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CHAPTER

1 2 Differentiation

| IRE LYW JEE Advanced/ IIT-)EE
- @ P"@+P ) b P'®P
.9l Fill in the Blanks © Px)P'"®) (d) a constant

2. Letf(x) be a quadratic expression which is positive for all

[ 2x-1 . .9 dy _ the real values of x. If g(x) = f(x) + f'(x) + f"(x), then for any
LI y‘f[x2+1) and  f'(x)=sinx”, then - "= realx, (1990 - 2 Marks)
(@ gx)<0 b gx»>0
.................... 1982 - 2 Marks,
( )@ ew=0 @ £@ >0
2. If (%), g , (%), h.(x), r=1,2, 3 are polynomials in x b
such that f(a) =g (a)=h(a),r=1,2,3 3. Ify=(sinx)®¥"*, then I is equal to (1994)
A fH(x) f(x) (@) (sinx)@* (1 + sec®x log sin x)
and F(x)=| g, (x) g,(x) g,(x)| thenF'(x)atx=ais (b) tanx (sin x)anx= l~°°§x
(c) (sin x)®* sec?x log sin x
hl (x) h2 (x) h3 (x) (d) tan x (Sil‘l x)tanx— 1
.................... (1985 -2 Marks) 4 1fx*+y*=1then (2000)
3. Iffixy=log (Inx),thenf'(x)atx=eis.................... @ »"-20/Y+1=0 () w"+¢Y+1=0
(1985 - 2 Marks) © w"'+0)-1=0 @ p"+20:?+1=0

( 3 i
4. Thederivative of Sec_lb 21 : J with respect to [_ 5 Letf:(0,00)—Rand F(x)= j f(@®adt I Fx?)=x*1+x),
x -—

0
. then f{4) equals (2001S)
AEX= = 08 o, (1986 - 2 Marks) (@ 5A4 b)) 7 (c) 4 @ 2
2 6. Ifyisa function ofx and log (x + y) —2xy =0, then the value
5. Iff(x)=|x-2|and g(x)=f[fx)], then g'(x)=...ccccevrvnenrene. for ofy' (0) is equal to (2004S)
x>20 (1990 - 2 Marks) @@ 1 b -1 () 2 @ o
= dy 7.  Iffix) is a twice differentiable function and given that
6. Ifxe"y=y+ SIn“x, then atx=0, ;= .................... f(l)= 1;ﬂ2)=4,f(3)=9, then (2005S)
(1996 - 1 Mark) @ f'()=2for v xe(1,3)
®) f"(x)=f"(x)=>5 for somex € (2, 3)
I: 38 True/ False © f'x)=3for v xe(2,3)
(d) f"(x)=2 forsomex e(1,3)
1. Thederivative of an even function is always an odd function. 22
(1983 - 1 Mark) g, d—;‘ equals (2007 -3 marks)
'y
(ol MCQs with One Correct Answer »
2 e @
1. If y2 =P(x), a polynomial of degree 3, then @® kdxzj ®) k J
( ) 2 2
22 Ly —yJ equals (1988 - 2 Marks) © (@\ (@) (a%y \( )
al al (e &)
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9. Letg(x)=logf(x) wheref(x)is twice differentible positive
function on (0, oo ) such that f(x + 1) = x f(x). Then, for
N=1,2,3,...... (2008)

(el
@) —4{1+%+ 2L5+ ..... +m}

(b) 4 1+l+i+ ..... +;
9 25 (2N -1)?

© -4 1+l+l+ ..... +;2
9 25 (2N +1)

(d) 41+l+i+ ..... +;2
9 25 (2N +1)

10. Let f: [0, 2] —> R be a function which is continuous on
[0, 2] and is differentiable on (0, 2) with f(0) = 1. Let

2
F(x) = I f(\/;)dt for x 6[0,2]. If F(x) =f'(x) for all
0

x €(0,2), then F(2) equals (JEE Adv. 2014)
@@ ée*-1 b) -1
() e-1 @ e*

1 » I MCQs with One or More than One Correct

1. Letf: R > R,g: R > Radh: R »> R be
differentiable functions such that f(x) =x3+ 3x + 2, g(f(x)) =
xandh (g(g(x)))=xforallx € R.Then

(JEE Adv. 2016)

1
(@ g'(2)=g () h'(1)=666
(© h@O)=16 (d h(g3)=36

E Subjective Problems

1.  Find the derivative of sin (x2 + 1) with respect to x from first
principle. (1978)
2. Find the derivative of

zx;l when x #1

—— when x =1
3

atx=1 (1979)
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Given y= +cos? (2x+1) ; Find ?. (1980)
X

Sx
3(1-x)?
x sin x> X g WY
Lety=e + (tan x)* . Find i (1981 - 2 Marks)
Let fbe a twice differentiable function such that

S"(x)==f(x),and f'(x) = g(x), h(x) = [/ () +[g(x)]°
Find 2(10) if h(5)=11 (1982 - 3 Marks)
If o be a repeated root of a quadratic equation f{x) = 0 and
A(x), B(x) and C(x) be polynomials of degree 3, 4 and 5
A(x)  B(x) C(x)
respectively, then show that | 4(@) B(a) C(a) | js
A'(a) B'(a) C'(a)

divisible by f{x), where prime denotes the derivatives.
(1984 - 4 Marks)

Ifx =sec® —cos 9 and y = sec” O — cos” 0, then show

2
d
that (x* + 4) (ay] =n?(y® +4) (1989 -2 Marks)

Find 4 atx=-—1, when
dx
. T
sin| —x _
(siny) (2 ] + g sec”™ (2x) + 2 tan (In(x +2)) =0
(1991 - 4 Marks)
2

ax bx c
+ + +1
(x—a)(x-b)(x—¢c) (x-b)(x-¢c) x—-c °

vy 1( a b c
prove that —— =7 + + .
y x\a-x b-x c—-x

If y =

(1998 - 8 Marks)

|: 3 Assertion & Reason Type Questions

Let f(x)=2 + cos x for all real x.

STATEMENT - 1 : For each real ¢, there exists a point ¢ in
[¢, t + ] such that f"(c) = 0 because
STATEMENT -2 : f{t)=f{t+ 2r) for each real ¢.
(2007 -3 marks)
(a) Statement-1 is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1
(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1
(c) Statement-1is True, Statement-2 is False
(d) Statement-1 is False, Statement-2 is True.
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Differentiation

2.
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Let f and g be real valued functions defined on interval
(-1, 1) such that g” (x) is continuous, g(0)=0. g'(0)=0,
g"(0)#0,andf(x)=g (x)sinx

STATEMENT -1 : 1M [o(x) cot x— g(0) cosec x] =/"(0)

x—0

and

STATEMENT -2 : 1(0)=g(0) (2008)

(a) Statement - 1 is True, Statement - 2 is True; Statement
-2 is a correct explanation for Statement - 1

(b) Statement - 1 is True, Statement - 2 is True; Statement
-2is NOT a correct explaination for Statement - 1

(c) Statement - 1 is True, Statement - 2 is False

(d) Statement - 1 is False, Statement - 2 is True

Section-B ]33y V411333
2

Ify=(x+ \1+x2 )", then (1 +x2)zx—;+x% is  [2002]

@ ny (b -n» (0 -y d) 2x%

If f(y)=¢”, g(y) =y; y>0and
t

F(t)= [ f(t-y)g()dy, then 2003]
0

(@) F@)=te™’ (b) F() =1-te”'(1+1)

(© F@)=e' —(1+1t) (d) F@t)=te.

If f(x)=x",then the value of [2003]
FORALORIVAN )] D" rra .

ro-L£0 L0 L0, CVL0

(a1 (b) 2 (¢ 2n-1 o

Let f{x) be a polynomial function of second degree. If
AD=f(=1)and g,b,c areinA. P, then f'(a), f'(b),f(c)
arein [2003]
(a) Arithmetic -Geometric Progression

(b) AP

() GP

(d HP

d
,x>0, then Ey is [2004]

1+x 1 1-x

@ — O - © — (d

X X X 1+x

10.

11.

12.

| Bl Integer Value Correct Type

@ M-77

X

If the function f(x)=x> +¢2 and g (x) =f~! (x), then the

value of g’ (1) is (2009)
N _1( sin© )\ s s
= t —_— —
Let 1 (0) smLan mJ,where 4<9<4.
Then the value of —9—(£(8)) is (2011)
d(tan®)

The value of a for which the sum of the squares of the roots

of the equation X (a—2)x—a—-1=0assume the least

value is [2005]
@@ 1 (b 0 (¢ 3 @ 2
If the roots of the equation x% — bx + ¢ =0 be two
consecutive integers, then »% — 4c equals [2005]
@@ -2 (b 3 (© 2 @ 1
Letf: R — R be adifferentiable function having f(2) =6,
1 Sx) 43
'2)=| — li dt 5
f'2) (48)Then xgnz ! ~—2 equals [2005]
@ 24 ) 36 © 12 d 18
x
The set of points where f(x) = ) x] is differentiable is
@ (0,000 (0,0) (b) (-~ (-1,x)
(©) (—e0,) (@ (0,) [2006]
m _n m+n dy .
If ™ y" =(x+y)™" ,then —= is [2006]
dx

pd X+y x
(@) (b © xy @ =

x y

Let y be an implicit function of x defined by x2* —2x* cot y
—1=0. Then y'(1) equals 12009]
@ 1 (b) log2 (¢) —log2 d -1
Letf: (-1, 1) > R be a differentiable function with f{0)=—1
and f* (0)= 1. Let g(x) = [f(2f (x) +2)]?. Then g’(0) =|2010]
(@ 4 (b 0 () 2 @ 4
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d2x . . . vy 1
13. dy_2 equals - [2011] 15. If g is the inverse of a function fand f'(x)= s then
» g'(x) isequal to: [JEE M 2014]
® (dZyJ (dy )_3 ®) d’y (ﬂ)_z
C) R R B 2 1 5
ax ) \dx " A @ —— ®) 1+{g(x)}
1+{g(x)}
_ -1
(2% (9)3 ay © 1+ @ sxt
© dx® \dx O dx? 16. Ifx=—1andx =2 are extreme points of
p f(x)=alog|x|+Bx* +x then [JEE M 2014]
14. Ify=sec(tan”lx), then Ey atx=1isequalto: 1 1
o= 2, =—-—= o= 2’ ==
[JEE M 2013] @ P=-3 ® P=3
1 1 _ 1 _ 1
@ 7 ® 5 (© 1 @ 2 (©) a——6,B—5 () a——6,B——5
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Differentiation

Section-A : JEE Advanced/ IIT-JEE

2+2x-2x% (2x—1]2

1) n i Zero 3. e 4. 4 5. 1 6. 1
B 1. T
C 1. ( 2. (b) 3. () 4. (b 5 () 6. (a)
7. () 8. () 9. (a) 10. (b
D 1. (b,o)
) -2
E 1. 2xcos(x”+1) 2. 5
3. é —2sin(4x+2),ifx<1 ; —é. —2sin(4x+2),ifx>1
3 (1-x)? 3 (1-x)?
4. e“ir”‘3 [sinx3+3x3 cosx3]+(tanx)x [ = +10gtanx} 5 11 8. 0
sin 2x
HL & 2 @
I 1. 2 2. 1
Section-B : JEE Main/ AIEEE
1. (@ 2. (© 3. (d 4. (b) 5 () 6. () 7. (d)
8. () 9. (0 10. (a) 1. (@ 12. (a) 13. (0 14. ()
15. (b) 16. (a)

| 2L JEE Advanced/ IIT-JEE

A. Fill in the Blanks

L 2+2x-2 in[Zx—l]z
(% +1)? x2+1

Given: y=f[2§_1];f'(x)=sinx2
x“+1

f,(2x—1) i(Zx—l)

X2 +1/ dx\x? +1
=Sin(2x—l]2.2(x2+l)—2x(2x—l)
x2+1 (x2 +1)2

sin[zx_l]2
x* +1
h®@) L) AE)

gi1(x) g(x) g3(x)
h(x) h(x) hk(x)

dy _
dx

_ 2+2x-2x7
(2 +1)?

2. Giventhat F(x)=

Get More Learning Materials Here :

Where f/(x),g,(x), &,(x),r= 1,2, 3, are polynominals in x and
hence differentiable and
f@=gl@=h(a),r=1,2,3 .
Differentiating eq. (1) with respect to x, we get
A& L& £E
F'(x)=|g(x) 8((x) &)
h(x) h(x) Bk

) fH(x) f3(0)
gi(x) g(x) g@)|+ g(x) gx) g3(x)
h(x) h(x) kx| |[Ax) k(x) h(x)

@) f3(a) f@
g1(a) g(a) g(a)
h(a) m(a) m(a)

h®) L) [

+ +

F'(a)=

(D)
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ha) fr(@) fi0| |fla) fr(a) fi(a)
+gl(a) gi(a) g3(a)| +|&1(a) g(a) g(a)
h(a) mha) m(@)| |h(a) h(a) Hh(a)
F’(a)=D,+D,+D,
Using eq. (2) we get D, = D, = D, = 0 [By the property of
determinants that D =0 if two rows in D are identical]
F' (@)=0.
Given that

F(x) = log, (In x) = 2808 )
(log, x)

1 1
—x1 —-—1 1
log, x x —xlog, x . og,(log, x)

/1= (log, )°

1
;[1 —log,(log, x)]

(log, x)?

é[l —log, (log, €)]
SO g

1[1— log, 1]
e
1)?

];v= 1-x2

=l(1_0) =
e

1
e

Let u=sec'1( 3
2x° -1

Then to find du , we have
Vile=1/2
u=cos1(2x2-1)=2cos ! x

d_u= 2 v=1-x?

and

du

S)=1x-2|

= gW=f(f))=1f(x)-2|asx>20
=||x-2|2|=|x-2-2]| asx>20
=|x—4|=x—-4asx>20 g =1

Given: xe¥ =y +sin%x

Differentiating both sides w. r.to x, we get 3.

dy\ dy .
exy.l+xexy[ +x—)=—+2smxcosx
I ) T

Putx=0 = 1+O=Q+0 — d—y=l
dx dx
B. True/ False
4.
Consider ¢(x)= W , which is an even function

1.

Now, y(x) = ¢'(x) =

() Wehave y>=P(x),

o)

@

) M-S-195

EBD_7202

S = f'(=x)
2

y(-=x)=

W=—\y(x) s is odd.

C. MCQs with ONE Correct Answer
(1)

where P(x) is a polynomial of degree 3 and hence thrice
differentiable. Differentiating (1) w.r. tox, we get

2y% =P'(x) Q)

Again differentiating with respect to x, we get

&\, 4
2(5) +2y?=P (x)

112
Pr , d

2
Yy " 1
2 y i P"(x) [Using (2)]

2
= 4y % =2y’ P"(x)-[P'(0))*
2
= 4° ‘;x_; = 2P(x)P"(x)~[P'(x)]* [Using (1)]

2
= 2y} l_; - PP -5 [P

o . )4 ( d_2y\
Again differentiating w.r. to x, we get dx\y i J

= P"(x)P(x)+ P"(x)P'(x)— P'(x)P"(x) = P"(x)P(x)
Let f(x)=ax*+bx+c
As given thatf(x)>0, V x e R
a>0andD<0
= a>0and b?—4ac<0
Now, g (x) =f(x)+f" () +f" (x)
=ax’+bx+c+2ax+b+2a
=ax’+(2a+b)x+(2a+b+c)
=a+b)y*—4aRa+b+c)
=4a2+ b? + 4ab—8a? —4ab—4ac
=b2—4q2 —4ac=—4a*+ b*—4ac
=(—ve)+ (—ve) =—ve [Using eq. (1)]
Alsoa>0from (1),
gx)>0,V xeR

tanx

Here, D

y = (sinx) = logy = tan x.logsin x
Differentiating w.r.t. x,

1 dy 2 . 1
—a =sec” xlogsinx+tan x.——.cosx

y sinx

tan x

= Z—y =(sinx) " [1+ sec? xlogsin x]
x

®) x2+y2=l:2x+2yy’=0:>x+yy'=0

= 14"+ =0+ ()2 +1=0
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5. (© F@= J' f(t)dt and FO2)=x2 (1 +x)

8. @

9. @

Get More Learning Materials Here : I

0
F'(x)=f(x)
But F'(x2) . 2x=2x+3x2

= F'(x2)=(2+3XJ
2

2+3x2 8

= =T

log (x+y)=2xy whenx=0theny=1
Differentiating w.r.t. x

=4

1 [l d_y]_2y+ 2xdy
x+y dx dx

x+y

Letus consider the function g (x) = £ (x) — x?

so that
g()=f()-12=1-1=0
g()=f(2)-22=4-4=0
g(3)=/(3)-3*=9-9=0

Since f (x) is twice differentiable we can say g (x) is

continuous and differentiable everywhere and

g()=g(2)=g(3)=0

By Rolle's theorem, g’ (c) = 0 for some ¢ €(1,2)
and g'(d)=0 forsome d €(2,3)
Again by Rolle's theorem,

g2"(e)=0 for some e e(c,d) =>e €(1,3)
= f"(e)-2=0o0r f"(e)=2 forsome x €(1,3)
f"(x)=2 for some x €(1,3)

d*x _d(dx)_d(dx) dx
dzy dyLdyJ dedyJ dy

d|l 1 1 1 d*y 1

—| == X5 =- X x

dx (d_J’) & dy 2 ax? (ﬂ)
dx dx (g) dx

=_(d_y)‘3&
dx)
Given that g(x)=logf(x)=> g (x + 1)=log f(x+ 1)

= ghx+tD=logxf(x) [ fx+tD)=xf(x)]
= gx+1)=logx+logf(x) = glx+1)—g(x)=log(x)

1
= g'(x+l)—g'(x)=;

=> g'(x+D-g"(x)= —x%

1
-, we get

Putti =x—
utting, x = x 5

10. ()

1.

Topic-wise Solved Papers - MATHEMATICS

= g"(x%)—g"(x‘%) =_( _lé)f(zfl)z
Puttingx=1,2,3 ......., Nwe get
o(3)-=()-% 0
JERC A
o(3)-= ()% @

g"(N‘l'l)—g"(N—l):_ 22
Adding all the above equations, we get

"(N 1) u(l) _4 1+L+L+ +—1
SRRV ELRUY 32 52 (N -1)?

2

)= [ f(t)ar for x<[0,2]

f(x)2x
x)=f"(x)Vxe(0,2)
S,
O
S Inf()=x2+cf(X)= ¢ = ¥ o
Asf(0)=1=>1=¢°

f(x)=¢"

x2 2

So F(x)= [ e'dx=¢" -1

=> F'(x
Now F'

)=
(

= f(x)2x=f"(x)=>

F(2)=¢€*-1

D. MCQs with ONE or MORE THAN one Correct
(b, ) fix)=x3+3x+2=>f'(x)=3x2+3

@

(b)

Alsof{0)=2,f(1)=6,f(2)=16, f(3)=38, {6)=236
Andg(fx))=x=g(2)=0,g(6)=1,2(16)=2,2(38)=3,
g2(236)=6

g(fx)) =x=g' (fix)). f'(x)=1

For g'(2),f(x)=2=>x=0

.. Putting x =0, we get g'(f(0)) f'(0)=1

1
=>g@)= 3

h (g(g(x))) =x = h'(g(g(x))). g'(g(x)). g(x) =1
For h'(1), weneed g (g(x))=1
=gx)=6=>x=236

.. Putting x =236, we get

GP_3480
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Differentiation ® M-S-197
1 1+h-1 I
h’' 236))]= —, , +—
(BN~ y(e236)£'236) |20 m? 704 m+5 3 L
= lim P 3
1 h—0 h — lim 2k~ =3k >
=h'(g(6))= g'(6) g'(236) h—0 h
h 1 (1) f !
’ - — ! ! +_
==y ge) ~FOTO =3T3 2% _fjm X
= lim = lim 71—03(2h—3
=6x 111=666 B0 h h—03h(2h-3)  h>03( )

(© hlge)]=x
Forh(0),g(gx))=0=>gx)=2=x=16
.. Putting x =16, we get
h(g(g(16))=16
=h(0)=16

(d hlglE)l=x
For h(g(3)), weneed g(x)=3 =>x=38
.~ Putting x =38, we get
h[g(g(38))]=38 =h(g(3))=38

E. Subjective Problems
1. Letf(x)=sin(x?+ 1) then

sin[(x +8x)2 +1] - sin[x? +1]
ox

)= li
SO= 3

( (2% +(Bx)% + 2x6x+ 14+ %% +1

= f'(x)= lim 2cos\
8x—0 2

(%2 +(6x)% + 2x8x +1-x2 —1

| sink 2

ox

2 2
2cos l:x2 +1+ x0x+ (6;) }sin l:(ﬁx) + 2x6x}

2

= 1'
axlglo [6x+ 2x]
dx 5

(6x+2x
X

2

2

ox +2x

i {(z‘»c)2 + 2x6x}

=2cos(x? + 1) lim

8x—0 {(Sx)z T 2x6x} 2

2

2
=2co0s(x2+1) x1x 7x=2xcos(x2+l)

x-1 x#z1

2 _ >
2. f(x) 2); Tx+5

—— , x=1

3

S X == }}ino%)_f(l)

Get More Learning Materials Here : I

=-2/9
Sx
31-x|
(Clearly y is not defined at x = 1)

We have, y= +cos? (2x+1)

+cos? 2x+1), =x<l1
31-x)

S5x
3(x-1)

+cos? 2x+1), x>1

SO0 4, 5
dy <3 (1-x)

dc |5 (x-1)-x)

—2sin(4x+2), x>1
3L (x—l)2 J
5 .
g " 3 —2sin(4x+2), x<l1
or Q=< ( —X)
& |3 3 —2sin(4x+2), x>1
3(x-1)

. 3
We are given y = ¢*""* 4 (tan x)*
Here y is the sum of two functions and in the second function

base as well as power are functions of x. Therefore we will
use logarithmic differentiation here.

Let y=u+v
3

where  u =" ..(1
and v=(tan x)* .2

@ _ d—u+ il .(3)

dx dx dx
Differentiating (1) with respect to x, we get

3
du =" .i(xsin x3)
dx dx
3
=" [3x3. cos x> +sin x3]

Taking log on both sides on equ® (2), we get
log v=x log tan x
Differentiating the above with respect to x, we get
1 1
1dv =x——.sec’ x+ 1.logtan x
v dx tan x

v _ (tanx)* [ '2x +logtan x}
dx sin 2x

@g www.studentbro.in
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du dv

Substituting the value of — gnd — 1in eq® (3), we get
g e med (3), weg

L4

3
o 5% [sin x> +3x° cos x|
X

+(tan x)* [ '2x +log tan x}
sin 2x

Given that fis twice differentiable such that
S () =—f(x)and f'(x) =g(x)

h () =[f(x)+[g )]
Tofind 4 (10) when 4 (5) =11.

Consider 2'(x)=2ff"+2gg'=2f(x) g(x) + 2g(x)f" (x)
[ &)= = g'¥)=/"X)]
=2f(x) g (x) +2g(x) (- f(x))
=2f(x)g(x)-2f(x)g (x)=
h'(x)=0,%x
= his a constant function
“ h(®)=11 = h(10)=11.
A(x) B(x) C(x)
Let F(x)=| A(a) B(a) C(w)
A'(a) B(a) C'a)
Given that o is a repeated root of quadratic equation

J)=0
We must have f(x) = k (x —a)? ; where k is a non- zero
real no.

If we put x = o on both sides of eq. (1); we get

A(a) B(a) C(a)
A(@) B(a) C(a)|=0
A'(a) B'(a) C'(o)
[ R,and R, areidentical]
F(x)=0
Hence (x — o) is a factor of F (x)
Differentiating eq. (1) w.r. to X, we get

A'(x) B'(x) C'(x)
F'(x)=| A(a) B(a) C(a)
A(a) B'(a) C'(a)
Putting x = o on both sides, we get
A(@) B'(a) C'(a)
F'la)=| A(@) Ba) C(a)|=0
A(@) B'(a) C'(a)

[as R, and R, are identical]
= (x — o) is a factor of F'(x) also. Or we can say
(x — a)? is a factor of F(x).
= F(x) isdivisible by f(x).
We have, x = sec 0 — cos 8, y = sec” 6 — cos” 0

Fo)=

= ﬂ= secOtan0 +sin©
do

=sec O tan O + tan 6 cos 6 =tan 0 (sec 0 + cos 0)

and % = nsec” ' OsecOtan®—ncos” ! O(—sinO)

=nsec” Otan®+ ntanBcos" O = ntanB(sec” 6+ cos” 6)

dy
dy _ 4@ _ ntan6(sec” 0 +cos” 6)
de  dx  tan@(secO+cos0)
do
or @ _ n(sec”" B +cos” B) )

dx (sec®+ cos0)
Alsox2+4 =(sec®—cos 0)?+4
=sec? 0 +cos20—2secOcosO +4
=sec? 0+ cos?0+2
(sec O + cos 0 )? 2
andy?+4 =sec” 0 —cos" 0 )2 +4
=sec?” 0 + cos?" @ —2 sec” 0 cos” 0 + 4
=sec2"@+cos"0+2
= (sec” @ + cos” 0)2 ()
Now we have to prove

2
2 dy\” _ 2.2
(x +4)(a) =n“(y° +4)

2 N (sec 0+ cos” 6)

LHS =(secO+cos0)”. 3
(secH+cos0)

[Using (1) and (2)]
=n? (sec” © + cos” 0)?

=n2()2+4) [From eq. (3)]
=RHS
We have given the function
. ™
sim| —
(siny) ( 2 ) + %sec‘1 (2x) +2*an [In (x + 2)]=0
(1)
Forx=-1, we have
. T
smf ——
(siny) ( 2) + gsec_l(—Z) +2tan[In (- 1+2)]=0
= (siny)” +J§[2"] +lano=0» L -
2\3/) 2 siny 3
. 3
= siny=——, whenx=-1 (2
T

. ™
SIH(TJ
Taking In on both sides; we get
. [ mx .
Inu = sin (7) Insin y
Differentiating both sides with respect to x, we get

ldu = [nx) . dy . [nx)
——=—cos| — |Insin y + cot y—sin| —
udx 2 2 dx 2

Now Let u = (sin y)
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Differentiation ® M-S-199
sin{ = _ a " b + c
= %=(siny) [2) x(a—x) x(b-x) x(c—x)
. o n _ 1} a N b L€
x[zcos(2]1nsmy+sm(2]coty } -(3) T xla-x b-x c-x
Now differentiating eq. (1), we get H. Assertion & Reason Type Questions
dal sin(ﬁ) NE) 1 1. () Given that f(x) =2 + cos x which is continuous and
o siny) 27 |+ 7—‘2 differentiable every where.
2x\dx” - Alsof'(x)=-sinx = f'(x)=0 = x=nn
+2%(In2)tan [ (In (x +2)] = Thereexistsc € [t,z+m]for t €R
1 Such thatf'(c)=0
+2% sec? [In(x + 2)]—2 =0 - Statement-1 is true.
x+

Also f (x) being periodic of period 27, statement-2 is

sin( B) true, but statement-2 is not a correct explanation of
= (siny) ‘2 [—cos( ) Insiny statement-1. .
2 2. (a) Wehavef(x)=g(x)sinx
- d = f'(x)=g'(x)sinx+ g(x) cosx
+sin( )coty—y} = f(0)=g'(0)x0+g(0)=g(0) [ g'(0)=0]
dx Statement 2 is correct.
+ L +2% In2 tan(In(x + 2)) Also f"(0) = lim DACIFA U]
2xv4x% 1 -0 X
2% e [In(x +2)] lim g(x)cosx+ g'(x)sinx — g(0)
=0 x—0 X
x+2
- lim g(x)cosx—g(0) + 1im & '(x)sinx
Atx=—1and siny=—7, we get T x50 x x>0 X
_ g(x) cosx—g(0) .
= et | !
= (_ﬁ\ 0-(- 1)1/ (dy) x—>0 oy SIX xl_rﬁ)g(x)
L T J dx x=-1 X
B oo — lim 8X)0sx=g(0) g
i) \/5 x—0 smx
= lim [g(x)cot(x) — g(0)cosecx]+0
= —\/_—Ti/_\/n 3(3”] -%+%=0 = ﬂ} =0 x>0
33 X ax by - linr:) [g(x)cotx — g(0)cosecx]
2 x—>
9, y = ax + bx + ¢ +1 . Statement 1 is also true and is a correct explanation for
(x—a)(x-b)x-¢c) (x-b)(x-¢) x-c statement 2.
_ ax? N bx . l. Integer Value Correct Type
(x—a)(x-b)x-c) (x—b)(x-¢c) x-c
) 5 1. (2) Giventhat f(x)=x>+¢"'? and g(x)= f\(x)
ax x
= + + l) =
-2 (—b)x—0) (x 5 t—c then we should have gof(x)=x
2 2 > gf@)=x = g +e*?)=x
= + Diffe iati h si ith
G—a)(x—b)x—0)  x-b)x-0) ifferentiating both sides wit relspect to x, we get
=( a 1) 2 _ 3 g'(x> +e*'?). (3x +e¥'2. 2)—1
x—a (x-b)(x-¢c) (x—a)(x—b)x-c) .
= logy=3logx—log(x—a)—log(x—b)—log(x—c) > g'(x +ex/2) a1
' x/2
A 3 1 1 1 3x% +e S
y x x- :
_(l_ 1 ) ) (l_ 1 ) Forx=0, we get g’(l)=m=2
x x x-b x x-c
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M-5-200 @ Topic-wise Solved Papers - MATHEMATICS
. _ in0 .| . —1(sin®
2. =sin| tan™| 2= - ! [_) _
1y f(©) sm( an ( Toos20 sin| sin 030 tan 0
o ( sin 0 ) IR | x . daf (®) =1.
= sin| sin IL—J s tan” —=sin — “ Jtan®
\/sin29+cos29 Y x“+y

| 200 I JEE Main/ AIEEE

y=(x+\ll+x2 )

%zn(x+\/1+x2)"_l (l+%(l+x2)_l/2.2x);

1. (@

dy 2 -1 (\ll+x2+x)
DNyt 2 0

_ n(\/l+x2 +x)"
\/1+x2

4,
/ a
or 1+x25y=”y or 1+x2y1=ny
_Y ~ 2,,2_ 22
(J’I—E) Squaring, (1+x“)y,;” =n“y
Differentiating, (1+ x%)2 Ny, + y12 2x= n2‘2yy1
or (1+x?)y, +xy, =n%y
t
2. © FO=[ft-»g0)d 5.
0
t t
= _[ eV ydy = e’je_y ydy
0 0 6.
t t
colcveV —e V] = ot ve Vw0V
—e[ye e ]0 e[ye +e }0
_ Lt
=—¢ [te_t +e - 0—1] =—¢ {Hl—e:l
et
7.
=é —(1+1)
@ flx)=x"=r1)=1

Get More Learning Materials Here : I
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f(x)= ax? +bx+c
f)=f(-)=>a+b+c=a-b+corb=0

s f()=ax® +cor fi(x)=2ax

Now f'(a); f'(b); and f'(c) are 2a(a);2a(b);2a(c)
i.e.2a%, 2ab, 2ac.

= If g,b,c are in A.P. then f'(a);f'(h) and

f'(c) arealsoin A.P.

x=e?t T o x ot
Taking log.

1 dy dy 1 1-x
logx=y+ —=Z 4] > —=—-1=—=
ogx=y x:>x dx+ i x .

x2—(a—2)x—a—l=0

= a+Pf=a-2;ap=—-(a+l)
o?+B%=(a+B)*-2aB = a* —2a+6=(a-1)>+5
For min. value of a?+ B2 where a. is an integer

= a=1.
Let o, a +1 beroots

Then o+ o + 1 =b=sumofrootsa (a+1) =¢
= product of roots

b? —dc=Qa+1)? —da(o+1)=1.
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Differentiation ® Ms201 !
d
/) 3 12. @ &@W=2(f2f (x)+2))(—(f(2f(x)+2))J
1) 43 I 4 dt dx
. 1 _dt P 0— _ D D
8. @ Im { x_2 =lm——— =2fQ2f(x)+2)f 2/ () +2).2/ ()
\ — \ 1 _ D 2
Applying L Hospital rule = g'0)= 2/ QS (0)+2).f 2 0)+2)210) = 4£(O)(S(0))
; =41)(17=-4
.4 '
im BT ar)f @) =ax63x =18 i d (dx] d (dedx
X _ | — | = — — |—
B© w2 ) w\ay)ay
X
_, x<0 5
9. © s)={"% _df 1 e 1 a1 1 dy
ﬁ, x20 dc\dylac)dy QP a? b (@T dx*
dx dx dx
= x<0 14. (a) Lety=sec(tan"! x)and tan-! x=9.
= =107 = x=tan®
X x=>0

1+x)%°

) Thus, we have y =sec 0
f'(x) exist at everywhere.

_ 3 1T+Xx X
10. (@) xm,ynz(x+y)m+n = Y= Al+x
= minx+niny=(m+ n)in(x +y) (w sec?@=1+tan%0) A
Differentiating both sides. 1 1
= Q= -2x
ﬂ+£d_y=_m+n[l+d_y) dx 2\jl+x2
x ydx x+y dx
DL
N [ﬂ_m+n)=[m+n_£]d_y At x= sdx 2
X x+y x+y y/dx

15. () Sincef(x)and g(x) are inverse of each other

my—nx_(my—nx)d_y dy y
=

_7 . , 1
x(x+y)_ y(x+y) dx = dr  x - g(f(x))—m
1. @d x*-2x*coty—1=0

1
et ot L = g(f()=1+x" ( S)=— 5]
= — - =y— — = X
= 2coty x> 2coty=u » where u Here x=g(y)
Differentiating both sides with respect to x, we get , 5
) Ny g =1+{g(»)}
= _ 2cosecty P =1+ |
O ( uzj & = g@=1+{g)’
where u =x* = logu=xlogx 16. (@) Let f(x)=alog|x|+px?+x
Differentiating both sides,
1 au_ 1+log x du _ x
= U n = sz (1+logx)

f’(x)=%+2ﬂx+l

d _
We get—2 cosec? y Ey = (1+x72)x*(1+logx) Since x = —1 and x = 2 are extreme points therefore
f'(x)=0 at these points.

dy (xx +x_x)(l+logx)

: Putx =—landx=21in f'(x), we get
e 3 (1) '
—2(1+cot” y) —a-2B+1=0=>0+28 =1..()
Now when x =1, x2—2x* cot y— 1 =0, gives o .
1-2coty—-1=0=  coty=0 3+4B+1=0:>(x+8[5 ==2..(1)
From equation (i), at x= 1 and cot y =0, we get On solving (i) and (ii), we get
(1+1)(1+0) 1
! l:—:— 6 =—3:> = —— AR =
»O="5005 p B=-3 a=2
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