WiFf t � �
f 3RR@' (-2, 3) -ii � � tI
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(iii) � t, f(x) = - 2x3 - 9x2 -12x + 1

=> f'(x) = -2. 3x2 - 9·2X -12 = - 6x2 -18x -12 

f'(x) = 0 ffl �. -6x2-18x-12 = 0 

=> -6(x + 2)(x + 1) = O

=> X=-2,-1 vfTfcp � "fflT q;) � � {-oo,-2),(-2,-1) 31R {-1,00)11 
fij�<fRffltl 

(-oo, -2) 
(-2, -1) 
{-1, oo) 

-2 -1

f(X)cf;J� 

(-)(-)(-) = - ve 
(-)(-)(+) = + ve 
(-)(+)(+) = - ve 

f (X) � � 

�. -2< X<-1 � f(x) � � t � X<-2 31R X>-111 f(x) �
�t 

(iv)� '11m t, f(x)= 6 - 9x- x2
=> f'(x) = - 9 - 2x,

f'(x) = O ffl �. 

-9 -2X= 0 =>X= -9

\if)fcp�"ffll q;) m 3IBTT � (-oo,-�) 3lR (�9 • 00) 11 fij� q;«fi t1

-00 00 
-9/2

� f (x) cf;1 � f(x) �� 

(-oo, �
9

) + ve f;Jm� 

( �
9

, oo) + ve f;Jm� 

�. \JJir X < - � I m f(x) � � t 31R \JJir X > - �. m f(x) f;Jm �
2 2 

t1 
(v) � t, f(x) = (x + 1)3(x- 3)3 

X °ij; °ffl"Q!ff � ffl �, 

f'(x) = (x + 1)3 • 3(x - 3)2 
+ (x - 3)3 • 3(x + 1)2 • 1 
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3Tir, 

= 3(x -3}2(x +1)2 {(x + 1) + (x -3)} 

= 3(x -3)2(x + 1)2(2x - 2) = 6(x -3)2(x + 1)2(x -1) 

f'(X) = 0 m �, X = -1, 1, 3 

-1 1 3 

� � t«r q;) "'qR 3R-flT 3icRra (-oo, -1} , (-1, 1), (1, 3) 3l'R (3. co) 1t fct�_

crnrr t1 
----+-+--+--+•oo 

-1 1 3 

� f(X)cf;J� f(x)-c$\ 
-oo < x < -1 (-)(-)(-) = -ve � � 

-1<X<1 (+}(+)(-)=-Ve �� 

1< x< 3 (+)(+}(+) = + ve � � 

3< x< oo (+}(+}(+) = + ve � �

�. (1, 3) ah (3, co)� f(x) � � t � (-oo, -1) � (-1, 1) � f(x) � 
�ti 

� 7. ��fcf; y=log(l+x)-� 1 x>-l, ��,my-if� 
2+ X 

�'tliffiil 

��mcJ� y'>OID, ctly��mcf��q'Ul=IAQ>ffi!I 

� �t, y=log(1+x)-� 
(2 + X) 

� ffl �. dy = dy[log(1 + x} -�]dx dx 2+x 

(2 + x)E...(2x} -2xE...(2. + x)
= _1 __ ----"'d"-'-� -_,,,-=dx _______ _

(2 + x)
2 1 + X 

1 4 + 2x -2x 1 4 (2 + x)2 -4(1 + x) = 
-1 +-x

-
(2. + x)2 

= 
1 + x 

-
(2. + x)2 

= 
(1 + x)(2. + x)2 

4 + x2 + 4x -4 - 4x = =----=-
(1 + x)(2. + x)2 (1 + x)(2 + x)2 

2 

uJi1 XE (-1, co 1 cli{ � > 0 3f'R (1 + X) > 0 ;, y '  > 0 � X > -1 
(2 + x)

3IB:, y 31tA � (x>-1) 1lio 1t � � � t1 
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� 8. x*09f-iJRfqil''il"@'�ftAsfm{y=[x(x-2)]2 '(cn�
�t, 

� � t, Y= (x(x -2)2 = [x2-2x)2 

X °ij, � � ffl lR, 

dy =2(x2 -2x) !!... (x2 -2x)
dx dx 

= 2(x2 -2x)(2x -2) = 4x(x -2)(x -1) 
dy=Offi'tR X=0,1afR2dx I 

� � "ffll q;) "ifR 3TWT 3@ffiif (--, 0), (0, 1) , (1, 2) afR (2, oo) 11 �
�t 

__ ,._......,__,.__00 
0 1 2 

3@ffiiJ y '(x) 'cf;J � y(x) � llJfi'
--,o (-)(-)(-) = -ve � � 
(0, 1) ( + )(-)(-) = + ve � ffiA
(1,2) (+)(-)(+) = -ve � � 
(2, oo) (+)(+)(+) = + ve � ffiFJ 

-�. (0, 1) afR (2, oo) lR y(x) � lJ;wf ti

� 9. ��fcf;[o,!!]-q y= 4sine -8,8cf;T���"t1
2 (2 + cos8) 

ffl � t, y= 4sin8 _
8 

(2 + cos 8) 

8 "ij,��ffl'tR, 

dy _ d 
[ 

4 sin 8 8] d8 d8 (2 + cos 8)

(2 + cos 8)�(4 sin 8) -4 sin 8�(2 + cos 8) 
y'= d8 d8 -1

(2 + cos 8)2 

= 4 cos 8(2 + cos 8) -4 sin 8(-sin 8) _ 1 
(2 + cos 8)2 

= 8cos 8 + 4cos2 8 + 4 sin2 8 _ 1
(2 + cos8)2 
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� 18. m�fct; R'q���f(x)=:t3 - 3x2 + 3x-100�fl

� fGm t, f(x) = x3 
- 3x2 + 3x - 100

� f '(x) = 3x2 - 6x + 3 (x "ij, �lff 3TqcpWJ ffl 'CR)

� f'(x) = 3(x2 - 2x + 1) = 3(x - 1)2 

Xe Rll (x - 1)2> 0, cflTTfcp � 1{0i cflf -::f!Ojjci-iqj -f@m � tI

31a': R 'tR f'(x) > 0 �, fGm 7flfl 'Q>Wf f qW{A 'Q>Wf ti

� 19. f.:ti.tf�f&d -q � � atcR@-q y = x2e-x � f?

(a) {-co, co) {b) (-2, 0) {c) (2, co) {d) (0, 2) 

ffl (d) fGm t, y = x2e-x

X 'ij; �lff 3TqcfjWf ffl 'tR,

dy = x2e-x{-1) + e-x(2x) = xe-x(-x + 2) = x(2 - x)e-x
dx 

qW{A 'Q>Wf "ij, �. dy > 0�xe-x (2 - x)> 0
dx 

� x>0<IT 2 - x>0�x>0<IT -x>-2 � x>0<ITx<- 2

Sl1''1 I deft 6. 3 

� 1. qffi°y=3x4 -4x*x=4'tl\mTI9fcfil1'qlJ@J'ij@�I

qsfi -q � � � m � qfl tJqtJ@J dy � � � i, � fcr.mJ �
dx 

�tlqtJ@J��1f,���q;ri:JRdy-q�I
dx 

� fGm 7flfl cfw t', y= 3x4 - 4x

X °ij, �lff � ffl 'tR,

dy = !!.(3x4 - 4x)
dx dx 

dy = 3 x 4x3 
- 4 x 1 = 12x3 

- 4
dx 

:. X = 4 'tR, ffl � � WfU@T,

(dy) =1 2x(4)3 - 4=764
dx x=4 
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X °ij> 'fflll&l � ffl "CR, 

,.., (x -2)�(x -1)-(x -1)�(x -2) uy _ dx dx 
dx - (x-2)2

dy _ (x -2) x 1 - (x -1) x 1 x -2 - x + 1 
dx 

-
(x -2)2 (x -2)2

dy - -1
dx 

-
(x-2)2

X=10°tR �HI ��I 'Pl JlqU@J - =--=-=-� � -A (dy) -1 -1 -1 
, dx X= 10 (10-2)2 (8)2 64

3@: x = 10 "CR m WT � JlqU@J _J... t-1 
64 

� 3. c'ffi; y = x3 - X + I� ffl tffl cfil 11cfO@T � � 'tf{ � � � X 
-�2t1

� � Tflfr cm,, y = x3 - X + 1 t

X °ij> ffi&l � ffi "CR, 

=> dy = 3x2 -1
dx 

... � x = 2 "CR m WT � WJU@T, (dy) = 3(2)2 
- 1 = 11

dx X=2 

�. X=2 tRmWT�'tJcl"O@f 11 ti 

� 4. c'ffl; y=x3 -3x+ 2�ffltffl�11cfO@T��'tf{��� 
x-�at1

� � Tflfr cm, y = x3 
- 3x + 2 t1

dy = 3x2 - 3 
dx 

... � x = 3 "CR m WT � WJU@T, 

(dy) = 3 X (3)2 
- 3 = 24

dx x= 3 
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Jr.RS. qffi'x=acofl38,y=asin38�8=�'tlt�ctft'SlqU@f'i@�I
. 4 

(i) 'llW� tt4lcfi(Ui t, � dx � dy 'ij@q;ll
d8 d8 

(ii) olif, dy = dy x dx'cfif��qffi'ctftfflm'ifit'SlqU@f dy 'ijffiq;ll
dx � � dx 

(iii) qffi' 'tit� ctft 11cfU@T ��'tit -dx � l:IR ���ti
dy 

tfcif � t, x=a cos38 � y=a sin38

0 �� x � yGFTT q;y � ffl 'CR,
dx = 3 a cos28(-sin 0) = -3a cos28 sine
d0 
dy = 3a sin20 cos 0
d0 

dy 
dy _ d0 _ 3 a sin2e cos 0 
dx - dx - -3a cos2 0 sine

d0 

dy -sine -=--=-tan0
dx cos e 

are: fq a= � 'tR � � lJ<fU@T,
4 

-dx -=-
dy 

1 _ -1 _ -1

dy - (dy) - -tan(�)
dx dx 8=!: 4 

-1
= 1 

-1

Jim 6. 0 = � "CR"qffi' x = 1- asin0, y = bcos20* �'ifit"Sl'cfUlffl'ij@�I
2 

�� TTm t, x=1- asin0� y= bcos2e

a� m15 x� ym q;y � ffl "CR,
dx = E.... (1- asin0) = - acose afR dy = E.... ( bcos20)
d0 d0 d0 d8 

= 2bcos0(-sin0) = - 2bcos0sin0
dy 

dy = d0 = -2bcos0sin0 = 2b sine
dx dx -acos0 a 

d0 
8=�1R� � lfqU@J, 

2 

dx -1 -1 -1 _ -a - dy = dykix = (dy) 
= 

2
a

b sin (-
2

1t )- 2b
dx (8= 1t /2) 

265



� 7. qili' y=:i3-ax2-9x+ 71'{��"ij@�m'tf{l1ffi�x 
�* �ti qili' 'q'{ l1ffi � X � * �· � l1ffi tfflcfit � 0 t 

ffl qjp cffl '84'cf>-<0i t y = x3 
- 3x2 -9x + 7 ... (i) 

dy = 3x2 -6x -9 
dx 

are: m "ffl1 X � � � t. tJif m "ffl1 � Wfl1@T O t °liT � � "'8q@' t �, 
dy =0
dx 

=> 3x2 -6x -9 = O => 3(x2 - 2x -3) = O 
=> � -��+U=O => X=3.-1 
\jfii( X = 3, tJif � 0) �, 

y =  33 -(3).(3)2 - 9· 3 + 7
y = 27 -27 -27 + 7 = -20 

ulif X=-1, tJif � {i) �.
y = (-1)3 

- 3(-1)2 
- 9 {-1) + 7

Y=-1 -3+ 9+7=1 2 
are: �an (3,-20}31R (-1, 1 2)� tR m � x-� � � t1 

� 8. qili' y = (x- 2)
2 1'{ �- � "ij@ � m 1'{ l1m fflr, � (2, 0)

am (4, 4) � 1'@R crmt oo * � t, 

I 
�un q;) � � Tisll, � TislT i?f; � mcft !1 l.1f&- � � TislT � 
t(qU@J, �3U q;) � � TislT � t(qU@J i?f; � IDI 

t'ff � m "ffl1 �an (2, o) 3lR (4, 4) qjl � cfRifi "fflT � � t. m m
"fflT � Wfl1@T = GFIT �an cffl � cfRifi 'ffil � Wfl1@T 
� (2, 0) 31R (4, 4) cpl� cfRifi "fflT � Wfl1@T 

= Y2 - Y1 = 4 - 0 = � = 2 
X2 -X1 4-2 2 

qjp y = (X -2)2 

3Tir, � � qjp tR m 'ffil � Wfl1@T � (x, y) tR � JJq;R cft � t,
dy =2(x-2) 
dx 

3Tir, � (i) �. 2{x -2) = 2 

=> x-2 =1 => x=3

\jfii( X = 3, acf y = {3 -2)2 = 1 

are: 3Ticmfcp � (3. 1) t1 

... (i) 
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� 9. c(i6 y=x3-ib:+5���-cm��m�m�
y=x-11f1

era;���� trciU@J =era;� trciU@J q;r WU1l �I

� qsp q;y ti4'ct>'1°i y = x3 -11x + 5 ... (i)
tffl y= mx + c �<ft� tffl, y= x-11
WAT� lR -mi tffl � WfU@T m=1 t1

�. � 1W cJSP '$ � (x, y) lR -mi tm cCr WfU@T, dy = 3x2 -11 
dx 

⇒ 3x2 - 11 = 1 ( m = : = 1) ⇒ 3x2 - 11 = 1 ⇒ 3x2 = 12

x
2 = 4⇒x=±2 

vJiJ X = 2, cfif � (i) �. y = (+ 2)3 - 11 X 5 + 5 = - 9 

vfij X = -2, cfif � (i) �. y = (-2)3 -11(2) + 5 = 1 9  3@: � (2,-9) lR ffl "fflJ
q;r � y- (-9)= 1(x-2) my= x-11

� � (-2, 1 9) tffl y= x-11-ct>'r � � cffifT t1

� 10. � - 1 qJffi � ooaif "ifiT �4lct,(Oj � � � c(i6
y = _I_, xta-1 cmm"cfi«ftt1

x- 1 

tf{WI' � 1W qjp cpl t1iftcf>'1DI y= -1- , X ta 1
x-1 

� � (x, y) lR � 1W qsp cCJ m mT cCJ WfU@T, dy - -1 
dx 

-
(x -1}2 

ffl tm, � Wfl1@T = -1 t, - 1 = �
(x -1}2 

⇒ (X - 1)2 = 1 ⇒ X -1 = ± 1 ⇒ X = 1 ± 1 = 2, 0

vJiJ X = 2, cfif � (i) �. y = -1- = 1
2-1 

vJiJ X= 0, cfif � (i) �. y= -1- = -1
0-1

... (i) 

-�, � 1W cJSP � ffl tffl, � 1fcfC1@l -1 t, lR � (2, 1) 3fR (0, -1) ti

:. (2, 1) lR ffl -ml cpf t1ift<f>'1UI y-1 = -1(x -2) 'll1 X + y- 3 = 0

$ (0, -1) lR ffl tffl cf;J t14'cf>'1DI, y- (-1) = -1(x -0) 'll1 X + y + 1 = 0

3@: � tffl31t cpf t1'1"'1cf>'1UI X + y- 3 = 0 � X + y + 1 = 0 ti
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� 11. � 2 � ri � q;J tt4lcfi(Oj � � ;;fl' cffi; 

y=-1-,x� 3qifltRfcnffltt1 
x-3 

� � 1W qsfi � ti4'c6-<Di �. y = -1-, X � 3
x-3 

fcITTfi � (x, y) lR � 1W qw � ffl fflT � mJl1@T � JJq;R <ft vrnfi t,

dy -
-1 

dx - (x- 3)2 

ffl "ffll, � lJqU@f 2 t, � �; 2 = � =>2(x-3)2 = -1  
(x...;. 3) 

(x-3)2 = -1 � am� t
2 

� fcl> M � � qij cf1f -.:tt.01,cii<f> � m � i,

3IB: � 1W qw lR mJl1@T 2 � cAf ffl "ffll � ti 

� 12. � 0 cUffl ri � q;J tt4'cfi(Oj � � � cffi; 

y 
= 2 i qif m cfi«ft t,

X - 2x+ 3 

� � 1W qsf)qij � t, y= 
x

2 
1 ... (i)

-2x+ 3

� 1W qw � M � (x, y) lR ffl "fflT � mJl1@T 

dy = -1 
dx (x2 _ 2x + 3)= -(2x- 2) _ -2(x - 1)

dx (x2 
- 2x + 3)2 (x2 

- 2x + 3)2 
-

(x2 
- 2x + 3)2 

3@: � lJqU@f � m "ffll31T � � dy = o
dx 

-2 (x - 1) = 0 => -2 (x - 1) = 0 => x = 1
(x2 - 2x + 3)2 

� X = 1, 'ffi 'ti1ft (i) �. y = 
2 

1 - _:!. 
1 -2x1+3 2 

� 1W qw � � ( 1,�) lR ffl fflT � lJcfU@T O t, cffi tiifi<t>-<01 � ti 

y - _:!. = O(x - 1) => y = _:!.
2 2

3@:, � ffiJ q;, ti4'l<t>-<01 y = _:!. t,
2 

268



Jl1R 13. qst;x2 
+ Y

2 
=lll{<R�cfil'ij@�ffill{ffl�

9 16 

(i) x-affl*�t .(ii) y-�*�t

lrn ��CUP cffl' -ti4'cf>"<01 t, x2-+ y2 = 1 ... (i)9 16 

� x"ijj·�GFTI31Rq;J�ffllR,
2x 

+ _:!_(2ydy)= 0 � l dy = -2x
9 16 dx 8 dx 9 

(i) ffl�, 'GIT X�°ijj�t_ °ijj�, 

dy -16x 
�-=-

dx 9y

dy -16x -=0 � -=O�x=O
dx 9x 

� vfir X = 0, (Ii{ °@ft (i) �. if + y2 = 1 � y2 = 16
9 16 

� y=±4
am: CUP (i) "ijj� (0,4) � (0,-4)"CR, ffl � x� "ijj� t

(ii) m �. vrr Y"31lff "ijj � t. "ijj � dx = o
dy 

-�=O�y=O
16x 

x2- a2 vfir y = 0, tfif °@ft (ij �. - + - = 1
9 16 

x2-=9�x=± 3
am: CUP (ij "ijj � (3, 0) � (-3, 0) "CR ffl tffi y - 3ffl "ijj � ti

... (ii) 

� 14. �cufit*��ll{ffl00aft{�*tt4li:fi(Uj ��
(i) y = x4 - 6r'3 + 13%2 - lOx + 5 * (0, 5) 'ti{
(ii)y = x4 - 6r'3 + 13%2 - lOx + 5 � {1,3) 'ti{

(iii) y = ;3 * (1,1) "R,
(iv) y = x2 * (0, O) "R
(v)x= cost, y = sin t * t = � "R

4 
� (i) ��CUP "cf>1 'tiiflq;-<01 t, y = x4 - sx3 + 13x2- -10x + 5

X "ijj � � ffl "CR, dy = 4x3 -18x2--10 + 26x
dx 

... � (o. 5) "CR m fflT � lfq1J@l t

(dy) =0- 0+ 0-10=-10
dx (0. 5) 

�. � (o. 5) "CR m fflT � lfq1J@l -1o·tI 31if, m tm qjJ -t14'cf>-<01
y- 5 = -1 O( x - 0) � 1 Ox+ y- 5 = O
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�: � (0, 5 )  'tR � � WfU@T 
-1

--1 = ...!_
(0,5) "CRffl��Jlq(1@l 10 10 

�, � (0, 5) 'tR � q;J ,a4)cp'(Uj, y-5 = ...!_(X -0)
10 

=> x-10y+ 50= 0 
(ii) � 1W cfsl> cp1 ,a4\q;'<0i l y = x4 - 6x3 + 13x2 -10x + 5

X � �lff � ffl 'tR, 
dy = 4x3 -18x2 + 26x -1 0
dx 

:. � (1, 3) 'tR ffl � � WfU@T, (dy) = 4-18+ 26-10=2
dx (1.3) 

�. � (1, 3) 'tR ffl � � WfU@T 2 t, 3F{ ffl � cf;i ,a4)q;'<0i, 
y -3 = 2 (x -1) => y -3 = 2x -2

=> y=2x+1 
�: (1, 3) 'tR � � llcf(1@l, 

-1 
---------

-1

(1, 3) "CR ffl tffl � 1'<fU@T 2 

3@: � q;J ,ast)q;'<ui, 

y-3=-!(x-1)=>2y- 6=-x+1 => x+2y-7=0
2 

(iii) � l'fq cfsl> cffi ,ait)cp'(Oj t, y= x3 

X °ij; �&l � ffl 'tR, dy = 3x2
dx 

:. � (1, 1) 'tR ffl tffi � JlqU@J, (dy) = 3(1)2 = 3
dx (1, 1) 

�, � (1, 1) 'tR ffl � � WfU@T 3 E � ffl � q;J ,a4)cp'(Oj
y -1 = 3(x -1) => y -1 = 3x -3 => y = 3x -2

�: � (1, 1) 'tR, � � JlqU@J,
-1 -1 

(1. 1) 'tR ffl � � llcf(1@l 3 

� � (1, 1) °Q"(', � q;J ,ait)q,'(Oj 
y -1 = -]_ (X -1) => 3y -3 = -X + 1 => X + 3y -4 = 0

3 
(iv) � l'fq cfsl> cffi ,a4)cp'(Oj t, Y = x2

X°ij;�lff�ffl'Q"(',
dy =2X 
dx 
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... � (o, o) w m WT � lfcl1'@T, (dy) = 2 x o = o
dx (0. O) 

3@: � (o, o) w m WT cffl ,aiflct>-<01
y - 0 = 0(x - 0) ⇒ y = 0 

� (0, 0) W � � mfU@T, 
-1 -1 

(O,O)WfflWT�ll1fO'@T 0 

� 31tlft� t, 

�. (Xo, Yo) = (0, 0) w � cffl ,aiflct>-<01 x = x0 
= o t1

(V) � � 'i:ffl; cffl ,aiflq,'(Oj t,

x = cost, y = sin t
1t . 1t 

X=COS-, y=Sln-
4 4 

1 1 
X= ../2' y = ../2 

X '$ ffi&l � 'ffi W,
dy 

dx = -sint, dy =cost, :. dy = cit 
= 

coSt = -cott
cit cit dx dx -sint 

cit 

(:l =! = -cot (1) = -1

:. t = � w m WT � lJcl1'@T -1 t1 
4 

�. t = � w � � 'i:ffl; w m ffll cffi ,aiflct>,(Oi, 
4 

-1
= 

-1 = 1
t= � lRffl'ffll�lJqU@J -1 

4 

�. t = � w ��CUP'$� cffl ,aiflct>-<01 t,
4 

y- � = 1(x- �)⇒x-y = O ⇒ x-y= O 

... (i) 
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� 15. cffi; y=x2-2x+ 7cfil'�mq;re4\i:fi(Uj ij@��
(i) �2x-y+9=0'$�t1
(ii)� 5y - 15x = 13 lR � t1

1 
(i) � ciSP � � � � i� 2x.,.. y + 9 = o�. oil� tJqU@J �

��tfcfO@lif;�MI 
(ii)� ciSP � � TislT � i � 5y-15x = 13 tR, ctGf �mm�

tJqU@Jq;J�-1�M1

� � � qjp q;J flij)qj'(Oj t, y = x2 -2X + 7

x'ij;��ffllR, dy=2x-2
dx 

(i) t«r 2x -y + 9 = 0 ⇒ y = 2x + 9 � � t«r
y = mx + C � ffl lR,
:. t«r � lfq"O'Jffl, m = 2

... (i)

� ffl tffi 2x-y+ 9=0 'ij;� t1 c1q m.:ff ffl t«ran � lfcfU@l
"iRTiRmlfi
�. dy = m ⇒2x -2 = 2

dx 

⇒ 2X= 4 ⇒ X=2
vfiJ X=2 , cfq � (i) �. y=22 -2 X2 + 7 =7

3@: � � qjp 'ij; � (2. 1) lR m wan � lfq"O'Jffl "iRTiR t 'ijeiJ �
(2, 7) lR ffl tffi q;y fliflcf>-<01,
y- 7 =2(x-2)⇒ 2x- y+ 3= 0 

�. y-2x- 3= 0 � � qjp � m t«r q;J fl4'ct>-<0i vll <ft 7lt t«r
2x - y + 9 = 0 'ij; � t, 

(ii) <ft 7Jt � <l>T fl4'ct>'<0i �. 5y-15x = 13 ⇒ y = 3x + 13
5 

� fl4'ct>-<01 y= mx + c 'ij; 1fqjf'(' q;y ti

:. tffi � lfcfU@l 3 t1
� ffl � <ft 7Jt tffi 5y-15x= 13 lR � t,
c1q ffl fflT � lfcfU@l = _ _:!. (lfcfU@l q;y �. m1 x m2 = 1, m2 = =-!)

3 � 
:. 2X-2 =-_:!.⇒ 2x=2 -_:!.=� ⇒ X=�

3 3 3 6 
'Gfif X=�. cfq � (i) �.

6 

Y=(�)
2 

_2(�)+7=25_�+7=25 - 60+252 =217 
6 6 36 3 36 36 
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3@: � (�. 217
)1R � cfif> � m -m1<ft�-m11R � t ah

6 36 

m -m1 q;J '<-i4l4>-<u,,

Y 
_ 217 = -1 (x _ �)

36 3 6 

217 X 5 � Y --=--+ - � 12x+ 36y-227 =0
36 3 18 · 

3@: 36y + 12x -227 = 0 � 1W cfif> � ffl -ml 'qjJ '<14'4>'< 01 � � cft
l'Jt-ml 5y -15x= 131R � t°I

� 16. ft:r.; �ftt; cm; y = 1x1 + ll ���31T irn:xm ��t, �
x=2�x=- 2fl

ffl � 1W cfif> 'qjJ -<1'1"1cf>-<DI t°, y = 7x3 + 11

X � � aJcrq;ciR ffi "CR,
dy = 7 X 3x2 = 21x2
dx 

·:(Xo,Yo)1R cfif> � ffl -ml� JJqlJ@f, (dy) 
dx (Xo,Yo)

... x = 2 w m WT c6) W-JU@T, (dy) = 21(2) 2 = 84
cJx X=2 

:. X = - 2  "CR ffl � � JJqO@J, (dy) = 21(-2) 2 = 84
dx X=-2 

�'qflll\jf@Jtft;-mf �<6) JJqO@J��°CR, vJiTT X=2 afR' X=-2 °iR1iR
t. 3@: GFil m � � t1

� 17. cm; y = x1 'tR � �31T cir "iRf � m 'tR-mf oo cfihl'cfG@T � �
y-���t,

ffl � 1W cfif> q;r '<-i'1"1cf>-<01 t, y = x3 ••• (i)

X � � aJcrq;ciR ffi "CR, dy = 3x2
dx 

� � (x. y) w m wr � lJqO@J � Wf;R <ft vrnft t (dy) = 3x2
dx (x.y) 

ufil' � tm � lfcfU@T y- 3T� � � � "iR1iR m, tfi{ y = 3x2
� 3x2 = x3 (·:y= x3 � t)
� x3 (3 -x) = 0 � x = 0 <IT x = 3
uJi1' X= 0, tfif � (i) �. Y= 33 =27
3@:, � � ca o) � (3. 21) i,

273



� 18. cm; y= 4x3 -21' 'tR'<R��Wa�ftR'tR'��� 
i��t, 

� � m � � tlqU@J Wo � � m Tiin � � -a4lifi=<o, M,

m Tiin � � � \JJral �. � (0, 0) :a4lifi-<01 q;) � �I 

ffl � 1W cffl>q)1 'fllflq;-<01 t, y= 4x3-2x5 ... �) 

X � "ffll)� � � 'tR, 

dy = 12x2 -10x4 

dx 

�. � (x, y) 'tR m � � lJqU@J 12x2 -10x4 t1 

� (x, y) 'tR m � q;J 'fl4'ct>-<DI 

Y - y = (12x2 - 1 ox4) (X -x) 

"GJilffl����\jffifit_ Qi{ X=y=O 

� � (i) �. -y= (12x2-1ox4)(-x) 

=> y = 12x3 -1ox5 

31R y= 4x3 -2x5 

12x3 -10x5 = 4x3 -2x5

=> 8x5 -8x3 =0 ::>X5 -x3 =0 

x3 ( x2 -1) 
= 

0 => X = 0, ±1

"GJi1' X = 0, y = 4(0)3 -2 (0)5 = 0

vfij X = 1, y = 4(1)3 -2(1)5 = 2

"GJi1' X = -1, y = 4(-1)3 -2(-1)5 = -2 

am:, 3Wmfct> � (0. O), (1, 2) afR (-1, -2) t1 

... (ii) 

� 19. cfst; x2 + y2 - 2x- 3 = 0 � <R �aff 'tR' � t{fiaff � ea:ftcifi{UI ·� 
� �'tR'� x- ���,, 

� �1Wcffl>q;J�t, x2 + y2-2X-3= 0 

X � � � � 'tR, 

2x + 2ydy - 2  = 0 => 2yoy =2 -2x 
dx dx . 

oy = 2(1 - X) = 1 - X 
dx 2y y 

... (i) 
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ffl too x-at� �� � ��. dy =0 
dx 

⇒ 1- x=0⇒1- x=O ⇒x=1

X=1� (i) "q ffilR, 

1
2 + y2 - 2 X 1 - 3 = 0 ⇒ y2 - 4 = 0

y=±2 

am: en ��"CR ffl too x- 3ffl � � (1,2) � (1, -2) t1

� 20. qst; ay2 =r3 *� (am2,am3)'tR�cliTtti:ft<fi<Ol'i@�I 

� ��era; <ffl -ttificf>-<01 t, ay2 = x3 ••. (i) 

x � � � ffl w, a,;2.y)dy = ax2 ⇒ dy = 3x2
dx dx 2ay 

� (am2, am3 ) "CR � � era; � ffl too � WfOffiT, 

(
dy

) 
_ 3(am2)2 _ 3 m

dx (am2,am3) 
-

2a(am3 ) - 2 

2 3 ��-A -1 -2 :. (am ,am )"CR -lt1+1C"l!!t q,1 WfOffiT, = 3m = 
3m 

2 

:. (am2 , am3) "CR� q;r -tt4'cf>-<Oi 

y - am3 = - J___ (x - am2} 
3m 

⇒ 3my- 3am4 = -2x + 2am2 

⇒ 2x + 3my- 3am4 -2am2 = 0 

� 21. qit; y=r3 + 2x+ 6 � <R° � � ,ijqlqi{Oj 'i@ � 'an 00

x+ 14y+ 4= O*�'tl 
y= x3 + 2x+ 6 

� � era; � ffl too � WfU@T � (x, y) "CR � lfcf>R <ft vITTfi t,

dy = ax2 + 2
dx 

:. M � w (x, y) � � era;� � � WfU@T 
-1 -1= 

�(x, y) w mi -h!i � JlqU@J 
= 

ax2 + 2

... (i) 
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1ft "1Jt 'fflT 'cf>J 'ti4'cf>'<Ui t, X + 14y + 4 = 0 

y = _J_x - .! � 'ti4'ct>-<0i y = mx + c � lfcf>R 'cf>J ti
14 14 

:. 1ft "1lt 'fflT c6) Wfl1@J = -1
14 

� � 'fflJ X + 14y + 4 = 0 � � t mf � 'c6) Wfl1@J � 'fflT 'c6) 
Wfl1@J � tRTiR miftl 

-1 -1 ? --=- ⇒3x- +2=14
ax2 + 2 14 

3x2 = 12 ⇒ x2 = 4 ⇒ X = ± 2 

X=2, y=8+4+6=18 

vfq X = - 2, y = - 8 - 4 + 6 = - 6

�. �TJ"C!mf>Tf GT �t�JlqUJffl -1 t1 aiR�(2. 1a)aiR(-2,-6)
14 

���ti 

�. � cpl 'tii?lct>-.:01 t � � (2, 18 ) � � � t1 

y-18 = -\x -2)
14 

⇒ 14y-252 =-X+ 2 ⇒ X+ 14y-254= 0 afR, � 'cf>J 'ti4'cf>-.?Ui t � �
(-2,-6)��:J'1ffiTTtl

-1 -1 y-(-6) = -[X- (-2)] ⇒ y+ 6 = -(X + 2) 
14 14 

⇒ 14y+ 84=-X-2 ⇒x+ 14y+86=0

3@: � Tf(! cfif> � � � Wflcf>-<01 X + 14y-254 = 0 3fR X + 14y + 86 = 0 t \ij) 
°ift "1Jt 'fflT X + 1 + y + 4 = 0 � � ti 

JN.=f 22. � y2 = 4ax�� (at2 , 2at) 'tltfflm aft{�� fta:ftcfi(Oj 
��I 

� (X1, Y1) � � � � � i\; tti\lq,.(01, 

Y - Y1 = (dt) (x - X1) 3lR y- Y1 = -

m:-:
1 = (x - x1) 

dx ("1,Y1) dy) dx (xt,Y1) 

ffl � TfC! lRcRiflJ 'cf>J 'ti4'cf>'(Oj t, 
y2 = 4ax ... (i) 
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x � � � ffl lR, 2yd), = 4a => d}I = 2a
dx dx y 

.• , ... � (at , 2at) lR ��, '<�1 q.11 "Rq"O'@l, - = - = -
• f:1h:r 2 ........t � ..A 

(
d),

) 
2a 1 

dx (at2 , 2at) 2at t

arn: � (at 2, 2at) lR m "ffl1 qil tt4lct,-<0i, 

y-2at =!(x-at2)=>yt-2at2 = x-at 2. =>x-t y+ at2 = o
t 

� (at 2, 2at) lR � � ll<fO@T, 
-1 

= 

m ¼m � JJifO@l 
=-t

:. (at 2, 2at) lR � qi} ttiilct,-<01, 

y-2at =-t(x-at2)

=> t x + y -2at - at 3 = o

� 23. ft:r.l�fct; 'Sfili' x= y2 � xy= k �-�W�'tf{�t', 
� 8k2 =li'I 

�qsf>��'cpcffii, m����wn��iffii. 3@: 
� tJqU@f3fl i\; � -1 i\; � fflJ t1 

� � � cfiffl t tt4'cf>-<DI t_ 
x=r 

� xy=k 
GFtY cfsffl cffl � � � ffl � �. � = y2 

y 

=> y3 = k => y = k 1/3

3Tir, Y cffl 1lR � (i) � � lR, x = (k 113)2 = k213 

:. � (i) � � (ii) � (k213, k 113) lR 'cf>Ica ti

� (i) cffl X � �!ff � ffl lR,

1 = 2yd), => d}I = _!_ 
dx dx 2y 

:. � qsf> � � (k213, k 1/3) lR ffl "fflT � lJqU@J = �
/32k 

� (ii)�. k d}I -k Y=- => ·-=-
x dx x2 

... (i) 

... (ii) 

... (iii) 
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.-. � <UP c), � (k213, k 1/3) "CR -mf tffi � lfcfO@T = ;� 2 
= ��

3 
= �

/
�

(k ) k k 

� "GJF@ t fcp en <UP�� cm� "CR q;rea t. � cfsf>l � m WT, cf>e
� � (k2/3

1 k 1/3) "CR �� "CR � lt

� � t fcp� tffi <);� =-1 m.:n.�I

� (-1 
)(--1 

)=-1 � 1=2k213 

2kV3 kV3 

� 13 = (2k2/3)3 � 1 = 81<2 

am:, � T("Q' en <UP � "CR q;rea t, � 81<2 = 1

RQ.f 24. 3iRl4(ct(¥1'-t � -y: = 1 � fit§ (Xo, Yo) 'ti\ � � � � �
a b 

e4'cfi<u1 'ij@�t 

� � T("Q' qsp <Pf -tt'1"jqj'(Oj t, x2 _ y2 = 1
a2 b2

xc);����"CR,

2x 2y dy _ dy _ b2x-----0� ---
a2 b2 dx dx a2y

:. (xo, Yo) "CR ffl tffi � lfcfO@T, = (dy) = 

b:xo
dx (Xo, Yo) a Yo

am: {Xo, Yo) lR -mf WT q;1 -tt4'cf>-<01

Y-Yo = b
2xo � Yo(Y-Yo)= (x _ xo)Xo

x -xo a2Yo b2 a2 

Y - Yo ro _ XXo �
�

-
b2 _7_ a2 

XXo _ YYo _ � _ ro � XX() _ YYo -1 
a2 b2 a2 b2 a2 b2 

... (i)

f: (x0,y0) � (i) �Ri4-<qcllt � -� = 1 cm� <1Rm t]
a b 
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�. (xo, Yo) 'tR � cf;J tt4'ct>-<0i
2 

Y - Yo = a Yo (x - xo)
x- xo b2 Xo 

Y - Yo = _ x - xo � Y - Yo + x - xo = 0
a2 Yo b2 xo a2yo b2xo 

� 25. qsf; y = ✓3x-2 � 'o;J � ooa)j � �qlqi(Oj � � � �
4x-2y+ 5=0��t,

Ql@' � 1'fo: � q;r dy ��I� dy TisU � tJqU@J � � i1 � 
dx dx 

� ffl tR X1 3R Y1 q;J l=IA ��ml � � Tisil q;J ,a4lq;(Oi
� ffl � � ,aJ.ilq;(Ui y-Y1 = dy (x - X1 ) q;J � �I

dx 

� � � cfw cf;J tf4)qj'(Uj t, y = ✓3X -2

� (x. y) w m WT � 1lqU@J 

dy 1 --1 3 -=-(3x-2)2 •3=�== 

dx 2 2✓3X-2

·: WI cf;J tt4'ct>-<0i 4x -2y + 5 = O

� y=2x+ �
2

:. 'ffl1 � JlqU@J m=2 t1

31if, qw�ffl WT, WT 4x-2y+ 5=0'ij;� t1 �
3 =2 � 3= 4✓3X-2

2✓3x-2 

3x-2 = (�)
2

� 3x-2 = !.
4 16

9 41 � 3X=2+-�X=-
16 48

31if, X= 41, Y= ✓3x-2 1l 'ffi 'tR,
48 
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:. ffl mt qiJ �41<t>-<0i vIT � (:�. ¾) � � 1Jvffift t � 1JqU@J 2 t, � 
1f<f>R�vf@Ttl 

Y � =2(x- 41)4 48 

� y- � =2X-
41 � 48X-24y=23

4 24 

3@:, 3TI<mJq; ffl � cffl �q)q,i(UI 48x-24y=23 ti

� (3£. tj_ 26-27) Ri.tfctf(9d w.1T � -«ffi' � c6T � �I

RQ.:f26. cfs6y=2x2+3sinx�x=O'tf'{�qft-'"Slq'UR"fff
(a) 3 (b) .!: (c) -3 (d) _ _!:

3 3 

� (d) � � q1p cffl �¥flct>i<01 t, 
y=2x2 + 3sin x

dy = 4X + 3 COS X. 

dx 

X = 0 W � Tfq q1p � ffl ml � lfq'U@J,

dy = 4 X Q + 3 COS Q = 3
dx 

X= Q'q'(" � Tfq q'ip'ij> � � lfqU@J,
-1 1 = 

m fui � lJqU@J 
= - 3

JN.f 27. � � 'tR° y= X + 1, cffi; y2 
= 4x � ffl t{§T t?

(a) (1,2) (b) (2, 1) (c) (1, -2) (d) (-1, 2)
ffl (a)� Tfq q1p q;J �4'cf>i<OI t, y2 = 4x ... (i)

X 'ij> 'ffi'q&l � ffl W,
2ydy 

= 4 � dy 
= __! 

dx dx 2y
dy =�
dx y

:. � (x, y) w � Tfq q1p � ffl mt � JfqU@J
dy =�
dx y
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� <ft llt tm y= x+ 1 t (·:y= mx+ c) 
:. tffl cGr JlqU@'J, m = 1 
"fflT Y = x + 1 � -rq qJp cGr m "fflT t. � tm cGr lJqU@J m "fflT cGr JlqU@'J � 

�m, 
afR" tm qJp q;) arcm1 � m,
�. �=1�y=2 t

y=2 � (i) -,l m 'CR, 22 = 4X_�X= 1
3@: � (1, 2) 'CR tffl y = X + 1 � TfQ' qJp � m "fflT ti 

� 1. 31c:4CfiWt cf;J1lllt1T� Pti:.t�f&d-q��cf;J�'i:fR�� 
cft;J�aq;��I 

(i) .J25.3 (ii) .J 49.5 (iii) Joi, (iv) (Q009)113 

(v) (Q999)1110 (vi) (15)114 (vii) (26)113 (viii) (255)114 

(ix) (82)114 (x) (401)114 (xi) (Q0037)112 (xii) (2657)113 

(xiii) (815)114 (xiv) (3.968)312 (xv) (32.15)115 

�. ���iffl'GT���tlqiR��fcf;qga'l-1J7lcffl' x�
� cffl' llx � f(x + llx) er f(x) + fl xf'(x) q;y � �I

� (i)� 
1lR � f(x) = ../x. 

�= 1lR � x=25� llx= na

f'(x)=-1-
2../x 

3lir, f(x + fl x) er f(x) + fl x f'(x) 

� .Jx + /lx er.Ji+ 1
r.: X /lx

2-vx 
rnr;; � aa na � -vt:.a� =-v25 + -= 5+ -= 5.03

2../25 10 

(ii) .J49.5
1fR � f(X) = ✓X � f' (X) = 1

r.: 2-vx
�= 1fR � X= 49afR" llX= as

f(x + llx) er f(x) + llx f'(x) 
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. 
1.Jx + Ax =✓X + r.: x Ax

2'\/X 

=> ./49.5 =../49 + 
O� = 7 + �-= 7 + 0,036 => .J49.5 =7.036

2,y49 140 . 
(iii) ./o.6

1fA � f(x) = ✓X => f'(x) = �
2'\/X 

�: 1fA � X= 0.643fR Ax= - Q04

=>

=>

f(x + Ax)= f(x) + Ax f'(x)

.Jx+ AX =✓X + 1

r.: 
X llx

2,yX 

.JO.64 - 0.04 = .JO.64 + (-0.04)
2 .JU64

= 0.8 - o.
04 = Q8 - QO25 = 0.775

2xQ8 
=> ./o.6 = 0.775

(iv) (0.009)113 
. 

1 

1fA � f(x) = x3 =>f'(x) = .!x-2I3 

3 
�= 1fA � x = uoo83l'R Ax= uoo1

31if, f(x+Ax)=f(x)+Axf'(x) => (x+Ax)113 =x113 + -�I3xAx
3x-

=> (0.008 + Q001)1/3 =(Q008)1/3 + 0.001
3(Q008)2/3 

= 02 + 0·001
02 + uoo1 = Q 208

3 {(02)3}213 3 X (02)2 

=> (Q009)1I3 
=0208

(v) (0.999) 1110
1fA � f(x) = x1110, �: 1fA � x = 1 �Ax= - 0.001

f'(x) = J__ x-eno 

10 

31if, f(X + /lx) = f(X) + /lx f'{X) => {X + Ax)1'10 = Xl/10 + _1_ X /lx
1Ox9,10 

=> (1 - 0.001)1/10 =(1)1/10 + {-0001)
. 1(X1)9/10

Q001 = 1 - --= 1 - Q0001 = 0.9999
1Ox 1 

(0.999)1/10 =r0.9999 
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� 2. /(2.0l)qif ef..\ct,2.qH ijlcf �� /(x) = 4x2 + 5x+ 2t1 

tflif 1fr-TI � f(x) = 4x2 + 5x + 2 � f'(x) =Bx+ 5 
�: ltFf � X=2 � dX=0.01 
� f(x + &x) = f(x) + &xf'(x) 

f(x + &x) -(4x2 + 5x + 2) +(Bx+ 5)&x 
� ((2 + 0.01) er ( 4 X 22 + 5 X 2 + 2) + (8 X 2 + 5)(0.01) (X = 2, dX = 0.01) 

= 28 + 21 X 0.01 = 2821 
� f{2.Q1} er 2821 

� 3. /(5.00I)qif�"qR'ij@��/(x)=i3 -7x2+ 15f1 

ffi � � 5 .001 qij � 1rcPR � fcf; X=5 � &=0.001 �
f(x+ &x)=f{x)+ &x f'(x)tf;J��I 

� lfR" � f(x) = x3 -7x2 + 15 

� f'(x) = 3x2 -14x 
1fr-TI � X = 5 � dX = 0.001 
3l'R' f(x + &x) = f(x} + &x f'(x) 

� f(x + &x) =(x3 - 7x2 + 15) + &x (3x2 -14x) 
� ((5.001) = (53 

- 7 X 52 + 15} + (3 X 52 
- 14 X 5}(0.001) 

(•: X = 5, dX = 0.001) 
= 125 - 175 + 15 + (75 -70)(0.001} = - 35 + (5)(0.001) 
= -35 + 0.005 = -34.995 

� 4. xl:it �clla�c:tft �� 1%����� aw«R��cf@T
��'ij@�I 

���x�3wrcA�JtUJ�v=x3q;y��• dV wa� 
dx 

� � cW &V=(:)d){ q;y � � 3wrcA if WR q@J � 

qftcra;r��, 

� X � � � q;J 3lTl@-l V = x3
X � 'ffll)15 � ffl "CR,

� dV = 3x2 
dx 

�. 31ImA � � &V = (:) &x= (3x2)&x

= 3x2 (0.01x} = 0.03.x3 

= 0.03 x3 -ift3 

(&x = xq;J 1%= 0.01x} 
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� 5. xifi �c51@lrfq,'} �-q 1%1m*cfiRUTlR*� �-q�c51@ 
� -qftcffl;J � �I 

w=r i); 'll!o � i); � s = sx2 q;r � atn � � tR, t1ft17JllJ 
fflmoT!I 

� �ufFffi,fctitRq;J���lfcpR�vllffit 
S =6x2 

x� �&T � ffl 'CR, 

� dS =12x
dx 

3Til, � � if � &S = (:) AX= (12x)AX == 12x (-0.01)x 

( � fct> AX = X cpl -1 % = - 0.01x)

= - Q12 x2 .ft2 

am: tR q;r 't[l!6 �if� �o.12x2 .fi2 t1

� 6. �� qft� 71ft lTitfi '1fRfi t� 0.02 ifiqft �f1 � 
�* qf<cfil-'"1 if ����I 

�ct,'-)�� 3TitRR vi);-i:rut� v = �w3 q;J �<R. mr ,i); mar
3 

���&v=(!)&rq;r�crn;3lJ?RRvq;r�qfum::r 

ffl<RI 

ffl liA�����rtafR�llltAif�&rtl 
tlir,r=7.fi 3fR N= 0.02.fi 

3Tiif, � q;r 3TimA V = � w3
3 

x����'tR, 

dV = (� 1t) (3r2 ) = 4w2
dr 3 

&V= e:) N = (4w2)N 

&V = 41t x 72 x Q02 = 3.92 1t.fi3 

&V = 3.92 1t .fi3 

am: awrn.:r ��if�� 3.92 1t .fi3 t1
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� 7. � 1TI'a cift � 9 ift-qr<ft � t � 0.03 �qft �ti� 1Itio 

�* qf<q:i�H -q��'ij@�I 

� llA���ctft�,t��llT'Rlt�Ntl 
Wf, r = 9-ifi � N = 0.03-ifi 

3lif�<Crlf<6�.· S=4w2 

3lcl:, 

dS =Bw
dr 

AS= (��)N =(87U)N 

AS= 81t x 9 x 0.03 = 2.16 1t 1fi2 

3lcl: 1f'6 � �� lt � � 2.161t1fi2 t1 

� 8. �/(x) = 3x2 
+ 15x + sm /(a02)cfiT ef...,.q:i2,11.:i t 

(a) 47.66 (b) 57.66 (c) 67.66 (d) 77.66
ffl (d) lWl � l(x) = 3x2 + 15x + 5=>l'(x) = 6x + 15 
�:lWJ� x=33fRAx=0.02 
� l(x + Ax)= l(x) + Ax l'(xi 
=> l(x + Ax) =(3x2 + 15x + 5) + (6x + 15)Ax 
=> 1(3.02) = 3 X 32 

+ 15 X 3 + 5 + (6 X 3 + 15) (0.02) (X = 3, Ax = 0.02) 
= 27 + 45 + 5 + (18 + 15) (0.02)= 77 + 33(0.02)= 77 + 0.66 

=> 1(3.02} = 77.66 
�f(3.02)cf>l � llA77.66tl 

� 9. �� 3%?ff.c:*cfiT{Of � x*���-q ef..iq:i2,11.:i �t 

(a) o.o6r'3 ift-'3 (b) o.Sr'3 ift-'3 (c) o.o9.r1 lfr'3 (d) o.9i3 ift-'3 
� (c) lWl � � x� � 'EA' cf>l 3TI<KR v� 1f<f>R � uJffiT t 

V= x3 

=> x� m-q� � clR-l 'CR, dV = 3x2 
dx 

�:llA� Ax=0.03x 

3lif, aw«Rlt�, AV=(:)Ax 

= (3x2 )Ax= (3x2 )(Q03x) 

= 0.09x3 lft3 

�'EA'� 3TI<KR lt � � t 
=0.09 x3 

(Ax= 0.03x) 
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Sl'f�ld� 6.5 

SN.:r 4. f.:ti-t�f&d � � � � � � � llR, � � 1T 'ffl � 
�I 

(a)/(x) = (2x-1)2 + 3 (b) /(x) = 9x2 + 12x·+ 2 
(c) / (x) = -(x -1)2 + 10 (d) g(x) = .i3 + 1

� {a)� l'fllT � f{x) = (2x -1)2 + 3 
�'tITTtlvJffil t ��xeR�� (2x-1)2 2: 0  

�. � � � x� <PT� cJ1\ tI) 
�. �xeR�� f(x)=(2x-1)2 + 32: 3 
f<PT�lJR��. 

2x-1 = O 
1 2X-1=0 � X=-

2 
:. � 1JR � f = {i) = ( 2 Xi- 1 r + 3 = 3

X � � 1JR � �. f{X) <Pl 1JR � 3 � � "ITT'll, � � f <Pl 
�fctffi�1JR.:nfftI 

(b) � l'fllT � f(x)== 9x2 + 1 2x+ 2= 9x2 + 1 2x+ 4-2
�cf1\ ffl ��� 2� afR-eremt]

= (9x2 + 6x + 6x + 4) -2 
== [(3x)2 + 2 x 3x x 2 + (2)2 ] 2 

= [(3x + 2)(3x + 2)1 -2 
= (3x+ 2)2 -2 

� � \il1'ffi t fcl>�xe R�� (3x+ 2)2 2: O 
��xeR�� f(x)=(3x+2)2 -22:-2 
fq;y � lJR Wcf 'ffi 'iji � 

-2 3X+2=0 � X=-

3 

:. f q;y � 1JR f = f (
-:) = ( 3 X -: + 2 r - 2 = -2

X°iji�lJR °iji�f{x)2:-2t � � fq;y ��"'IR� ti 

(c) � l'fllT � f(x) = -(x-1)2 + 10
� � \il1'ffi t fcl>� xe R� � (x-1)2 2: o
� �xeR��. -(x-1)2 SO
� �xe R��. f(x)::: -(x-1)2 + 10S 10
fq;y � lJR tf1fi lf@ �\ill� t vl'if {x-1)::: om
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"lfT (X -1) = 0 � X = 1 
:. x'iji�lJA'iji�,f=f(1)=-(1 -1)2 + 10=10 
:.x'iji�lJA'iji�f(x)S10,arn: �f1fiT���1JR.y\fftI 

(d) � "1lm �g(x)= x3 + 1
� 'tlTm uJ@T t � vfiJ X 1fiT lJA � uJ@T t "ffi g(X) 1fiT lJA � t afR
g(x) cm � � � vIT � t � � � tI � g(x) cm
� lfR .y\ff tI � Jfcf;R, g(x)cm �mer� vIT � t �
� � � ti � g(x}1fiT � lJA .y\ff tI
�� 

�. g(x) = x3 + 1, g'(x) = 3x2, g"(x) = 6x
� "lfT � lJA 'iji �. g'(x) = 0

3x2 = 0� X= 0 

X = 0lR, g• (0) = 6 X 0 = 0 
3ffi; X = 0lR g(x)wfl � � t 3fR .:t1 -gt � ti

� 2. �i-=i@f&d � T(l1: �*��·�"IR,�� 1), ffl 'ijRf 
�I 

(a) /(x) =Ix+ 21-1 (b) g(x) = -Ix+ 1f + 3 (c) h(x) = sin(2x) + 5
(d)/(x)=lsin4x+ 31 (e)h(x)=x+ l,xe {-1,1) 

� (a) � "1lm � f(x) =Ix+ 21 - 1 
�u!F@t��xeR'iji�,lx+21�0 
�. �xeR'iji�, f(x)=lx+21 -1�- 1 
fqiJ � llR -a1ft � � vIT�t vfiflx+ 21 = o.

� lx+2l=0�x=- 2 
:. f cf>T � lJA = f(-2) = 1-2 + 21 -1 = 0 - 1 = - 1 
�.f(x)1fiT�lfR-1t � X=2lR'cffll�lfR�tl 

-ire � w 1f(qfq; 1fPr �� a

(b) � "1lm � g(x)=-lx+ 11 + 3
� ufF@' t � �xe R��.lx+ 1I� 0
��xeR��.- lx+ 1Iso
�� xeR'iji�,-lx+ 11+ 3S3
g1fiT�lfRtf1filf@�vfT�
u1q IX+ 11 = 0"lll X = -1
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� Ix+ 11 =0 �x=-1 
/� g<ffl�lJA =g (-1)= 1-1+ 11 + 3=3 
�. g(x) <ffl � lJA x=-1 1R 3 t � g(x) <ffl � �
1JA�tI

(c) � TflU � fi.x) = sin2x + 5
� � t �-1Ssinxs 1
� -1Ssin2xS1
� -1+ sssin2x+ 5S1+ 5
� 4Ssin2x+5S6 
�. h(x) <ffl � lJA 6 t afR' � lJA 4 tI

(d) � TflU � f(x)=lsin4x+ 31

��t�-1Ssin4xS1 � -1+ 3Ssin 4x+ 3S1+ 3
� 2Ssin4x+3S4
�f(x)<ffl � lfA 4 t afR' � lJA 2tI

(e) � TflU � h(x)= x+ 1, -1< x< 1

3Jif, -1 < X< 1 � -1 + 1 < X + 1 < 1 + 1 � 0< X + 1< 2
�. � (0,2) 1R f q;J � � � afR' � � � "'fA tI
��

� XE (-1, 1) �� h'(x)=1� t

afR' �Xe (-1, 1) � � h'(x) '# 0

:.h(x)� � -q �imira ti
�. � � � � t � "CR h(x)cffl � afR' � "'fA tI

� a. Ri.t@r&a ������, ��mm, 'i@� 
������l:IR, ��ln, 'lfi'i@�I 

(i) /(x) = x2- (ii) g(x) = i3 -ax
(iii) h(x) = sinx + cosx, 0< x< � (iv) /(x) = sinx - cosx, 0< x< 21t

2 
(v) /(x) = i3 -6x2 + 9x + 15 (vi) g(x) = � + �. x> 0

2 X 
(vii) g(x) = _l _ 

x2-+ 2
(viii) f (x) = xFz, x> 0

��"QT�� ffl ffi � � � � �afUT �I
trtfJt�qil'�����ffl�31R�����
����1-qfa-�"!fQ�~�m. m���-Mt. -qfa­
� llfQ' � fflc1 °ID, <ff��� mtJJI � WcfiR � � � -q X q;r
�������ffl�ufl�,,
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ffl (i) fGm � � f(x) = x2
:.x��lff �ffl1R
f'(x) = 2x3fR 'T{: x"ijj �lff � ffl 1R, f"(x) = 2

�3fR���. f'(x)=Offi1R, 
2x=O => x=O

�. X= 0 � � � t � 1R f cpl����
��m�i, 
31Gl, f"(O) = 2 > 0 ("1T fct; � C?)
�. fmfi"q � °CR\lffUJ &ffi X = 0, f ���cpl � t 3fR
X = 0 1R  fcpl � � 1JA f(O) = x2 = a2 = 0

(ii) � 7ml � g(x)= x3 -3x

g'(x) = 3x2 - 3 3fR g"'(x) = 6x
� 3fR � "ijj�g' (x)= om 1R,

3x2 -3 = 0 => x2 = 1 => X = ± 1

X = -11R, g"' (-1) = fi(-1) = -6 <  0 
3@: X=-1 lR g cpl� '3'i%@ll 1JA t � X=-1 lR g cpl� 
'3'i%@ll llA g(-1)= (-1)3 -3 ( - 1)= -1 + 3 =  2
X=11R, g"(1)=6X1=6>0
:. X= 11R cpl�� t 3fR � � llA= g(1) 

= 13 - 3 X 1 = 1 -3 = -2

(iii) � � � h(x) = sinx + cosx, 0< x< �
2 

:. h'(x) = cosx -sinx 3fR h" (x) = -sinx -cosx
� 31R � 1JA "ij; � h' (x) = Offl 1R,

=>SlnX=COSX ⇒-=1 => tanx=1=>X=-e 0,-. sinx 1t ( 1t)cosx 4 2 

x = i 1R, h"( i) = -sin� -cos� = - � - � = - � = - ../2 < o

�. ��-crt\lffUT&ffiX=����lJAcJ>T�t,
4 

. � ( 1t) . 1t 1t 1 1 2 rr.
. . 't"i,.,,� � 1JA h 

4 
= sin

4 
+ cos

4 
= ../2 + ../2 = ../2 = -v2 

( iv)�� �f(x)=sinx-cosx
0< X<2 1t 

f'(x) = cosx + sinx 3fR f" (x) = -sinx + cosx
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� 3fR � � � f'(x) = Om lR, 
. sinx => cosx + sinx = 0=>-- = -1 :::>tanx = -1

cosx 

=> x= rt-�.21t-� => x= 
31t, 71t;xe(0,2rt)

4 4 4 4 
:. 

37tafR ?1tlR��afR��"©�tl
4 4 

x = 31t lR, t"(37t) = -sin 31t + cos 31t
4 4 4 4 

= -sin ( 7t -�) + cos( 1t -�)

[·.- sin( 1t -8) = sin83'R cos( rt -8) = -cos8]

= -sin� -cos� = --1 --1 = -J2 < o
4 4 J2. J2. 

3rt fib-� 
:. X=-'3'a@lfq;J l"I� �I

4 

37t
(

31t) 
. 37t 3rt

X = 
4 

lR '3'a@1f lfA = f 
4 

= Sin 
4 

-COS 
4

= sin ( 1t -¾)-cos ( 1t -¾) = sin ¾ + cos ¾

=-1 + _1 =J:_=J2.
J2. J2. J2. 

�X=-lR, f - =-Stn-+COS-
71t •

(
77t

) 
. 7TC 7TC 

4 4 4 4 

= -sin ( 21t -¾) + cos ( 21t -¾)

. 7t TC 1 1 In = Stn - + COS - = - + - = -v2 > 0
4 4 J2. J2. 

X= 71t�q;J�tt
4 

X= ?1t lR�lfA
4 

{':)=sin 7;-cos 1: =si{21t-�)-cos(21t-�)

=-sin� -cos�=-J_--1 
=-J2

4 4 J2. J2. 

(v) � l'fln' � f(x) = � -6x2 + 9x + 15
=> f'(x)=3x2-12x+ 9 � f"(x)=6x-12
� afR � � � f'(x) = Om lR,

3x2-12x+ 9 =0 => 3(x2 -4x + 3 )  = o
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=> 3(x2 - 3x - x + 3) = 0 => 3{.x(x - 3) - 1(x - 3)] = 0 
=> 3(x - 1) (x - 3) = 0 => x = 1 � x = 3 

X=1�. f"(1)=6x1 - 1 2=6 - 1 2=-6<0 

:.x=1�cf>T�tl 

� liA = f(1) = (1)3 
- f,(1)2 + 9 (1) + 15= 1 - 6 + 9 + 15 = 19

X = 3 �. f"(3) = 6 X 3-12 = 18-12 = 6> 0 

X=3�cf>T�tl 

:. � liA = f(3) = 33 - 6 X 3
2 + 9 X 3 + 15 

= 27 - 54 + 27 + 15 = 15 
(vi) � TflIT � g(X) = � + �. X > 0

2 X 

=> g'(x) = � + 2(- ; ) = �- �

3fR g"(x) = - 2(-2)x-3 = � 
x3 

� 3fR� liA cl>�, g'(x)= 0 � �. 
1 2 1 2 => - - -=0=>-=-
2 

x2 
2 x2 

=> x2=4�X=2,- 2 � X=2 
X=2�, g,,(2)= �:: �= .:!_> 0

23 8 2 
:. X::2�cf>T�tl 

� liA, g(2) = � + � :: 1 + 1 = 2 
2 2 

(vii) � TflIT � t g(x) = �
JC+ 2 

[·:x> o�t]

alq, g(X) = (x2 + 2t1 � g'(X) = -1(x2 + 2r1-1 X 2X = x2-2x 
2( + 2) 

� g" (X) = (x2 + 2)2 •(-2) - (-2X)·2(x2 + 2)·2X
(x2 + 2)4 

_ -2(x2 
+ 2)2 + 8x2 (x2 + 2) (x2 + 2) (-2x2 - 4 + 8x2)-

(x2 + 2)4 (x2 + 2)4 

_ 6x2 - 4 _ 2(3x2 - 2)-
(x2 + 2)3 

-
(x2 + 2)3 

�3'R�liA<l>�g'(x)=0 � x2-2x 
2 

=0�-2x=0�x=0
( + 2) 
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X = 0�, g" (0) = 2[3(0)2 - 2] = -4 = - ..:!_< 0
[(0)2 + 2]3 8 2 

eb-� 1 1 
:. X= 0�q>J l"I� Q��lWf.g(0)=--=-

(0)2 
+ 2 2

(viii) � <Tm � f(x) = x.J1 - x

�· f'(x) = x(-1) + .J1 _ x = -x + 2(1 - x) = 2 -3x
2.jr::x 2.jr::x 2.jr::x 

� f "(x) = .! \ 2Fx [
Fx(-3) - (2 - 3xf__.=!_)] 

2 (1- x) 

v•- J\(-3 )-(2-3x --� { -1 ) - 2.jr::x _ -6(1 - x) + (2 -3x)-
2(1 - x) 

-
4(1 - x)312 

3x-4 
4(1- x)312 

�afR���f'(x)=0ffi�. 
2-3x 2 --=0 �2-3x=0 �x==-
2.jr::x 3 

2 Jg)-4 
X =

3
�. ,,,m = t�r = {l = 

2(fr" <O

:. X=g�q>J� t°I 
3 

��1Wf=1U=�✓1- � =�xp; = � =
2

�

� 4. ft:r.;�fcf; �kifaf&d �q;r��f.p:;@1:f lfR';nff t1 
(a) f(x) = ff (b) g(x) = logx (c) h(x) = i3 + x2 + x + 1

� (a)� <Tm� t°f(x)=ex 

� f'(x)=ex 

3Til, � f'(x) = 0, tfil' e x = 0 � x � � 1fi 1Wf � � 'i:l'i:1:Udic61 
���m�t, 

�. �xeR�llcPRfcmltR�tfip f'(x)=0 

3@: � f q>J � � afR � 1Wf � t1 
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(b) �7Tm�g(x)=logx

� g'(x) = .:!.
X 

� log X � � X � � �1llfi@ t, qi[ � x� �
g'(x)> 0
·: XE R � lJq;R � .;gf t � g'{x) = 0 3@: � g cf;J � �
$�1JR�t1

(c) � 71m � h(x)= x3 + x2 + x+ 1
� h'(x)= 3x2 + 2x+ 1

31if, h'(x) = om 'CR,
3x2 + 2x+ 1 = 0 

=> X= -2± ,/4
� 

4x 3x1 = -2 ±/::S [ x = -b± ✓::-4ac 'li1!"$J 'ft] 
� X = -2 ± 2../2 i = 2(- 1± ../2 i) �X = -1± ../2 i ER

6 6 3 

... XE R�Jrq;R�.;gf t � h' (X)= 0

3@: � h cf;J � � $ � lfR .;gf ti 

�5.��if�Ci�Asta����-iJRam�f;rt;@i{ 
'ifR'i@�I 

(a) /(x) =�,XE (-2, 2]
(c) / (x) = 4x -ix2, x e [-2, -U 

(b) /(x) = sinx + coax, x E (0, 1t]
(d) /(x) = (x-1)2 + 3 , XE (-3, 1]

��"q�q;J���i:JA�q;J�at��
�� � ltA � t1
�����at� ltA ffl ffi � � � � '3\R
�����q;J�"q;vfTtfflTII

ttff (a) � 71m � t f(x) = x3

� f' (X) = 3x2 
� $ � � � f'(x)= om 'CR, 
� 3x2 = 0 �X= OE (-2,2)
31if, � � X = 0$ 3@m-J [-2, 2]� 3@ �3fl 'tR fq;J 1fR Wtf � ti
X = O'tR, f(O) = 03 = 0 
X = - 2 'CR, f(-2) = (-2)3 = - 8 

X = 2 'CR, /(2) = (2)3 = 8 

� X=2lR��+IR8t'3fR X=- 2lR��1tA-8t'I 
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(b) � l'flJT � f(x) = sinx + cosx
=> f'(x) = cosx- sinx
� afR � � � f'(x) = OM lR,

. sinx . 1t => cos x -sinx = 0 =>- = 1 => tanx = 1 => x = - e [O, 1t]
cosx 4 

31i{ � � X = � afR 3RRra (0, 1t]� 3@ �an lR fcffl lfA � ffl ti
4 

x = 1 lR, 11) = sin1 + cos1 = � + � = J2

X= OlR, f(O) = sinO + cosO = O + 1 = 1 
x = 1tlR, f(1t) = sin1t + cos 1t = 0-1 = - 1
� X = � lR f.R'qlff � liA J2 t afR X = 1t lR � � 

4 
lfA -1 t1 

(c) � l'flJT � f(x) = 4x- ..!.x2 => f'(x) = 4-..!.(2x) = 4- x

2 2 

�ffi�l{FJ�f&qf'(x)=OffilR, 

4 - X = 0 => X = 4 E [-2, �] 

ali{, � X= 4afR 3RRIB[-2, u� 3@ �an lR fcffl lfA � ffl ti

X=4lR, ((4)=4(4)-..!_(4)2 =16-8=8 
2 

X = -2lR, f(-2)= 4 (-2)-..!_(-2)2 = - 8-2 = -10 
2 

X=�lR, ,(�)=4(�)-..!. (�)
2 

=18-81= 63 = 7.875
2 ·�2 2 2 2 8 8 

�. X=4 lR � � liA 8 't afR X=-2 lR � � 
1tR -10 t1 

( d) � l'flJT � f(x) = {x - 1)2 · + 3

f'{x) = 2(x -1) 
�31'R°�lJA"ij;f&qf'{x)=O ffllR, 
=> 2(X - 1) = 0 => X = 1 
ali{, � 3fam.J (-3, 1]"ij; 3ffl �an lR f cffl lfA � ffl ti
X = 1 lR, 

. 
f(1) = (1 -1)2 + 3 = 3 

X = - 3lR, f(- 3) = (-3-1)2 + 3 = 19 
•: X=- 3lR���lfA 19 l afR X=- 1lR��lfA 3t 
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R'9I 6. ���p(x)= 41- 72x-18.r��•m�cfi1Fft'IDU� 
�ffl'il'ijffi'�I 

���q;J��� dp=O�xq;JitAffl�'o'qf
dx 

d2
p

d2
y 

tl1C(f X a; faQ: 
dx2 

q,'h,n� � � X a; M fct'ffi ltA a; faQ: 
dx2 

.,,,.,.;fi""Oii�c-J.f"""qi

i, ml X "q;'J ll'R � � ,a4lqi,lUj � 'M' � � ltA m1<J lU'ffi i,

� �7Tmt'IT1l� 
p_x) = 41-72x-18x2 

x� �� 3lcJcpiJ ffl tR, 
p'(x) = - 72 -36x = -36(2 + x) 

lf{: x� -mq� � ffl tR, 
p"(x)= -36 

ai'R� x�-mq��ffltR,p"(x)= - 36 

� 3fR � lJA � �. p'{x) = O 

-36(2 + x) = 0
x+2=0 

X=-2 

X=-2tR, p"(-2) = - 36< 0 
:.x=-2�cf>T�tl 

� � m�. p_-2} = 41-72(-2)-18(-2)2 = 41 + 1 44-12 = 113 

WA 7. �[0,3]�3x4 -ax1 + 12x2 -4Bx+ 25'$�'JIR�f;p::@it 
'JIR'ij@�I 
� lJA � fcp f{x) = 3x4 - 8x3 + 12x2 - 48x + 25 
=> f'(x) = 12x3 -24x2 + 24x- 48 = 12 {x3 -2x2 + 2x - 4) 

= 12 {x2(x - 2) + 2(x -2)} = 12 (x -2} (x2 + 2} 

� � � lJA � � f'(X) = 0� tR,

=> 12(x -2) (x2 + 2) = 0 

=>� X-2 = Q ::::>X=2 E [0, 3) 

� �. x2 + 2 = 0 => x2 = - 2 
=> 

-� 
X=-./-2 

�, � X = 2 qjfftfc)q, � :g ufTcf> � � lJAT uJlm ti 

3Tif � X = 2 � � [0, 3]� a@ �3TT tR f cf;T lfA � 1P«t ti
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X=2 "CR, 

X=0"CR, 

f(2 ) = 3 X 2 4 
- 8 X 2 3 + 12 X 2 2 

- 48 X 2 + 25 
= 48 -64 + 48 - 96 + 25 = -39 

f(0) = 0 -0 + 0 -0 + 25 = 25 

X = 3"CR, f(3) = 3 X 34 - 8 X 33 + 12 X 32 - 48 X 3 + 25 

=243-216 + 108-144 + 25= 16 
� � � � � f fcp X = 0 f"CR q;J �&{ � -iJA 25 t � X = 2

"CR�&l�lfA-39tl 

WR 8. �[O, 21t]�fcfi;r�aif 1R'sin2xol1RT�"IRJIT'Cacfiffllf? 
� llRT fcp f(x) = sin2x � f'(x) = 2cos2x 

� � � lfA � � f'(x) = 0� "<R 
2cos2x = 0 � cos2x = O 

2x_ 1t 31t 51t 7 1t � x- 1t 31t 51t 71t 

2'2'2'2 4'4'4'4 

� � x = !:, 31t , S1t , ?1t � � (0, 2 1t]� 3@ � "<R fq;J lfA � q;m fl
4 4 4 4 

X=0"CR, 
X=2 1t"<R, 

f(0) = sin (2 x 0) = 0 

f(2 1t ) = sin (2 x 2 1t ) = 0 

x= 1"<R, { 1)=si{2 x 1)=sin� = 1

x= 3:"CR, {
3

:)=sin(2 x 3:)=sin3; =si{ 1t + �)=-sin� =-1

x = 5: "<R, {
5

:) = si{ 2 x 5:) = sin �
1t

. 
= sin ( 2 1t + ; ) = sin� = 1

x= 7:"CR, {7

:)=si{2 x 7

:)=sin 7

2
1t =sin(2 1t + �

1t

)=sin�1t =-1

� � � � � f fcp 3RRffi (2, 7t]� fq;J �&l � -irA 1 t "GIT 
X = !: � X = 51t "CR � moT ti

4 4 

Rr.19. �sinx+cosxqif�"JR�t? 
� lfA � f'(x)=sinx+ cosx 

f' = cosx-sinx 
f" = -sinx-cosx = - (sin x + cos x) 

� � � lfA � � f'(x) = 0� "<R 
� cosx-sinx=0 � sinx=cosx
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sinx = 1 => tanx = 1
cosx 

1t 51t 
X=-,-, ........ . 

4 4 

3Ff, f"(x) ?fi.Olititif> � vfif (sinx + cosx) � t "llT vfif sinx 3fR cosx �
� ffe 3fR � � t �sinxafRcosxGFIT � �� -q � t1

mr, f"(x) ?fi.Oiititcf> �. vfif x e ( 0, i) 
�. X=�lR,

t"( �)=-(sin�+ cos�)

=-(�
+ 

�)=-
1

=-
J2<0

� � °CfttlffOT &RT, X= � lR f � t' � f "cf>T � l1A 

,{ 1t) . 1t 1t 1 1 2 r,:; � 
T4 

= s1n
4 

+ cos
4 

= J2 + J2 = 
../2 

= -v2 t?I

� 10. �[l, 3]if 2.r1 - 24x+ 107cfif�.JA"ij@�I ��cfif 
�[-3,-l]if 'lfi�.JR��I 

� l1A � � f( X)=2x3 -24X+ 107 
=> f'(x) = 6x2 -24 = f,(x2 - 4) = f,(x + 2) (x -2) 

� 3fR � � � f'(x) = 0� lR,
f,(x + 2)(x -2) = 0 

=> X=2,-2 
� � 3RR@" [1, 3] lR � ffl ti � � X = 2 E [1, 3] 3fR 3RR@" [1, 3] � 
3IB �311 lR f "cf>T l1A � � ti 
X = 1 lR, f( 1) = 2 X 13 

- 24 X 1 + 107 = 85 
X=2lR, ((2) = 2 X 23 -24 X 2 + 107 = 75 
X = 3 lR, ((3) = 2 X 33 

- 24 X 3 + 107 = 89 

� � [1, 3)-q f(x) � �/ff � l1A 89 ti 3RR@" vlT X = 3 lR � 
mmt1 
3Ff, � 3RR@"[-3,-1]lR � ffl ti 

� � wifaqj � X=-2e [-3, -1]3fR 3RR@" [-3,-1]� 3@ �311 lR f"cf>T 
llA� cfR';fltl 
X= - 1lR, f(-1) = 2(-1)3 -24(-1) + 107 = -2 + 24 + 107::: 129 
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X=-2�, f(...:.2) = 2(-2)3 -24(-2) + 107 = -16 + 48 + 107 = 1��
X = - 3�, f(-3) = 2(-3)3 -24(-3) + 107 = -54 + 72 + 107 =,125
� �[-3,-1]�f(x)q;J �� � � 1 39 t � x=-2 �·�
mmtI

� 11. � � t fcfi � [O, 2]"q X = I "CR� x4 
- 6� + ax+ 9�

'tfR 'SIJ'Cij' cfi«IT t, t1t a cfil' 'tfR 'ij@ �I
'tl'fif �� fct> f(x)=x4 -62x2 + ax+ 9
� f'(x) = 4x3 -124x + a

� � t fct> � [0, 2]� � f� � X= 1� 1W<J cfR'ffi °ti
f'(1) = 0

� 4 X 13 -124 X 1 + a = 0 

� 4 -1 24 + a = O �a = 1 20
�acffl�1 2otI

� 12. [O, 21t] "CR x+ sin 2xcfil'� ��'tl'R'ij@�I

ffl lWTI f(x) = x + sin2x, � f'(x) = 1 + 2 cos 2x

� afR � � � fc;rq t'(x) = om- lR,

1 + 2cos 2x = 0 � cos 2x = -.!.
2 

cos 2x = -cos�= cos21t 

3 3 

cos 2x = cos ( 1t -i} cos ( 1t + i} 
cos ( 31t -�) cos ( 31t + �)

(·:� uJF@ � fct>cosx� afR ��"ft ?fiUllfflqj m"ffi ti)
21t 

2x=2n± -,ne Z 
3 

2x = 21t 
I 

41t I 81t 
I 

101t
3 3 3 3 

1t 21t 41t 51t 
X = -, -, -, - E [0, 21t]

3 3 3 3 
� �ft.x 1t 21t 41t 51t � · � · �� cfil, � SPlltJqJ , .. ·�,)11 X = -, -, -, -,)11"( � [O, 21t] q1 3@ , .. •�,)11 � f cffl

3 3 3 3 
��ffltl 

X=O�. f(O)= o+ sinO= o
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7t x=
3

lR,

X=27ttR
3 I 

X= 41ttR
3 I 

X= S1ttR,
3 

,( 7t) 7t . 21t 7t . 7t 1t ../3
· l 3 = 3 + sin3 = 3 + sm 3 = 3 + 2

f (27t) = 27t + sin 41t = 27t -sin!:= 27t - ../3
3 3 3 3 3 3 2 

,( 41t) = 41t + sin 81t = 41t + sin 21t = 41t + ../3
'l 3 3 3 3 3 3 2 

,( 51t) = 51t + sin 101t = 51t _ sin 21t = 51t _ ../3
'l 3 3 3 3 3 3 2 

x = 21ttR, f(21t) = 21t + sin41t = 21t + O = 21t 
� X=21ttR f qij � l=JR21tt' � X=OtR f q;J � l=JROt'I

�13. �������24tam�!IUH4i<ti� 
'IDI 

��6i:J<n � x �(24-x)� !�6i:J y= x(24-x)�i1 3'6f
�q;J������i, 

� 11A���xt, {ff{��(24-x)tl
(·:Gf �q;Jmll24t)

<ffG" yen �31T cpJ � q;) � t m
y= x(24-x)=24x-x2 

x� �� � ffl tR,
dy d2

y -=24-2x � -=-2
dx dx2 

dy =0 �tR

24-2x= 0
X=12 

d2
y X=12tR, 

cJx2 
=-2<0 

��31Tq;J��m7Tfvlir�x=12mift�24- 12= 12 
��12�12tI

�14. ����x�y��°fflfcf;x+y=60amxy'3� 

11'1 
� 6i:J � i fcf; p = xy3 � � p iffl' � miiQT i);' � 11 '£le@ !1
� ���QRT�ffl��i1 

� 11A � � � � X, yt � p = xy3 ti

�t x+y=60 � x=60-y
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�. X cf>T 'JJA P-if 'ffl W 
p = (60 -y)y3 => p = 60y3 -y4 

y"ij; "ffiql!l GT GJR � ffl W, 
dP =180y2-4y3 
dy 

afR � =360y-12y2

�'JJA°iji�, dP =0
dy 

=> 1aoy2 -4y3 = 0=>4y2 (45-y) = o
=>Y= 0. 45� y¢ 0, � Y= 45 

y= 45'R, ( � L .. = 360x 45-12 x (45)2

= 16200 -24300 = -8100 < 0 
=> Pcf>T��'JJA y=45Wtl 
:.� � �lfflJJ &RT Pcf>T � � 'JJA Y= 45W ti�� xy3 
�m7Tlufi{ y=453tRx=60-45=15x=15 

�. ��t15atR45tI 

� 15. � � x � y � � mcfiT °lJt1T 35 m- � !1UH<M1 x2f' 
�111 
� l=fA � � � xmn yt 3tR P = x2y5 cfil x + y= 35 
=> x = 35 - y ,  :. P = (35 -y)2 y5 

y"ij; "fflql!l GT ilR � ffl w, 
dP = (35 -y)2 5y4 + y5 2(35 -y) (-1)
dy 

= y4 (35-y)[5(35-y)-2y]= y4 (35-y)(175-5y-2y) 
= y4 (35-y) (175-7y)= (35y4 

- y5) (175-7y)
d

2
P 

dy2 
=(35y4 -y5)(-7)+ (175-7y) (4x 35x y3-5y4

) 

= -7 y4 (35 -y) + 7(25 -y )  X 5y (28 -y) 
= -7 y4 (35 -y) + 35y3 (25 -y) (28 -y) 

�'JJA'$� dP =O'ffiW, 
dy 

y4 (35 -y) (175 -7 y) = 0 => y = 0, 35 -y = 0, 175 -7 y = 0
Y= 0, y=25, Y= 35 
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� Y= 0, X= 35-0= 35�.� x2y5 �m �I 

� y=353'Rx=35-35=0cTT�: �x2y5�m�I 

:. y = 0� y = 35, y"ij; 3IB1lcl lfR tI 

� y=25,m 

(�
2

:) = -7 X (25)4 X (35-25) + 35 X (25)3 X (25-25) (28-25) 
uy y=25 

= -7 X 390625 X 10 + 35 X 1 5625 X O X 3 
= -27343750 + 0 
= -27343750 < 0 

.-.����am. P� � 
� y = 25 � X = 35 -25 = 10 

���1oafR25tI 

� 1 s. � � � � � � � � 16 m 31k �-q;if qiJ � 

f.li;@iJ 111 

� lfR����xtafR��(16-x)tl 

� �31) "ij;trrr cf>T m11 sam GllTm uf@l t1 
c1'iJ S = x3 + ( 16 -x)3 

x"ij; ffilff � m �.

dS = 3x2 + 3(16 -x)2 (-1) = 3x2 -3(16 -x)2 

dx 

d
2

S � 
dx2 

= 6x+ f,(16-x) = 96 

�lfR"ij;� dS =0-m�. 
dx 

X=B�. 

3x2 
- 3 (16 -x)2 = 0

x2 - (256 + x2 - 32x) = 0 

32x=256 
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� 17. 1s� �*ITT*���*��1R�cf1f� 
cl!IT��aR�*�q,1�����'iFIRTt1 ��cf@ 
wfcfit�fcficr;ftmtft��q;raw«Ff�"ITTI 

�tmqlflq,R"�q;r��������3W«RV 
���Wq;Jffl�I 

��dV =0�. �ffl�����aftJTq;rffl 
dx 

�qif��ffl�I 

� -iJA � fc); qri "$l cf>re vJA cnc;fi � xt � (O<x<9) t, mr � "$l 
� &R�(18-2x)afR (18-2x)m1fi om� xm1ftl -iJA�fc);� � 
� q;) � � � � � q;y amRA vt1

V = x (18-2x)(18-2x) 
= 4x (9 -x)2 = 4x (81 + x2 -18x) 
= 4 (x3 -18x2 + 81x) 

X � ffilff � ffi �, 
di/= 4 (3x2 -36x + 81)= 12(x2 -12x + 27) 
dx 

X � � �: � ffi � 
d

2
V 

dx2 
= 12 (2x-12) = 24 (x -6) 

� -iJA � � di/= 0 ffl �. 12 (x2 -12x + 27) = 0 
dx 

=> x2-12x+27=0 => (x-3)(x-9)=0=>x=3-9 

� X = 9 3ffl1lq ti 3@: X = 3 ti 

2X=2 X 9= 18 
� � � "$l � � iRTiR t1

x= 3 �. (d2V) =24(3-6)= -72< 0
dx2 X=3 

:. � � � aR1 X= 3 ��ti�,�� 3 � � � 
� ql'1fcpR � cffl q;rea t afR � � � � "iAffi t, mr � JTil(f � q;y amRA 
��I 

JN.I 18. 46 w:ft' x 24 w:ft' <fit� ctft 3tlltdlcfil( � � � 'tR wf � <l"ff � 
� aR fc.J * � c1,1 � � � 1{$ � 'iFIRT ti cm:��� <fit 
�fcfia-ft'lWft��cfiT��'ffll 

� -iJA �TT);�vJAcfR-ftcJlf "$l '!!vfT x� �"$l�t, mr� 
45-2x afR � 24-2x �I
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lJFfT � cffl � V t1

V = x (24-2x)(45-2x) 
=> V = x (4x2 -138x + 1080) = 4x3 -138x2 + 1080x 

x� � � ffl lR, 
rN = 12x2 -276x + 1080 
dx 

�: x� � � ffl lR
d2V 

X 
X 

X 

dx2 
= 24x -276 

� lfr-l � � rN = 0 ffi lR, 
dx 

X (��::�).�.� X 

12x2 -276x + 1080 = 0 
x2 -23x + 90 = 0 

=> (x -18)(x -5) = 0 => x = 5 ,  18 

X X 

45-ijiff 

� �1lct � t fcn 18wfi � ma 'cflf cffl �q;);) "fl' cf>TcT �I 
�.x,18 ���m�t, 

x = 5lR, (d2V) 
= 24 x 5 -276= 120-276 = -156< 0 

dx2 
X=5 

... ���GRT. X=5��tl 
am: cfflt \jfF) qR,fi 'cflf � � 5 "@ft m1ft � � cffl am«R � mllll 

� 19. m�fcf;'�� �� 3@1fcr� �-qcftf q;r �� 
mt, 

3Tit@ q;y fcfq;uf � � clfm � � tWTII � 3Tit@ q;y � � � fu;qJ 
i, �st,ll1l���I 

trcf lfr-l � fcn ABCD � amra t �'[ff� 3@"1@ t � � r afR �
ot1 

�: lfr-l � fcn LCEB = 8
EC = 2r � EB= 2rcos8 

afR BC = 2rsin8 
lfr-l � fcn amra ABCD cffl � A ti

air, A= EB x BC= 412sin8cos 8 =2r2sin28 
�. A =2r2 sin28 

dA = 412 cos 28, 
de 

3TiJ dA :::O�lR
d8 

d2A 
-=- ar2sin28 
d82 
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⇒
2 7t ".l'fflrt'::r 7t 4r cos29= O ⇒ cos29 = O ⇒ 29 = -'1'1"'11\t 9= -

9 = � 1R. ·(d
2
A) = -a,2 sin� = -a,2 < 0

4 d9
2 

e=! 2

:.9=���tl 4 

�. vJil 0= � m. m � � "ITT7TT 
4 

EB= 2rcos � = r../2. 
4 

3fR- BC = 2rsin� = r ../2. 

�. EB= BC 3fR'- � BCDE � cflT ti 

2 4 

� 20. ��Ff;'Sl<ffi13lio�1ffifif aw«R��chl�, ��ollm� 
'iffliR"wmtt, 

� qm m � � r � h i1 � � � � q;r � � i1 
� �� h q;r ltA � � i � r '3ITT" s ���ID '3ITT" � l:JA
3TitRA � � i. oaf�� 1mfrq � �MUJ � i, 

� lfA�fcp rafR- h ffl � � afR-� t1
(fif,fflcpf1P5�

S =2w2 + 2wh (fGm t) 

⇒ 2wh=S-2w2 S-2w2 ⇒ h=--
2w 

-wft (i) � h cpl 1fA -wft (ii) 1f ffl "CR, 
v = w2 (s - 2 w2 ) = s, _ w3

2w 2 
r � ffi� � (iii) cpl � ffi "IR, 

dV S 2 -=--37tf 
dr 2 

31il�afR-�lfA�� dV =0ffl1R
dr 

⇒ 

⇒ 

3Ti{, 

�-3w2 =0 
2 

. s S =6ef ⇒ r2 =-

d2V -=-67tf
dr2 

61t 

... (i) 

... (ii) 

... (iii) 

h 

... (iv) 
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(
d2V) = -61t ( fs)< o
dr2 r= fs V� 

'161i 

� � � Gffi, vfif r2 � � mTTI, m 3rrmA � "ID7JTI
67t 

vfif r2=�⇒ S=6ef
67t 

Wf, h = 5nr2 (�)- r = 3r - r = 2r
21t r 

�. vfij � 3TitlR � cZJffi m iRfiR m1it. m 3TflRA � mTTII 

� 21. 100� aw«R'cf@�ri� ��-11cfi1< (d◄cfdh-t) fir-n-q��
1i6o �'cf@it=if cfif �"ijffi'�I 

�GT�� rotJT h i1 ·:� � � � f1 � � V = rcr2h
q;JtJtUlT�hq;JltFJrifitfm-q����h q;JltFJ��i};
�-q���trflatuT��I 

� ltr-=r � � r �W11<t>I-< � � 31l'qR � � t � h� �ti�: 
ltr-=r � � � � � S � 3TflRA Vtl mf, V = 100 �3 (fGm t) 
⇒ ef h=100

⇒ 

� S =2w2 +2wh 
tPfi (i) � h cffl ltr-=r tPfi (ii) 1l ffl �. 

S=2w-+2w - =2w-+-_..2 (100) _..2 200
1U2 r 

tPft (iii) qi) r � ml)-� � cfR-t �. 
dS =41U_200 
dr r2 

3lif, �31R�ltr-=r�� dS =Offl�. 
dr 

⇒

⇒ 

41U= 200
,2 

,3 = 200 ⇒ r = (
50)

113 

47t 7t 

tPft (iv) qi) r � ml)-� � cfR-t �. 
d2S 400 -=41t+-
dr2 r3 

... (i) 

... (ii) 

... (iii) 

... (iv) 
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� 22. � 28��-aRcfi)ctl'�-q�fcfitff '1fRTtl ��1)-cl1f aiff
�1" ���t, � � cfit� fcfm;ft 11.ft ��cl1f � �qif 

eftq�d��l)?
'((cl llR � � � q;r �vi)�� 31Tc1>R "il � \jffffl t � � x�
ti � � � � � vIT cf1f � 31fc1>R "il iRTltT \jJJffl t (28-x)� °ID1ftl

3lii, ���= � =..!._
27t 21t

:. � q;r � = 7t (�)2 = 1C (..!._)
2 

= x2
27t 47t

alR qlf�����=�=28-x
4 4 

:. q1f q;J � = ('!Jufl}2 = (28 - X )
2 

= (28 -x)2 

4 16 

�: lJR � � f(x) � 311q;ffi � � q;r � ti aif,

f(x) = x2 + (28 -x)2 

... (i)
47t 16 

� (i) q;J X � � <TT "ifR � ffi 1R
f'(x) = 2x + 2 (28-x)(-1) = ..!._ _ 28-x

47t 16 21t 8 

alR f"(x) = _!_ -(-1) = _!_ + .!
21C 8 27t 8

31ii f'(x) = 0 � lR,

� ..!._ -28 - x = 0 � 4x - 1t (28 -x) = 0
21t 8 
4x+ n:x-281t=0�x(4+ 1t}=281t
X= 281t 

4+ 1t
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afRx"$�lJA"$� 

f"(x) = _.:!_ + .:!. > 0 
21t 8 

:. f(x) cf>T � � 'JJA X = 287t lR JJ11<f Wffi ti
4+ 7t 

3"@: (Q 28) ii 'ffirq � f cf>T � 3fR � �q; � WTffiR 
281t E (Q, 28) ti
4 + 7t 

� X = 287t °ij> � f(X) �lff � 'JJA ti
4 + 7t 

����� 281t 1ftt1
4 + 7t 

� 23. fir.; �fcf; R� �� � orntffi �1'll�M � q;J �, � � 

3Wra;rq;J � 1fflltl
27 

� 'JJA�fcl>OC=x,CQ=r 

31il OA=R 
���=h=x+R 
. 1 _..2 �cf>T � = V=

3 
nrh 

31Gf��OCQ-ii 
oc

2 + co
2 = 002 

x2 + ,2 = R2 

,2 = R2 - x2 
� (i) afR (ii) � h afR r cf>T 'JJA V-q � lR, 

V = .:!_ 1t(R2 - x2)(x + R) 
3 

� (iii) cffl X°ij; � � ffl lR, 
di/ = .:!. n [(R2 - x2) -2x (x + R)] 
dx 3 
di/ = � [R2 - x2 -2x2 -2xR] 
dx 3 
di/=� (R2 -2xR - 3x2) 
dx 3 

... (i) 

... (ii) 

[·:h = x + R] ... (iii)

A 
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⇒ : = i (R - 3x)(R + x)

�lfA"ij,� dV =OffilR, 
dx

⇒ � (R - 3x)(R + x) = 0
3 

... (iv) 

⇒ . x=!!.mx=-R ⇒ x=!!. (·:x-;fi.0iitiicf>�m�t)
3 3 

x"ij, -m-q� � (iv) "ct,J 31<fcPCiA ffi lR,
d 2V 1t 1t 1t 
dx2 

= 
3 

[(-3) (R + x) + (R - 3x)] = 
3 

(-2R - 6x) = -
3 

(2R + 6x)

R d 2V - 1t ( 6R
) 

41t x=
3

lR, 
cJx2 

=a 2R+
3 

=-
3

R<O

:. V "ct,J � � lfA x =' !!_ lR t 
3

3Tif X "ct,J lfA � (iii) 1l ffi lR, 

⇒ 

V = � ( R2 - :2 ) ( R + �) 

= i· a:
2

. � 
= 

2� (1 n/?
3

)

V = ..!!_ X 1Tia "q,J � 
27 

� 24. m�f1';��cfifo'ff��%���cfi't�, 
� cfi't � cfi't ../2 � melt t, 

� lfA�fcl>�ctr�h.�ctr�,.�v�iro�s
t, tfif V=_! rv2h ⇒ 3V= w2h

3 

⇒

⇒ 

⇒

gv2 = 1t2r4h2 ⇒h2 = 9V2

1t2
f

4 

S = ru/ ⇒ S = 1tf .Jr2 + h2 

82 = 1t2,2 (r2 + h2 ) = 1t2,2 ( 9V2 + r2)1t2
f

4 

s2 = 9V2 + 1t2,4 

r2 
ufifS�t.ms2 1fr�t1 

... (i) 

(·: I = ✓ h2 + r2 )

�(i)�] 

... (ii) 
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3Tif, !!._ (S 2) = _ 1av2 

+ 41t2,3 

dr r3 

� lIA � �. !!._ (S2 ) = om tR
dr 
1av2 

- � + 41t2r3 = 0 

18V2 = 41t2r6 ⇒ 9V2 = 21t2r6 

� (iii) q;r r � �&I � -m 'CR, 

� (S2 ) = 54V2 

+ 121t2,2 
dr2 r4 

gv2 = 21t2,s lR, � (S2 )= 54 (21t2,s

) + 12 7t2,2 
dr2 r4 9 

= 121t2,a 

+ 121t2,2 = 241t2,2 > 0 
r

4 

� � S2 � S � '@i1 � 9V2 =21t2r6 

� (i) �9V2 =21t2r6 ltA ffi 'CR, 
21t2,s = 1t2

r
4

h
2 

2r2 = h2 ⇒h = �r 

������311'clR����"Tfi�t1 

... (iii) 

... (iv) 

RQ.I 25. ftr.;�fct;-cft��� *��q@�qif �cfilUr 
tan-1 ../21m1Jtl 

� 1IA�fcl;�q;r�q;)uyet1 

�ee(a;) 
�: ltA � � � � r, � h ���I ti 

31il', r = /sine � h = Jcosa
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V = .! 1t (/2 sin 2 8) (/cos8) = .! 1rl3 sin 2 8cos8
3 3 

8���ffl'CR, 
dV = l

3
1t [sin 2 8(-sin8) + cos8(2sin8cos8)]

d8 3 

= /
3 rc (-sin 38 + 2sin8cos 28)
3 

d� = l
3

1t (-3sin 2 .8cos8 + 2cos 38-4sin 28cos8)
dtr 3 

= l
3

1t (2cos 38-7sin 28cos8)
3 

�lfA�� dV =Offi'CR, 
d8 

==> sin 3 8 = 2sin8cos 2 8 ==> tan 2 8 = 2 ==> tan8 = .J2 ==> 8 = tan-1 .J2 

\iJil' 8 = tan-1 .J2, Qi.T tan 2 8 = 2

'llT sin 28=2cos 28 

Qi.T, 
d 2

� = l
3

1t (2cos 38-14cos 38)= -47t/3 cos 38< 0\ilil'8e (o. !) 
� 3 2 

.·. � � � aRT � 8 = tan-1 .J2 m, -at amrcA V � m11YI
are:���� 3lR � amrcA � � q;y � cffiUT tan-1.J2.

JN9' 26. ftr.;�fct; ��,po�� aw«R� MR4cj=dlli -�'i.fil' �
cfi)vrsin-1 G)mt, 
� � t � t-lii4'!TI'h1 � q;y � lJ:6 �. S = 7trf + w2 

==> S = w),2 
+ h2- + w2 [·:/ = ✓,2 + h2 ]

==> .§_ _ r = ✓ ,2 
+ 

h2 ==> � _ 2S = h2 

1U .----- rc2r2 7t 
S 2 2S h= ---

rc2,2 7t I 

3liR 311l@'!, V = ! w2h=! ,u2 � 52 

-2S
3 3 1t

2r2 7t 

==> V=!.. ✓ S 2 -2Sw2,r2<_§_�0<r< fs 
3 2rc v� 

3RJ: v�t, � v2 �t1 

... (i) 
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31il', V2=�-2Sw ,O<r< _§_ 
2..2 4 �, 

9 9 21t 

!!_ (V2 ) = 2rS2 _ $ttr
dr 9 9 

3tR � (V2) = 2S2 _ 24Sw2
dr2 9 9 

�lJA�� d\/ =OmlR, 
dr 

2,s2 _ asw3 = 0
9 9 

,2 = _§_
47t 

.,-m-.6 e . -1 ( 1) Ql'""'"l = Sin 3 

r 
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�(tr.�- 27-29) PIJ..i�Rsia QlAT-q � '3lR �I 

�27. cfs6x2=2y'tl{(0,5)-«��'tl{��t
(a) (2/2, 4) (b) (2/2, O)
(c) (0, 0) (d) (2, 2)

� � qsp � � � {x, y) 1=fA '3{R ml, m �uif � � q,'\ � � w
q;J��I

ffl (a) 1=1'R� x2 =2y-q'x� (x,y)�� (0,5)"ij,���dt, 

d = ✓(x-0 )2 + (y-5)2 = ✓x2 + (y-5)2 

= ✓2y+ (y-5)2 

... (i) 

(x2 =2yffi� 

d =✓2y+ y2- 10y+25 = ✓I-By+ 42 + 9 = ✓(y-4)2 + 9 

d� m1U vlif(y-4)2 = 0 �my= 4 

vJq y=4, tfif x2 =2x4 

=> X = ± ,./a = ± 2./2 

:. �31T (2./2, 4) 3fR (-2./2, 4) ��era; -q'x � (0, 5) � � � -q'x i,

� 28. x*ri cU��qi��*� l-x+� 'qif��t
l+x+x 

(a) 0 (b) 1
(c) 3 (d) .!

3

� (d) 1=fR � y= 1-x+ x2
1+ x+ x2 

X °ij, mq&{ � ffl -q'x, 
dy _ (1+ x+ x2)(-1+2x)- (1- x + x2)(1 + 2x) 
dx 

-
(1+ x+ x2)2 

-1+2x-x+2x2-x2 +2x3-1-2x+ x+ 2x2-x2-2x3
(1+ x+ x2)2 

-2 + 2x2 -2x2 + 2x2 2x2 -2 _ 2(x2 - 1)=-----=--=----
(1 + X + x2 )2 ( 1  + X + x2 )2 - (1 + X + x2 )2 

X=±1 

315



d
2y _ 2 [(1 + x + -,¢)2 (2x)-(x2 -1) (2)(1 + x + x2) (1 + 2x)1 3TiJ, cJx2 -

(1 + X + x2) 4

_ 4 (1+ x+ x2)[ (1+ x+ x2)x-(x2-1)(1+2x)1 -
(1 + x+ x2) 4

_ 4 (x + x2 + x3 -x2 -2x3 + 1 + 2x) 4 (1 + 3x -x3 ) -
(1 + X + x2) 3 (1 + X + x2 )3 

X = 11R, (d2y) =
4{1+3(1)-13 1

=
4(3)

= �>0
dx2 x=1 (1 + 1 + 12 )3 33 9 

x = _ 11R, (d2y) = 
4{1 + 3(-1)-(-1)3 1 

= 
4 (1-3+ 1) = 4(-1) = _4< O

dx
2 x=-1 [1 + (-1) + (-1)2 13 (1-1 + 1)3 

---��"CRtlffUTGRT X= 1 1Rf�mTJT3fR�liR 
1-1+1 1 

y =

1+1+1=3

� 29. [x(x - 1) + 1)113 , 0 S x S 1 cliT � 1'R i'

(a)G)
l/3 

(b) 1 
(c) 1 (d) 0

� (c) liR � fcl; f (x} = [x(x-1) + 11113 
= (x2 - x + 1)113 , 

X � 'ffl'Q� � ffl 'tR, 
1 

f' (x} = .! (x2 -x + 1)3-
1

(2x-1) = 
1(2x-1)

3 3 (x2 - X + 1)213 

3TiJ, f' (x} = 0 ffi 'tR, => 2x-1 = 0 => x = .."!. e [O. 112 

�. X = i��EI 

OS XS 1 

3TiJ, � X = _! 3fR 3ffim-J [0, 11 � 3IB �311 'tR f cf>T liR � q;m ti
2 

x = Q"q'{, f(O} = (0- 0 + 1)113 
= 1 

f(1} = (1 -1 + 1)113 
= 1

1 ( 1 
)-( 1 1 )

1'3 

-(3
)

1/3 

X = 2 "q'{, f 2 - 4 - 2 + 1 - 4 

:. f(x)cf>l � l{R 1, X= 0, 1 'tR 6 
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:.� (1, 2)�. � c6) Wflct>-<oi 
y - 2 = -1 (x -1) 

y-2=-X+1 � x+y-3=0

� 5. ftr.;�fct;'cffli'x=acos8+ a8sin8,y=asin8-a8cos8�� 
l'tf{�����'tf{tl 

�. qsp $ � � 8 tR � qij ,a4lq,'{Uj -fflcf ��oaf� 

d l3IiRI qijtflWT������.J(x q;r �)2 + (y q;r �)2

ffl�I 

x = a cos 8 + a 8 sin 8, 
y = asin8-a ecos 8 

8 "iji �� � � �. 
dx = -a sine + a (Ocos e + sin8)= -a sine + aecos 8 + a sine 
de 

dx-=a8cos 8
d8 

� dy = a cos 8 -a [8 (-sin 8) + cos 8] = a cos 8 + a 8 sine -a cos 8
d8 

dy = a8 sin8
d8 

� 8 � � � c6) 1fcll7@T 
dy = dy x da = a8sin8 = tane
dx de dx a8cos8 

� 8 � � c6) 1fcll7@T = -; 
dx 

- -1- =-cot e
tan8 

� (X, y) � � cf>T tt'i"l<f>'<Oi 
y - (a sin 8 -a 8 cos 8) = -cot 8 [x - (a cos 8 + a e sin 8)] 

� y- (a sine -a 8 cos 8) = -c�s 8 [x - (a cos 8 + a 8 sin 8)]
sine 

� ysin8-asin2 8+ a8 sin8cos8 

= - x cos 8 + a cos
2 8 + a 8 sin 8 • cos e 
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⇒ x cose + y sin e = a(sin2 8 + cos2 8)

⇒ x cos e + y sine = a

⇒ x cos e + y sine -a = o

3Til, � � � � � = I-al

.Jcos2 e + sin2 8 

(·: sin2 + cos2 e = 1)

= I-al =I-al
J1 

(·: cos2 8 + sin2 8 = 1)

� 8 � � t1 3@: �����'CR t1 

� &. � 'ij'@� m 'tit f(x)= 4 sinx-2x-x cosx i � � f(x)
2+cosx 

(i) fflR (ii) � ti

� utcR@-q f(X)� ! � f'(X)> Offl' 31R � � 11 f(X) � !I
�f'(x)<Offl'I 

l't-1' � t, f(x) = 
4sinx-2x-xcosx

2+cosx 
= 4sinx-x(2 +cosx) = 4sinx

2+cosx 2+cosx 
X � � 3Ti:fcfRiA 'ffi 'CR, 

x(2+cosx) 
2 +·cosx 

f'(x) = 4 {(2 + cosx) cosx -sin x (0-sinx)} _ 1
(2 +cosx)2 

4sinx 
X 

2 +cosx 

= 4 {2cosx+cos2 x+sin2 x}_1
(2 +cosx)2 

(·:cos2 
x + sin2 

x = 1)

= Bcos x + 4 _ 1 = Bcos x + 4 -(2 + cos x)2 

(2 + cos x)2 (2 + cos x)2 

Bcosx+ 4-4-cos2 x-4cosx 
=-------:::---

(2 + cosx)2 

� 'GJFffi t fcp -1 S cosxs 1 

4cos x -cos2 
x cos x( 4-cos x) 

(2 + cos x)2 (2 + cos x)2 

4-cosx> OalR(2 + cosx)2 > O

f'(X)> Ovftf COSX> 0 
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(ii)��� 
f'(X)< Oufir C0SX< 0 

. 
( 7t 37t) .x

:!., 

:. � 2' 2 
� f(x) � t? 

RQ.f 7. afcRR;r'ijT<J�faR'tft/(x)=x3 +�,x*O���
X 

(i)q'-fqr;J
(ii) lffP'Rtl

ffl � TfllT t, f(x) = x3 + ; 

X � �� � ffl W, 

f'(x) = 3x2 - � 
x

4 

(i) f(x) � t � f'(x) � 0

(x2)3 � 1

x2 � 1 => XE (-oo, -1] U [1, 00] 

:. (-oo, -1]u [1, oo)-if 'lJT X< -1 3lR X> 1� � f� ti 
(ii) f(x) � t � f'(x) s 0

-1S XS 1

:. -1< X< 1� � f � ti

� 8. � x2
2 + y

2 

= 1 � o@tffl � � � q;J � � 'ij@ 
a b2 

�����q;r�fimt1 

i:ltwJ "JfA � fcl> � cf>T tt4'cf>-<01 � + � = 1 t. mf � � P � W 
a b

(acos8, bsin8) ti 
p� PM.LOX� afR� 3TI1) ���ow�. mf &APO 
� tl'1�41§ �� t, "JfA � fcl> S � � t, mf
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y 

P(a cos 8, b sin 8) 

X+' ------......,..,,.......;--X 

A(a, 0) 

Q(a cos 8, - b sin 8) 

S = 2 x _! x AM x MP= (QA - OM) x MP
2 

= (a - acos8) • bsin8 

=> S = ab (sin8 - sin8cos8) = ab ( sin8 -i sin28)

8'ij> mQ'l!l � 'ffi 'tR, 
dS = ab (cos8 - cos28)
d9 

�: 8 'ij> mQ'l!l � 'ffi 'tR, 
d 2

; = ab (- sin8 + 2sin29) 
d8 

� � � � 'ij> � dS = 0 ffl 'tR,
d8 

=> case = cos28 => 28 = 21t -e => a = 21t 

3 

(
d 2

;) = ab [-sin 21t + 2sin (2 x 21t)]d8 
8

= 2x 3 3 

=ab[-sin( 1t -1)+ 2sin ( 1t + 1)]

= ab ( -sini - 2 sin i) 

=ab ( - :-
2;3 )=ab (-3;3) 

= -3/aab <O
2 

\jfifa=21t=" ms�t 3 �•. 

[
·:sin( 1t -i) = si

�
i

] . ( 1t) -Sln1t sin n+ 
3 = -

3
-
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3fR S � � llR S = ab (sin 2 7t _ _! •2 sin 2 7t cos2 7t)
3 2 3 3 

(·:sin 29 = 2sin9cos9)

= ab [ sini - sin i x ( - cos i)]

(. 7t . 7t 7t) (./3 J3 1)=ab sin-+s1n -cos- =ab -+-x-
3 3 3 2 2 2 

=ab (
2./3;./3)= � ab 'Pf�

3@:,� flf� cpl�� 3./3 ab cJ1f � t1
4 

� 9. 3ti4dlcfil{31lttRq 3ti4dlcfiR �'q,1'2"ifilffl'U.8-ifi3 3tF«Ff'q,1'�fciRT 
�cffiicfftcfiT��t.�icfft��if 31lttR��,70tirr2 ·�
"tR? 45tirr2 � 3llm t, 'ffl � � � � icfft q,'t ffl1@' � t?

'i{{wf lJR� � � � xlft 31R� y lft t "fl!ijl � c6l � 2 1ft ti

X 

:. �cpl� =2 X XX y

⇒ 2xy= 8 

⇒ 4 xy=4 ⇒ y=­
x 

�:, 3TI'clR q;J � = xy= XX�=4 

A 

�t. �qij�=81fi3 ) 

... (i) 

� "tfR fclRm cJ;J � =2x + 2y+ 2x+ 2y = 4x+ 4y= 4(x+ y) 

� � 7Tm t f<li ffi � � lf 3TI'clR � � f 70/ift2 3lR cfiqm lR
f 45/ift2 

cim 31@l t1
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�. � q;J «n:J, C=f[70x xy+ 45x 4(x+ y)] 
=f[70xy+ 180(x+ y)] ... (ii) 

� (i) � yq;JlJR� (ii) -q�lR, 

C = 70 X 4 + 180 ( X + �) = 280 + 180 ( X + �) ... (iii) 

X � ffilff � � lR, 

,:Z =O+ 1ao(1-; )=1ao( x2 ;
4

)

�c2PJ�� dC =O�lR
dx 

, 

=> 

=> X=±2 

X=2 lR, dC 31lAT � '?fi.Ullciict> � � � 'q,«fT ti 
dx 

:. x = 2 lR C � t'I 

���-;:ff:Ullciiqj�9©�t�, � X=-2��) 
x=2 afR Y=�=�=2 

X 2 

�. ��2lft �cm;ftlRt'I 

� (iii)��-q�«n:J 

= t [ 280 + 180 ( 2 + ; ) ] = f [280 + 720) = f 1000

� 10. � � • � � � -qftqrqf cfiT 'tff1T k t, � k � � 'tt fir.;�� 
'm; �'q;f'tfflTf;fi::rnqt, ��cfft ��cfft�cfft�t1 

ffl lJR � fcf> q°1f � � X afR f c[tl' ��ti 
:. c[fl � � = 2w afR cf1t q;J � = 4x 
�� k-21U1G�1 t:?, 2w+ 4x=k => x=--

4 

A=x2 + 1tf2 =(
k-:

1U
r + 7U2 =c�}k 2 ...:4k1U+ 41t2,2 )+ w2

r � ffilff � � lR, 
dA 

=
(J.-) (-4k1t + B1t2,) + '2w

dr 16 

... (i) 
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d 2 A 1 2 1t2 

-=-(0+ 81t )+21t=21t+ ->0 
dr2 16 2 

� 3fR° � lfA "ij> � dA = 0 M 'R,
dr

2 

31ir, 

21tf_ 4/m + 81t r = 0
16 16 

( 
n2

) kn r2n+2
=

4 

r= (¥) =-k-
2 n2 8+27t 1t+ --

(d2A) 
dr2 (r=-k ) 

= 
� 

8+2it 

:.ufilr=-k-"ID, m A�"ID11J 
8+27t 

afR-� "«'ft (i) if m �. 

... (ii) 

X= k-21tf =..!_ (k-21t x-k-)= ..!_ (Bk+ 21tk-21tk)
4 4 8+27t 4 8+27t 

= � =2 (-k-)=2r 
8+21t 8+21t 

�(ii)� 

�. ufir <flf � � � � � � � m. m � � q;J m1T 
�"ID11JI 

SN.:r 11. �3lfl«r��lR���cm-lt�t1�cfil� 
'ttftqfq10lftt1�<1ffl��3tfttcfiijq�3tR���ctft�'i@ 
�I 

� lfA�fcl;���=f 1V 

:.3ITT@ � � � =2f afR" � � = X 
:.P= � =10 (� t°) 

D C 

� 2x + 2r + ..!. (21tf) = 10 
2 

� 2x= 10-r(x + 2) ... (i) X X 

�= lfA�fcl; AGWIT��q;r�t 
A 2r B 

.·. A=�q;r�+ 3Tfl@'cffl� 
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=..:!.nr2+2rx 
2 

A=_! (ef) + r[10-r(1t + 2)] 
2 

= _! (ef) + 10,-r
2

1t -2r2 = 10r- Jtr2 -2r2 

2 2 

�(i)"fl] 

r 'ij> 'ffl'Q!ff en � � cfR-) 'tR, 
dA -= 10 - w -4r ... (ii) 
dr 

10-1tf-4r=0 => 10=(4+1t)r

� ("i\ .x 
10 � d

2 
A 'C1"11 111, "1 r = -- '<�., 'tR, -:T = -5ff.Uilciicf>

4+ 1t dr 

=> r = ___!Q_ 
4 + 1t

�. vf{{ r = ___!Q_ m, 'ffi A 'cf>T � lJA � W1TJI 
4 + 1t

... (iii) 

:. � ctf1 � = ___!Q_ m, 'ffi ... (iv) 
4 + 1t

3fR am@ qfJ � � = 2, = 2, = 2 
X 

10 = �
4+1t 4+1t 

� (i) &RT am@ qfJ � � 

X = _! [10-r(1t + 2)] = _! [10-(___!Q_) (1t + 2)] 2 2 1t+4 

= 101t + 40-1011: -20; 
X = � =___!Q_ 

. 2( 1t + 4) 2( 1t + 4) 1t + 4 

� (iv)�] 

� � W1TJ vfiT � � t1 �. � ctfr � � t 

� = 2, = __gQ_I � = x = ___!Q_ 
7t+4 7t+4 
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� lfR���Aac�q;uiAC�P���WPRt�

PL .L AB = a 3lR PM l.BC = b

�: lfR � LAPL :d LACB = 8
AP= asec8, PC = b cosec 8

�: lfR � � q;ui � � l t, tfif
l = AP + PC => l = a sec 8 + b cosec 8, 0 < 8 < �

2 

8 � ffilff � ffi �.

dl = a sec 8 tan8 - b cosec 8cot8
d8 

�afR�lfR�� dl =0ffilR
d8 

=> asec8tan8 = b cosec 8 cot8

asin8 bcos8 sin3 8 b 

b 

--=-- => --=-
cos2 8 sin2 8 cos3 8 a C M 

b (b)l/3 tan3 8 = a => tan8 = a

d2l 3Tir, -
2 

= a (sec8 x sec2 8 + tan8 x sec8tan8)
d8 

A 

B 

- b [cosec 8 (- cosec2e) + cote ( - cosec 8cot8)]

= asece (sec2 8 + tan2 8) + b cosec 8 (cosec2e + cot2 8)

� 0<8< � t � �q;)o1�a\� 31jl1@ � mi)
2 

3lR a> 0, b> 0

d2l 
:. -

2
�t1 

d8

=>vfirtan8=(%)
1

'
3 

m, m l�tl

:. I q;J � ltA = asec8 + b cosec 8
,J

8
21a + b213 • ,J

8
213 + b213

= a 113 + b 113 
a b 

E a113 

G

b113 
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= .Ja213 + b213 (a213 + b213 ) = (a2l3 + b213 )312 

··M=FG-q sec8=----�cosec 8=-v-�_ 
[ 

. .J8213 + b213 18213 + b213
] · , 

8113 b113 

� 13. o-{��cfil"ij@�m"tltf(xr= (x-2)4 
(x+ ))31RT�� /7fif, 

(i) ���t,
(ii)���t,

(iii) ���t,

(i) � � � � f' (x) � m :1£01ic-lic6 � � -q qftcmfu � i,
oGJ f(x) � � � �� q;r� i,

(ii) � � � � f'(X) � m � � :f!Ojjf'icp q qftcffifu � !,
oGJ f(x) � � � � � q;r � !1

(iii) � � � � f'(x) � � � � � !, oGJ f(x) � � �
��i,

� � l'fln '(1ifi<f>'1°i 't, f(x) = (x -2)4 (x + 1)3 

X c$ � � ffl lR, 
f'(x) = (x - 2)4 3(x + 1)2 + (x + 1)3 4 (x - 2)3 

= (x - 2)3 (x + 1)2 {3(x - 2) + 4(x + 1)} = (x - 2)3 (x + 1)2 (7 x - 2) 

am: f'(x) 11@ c); � � 1R � 'ti 

� 3fR � 1lFf c$ � f'(x)= 0 ffi lR, 
� (x - 2)3 (x + 1)2 (7 x - 2) = 0
� X=2,-1} 

7 

X=21R, 

f'(x) (X -2)
3 (x + 1)2 

X�<2 -ve + ve 
X�>2 +ve + ve 

(7x -2) -qftumr 
+ve -ve
+ve + ve 

:. f'(x) ?tt0iit1i<t> ,a � � � t' am: x = 2 lR � � m7TII 

X=- 11R, 

f'(x) (x -2)3 (x + 1)2 (7x -2) 1'ftvnif 

X�<-1 -ve + ve -ve +ve
x�>-1 -ve +ve -ve +ve
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:. f'(x)3fCAT_� ��tam: X=-1"CR ��ml

2 X=
?

"CR,

f'(x) (X -2)3 (X + 1) 2 (7x -2) 

X�<� -ve +ve -ve
7 

xftf�cf> � -ve +ve +ve
7 

� 

+ve

-ve

:. f'(x) 3fCAT � � � ?fiOllt'icf; -q � ti �. X = 2ll � 
�q;y � tI �. � ��,� xq;JlfA-1 "CR��t 
X=-1� f'(x) 3fCAT ���ti 

Jl1FI 14. f(x)=cos2 x+sinx,xe[O, n) l3U � � f cfiT f.RqsJ � • 
�1'R'ij@'�I 
� � t, f(x) = cos2 x + sinx, xe (0, n) 

31ii, f'(x) = 2 cosx (-sinx) + cosx 

= - 2sinxcosx + cosx 

� � � lfA � � f'(x) = 0 ffi "CR, 
-2sinxcosx + cosx = 0

cosx (-2sinx+ 1) = 0

0 . 1 COSX= � SIOX=-

Jt Jt � X=
6

1
2 

�� � � � � lfA � �. � 

X= O"CR, 

X=� "CR 
2 , 

X= JtlR, 

f(0), {i} f (i} f(1t)$Rf � t

f(0) = cos2 o + sin0 = 12 + 0 = 1 

f (i) = cos2 (J) +sin;= 02 + 1 = 1

f(Jt) = cos2 1t + sin1t = (-1)2 + o = 1
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lNil 15. ��fcn�r��1J@�o@lffl��� <-1&14-tft4�
qft�4rt1

� llA�fcl;-���R��htl 

OA=h-r 
C 

� L\OAB-il, r2 = R2 
+ (h - r)2 

⇒ r2 = R2 
+ h2 

+ r2 - 2rh ⇒ R2 = 2rh - h2 

� q;r 31TlRA V = _:!_ 1tR2h
3 

= _:!_ 7th (2rh - h2
) = _:!_ 1t (2rh2 

-
h3) 

3 3 

h "ij;" 'ffl'Qlff � ffi 'CR, 

d\/ = ..:!. 7t (4rh - 3h2)
dh 3 

� � � llA "ij; � d\/ = 0 ffi 'CR 
dh 

⇒ 

�. 

4rh = 3h2 ⇒ 4r = 3h 

h = 4r
3 

d 2V 1 - = - 1t (4r - 6'7)
dh2 3 

(h 'I: 0)
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h=-lR, - =- 1t 4r-6X- =-(4r-8r)=-< 04r (d2V) 1 ( 4r
) 

1t -4rn 
3 dh2 

he� 3 3 3 3 

�h= 4r "ID, ffl V� m1TII
3 

3IB: � q;r 31Tl@;y � m1TII � h = 4r ����ti
3 

� 16. -qr-J� [a, b] 'tit��� f �VcfiR"tl fcfiri XE (a, b)*
� f' (x) > 0 t, m fir.;� fc6 (a, b) 'tit f � � � t1
� fGm t, [a, b] lR, f'(x)> 0

:. [a, b] lR, f � -slqcf>ct-i14 � t 3fR � 3tqcf>Wfl4 � mfq � ti
� f, [a, b] lR mfq ti 

llR � fcl> �. X2 E[a,b]� X2 >�, ml� ��lJR ffl GRT,
�CE [a,b]� � t fcl> 

f'(C) = f(X2
)-f(�)

X
2 

-� 

f(x2 )- f(x
1
) = (x2 

-�) f'(c)

f(X
2

)-f(�)> 0� fcp X2 
> �

3fR f'(x)> O⇒f(x2
)> f(�)

:. X
1 
< X

2 
� � ⇒ f(�)< f(x2

)

�(a,b)lR f��tl

� 17. � � fcf; � R � � � � afuim atfetq;aq � � � cfit
� � t1 3tf!lq;oq 3lJ?lcR 'ifi Wa �I

h�31RrfuRnqJa�q;y���RfuRn�ii'@�3@1ffi'
i13fGJ, 3'lt«AVq;)R3JRh�ttcn�����atUT�
����I

� llR �fcl;� �3@-ifuffi ��ht� xcZJmtl mr,

h2 + x2 = (2R)2 ⇒ h2 + x2 = 4R2 

ffi q;J 31TlRA = 1t (�) 2 X � 

(x)2 1 V=
. 
1t - •.h=- xx2h• . 2 4 

... (i)
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�<Jl�llR�� dV=O�·w
dx 

⇒ 21txh- 31tx2cota = 0 ⇒ x = 2h tana (·: x :;t 0) 
3 

3liJ �=21th - 61txcota

2h d2V 
x =

3
tana lR, dx2 = 1t (2h- 4h) = -21th< O

⇒ufif x=
2h tanam, "ill V�m11JI
3 

3liJ 00' = h - xcot a = h - 2h = 
�

' 
3 3 

.·. ffl q;J � 31l1«A

V = 1t ( 
2
; tana r ( h - 2

;) = 
2� 1th3 tan2 a

� (ll. �.19-24) Pti.tfc:lftaa � � mft � �I

� 19. � 1olft�� �M.flcfiR ictft'ij 314 ift-1 �ctft��Tt( ,m�t, qt
� � qft � qft cf.;� t

(a) 11U8� (b) 0.1 iu3�
(c) 1.1 lU3 � (d) 0.5 iu3 �

ffl (a) llR � � � � t � W, ffl "ff "1){ � � h 1ft t, War 1){ cJ;J
31l1«A V 1fr3 t

V = efh= 1t (10)2h = 100 1th
t � � � ffl W, 

dV dh dh -=1001t- ⇒ 314=1001t-
dt dt dt 

dh = 314 11ft3 fEtcT
dt 100 (3.14) 
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(a) 22 (b) � 
7 7

(c) '!. (d) -G
6 7

ffl (b)�t. X=t2 
+ 3t-83fR y=2t2 -2t-5 

t � � � ffl "CR, 

� "1flTT � (2, -1 )  tI 

dx 
= 2t + 3 3fR dy = 4t -2 

cit cit 

dy = dy X
cit =

4t-2 
dx cit dx 2t+3 

X::: 2 "CR, � (i) �. 2 = t2 + 3t - 8 => t2 
+ 3t -10 = 0

=> q + 5)(t -2) = 0=> t = 2 'lTT t = -5 

y=- 1"CR, � (i) �. -1=2t2 -2t-5=> 2t2 -2t -4=0 

(t-2)(t+1)=0 => t=2'lfrt=- 1 

tcJ;J�1JR2tI 

:. � (2, -1)"CR � � c8t> � ffl � � llcfU@T t 
(dy) _ 4x2-2 _ 8-2 _ 6
dx t =2 2 X 2 + 3 4 + 3 7 

�21. my=mx+l,�y2=4xcfit��mt�mc6flfRt 

(a) 1 (b) 2 (c) 3 (d) .!
2

... (i) 

����qsfjq;J���:qiJ'Tisfiyqfltrci1J@T� 

����I 

� (a) c8t> "CR�� cJ;J -H4'1ct>'<0i y = mx + 1 tI 

:.cft�� y�lfqtr@Jmtl 

r=4X ... (i) 
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�� y=mx+1cfw���t, Wf g_=m
y 

=> 2 y=-

"fl1i\ (i) ,'j y ijij 1!R m lf{, X = � = H�r =,,:,

:. ����<ft���� t (;I�) 
� � � y=mx+ 1 cffl � � cfR7TTI

� = m (-1 ) + 1 => ...!_ = 1 => m = 1
m rrf m 

�22. qAi2y+x2 =3��{l,I)'tf{�cfil�f
(a)x+ y= 0 (b)x-y= 0 
(c) x + y + 1 = 0 (d) x - y + 1 = 0

� (b)�7TlJTwt,

2y+ x2 = 3

� ffi �. 2 dy + 2X= 0 => dy = -X 

dx dx 

:. � � � � � � lJqU@1 

= (:
l,) 

= =� =1

:. (1, 1 ) � � qij '(1i{jqj'(Oj y-1 = 1(X -1)"lfr X -y = Q

� 23. qAi x2 = 4ycfil�(l, 2)�'8Tcfi'{�q@J�t
(a) X + y = 3 (b) X - y = 3
(c) x + y = 1 (d) x - y = 1 

� {a) � 7TlJT cfw t, x2 = 4y ... (i)

+JR�(�. Y1 ) w (i) � � t � � � (1,2) ���ti

� = 4y1 ... (ii)

� (i) qij X � �&{ � ffl �.

=>

dy dy 2X dy X 2x=4- => -=-=>-=-
dx dx 4 dx2

(dy) _ X1 

dx (X1 ,Y,l 2 

336



� � � (1, 2) � � � t1 

2 -Y1 = - � (1 -X,) � 2 - y1 = - � + 2
X, X, 

2 
Y1 =-

X, 

� Oi) afR (iv)�. x,2 = 4x � 
X, 

� (ii) �. y
1 

= x,2 = 2
2 

= 1
4 4 

... (iii) 

... (iv) 

<1SP Q) 'tR � (1, 2) � � � t1 x, = 2 afR y1 = 1 � 'CR, � Oii)
� � � � � 1l11<f mm t1 

y - 1 = - � (x -2) . 2 

y-1=-X+2

x+ y-3=0

� 24. �9y2=x3 llt���llt�cfif�3ltffl"«�3ffl:lffGRlffl 
t,t 

(a>( 4,
±

U 
(c) ( 4, ± �)

°{(ff (a)� 7Tl1T cuf> t, 

(b) ( 4, �
8

) 

(d)( 
±

4,U 
9y2 =x3 

18y dy = 3x2
dx 

dy = x2
dx 6y 

... (i) 

... (ii) 

1{R � ft; � (i) 1R � (a. P) l � 1R � 3Tffl � � ara:-m 
'iR@Tt,� 

... (iii) 
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� (ii) � (a. P) lR � � 'ijqU@T 
= -1 _ -1 _ -sp

(dy) -
a2 /(6P) - a2 

dx <a. P> 

am: cJs1> cf>l � � � � 3@:m 'iRlffl t1 

:. � � JJcfU@l = tan 45° m tan 135° = ± 1 

:. � (iv) �.
- sp = ± 1
a2 

-
a2 

=> P=+-
6 

lflfi OiQ -Ii II 'fij ""'ffi w, 9 (+ a; r = a'

a4 = 4a3 => a3 (a - 4) = 0 

=> a=0'lfra=4 

... (iv) 

... (v) 

vfif a=0, P=0, � � (0, 0) � � � t, � � t fcl; l
��q;)��q;Jcij'tl 
a= 4 ffl "CR, 
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