METHOD OF DIFFERENTIATION

EXERCISE - 1

Single Choice

1. ux)=7v(x) = uX=7v(x) = p=7 (given)

'
) u(x)
again V(%) =7= (m} =0= q=0;
+q  7+0
now —__=——=1
pP—q -0

4. multiply Numerator and Denominator by x™, x" and xP

respectively

5. Integrating both sides we gets f(x) =x>+C; f(2)=1
= C=-3
3x)=x>-3

= £3)=6 = f3) =435

6. flgx)]=x = f'lg®].[gx]=1
= f'"(A).g(2)=1 [puttingx=2]

10

given, f'(A)=

1+a’

, 1+a®
= g’ @=—]
a
Alternative g[f(x)]=x
gf].f'x=1
nowg(2)=a = f(A)=2
g and f are inverse of each other

now f(x)=2 = g2)=x=a
g'@.f'(A)=1

1 1+ a’
f!(a) alO

g'@=

HINTS & SOLUTIONS

8. f'(x) f'x)-fx) f"(x)=0
(f00) ~£Of" G0 _

or

(f'e0)’
aff
dx | f'(x) =0
. f(x) .
Integrating, Fi(x) = ()
£(0) 1
put x=0, TO):C = C:E,
£ _1
Hence Fi(x) =3
from (1) 2/(x) =/1(x)
')
fx) 2

again Integrating [ f(x)]=2x+k
putx=0to get k=0
f(x)=e*

9. g)=f(-x+f(f(x))); f(0)=0;f'(0)=2
g' x)=f"(—x+f(f(x)))[-1+f'(f(x))f'(x)]
g'(0)= f'(f(0))[-1+£'(0)-f'(0)]

=f'(0)[-1+(2)2)]
=(2)(3)=6

10 ()= (x= 1), (x= 20", (x=3)"*....(x—100) ™!
Take log & than differentiate we get

Now f‘(x):1.100+2.99 3.98 + 100.1
fx) x-1 x-2 x-3 x—-100
f'aot)
#1on) =14+2+3...+100=5050
faory 1

£'101) 5050

g(0+h)cos(1/h)-0 _ Lim g(h)cos(1/h)

11. f'(0)= %Lrgl N LI
= Lim &Lim cosl =g'(0) Limcosl =0
h>0 h  hoo h h—>0 h
g®=-g'x = g'0=0
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MATHS FOR JEE MAIN & ADVANCED

12.

14.

15.

18.

19.

21.

h''(x)=0

(12-m2+m?—n*+n2-1?)

— XL (m-n)n-1)l-m)

I+m L m4n n+l
X (m-n)n-1) (n-1)I-m) (I-m)m-n)

d
&(1)20

I
><O
I
—_

1
f'x)= X +mcos(mx)+C

1 1
1 = — 474+ = — 4 =
f'@=Z+n+C=2+n = C=0

f(x)=M|x|+sin(nx)+C'
f(1)=C'=0
f(x)=Mh|x |+ sin(nx)

2 3
Put cos ¢ = E ;sind = ﬁ ;tand = 3

y=cos ' { cos(x+¢) } +sin"! {cos(x — ¢) }
=cos ' {cos(x + ¢) + g —cos ' {cos(¢p—x)} (think!)
xS
=x+g+ T

T
y=2x+—= ; z= 2

b 1+x

T
now compute "~
D*(x) =21(x).f" (x)
D*(x Inx) =2x Inx (1 + Inx)

between two consecutive roots of f' (x) =0 the curve can
cut the axis of x atmost once
i.e. may cut or may not cut

FOO= Jx+2v2x — 4 t\x-22x—4
F(x)= \/ 2+J_ \/(\/E—\/E)2
= |[Vx=2+42] + [Vx=2 -2

for Jx—2 toexistx >2
Also,  x—=2 ++/2 >0 (always true, think ! why ?)
but Jx=2 =220 onlyif x>4

<0 onlyifx<4

2928

23.

24.

nowf (x) becomes
fx)=Vx-2 +2 - Vx-2 +2
for 2<x<4
=Jx-2 +2 +x-2 -2
for x>4
f(x)= 242, for2<x<4
= 24x-2,

7 fis continuous [2,4) U [
f'(x)=0,2<x <4

1
= \/XT’ 4<x<ow0

1 |
FA2)= 7022 " 10

10£'(102,)=1

for4<x<w

4,0) (verify)

Let f(x)=px®+qx+r
f(1)=f(-1) gives ptq+tr=p—-q+r

hence q=0
Hence f(x)=px>+r
f'x)=2px ...(>i)
Given a,b,careinA.P.
hence  2pa, 2pb, 2pc will also be in A.P.
or f'(A),f'(B), f'(C) willalsobe inA.P. = (D)
2x+2yy'=0
X
Xxtyy'=0 = y=——" ()
y
I+yy'+(y)?=0
L+ (Y’
y
. y" L+(yY)’
now k= 2 =T 32
(1+ () y(1+"?)
_ _ 1 1
y\/1+(y')2 \/ x? \/y2+x2 R
y 1"1‘72
y
=X o= X0ty
as X ab+ay+x
b+y
= aby+ay?+xy=xb+xy
dy dy
— 4 —_— =
= ab dx 221ydX b
dy b
= dx ab+2ay
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METHOD OF DIFFERENTIATION

25. n=2or 0 only

26. Degree of f(x)=n; degree of f'(x)=n—1
degree of f"(x)=(n—2)

hence n=(m-1)+(n-2)=2n-3
n=3
hence f(x)=ax’+bx*+cx+d,(a=0)

f'(x)=3ax>+2bx +c
£" (x) = 6ax +2b
ax3 +bx? + cx +d = (3ax? + 2bx + ¢)(6ax + 2b)

1
= a=—
18

18a2=a

28. We have y = 2x?
(AB)?=(xz—x,)*+ (2x; —2x3)* =5

or (XB_XA)2+4(X2B —Xi)2 =5

dx, -D

differentiating w.r.t. x, and denoting

XA

2(xy—x,)(D-1)+8 (X5, — X3 ) (2x,D~2x,)=0

put x, =0; x;=1
2(1-0)(D—1)+8(1-0)2D—0)=0

2D-2+16D=0 = D=1/9

30. for objective note that in y highest degree of x is 4 and

3
therefore d—}; is a linear function of x.
X

Which satisfies only in (D)

31, y= f()—f(2x)

y'=f'(x)-2{"'(2x)

y()=f'(1)-21'(2)=5 ..()

and y'2)=f'(2)-21'(4)=7 ...(i})

nowlet y=1f(x)—f(4x)
y'=1{'(x)-41'(4x)
y'()=f'(1)-41"(4) ....(iif)

Substituting the value of f'(2)=7+2f'(4) in (i)
f'()-2[7+2f'(4)]=5
f'(H-41'@=19 = @A)

34.

y=3e?—x

3e2-
let x¥Y=X X

27
f(x): X3e X

I (f(X)) =(3e’—x)Inx
1 3¢’ —x
L fi(x) = _
£(x) (x) 3 Inx
£ (x)=0
= 3e?-x=xInx
= 3e?=x(1+Mmx)

= x=¢? (by verification)

- f)=x
f'(x)=nx"!, f"(x) =n(n—1)x"2
peiain i

Nows- LR+ L) n' O
:1_13!+n(n2?1)— ........... n—::(l—l)“—o
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MATHS FOR JEE MAIN & ADVANCED

EXERCISE -2

Part # I : Multiple Choice

1. y=¢* & y=eTsinx
y'=—e*..(i) & y=—e*(sinx—cosx)...(ii)
equating (i) & (ii)
e™(1 —sinx + cosx) =0
e*=0
= 1 -—sinx+cosx=0
X X

= 2sin — cos —
2

X
= 2cos’
COS2 2

X . X X
2 |lsin——cos— =0
= 20052 ( > 2)

slope canbe —¢ ™2 & —e™. 9.

2. x=cost,y=®nt

dy 11
dx  t —sint

t'[_E t'[_E

atmy | ®7
dy |2 dy _ 12
dx | =« x =«

3. square both sides, differentiate and rationalise
1
5 2 t= B on(x*+y?)
1 NP P S
= E.n(x +y?) =sin" m
Case-1: When x20

= on(x’+y*)=2tan"' (%}

2 Xy'-y
(2x+2yy') = 2( 2 J

= 2 2
X +y y X
1+
X
, X+y
= Xy -yy'=xty = Y= %y

39
let y=xtan0; 0 € )

X tan O

sin™! o =sin! |7 47| = sin’!
/x2+y2 | xsecO|

11.

G:tanl[lj , x20
X

(isinOJ =
|x|

Case-Il : When x<0

On(x’>+y?)=-2tan’! (%)

Qx+2yy) -2 (Xy'—yj
2 2 = 2 2
Xty 1+% X
y(xt+ty)=y-x
y—X
y'= y+X

fix)=gx) = x=flg(x)
Differentiating both sides,

=

1
1=1(g(x)) g'(x) g0~ Pgx)

Now f(x)=2x+3

1 1
S0 g =700+3 = ED5a)+3

gof(x) =x = g(f(x)) f(x)=1
fix)=1 atx=1 & f(1)=5
g(f=1 = g(H=1/5

u=e*sinXx, v=e*cos X

= v(e* cos x + e* sin X) —u(e* cos X — e* sin x)
=e*sinx(v+u)+e*cosx(v—u)
=u(v+tu)+v(v-u)

:V2+u2

du )

—— =e*sinx+e*cosx

dx

again

d*u . .
o =e*sin x + e* cos x + e* cos X — ¥ sin X
X
d’u
dx?

Similarly other options can be checked.

2v
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METHOD OF DIFFERENTIATION

12. f(x)=(x>+bx+c)e

f'(x)=(x2+(b+2)x+ (b+c))e* 18. v = cos! VI+x* +1
f(x)>0 iff D=b2—4c<0 YT A ek
nowf'(x)>0 iff D'=(b+2)>—4(b+c)=D+4<0
Thus for f'(x)>0D+4<0 holds. = D<0 dy 1 1 1
= f(x)>0 &: | 1 2\/1+ 1 )
e I-| —+—F—— o
Note that the converse need not be true, e.g. b=c=1, 5 + ZW 2 21+ x2
f(x)>0butf'(-1)=0
2x
14. f'(x) =—f(x) e (i) )"
f(x)=g(x) (1))
() = (00) + (e(0)? e () L Y _AD
h(0)=2,h(1)=4 dx W "1, 4(1+x%)
2
Differentiating equation (ii) w.r.t. x 4 40+x%)
Differentiating equation (iii) w.r.t. X = ax ﬁ T4 /l+x2(1+x2)
h(x) = 26(x) . £(x) +2 g(x) . (%)
=2f(x) . f(x)-2f(x).f(x)=0 {F> gx)=—1(x)} - dy _ ;2
= h'(x) is constant dx  2|x|(1+x7)
= h(x) is linear function when  x<0
> h(0)=2 = h(x) not passing through (0, 0) dy 1
Let y=h(x)=ax+b dx  2(1+x%)
at x=0 when x>0
y=2=b = y=ax+2
at x=1 dy _ 1
a+2=4 dx  2(1+x%)
a=2 an (Anx)
_ 19, y=x*®
= curveisy=2x+2
My =(nx)"™ nx . 1)

an (Any) = An (A x). An(Anx) + An(Anx)

\/(\/ﬁ)zﬂ—z X1

15. f(x) = . 1 1dy _ 2n(Mnx) 1 1
\/X—l -1 —_—. — +
Any y dx nx X XX
‘«/x—l _1‘ [—x if xe[l,?2) _ 2%n(7;;x)+1
- X X \nx

\/ﬁq ’ x if xe(2,x)
d n

. W oYY dn(nx)+1) — b

X sm% if x#0 dx x Anx

17. f00= - .
0 if x=0 Substituting the value of Iny from (1)

Y _ ¥ 0™ 20 (dnx) + 1) — B
dx x
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MATHS FOR JEE MAIN & ADVANCED

Part # I1 : Assertion & Reason

1. Hint : Statement I : f(x) is constant function
Statement II : It is true

2. y=x?

&y
dx?

2

i 2 & 1
again X Gy =

AP
dy +Xdy2_

ex (@ ax
= X dyz =— dy = dyz =— 4X2
ay) (&
= dXZ dyZ ;tl
Statement-2 :
dy 1
7w dx
dy
Lody f_xd_Y__(ﬂIdz_x
dx’ dx ) dy’ dx dx) dy’
dy

4. Consider f(x)=x+sin x which is aperiodic

but f' (x) =1 + cos x which is periodic with period 2.

3.

EXERCISE -3

Part # I : Matrix Match Type

GV

B

©

D)

A

~—

B

>

f(x)=3x2+1 = f(x2+1)=3x*+1)*+1
f(x*+1)atx=0is4
1 1 log(logx)
=log, 1 =— S v
fx)=log,. log(x)=7 log (logx)=7 logx

ogn L1 _loglogt))
f(x)_l( lOgX X X

(1 - log-(log(X))] . Pe)=0
x(logx)

o [Li]

y= @ntan )
2(71 x)

S€C Z+7 1 1

1
2 (n x) .(n )_cosx
tan| —+ — sm| —+X
4 2 2

=S8eCcX

o

a4
dx

Hencep=0
f(x)=[x*—x2+x—1]sinx
fx)=|(x*+1) (x—1)|sinx
=x>+1)(x—1)sinx
=—(x*+1)(x—1) sinx
Now 28f(f())=0
. Atx=0
f(x)=—[2x(x—1) sinx +(x*+ 1)
sinx +(x2+1) (x—1) cos x]

whenx>1
whenx <1

41(0)=4
y=1(x%)

d_y — 3 2

. =f(x%).3x

dy

| =f(@1).3=9
dx | _, M

fixy) =) +f(y)
f(1))=f(1)+f(1)

f(1)=0

f(l)—f(e)+f(lj

(&

fle)+ f(l) =0
(5]

I3
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METHOD OF DIFFERENTIATION

© f"(x)=—f(x), f(x)=g(x)
S g =1 (x)=-1(x)
h(x)= ()’ +(g(x))
h (x)=21(x).1"(x) +2g(x). g'(x)
=21(x). g(x) +2g(x) (- f(x))=0
h(x)=c,xeR
h(10)=h(5)=9.

n
(D) y=tan (cotx) +cot (tanx), > <x<m

dy  —cosec’x -1 o

- = . sec?x

dx 1+cot’x l+tan’x
—1-1=-2

Part # II : Comprehension

Comprehension # 1
fix+y)—f(x)=1f(y)— 1 +2xy
= f(0+0)-1f(0)=1£(0)-1+2(0)(0)=f(0)=1
and f'(0)=1 (given)

Also fiG=lm f(x+1;)—f(x):ygé [f(h})l—l +2}>ﬂ
 lim —f(h);lf(o) +2x=£1(0)+2x

f'x)=1+2x
Integrate it
fx)=x>+x+c
fx)=x*+x+1 [f(0)=1=c=1]
1. ®nx’+x+1) — DomainR

2. y=log, (x*+x+1)

w

Nowx?*+x+1>—

n

hence range is (—oo, 1]

g0)+g0)
k

3. g0)= = 2g(0)=kg(0)

= g(0)=0(ask=2)

Xx+h
g( )-g(x)

g = lim ———
S g(X)Jlr gh) o(x)

h—0

h

i () —g(0

h—0 h

g(x)=Ax+c
= 2x)=Ax[g(0)=0]
Now  x*+x+1=2Ax
For concident pt. D=0
(1-2)32-4=0
= A=3,-1
Comprehension # 3

i fCa+h)—f-a)

= xX*+(1-A)x+1=0

1. LHD=

h—0" h
_ lim —“fe-h+f) ., fla-h)-fa)
h—0" h h—0" _h
» RED- lm T@=f@=h) f@-+fh-a)

h—0 h h

Since derivative of even function is odd & vice versa.

i fE0=fex—h) L fex—h)— f-x)

h—0 h h—0 _h
—f(—x) (i)

oo lim 0= =)
—h

h—=0

~f(x) ... (ii)

from (i) and (ii) f'(x) is odd function and hence f(x) is
even function.

Comprehension # 4

Y _ e[cos t + sin t]

. =etsin t 7
(i) y=e'sin :>dt

x=elcost = =e[cos t —sin t]

dt

dy cost+sint
=" =tana
dx cost—sint

b
tan| —+t | =
(4 j tan o

3
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MATHS FOR JEE MAIN & ADVANCED

sec’ (n+tj
iy 4y _ 4

dx>  e'(cost—sint)

dy|
dx?

t=0

(iii) F ()= [¢'(cost+sint)dt =e'sint+C

F(%)—F«D—(M”+CD—O—é“
Comprehension # 5

2x+5y-2 -5
YL 2 a1, )

Sol. —=——— =———""—=
5x+2y+1 8

of
0x
dx of
oy

<fyjl(§X)
= dx?  dx\ldx

(5x +2y+1)(2+5d—y)7(2x+5y7 2)(5+2d—y)
= dx dx

(5x +2y+1)

dzy

eyl
dx?

UJ)"zsé

=

For question 6

d
Slope of normal at (1, 1)=— d_x
Yy

W | oo

Equation of normal

8
y—1= 5 x-1) = 5y-5=8x-8

= 8x-5y-3=0

EXERCISE - 4

Subjective Type

10.

11.

Now

V5

(n+Dx" —(n+2)x"" +1
(1-x)’

2

fl(x): efo(X) :ex

frx)=eh = e

f,0=e

....... (n1)times (x)

similarly f (x)= e

dx
On differentiating it completely we get

Now %[ﬁ,(x)] =k (X).i(e‘@*l o)

. W
X

=1 (x). f(n_z)x .............. ()
| d__1
w = dz 2

dy _dy &z _dy

52
dx dz dx dz( z)

d . dy' dz dy d’z
— @)=L —=+2L =
dx ) dz dx dz dx?
d’y dy d’y
CY 2. 48y
dx? g iz 2 42
d*f 3 dy 4d2y
P — — + —_

= dx? 2z dz z dz?

2n

s ¢ . Cc,X
YT X, T (x—e)(x—¢,)

2
ciX

T (x—c)x-c)(x—c,)

2
X c,X C,X

x—¢, T (x_e)x—cy) | (x—c)x—c,)(x—cy)
x’ c,x’

Tx—e)(x—c,) | (x—c)(x—c)(x—c,)

I3
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METHOD OF DIFFERENTIATION

X3 X X X

- (x—c)(x—c,)(x—c;) T x-¢  Xx-c,

= Ony=@nx—®n(x—c,)+®nx—On(x—c,)

+ @nx — On(x —c,)

Differentiating both sides w.r.t. x , we get

Tdy (LU fr v gt 1
y dx X X—¢ X X-¢, X X—C

G Cy )

x(x-¢) X(x-¢,) X(x—c,)

C C c
= ﬂzl L 42 4 3
dx x |¢—-X ¢,—-X ¢,—X

12. 100
13. f(2x)=f'®)f"(x)
Let the degree of ‘f” be n.
Comparing highest power on both sides
n=n—-1+n-2=n=3
Letfix)=ax’+a,x’+ax+a,
f2x) =F(OF ()
(8210)(3 + 4a1x2 +2ax+a,)
= (3a0x2 +2ax +a,)(6ax+2a))

Comparing coefficient of x>

Sa,=18a2 = a = —
3= 1% =79
Rest all are zero
0= 2%
x) 9
_b
14. ab + 2ay
15. fx)=x*-4x-3 & f(x)=9
For x=6,-2
= x=0 (x>2)
Now y = f(x) = fly)=x
= gy)=x
dx 1 1

= g‘(y):d_yzng

16. cosec’x — (1/x?)

X —C;

17.

18.

19.

20.

zz'n(tanij
2

E_ 1
dx sinx
J dy —ﬂ %:ﬂ -

Now —=—. sin X
dz dx dz dx

2
dy i(gsm X)d_x

dz? ~ dx \dx dz

2 2
H = (sin xg+ cosxﬂj sin x
dz> dx? dx

2 2

+ sinx cosx &
dz? dx? dx

d’y _d’y dy

2 —

cosecx —=—,+cotx——
Yiz2 dx dx

Now put value from given equation

2

d
coseczx—z] +4ycosec’x =0
dz
d’y
+4y=0
iz Y

2
lirn10g| tan2x| _ imz[sec 2x tanx):1
x—0

x>0 Jog| tan x| sec’X tan2x

H'()=1,g'()=2,H)=1,g(1)=2

Lim HGO-20) —¢(x) HO) (9 formj
0

x>l sin(x —1)
- g()-H'(x)-H(@).g'(x)
= Lim ByL.H. Rule
x>l cos(x —1)

_ 2x1-1x2
- -

X sX tX

X, sX, +85,X LX +tX,

X, sX,+2sX,+Xs, tX,+2X+Xt,

[C,—>C,-5C,, C,—C,—1C)]

X 0 0
=X Xs, Xt
X, Xs,+2s8X, Xt,+24X,

Xs, Xt
X lxs, 125X, Xty + 20X,

3
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MATHS FOR JEE MAIN & ADVANCED

21.

22.

=x?

1 b
Xs, +2s5,.X, Xt,+ 2t1X1‘
(R, >R, -2 X,R))
Sy 4
Xs, Xt
and y = bt?

S 4

—y2 -3

S, I
x=at?

d—X*S t2 ﬂ*2bt
a g

. 1+2x
(@ y—tanl( - Xj,z—\/1+4x2
y=tan™' (1) +tan' (2x)
dy 2
dx  1+4x°
dz 1

=8
dx  241+4x>

dy 2 2W1+4x® 1
dz  1+4x*° 8x

 2x/1+ 4%
1+x% -1
(ii) y=tant | ————|,

T T

Z e (_E’Ej = X=tanz

secz—1
= y=tan!
secz

=

z =tan!x,

y = tan"! (tan z/2)

,_) _E<E<£
42 4

<
Il
NN

gle
N | —

26.

27.

30.

3s.

1 B 1
l+x+nyY 1+x

(A) Not differentiable at x=0
(B) Notderivable at x=+1/2

3

. F)=1(x). g(x)

Differentiating both sides w.r.t. x
F'(x)=1(x) g(x) + g'(x) f(x)

Again differentiating both sides w.r.t.x
F'(x) =1"(x) g(x) + 2f (x) g'(x) + 2" (x) f(x)
dividing both sides by f(x) . g(x)

Flo ') g0 20x)eX)
foex)  f0 g T fx)gx)
F'(x) f"(x)  g"'(x) 2c

fex) 0 g T Ex)g®)

F F(x)=1"(x) g(x) +g"(x) f(x) + 2¢
Differentiating both sides w.r.t.x

F'(x) =1"(x) g(x) + '(x) g'(x) + g""(x) f(x) + g"(x)
f(x) . (@)

F ). g®=c = XX +g"®)Fx)=0

FHI(X) - f’”(X) . g'”(x)
F(x)  f(x) g(x)

from (i) , we get

x>0

a=6,b=6,c=0;3/40

I3
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METHOD OF DIFFERENTIATION

EXERCISE - 5

Part#1: AIEEE/JEE-MAIN

logx

y =log x y =

Y logy
y % logy = logx
dy 1 dy 1
_1 + X —x - = —
dX Ogy y y dx X

dy 1

A B - .
dx(ogy )_x dx x(l+logy)

x = 3c0s0 — 2¢0s’0  y = 3sin0 — 2sin’0

& 3sin0 + 6c0s20 % sind
gp _ osin cos sin

dy _ 3cosO — 6sin?0 cosO
do

dy  3cos0—6sin” Bcos®

dx  —3sin0+6cos> OsinO

cos0—2sin’ Bcos0 _

= 3 cot®

—sin0+2 cos” Osin 0
f(x)=x"
f(1) - fo, "o "o ey

1! 2! 3! n!
putn=1
. ')

f(x) =x for series f(1)— gy 0
f(1)=1 putn=2
f(x) =x* f(x)=2x f'(x)=2
fl1)=1

. f'1v)y  £'d) 2
soserles:f(l)fl—! + 2—!:1_2+E =0
Putx=3 f(x) =x
£(x)=3x2 f1(x) = 6x
f(1)=1 £(x)=6

. '@y '@y  f"Q)

series f(1) — ETR - B
=1-3+ S\ _ 0
i ~ 2 O

f(x) is a polynomial function

f(x)=ax>+bx +c f(1)=1f(-1)
atb+tc=a-b+c b=0

a+c
a,b,cin A.P. b= a=-c

2

f(x) =ax’>+bx +c f(x)=2ax+b
f(a)=2a2+b fi(c) = 2ac + b
f(b)=2ab+b then f'(a), f(b), f'(c)
f(b) =0 f(a) = 2a2 f(c) =-2a?

so that | f'(a), f'(b), f'(c) arein A.P. |

T d
8. x=e’* x>0 _y:?
dx
X =e¥™ 1 =e¥™ 1+d—y
dx
1-
LI dy x _dy
X dx X dx
10. (x")z—2cotyx"—1:0
. 2cotyxqf4cot’y+4 atx=1,
X = > 1 =coty+cosecy
= cotyfcosecy :y:g

XX = coty + cosecy
diff. w.r. to x

y
x* (1 + logx) = [-cosec?y — cosec y cot y] Ix
X

dy
1 = — cosec y [cosec y + cot y]d—
X

dy
B -
11. gx)=[f2f(x)+2)]?

g'(x)=2f(2f(x) +2) f' (2f(x) +2) 2f'(x)

Putx=0

g'(0)=21(21(0) + 2) £'(2£(0) + 2) 2£'(0)
=2f2(-1)+2) f'(2(-1) +2) 2£'(0)
=21(0) £'(0) 2£'(0)
=4(-1) (1) (1) =—4

sl )

dy)” &x dx _ (dy)(dy)’
©oldx) Tdx*Tdy  |dx® )|dx
13. y=sec(tan'! x) =./1 + x*

dy__ X dy

dX—\/1+x2 = d_X

-1

1

x=1 \/5

3
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MATHS FOR JEE MAIN & ADVANCED

6. )X e T (9
= g'(f(x)).fx)=1
2. (B) LetP(x)=ax*+bx+c Putfix)=l = x*+e’=1
P0)=0 = c¢=0
P(1)=1 = a+b=1

P(x)=(1—-a)x*+ax

= x=0

1
= g (0O =1L 1(x) =3 +e2

P(x)=2(1-a)x+a>0 = g)=2
- in O
putx=0, a>0 7. Let f(0)=sino where a=tan1[\/&j
x=1, a<2 cos26
S={(1-a)x’+ax;0<a<2}. )
¢ sin 0
— tana =
5. (A gx+1)=log(f(x+1))=logx+log f(x) \cos20
= gx+tD=logx+gkx) = gx+1)—gkx)=logx sin 0 Ton
1 ! = sino = =tan® Q6 1
cos
= gxth-gx=- = gEx+t)-g"®¥=-—
X X = f(0)=tan®
N g"(1+—] g lj -4 ao)
2 > d(tan 0)

(o i 4
7—4L1+§+ ...... +(2N—1)2J

®) Lim [g(x)cosx — g(0)]
x>0 sin x

~ Lim g'(x)cos x — g(x)sin x _
x50 COSX

0

Now f(x) = g(x) sin x

f(x) = g'(x) sinx + g(x) cosx

f(0)=0

f'(x) = g"(x) sinx + g'(x) cosx — g(x) sinx

+ g'(x) cosx

f'(0)=0

Given limit = f'(0) & also f'(0) = g(0)
So S(I) & S(II) both are correct but S(II) is not correct
explaination of S(I)
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METHOD OF DIFFERENTIATION

B MOCKTEST oy

1.

(lnx)l" In x

y=X ... (i)

taking log_both sides, we get ®ny = (®nx)*" " @nx
Again taking log_, we get ®n (®ny) = ®n (®nx). ®n (®nx)
+®n(®nx)={On(Onx)} [On (Onx)+1]

Diff. wrt. x,

L LQ_( 1)
Iny) ly dx )~ xinx ) (@0 (@) T 1]+ {®n(8nx)}

)

5 an|
= dX_y ny

ln(lnx)Jr 1 Jrln(lnx)}
xInx xInx x1nx

dy [ZIn(l nx)+1}
dx =y @ny x1nx

X = cosecH — sin0
= x2+4=(cosecO + sin0)?
and y*+ 4 = (cosec"d + sin"0)?

N dy (dy/d6) ncotO(cosec™®+sin"0)
O dx T (dx/dO) T cot®(cosecO+sin0)
nyy’ +4
- Jxi+4
. . dyY  n’(y’+4)
Squaring both sides, we get [ dxj K .
or (x*+4) (d_yjz =n’(y*+4)
dx

©
¥’ =P(x)

dy

—=P'(x
= 2y 4. (x)

dyY d’y
or 2(dxj +2y@—P x)

d2y dyjz PvZ

—J —pr_ 2| =pP"——
Y7 2 i (dx 2y

d’y 1 1

3 7 7 2pr_ — Ppr2— " pr2
> 2y v y?P 5 P'?=PP 5 P

d 3d2y
2 — |y =P’'P" + PP""' — P' P"" = PP'""'
dx

5.

Given that g7'(x) = f(x)
= x=gfx)) or gfx)fx)=1

1
= gfx)= eS)

O i)
= 20 0= o)
fl'(x)
"(f(x)) = —
= g0 =
@

roo-[ (2 o(2)s(2)# 3]

heregx)=fx) & gx=1"x=—1(x)

NCRSRERCE

= F(x) is constant function
so F(10)=5

x .y =1 = yonx+x®ny=0

Diff. w.r.t. x, we get
dy

d
(—J ,.nx-&-l-i-.ny-i-i—y:()
dx X y dx

y

=+1
dy ( nyj__zw
dx

=

X Inx x (yln x+x)
y
D)
3x? cosx —sinx
f(x)=| 6 -1 0
2 3
p p p
6x —sinx —cosx
=6 -1 0
p p’
6 -1 0
proy=l6 -1 0] =
p p° p

3
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MATHS FOR JEE MAIN & ADVANCED

9. y=x(®&nx—®n(atbx)) ... ()]
ﬂ—.nx ® +bx)+ ii
= ix —on(a+bx) atbs T (ii)
d’y a ab
= T - 2
dx~ x(a+bx) (a+bx)
d’y a’x’
,dy_axt
= X &« (@ibm’ (i)
. .. dy ax
B d (i), — —y=
y@and (i), xF-y=
d’y [dy )2
32 ) | x—L
= X e dx y
10. (B)
S,: y=sin2x
dy
dx =2c0s 2x
d2
=3 = 4sin2x
X
d3
d—x};:fSCOSZX
d4
d—xZ:msinzx
d6
dxﬁ — 64sin2x
Y ex= T is=0 . Statement is fal
o atx= o is= i atement is false.
S,: x= et =
dy dyj
l=ev x| 1+4—=| =x|1+—
© ( dx} X( dx
& 1
dx x
dy
o =0 - Statement is true.
dX at x=1
S,: y=2¢t x=4t
2 2
X X
:2 [ = —
g (4) 8
dy _x dy _ 1
dx 4 dx? 4

Statement is false.
S,: x=t*+3t-8,y=2t"-2t-5

d—X—2t+3~ﬂ—4t 2

dt A

dy _4t-2

dx  2t+3

Py _ (2t+3)4-(4t-2)2 dt

dx? (2t+3)° “dx
16 1

T t3)? " (2t+3)

d’y __le
dx*  (2t+3)
Whenx=2andy=-1thent=2

& 16
T at@-Dis=o;

o Statement is true.
X

11. (A, B)

y = sec (tan™' x)

dy  sec(tan”' x). tan(tan "' x)

dx 1+x?

dx

1 .1
= — = SiIfl sin —
x=1 \/E ( \/Ej

12. (D)

x+l 2x
y = tan™' [w = tan' 20D — tan! 2%

. 22 2"In2
1+ 1+(2")

=Y

1
= y(0)=—7<In2

13. (B,C)

10
ylelOx
dy L0¥
x 10" en10.10*@®n10=y 10*(®n 10)?
1 dy
— — = X (@ 2
Y dx 10*(®n 10)

A=(®n 10)2: eln(lnlo)2

14. (B)

S, ¢ the graph of function f{|f(x)[) = [|[x]]
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METHOD OF DIFFERENTIATION

15.

16.

—0 —0
—0 —o0
-2 -1 1 2 3

it is clear from the graph f[‘f(%jD =0

S,: Function is not defined at x = nnt

S, : Graph of f{x) = log |sin |

N

/2

clearly f(x)<0 Y x e (g nj

cosh
T) g € —€
Sa'f(gj‘}g& Ih|

= does not exist

(A,D)

3
f(x):—x? +x2?sin 1.5a—xsina. sin2a—5sin! (a?—

8a+17)
f(x) is defined when —1<a’-8a+17<1
-1<(a—4)>+1<1
= a=4
3

X . . . 5m
f(x)=— b +x2sin 6 —x sin 4 sin 8 — EX

f'(x)=—x*+2xsin 6 —sin4 sin 8
' (sin 8) =—sin’8 +2 sin 8 sin 6 —sin4 sin 8 =sin 8 [ 2 sin
6 —(sin 8 +sin4)]
=sin8[2sin6—2sin6 cos2]=2sin 6 sin 8 (1 —cos 2)
sin6<0,sin8>0,1—-cos2>0

f’'(sin8)<0

Statement I : f(x) is constant function
Statement II : Itis true

17.

19.

20.

21.

GV

A
d d n

SInlxi= - nx) = =

®)

()=~
X

§ d {Cot_1(1+cosxj}
i {cot ! (cosec x + cotx)} = Ix e

sin X
{cotl(cotij} L d (EJ _ 1
2 dx \ 2 2

dx

SEAE Ox _ [axy
dy) a0 T ey Ty

= dX2 dy2 * 1

d’x B 1
dy> 4%’

=

Statement-II :

dy 1
e =
dy
ey 1 gzgz_ﬁzfgz
dx’ dx Y dy* dx dx) dy’
&)
A->@ @B->@E, O->@1, O)—>(@E

s -1
lim X cos(sin~ x)

1 _ in 1
i 1—tan(sin™ x)

3
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MATHS FOR JEE MAIN & ADVANCED

_ 2
I )
X_)ﬁ _ﬁ xaﬁ
—X

1
B) x= 5 is not in the domain

1
f (EJ does not exists

©) y=1x)= Ontan(4 2)

(T X
sec’| —+=
o =in)
dx tan(n+x) 2
4 2
1 1 1
Y = =secXx
2 . (m X T X . (T
sin| —+— |cos| —+— sin| —+x
(o3 )en(ins) 3]

lim L [lzcos2x .. |tanx|_d exic
® 55 ’/—l+cos2x "m oes not exists
22. (A)—->@®, B)=>@, O©O->w, D))
(A) y=cos'(cosx)

« )= sinx
—sinx) =
\/1 cos’ X [sinx |
yatx=5is—1
(B) y=f(x)=@®ntanx|
P =(1k vy - [Lanx]
(x) = (1/tanx) (sec*x) o
f(ﬂj -2
4
c d (1+xj 1 d (1+xj
©) o ' ()= (ijz 3 Ux
I+ —
1-x
- (-x) 2 1
S 2047 (1-x) 14+

24.
1. (O)
f(x) g(x) = x* g(x)
3x2. g'(x) =3x% g(x) + x> g'(x)
3g'(x)=3g(x) +xg'(x)
G -x)g'(®)=3g(x)
g
dx =
g(x) I
®n g(x)=—3 ®n |3 —x|+ ®nc

2. (A)
fix-3).g(x)=(x-3)’. gx)=9
derivative of f(x — 3). g(x) is 0
3. (A)

9

gk *Bxp

3
25. [3-x]

1. (D)
2x

ey

2

, -2+ 6% 1
f'(x)= (+x )3 f'(x)=0ifx= iﬁ

f'(x) is greatest at x = — R

NE)

1 = lim ————
x>0 X(1+g(X)) x>0 X(l+ 9

)

=0

I3
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METHOD OF DIFFERENTIATION

2. (A)
Equation of tangent at x = a is

(x+vx*—a’) N k .(x+\/x2—az)
avx? a2 (x +/x% —a?) \/(xzfaz)

L o k)
YT 2= q4,..2v xX—-a
l+a (I+a’)
, , dy 2 o x++/x> —a’ 1 k
b= 1 4 20(2 __ 1+3(ZL2 dx \/Xziaz a \/Xz—az
1+ (1+a%) (1+a%)
d
Q: (1+q2)2_60@—2(14;3:12)(1+(x2)2(x = Jxr-a) d_zzz.n(x+ ,XZfaz) _Jenatk
da (I+a”)
, Differentiating both sides w.r.t. x, we get
-y o b
(x"—a’) dx?2 dx X2 g2
db 1
— =0 if o=0,+—F—=
da NG ~ 2 C(x+4x’—a’%)
at a:iL bzg (x+\/x2—az) \/xz—a2
V3’ ° 2 d 2
d'y X ly
3. (A [ 2 2 —Z 4 - =
( ) 2 or X" —a dx2 \/xzfaz dx \/Xz_az
1+3
o +2 ; dy  d
a or (x2-a?) }2] )
1 20. 1 dX dX
— = —— its greatest value is —
a  1+3a’ 3 2
Vs hence value of (x*—a?) d—}zl+x dy is 2
26. (5) dx>  dx
~ tan! 4x +tan”! 2 +3x L In(e/x%)
y = tan 1+ 5x 3_ox 28. Let y, =tan —ln(exz)
ot 21
5x —Xx +tan”! 3+X and y, = tan™! G»+6—lnxj
B 4 sx.x 1_%){ —ou
3 Let a=2 @nx,
2
=tan! 5x —tan! x +tan! = +tan! x Ine —1nx’ l-a
3 then y =tan' | 7 5| =tan’! T3q) —tan
=tan! 5x +tan”! —
3 1 (tan(zan i
ﬂ 5 4 =3 — o, where a=tan o

dx  1+25x>

ln[—X+ ); a J] +k0n(x+m)

Differentiating both sides w. r. t. x, we get

dy — lin X ++/x% —a? o_a
dx a (x+Vx*—a’) dx dx’

3+a
1-3a

Similarly y,=tan! ( j =B +a,wheretan =3

27. > y=

T
= y= (g_aj +(B+a)= 1 + tan' 3 = constant
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20, = 2 L[ Va-b tan X
.y= ,—32in tan atb 5

secz 5 ' a—b 1/2
2 2)\a+b) 1
2

dy
= —_— =
dx \/212—b2 1+(a—b 2 X

tan
a+b

dy 1 1
: 5. = =

dx (a+b)cos’ > +(a—b)sin® > a+bcosx

2 2

at azlsbzl,xzo

dy

—=1/2

dx /

30. (2)

x=e'sintand y=e'cost

= X2+y2:e21 :}e‘:‘,xz-l-yz ....... (i)

X X
and tant= ; = t=tan’ ; putin (i)

emq[?} =Jvy (i)

taking ®n of both sides.

G2 1 242
tan y :E.n(x +y?%)

differentiate both sides w.r.t. ‘x’

1
5 yl=xy"1) 1 (2x+2yy")
= X )2 (YD)

X+ y
again differentiate equation (iii) w.r.t. ‘X’

,_ XY ' =D=(y—x) (+y')
Y (x+y)’

= y'xtyr=y@@x)-2y
= y" (x+y)?=2(xy' —y). Hence proved.
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