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JEE (Main) Syllabus :

Differentiation of the sum, difference, product and quotient of two functions.
Differentiation of trigonometric, inverse trigonometric, logarithmic, exponential,
composite and implicit functions; derivatives of order upto two.

JEE (Advanced) Syllabus :

Derivative of a function, derivative of the sum, difference, product and quotient of
two functions, chainrule, derivatives of polynomial, rational, trigonometric, inverse
trigonometric, exponential and logarithmic functions. Derivatives of implicit functions,
derivatives up to order two. L'Hospital rule of evaluation of limits of functions.




Method of Differentiation

METHODS OF DIFFERENTIATION

The process of calculating derivative is called differentiation.
1. DERIVATIVE OF f(xX) FROM THE FIRST PRINCIPLE :
.0 . F(x+06x)—f(x
Obtaining the derivative using the definition Lim Y _Lim ( )~f(x)
x>0 §X 3x—0 OX
calculating derivative using first principle or ab initio or delta method.

1 d -
=f'(x) A is called
dx

d d .
Note: d—i can also be represented as y, or y' or Dy or f '(x). d—i represents instantaneous rate of

change of y w.r.t. x.

[llustration 1:  Differentiate each of following functions by first principle :

(i) f(x) =tanx (i) f(x) =™
_ _ . tan(x+h)—tanx . tan(x+h-x)[1+tanxtan(x +h)]
Solution : (i) fx) =Ilim =lim
h—0 h h—0 h
. tanh ) )
= LILT(}T . (1 + tan’x) = sec’. Ans.
sin(x+h) _ 4sinx _ sin(x+h)-sinx _ R __ei
i) £ =lim® T [_e _1] (S|n(x+h) smxj
h—0 h h—0 sin(x + h) —sin x h
sinx 1:. SIN(X+h) —sinx .
= e lim = e"™cosx Ans.
h—0 h
Doyoursdaf-1:
(i) Differentiate each of following functions by first principle:
1
(@) f(x) = ¢nx (b) f(x) = X
2. DERIVATIVE OF STANDARD FUNCTIONS :
f(x) f'(x) f(x) f'(x)
i |[x" nx"~1 (i) eX eX
(iii)y |a® a*/na,a>0 (iv) | ¢nx 1/x
(V) log,x (1/x) log,e,a>0,a=1 (vi) sinx COSX
(vii) | cosx — sinx (viii) | tanx sec?x
(ix) |secx secx tanx (x) COSecx — COSECX . cotx
(xi) | cotx — cosec®x (xi) | constant 0
-1
(xiii) | sin™t x 1ix2 , -1 <x <1 (xiv) |costx Nk -1 <x <1
(xv) |tan~tx % xeR (xvi) |sec™!x ;, | x|>1
1+x | x |Vx? -1
(xvii) | cosec™! x S |x|>1 (xviii) | cot™t x —,xeR
| X |V/x* -1 1+x




3. FUNDAMENTAL THEOREMS
If f and g are derivable functions of x, then,

dg d of .
—(f+ —_+_ —(cf)=c—
(@) ( 9) o dx (b) dx( ) e where ¢ is any constant

dg _df
© &(fg) - fd—9+ g~ known as “PRODUCT RULE’

o) e
(d) i[i} = AOXJ %) where g =0 known as “QUOTIENT RULE"
dx | g g

Ify=1fu) &u= th ﬂ:d_yd_uk “CHAIN RULFE”
(©)] y="f(u) &u=g(x) then I dudx nown as

. dy
Note : In general if y = f(u) then & = f'(u )—

d
llugtration 2:  If y = e* tan x + xlog_x, find _y.

dx

Solution : y =€’tan x + X - log x

On differentiating we get,

dy X X 2 1

——=e -tanx+e -secx+1l-logx+x:—

dx X

dy X 2
Hence, X = e’(tanx + sec“x) + (logx + 1) Ans.
_ log x . . dy
[Hlustration 3:  Ify = " + € sin2x + log.x, find X
Solution : On differentiating we get,
1
~x-logx.1 1
d d (logx X X o X
d_izd_x( 3 j+d—(e sin2x) + — (|095X)—X—2+e Sin2x + 2" . cos2x + xlog. 5
1-logx .
Hence, ﬂ=[ 29 j + e’(sin2x + 2c0s2x) + Ans.
dx X xlog, 5
. _dy

Illustration 4:  If y = log, (tan* v/1+x?), find X
Solution : y = log, (tan""+/1+x?)

On differentiating we get,

1 1 1 %
anV1ex2 1+(W1+x2)? 2V1+%
X 3 X

- (tan*1\/1+ x? ){1+(\/1+ X’ )Z}x/1+x2 ) ('f?>1frl\/1+x2 )(2+X2)\/1+ X2 Ans.
2 P ——



Method of Differentiation

Doyoursdf-2:
: . dy.
() Find i if -

@y=(x+1)(x+2)(x+3) (b) y = e tan(x* + 2)

4. LOGARITHMIC DIFFERENTIATION :
To find the derivative of a function :
(@  which is the product or quotient of a number of functions or
(b)  of the form [f(x)] Y ®) where f & g are both derivable functions.
It is convenient to take the logarithm of the function first & then differentiate.
: o g dY
Hlustration5: Ify = (sin x)™", find ™
Solution : /ny=/nx. ¢n(sin x)
On differentiating we get,
ldy 1 cosx  dy [ [ﬁn(sin X) }
———=C i —= = (sinx)"* +cotx /nx
yax X /n (sinx) + /n Xx. sinx = dx (sinx) » Ans.
%2 d
[Hlustration 6:  1f x =exp [tanl(y 2X B , then Y equals -
X dx
(A) x [1 +tan (log x) + sec? X] (B) 2x [1 + tan (log x)] + sec? x
(C) 2x [1 + tan (log x)] + sec x (D) 2x + x[1 + tan(logx)]?
Solution : Taking log on both sides, we get
y =X
log x =tan™! 2 | = tan (log x) = (y—x?) I x?
= y=x%+x?tan (log x)
On differentiating, we get
j—y =2x + 2x tan (log x) + x sec? (log x) = 2x[1 + tan (log x)] + x sec? (log x)
X
= 2x + X[1 + tan(logx)]? Ans. (D)
” . . f 1 X1/2 (1_2)()2/3 f d dy
[Hlustration 7. Ify = (2_3)()3,4(3_4)()4,5 in i
: 1 2 3 4
Solution : ny = 5 /nx+ 3 /n (1 -2x) - " /n (2 -3x) - gén (3 - 4x)
On differentiating we get,
ldy 1 4 9 16
- ———=—- + +
ydx 2x 3(1-2x) 4(2-3x) 5(3-4x)
dy 1 4 9 16
Y o0 + + Ans.
dx 2x  3(1-2x) 4(2-3x) 5(3—4x)



Doyoursdf -3:

dy - .. - dy . 2 3 4
&lfy = XX (i) Find —= if y =¢*¢* &* "

() Find ™

5. PARAMETRIC DIFFERENTIATION :

_ dy _ dy/de _ f'(6)
Ity =7(6) & x=g(0) where ¢ isaparameter, then 4, "= 4. % 40'™ 1 (g)

d
[llustration8:  If y =acos t and x = a(t — sint) find the value of d_i att = g
dy _ -—asint :>d_y _ 1

1+t 3 2
[llustration 9:  Prove that the function represented parametrically by the equations. X = e Y= pra + n

d
satisfies the relationship : x(y’)*=1+y’ (wherey’ = d_i)

_ 1+t 1 1
Solution : Here x = ,[—3=,[—3+,[—2
Differentiating w.r. to t
x__3_2
d t*
yo3.2
27t
Differentiating w.r. to t
ay _ & 48
d t* t
dy _dy/dt _
dx dx/dt
: 1+t 1+y'
Since x = = X="—=orx(y)’=1+y
t (v’
Ans.
6. DERIVATIVE OF A FUNCTION W.R.T. ANOTHER FUNCTION :
dy _dy/dx _f'(x)
Let y=f(x) ; z=g(x) then dz _ dz/dx —g'(x)
Illugtration10:  Differentiate log, (tan x) with respect to sin™(e").
d
d(log, tanx) &(Ioge tan x) _cotx.sec’x e y1-e*
Solution : d(sin *(e")) ;Sinl(GX) e*1//1—e?  sinxcosx Ans.
X



Method of Differentiation

0)
(i)
(iii)

Doyourself-4:

dy T
ind —at t=— ify=cos* = sin?
Find i at 4 if y = cost & x = sin‘.

Find the slope of the tangent at a point P(t) on the curve x = at? , y=2at.

Differentiate x'™ with respect to /nx.

7. DIFFERENTIATION OF IMPLICIT FUNCTIONS : ¢(x,y)=0

@)

(b)

©

To find dy /dx of implicit functions, we differentiate each term w.r.t. X regarding y as a
function of x & then collect terms with dy/dx together on one side.

o
dy __ox O _ :
Also ix = _5_4) , Where X partial derivative of ¢(X, y) w.r.t. x taking y as a constant and
X
oy

0
@d) = partial derivative of ¢(X, y) w.r.t. y taking x as a constant.

In the case of implicit functions, generally, both x & y are present in answers of dy/dx.

d
[Hlustration 11: If x¥ + y* = 2, then find Y

Solution :

dx
Let u=x and v=y
utv=2 = LW &
dx dx
Now u=x and v=y

= /Mmu=y/lnx and Inv=x/ny

1 du d 1d
= ==Y sk =Y and ——V:Kny » X
udx X dx v dx y dx
du y dy v x dy
— =xZ ha' A d —= /ny+——=
= X X (Xwnxdxj an X y [ y y dx
y dy x dy d (yxﬁny+xy.yj
= X (—+€nx—j + y[ﬁny+__J =0 = - X Ans.
y
Aliter :

O(x,y) =x"+y*-2=0

dy —0p/ox _ yx' +y*/ny
dx op/oy  xInx+xy*




sinx dy (1+y)cosx+ysinx

[Hustration 12:  Ify = , prove that — .
14 COSX dx 1+2y+cosx—sinx
sin X

14—

1+cosx.....
Solution : Given functionisy = _sinx__ (L+y)sinx
14 805X 1+y+cosx

l+y
o y+y +ycosx=(L+y)sinx .. ()

Differentiate both sides with respect to X,

dy .
d—y+2yd—y+d—ycosx—ysinx = (1 +y) cosx +—ySInX
dx dx dx dx

d
d_i: (1 + 2y + cosx — sinx) = (1 +y) cosx + ysinx

dy (1+y)cosx+ysinx
dx 1+ 2y +cosx—sinx

Ans.

Aliter :
From(i) &(xy) = (1 +y)sinx —y —y? —ycosx = 0

dy _ op/ox _ (I+y)cosx+ysinx _ (L+y)cosx+ysinx

dx aq)/ay_ sinx—1-2y—-cosx 1+2y-+cosx—sinx
Doyoursdf -5:

d
() Find d—i:  ifX+y=sin(x-y)

(i) Ifx*+xe¥+y=0,findy, also find the value of y' at point (0,0).

8. DIFFERENTIATION BY TRIGONOMETRIC TRANSFORMATION :
Some Standar d Substitutions:

Expression Substitution
a2 — x2 X =asino or acoso
a% +x2 X =tan0 or acotd
x2 — g2 X =aseco or acoseco
a+Xx a—X
— or 4/—— X =acos6 or acos20
a—X a+Xx

A 2ax — X2 X= a(l - COSO)



Method of Differentiation

lllustration13:  1Ff(x) = sin-l(1 2x_ j then find
X
0 fQ (i f[lj i )
2
Solution : X = tano, where —g <0< g = y=sin"'(sin20)

n—20 E<2(9<7c
2 n—2tan x x>1

y=+:260 %SZGS% = f(x) = 2tan™ x -1<x<1

—(n+2tanx) x<-1

—(n+20) —n<26<—g

- 22 x>1

1+X

2
= f(x)= o -1<x<1
_22 Xx<-1

1+X

(i) £(2) = —% (i) f‘(%) =% (iii) f(1') =—1and f(1") =+1 = f(1) does not exist ~ Ans.

[llustration 14: W sin?| cot™ 1+x ] -
dx 1-x

1 1
(A =5 (B)0 ©) 3 (D)-1
2 2
Solution : Let y=sin?|cot™ /1+_X .Put x=c0s260 66(0, E}

1-x 2
1+cos 20

—qin2 cot-1 - 77 " | =<in2 eot-1

y =sin? cot ( /1—cos zej sin? cot* (cot 0)

1-c0os20 1-x 1 X

=sin?0 = =———
y=sin‘0 > > "2 3
dy 1
&:_E' Ans(A)



Ji+x2 -1 1++41+x?

. . . - +x° -1 .
Illustration15:  Obtain differential coefficient of tan™' —————— with respect to cos™ DN el
X 2\1+Xx

_ J1+ex? -1 1++/1+x?
Solution : Assume u = tan =X T2y = cos™ —
X 241+ X

The function needs simplification before differentiation Let x = tan0; 0 € (—g gj

secO0-1 1-cosO 0 0
u =tan* = tan™ = tan™| tan 2) 7o

tan© sin®
v = cos’ [l+sec _ cos [1+cos® cos‘l(COSQJ y £
B 2secH 2 - R v 4
L Ny A
Logy S L ns.
Doyourself : 6

(i) Ify=cos?(4x® - 3x), then find :

(a) f{ @J (b) £ (0), (©) f{@}

2

9. DERIVATIVE OF A FUNCTION AND ITS INVERSE FUNCTION :
If g is inverse of f, then
@ o{f()}=x (b)  Ho(x)}=x
g{f()}'(x)=1 f{g(x)}g'(x) =1

Hlugration16:  If g is inverse of fand f(x) = 1+1x” , then g'(x) equals :-

(A)1+X" (B) 1 + [f(x)]" (©) 1+ [g(X)]" (D) none of these
Solution : Since g is the inverse of f. Therefore
f(g(x)) = x for all x

d
= —Tf(g(x)) =1 for all x
dx

1
= fEX) g =1 = g'(x) = X)) - 1+ (g(x)" Ans. (C)

Doyoursef -7:
(i) Ifgisinverse of f and f (X) = 2x + sinx; then g’(x) equals:

. 1
B T (B)2+sin'x  (C)2+c0sg() (D) 57 cosqx)




10.

11.

Method of Differentiation

HIGHER ORDER DERIVATIVES :

Let a function y = f (X) be defined on an interval (a, b). If f (X) is differentiable function, then its
derivative f '(x) [or (dy/dx) or y] is called the first derivative of y w.r.t. x. If f (x) is again differentiable
function on (a, b), then its derivative f "(x) [or d?y/dx? or y"] is called second derivative of y w.r.t. x.

d® d (d?
Similarly, the 3" order derivative of y w.r.to x, if it exists, is defined by e = &[Wj and denoted

by f "(x) or y" and so on.

dx

Note: If x=1f(0) and y = g(0) where '0'i ter th dy_ dy/do dzy:d(dyj o
ote: Ifx=1(0)andy=g(0) where'0"is a parameter N i dx/do Eax  de d0

dy d(d"'y) /dx
In general X" =£ dx" |/ do-
ANALYSIS AND GRAPHS OF SOME INVERSE TRIGONOMETRIC FUNCTIONS :

2tan' x | x|<1
@ y=f(X)=Sinl(12X2)= n-2tan'x  x>1
+X
—(nm+2tan'x) x<-1 v
I mportant points: /2
T T 1
(i) Domain is Xxe R & range is o .
(i) fis continuous for all x but not differentiable
at x=1,-1 .
- 2 -1 0 1
5 for |x|<1
1+x D |

(i) g—y: non existent for |[x|=1
X

’ -nl2
| — for |x|>1
: L+ X .
(iv) Increasing in [-1, 1] & Decreasing in (oo, 1], [1, )
. 1-x? 2tan™' x if x>0
b) Consider y=f(x) =cos™ =
®) 1+x° —2tantx if x<0
Important points:
() Domainis xe R & rangeis [0, n) f,(x)
(i) Continuous for all x but not differentiable T
atx=0
/2
pE - for x>0
1+X
PI— —> X
-1 0 1

(i) % = | nonexistent for x=0
X

2
T 1+x°
(iv) Increasing in [0, «0) & Decreasing in (—oo, 0]

for x<0
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©

(d)

2tan™ x |

2

y=f(x)=tan™ n 2X

= |n+2tantx

—(n—2tan™" x)

I mportant points:

() DomainisR-{1, -1} & range is (_E Ej

2
1+x?

Lody
( dx

2’2

| x|#1

non existent | x| =1

(i) 1t is bounded for all x

y=f(x) = sin"(3x —4x%) =

I mportant points :

—(m+3sin™ x)
3sin'x

n—3sin x

T T

() Domainis x e[-1, 1] & rangeis [—— —}

2" 2

(i) Continuous everywhere in its domain

(i) Not derivable at x =—%,
3 if
ody  |[V1-Xx°
W) — =
dx | 3
1-x?

(v) Increasing in [—% ﬂ and Decreasing in [

l,l,—l
2
11
Xe(-=,=
( > 2)

X |<1
Xx<-1

Xx>1

if —1<x<-=
if —ESXSl
2 2
if l<x<1
2

if  xe (—1,—%)u(%,1)

i



Method of Differentiation

3costx-2n  if —1£x<—%
-1 3 4 . 1 1
(e y=f(x) =cos™ (4x°—-3x)=|2n—-3c0s" X if —ESXSE
3 . 1
3c0s™ X if Py <x<1
I mportant points: v
() Domainis x e[-1, 1] &rangeis [0, n] n
(i) Continuous everywhere in its domain
D I D
(i) Not derivable at x = —%, % 1,-1 L /2
3 = if xe (—% ,%j I
dy 1-X P s
™) o~ 3 1) (1 Bt ) ;% )
- if xe (—1, ——ju(—,l} 2 2. v 22
1-x? 2 2
resingin| . 2 &
(v) Increasing in >
Decreasing in [—1, - E} , F ,1}
2112
GENERAL NOTE :
Concavity is decided by the sign of 2™ derivative as
d’y d’y
WE 0 = Concave upwards ; el <0 = Concave downwards
Illustration17:  Find the interval for which f(x) = x> + x + 1 is
(i) concave upwards (i) concave downwards.
Solution : fx)=x+x+1
fx)=3x+1
f'(x) = 6x
() f'(x)=6x>0 = Concave upwards
= X € [0, )
@ f'(x)=6x<0 = Concavedownwards
= X € (=0, 0] Ans.

11



[llustration 18:

Solution :

[llustration 19:

Solution :

2

d
Ifx=a(t+sint)and y=a(l - cost), find d_x¥
Herex =a (t +sint) and y = a (1-cos t)
Differentiating both sides w.r.t. t, we get :

%— 1+ t d d_y_ int
at =a(l+cost) an at =a(sint)

2sin * cos©
—~ - - —tan| —
dx a(l+cost)

2c0s* —
2

Again differentiating both sides, we get,

2
. sec (j
d_xz/ = secz(lj-l.ﬂzlsecz(tIZ) : : -

2)2 dx 2 a(l+cost) 2a 2(00323

e, YL ()
e ¢ 4a 2

Ans.

y = f(x) and x = g(y) are inverse functions of each other then express g'(y) and g"(y) in

terms of derivative of f(x).
dy dx
—==f'(x —=0'(y)
™ (X) and dy

1

= 9'(y) “Foo e (i)

Again differentiating w.r.t. to y

"( )_i(ij_i(ijd_x__ () ( 1 j
IV P ) Tax Fo ) ay T ) L FR)
f"(x) -~
O (i)

- g"(y)=-

2 )
Which can also be remembered as d'x =_ dx

dyZ ((st
dx

Ans.

Doyourself : 8
(i) Ify=xe’then find y".
(i) Find y"at x =n/4, ify = x tan x.

(i) Prove that the function y= e* sin x satisfies the relationship y" — 2y' + 2y = 0.

12



Method of Differentiation

12. DIFFERENTIATION OF DETERMINANTS:

f(x) 9(x) h(x)

If F(x) = [ I(X) m(x) n(x) |, wheref, g, h.l, m,n,u,v,w are differentiable functions of x then
u(x) v(x) w(x)

') g'(x) h'() | [fx)  a(x) hx) | | f(x) a(x) h(x)
F'(X)=| I(xX) m(x) nX) [+][I'(X) m'(X) n'(xX)|+] I(X) mXx) n(x)
ux) v(x) w(x)| |u(x) v(x) w(x)| |u'(x) vi(x) w(x)

Note: Sometimes it is batter to expand the determinant first & then differentiate.

x x* x°
llusration20:  1Ff(x) =1 2x  3x2|, find F(x).
0 2 6x
x x* x°
Solution : Here, f(x) = [1 2x 3x°
0 2 6x

On differentiating, we get,

i(x) i(xz) i(x3) X X2 X3 ) .
£(x) = dx dx dx q q q X X X
=) =1 2x 3¢ [+ =20 d—(3x2)+ 1 2x 3%
X X X
0 2 6x 0 2 ox | 90 L Yex
dx dx dx

1 2x 3% |x x* x| |x x* x

or F(X)=1]1 2x 3x*+|0 2 6x/+]1 2x 3x?
0O 2 6x| [0 2 6xf |0 O 6

3

As we know if any two rows or columns are equal, then value of determinant is zero.

x x° x°
=0+0+ |1 2x 3x° s X)) =6 (2 -X%)
0O 0 6
Therefore, f(x) = 6x° Ans.
Doyourself: 9
o ) 2X X’ x°
(i 1ff(x)= |, thenfind f '(1). (i) If f(x)=|x*+2x 1  3x+1,thenfind f'(1)
/nx  sinX
2x  1-3x*  bx

13



13.  L'HOPITAL'S RULE:

(@ This rule is applicable for the indeterminate forms of the type %, z . If the function f(x) and

g(x) are differentiable in certain neighbourhood of the point 'a', except, may be, at the point 'a’
itself and g'(x) = 0, and if

limf(x) =limg(x) =0 o limf(x)=limg(x) =

Cfx) . F'(X)
| =
then 900 1 g'(x)

(
9'(x)

provided the limit |X'LQ exists (L"Hopital's rule). The point 'a’ may be either finite or improper

(+ o0 or —oo).

0
(b)  Indeterminate forms of the type 0. oo or «o — oo are reduced to forms of the type 0 or % by
algebraic transformations.

(©)  Indeterminate forms of the type 1, o or 0% are reduced to forms of the type 0 x oo by taking
logarithms or by the transformation [f(x)]?®) = g¢®)-/nf(),

[llugtration21:  Evaluate |XILT(} X"

im 108 X

sinx . sinxlog,/x| b
=lime el _ @x-ocosecx
x—0

Solution : lim|x|
x—0

= elimoi—cosleg(cotx (applying L'Hopital's rule)

il . {wr(i)
= @0 Xcosx _ @x30 { x cosx) _ e7(1)2~(0) _ eO =1 Ans.
Illugtration22: ~ Solve lim log_  sin 2x.
x—>0"
Solution : Here lim logg , sin 2x
. logsin 2x —0
= lim g— —form
x>0 logsin X —0
: -2C0S2X
= |im SIn2x {applying L'Hopital's rule}
x—0" 1
—~—.COSX
sinx
2X
( '( (2) )jcoszx COS 2X
= |im 232X = lim =1 Ans.
x>0 X x->0" COS X
(_jCOSX
sinx

14



Method of Differentiation

1/n
. . [e"
[llustration23: Evaluate Ilm(—j .

n—oo T
en 1/n
Solution : Here, A = Iim(—j (c0® form)
n—oo T
.1 e" . nloge—logn( o
log A= lim=log| — |=lim —————| —form
n—o N TT n—ow n o0
. loge— . A
= lim 1 {applying L'Hopital's rule}
en 1/n
logA=1= A=¢'or Iim(—j =e Ans.
n—o T
Doyourself : 10
: . . . fanx—x . ef=x-1
(i)  Using L'Hopital's rule find (a) lim v (b) IXIEST
. ) _ : . sinx—tanx 1 . /n(1l+Xx)
(i) Using L'Hépital's rule verify that : (a) LILQT: - (b) !(ILQT=1
Miscellaneous| llustrations:
Illustration24: Find second order derivative of y = sinx with respect to z = ¢
_ dy dy/dx cosx
Solution : b dildx o
d’y d (cosxj dx —e*sinx—cosxe* 1
= 2T x| 2 X
dz® dx\ e dz (ex) e
d® Sin X + COS X
= Y- —( o ) Ans.

dz? e

Illustration25:  Leta function f satisfies f(X;yJ = f(x); fy) VX,yeR andf'(0)=a, f (0)=h, then

find f (X) hence find f "(x).

Solution : f(xgyj: f(X); f)
Diff. w.r.t. X'
(Xty)1_ 1., B _ "
f( 2 j-z—zf(x) ( x &y are independent to each other, e oj
X2

15



Letx=0 & y=X f'(gj=f'(0)=a

= f'X=a
Onintegrating, we get f (x)=ax+b (- f(0)=Dh)
= f"®=0

. 1 X 1 x 1 X 1
lllustration 26:  Prove that — sec? = +-—sec? — +—5ec% — +.....00 = COSeC’X ——
2° 2 2* 22 2° 2° X

) X X X
Solution: Let COS—.COS—.COS—....... o0
2 2 2
. X X X
=lim C0S—.COS—.COS—....... COS—
n—o 2 2 2 2”
. sinx sinx ]
LLm X X cosx cot X cos X o0 SHEX
= “ongin = —.COt—-COS—-........ =
2" sin o 2 2 °E ”

— én(cos§j+En(cos%}+€n[cos%}+...m:Ensinx—fnx
Diff. w.r.t. x

1 x 1 X

—| —tan—+—tan—+....0 [=COtX — =

2 2 2 2
Diff. w.r.t. x again
1 , X 1 , X 1 , X ) 1
—286C —+—439C —2+—656C —3+ ...... o0 = COSeC X——2
2 2 2 2° 2 2 X
Hence proved

ANSWERS FOR DO YOURSELF

N b L
1: () @ » (b) 2
(i) (@ 3x*+12x+11 (b) 5e*tan (x> + 2) + 2xe™ sec?(x? + 2)
3: (1) x*(fnx+1) (i) y(1+ 2x + 3x2+ 4x3)
4. () -1 (i) % (i) 2(x"™)(¢nx)
~cos(x-y)-1 g [ 2x+e
5. 4U cos(x —y)+1 (i) ¥ = [xe‘%lj’ -1
6: () @ -6 (b) 3 (0 -6
7: () D
8: () y'=4y+2xy (i) t+4
9: (i) e(sinl+cosl)-1 @) 9
_ 1 1
0. () @ 3 (b) 5

16



Method of Differentiation

EXERCISE (O-1)

Ify= L + L + L then dy is equal to-
TP x™ 1+ x“ P x' ™ 1 x T axE dx

(A)O (B)1

(C) (+ P +y)x**prrt (D) afy

I f(x) = |cosx], then f(%‘j is equal to -

(-2 (B) ©1 (D)-1
7 7

d i
&(e sin+/3 x) equals-
(A) e*sin(+/3 x + 1/3)

(©) %exsin(ﬁx + 1/3)

di(gn sin+/x ) is equal to-

X
A tan/x o cot~/x
AN Sk (B) />
o X e Y
Ify= l+X,then i equals-
y y
A T2 B) ¢

[ 2 2
Ify="/n {M} , then the value of dy i
a

dx
(A) Ja? —x? (B)a/a® +x?

If X =y /n(xy), then j—§ equals-

y(xX-y)
(A) X(X+Yy)

X(X+Y)
5) yix-y)

d
If (cosx)Y = (siny)*, then d—i equals-

logsiny —ytanx
logcosx +xcoty

logsiny +ytanx
logcosx+xcoty

(B) 2e*sin(+/3 x + 7/3)

(D) % e*sin(+/3x — n/3)

cot/x coty/x
©) x (D) 2Ix
y
© 1+ x° (D) y> -1

S-

1
C D 2 2
(©) o (D) x \/a® +x
y(x+Y) X(x-y)
© x=y) ® ycry)

logsiny +ytanx
log cosx —xcoty

logsiny +ytanx
logcosy —y cot X

17



dy .
If 2%+ 2y =2 then —= is equal to-

11.

12.

13.

14.

15.

16.

dx
25 +2Y 25 +2Y (271 25 +y-2"
(A) 5 (B) T (©) 2 {HXJ (D) ——
: dy
If x = a(t —sint), y = a(1 + cost), then ™ equals-
A) -t 1 B t1 C t1 D)t l
()—an2 ()co2 ()—co2 ()an2
The differential coefficient of seC‘{ZX2 _J w.r.t. \[1—-x? is-
(A) 1/x? (B) 2/x3 (C)x/2 (D) 2/x
dy

If x3—y*+ 3xy? — 3x?%y + 1 =0, then at (0, 1) I equals-
(A1 (B)-1 (C)2 (D)0
d 1(1—0056)) .
—| tan Is,if-t<O<m-
de( Sino equals, if-t <0 <mn
(A)1/2 B)1 (C) seco (D) cosecH
icot*1 1+x) . lto. if 1
ix 1_x | 'sequa to, if x> —

1 1 1 -1
A 155 (B) T2 ©) 1 D) 15

dy .
If y = tan~!(cotx) + cot™*(tanx), then o s equal to-
(A1 (B)O (€)1 (D)-2
d o N
—|tan"'| ——= | | equals- (x>0
dx( [1+x3’2 D i
. 1 1,

A) 2UX(1+x) 1+x° (B) 2Ux(@1+x) 1+X ©) Tix 11 O) 1y "1
If g is the inverse of fand f(x) = 1+1x3 then g'(x) is equal to-
A) 1 3 B) —— Q)= D L

+ —_—
(A) 1+ [g(x)] (B) 20 7x) ©) 20+ (D) T To0)T

If X2+ y?= 1, then-
(A yy'-2(y)’+1=0 (B)yy"+(y)’+1=0
C)yy"+(y)*-1=0 (D) yy" + 2(y)?+1=0




19.

20.

Method of Differentiation

Let f be a function defined for all x € R. If fis differentiable and f(x®) = x*for all x € R (x = 0), then
the value of f(27) is-

(A) 15 (B) 45 ©o (D) 35
X b b % b
IfA=|a x b|andA,= 3 are given, then -
a a X
— 2 d — d — 2 — 312
(A) A =3(A) (B) &Al =3A, ©) &Ar 3(A,) (D) A, =3(A)

EXERCISE (O-2)

Let u(x) and v(x) are differentiable functions such that u(x) =7.1If ut) =p and i) =, then
V(X) V'(x) V(X)

P+q

0—q has the value equal to -

(A1 (B)O )7 (D) -7

Let f(x) be a polynomial function of second degree. If f(1) =f(-1) and a, b, care in A.P., then f'(a),
f'(b) and f'(c) are in

(A) G.P. (B) H.P. (C) AG.P. (D) A.P.

Suppose the function f (x) — f (2x) has the derivative 5 at x = 1 and derivative 7 at x = 2. The
derivative of the function f (x) — f (4x) at x = 1, has the value equal to

(A) 19 B)9 (C) 17 (D) 14
-1 -1 . y
If F(x) = xtan— x+sec " (1/x), x e(-11) {0}’ then £'(0) is -
/2, if x=0
(A) equalto -1 (B) equal to O (C)equalto 1 (D) non existent
Given: f(x) = 4x3 — 6x2 cos 2a + 3x sin 2a.. sin 6a + ./ ¢n (2a -~ az) then
(A) f(x) isnot defined at x =1/2 (B)f'(1/2) <0
(C) f'(x) isnot defined at x=1/2 (D)f'(1/2)>0
d2
If x=t3+t+5&y=sint, then —)2/=
dx
(3t* +1)sint+6tcost (3t* +1)sint +6tcost
(A) — (B) 7 2
(3t +1)° (3t°+1)
(3t +1)sint +6tcost cost
©) = (D) 3717
[a2 2
If f(X)= arva X +X where a > 0 and x < a, then f'(0) has the value equal to -
vai—x® +a-x

1 1

(A Va (B)a © 5 ()

19



10.

11.

12.

13.

14.

15.

16.

20

Suppose that f (0) =0 and f'(0) = 2, and let g (x) = f (—x +f (f(x))). The value of g (0) is equal to

(A)O (B)1 (© 6 (D)8
If f is differentiable in (0, 6) & f'(4) = 5, then Ljinzit% =
(A) 5 (B) 5/4 (C) 10 (D) 20
If y=x+¢eX then d—z)z( IS :
dy
(A) e ®) - © - ©) 7o
d+e%) (1+e*)? 1+€e*)

If fistwice differentiable suchthat " (x) = —f(x), f' (x) = g(x)
h'(x) = [f0]" +[9()]" and
h(0)=2,h(1) =4

then the equation y =h(x) represents :

(A) acurve of degree 2 (B) acurve passing through the origin

(C) astraight line with slope 2 (D) astraight line with y intercept equalto —2.
_ d?y dy )

If y=(A+Bx)e™+ (m-1)2¢eX then vl —-2m N m2y is equal to -

(A) & (B) e™ (C) e™ (D) ett-m>

f d—zx(dng &Y _ ¢ then the value of K is equal

| dy? Ldx +&2— = K then the value of K'is equal to

(A1 (B)-1 (€)2 (D)0

Let f(x) be differentiable at x = h, then Lim (x+)f(x) ; 2hf(h) 5 equal to -
X— X —

(A) f(h) +2hf'(h) (B) 2f(h) + hf'(h) (C) hf(h) +2f'(h) (D) hf(h)—2f'(h)

3
If y=at?+2bt+c and t = ax?+2bx+c, then % equals
(A) 24 a2 (at + b) (B) 24 a (ax + h)?
(C) 24 a (at + b)? (D) 24 a2 (ax + b)

n 1
Let f (x) = x + sin x. Suppose g denotes the inverse function of f. The value of g’ [Z—i_ﬁj has the

value equal to

V2 +1
(A) v2-1 ®
(C) 2-+2 (D) V2+1



Method of Differentiation

Multiple objectivetype:

17.

18.

19.

20.

21.

22.

23.

24,

= 4
Iff(X) = (2x=3m)° + §X +COSX and g is the inverse function of f, then

7 3 7
(A) g(@m) =3 (B) g(2m) =~ (©) g'@@m) =73 (D) ¢g'(2m) =0
If f(X) = x.|x|, then its derivative is :
(A) 2x (B) —2x (©) 2)x| (D) 2xsgnx
dy

If y=tanx tan2x tan3x, (sinl2x = 0) then ™ has the value equal to
X

(A) 3 sec?3x tanx tan2x + sec?x tan2x tan 3x + 2 sec? 2x tan3x tanx

(B) 2y (cosec 2x + 2 cosec 4x + 3 cosec 6x)

(C) 3 sec?3x — 2 sec? 2x — sec? X

(D) sec? x + 2 sec? 2x + 3 sec? 3x

Which of the following statements are true ?

(A) If xe¥Y =y + sin?x, then at x = 0, (dy/dx) = 1.

(B) If f(x) =ax®™1 +a, x?™+a, x?™ 1+, .+a, ., =0 (a,#0) is a polynomial equation with rational
coefficients then the equation f'(X) = 0 must have a real root. (m € N).

(C) If (x—r) is a factor of the polynomial f(x) =a x"+a_ x"+a X"2+..... +a, repeated mtimes
where 1 <m<nthenrisaroot of the equation f'(x) = 0 repeated (m-1) times.

d
(D) If y =sin~%(cos sin~1x) + cos™(sin cos™x) then % is dependent on x.

Let fo)= VX Z2VX =1 then
JX-1-1

(A) f'(10)=1 (B) ' (3/2)=-1 (C) domainof f(x) is x>1 (D) none
Lim NS is equal to -

(A) log,. (%} (B) log.. (gj

(C) tan(cot™(¢nm) — cot(1)) (D) tan(tan1(1) — tan-1(¢nn))

Let P(x) be the polynomial x® + ax? + bx + ¢, where a,b,c € R. If P(=3) = P(2) = 0 and P'(-3)<0,
which of the following is a possible value of 'c' ?

(A) =27 (B)-18 (C)-6 (D)-3

Two functions f & g have first & second derivatives at x = 0 & satisfy the relations,

2
f(0)= 40y - () =29(0) = 49(0). g"(0) = 5 /*(0) = 6/ (0) = 3 then -

. f(x) vy 19 : _ : YO —
(A) if h(x) =@ then h'(0) = 7 (B) if k(x) = f(x). 9(x) sin x then k'(0) = 2
©) ij)it% :% (D) none

21



25.

10.

22

/n(4nx)
If y=x{™ , then % is equalto :
(A) y (ﬁnxf”’“l +2/nx (n (Knx)) (B) y (In )" (2 In (Inx) + 1)
X X
(C) —2— ((Inx)2+2In(Inx)) ©) Y 21 @nx) +1)
X {nx X /nX

EXERCISE (S-1)
Let f, g and h are differentiable functions. If f(0) = 1 ; g(0) = 2 ; h(0) = 3 and the derivatives of their
pair wise products at x =0are (fg)' (0) =6; (g h)' (0) =4 and (h )’ (0) = 5 then compute the value of
(fgh)'(0).
dy

eX x& eX d
(@ Ify=(cosx)™+ (¢nx)* find ™ (b) Ify=¢e* +e° +x° .Find d_z

2

Ify= X7+%X\/X2 +1+/nyx+~/x?+1 prove that 2y = xy' + /ny'. Where ' denotes the derivative.

- e*.a¥ Vo d_y
Ify—In(x ) find .
X, X,.X X4 X°

+ + +
— X (X - Xl)(x - Xz) (X - Xl)(x - Xz)(x - Xa)

d X X X X
that -2 = 2| bt oy g
dx X[ X, =X X,—X X;—X X, — X

Ify=1+ X ) O X — X x =) e upto (n + 1) terms then prove

2
If X = cosec 6 —sin O ; y = cosec" 0 —sin"6, then show that (x? + 4) (j—zj -n¥(y*+4) =0.

If a curve is represented parametrically by the equations

4 7 ) .
x:sm[t+—nJ +sin| t— | +sin L ,
12 12 12
n 0 [ 3“)
=cos| t+— | +cos| t—— | +cos| t+—
y [ 12) [ 12} 12

then find the value of E (5 —XJ att I )
dtly X 8

Ifx =

1+ (nt _ 3+2nt dy _ . (dyY
2 andy= . . Show that y i =2X (&j + 1.

VI+X? +4/1-x?
Differentiate \/%:/1_% w.rt. 1 x* -

a(x), Xx<0
Let g(x) be a polynomial, of degree one & f(x) be defined by f(x) = [ 14 x )ﬂx
— , x>0

2+X
Find the continuous function f(x) satisfying f'(1) = f (-1).



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Method of Differentiation

) dy x* [1-y°
If V1-x® +1-y® =a% (x*—y?3), prove that ax -y 1%

1 d 1
Ify=X+ 1 , prove that—y=
X+ dx 2— X
1 1
Xt X+
X+ e, 1
X+
X4 i,

Letfx)=x+_+ 1 1 o. Compute the value of f(100) - f' (100).

2X + 2X + 2X +
Find the derivative with respect to x of the function :

i . 2X T
(log,,,, sinx) (log,  cosx)™ + arcsin Catx=— .
X sinx 1+X 4

Suppose f(x) = tan (sin™ (2x))

(@ Find the domain and range of f.

(b) Express f(x) as an algebraic function of x.

(c) Find f'(1/4)

(@ Letf(x) =x*-4x-3,x>2and let g be the inverse of f. Find the value of g' where f(x) = 2.
(b) Letf:R — R be defined as f(x) = x® + 3x* + 6x — 5 + 4e** and g(x) = f(x), then find g'(-1).

1
(c) Suppose f1is the inverse function of a differentiable function f and let G(x) = f‘l—(x) :
1
If f(3) =2 and f'(3) ary find G'(2).

1 1 1 1
fy=tan!———+tan!— + tant————- +tant———-"-—- + ..... to n terms.
y=1a X2 +x+1 X% +3x+3 i X2 +5x +7 N 7x+13 0 h terms

Find dy/dx, expressing your answer in 2 terms.

u 1 1 1 dy
N _ o & — il _— =
Ify=tan Lo & X =sec U1 ue (O,ﬁJu(ﬁ,lj prove that 2 OIX+1 0.

_ Masinx++1-sinx . dy [ Ej [E J
Ity =cal \/1+sinx—\/1—sinx’fInd ax X € 0’2 Y27
(x—a)' (x-a)’ 1 (x—a)* (x—a)* 1
IFfx) = [(x—b)* (x—b)® 1], then f'(x) = A. |(x=b)* (x—b)® 1|. Find the value of 2.
(x-c)* (x-c)® 1 (x—-c)* (x-c)* 1

(@ Ify=y(x)and it follows the relation e +y cos x = 2, then find (i) y'(0) and (ii) y"(0).
(b)  Atwice differentiable function f(x) is defined for all real numbers and satisfies the following conditions
f(0)=2; f'(0)=-5 and f"(0)=3.
The function g(x) is defined by g(x) = e* + f (X) V X € R, where 'a' is any constant.
If g'(0) + g"(0) = 0. Find the value(s) of 'a'.
If X = 2cost — cos2t & y = 2sint — sin2t, find the value of (d?y/dx?) when t = (n/2).

2
Find the value of the expression y3% on the ellipse 3x* + 4y? = 12.

23



24,

25.

10.
11.

12.

24

cos(X +x?) sin(x+x*) —cos(x +Xx?)
If f(x) = [sin(x—x*) cos(x—x*) sin(x—x?) | then find f'(x).
sin2x 0 sin2x’

Let P(x) be a polynomial of degree 4 such that P(1) = P(3) = P(5) = P'(7) = 0. If the real number
x#1, 3, 5is such that P(x) = 0 can be expressed as x = p/q where 'p' and 'q' are relatively prime, then

(p + q) equals.

EXERCISE (S-2)
Find a polynomial function f(x) such that f(2x) = f'(x) f "(x).

1 1 2
Y

If 2x= Y® +y ° then (X2 — 1):7 -~ k. then find the value of k.

2
Let y = x sin kx. Find the possible value of k for which the differential equation %+ y = 2k cos kx

holds true for all x € R.
Prove that if [a, sinx +a,sin2x + ......... +a_sinnx| <|[sin x| for X € R, then

la, +2a,+3a, + ... +na [<1
The function f: R — R satisfies f(x?) - f"(x) = f'(x) - f'(x?) for all real x. Given that f(1) = 1 and
"' (1) = 8, compute the value of f'(1) + " (1).

3
[1+(dy/dx)* |2 y 1 . 1
d%y 1 dx? can be reduced to the from R#% = 2y /dx?)?°  (Px/dy?)?" -

Show that R =

Let f(x) :¥ if x # 0 and f(0) = 1. Define the function f'(x) for all x and find f"(0) if it exist.

Suppose fand g are two functions such thatf, g: R —> R,

f(x) = In(1+x/1+7) and g(x) = In(x +\/1+7)

then find the value of x e [f GB +g'(x)atx=1.

¢ TXAY)-TX) _ fi(y) —a

Le
2 2

+ xy for all real x and y. If f(x) is differentiable and f'(0) exists for all

real permissible values of 'a' and is equal to v5a—1—a* . Prove that f(x) is positive for all real x.

X ) 1-x . dy
If y=tan!'———+sin| 2tan . |=—= |, then find — for x € (-1, 1).
J 1+41-x° { \/1+XJ dx -L1)

If f: R — R is a function such that f(x) = x3 + x?f'(1) + xf"(2) + f"(3) for all x € R, then prove that

f(2) = (1) - f(0).

If o be a repeated root of a quadratic equation f(x) = 0 & A(X), B(x), C(x) be the polynomials of degree
A(x) B(Xx) C(x)

3, 4 & 5 respectively, then show that |A(a) B(a) C(a)| is divisible by f(x), where dash denotes
A'(a) B'(a) C'(a)

the derivative.



Method of Differentiation

EXERCI SE (S-3)

Evaluatethefollowinglimitsusing L 'Hospital'sRuleor otherwise(Q.No.1to5) :

1.

10.

_ 2
Lim{ _1_1 —1 ZX}
x>0 [ xsin™x X

x+€n(\/x2 +1—x)

. 1+sinx—cosx+/n(1-x)
Lim 5
x>0 x-tan® x
. X6000 _ (Sln X)GOOO
le 2 : 6000
x>0 X, (sinx)

1-C0SX.C0S2X.C0S3X.....cOSNX

- has the value equal to 253, find the value of n (where n € N).

If Lim

x—0 X

Given a real valued function f(x) as follows :

sinx—In(e* cosx)

2
ﬂmziiiﬁﬁlﬁﬂwx<0ﬁmy€%&ﬂm: for x > 0. Test the continuity
X

6x*
and differentiability of f(x) at x = 0.
Leta,>a,>a, ... a>1;p,>p,>pP, e >p,>0;suchthatp +p,+p,+..... +p =1 Also
FOO = (paal + P25 + oo +p,a )UX . Compute
(a) LimF(x) (b) LimF(x) (c) LimF(x)
XX, X Xay v, X _, be nzero's of the polynomial P(x) = X" + ax + 3,
wherexi;tiji&j:l,Z,S, ........... (n-1).

Prove that the value of Q(x) = (X= X,)(X,— X)) (X,= X)...(x = X__,), is equal to "C x "~2.
Column - | contains function defined on R and Column-II contains their properties. Match them :-

Column - | Column -1
1+tan N
(A) Lim 20 | equal (P) e
7 14sin -
3n
(B) Lim - — equals Q) e2
x—0" -
(1+ cosecx) e
2 1/x
© Lirgl (— cos* x) equals (R) g-2In
X— T
(S) en/6

25



EXERCISE (JM)

Let y be an implicit function of x defined by x* — 2x* cot y — 1 = 0. Then y'(1) equals :-
[AIEEE-2009]

(1) log 2 (2) —log2 3)-1 41
Let f: (-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) :- [AIEEE-2010]
(1) 4 (2)-4 (3)0 (4) -2
d?x
d_yz equals :- [AIEEE-2011]
d’y)(dy)” d?y ) (dy)” d?y) " diy) (dy)°

@) (dTJ () @) ‘(a] () @ [a] @) ‘(aj &
If y = sec(tan-1x), then Z_i at x =1 isequal to : [JEE(M ain)-2013]
1 1 2 l 3)1 (4) 2
W5 @ 3 ©)
If g is the inverse of a function f and f'(x) = L then g'(x) is equal to :

[JEE(M ain)-2014]

1

(D 1+x (2) 5x* 3) L 0F (4) 1+{g(x)}°

If for XE(O,%), the derivative of ta‘nl(]—exﬁJ is \/x-g(x), then g(x) equals :-
X

[JEE(Main)-2017]

3x/x X
(D) 103 (2) 1703 () 1oox ) -0




Method of Differentiation

EXERCISE (JA)

Let g(x) = /n f(x) where f(x) is a twice differentiable positive function on (0, «) such that
f(x+1) =xf(x). ThenforN=1, 2, 3,........ :

" 1 W 1)
. ('\”EJ_Q [EJ _ [JEE 2008, 3]
11 1 1.1 !
(A)—4{1+§+2—5+ ....... (2N—1)2} (B)4{1+§+£+ """" (2N—1)2}
1.1 1 1.1 !
(C)—4{1+§+2—5+ ....... m} (D)4{1+§+£+ ....... (2N+1)2}

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, and f(x) = g(x) sin x.
Statement-1: Lim [9(x) cot x— g(0)cosecx] = f"(0)

and

Statement-2: f'(0) = g(0)

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation of statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for statement-1
(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true. [JEE 2008, 3]

If the function f(x) = x* +e2 and g(x) = f-1(x), then the value of g'(1) is [JEE 20009, 4]

Let f(6) =sin£tan1 (%B where —§< 0 <§. Then the value of d(t:n ) (f(6)) is
[JEE 2011, 4]
The slope of the tangent to the curve (y — x°)* = x(1 + x)* at the point (1,3) is
[JEE(Advanced)-2014, 3]
Letf :R >R, g:R—>Randh:R — R be differentiable functions such that f(x) = x> + 3x + 2,
g(f(x)) = xand h(g(g(x))) = x for all x € R. Then- [JEE(Advanced)-2016, 4(—2)]

(A) g‘(2):% (B) h(1) = 666 (C) h(0) = 16 (D) h(g(3)) = 36

27



13.

16.

21.

ANSWER KEY
EXERCISE (O-1)

A 2. B 3. B 4. D 5. B 6. C 7. B 8. B
C 10. C 11. D 12. A 13. A 14. C 15. D 16. A
A 18. B 19. A 20. B
EXERCISE (0O-2)
A 2. D 3. A 4. A 5 D 6. A 7. D 8. C
D 10. B 1. C 12. A 13. D 14. A 15. D 16. C
B,D 18. C,.D 19. AB,C 20. AC 21. AB 22. ACD 23 A
. AB,C 25 B,D
EXERCISE (S1)
1
16 2. (a) Dy = (cosx)™ [@—tanx fnx} + (nx)* LnXMn(ﬁnx)}
X x eX X x@ e oX x 1 X
(b) % = e | x° {7+e fnx} + e X ¥ [L+elnx] + x* e |:;+e Enx}
2|1 3 .
== = f x<
Yy x/nx+x/nx./ny +1 1++/1—x* B 3[6+€n2}( T x=0
X nx(—x—y na) 7. 8 - T 10. f(x) = T
—j if x>0
2+X
32 8 11 _ _2x 163
100 14. B+ In2 15. (a) (_E’EJ’(_OO’ ) ; (b) f(x) = Ny (o) o
1/6; (b L. 1 17 ! B 19 1or—1 20.3
(@) ’()14’ (©)- " 14(x+n)? 1+X%° T 2 :
@ () y(©0)==1; (i) y"(0)=2; (b)a=1,-2 22. _?3 23. —79 24. 2(1 + 2x).cos 2(x +x?) 25. 100
EXERCISE (S-2)
XCOSX—SinX .
4%° == if x=#0 1
2 225 3 k=l,-10r0 5 6 7. f(=| % L £7(0)= -
9 . 3
0 if x=0
1-2x
Zero 10. 2\/]?
EXERCISE (S-3)
> 2 1 3 1 4 1 5. 1000 6. 11
6 . 6 . _3 . _2 . .
fis cont. but not derivable at x =0 8. (a) af.ayr....ay;(b)a;(c)a 10. (A)S;(B)P;(C)R

EXERCISE (JM)

3 2. 2 3 2 4, 1 5 4 6. 2
EXERCISE (JA)
A 2. A 3 2 4, 1 5 8 6. B,C
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