CHAPTER

CONTINUITY

Chapter Objectives

This chapter will help you understand :

»  Continuity and differentiability : Continuity of a function at a point; Continuity in an interval; Geometrical meaning of conti-
nuity; Discontinuity and Continuity of composite function; Differentiability and Differentiability in interval.

» Derivatives : Algebra of derivatives; Derivatives of composite function,; Derivatives of implicit function; Derivatives of trigo-
nometric function; Derivatives of inverse trigonometric function; Exponential function; Derivatives of exponential function;
Logarithmic function; Logarithmic rules and its differentiation; Derivative of function in parametric forms and Second order
of derivative.

» Rolle’s theorem and MVT : Rolle’s theorem and Mean value theorem.
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% Continuity of a function at a point : Let f be a real
function on a subset of the real numbers and let ¢
be a point in the domain of f. Then f is continuous

at ¢ if lim f(x)=f(c). In other words, if the left-

hand limit, right-hand limit and the value of the
function at x = ¢ exist and are equal to each other,
lim f(x)=1lim f(x)=f(c) then f is said to be

TIps... #°

% The constant function f(x)=k is continuous for all
real values of x.

% The identity function f(x)=x is continuous for all

. real .
continuous at x = c. eal values of x

+ Continuity in an interval :
* The function fis said to be continuous in an open
interval (a, b) if it is continuous at every point in

* The modulus function f(x)=|x| is continuous for
all real values of x.

this interval.
* The function f is said to be continuous in closed
interval [a, b] if f is continuous in open interval

(a,b), lim f(x)=f(a), lim f(x)=f(b).
Geometrical meaning of continuity : The geometrical

meaning of a continuous at c of a function f is that
there is no break in the graph of the function at the

point [c, f(c)]
Discontinuity : The function f will be discontinuous
at x = g in any of the following cases :

o lim f(x)# lim f(x)
o lim £(x) = lim £(x) = £(a)
. f(a) is not defined.

< : ; — n n-1
' The polynomial function f(x) = a,x"+ a"™" +a,,_
X2+ ax + axt + ayx® is continuous for all

real values of x.

*u The greatest integer function f(x)=[x] is continu-
ous for all real values of x except at integral values

of x.

TRICKS... /~

N All trigonometrical functions are continuous in
their respective domains.

N Exponential and Logarithmic Functions are con-
tinuous for all real values of x.

+ Continuity of composite function : Let f and g be real valued functions such that (fog) is defined at a. If g is
continuous at 4 and f is continuous at g (), then (fog) is continuous at a.

Differentiability : If a function f is differentiable at a point ¢ in its domain if both LHD (left-hand derivative) and
RHD (right-hand derivative) are finite and equal, it means : LHD = lim fle=1)-f(c) =lim fle+ hz ~f(0) =RHD.

h—0 —h h—0"

X3

¢
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% Differentiability in an interval : The function y = f(x) is said to be differentiable in an open interval (g, b) if it is
differentiable at every point of (7, b). And, the function y = f(x) is said to be differentiable in the closed interval [a,
b] if LHD and RHD exist and f'(x) exists for every point of (4, b). Every differentiable function is continuous, but

the converse is not true.

f@: Know the Links

I hitps://www.intmath.com/functions-and-graphs/7-continuous-discontinuous-functions.php
5 https://www.ipracticemath.com/learn/calculus/continuous_discontinous

I https:/fwww.mathsisfun.com/calculus/continuity.html
5 https://www.mathsisfun.com/calculus/differentiable.html

I https:/[www.zweigmedia.com/RealWorld/calctopicl/contanddiffb.html

c0e0

Multiple Choice Questions

(1 mark each)

2
Q.1. If f(x)=2xand g(x):x?+1 then which of the

following can be a discontinuous function?

(@) fx) + g(x) (b) £(x) - g(x)
(©) f()-8x) @ )

f(x)
[NCERT Exemp. Ex. 5.3, Q. 83, Page 113]

Ans. Correct option : (d)

x2

Explanation : Since f(x)=2xand g(x)= 74.1 are

continuous functions, then by using the algebra
of continuous functions , the functions f(x) + g(x),
f(x) - g(x), f(x).g(x) are also continuous functions but
8(x)
£(x)
Q. 2. The function f(x)= 4-x
o 4x - x°
(a) discontinuous at only one point
(b) discontinuous at exactly two points
(c) discontinuous at exactly three points
(d) none of these
[NCERT Exemp. Ex. 5.3, Q. 84, Page 113]
Ans. Correct option : (c)

Explanation : Given that,
2
f(x)= 44 X then itis discontinuous if
X—Xx

= 4x—x*=0

is discontinuous function at x = 0.

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

= x=0,-2,2

Thus, the given function is discontinuous at exactly
three points.

Q. 3. The set of points where the function f given by
f(x)=2x—1]sin xis differentiable is

(@) R
1

(b) R- {E}

(¢) (0,)

(d) none of these
[NCERT Exemp. Ex. 5.3, Q. 85, Page 113]
Ans. Correct option : (c)

Explanation : Given that,
f(x)=[2x—1]sinx
The function sin x is differentiable.

The function | 2x —1] is differentiable, except
2x-1=0

Sy=t
Thus, the given function is differentiable R — {%}
Q. 4. The function f(x) = cotx is discontinuous on the set
() {x=nr:neZ}
(b) {x=2nr:neZ}

(c) {x = (2n+1)%; ne Z}
nrw
d =—; V4
(d) {x ) ne }
[NCERT Exemp. Ex. 5.3, Q. 86, Page 114]

Ans. Correct option : (a)
Explanation : Given that,

cosx
f(x)=cotx ==

sinx
It is discontinuous at
sinx =0

=x=nr,ne’

Thus, the given function is discontinuous at
{x=nr:neZj

Q. 5. The function f(x) = e s
(a) continuous everywhere but not differentiable atx =0
(b) continuous and differentiable everywhere
(c) not continuous atx =0
(d) none of these
[NCERT Exemp. Ex. 5.3, Q. 87, Page 114]
Ans. Correct option : (a)
Explanation : Given that,
)=
The functionse® and | x | are continuous functions
for all real value of x.

Since e” is differentiable everywhere but | x | is non-
differentiable at x = 0.
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Thus, the given functions f(x)=¢" is continuous

everywhere but not differentiable at x = 0.
. If f(x)=xzsinl, where x # 0, then the value
x

of the function f at x = 0, so that the function is
continuous atx = 0, is

(@ o (b) -1
(01 (d) none of these
[NCERT Exemp. Ex. 5.3, Q. 88, Page 114]
Ans. Correct option : (a)

Explanation : Given that,
1
x)=x"sin—
()= xsin’
Thus,
(a1
f(0)= £1£r(}(x sm;]
an oscillating value
between —1and 1

:>f(0):0x(
= f(0)=0

. T
mx+1if x<—

Q.7. If f(x): , is continuous at
sinx +n, ifx>%
x = Z then

2 nx

(@ m=1,n=0 (b) m:?+1
mm T

C) n=—— d m=n-=—

(c) ) (d) )

[NCERT Exemp. Ex. 5.3, Q. 89, Page 114]
Correct option : (c)
Explanation : Given that,

Ans.

mx+1if x<Z
f(x)=

. . s
sinx +mn, 1fx>5

is continuous function at

X = E,then
2

LHL = RHL
= lim f(x) = lim f(x)

x—>= x>=

2 2

= hmf(%—hj = lim f[%+ hJ

h—0

= 1imm(£—hj+l= lim sin(£+hj+n
h—0 2 h—0 2

= 1imm(£—h)+ 1=1lim cosh+n
h—0 2 h—0

= m[£j+1:1+n
2
mr
= n=——
2

Q.8. Let f(x)=|sinx|, then
(a) fis everywhere differentiable
(b) fis everywhere continuous but not differentiable
atx =nn,n e Z.

(c) fis everywhere continuous but not differentiable
atx = (2n+1)£,neZ.
(d) none of these
[NCERT Exemp. Ex. 5.3, Q. 90, Page 114]
Correct option : (b)
Explanation : Given that,
f(x)=|sinx]|
The functions | x| and sin x are continuous function
for all real value of x.

Ans.

Thus, the function f (x) =| sin x |is continuous function
everywhere.
Now, |x| is non-differentiable function at x = 0.

Since f(x)=|sinx|is non-differentiable function at
sinx =0
Thus, f is everywhere continuous but not
differentiable at x = nm, n € Z.
Fill in the blanks :
An example of a function which is continuous
everywhere but fails to be differentiable exactly at
two points is

[NCERT Exemp. Ex. 5.3, Q. 97, Page 116]

f(x)=|x*-4|

Explanation : The function f(x)=| x*—4|is

Q.9.

Ans.

continuous everywhere but it is non-differentiable
atx’—4=0
= x=12
State True or False for the statement :
If f is continuous on its domain D, then |f| is also
continuous on D.
[NCERT Exemp. Ex. 5.3, Q. 103, Page 116]

Q. 10.

Ans. True
Explanation : Let a function f(x) = x which is
continuous in its domain R, then the function
|f(x)| = | x| isalso a continuous function in its domain.
State True or False for the statement :
The composition of two continuous functions is a
continuous function.

[NCERT Exemp. Ex. 5.3, Q. 104, Page 116]

Q.11.

Ans. True

Explanation : The composition of two continuous
functions is a continuous function.

State True or False for the statement :
Trigonometric and inverse-trigonometric functions
are differentiable in their respective domain.

[NCERT Exemp. Ex. 5.3, Q. 105, Page 116]

Q.12.

Ans. True
Explanation : Trigonometric and inverse-
trigonometric functions are differentiable in their
respective domain.
State True or False for the statement :
If fg is continuous at x = a4, then f and g are
separately continuous at x = a.

[NCERT Exemp. Ex. 5.3, Q. 106, Page 116]

Q.13.

Ans. False
Explanation : Let f(x)=sinx and g(x)=cotx.

Thus,

f(x)xg(x)=sinx><cotx:sinx>< cosx _

sinx
It is continuous function at x = 0 but g(x)=cotxis
not continuous function at x = 0.



154 | OSWAAL NCERT SOLUTIONS — Textbook + Exemplar - MATHEMATICS : Class-XI|

Very Short Answer Type Questions

(1 or 2 marks each)

Q.1.

Ans.

Q.2.

Ans.

Ans.

Examine the continuity of the function f(x) = 2x* -
1latx =3. [NCERT Ex. 5.1, Q. 2, Page 159]
Given function is f (x) = 2x*— 1.
LHL (at x=3)= lim f(x)

=lim f(3-h)

=lim[ 264 1]
=2(3)" -1
=17

RHL (at x =3) = lim f(x)

-t (3
~lim[ 2(3+h)’ -1]
=2(3) -1
=17

And, f(3)=2(3) -1=17

Since LHL = RHL = f(3) =17, then the given function
is continuous at x = 3. [1]
Examine the following functions for continuity of
flx) =x-5. [NCERT Ex. 5.1, Q. 3(a), Page 159]
Let k be any real number.

Given function is f(x) = x - 5.

LHL (at x=k)= lim f(x)

=lim f(k—h)

h—0
= lim [k —h 5]

=k-5

RHL (at x=k) = }1_1;)1;1 f(x)
=lim f (k-+ 1)
= l}gr(} [k +h— 5]
=k-5

And, f(k)=k-5

Since LHL=RHL = f(k)=k-5, then the given

function is continuous at x = k.

Thus, the given function is continuous for all real
numbers. [1]

1]

1]

. Examine the following functions for continuity of

[NCERT Ex. 5.1, Q. 3(b), Page 159]

Let k # 5 be any real number.

1
Given function is f(x)= 5

LHL (at x =k) = lim f(x)
=lim f(k—h)

h—0

. 1
=lim
i)

1
k-5

1]

Q.4.

Ans.

Ans.

RHL (at x:k):}iﬁnklf(x)

—lim f (k + )

h—0

=lim !
fHO[kJrh—Sj

Since. LHL=RHL = f (k)= kl—s, then the given

function is continuous atx = k# 5

Thus, the given function is continuous for all real
numbers except 5. [1]
Examine the following functions for continuity of

f(x) = |[x-5|. [NCERT Ex. 5.1, Q. 3(d), Page 159]
(x=5), x>5
Given function is f(x)=|x—5|=10, x=5.
—(x=5), x<5
LHL (at x=5)= }l_l}s’l f(x)
=lim f(5—h)
=lim[~(5~h~5)]
=0
RHL (at x=5)= }1&1 f(x)
=lim (5 + 1)
=lim[(5+h-5)]
=0 [1]
And, f(S) =0
Since  LHL=RHL=f(5)=0, then the given

function is continuous at x = 5.
Thus, the given function is continuous for all real
numbers. [1]

. Prove that the function f(x) = x” is continuous at

x = n, where n is a positive integer.
[NCERT Ex. 5.1, Q. 4, Page 159]

n

Given function is f(x)=x".
LHL (at x =n) = lim f(x)
=lim f(n—h)

h—0

=lim(n—h)"

h—0
=n"

RHL (at x =)= lim f(x)
=lim f(n+h)
~lim ()
— n”

And, f(n)=n"

1]

Since LHL=RHL=f(n)=n", then the given function
is continuous at x = n. [1]
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Q. 6.

Ans.

Q.7.

Ans.

Q.8.

Find all points of discontinuity of f, where f is
2x+3, if x<2

{Zx—S, ifx>2"

[NCERT Ex. 5.1, Q. 6, Page 159]
2x+3, if x<2

{2x—3, if x>2°

defined by f(x)=

Given function is f(x)=

From the function, x = 2
LHL (at x =2) = lim f(x)
:lhlir(}f(Z—h)
=lim[2(2~h)+3]
=7 [1]
RHL (at x =2) = thlf(x)
=lim f(2+h)
=lim[2(2+h)-3]
=1
And, f(2)=2(2)+3=7

Since  LHL=RHL=# f(2)=7, then the given

function is discontinuous at x = 2. [1]
Find all points of discontinuity of f, where f is
Ixl
defined by f(x)=9 x ' 1fx¢0.
0, ifx=0

[NCERT Ex. 5.1, Q. 8, Page 159]

Given function is
[x| .
—,ifx#0
f(x)=1 x
0, ifx=0

X ifx<0
X
if x=0

o1, ifx>0
X
From the function, x = 0
H =0)=1
LHL (at x=0) l1_rj)1f(x)

=lim f(0-1)
=Tlim f(~h)

=lim[-1]

=-1 1]
RHL (at x =0) = lirg f(x)

~lim £(0+ 1)

h—0

=lim f(h)

h—0
~lim]

=1
And, f(0)=0

Since LHL # RHL # f(0) = 0, then the given function
is discontinuous at x = 0. [1]
Find all points of discontinuity of f, where f is
defined by

Ans.

Ans.

x
—,if x<0
f(x)=1lx|
-1, ifx>0.

[NCERT Ex. 5.1, Q. 9, Page 159]
Given function is

X
—, ifx<0
flx)=1lx]

-1, ifx>0

X, ifx<0

-1, ifx>0

From the function, x = 0
LHL (at x=0)= }gg\f(x)

=lim f(0-1)
=lim f(-h)

h—0

=lim[-1]

h—0

-1
RHL (at x =0) = lim f(x)
x—0"
=lim f

h—0

(0+
=lim f(h)

h—0

=lim[-1]

h—0
=-1 [1]
And, f(0)=-1
Since LHL = RHL = f(0) = —1, then the given function
is continuous at x = 0.

Thus, the given function is continuous at all real
numbers. There is no point of discontinuity. [1]

h)

. Find all points of discontinuity of f, where f is

. x+1, ifx21
defined by f(x)= A1, ifxs1

[NCERT Ex. 5.1, Q. 10, Page 159]

) ; o B x+1, ifx>1
Given function is f(x)= il ifxe<l
From the function, x = 1
LHL (atx:l):lgﬁ}f(x)

=lim f(1-h)
=lim{ 1=y +1]
=2
RHL (atle):}ijf}f(x)
=lhi£r(}f(l+h)
=lim (1+h)+1]
=2 [1]

And, f(1)=1+1=2

Since LHL = RHL = f(1) =2, then the given function
is continuous at x = 1.

Thus, the given function is continuous at all real
numbers. There is no point of discontinuity.  [1]
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Q. 10.

Ans.

Q.11

Ans.

Q.12.

Ans.

Find all points of discontinuity of f, where f is
if x<2
defined b x)= .
y f(x) {x2+1, if x>2

[NCERT Ex. 5.1, Q. 11, Page 159]
if x<2

ifx>2

x* -3,

Given functionis £(x) |,
x)=

iven function is 21l

From the function, x = 2

LHL (at x = 2) = lim f(x)

~lim f(2-h)
=lim| (21’3
=5

RHL (atsz)z}ig}f(x)
~lim f(2+ 1)
=l 2o +1]
=5

[1]
And, f(2)=(2)'-3=5
Since LHL =RHL = f (2) =35, then the given function
is continuous at x = 2.
Thus, the given function is continuous at all real
numbers. There is no point of discontinuity.  [1]
Find all points of discontinuity of f, where f is

1 .
definedbyf(x):{x 0-1, if ¥<1

if x>1

[NCERT Ex. 5.1, Q. 12, Page 159]

x0-1, ifx<l

x?,

2

Given function is f ( x) = {
x 4

ifx>1
From the function, x = 1
LHL (at x=1)= llgf(x)

= limf(l—h)

h—0
=lim|(1-)" 1]

=0
RHL (at x =1)=lim f(x)

x-1*
=lim f(1+1)
=lim| 14y ]

=1
And, f(1)=(1)"~1=0

1]

Since LHL = RHL # f(1) =0, then the given function
is discontinuous at x = 1. [1]

. . x+5, if x<1
Is the function defined by f(x) :{ . a
continuous function? x-5, ifx>1
[NCERT Ex. 5.1, Q. 13, Page 159]
) o x+5, if x<1
Given function is f(x)= {x 5 ifx>1
From the function, x = 1
LHL (at x=1)= }1_1;1[’1_}6()()
=lim f(1-h)

h—0

Q.13.

Ans.

Q.14.

Ans.

Q.15.

Ans.

Q. 16.

Ans.

=lim[(1-h)+5]
=6
RHL (at x =1)=lim f(x)

x-1"

—lim f(1+h)

h—0

=lim[(1+h)-5]

h—0

=—4
And, f(1)=1+5=6

Since LHL = RHL # f(1) = 6, then the given function
is discontinuous at x = 1.
Thus, the given function is not continuous at x = 1.[1]
Discuss the continuity of the following functions
f(x) = sinx + cos x.

[NCERT Ex. 5.1, Q. 21(a), Page 160]
We know that p(x) = sin x and g(x) = cos x both are
continuous function for all real value of x. [1]
By the algebra of continuous functions, we get that
f(x) = p(x) + q(x) = sin x + cos x is also a continuous
function for all real value of x. [1]
Discuss the continuity of the following functions
f(x) = sinx — cos x.

[NCERT Ex. 5.1, Q. 21(b), Page 160]
We know that p(x) = sin x and g(x) = cos x both are
continuous function for all real value of x.
By the algebra of continuous functions, we get that
f(x) = p(x) — g(x) = sin x — cos x is also a continuous
function for all real value of x. [1]
Discuss the continuity of the following functions
f(x) = sin xcos x. [NCERT Ex. 5.1, Q. 21(c), Page 160]
We know that p(x) = sin x and g(x) = cos x both are
continuous function for all real value of x.
By the algebra of continuous functions, we get that
f(x) = p(x) x g(x) = sin x cos x is also a continuous
function for all real value of x. [1]
Find the values of k so that the function f is
continuous at the indicated point in

kx?, if x<2
f(x)_{s, if x> 2
[NCERT Ex. 5.1, Q. 27, Page 161]
kx?, if x<2
3, ifx>2’

1]

atx=2.

Given function is f(x)= {

From the function, x =2
LHL (at x=2)= }gl;f(x)

=lim f(2-h)

~lim[ k(2-h)'|

h—0

— 4k
RHL (at x=2) = lirg} f(x)
~Tim f(2+ )

h—0
= lim 3]
=3
And, f(2)=4k
Since the given function is continuous function at

x =2, then LHL = RHL = f(2) = 4k.

1]
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Q.17.

Ans.

Q.18.

Ans.

Q. 19.

Ans.

Thus,
4k =3
3
=> k== 1
2 1]
Find the values of k so that the function f is

continuous at the indicated point in

f(x):{kx+1' ifx<mz

atx=nx.

cosx, ifx>xw

[NCERT Ex. 5.1, Q. 28, Page 161]
kx+1, if x<nx

Given function is f(x) ={ fxo

cosXx,
From the function, x =7
LHL (at x =)= lim f(x)

= limf(ﬂ - h)

h—0

=lim[ k(7 —h)+1]

h—0

=k(7r)+1 [1]
RHL (at x = 7) = lim f(x)

=lim f (7 + h)
= %}LI(}I:COS(H + h)]

:lhiglg[—cos(h)}
-1

And, f(ﬂ) =kr+1
Since the given function is continuous function at
x=r,then LHL=RHL = f(7)=kz +1. Thus,

kr+1=-1

k=-2

7 1]
Show that the function defined by f(x) = cos (¥?) is
a continuous function.
[NCERT Ex. 5.1, Q. 31, Page 161]
Let g(x) = cos x and h(x) = x% then
oh(x) = g (h(x)) = F(x) = cos(x"),

We know that if g(x) and h(x) are continuous

1]

=

function then goh(x)=g(k(x)) is a continuous
function. [1]
Since g(x) = cos x and h(x) = x° is continuous
function for all real value of x, then
goh(x) = g(h(x)) = f(x) = cos(x*)isalsoacontinuous
function. [1]
Show that the function defined by f(x) = |cos x| is
a continuous function.

[NCERT Ex. 5.1, Q. 32, Page 161]
Let g(x) = |x| and h(x) = cos x then
S0 (x) = (1) = ) =[eoss]
We know that if g(x) and h(x) are continuous
function then goh(x)zg(h(x))is a continuous
function. [1]
Since g(x) = |x| and h(x) = cos x is continuous
function for all real wvalue of x, then
goh(x)=g(h(x))= f(x)=|cosx| isalso a continuous
function. [1]

2

Q. 20.

Ans.

Ans.

Q.22.

Ans.

Ans.

Examine that sin |x| is a continuous function.
[NCERT Ex. 5.1, Q. 33, Page 161]
Let g(x) = sin x and h(x) = |x|, then
0h(x) = 8{1(x)) = f(x) =sin
We know that if g(x) and h(x) are continuous
function then goh(x)=g (h(x))is a continuous
function. [1]
Since g(x) = sin x and h(x) = |x| is continuous
function for all real value of x, then
goh(x)=g(h(x))= f(x)=sin|x| is also a continuous
[1]

function.

. Does there exist a function which is continuous

everywhere but not differentiable at exactly two
points? Justify your answer.
[NCERT Misc Ex. Q. 21, Page 192]
The function f(x)=x—-4|+|x-5]| is continuous
for all real points of x but it is not differentiable at
exactly two points x = 4 and x = 5. [2]
Find all points of discontinuity of the function
1
U ey, x-1
[NCERT Exemp. Ex. 5.3, Q. 18, Page 109]
Given that,

f(t)=

)
b
1

o
IRl

(x-1)°
(2x-1)(2-x)

, where t =

Put t= , we have

1]

1
Since it is not defined at (2x —1)(2-x)=0=>x =2, —,
then 2
The given function is discontinuous function at x = 2

1]

and —.
2

1
. Given the function f(x)= 712 Find the points of

discontinuity of the composite function y = f(f(x)).
[NCERT Exemp. Ex. 5.3, Q. 17, Page 108]

Since the given function is not defined at x = -2,

the function is discontinuous function at x = -2.

Now,f(f(x)) =

(—1 J+2
x+2

_ox+2
2x+5

[1]
X+2 is discontinuous

Thus, the function f(f(x)) =ois
X+

By

atx = -2and —E.
2
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Short Answer Type Questions

(3 or 4 marks each)

Q.1.

Ans.

Q.2.

Ans.

Examine the following functions for continuity of

2
f(x) _X - 25 )
X+5  NCERT Ex. 5.1, Q. 3(c), Page 159]
Let k # -5 be any real number.
x? =25
x+5

Given function is f(x)=

LHL (at x =k)=lim f(x)

x—k

—lim f (k- 1)

h—0

:hm[(k—h)z—zs}

0l k—h+5
k*-25
k-5
(k=5)(k+5)
k-5
=k+5 [1]
RHL (at x =k) = lim f(x)
=lim f(k -+ 1)

:h’m{(k*h)z_ﬂ

0 k+h+5
k=25

k-5
(k=5)(k+5)
k-5
=k+5 [1]
k*-25
k-5
(k=5)(k+5)
k-5
=k+5
Since LHL=RHL= f(k)=k+5, then the given
function is continuous at x = k # =5
Thus, the given function is continuous for all real
numbers except —5. [1]
x, if x<1
5 if x>1
continuous atx = 0? Atx = 1? Atx = 2?
[NCERT Ex. 5.1, Q. 5, Page 159]

And, f(k)=

Is the function f defined by f (x)—{

x, if x<1

Given function is f(x)= {5 gt
, ifx
LHL (at x=0)= lim f(x)

=lim f(0—F)
(-

h—0
=l (-h)
= lim ()

=0

Q. 3.

Ans.

RHL (at x =0) = lir{)} f(x)
=lim f(0+F)
(

+
h—0
=1lim (k)

h—0
= lim (k)

=0
And, (0) 0

Since LHL = RHL = f(0) = 0, then the given function
is continuous at x = 0. [1]

LHL (at x=1)= lirf}f(x)
=lim f(1-h)

h—0

=lim(1-h)

h—0

-1
RHL (at x =1)=lim f(x)

x-1*

—lim f(1+h)

h—0
=lim5
h—0
=5
And, f(1)=1
Since LHL # RHL # f(1) =1, then the given function
is not continuous at x = 1. [1]
LHL (at x=2)= }gglf(x)

=lim f(2-h)
=lim5
h—0

=5
RHL (at x =2) = lim f(x)
x—>2"

=lim f(2+1)
=lim5
h—0
=5
And, f(2)=5
Since LHL =RHL = f (2) =35, then the given function
is continuous at x = 2. [1]

Find all points of discontinuity of f, where f is
defined by

|x|+3, if x<-3
-2x, if-3<x<3
6x+2, if x>3
[NCERT Ex. 5.1, Q. 7, Page 159]
[x|+3, if x<-3
Given function is f(x)=4-2x, if -3<x<3.
6x+2, if x=>3

From the function, x = -3 and 3

f(x)=
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0.4.

Ans.

LHL (at x =-3) = lim f(x)
x—>-3"
=lim f(-3-h)
=lim[|-3 1| +3]
=|-3[+3
=6
RHL (at x =-3)= lim f(x)

x—>-3"

—lim f(-3+h)

h—0

=lim[-2(-3+h)]

h—0
--2(3)
=6 [1]
And, f(-3)=|-3]+3=6
Since LHL =RHL = f (—3) = 6, then the given function
is continuous at x = -3.
LHL (at x=3)= lim f(x)

—lim f(3-h)

h—0

=lim[-2(3~h)]

=6 [1]
RHL (at x =3) = lggl f(x)

=1hl£lgf(3+h)

=lim[6(3+h)+2]

=6(3)+2

=20
And, f(3)=6(2)+2=14
Since LHL = RHL # f(3) =14, then the given function
is discontinuous at x = 3. [1]

Discuss the continuity of the function f, where f
is defined by

3, if0<x<1
f(x)=14, if1<x<3
5, if 3<x<10

[NCERT Ex. 5.1, Q. 14, Page 160]
3, f0<x<1
Given function is f(x) =44, if 1<x<3 .
5, if 3<x<10
From the function, x = 1 and 3
LHL (at x=1)= ]151}‘(3()
~lim f(1-h)
= lim 3]
=3
RHL (at x=1)= 113{1 f(x)

=lim f(1+h)
:lim[4]

h—0
=4 [1]
And, f(1)=3
Since LHL # RHL # f (1) =3, then the given function
is discontinuous at x = 1.

Ans.

Thus, the given function is not continuous at x = 1.
LHL (at x =3) = lim f(x)
x—3"

=lim f(3~ 1)

= lim{4]

-4 [
RHL (at x=3)= hr?f(x)

“lim f(3+ 1)

h—0
= lim([5]
=5
And, f(3)=5

Since LHL = RHL # f(1) =3, then the given function
is discontinuous at x = 3.
Thus, the given function is not continuous at x = 3. [1]

. Discuss the continuity of the function f, where f

is defined by
2x, if x<0
f(x)=40, if0<x<1
4x, if x>1
[NCERT Ex. 5.1, Q. 15, Page 160]
2x, if x<0
Given function is f(x)=10, if0<x<I.
4x, if x>1

From the function, x = 0 and 1
LHL (at x=0)= th?f(x)

—lim (0~ )

h—0

=lim f(-h)

h—0
= lim[ 2(-1)]

=0 [1]
RHL (at x =0) = lim f(x)

x—0"

=lim f(0+h)

h—0

N
—lim £ (1)

h—0

=1im[0]

h—0
=0
And, f(0)=0
Since LHL =RHL = f (0) =0, then the given function
is continuous at x = 0. [1]
LHL (at x =1) = lim f(x)
=lim f(l - h)

h—0

= ]im[O]

h—0
=0
RHL (at x =1)=Lim f(x)
x-1"
~lim f(1+ )

h—0
= lhlir(} 4(1+ h)]
=4
And, f(1)=4
Since LHL = RHL # f(1) =4, then the given function
is discontinuous at x = 1. [1]
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Q. 6. Discuss the continuity of the function f, where f

Ans.

Ans.

is defined by
-2, ifx<-1
f(x)=42x, if-1<x<1
2, if x>1

[NCERT Ex. 5.1, Q. 16, Page 160]
-2, ifx<-1
Given function is f(x)=42x, if —1<x<I.
2, if x>1
From the function, x = -1 and 1
LHL (at x=—-1)= XIEH f(x)

=lim f(-1-1)
=lim[-2]

h—0

RHL (at x =—1) = Xli{r} f(x)

= Liirgf(—l +h)
=lim[2(~1+)]
=2 [1]
And, f(-1)=-2
Since LHL = RHL = f(-1) =-2, then the given function
is continuous at x = —1. 1]
LHL (at x =1) = lim f(x)
~lim f(1-1)
=lim[2(1-1)]
=2
RHL (at x=1)= 1lj?f(x)
= lhlg(} f(1+h)
=lim[2]
=2

And, f(1)=2(1)=2

Since LHL = RHL = f(1) =2, then the given function
is continuous at x = 1. [1]

. Find the relationship between a and b so that the

function f defined by

ax+1, if x<3, .
f(x)= is continuous at x = 3.

bx+3,if x>3

[NCERT Ex. 5.1, Q. 17, Page 160]

if x <
Given function is f(x)= ax-+1, .1f *= 3.
bx+3,if x>3

LHL (at x:3):xlig1f(x)
=lim f(3-h)
=lim a(3-h)+1]
=3a+1

RHL (at x :3):}1;11; f(x)
:lhlgr(}f(3+h)
=lim[b(3+h)+3]
=3b+3

1]

Ans.

Ans.

And, f(3)=3a+1

Since the given function is continuous at x = 3,
then LHL:RHL:f(S):3a+1- [1]
LHL=RHL

=3a+1=3b+3

= 3a=3b+2

= a:b+g
3

1]

. Show that the function defined by g(x) = x — [x]

is discontinuous at all integral points. Here [x]
denotes the greatest integer less than or equal to x.
[NCERT Ex. 5.1, Q. 19, Page 160]
Let k be any integer.
Given function is g(x) = x — [x].
LHL (at x=k)= lim f(x)
=lim f (k)
=lim {(k — )~ [k~ ]}
=lim {(k — k) - (k -1)}
—k—(k-1)
=1
RHL (at x =k) = Xlg?f(x)
=lim f(k +1)
=lim {(k+ 1) ~[k+ 1]}
=lim{(k+ 1)k}
=k-k
=0
And, f(k)=k-[k]=k-k=0

Since LHL # RHL = f(k) = 0, then the given function
is discontinuous for all integers. [1]

1]

(1]

. Is the function defined by f(x) = x> - sinx + 5

continuous atx = 7?
[NCERT Ex. 5.1, Q. 20, Page 160]
Given function is f (x) = x* - sin x + 5.
LHL (at x =)= lim f(x)
=lim f(z —h)

h—0

~lim{(z k)" ~sin(z ~ )+ 5]

h—0

:%liil(}{(ﬂ—h)z —sin(h)+5}
=7*-0+5
=7’ +5

LHL (at x = 7) = lim f(x)

1]

:lhigr(}f(fr+h)

=lim {(7[ + h)z - Sil’l(ﬂ + h) + 5}

h—0

~tim{(+h)" +sin(h)+ 5|
=72+0+5
=7’ +5

And, f(7)= (7[)2 +sin(z)+5=7"+5

1]
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Q. 10.

Ans.

Q.11.

Ans.

Since LHL=RHL = f(7)=7"+5, then the given RHL (at x =0) = lim f(x)
function is continuous at x = 7. [1] —1im f(O + h)
Find all points of discontinuity of f, where =0
sinx :%}f(}f(h)
, if x<0
f(x) = X . 2. 1
x+1, if x>0 :%113} (n) sm@
[NCERT Ex. 5.1, Q. 23, Page 160] Any value
sinx L ifx<0 a between —1and 1
Given function is f (x) =9 X -0 1
x+1, if x>0, and. (00 [1]
From the function, x = 0 .n ! f( )_ ' '
LHL (at x = 0) = lim f(x) Since LHL = RHL = f(0) =1, then the given function
_ i;;f(o “h) is continuous at x = 0.
h—0 Thus, the given function is continuous for all real
= %,lg}f (=h) value of x. [1]
Ctim sin(—h) Q. 12. Examine the continuity of f, where f is defined by
_hﬂoi -h _|sinx—cosx, if x=0
. [ —sinh f(x)— -1, ifx=0
= Llir(} 0 .
:Sil’_lh [NCERT Ex. 5.1, Q. 25, Page 161]
=lim } sinx —cosx, if x#0
0L h Ans. Given function is f(x)= . .
-1 -1, if x=0
) l From the function, x = 0
RHL (at x =0) = lim f(x) LHL (at x = 0) = lim f(x)
. x—0"
=lim f(0+4) = lim f(0~)
— 1. h 11—
i £ (k) =lim f(~h)
=lim[h+1] "
I}HO = lhm(} [sin(—h) - cos(—h)]
= 1 -
1] = lim[—sinh— cosh]
And, f(o) =1 h—0
Since LHL = RHL = f(0) =1, then the given function - __1 1]
is continuous at x = 0. RHL (at x=0) = }glol f(x)
Thus, there is no point of discontinuity. [1] |
= 0+h
Determine if f defined by hlg(}f ( )
=lim f(h
£() xzsinl, if x#0 h%of( )
= x L . 3
0, if x =0 is a continuous function? B %1133 sm(h) COS(h)]
[NCERT Ex. 5.1, Q. 24, Page 160] =-1 1]
xzsinl, ifx#0 And,f(o):_l
Given function is f (x ) = x .
0, ifx=0 Since LHL = RHL = f(0) = -1, then the given function
From the function, x = 0 iﬁﬁontil;uou.s at xf: 0. o ) for all real
ST us, the given function 1s continuous for all rea
LHL (at x=0) = }151 f(x) value of x. [1]
=lim f(0—h) Q. 13. Find the values of k so that the function f is
h—0 . . . . .
. continuous at the indicated point in
=lim f(-h)
h=>0 kcosx . T
| o’ if x # >
:1}111'1‘(} (—h)2sin—h f(x)= Toax at x:z.
(=) 3, ifx=" 2
0 Any value
=UX
between —1and 1 [NCERT Ex. 5.1, Q. 26, Page 161]
=0
[1] kcosx’ ifx;tz
Ans. Given function is f(x)=1"" 2x 2
3, if x = %
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Q.14.

Ans.

From the function, x = %

LHL (at x= %J = lim f(x)

T
x>
2

. T
~tm7(5 1)
kcos(z—hj
_\2 )
- Z(E —h)
L 2

. [ ksinh }
=lim| ——
h>0| 71— 7+ 2h

Tk (sinh H
=lim|—
h—0| 2 h

_k 1]

RHL (at x= gj = lim f(x)

z
x—>=
2

. T
= lhlgr(}f(z+ h]
kcos(erhJ
2

7[—2(£+h)
L 2
[ —ksinh }

0 7 —7—-2h

Tk (Sinh H
=lim|—
h—0| 2 h

2 1]

=lim

h—0

And, f (5] =3
2
Since the given function is continuous function at

x:%,then LHL:RHL:f(%]:&

Thus,§:3:>k:6. [1]

Find the values of k so that the function f is
continuous at the indicated point in

kx+1, if x<5
f(x):{Sx—S, if x>5
[NCERT Ex. 5.1, Q. 29, Page 161]
kx+1, if x<5
3x -5, if x>5"

atx=5

Given function is f(x) = {

From the function, x =5
LHL (at x =5) = lim f(x)
x5

=lim f(5—1)
=lim[k(5-h)+1]
=5k+1 [1]

Q.15.

Ans.

Ans.

x—>5"
= lim f(5+1)
=lim[3(5+/)-5]

h—0

RHL (at x =5) = lim f(x)
+

=10 [1]
And, f(5)=5k+1
Since the given function is continuous function
atx =5, then LHL =RHL = f(5)=5k +1. Thus,

5k+1:10:k:% [1]

Prove that the function f given by f(x) = |x - 1|, x
€ Ris not differentiable at x = 1.
[NCERT Ex. 5.2, Q. 9, Page 166]
Given function is f(x)=|x—1|
LHD (atx=1)= HmL_{(l)
x—1 X —
L F-n)-£()
= 1-h-1
L F-m)-£0)
h—0 ~h

N ICRIEIE

[1%2]
RHD (at x =1)= ]ir{}%
= limw
h—0 1+ h —1
= limw
h—0 h
T Ll el D

— im0

-0 |

=1
[17]
Since LHD = RHD, then the given function is not
differentiable at x = 1.

Q. 16. Examine the continuity of the function f(x) = x> +
2x*-1latx =1.

[NCERT Exemp. Ex. 5.3, Q. 1, Page 107]

Given function is f(x) = x> + 2x*— 1.
LHL (at x=1)= llﬁnsf(x)

=i f(1=)

. 3 2

=lim(1-h) +2(1-h) -1

=1+2-1

=2 1
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Q.17.

Ans.

Q.18.

Ans.

RHL (at x =1) = lim f(x)
=lim f(1+h)

h—0
. 3 2
:%’12%(1+h) +2(1+h) -1
=1+2-1
=2
And, f(1)=1+2-1=2

Since LHL = RHL = f(1) = 2, then the given function
is continuous at x = 1. [1]

(1]

3x+5,ifx>2 .
continuous

Is the function f(x)= { y )
if x<

x2
or discontinuous at x = 2?

[NCERT Exemp. Ex. 5.3, Q. 2, Page 107]
3x+5, if x>2

Given function is f(x) {

x*,  if x<2

LHL (at x=2)= Xlgglf(x)
- %ggf(Z—hz)
= %liir(}(Z—h)
=4
RHL (at x =2) = thlf(x)
=lim f(2+1)
=lim3(2+/)+5
=11 [1%]
Since LHL # RHL, then the given function is
discontinuous at x = 2.

%]

1-cos2x
Is the function f(x)= x>
5, if x=0
continuous or discontinuous atx = 0?
[NCERT Exemp. Ex. 5.3, Q. 3, Page 107]

1-cos2x
2

5, if x=0
LHL (at x=0)= lim f(x)
“tim £(0-1)
=lim f(~h)
_l—COSZ(—h)‘|
oy

. _l—coszh}
=lim| ——

h—>0 hz

,ifx#0

,ifx#0
Given function is f(x)= BT

=lim
h—0

=lim >
h—0 h

=lim

h—>0

=2
RHL (at x=0) = lirg} f(x)
~lim f(0+h)

h—0

—tim £ (1)

h—0

[17]

Q.19.

Ans.

=lim

71—cos2(h)
() 1
l—cos2h}
0| p?
_Zsinzh}

0| K2

=1lim
h—0

=2

ksl
And, f(0)=5

Since  LHL=RHL = f(0)=5, then the given
function is discontinuous at x = 0.

|x—4]
Is the function f(x)=12(x-4)
0, if x=4
continuous or discontinuous at x = 4?
[NCERT Exemp. Ex. 5.3, Q. 5, Page 107]
[x—4]

[17]

,if x#4

,ifx=4
Given function is f(x)= 2(x—4) )
0, if x=4
LHL (at x =4) = lim f(x)
- tm (4-1)
[ 14-n-4
=lim| ——+
0| 2(4—h-4)
=lim M}
h~>0__2h
=lim i}
haO__Zh
=lim —l}
h~>0_ 2
1
2 [1]
RHL (atx:4):}ig1f(x)
=lim f(4-+ 1)
lim |4+h-4|
11»0_2(4+h—4)
=lim m}
h~>0_2h
. Ih }
=lim| —
h—>0_2h
=lim l}
h~>0_2
_1
2 [1]

Since LHL # RHL, then the given function is
discontinuous at x = 4. [1]
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Q. 20.

Ans.

Q.21

Ans.

1.
| x| cos—,ifx =0
= x

Is the function f (x) continuous

0, ifx=0

or discontinuous at x = 0?
[NCERT Exemp. Ex. 5.3, Q. 6, Page 107]

1
—, ifx=0
Given function is f(x)= |x|cosx mrey
0, if x=0

LHL (at x =0) = lim f(x)

x—0"

=lim f(0—h)

h—0

=lim f(-h)

h—0

. 1

=lim [h cos 1}

h—0 h
B An oscillating number
a between —1and 1

=0 Q.22.

RHL (at x=0) = lim f(x)
=lim f(0+h)

h—0

=lim f(h)

h—0

(1]

. 1
= lhlgg {h COS} Ans.

(k)
=lim [h cosl}
h—0 h
—0x An oscillating number
~ 77| between —land 1
=0
And, f(0)=0

Since LHL=RHL=£(0)=0, then the given function
is continuous at x = 0. [1]

[1]

1
x—a|sin—, ifx#a
Is the function f(x)= | | x—a’
0, if x=a

continuous or discontinuous atx = a?
[NCERT Exemp. Ex. 5.3, Q. 7, Page 107]

,ifx#a

Given function is f(x)= |x—a|sin

0, if x=a
LHL (at x =a) = lim f(x)

-y sta-h)
‘ﬂ—h —asin(a_;l_a):|

=lim _‘—h‘ sinL
h—0 (_h)

—hsin l}
h

=lim
h—0

=lim
h—0

0 An oscillating number
=UX
between —1and 1

=0 []

RHL (at x =a) = lim f(x)

=Lim f(a+h)

h—0

=lim

h—0

|a+h—alsin

e

o
:lhlg} hsm(h)}

hsin l}
h

=lim
h—0

0 An oscillating number
=UX
between —1and 1

=0 [1]

And, f(a)=0
Since LHL = RHL = f(0) = 0, then the given function

is continuous at x = a. [1]
1

X

L ifx#0

1+e~

0,

or discontinuous atx = 0?
[NCERT Exemp. Ex. 5.3, Q. 8, Page 107]

1

Is the function f(x)= continuous

if x=0

L ifx#0
I+e* '
0,
LHL (at x = 0) = lim f(x)

—lim f(0—h)

h—0

—lim f(~h)

h—0

Given function is f(x)=

if x=0

R
et

=lim
h—0 =
I+e™

— 6700
l+e™

-0
1+0
=0
RHL (at x =0) = lim f(x)

- tm (0+1)
~tim (1)

h—0

(1]

1

o
1
I+et

=lim

h—0

1

1
L1+e "

=lim
h—0

1
T 4e”
1
T1+0
=1

1]
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Ans.

Q.24.

Ans.

. Is the function f(x) =

And, f(0)=0
Since LHL # RHL = f(0) = 0, then the given function
is discontinuous at x = 0. [1]

—, if0<x<1

2x2—3x+%, if 1<x<2

continuous or discontinuous at x = 1?

[NCERT Exemp. Ex. 5.3, Q. 9, Page 107] Ans.
2
z, if0<x<l
Given function s f(x)= 2 3 .
2x? —3x+5, if l<x<2
LHL (at x =1) = lim f(x)
=lim f(1-)
2
= lim[(l_h) 1
h—0 2
1
2 1
RHL (at x=1)= ll_rjlf(x)
=lim f(1+1)
. 3
zgg{z@+hy_3a+h)+5}
2 3
=2(1) -3(1)+=
2
_1
2 (]
And, f(1) =% Q. 26.
Since LHL = RHL = f (1) = l, then the given function
2
is continuous at x = 1. [1] Ans.

Is the function f(x)=|x|+|x-1| continuous or
discontinuous atx = 1?
[NCERT Exemp. Ex. 5.3, Q. 10, Page 107]
Given function is f(x)=|x|+|x—1]|.
LHL (at x=1) = ]Ji?f(x)
=lim f(1-h)

h—0
i~ 1 1]
= tim([[1~h|+|-h]
=140
=1

RHL (at x =1)=lim f(x)

x—1"

=lim f(1+h)

h—0

:lim[|1+h|+|l+h—1”

h—0

tim 1+ + 1]
=1+0

=1

1]

1]

2 Q. 25.

And, f(1)=1
Since LHL = RHL = f(1) =1, then the given function
is continuous at x = 1. [1]

3x-8, if x<5
2%, ifx>5 "0
that the function f is continuous at x = 5?
[NCERT Exemp. Ex. 5.3, Q. 11, Page 108]
3x -8, if x<5
b

Find the value of k in f(x)—{

Given function is f(x)= e
if x >

LHL (at x=5)= lin; f(x)
=lim f(5—h)

=lim[3(5-h)-8]

h—0
=3(5)-8
=17
RHL (at x =5) = lim f(x)
x—>5"
~lim f(5+ h)
~lim{[2¢]
=2k

And, f(5)=7
Since the given function is continuous at x = 5,
then LHL=RHL = f(5)=7.

1]

(1]

LHL=RHL
=7=2k
:>k:z
2 [1]
22 _16
Find the value 0fkinf(x)= 4*—16 ifx=2 S0
k, if x=2

that the function f is continuous at x = 2?
[NCERT Exemp. Ex. 5.3, Q. 12, Page 108]
Given function is

x+2
2718 e

f(x)=1 4 -16
k, if x=2
4x27-16 e so

= f(x)=1 4 -16
k, if x=2

Since the given function is continuous at x = 2,
then LHL =RHL = f(2) =k. [1]

kzlxlgzlf(x)
. (27 -16
=lim| —
=2 416

i A2
=7 (27 -4) (2 +4)

=in (27 +4)
4 1

4+4 2 2]
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Q. 27. Prove that the function f defined by

X
f(x)= x
k, ifx=0
remains discontinuous at x = 0, regardless the
choice of k.
[NCERT Exemp. Ex. 5.3, Q. 15, Page 108]

, o Z L ifx#0
Ans. Given function is f(x) =1|x|+2x .

k, if x=0
LHL (at x=0) = lim f(x)

x>0
=lim f(0~h)

=lim f(-h)

h—0

=lim

_h
h*°_|—h|+2(—hf

=lim _—h
0| fi+ 2k
=lm -1
h-0| 1+ 2h
=-1 [1%%]
RHL (at x =0) = lim f(x)
x—>0"
=£i£r(}f(0+h)
=1lim f(h)
it
9| [n|+2(h)
[ n
=lim| ——
0| h+2h
=lim !
h>0] 14 2h
=1 [1%5]

Since LHL # RHL, then the given function is
discontinuous at x = 0 regardless the choice of k.
Q. 28. Find the values of a and b such that the function f
x—4
|x-4]
defined by f(x)=Ja+b,
x—4
|x-4]

+a,if x<4

if x =4 is a continuous

+b,if x>4

function atx = 4.
[NCERT Exemp. Ex. 5.3, Q. 16, Page 108]

x—4 +a, if x<4
|x—4]
a+b,

x—4
|x—4]

Ans. Given that f(x)= if x=4

+b, if x>4

LHL (at x =4) = lim f(x)
=lim f(4-h)

h—0

[ 4-n-4
:hm —+a
0| |[4—h—4

zlhjiro{_?tha}
-a-1)

RHL (at x =4) = lim f(x)
:i;n:f(4+h)

h—0
—im 4+h-4 +b
>0l |44+ h—4|

=lim [ﬁ + b}
h—0 h
=[b+1]

And, f(4) =a+b
Since the given function is continuous at x = 4,
then LHL=RHL = f(4)=a+b.
Thus,a-1=b+1=a+b=a=1land b=-1. [1%]
Show that the function f(x) = |sin x + cos x| is
continuous at x = .

[NCERT Exemp. Ex. 5.3, Q. 19, Page 109]

[17]

Q.29.

Ans. Given function is f(x)=|sinx + cosx|.
LHL (at x =) = lim f(x)
=lim f(z —h)
= lhlgr(} Hsin(;z —h)+cos(z - h)H
= lhlgr(} Hsinh— cosh|]
=[0-1]
=1 [1%]
RHL (at x = 7z) = lim f(x)
=lim f (z+h)
= 1;,133 Hsin(;z +h)+cos(z + h)H
=lim [|fsinhf CoshH
=[-0-1|
=1
And, f(z)=|-1=1
Since LHL=RHL=f(7)=1, then the given function
is continuous at x = 7. [1'%]
Q. 30. A function f : R — R satisfies the equation f(x +
y) = f(x) f(y) for all x, y € R, f(x) # 0. Suppose that
the function is differentiable at x = 0 and f'(0) = 2.
Prove that f'(x) = 2f(x).
[NCERT Exemp. Ex. 5.3, Q. 24, Page 109]
Ans. Since the given function is differentiable at x = 0, then

f'(x)= limif(x +h)-f(x)

>0 x+h—x

=lim
h—0 h
= f(x){lim f(1)- 1}
h—0 h [11/2]
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Q.31.

Ans.

e Long Answer Type Questions

f(0+0)=£(0)£(0)
= [f(O] f0):
= f(0 [ 1]:
= f(0)=1
and f'(0) = 2, then
fi(x)=f(x)f'(0
= f(x)=2 ( )

[17]
Find the values of p and g so that
2 .
f(x) T 3x+p,ifx<1 is differentiable atx = 1.
qx+2, if x>1
[NCERT Exemp. Ex. 5.3, Q. 79, Page 112]

Giventhat f(x)= {

atx=1.

Thus, it is also a continuous function at x = 1.

= LHL:RHL:f(l)

= 14+3+p=g+2=14+3+p

p==-2 ..(4)
[17]

is differentiable at x = 1.

X +3x+p,if x<1
1s differentiable

gx+2, if x >

=

2x+3,if x <1

Since f’(x):{

q, if x>1

Q. 32.

Ans.

Thus,
= LHL =RHL

= 2+3=q
q=3
From equation (i), p = 3
Thus,p =3 and g = 5. [1%2]
Find the values of 2 and b, if the function f defined by

=

<1
f(x)= X +3x+ax is differentiable at x = 1.
bx +2, x>1

[CBSE Board, Delhi Region, 2016]

{x +3x+a,x<1

Given that f(x) = b 42 N
x+2, x

atx =1.
Thus, it is also a continuous function at x = 1.
= LHL=RHL = f(1)

=>1+3+a=b+2=1+3+p

| is differentiable

=a-b=-2

..(0)
[2]

1s differentiable at x = 1.
if x>1

2x+3,if x<1

Since f'(x) = {b,
Thus,

= LHD=RHD

= 2+3=b

= b=5

From equation (i), a = 3

Thus,a =3 and b = 5. [2]

(5 or 6 marks each)

Q.1.

Ans.

Prove that the function f(x) = 5x - 3 is continuous
atx =0,atx = -3and atx = 5.
[NCERT Ex. 5.1, Q. 1, Page 159]
Given function is f(x) = 5x - 3.
LHL (at x = 0) = lim f(x)
= 11m f(0-h)

h—0

=lim f(-h)

=lim (5(~1)-3)
=3
RHL (at x =0) = lim f(x)

x—0"

~ |l

And, f(0)=5(0)-3=-3
Since LHL = RHL = f(0) = -3, then the given function
is continuous at x = 0. [1%]
LHL (at x=-3) = lim f(x)

= lhlir(}f(_3 —h)

= lhl£101(5(—3—h)—3)

=-18

RHL (at x=-3)= lim f(x)

=lim f(-3+h)

=lim(5(-3+1)-3)

=-18
And, f(-3)=5(-3)-3=-18
Since LHL = RHL = f(-3) =18, then the given
function is continuous at x = -3. [17]
LHL (at x=5)= lim 1 f(x)

= 11m f(5-h)

h—0
=1hl£r(}( (5—h)—3)
=22
RHL (at x =5) = lim f(x)
x—>5*

=lim f(5+h)

h—0

:hm( (5+h)—3)

h—0
=22
And, f(5)=5(5)-3=22
Since LHL = RHL = f(5) =22, then the given
function is continuous at x = 5.

[2]

. For what value of 1 is the function defined by

/1(x2 —Zx), if x<0
4x +1,

f(x)z{ continuous at x = 0?

if x>0
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Ans.

Ans.

What about continuity at x = 1?
[NCERT Ex. 5.1, Q. 18, Page 160]

A(xz —2x), if x<0

Given function is f(x)=
4x +1,

if x>0
LHL (at x = 0) = lim f(x)
=lim f(0—-F)

im £(
(=h)

=lim f

h—0

= tim[ 4((-h) ~2(-1)]
=0 (1]
RHL (at x =0) = lim f(x)

x—>0"

-y 7(0+3)
i f(h)

h—0
=lim[4/+1]
=1

And, £(0)=2((0)" ~2(0)) =0 [1]
Since LHL = RHL # f(0) =0, then there is no value
of A which makes the given function is continuous
atx =0.
LHL (atx=1)= 1:1151 f(x)

=lim f(1-h)

h—0
=lim[4(1-h)+1]
=> 1]
RHL (at x =1)=lim f(x

x-1"

=lim f(1+h

h—0
=lim[4(1+h)+1]
=5
And, f(1)=4(1)+1=5
Since LHL = RHL = f(1) =5, then the given function
is continuous at x = 1 for any value of A. [2]

. Discuss the continuity of the cosine, cosecant,

secant and cotangent functions.

[NCERT Ex. 5.1, Q. 22, Page 160]
Let k be any real number and let f (x) =cosx. Then,
LHL (at x=k)= lim f(x)

—lim f(k—h)

h—0
= lhiir(}[cos(k - h)]
= lim[cosk cosh+sinksinh|
h—0
=cosk(1)+sink(0)
= cosk [1]
RHL (at x =k) = liIB f(x)
= I;,I_I,r(} f(k+h)
= lhiir(}[cos(k + h)}
= lim[cosk cosh—sin ksinh |
h—0
=cosk(1)—sink(0)
=cosk [1]

And, f(k)=cosk
Since LHL =RHL = f(k)=cosk, then the given
function is continuous.

Thus, f (x) =cosx is a continuous function for any
real number.
Let k be any real number and let § (x ) =sinx, Then,
LHL (at x=k)= lim g(x)

=lim g(k - h)

h—0
= lhiilg[sin(k - h)}
= lim[sin k cosh— cosksinh |
h—0
=sink [1]
RHL (at x =k) = lim g(x)
= 1’1133 g(k+h)
= lhiir(}[sin(k + h)]
= lrlng [sink cosh+ cosksinh]
=sink
And, g(k)=sink
Since LHL =RHL = g(k)=sink, then the given
function is continuous. 1]

Thus, g(x)=sinx is a continuous function for any
real number.
1
Let h(x) = cosecx = ——
sinx
Now, we know that if g(x) is continuous functions,

then is also a continuous function but

8(x)
g(x)£0=sinx#0=>x#nz,

Thus, h(x): cosecx is also a continuous function
except x =nz.

Let h(x) =secx= b but
cosx

f(x)=0
= cosx#0
(2n+1)x
2

Thus, h(x)=secx is also a continuous function

= X #

2
except x :M.
2
Let 1i(x)=cotx = CO5Y put
g(x)=0

= sinx#0
= X #NT
Thus, h(x)=cotx is also a continuous function

except x =nz. 1]

. Find the values of a2 and b such that the function

defined by
5, if x<2
f(x)={ax+b, if 2 < x <10isa continuous function.
21,  ifx>10
[NCERT Ex. 5.1, Q. 30, Page 161]
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Ans.

Q.5.

Ans.

5, if x<2
Given function is f(x)=<ax+b, if 2<x <10.
21, if x>10

From the function, x = 2 and 10
LHL (at x=2)= Pglf(x)
=lim f(2-h)
=lim[3]
=5
RHL (at x =2) = lim f(x)
~lim f(2+ )
=1hl£1’(} a(2+h)+b]

=2a+b

And, f(2)=5
Since the given function is continuous function at
x =2, then LHL=RHL = f(2)=5.
Thus, 2a+b=>5

[17]

()
[17]
LHL (at x=10) = lim f(x)

x—10

= lim f(10~h)
:lhig(}[a(w-h)+b]
=10a+b

RHL (at x =10) = lim f(x)

x—>10"

=lim f(10+)
=lim[21]

h—0

=21

And, f(10)=21
Since the given function is continuous function at
x =10, then LHL = RHL = f(10) = 21.
Thus, 10a+b =21
Solving equations (i) and (ii), we have
a=2andb=1 [2]
Find all the points of discontinuity of f defined by
f) = x| -|x+1].

[NCERT Ex. 5.1, Q. 34, Page 161]

...(ii)

Casel:Forx<—1,f(x):—x+(X+l):1

Case 2: For ~1<x<0, f(x)=—x—(x+1)=-2x-1
Case 3:For x>0, f(x)=x—(x+1)=-1 1]
Thus, the given function is

1, for x < -1

—2x-1, for—-1<x<0

-1, for x>0

f(x)=

From the function, x = -1 and 0
LHL (at x=—1)= lim f(x)
x—>-1"

=lim f(-1-h)
=lim|1]

h—0

=1 1]

Q.6.

Ans.

RHL (at x =-1) = lirir} f(x)
=lim f(-1+h)

h—0

=lim[-2(-1+h)-1]

h—0
=2-1
=1

And, f(-1)=-2(-1)-1=1 [1]
Since LHL = RHL = f(-1) =1, then the given function
is continuous at x = -1.
LHL (at x=0)= th? f(x)

—lim f(0—h)

h—0

—tim £ (-h)

h—0 B

=lim[-2(~h)~1]
-1

RHL (at x =0) = lim f(x)

x—>0"

1]

=lim f

fim £
(

=lim f

h—0

0+h)

h)

= lim[-1]

=-1
And, f(0)=-1
Since LHL = RHL = f(0) = —1, then the given function
is continuous at x = 0.
Thus, there is no point of discontinuity of the given
function. [1]
Prove that the greatest integer function defined by
f(x) = [x], 0 < x < 3 is not differentiable atx = 1
and x = 2. [NCERT Ex. 5.2, Q. 10, Page 166]
Given function is f(x)=[x]
Forx =1
LHD (at x =1)=1lim

x—>1

= (not defined) [1%]
2

RHD (atx:l)zlig}w
fO+m)-f(1)
1+h-1
fO+m)-£(1)
I
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[1+h]-[1]
h

Since LHD # RHD, then the given function is not

differentiable at x = 1. [1%4]
Forx =2
LHD (at x =2) = lim 215 f(x)-£(2)
x—2" X — 2
_im (221 f(2)
h—0 2 h 2
= hmw
h—0 h
=lim [2 _h]_[z]
h—0 _h
. 1=-2
=lim——
h—0 _h
= lim[ij
h—0 _h
=0 (not defined) »
RHD (at x =2) = im L) =(2)
x—1* x—=2
_m 2N -S(2)
h—0 2+ h -2

=lim

:hm[2+h]—[2]

h—0 h

f(2+h)-f(2)
h

Since LHD # RHD, then the given function is not

differentiable at x = 2. [1]
2x" —3x-2 P

Q.7. Is the function f(x)= x-2 Xz
5, if x=2

continuous or discontinuous at x = 2?
[NCERT Exemp. Ex. 5.3, Q. 4, Page 107]
2x% —3x -2
x—2
5, if x=2

LHL (at x =2)=lim f(x)

x—2"

—lim f(2—h)

_]h;o 2(2-h) -3(2-h)-2
il (2-n)-2

{8+2h2

Ans. Given functionis f(x)=  ifx#2 .

=lim

h—0

—-8h—-6+3h-2
—h

Ans.

=3 [2]
RHL (at x=2) = 111121 f(x)
+

=lim f(

h—0

h)

2
—1im [2(2+ hY -3(2+h)-2
h—0 (2+h)_

. _8+2h2+8h—6—3h—2}
=lim

h—0 h

. —2h2+5h}
=lim

h—0 h

L 5)}
h—0 h
= lhlil’(} [5 + 2h]
=5 [2]
And, f (2) =5
Since LHL = RHL = f(2) = 5, then the given function
is continuous at x = 2. [1]

. Find the value of k in

N1+kx —v1-kx
x)= x
f( ) 2x+1
x-17
so that the function f is continuous at x = 0?
[NCERT Exemp. Ex. 5.3, Q. 13, Page 108]
Given function is

,if -1<x<0

if0<x<1

VI+kx —+1-kx .
_—,if-1<x<0
f(x): 2x+1 !
’ if0<x<1
x—1 . [1]
LHL (atx =0) = lim f(x)
i £(0-)
- lm (1)
. 1—M—ﬂ+M}
=lim| ——MmMM———
h—0 —h
i \/1+kh—\/1 kh 1/1+kh+1/1 kh
ool h ,/1+kh+,/1 kh
. 1+kh—1+kh
=lim

=0 _h(\/1+kh +\/1—kh)]
=lim _—2kh
150 _h(\/1+kh +\/17kh)

2k

:I"ig‘}_(\/ukh +\/1—kh)1

=k 2]
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Ans.

RHL (at x =0) = lim f(x) And, f(o):%
= limf (O+h) Since the given function is continuous at x = 0,
=lim f(h) then LHL = RHL = f(0) =~
:ﬁmf’m} LHL = £(0)
h—0 h -1
o1
=—1 = —=—
And, f(O):— 2k_i1
Since the given function is continuous at x = 0, = T [2]
then LHL =RHL = f(0) = -1. Q.10. Examine the differentiability of f, where f is
LHL =RHL defined by
_ x|x|, if0<x<2
= k=-1 [1] f(x)z{ [%] . atx = 2.
. Find the value of k in (x-1)x,if 2<x<3
1-cos kx ifx =0 [NCERT Exemp. Ex. 5.3, Q. 20, Page 109]
_J xsinx ! x[x|, if0<x<2
f(x) 1 ] Ans. Given function is f(x) = [ ] .
2 if x=0 (x=1)x,if 2<x<3
so that the function f is continuous atx = 0? LHD (at y= 2) —1im 2T f(x) f( )
[NCERT Exemp. Ex. 5.3, Q. 14, Page 108] x>0 -
1mcosky ez :hmf(2—h)—f( )
Given function is f(x)= lxsmx ) 0 2—h-2
-, if x=0 2-h)-f(2
2 e zlhm&f(i)hf()
LHL (at x=0) =l .
(at x=0) 1mf(x) . (2-m)[2-H]-2
_1;l1£rgf(0—h) h—>0( h)_h
. (2-h)-2
=l f(h) e
1—cosk(-h _
=lim L() =lim (—h)
h—0 _(—h)SIII(—h) h—0\ —
. [1-coskh =1 2]
ZII}E(} hsinh f(x)_f(z)
- RHD (at x =2) = lim —————*
kh x—>2" x-2
» 2sin’ (z) i f2Eh)-£(2)
e hsinh h>0 24h-2
2+h)-f(2
| IC B
sm@ 2 2 2+h—-1)(2+h
S| ) o @eheneen)
@ 4 h—0
. 2 h* +3h
=lim| —————~+——— — lim 2"
=0 hsinh = h
=3 2]
Since LHD # RHD, then the given function is not
- . - differentiable at x = 2. [1]
_khY Q.11. Examine the differentiability of f, where f is
K2 sm? defined by
2| B xzsinl, if x=0
=lim| ——2 /- f(x)= x
=0 (sinh] 0, if x=0
h atx = 0. [NCERT Exemp. Ex. 5.3, Q. 21, Page 109]
L i xzsinl, if x#0
x

Ans. Given function is f (x) =
]L2 0, if x=0
=5 3]
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Q.12.

Ans.

LHD (at x =0) = lim

x—>27

0 An oscillating number

=UX
between —1and 1

-0 [2

RHD (at x=0)= limw

x—0"

= lim(h sin l}
h—0 h

0 An oscillating number
=UX
between —1 and 1

=0 [2]
Since LHD =RHD, then the given function is
differentiable at x = 0. [1]

Examine the differentiability of f, where f is
defined by

1+x, ifx<2
X)=
f( ) {E—x, if x>2
atx = 2. [NCERT Exemp. Ex. 5.3, Q. 22, Page 109]
1+x, ifx<2

Given function is f(X)={5_x i xs2

LHD (at x=2)= 1@%

_im 122 F2)
h—0 2-h-2
f

=lim
h—0 _h

=1 [2]

RHD (at x =2) = lim

x—2" X —

=lim
h0 24+ h—2

i f2EN)=5(2)
h—0 h

_lim57(2+h)73
h—0 h

=-1 2]
Since LHD #RHD, then the given function is
differentiable at x = 2. [1]

Q. 13. Show that f(x) = |x — 5| is continuous but not

differentiable at x = 5.
[NCERT Exemp. Ex. 5.3, Q. 23, Page 109]
Ans. We know that the modulus function is continuous
function for all real values. Thus, the given function
f(x) = |x — 5] is continuous at x = 5. [1]
x-5, ifx>5
Now, f(x)=‘x—5‘ ={5—x, if x<5

)19

[2]

=1 2]
Since LHD #RHD, then the given function is
differentiable at x = 5.

Q. 14. Find the values of p and g for which

1-sin’x

, ifx<£
2

3 cos’x

f(x)=1p,
g(1-sinx) ,
(7[—29()2

ifx ==~
2

ifx>£
2

. . .4
is continuous at x = E

[CBSE Board, Delhi Region, 2017,
CBSE Board, Delhi Region, 2016]
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I-sin’x ..z LHL=RHL=f(£j
,if x <= 2
3cos’ x 2 1
1_49_
Ans. Given function is f(x)=1p, if x= % ) 2 27 P
1
1—si = p=—andqg=1
g(t=siny) Lo 7 2 1]
(” —2x ) 2 Q. 15. Determine the value of the constant ‘k’ so that the
x function
LHL |at x=—|=1i
(a g 2] xinzlf(x) —,if x<0
2 f(x)=1lx] is continuous at x = 0.
—hmf(——h) 3, ifx>0
0 [CBSE Board, Delhi Region, 2017]
T
1-sin® (E—hj fex ,if x<0
= lhm(} _— L Ans. Given function is f(x)=1]x |’ .
3cos® %—h] 3, ifx>0
. [1-cos 1-cos’(h) LHL (at x:O):}lj?f(x)
=lim
0| 3sin®(h) = 1,}3})‘(0 h)
(l—cos( ))(1+cosh+ coszh) —lhlﬂr(}f( h)
= lim o k(-h)
I 3(1—Cos ( )) :lhirr(} .
(1 + cosh+ cos? h) [
T [ —— i ¥
o) 3(1 + cos(h)) =1lim| =~
1+1+1 - lim [k]
3(1+1) " 2]
_1 RHL (at x =0) = lim f(x)
2 [2] x—0"
=lim £(0+)
RHL (atx—EJ: lim f(x) =lim f(h)
2) = = lim[3]
h—0
:11mf(ﬂ-+h] - [2]
w0\ 2 And, £(0)=3
Since the given function is continuous at x = 0, then
i q(l‘sm[ *hD LHL = RHL = £(0)
=] N k=3=3
;z-_z(2+hD = k=3 [
L - Q. 16. Determine the value of ‘k’ for which the
. q(1-cosh) following function is continuous at x = 3
=lim| ~——-~
0 (x+3)" -36 .3
- - ~t x
[ L (h f(x) = x-3
. 2gsin > k, x=3. - .
= 1,115} 2 [CBSE Board, All India Region, 2017]
(x+3) -36 5
- S Ans. Given function is f(x)= -3 >
3] " ‘
sin| — , x=3
—lim| 4 2
“iso| 2 [h] LHL (at x =3) = lim f(x)
_ x—3"
2 -1 _
_ ~lim f(3-1)
-1 | (3-n+3)" =36
2 [2] :1711553[ 3-h-3
T _ 2_
And, f(}j"’ =1hing{36 lzhzh 36}
Since the given function is continuous at x = E, B
then 2 =lim [12-h]

=12 [2]
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RHL (at x =3) = lim f(x) And, f(0) = k
X_%* Since the given function is continuous at x = 0, then
=lim f(3+) LHL=RHL=f(3)
3+h+3) 36 8 _8
_jim| 3 1¥3) =36 8_8_
=0l 34+h-3 3.3
k= 8
i | 30128+ 1 -36 =K=3 [1]
=i h Q. 18. Show that the function
. 1
=lmliz+n] 71 tx=0
=12 [2] =151
And, f(3)=k -1, ifx=0
Since the given function is continuous at x = 3, then is dis conti;luous function at x = 0.
LHL =RHL=f(3) [CBSE Board, All India Region, 2016]
12=12=k 1
= k=12 [1] . RPN Lt g SRR
Q. 17. For what value of ‘k’ is the function Ans. Given function is f (x) Ter +1 :
sin 5x . -1, ifx=0
+cosx,if x#0 . _ ,
f(x)={ 3x continuous at x = 0? LHL (at x =0) = lim f(x)
k, if x=0 ¥0
[CBSE Board, Foreign Scheme, 2017] = lhlgg f(0-h)
=1l -h
sin 5x ) ,,lir(}f( )
) L +cosx, if x#0 I
Ans. Given functionis f(x)=1 3x . e —1
k, if x=0 = lhlir(}
—h
LHL (at x=0)=lim f(x) lje
x.—m’ _ e -
=1,g(}f(0—h) _L+e°°}
= lhnjgf(—h) _0-1
.| sin5(=h) 1+0
=lim 3(_h)+cos(—h)} -1 [2]
— lim [sin5h N COSh:| RHL (at x=0)= lim f(x)
h—0
[( sinsh =lim f(0+)
sw [ ~ lim f (1)
=lim +cosh -0
h—0 3h M1
. |eft—1
L =lim T
5 h—0 =
=—+1 1+eh
3 - I
-2 _|1-e
3 =lim :
[2] 70 1
. I+e
RHL (at x=0) = lim f(x) . -
x.—>0+ _1- e—‘”
= lim f0 1) TTee
=lim £ (1) _1-0
[sin5(h 1+0
= ]rmg sin5( )+cos(h)} -1 [2]
L 3() And, f(0)=-1
— Jim| S15% COShj| Since LHL # RHL # f(0) = -1, then the given function
h=0] is discontinuous at x = 0. [1]
in5h
(SIEh )X 5h sin(a+1)x +2sin x 0
= lhmg 3 + cosh x rx<
Q.19. If f(x)=42, x=0 is continuous

- N1+bx -1

5
g at x = 0 then find the values of 2 and b.
3 2] [CBSE Board, All India Region, 2016]

x>0
x
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Ans. Given function is

sin(a+1)x+2sinx
,x<0

x
f(x)=42, x=0
N1+bx -1

X

x>0

LHL (at x=0)= lir{)1f(x)
=lim f(0-h)

~lim f(h)
_sin(a +1)(=h)+ 25in(—h)}

h—0 _h

_—sin(a +1)h—251nh}

h—>0 ~h

e} o)

=a+3

[2]
RHL (at x =O)=}Lr£}f(x)
=£i£r(}f(0+h)
-l ()
. | N1+bh =1 ~1+bh+1
=lim X
=0 h JI+bh +1

lim 1+bh—-1
h=0 h(mﬂ)

. i b
=£1£r(} (MHJ

b
2 [2]
And, f(0)=2

Since the given function is continuous at x = 0, then

LHL =RHL = f(0)
a+3=k=2
2

= a=-landb=4
[1]
ksin%(x+1), x<0

.20. Find k, if f(x)= is
Q Af f(x) tan x —sin x
73, x > 0
X
continuous function at x = 0.

[CBSE Board, All India Region, 2016]

Ans. Given function is f (x) =

LHL (at x =0) = lim

x—0"

tanx —sinx

7
x}

f(x)

—lim (0~ )

h—0

—lim f(~h)

h—0

=lim
h—0

=lim
h—0

=lim

h—0

—k

ksin {%(—h + 1)H

ksin{ﬁ —”hH
i 2 2

ol

RHL (at x =0) = xlgﬁl f(x)

= lim £(0+)

h—0

= limf(h)

h—0

=lim

h—0

=lim

h—0

_tanx—sinx}

x3

_tanx(l - COSX):|

Sin—

o) 221

h—0 X E 4

| 2
= [2(1)(1)2 xl:}
4

_1
)

And, f(0)=k

ksin%(x +1), x<0

[2]

[2]

Since the given function is continuous at x = 0, then

LHL = RHL = f(0)

(1]
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TOPIC-2

Derivatives

z@i Quick Review

K3
”

®
o

®,
o

Algebra of derivatives : If u and v are the function of x, then

d d d
E(” tv)= E(”) ia(”)

d d d i

—(wv)=u-——(v)tv— TRICKS... /

e (uv)=u . (v)*o e (u)

J J N The differentiation of a function f(x) = x" with re-

d o—(u)-u——(v) A 0l

afu)__ dx dx spect to x is —(x )=nx .

dx\ v v’ e
Derivatives of composite function : Let f be a real < Wi oj;a ST R ) =
valued function which is a composite of two with respect to x is —(c) =0,
functions u and v; i.e., f = v o u. Suppose t = u(x) and
if both ﬁ and @ exist, then ﬂ:dlﬁ

dx dt dx dt dx

Derivatives of implicit function : When a relationship

between x and y is expressed in a way that it is easy to solve for y and write y = f(x), we say that y is given as an explicit
function of x. When a relationship between x and y is expressed in a way that it is not necessary that functions are always
expressed in this form. It does not seem that there is an easy way to solve for . There is no doubt about the dependence
of y on x in either of the cases. In that case, differentiate the given function of x and y with respect to x and find the value

of % . Hence, we get the derivative of implicit function.
x

Derivatives of trigonometric function : Following are some of the standard derivatives (in appropriate domains) :

;i(sinx)—cosx, ;x(cosx):—sinx’ %(tanx):seczx ,

d ) d d

—(cotx) = —cosec’x —(secx)=secxtanx —(cosecx ) = —cosecx cot x
dx dx dx

Derivatives of inverse trigonometric function : Following are some of the standard derivatives (in appropriate
domains) :

do. .y 1 d Oy 1 d B 1
P el i e el )=

d L 1 d a1
%(Cotflx):—l_‘_xz E(SeCIX)_ilxl\/xzi_] E(Cosec lx)— 7|x|m

Exponential function : The exponential function with positive base b > 1 is the function y = f(x) = b*. Its domain
is R, the set of all real numbers and range is the set of all positive real numbers. Exponential function with base 10
is called the common exponential function and with base e is called the natural exponential function.
Derivatives of exponential function : The derivative of ¥ = f (x ) =¢" with respect to x is Z—y =e".

x
Logarithmic function : Let b > 1 be a real number. Then we say logarithm of a to base b is x if b* = a, Logarithm of
a to the base b is denoted by log, a. If the base b = 10, we say it is common logarithm and if b = ¢, then we say it
is natural logarithms. f(x)=1logx denotes the logarithm function to base e. The domain of logarithm function is
R7, the set of all positive real numbers and the range is the set of all real numbers.

Logarithmic rules : The properties of logarithmic function to any base b > 1 are as below.

log, (xy)zl()gh(x)+103b(y), log, [;j =log, (x)-1log,(y) logb(x"):nlogb(x),

7
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X3

¢

1
) log, (x)= o8, ()

7 ’

log, (b)=1and log,(1)=0,

Derivatives of logarithmic function : The derivative of y = f(x)=logx with respect to x is Z—y L
X x
Derivative of function in parametric forms : If a relation expressed between two variables x and y in the form x

= f(t), y = g(t) is said to be parametric form with t as a parameter. In order to find derivative of function in such

dy
form, we use d—y _at _ (dlj % (ﬂj )

de dx \dt dx
dt i
Second order of derivative : If a function y = f(x)is differentiate with respect to x, then 2/ = f'(x) and if it is

dx

2
again differentiate with respect to x, then i(d—yj :di[ f '(x)} :%: f"(x). It is known as second order of
x x

derivative of f(x). dax\ dx

f,@i Know the Links

=
1=y
[

http ://www.intuitive-calculus.com/solving-derivatives.html
http ://www.sosmath.com/calculus/diff/der02/der02.html
https ://www.simplylearnt.com/tips-tricks/Differentiation-of-Functions

o ] ° L]
= | Multiple Choice Questions (1 mark each)
—x? Ans. C t option :
01 I Y= log 1 x2 then dl is equal to ns. Correc o'p ion . (a)
1+x dx Explanation : Given that,
43 -4 y=4/sinx+y
(@) —— b) — .
1-x 1-x =y =sinx+y
A3
(c) 1 1 - (d) 1 4x 7 Differentiate with respect to x, we have
-x -x
[NCERT Exemp. Ex. 5.3, Q. 91, Page 114-115] = 2yd—y =CosX + dy
. dx dx
Ans. Correct option : (b) i
Explanation : Given that, = (2y- l)ﬁ =CosXx
.2
y=log[1 xzj N dl: Cosx
I+x dx 2y-1
_ _A2) 2
=Yy= log(l * ) log(l +tx ) Q. 3. The derivative of cos™ (sz - 1) w.rt. cos'x is
Differentiate with respect to x, we have (@ 2 b) -1
a -
' 2
dl:i[log(l—xzﬂ—i[log(l+x2ﬂ 5 W1-x
dx dx dx (© 2 (d) 1-»*
_ 2x 2x x
Tl=x% 1422 [NCERT Exemp. Ex. 5.3, Q. 93, Page 115]
) Ans. Correct option : (a)
==2X| —— % Explanation : Let
(l—xz)(1+x2) P ’
u=cos" (2x2 - 1)
4x
T 1- x4 = Zl = _473(2
X 2
1-(2x" -1
Q.2. Ify=,/sinx +y, then d—yis equal to ( )
x du 4x
Cos x cos x S
(a) Zy—l (b) l_zy dx \jl—4x4+4x2—1
sin x sin x = du__ A
© 172 5, dx  \-4x*+4x’
Yy y-1 d 2
u
[NCERT Exemp. Ex. 5.3, Q. 92, Page 115] = ==

dx 1-x°
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And, v=cos'x
L
dx  J1-x?
Thus,d—u
dv e
Q.4.Ifx=t2andy=t3thend—zis
X
3 3
a) — b)
(@) ) ()4':
3 3
c) — d) =
(© or ()4

[NCERT Exemp. Ex. 5.3, Q. 94, Page 115]
Ans. Correct option : (b)
Explanation : Given that,
x=tandy=#

Then, o _ 2t and 4y _ 3t
dt dt

Thus,
dy 3t° 3t
dx 2t 2
d’y 3
a2

Q. 5. Fill in the blanks :
Derivative of x> with respect to x° is
[NCERT Exemp. Ex. 5.3, Q. 98, Page 116]

Ans. i
3x
Since y = x? 3@:2xandv:x3 zd—v:yz, then
dx dx
du_2x 2
dv 32> 3x

Q. 6. Fill in the blanks :
If f (x) =| cos x | then f(%] =

[NCERT Exemp. Ex. 5.3, Q. 99, Page 116]

1
Ans. ——

NG

f(x) =] cosx |=cosx for 0 <x <%

Very Short Answer Type Questions

Thus,

' _i — _—qi
f'(x)= . (cosx)=—sinx
= f' z ——sinz——L
4 4 2
Q. 7. Fill in the blanks :
If f(x)=| cosx —sin x | then f[%j =

[NCERT Exemp. Ex. 5.3, Q. 100, Page 116]

\/§+1

2

Ans.

f(x)= cosx —sinx |= —(cosx —sinx) for %< x <%

Thus,
f'(x)=cosx +sinx

(7 T .7

f (—j =Cos—+sin—

3 3 3
NERS

2
Q. 8. Fill in the blanks :

For the curve vx + \/y =1, % at (%,ij is

[NCERT Exemp. Ex. 5.3, Q. 101, Page 116]

Ans. -1
Given that,

Vi +fy =1
Differentiable with respect to x, we have
JE + \/? =1
1 1 dy 0

= — - =
2Wx Zﬁdx

dy__
dx

- (Zz][u) T

44

=

NSy %

(1 or 2 marks each)

Q. 1. Differentiate the functions sin(x2 + 5) with respect

to x. [NCERT Ex. 5.2, Q. 1, Page 166]
Given that,

y= sin(x2 +5)

Ans.

Differentiating with respect to x, we have
dy dr.
ﬁ = a[sm(xz + 5)}
= cos(x2 + S)Iii(x2 + 5)
x
= cos(x* +5)(2x)

= 2xcos(x2 + 5)

[2]

Q. 2. Differentiate the functions cos(sin x) with respect

to x. [NCERT Ex. 5.2, Q. 2, Page 166]
Given that,

y = cos(sinx)

Ans.

Differentiating with respect to x, we have

d d .
ﬁ = E[cos(sm x)]

=—sin(sin x)%(sinx)
=—sin(sinx)(cosx)
=—cosxsin(sinx) [2]
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Q.3.

Ans.

Ans.

Q.5.

Ans.

Q.6.

Ans.

Differentiate the functions sin(ax+b) with
respect to x. [NCERT Ex. 5.2, Q. 3, Page 166]
Given that,

y=sin(ax+b)

Differentiating with respect to x, we have

dy _dr.
s [sm(ax+b)]
=cos(ax + b)di(ax +b)
X
=cos(ax+b)(a)

=acos(ax+b)

[2]

. Differentiate the functions sec(tan(\/;)) with

respect to x.
Given that,

y= sec(tan (\/;))

Differentiating with respect to x, we have

& sec(tan(+))

dx

[NCERT Ex. 5.2, Q. 4, Page 166]

[2]
Differentiate the functions cos x’sin’ (xs) with
respect to x. [NCERT Ex. 5.2, Q. 6, Page 166]

Given that,
y = cosx’sin’® (xs)
Differentiating with respect to x, we have

= eoswsin’ ()]
s 5)i+sin2(x5)§[cosx3i
:cosx3[2sin(x5)cos( )] [5]+sin2(x5)
[~sinx ][]
= cosx’[2sin(xJeos(x) |[52* ] sn’(+)
[sinx'][3¢']

=10x" cosx’ sin(x )Cos(x ) —3x*sinx’ sin? (xs)

=COsXx

=

[2]

Differentiate the functions Cosgx/; ) with respect
to x. [NCERT Ex. 5.2, Q. 8, Page 166]

Given that,
y= COS(\/; )

Differentiating with respect to x, we have

Q.7.

Ans.

Q.8.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

[2]

Find ay of 2x + 3y =sin x.

dx [NCERT Ex. 5.3, Q. 1, Page 169]
Given that,
2x +3y =sinx

Differentiating both sides with respect to x, we have

d d
2x+3
- —[2x+3y]= x[smx]
dy
= 2+3—~=cosx
dx
- @:cosx—Z
dx 3

[2]

Find dy of 2x +3y =siny.

dx [NCERT Ex. 5.3, Q. 2, Page 169]
Given that,
2x +3y =siny

Differentiating both sides with respect to x, we have
d d
—|2x+3y|=—1|sin
dx [ vl dx [sinv]

= 2+3d—yzcosyd—y
dx

dx
dy
= -3)—==
(cosy )dx
- Zl "o 3
x cosy-— 2]
Find dy of ax + by* = cos y.
dx [NCERT Ex. 5.3, Q. 3, Page 169]
Given that,

ax +by’ = cosy

Differentiating both sides with respect to x, we have

—[ax +by’ J d [cosy]
dy . dy
+2by—*=— -
= a+2by—=—siny—"
. \dy
2b ==
(2by +siny) Pl
N dy__ e
dx 2by+siny 2]
Find 7 of xy +y*> =tanx +y.
dx [NCERT Ex. 5.3, Q. 4, Page 169]

Given that,
xy+y’ =tanx+y
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Differentiating both sides with respect to x, we have
d 7 d
E[xy+ y J :E[tanx +y

dy d—y:seczx+d—y

= +y+2
xdx y ydx dx

= Z—z(erZy—l):seczx—y

2
N Zl _ sec 2x yl
X x+2y-
Y 2]
. d]/ 2 2 _
Q. 11. Find T of x” + xy +y~ =100.
x
) [NCERT Ex. 5.3, Q. 5, Page 169]
Ans. Given that,
x*+xy+1y° =100
Differentiating both sides with respect to x, we have
di[x2 +xy+ yz] = i[100]
dy dy _
= 2x+x——+y+2y—=
i TV
dy
= —(x+2y)=—(2x+
(x4 2y)=—(2x+y)
- 57]/ _ 2x+y
X x+2y 2]
. dy 3, .2 2 3
Q.12 Flndd— of X’ +x'y+xy” +y =81
* [NCERT Ex. 5.3, Q. 6, Page 169]
Ans. Given that,
¥+ xty+ay’ +y’ =81
Differentiating both sides with respect to x, we have
i[f + Xy +xy’ + y’*} = i[81]
:>3x2+2xy+x +y +2xy +3y’ y =0
dy
> E(x +2xy +3y° )=—(3x2+2xy+yz)
- dy _ 3 +2xy+y”
dx X’ +2xy+3y°
[2]
., dy . 2
Q. 13. Find —* of sin”y + cos xy = 7.
¥ [NCERT Ex. 5.3, Q. 7, Page 169]
Ans. Given that,

sin’y +cosxy =7

Differentiating both sides with respect to x, we have
dr. > d

—| sin® y +cosxy |=—

dx [ Y y] dx [7]

= 25inycosyj—y—sinxy[xg—y+yj =0
x x

= 25inycosyd—y7xsinxyd—yfysinxy =0
dx dx
dy . . . .
= E(Zsmycosy —xsinxy) = ysinxy
3dl: ysinxy

dx 2sinycosy —xsinxy
N dy _ ysinxy
dx sin2y—xsinxy 2]

Q. 14. Find Z—y of sin’x + cos’y =1.
* [NCERT Ex. 5.3, Q. 8, Page 169]
Ans. Given that,

sin’x +cos’y =1

Differentiating both sides with respect to x, we
have

d .2
E[sm X +cos y} —[1
25inxcosx+2cosy(—siny)—y:0
x
. dy .
2sinycosy—= = 2sin xcosx
dx

dy _ 2sinxcosx
dx 2sinycosy

_sin2x

sin2y 2]

2
. Find % ofy:sin’l( "2).
dx 1+x

[NCERT Ex. 5.3, Q. 9, Page 169]

Ans. Given that,

y:sin“[ 2xzj
1+x

Put x =tané, we have
—sin”! 2tan @
y 1+tan’é

= y=sin"'(sin20)

= y=20 1]
Since x =tan6 = 6 = tan' x, then

= y=2tan"'x

Differentiating both sides with respect to x, we have

d
dz I (2tan x)

2
1+ x? [1]

3x—x3j 1 1

Q. 16.

22| <<,
1-3x7 J3 J3

[NCERT Ex. 5.3, Q. 10, Page 169]

Find 2. of y= tan'l[
dx

Ans. Given that,

_1(3x—x3j 1 1
y=tan , = <X<—=

1-3x2

Put x =tan @, we have
[ 3tanf—tan*@
y=tan'| —————
1-3tan” @
= y=tan'(tan30)

= y=30 [1]

Since x =tanf = @ = tan"' x, then
= y=3tan"'x
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Q.17.

Ans.

Q. 18.

Ans.

Q.19.

Ans.

Differentiating both sides with respect to x, we have

dy_d

dx dx
3

1+x?

(Stan" x)

1]

a2
Finddyofy=COS_l[1 xzj,0<x<1_
dx 1+x

[NCERT Ex. 5.3, Q. 11, Page 169]
Given that,

y:cos'[ilii], 0<x<l1
Put x =tané, we have
y = cos” [1 —tan’® 0]
1+tan’6
=cos ' (cos20)
=20

[1]
Since x =tan6 = 6 = tan ' x, then

= y=2tan"'x

Differentiating both sides with respect to x, we have
dy d

dx dx
2

1+ x?

(2tan" x)

1]

X

Differentiate

—— with respect to x.
SINX INCERT Ex. 5.4, Q. 1, Page 174]
Given that,

X

e

sinx

Differentiating both sides with respect to x, we have
dy_df e
dx dx|sinx

. dy . L d .
smxa(e )—e a(smx)

sin’ x

_sinx(e")—e"cosx
sin® x
e* (sinx —cosx)
= I X #*#Nwr
sin” x [2]
Differentiate e * with respect to x.
[NCERT Ex. 5.4, Q. 2, Page 174]

sin”!x

Given that y =e
Differentiating both sides with respect to x, we have

d d ([ ntx
e
=X i(sin’1 x)

dx

sin” x 1
=e
(Vl—xzj

sin” x

[2]

Q. 20. Differentiate e* with respect to x.
[NCERT Ex. 5.4, Q. 3, Page 174]
Ans. Given thaty = e
Differentiating both sides with respect to x, we have

dy _ i »
dx  dx (e )
o d
et —(x)
—e* (3x2)
= 3xze"} [2]
Q. 21. Differentiate sin (tan’le”‘) with respect to x.

[NCERT Ex. 5.4, Q. 4, Page 174]
Ans. Given thaty = sin(tarfl e”‘)

Differentiating both sides with respect to x, we have

% = %[Sin (tan'1 e )J

= cos(tan’1 e )i(tan’1 e")

X
= cos(tan’l e”‘)
cos(tan’l e’x)
ol e

e cos (tan’1 e )

I1+e™

I+e™

2]

Q. 22. Differentiate log(cose" )with respect to x.
[NCERT Ex. 5.4, Q. 5, Page 174]

Given that y =log(cose*)

Differentiating both sides with respect to x, we have

% = %[log(cose" )J

1 d .
- cose” E(COSE )

1 o d
= p— x(—sme )E(e )
= po—r x(—sinex)x(e")

—e*sine”

Ans.

cose”
=—¢"tane”

[2]

. Differentiate ¢* + ¢* +...+¢" with respect to x.
[NCERT Ex. 5.4, Q. 6, Page 174]

Given that y =e* +¢* +...+¢*

Differentiating both sides with respect to x, we have

dy

dx

Ans.

d > s
:—(e‘ +e" +..+e" )
dx

d, .\ dy. A
:a(e )+E(6 )+“'+E(€ )
=¢" +e* (2x)+...+e‘5 (5x4)

2 5
=e" +2xe" +..+5x'"

[2]
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Q. 24.

Ans.

Q. 25.

Ans.

Ans.

Q. 27.

Ans.

. Differentiate ;os ad

Differentiate ye'* , x >0 with respect to x.
[NCERT Ex. 5.4, Q. 7, Page 174]
Given that,

y:\/eT,x>0

Differentiating both sides with respect to x, we have

210

dx dx

)

2 N b
fd

e

_ N
_2\/e7X6 g

N
- x>0

4 xel™
Differentiate log(logx), x >1 with respect to x.
[NCERT Ex. 5.4, Q. 8, Page 174]
Given thaty =log(logx), x >1
Differentiating both sides with respect to x, we have

d
dy —[log log x)]

[2]

d
1
logx dx( og*)

1 1

- logx x
1

= ,x>1
xlogx

[2]

, x > 0with respect to x.
og x

[NCERT Ex. 5.4, Q. 9, Page 174]

Given that y = cosx , x>0
log x

Differentiating both sides with respect to x, we have

dl_i CcosXx
dx\ log x

dx
d d
logxa(cosx)—cosxa(logx)

(logx)’
log x(—sinx)— cosx[lj
x

(logx)’
—xsinxlogx —cosx
x(log x)2
__xsinxlogx +2cosx x>0
x(logx) 2]
Differentiate cos(log x+e’ ), x>0 with respect to x.
[NCERT Ex. 5.4, Q. 10, Page 174]

Given thaty = cos(logx + e"), x>0

Differentiating both sides with respect to x, we have

ZZ T [cos(logx +e )J

Q. 28.

Ans.

Ans.

Q. 30.

Ans.

Q.31

Ans.

= fsin(logx +e” );—x(logx + ex)
= —sin(logx +e*’)[%+e’”]

= —(l+ exjsin(logx + e‘), x>0
* [2]
Differentiate (x> —5x+ 8)(x3 +7x+ 9) in three ways
by using product rule.
[NCERT Ex. 5.5, Q. 17(i), Page 178]
y:(x2 —5x+8)(x3 +7x+9)
Differentiating both sides with respect to x, we have

Z—Z:(xz—5x+8)%(x3+7x+9)+(x3+7x+9)
%(x2 75x+8)

=(x" = 5x+8)(3x* +7) +(x + 7x +9)(2x - 5)
=3x* +7x% —15x° = 35x +24x° + 56+ 2x* - 5%’
+14x = 35x +18x - 45

=5x"—20x +45x* - 52x +11 2]

. Differentiate(x2 —5x+ 8)(3:3 +7x+ 9)in three ways

by expanding the product to obtain a single
polynomial. [NCERT Ex. 5.5, Q. 17(ii), Page 178]

—5x* —35x* —45x +8x° +56x + 72

=x"=5x* +15%° 262" +11x + 72
Differentiating both sides with respect to x, we have

y=x"+7x +9x’

Z—y:xs—5x4+15x3—26x2+11x+72
x

=5x" —20x" +45x° - 52x +11 2]

Find 2 of x = 2at’, y=at*.
dx [NCERT Ex. 5.6, Q. 1, Page 181]
Given that x = 2at*, y = at*
Then,
dx d (Zﬂtz)
dat dt
=4at
And,
dy d, ,
e E(at )
=4at’ 1]
Thus,
dy
ay _| dr
dx dx
dt
_4at’
 dat

=t ]

Find ay of x=acosf, y=>bcosé.
dx [NCERT Ex. 5.6, Q. 2, Page 181]
Given thatx =acosé, y=bcosd

Then,
dx _ d —(acos®)
4o do

=—asinéd

1]
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Q. 32.

Ans.

Q. 33.

Ans.

And,
4y _ —(bcos)
de do
=-bsind
Thus,
dy
dy _| do
dx dx
do
_ —bsind
 —asin®
b
a 1]
Find ay of x =sint, y =cos2t.
dx [NCERT Ex. 5.6, Q. 3, Page 181]
Given that x =sint, y = cos2t
Then,
dx d, .
0 E(sm t)
= cost 1]
And,
dy _ i(cos 2t)
dt dt
=-2sin2t
Thus,
dy
dy _| at
dx dx
dt
_ —2sin2t
"~ cost
3 2x2sintcost
B cost
=—4sint [1]
Find d—yofx =4t, y= é
dx ! t
[NCERT Ex. 5.6, Q. 4, Page 181]
Given thatx=4t, y = i
Then, !
dx d
T E(4t)
=4 1]
And,
dy_d(4
dt  dt ( tj
4
TP
Thus,
dy
dy _| at
dx dx
dt
4
__£
T4

== [1]

Q. 34. Find Z—yof x =cosf —cos26, y =siné —sin26.
¥ [NCERT Ex. 5.6, Q. 5, Page 181]
Ans. Given that x =cosf —cos26, y =sinf —sin26

Then,
ax _ i(cosH —0s20)
do do

=(-sin@)—(-2sin26)

=2sin26 —sin@ [1]

And,
4y _ i(siné’ —sin26)
de deo
=cosfd —2cos20

Thus,

dy
a4y _| do
dx | dx

do

_ cosf —2cos26

~ 2sin26 —sin @ 1]

Find d—yof x=a(0-sinb), y =a(1+cosb).
dx [NCERT Ex. 5.6, Q. 6, Page 181]
Given thatx =a(6—sin6), y=a(l+cos6)
Then,
dx d .
0" 70 [u(ﬁ smé’)]
=a(1-cos6)

And,

dy d

0 =%[u(l +cos€)]
=a(0—sin@)
=—asinéd

Thus,

dy

a6

dx

46
_ —asin@
a(1-cos0)

sin @

Q. 35.

Ans.

1]

dy _
dx

_l—cosﬁ

. 6 0
2sin—cos—
2 2
2sin2€
2

0
=—cot—

(1]

Q. 36. Find Z—yof x =asecd, y =btan6.
x
[NCERT Ex. 5.6, Q. 9, Page 181]

Given that x =asecd, y =btané
Then,
ax _ i(u secd)
de do

=asecftand

Ans.

1]
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Q.37.

Ans.

Q. 38.

Ans.

Q. 39.

Ans.

And,
dy :i(btan 0)
de do
=bsec’ 6
Thus,
dy
4y _| do
dx | dx
do
_ bsec’d
 gsecOtand
=Ecosec9
a [1]

Findj—yof x =a(cos6 +Gsinb),
x

y =a(sind - Hcosb).
[NCERT Ex. 5.6, Q. 10, Page 181]

Given that
x=a(cos@+8sinb), y=a(sind—6Hcosb)
Then,
dx _d a(cost9+495in0)]
dg de
=a(-sin@+Ocosd +sin o)
=a6cosf [
And,
dy _d (sin@—@cos@)]
dg de
= (cos@+0sinf —cosH)
fsiné
Thus,
dy
dy _| do
dx dx
46
_afsind
" afcosé
=tané

1]

Find the second-order derivatives of the function

X’ +3x+2, [NCERT Ex. 5.7, Q. 1, Page 183]

Given that y = x* +3x +2

Differentiating with respect to x, we have

d—y=i(x2 +3x+2)

dx dx

=2x+3 [1]

Again, differentiating with respect to x, we have

Ay _d

dx*  dx
=2 [1]

Find the second-order derivatives of the function x%.

[NCERT Ex. 5.7, Q. 2, Page 183]

(2x+3)

Given that y = x*

Differentiating with respect to x, we have
dy d oy

22y

dx dx ( )

=20x" [1]

Q. 40.

Ans.

Q. 41.

Ans.

Q. 42.

Ans.

Q. 43.

Ans.

Again, differentiating with respect to x, we have
dy d

19
dx*  dx (20x )
=20x19x"
=380x" [1]
Find the second-order derivatives of the function
X COS X. [NCERT Ex. 5.7, Q. 3, Page 183]

Given that y = xcosx
Differentiating with respect to x, we have
d d
4 _ —(xcosx)
dx dx

=x(-sinx)+cosx

=—xsinx + cosx 1]
Again, differentiating with respect to x, we have
Ay _d

PR (—xsinx +cosx)
X X

d . d
=—(—xsinx)+—(cosx)

dx dx
=—XCOSXx —sinx —sinx
=—xcosx —2sinx

=—(xcosx +2sinx) 1]
Find the second-order derivatives of the function
log x. [NCERT Ex. 5.7, Q. 4, Page 183]
Given that y = logx

Differentiating with respect to x, we have

dy d
Y20
dx dx( og¥)
_1
x 1]
Again, differentiating with respect to x, we have
2y _ i(lj
dx*  dx\x
L
< [

Find the second-order derivatives of the function

x° log x. [NCERT Ex. 5.7, Q. 5, Page 183]

Given that y = x’logx

Differentiating with respect to x, we have

dy d

—~=—/(x"logx

= (x'logx)

—rxlise log x
x

=x+3x’logx [1]

Again, differentiating with respect to x, we have

ady d,, 5

—2=—/(x"+3x"logx

dx? dx( g)
=2x+6xlogx +3x
=6xlogx+5x

1]

Differentiate w.r.t. x the function (sz —9x + 5)9.
[NCERT Misc Ex. Q. 1, Page 191]

Given that y = (3x2 -9x+ 5)9

Differentiating with respect to x, we have
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Q. 44.

Ans.

Q. 45.

Ans.

Q. 46.

Ans.

Q.47.

Ans.

d ;
£:9(3x2 ~9x+5) (6x-9)

8
=27(3x* -9x+5) (2x -3
( ) (2x-3) 2l
Differentiate w.r.t. x the function sin® x + cos® x.
[NCERT Misc Ex. Q. 2, Page 191]
Given that y = sin’® x + cos® x
Differentiating with respect to x, we have
dy _ i(sin3 X + cos® x)
dx dx
= i(sin3 x) L2
dx dx

=3sin’xcosx + 6cos’ x(—sinx)

(cos6 x)

=3sin’ xcosx — 6sin xcos’ x

=3sinxcosx(sinx —2cos* x
( ) 2l

3cos2x

Differentiate w.r.t. x the function (5x)
[NCERT Misc Ex. Q. 3, Page 191]

)3c052x

Given thaty = (5x
Taking log both sides, we have

3cos2x
logy = log[(Sx) J
=3cos2xlog(5x)
Differentiating with respect to x, we have

d d
—(log y) = 3E[cos 2x log(Sx)]

]l/dz 3[c052xdi{log(5x)}+10g(5x)%(c052x)}

dz 3y{c052x x[ss ] +log(5x)( 25in2x)}

=3(5x) " |:C052x - Zsin2x10g(5x)}
x

[2]

Differentiate w.r.t. x the function sin™ (X\/; ),
0<x<1, [NCERT Misc Ex. Q. 4, Page 191]

Given that y =sin™' (x\/; )

Differentiating with respect to x, we have

gl )
- ;i(x&)

4/1_(x¢;)2 =

[2]
Differentiate w.r.t. x the function cos(a cos x + b
sin x) for some constant a and b.

[NCERT Misc Ex. Q. 8, Page 191]
Given that y = cos(acosx +bsinx)

Differentiating with respect to x, we have

Q. 48.

Ans.

Q. 19.

Ans.

Q. 50.

d d .
E(y) = E[cos(n cosx +bsinx) |

4y _ —sin(acosx + bsinx)i
dx dx

=—sin(acosx +bsinx)[-asinx +bcosx]

[acosx +bsinx]

=sin(acosx +bsinx)[asinx —bcosx]

[2]
Find Z—y, if y=12(1—-cost) and x=10(¢t—sin¢),
x

7 «+<Z. [NCERT Misc Ex. Q. 12, Page 191]
2 2

Given that y=12(1-cost) and x=10(1-sint),
z 7
——<t<—
2 2

Then,
dx

" —[10 (t- smt)}

=10(1—cost)

And,

Ay _drH-
E_dt[lz(l cost) ]

1]

=12sint
Thus,
dy
dy _| at
dx
dt
_ 12sint
B 10(1-cost)

dx

6 x 2sir1£cos£
2 2

5x2sin’

N |~

6 t
=—cot—
5 2 1]

Find dl, ify=sin"x+sin'V1-x? —1<x<1.
* [NCERT Misc Ex. Q. 13, Page 191]
Given that y =sin™' x +sin”'v1-x*

Put x = cosé, we have

y=sin"'(cos@)+sin"' V1 —cos’ &
=sin™ {sin[;[ - Hﬂ +sin”' (sin6)

=Z_09+0
2
-

2 [2]
Differentiating both sides with respect to x, we have
dy
e

Ifx=a(cost+ tsint)andy = a (sint -t cos t),

2
find % [NCERT Misc Ex. Q. 17, Page 192]
x
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Ans.

Q.51.

Ans.

Q. 52.

Ans.

Given thaty =a(sint—tcost)and x = a(cost +tsint)
Then,

dx d
— =—/ a(cost +tsint
=a(-sint+tcost +sint)
=atcost
And,
dy d .
—=—| g(sint —tcost
dt dt ( )]
=a(cost +tsint —cost)
=qtsint [
Thus,
dy
dy | dt
dx le
dt
_atsint
at cost
=tant
2
LY _ 4 anp)< 2
dx® dt dx
=sec’tx
atcost
_sec’t
at [1]

If f(x) = |x|° show that f'(x) exists for all real x
and find it. [NCERT Misc Ex. Q. 18, Page 192]
By the definition of modulus function, we have
3
X,

f(x>=|x|3={ 20

-x7, x<0 [1]

Ifx>0,
f(x)=+
f'(x)=3x"

f"(x)=6x

f'(x)=-3x
f"(x)=-6x
Thus, f"'(x) exists for all real x. [1]
Differentiate the function 2°°* w.r.t. x.
[NCERT Exemp. Ex. 5.3, Q. 25, Page 109]

Given that y = i
Taking log both sides, we have
logy = cos’ xlog 2

=log2cos’ x
Differentiating both sides, we have

1]

%(log y)=log Z(J;i—x(cos2 x)
ldy
y dx

Z—z = _peos'x (sin2x)log?2

=log2(—2cosxsinx)

1]

Ans.

Ans.

Q. 55.

Ans.

Ans.

X

. . . 8
Q. 53. Differentiate the function — w.r.t. x.
x

[NCERT Exemp. Ex. 5.3, Q. 26, Page 109]

X

Given that y = 8—8
x

Taking log both sides, we have
logy =log8" —logx®
=xlog8—-8logx

1]
Differentiating both sides, we have
%(logy) = %(x10g8 —8logx)
Ldy log8 8
ydx x
dy_ y(logé% —§j
dx x
8" 8
= F(IogS - ;)
1]

. Differentiate the function log(x VX + u) w.rt x.

[NCERT Exemp. Ex. 5.3, Q. 27, Page 109]
Given that y = log(x VX + u)

Differentiating both sides, we have
dy _d Ji }
dx—dx[log(x+ X +u)
1 [ 2x ]
= x| 1l+—
(x+\/x2+a) 2x* +a
_ 1 NES: Nxt+a
(x+x/x2 +u) :

X" +a

[2]
Differentiate the function log[log(logx5 )} w.rt. x.
[NCERT Exemp. Ex. 5.3, Q. 28, Page 109]
Given that,
y = log [log (log x°)}]
Differentiating both sides, we have

4 2 igson)|]
1 1 1 4

B log (log x° ) )
5

T (log ¥’ )log (log x° )

[2]

. Differentiate the function sinx/; + COSZ\/; w.r.t. x.

[NCERT Exemp. Ex. 5.3, Q. 29, Page 109]
Given that,

y =sin~/x +cos’/x
2
=sinx +(cos\/;)

Differentiating both sides, we have
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Q.57.

Ans.

Q. 58.

Ans.

Q. 59.

Ans.

Q. 60.

Ans.

dx

Zz ix [sm X +(COS\/—) :|

= i)+ (cosv) |

COS\/— {2(:0 \/—[ sni/\é_ﬂ

2/x
= —(COS\/; —sin 2\/;)
2/x
[2]
Differentiate the function sin” (ax2 +bx + c) w.r.t. x.
[NCERT Exemp. Ex. 5.3, Q. 30, Page 109]
Given that,

y=sin" (ax2 +bx + c)

Differentiating both sides, we have

dy _

I [sm(ax +bx + c)}n

T dx

= n[Sin(ax2 +bx+ C)TH cos(ax2 +bx + c)(Zax +b)

=n(2ax + b)cos(ux2 +bx + c)[sirl(ax2 +bx + c)}”i1
[2]

Differentiate the function Cos(taan + 1) w.r.t. x.
[NCERT Exemp. Ex. 5.3, Q. 31, Page 109]

Given thaty = cos(tan Vx+ 1)
Differentiating both sides, we have

d—y = %[cos(tan Jﬁ)}

[-sin(tan 31| (sec? J_l)[zf—J

1
————sin(tanvx +1)sec* Vx +1
2Vx+1 ( ) [2]

Differentiate the function sin x* + sin’x + sin® (xz)
w.r.t.x. [NCERT Exemp. Ex. 5.3, Q. 32, Page 109]
Given that y = sinx” +sin’ x + sin’ (xz)
Differentiating both sides, we have

% = %[sin x? +sin” x +sin® (xz )}

:%(sinx2)+%(Sinzx)+%[sin2(x2ﬂ
:Zxcosx2+251nxcosx+25in( )cos( ) (2x)

=2xcosx’ +sin2x + 2xsin(2x2)

[2]
1 w.rt. x

[NCERT Exemp. Ex. 5.3, Q. 33, Page 109]

Differentiate the function sinl(

Given that y=sin" Differentiating both

sides, we have

(&
dy d

e ()]

Q. 61.

Ans.

Q. 62.

Ans.

Q. 63.

Ans.

:1><|:—;(x+l);:|

_fx+1 B 1
x| 2(x+1)Vx+1
T
(x+1) 2]
Differentiate the function sin”xcos"x w.r.t. x.
[NCERT Exemp. Ex. 5.3, Q. 35, Page 109]

Given that y = sin™ xcos" x
Differentiating both sides, we have

d—y = i(sin'” xcos” x)
dx dx

. d d .
=sin” x—(cos" x) + cos” x—(sm"’ x)
dx dx
S ] n-1 . n .« m-1
=sin™ x(—ncos" xsinx )+ cos” x(msin™ " xcosx

=sin" xcos" x(mcotx —ntanx)

1 _
Differentiate the function tan™| fﬂ ,
1+cosx

v 4 V.4
——<x<—wrtx.
4 4

[2]

[NCERT Exemp. Ex. 5.3, Q. 38, Page 110]

Given that,
1-cosx
1+ cosx

y= tanl[

2 1]
Differentiating both sides, we have
dy _1
dx 2 1]
Find Z—y of the function expressed in parametric
x
form x = t+ ,y t—%

[NCERT Exemp. Ex. 5.3, Q. 44, Page 110]

1 1
Giventhatx:t+;,y:t—;

x:t+1
t
dx d( 1} 1
ot | =
dat dt t #
1
=t——
Y t
dat dt t t 1]
Thus,
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dy
dy _| dt.

dx dx

-1 1

Find L of the function expressed in parametric
dx 2

form sinx =—— -
1+t 1-t

Q. 64.

5, tany =
[NCERT Exemp. Ex. 5.3, Q. 47, Page 110]
. . 2t t
Given that sinx = ——, tany = 5
1+t 2t 1-t
Putt=tané insinx = ——
_2tang  1H
1+tan*@
= sinx =sin26
= x =260
Putt=tanfintany = lz, we have
2tang 171
1-tan*@
=tany = tan26
= y=20
A _,

Thus, d—y =1
dx

Ans.

sinx =

tany =

=

Q. 65.

Find Z—y when x and y are connected by the
x

relation tan™* (x2 + yz) =a
[NCERT Exemp. Ex. 5.3, Q. 56, Page 111]

Short Answer Type Questions

Ans. Given that,
tan™' (x2 + yz) =
= ¥’ +y’ =tana

Differentiating with respect to x, we have

%(x2 + yz) :dii(tana)
= 2x+2y Zy
- dy __x
dx y 2]

Find Zl when x and y are connected by the
X

relation (xz + yz)z =xy.
[NCERT Exemp. Ex. 5.3, Q. 57, Page 111]

Q. 66.

Ans. Given that (xz + yz)z =xy

Differentiating with respect to x, we have
di, oy d
- + -
dx (x Y ) dx (x)

= 2(x2 + yz)(2x + Zy%)

24y
dx

= [4y(x2 +y2)—x]j—z

:y—4x(x2+y2)

= (4x2y +4y’ - x)%
=y —4x’ —4xy’
dy y—4x’ —4xy’
dx 4’y +4y’ —x 2]

(3 or 4 marks each)

sin(ax +b)
cos(cx +d
[NCERT Ex. 5.2, Q. 5, Page 166]

Q. 1. Differentiate the functions
to x.

Ans. Given that,
_sin (ax +Db)
- cos(cx +d)

Differentiating with respect to x, we have

dx  dx cos(cx +d)

cos(cx + d):—x[sin(ax +b)]

—sin(ax + b)dd—x[cos(cx + d)}

cos’ (cx +d)

) withrespect

cos(cx +d )cos(ax + b)di(ax +b)
X

—sin(ax + b)[—sin(cx + d)]%(cx +d)

cos’(cx +d)

[ cos(cx +d)cos(ax +b)(a) }
| +sin(ax + b)sin(cx +d)(c)

cos’ cx+d
ucos(cx+d cos(ax +b) }

+csm(ax +b)sin(cx +d

cos’ cx +d

acos(cx + d )cos(ax +b)

cos’ cx + d

csm(ax +b)sin(cx +d)

cos’ cx+d

- [3]
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Q. 2. Differentiate the functions 2 Cot(xz) with respect
to x. [NCERT Ex. 5.2, Q. 7, Page 166]

Ans. Given thaty =2, /cot(xz)

Differentiating with respect to x, we have

™ et
zzdi[ cot(xZ)}
5 W dx [cot(x")]
T cosec ()[4 ()
) ox

cosec2 (x2

cot(xz)

cot )

sin®(x’ cos(xz)
( ) sin(xz)

—2x

sm(x )\/sm (x )>< sin(xz)
—22x
sm \/Zcos sm )
-242x

sin(x ) sin2(x )

2

. d . a4 1-x
Q.3. Flndﬁ of y=sml(l+x2

j, 0<x<l1.

[NCERT Ex. 5.3, Q. 12, Page 169]
Ans. Given that,

_ 2
y_SiI‘ll[i x2],0<x<1
+x

Put x =tan @, we have
sin”! 1-tan’@
y l+tan’@

=sin"'(cos26)

afafio)

-Z 20
2 1]
Since x =tand = @ =tan ' x, then

= y:£—2tan"x
2 [1]

Differentiating both sides with respect to x, we have

dy —(——Ztan xj
dx dx

2

1+ x?
2

1+x% [1]

=0—

. ,dy L4 2x
Q.4. Flnda of y = cos 1[1+x2

j, -1<x<1.

[NCERT Ex. 5.3, Q. 13, Page 169]
Ans. Given that,

y:cos"(12xz], —l<x<l
+x

Put x =tan @, we have

_ cos’IE 2tanéd j
Y l+tan’@

=cos ' (sin26)

ol )

=Z 20
2

[1]
Since x =tan8d = # =tan ' x, then
= y:£—2tan"x

2 [1]

Differentiating both sides with respect to x, we have

Ay _ i[E—Ztan’1 xj
dx dx(2

2

1+x?
2

1+X2 [1]

. . dy .4 > 1 1

.5. Find =L of y =sin™ (2xV1-x" |, - —=<x<—.
Q i oty = AN

[NCERT Ex. 5.3, Q. 14, Page 169]

=0—

Ans. Given that,
y=sin™ (2x\/1 —x? ),
Put x =sin#, we have
y=sin™ (Zxxll —x* )
“25sin 61 —sin? )

=sin '(ZSm&cosH)
“(sin20)
=260 [1]

1 1
———=<X<—

V22

Since x =sinf = @ =sin' x, then
=y =2sin"x
Y [1]

Differentiating both sides with respect to x, we have

Z—Z:E(Zsin’lx)

2

2

1-x [1]
. dy S 1 J 1
.6. Find L of y=sec” | ——— |, 0<x<—.
Q in dxo Y (sz—l \/5

[NCERT Ex. 5.3, Q. 15, Page 169]
Ans. Given that,

y:sec"(%), 0<x<b
27 -1 2

Put x = cosé, we have
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71( 1 ] = 05X c0s2x c0os3x (—tan x — 2tan 2x —3tan 3x)
= sec
Y 2x* -1 =—C0sx0s2xcos3x(tanx + 2tan 2x + 3tan 3x) 2]
1
= sec'l[ j
2cos’ 0 -1 (x=1)(x-2)
€08 Q. 9. Differentiate the function _ _ _
N : (x=3)(x=4)(x-5)
=sec with respect to x.
_ \cos20 [NCERT Ex. 5.5, Q. 2, Page 178]
=sec”' (sec20) Ans. Given that,
=20 (1 (xr-1)(x-2)
Since x = cos@ = 6 = cos ' x, then y= (xf3)(x74)(x75)
=y=2cos'x
/ ] Taking log both sides, we have
Differentiating both sides with respect to x, we have ( 1) ( 2)
dy _d . logy =log \/ i
ax a0 ) (=3)(x=4)(x=3)
___ 2 1|log(x—1)+log(x—2)—1log(x-3)
1-x° [ 2| ~log(x—4)—log(x-5) ”
Q. 7. Differentiate the function (logx)™ with respect Differentiating both sides with respect to x, we have
to x. [l\lgERT Ex. 5.5, Q. 3, Page 178] i 1 14 log(x 1)+ log(x ~2)-log(x _3)
Ans. Given thaty = (logx) E( ogy)= 2dx —log(x —4)—log(x-5)
Taking log both sides, we have J 4
logy _ log[(logx)cosx} E{log(x - 1)} + E{log(x - 2)}
Idy 1| d d
= 18y 1 fog(x—3) —Lflog(x—4
cosxlog(logx) 1] Jax 2 dx{ og(x-3)} dx{ og(x-4)}
Differentiating both sides with respect to x, we have _4d {log(x-5)}
d d x
a(logy) = a[cosxlog(logx)} dy y[ | | | ) ] J
dx 2\x-1 x-2 x-3 x-4 x-5
lgl = cosxdi[log(logx)] + log(logx)di(cosx) | | |
T ! N I EE N P
Y _ | cosxx x—+log(logx)(—sinx) 2\(x=3)(x-4)(x=5)|__L 1
dx logx x Y—4 x-5
cosx| COSX [2]
~ (log x)™ R sinxlog(logx) Q. 10. Find the derivative of the function given by
xlogx 2] f(x):(1+x)(1+x2)(1+x4)(1+x8)and hence find
Q. 8. Differentiate the function cos x cos2 x cos3 x with f@). [NCERT Ex. 5.5, Q. 16, Page 178]
respect to x. [NCERT Ex. 5.5, Q. 1, Page 178] Ans. Given that,
Ans. Given that y = cosxcos2xcos3x 2 4 8
=(1+x)(1+ 1+ 1+
Taking log both sides, we have y=( x)( * )( g )( * )
log y =log(cosxcos2xcos3x) Taking log both sides, we have
=log(cosx)+log(cos2x)+log(cos3x) 1] logy=10g[(1+x)(1+x2)(1+x4)(1+x8ﬂ
Differentiating both sides with respect to x, we have =log(1+x)+ log(l +x° ) + log(l + x")
[ d d
—(logcosx) +—(logcos2x +log(1+x*
dx d ( 3) Differentiating both sides with respect to x, we have
+—(logcos3x
a8 log(1+x)+log(1+x’
d
! i(cosx)+ ! i(cost) E( Ogy)za +log(1+x*)+log(1+x")
1dy _|cosxdx cos2x dx . .
y dx d ldl:1+2x+4x+8x
| Cos3xdx(cos3x) ydx l+x 1+x* 1+x* 1+
. . dy 1 2x 4 8
x(—sinx)+ x(—2sin2x —L =y —
dy _ | cosx ( ) cos2x ( ) dx y[1+x+1+x2+1+x4+1+x8
dx . 2 4 8
COS3x><(—3sm3x) (1+x)(1+x )(1+x )(1+x )
sinx 2sin2x 3sin3x |1 ¢ 4x 8
= €08 xC082xco83x| — - - 7T Tt 8
cosx cos2x  cos3x I+x 1+x° 1+x° l+x

1]
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Q.11.

Ans.

Q.12.

Ans.

Put x = 1, we have

ro-{3).

1]

[NCERT Ex. 5.5, Q. 15, Page 178]
Given that,

xy= e
Taking log both sides, we have
log(xy) =1log [e("”)}
logx+logy =(x—y)loge
=(x—
(x=v) [
Differentiating both sides with respect to x, we have
d d
=—(1 +1 =—/(x—
——(logx+logy)=——(x-)

= l+ldl:l_dl

x ydx dx
ldiy_i_diy:l_l
ydx dx x

Ly |dy _x-1
y Jdx x

dy _yfx=1
dx x\y+1

x

=
[2]
Find ay of (cos x)y =(cosy)

dx [NCERT Ex. 5.5, Q. 14, Page 178]
Given that,

(cosx)’ =(cosy)’

Taking log both sides, we have
log[(cosx)q = log[(cosy)x}

= ylogcosx =xlogcosy 1]

Differentiating both sides with respect to x, we have

d d
= E(ylogcosx) = E(xlogcosy)

[ smx] dy
=y|- +logcosx—=
cosx dx
:x{smydy]ﬂogcosy
cosy dx
:—Mﬂogcosxd—y
cosx dx
:—md—y-rlogcosy
cosy dx
dy xsiny dy
= logcosx—++—+—~
dx  cosy dx
:logcosy+M
cosx
dy dl

= log cosx—=+ xtan
J dx ydx

=logcosy +ytanx

Q.13.

Ans.

Q.14.

Ans.

dy
dx

=logcosy +ytanx
dy logcosy+ytanx
dx logcosy + ytanx

= (logcosx + xtany)

[2]
Differentiate (x* —5x +8)(x’ +7x +9) in three ways
by logarithmic differentiation.

[NCERT Ex. 5.5, Q. 17(iii), Page 178]
Given that,

y=(x2—5x+8)(x3+7x+9)

Taking log both sides, we have

logyzlog(x2 —5x+8)+log(x3 +7x+9) a

Differentiating both sides with respect to x, we have

ldy  2x-5 3x% +7

ydx x*—5x+8 X +7x+9

dy [ (2x=5)(x* +7x+9)+(3x7 +7)(x* - 5x+8)
ax Y (x2—5x+8)(x3+7x+9)

[ 2x* +14x% +18x —5x°
—35x —45+3x* —15x°
+24x% + Tx* =35x + 56

(x2 —5x+ 8)(x3 +7x+ 9)

:(x2 —5x+8)(x3 +7x+9)

_ g4 3 2 B
=5x" —20x" +45x~ —52x +11 2]

If u, v, w are the function of x, then show that

d du dv dw .
. (wow)= o (vw)+ . (uw)+ . (uv) in two ways,
first repeating by product rule and second by
logarithmic differentiation.

[NCERT Ex. 5.5, Q. 18, Page 179]

Differentiating by repeating by product rule,

Y =uvw

y=u(ow)

dx

dx [1%]
Differentiating by repeating logarithmic
differentiation, we have
y =uvw
logy =logu+logv +logw
ldy ldu ldv 1dw
_— = 44—
ydx wudx vdx wdx
dy [ldu 1 dv ldw)
- — _—

dx udx vdx wdx

(1 du 1dv 1dw
= (uow)| —+——+——
udx vdx wdx

du dv dw
= (vw)a+(uw)a+(uv)a v



192 I OSWAAL NCERT SOLUTIONS - Textbook + Exemplar - MATHEMATICS : Class-Xl

d t Thus,
Q. 15. Findd—y ofx:u[cost+logtan5j, y=asint. dy
x “J
[NCERT Ex. 5.6, Q. 8, Page 181] dy _ &
Ans. Given that, dx ditc
x:a[cost+logtan%j, y =asint loga /acos"t
Then, AN
dx d t logu 'usin’lt
— =—1/a| cost+logtan— ——
dt dt 2 21—+
7seC2 t _ [ucos"t
—a| —sint +2 t2 ,asin’lf
tan > __Y
* [1]
1 Q. 17. Find the second-order derivatives of the function
=a| —sint + e'sin5x, [NCERT Ex. 5.7, Q. 6, Page 183]
Zsinfcosi Ans. Given that,
| 22 y=e sin5x
= u[—sint + —J Differentiating with respect to x, we have
in? N d—y—i(ex sin5x)
:a[l—?m t] dx  dx
512nt =5¢" cos5x +e* sin5x [1]
- Q[COS tj Again, differentiating with respect to x, we have
sint 42 d
2 ay a o« X o
And, [2] e dx(Se cosSx +e sm5x)
dy d, . d /.. d, ., .
—=— t =—1/(5¢e" cos5x )+ —/(e* sin5x
a Y il )l )
=gcost =-25¢"sin5x + 5¢* cos5x + 5e* cos5x + e sin 5x
Thus, =—24¢" sin5x +10e” cos5x
; dy =10e* cos5x — 24e* sin 5x
ay _| dt. =2¢"(5cos5x —12sin5x
dx | dx ( ) [2]
m Q. 18. Find the second-order derivatives of the function
_acost e*cos 3x. [NCERT Ex. 5.7, Q. 7, Page 183]
" (cost Ans. Given that,
a - . 6x
(sint] y=e"" cos3x
—tant [1] Differentiating with respect to x, we have
— = d d [ e
Q.16. If x=Va™ ', y=va® ’, then show that Z—y - % = E(Eé C053x)
x x
[NCERT Ex. 5.6, Q. 11, Page 181] =" (-3sin3x) + e cos3x
Ans. Given that, = —3e% sin 3x + 6e** cos3x [1]
x=~Na"", y=a " Again, differentiating with respect to x, we have
Then dy d
’ —2 = — (-3¢ sin3x + 6e* cos3x
di:i(,/asin"t) dx’ dx( )
dt dt d 6x d (o
1 - 1 :—(—36 sm3x)+ 6—(6 cos3x)
= xa™™ ' xlogax dx dx
2 usin"t N -

_ loga ,asin’lt
NS

= —3(366‘ cos3x + 6¢** sin 3x)

+ 6(—366‘ sin3x + 6¢** cos 3x)

And [1] =-9¢% cos3x —18¢% sin3x

. —18¢% sin 3x + 36¢% cos3
dlzi(W) e " sin 3x e..cosx
dt  dt =27e% cos3x —36e* sin3x

1
=——xa

2 Iacos" t

cos™'t

xlogax
1-#

=9¢”(3cos3x —4sin3x) 2]

Q. 19. Find the second-order derivatives of the function
tan™" x. [NCERT Ex. 5.7, Q. 8, Page 183]
Ans. Given that,

B logﬂ ’ucus" t
1=+

(1]
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Q. 20.

Ans.

Q.21

Ans.

y=tan"'x

Differentiating with respect to x, we have
Y _d

dx

1]

Again, differentiating with respect to x, we have

dy_df 1
dx?  dx\1+x?
d 2\
E[(l ) ]
= —(1 +x7 )72 x(2x)

2x
(1 +x° )2

[2]

Find the second-order derivatives of the function

log(log x) [NCERT Ex. 5.7, Q. 9, Page 183]
Given that,

y =log(log x)
Differentiating with respect to x, we have
dy d
T a[log(log x)]
1

:xlogx

Ans.

1]

Again, differentiating with respect to x, we have
dy_df 1
dx*  dx| xlogx

:%[(xlogx)_l}

=—(xlogx)” x (x <L long
X
1+logx
=TT
(xlogx) 2]
Find the second-order derivatives of the function

sin(log x), [NCERT Ex. 5.7, Q. 10, Page 183]
Given that,

y =sin(logx)
Differentiating with respect to x, we have

d dr.
% = E[sm(logx)]

Q. 23.

Ans.

= cos(logx)xl
x

_ cos(logx)
Cx 1]
Again, differentiating with respect to x, we have

dy_d {Cos(logx)}

X

Q.24.

dx*  dx

_ x%[cos(logx)} - cos(logx)%(x)

x2

x{‘s‘m(logx)} _cos(logx)

X

x2

Q.22.

—sin(log x)—cos(log x)

2

x
_ sin(logx)+cos(logx)
« 2]
dz
If y = 5cos x — 3sin x, prove that 7 ‘Z +y=0.
x

[NCERT Ex. 5.7, Q. 11, Page 183]
Given that,
Yy =5cosx —3sinx

Differentiating with respect to x, we have

dy

o i(5cosx —3sinx)

dx
=-5sinx —3cosx

=—(5sinx+3cosx)

1]

Again, differentiating with respect to x, we have

% = ;—x[—(S sinx +3cosx) |

Z;g =—(5cosx —3sinx)
Fe
! 2]
If y = cos 'x, find d;;: in terms of y alone.

[NCERT Ex. 5.7, Q. 12, Page 184]
Given that,
y=cos'x
= cosy =x
Differentiating with respect to x, we have
d
ﬁ -1

dy _
o cosec y

—-siny

=
1]
Again, differentiating with respect to x, we have

d’y

d
o —(—cosec y)

dx

dy

—cosec ycot yd—
x

=(—cosec y cot y)(—cosec y)

—cosec’ ycot y

[2]

Differentiate w.r.t. x the function

[NCERT Misc Ex. Q. 5, Page 191]
Given that,

X
cos =

N2x+7

Differentiate with respect to x, we have

,—2<x<2
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| cos X Ans. Given thaty = (logx)logx x> 1
Y _ 2 Taking log both sides, we have

dx dx| g
Yo N2x+T logy:log[(logx)l & }
\/2x+7di(cos" g)—cos’lfi(\/2x+7) =logxlog(logx) 1]

X
= Differentiate with respect to x, we have

(\/Zx n 7)2

d d
d—x(logy) = d—x[logxlog(logx)]

> 1 dy d
7| -2 : _[2\/22 7}05—15 ;E:logxa[log(logx)]+log(10gx)
X X+
- \/1 4 i(logx)
) (Vax+7) ax
x
dy _ | logx log(logx)
1 cos' X dx xlogx x
2
- vl opx| 1+10g (1
Va-x2x+7 (2x+7)% 5] :(logx)lg {Ogjf 0gx)
. . . [2]
Q.25. leferentlat.e wrt.x the.functlon Q. 27. Differentiate w.r.t. x the function
cot! V1 +s1n x +x/1—sTn X 0<x< L (sinx—cos x)(sinxfcosx)l z v < Si )
V1+sinx —+1-sinx . 4 4
[NCERT Misc Ex. Q. 6, Page 191] [NCERT Misc Ex. Q. 9, Page 191]
Ans. Given that, Ans. Given that y =(sinx — Cosx)(smfwsx)
y = cot” J+sinx ++/1-sinx o< Taking log both sides, we' have
Jl+sinx —+/1-sinx ’ logy = log[(sinx _ Cosx)(smx—mw)]
By applying (sin? x + cos*x = 1) and (sin2x = 2sin x. i o
c0s x), we have =(sinx — cosx)log(sinx — cosx) 1]

i X X x x| Differentiating with respect to x, we have
\/coszf+sin27+25infcos— d P .
2 2 22 —(logy)=—— (sinx—cosx)log sinx—cosx) |
X X Y  x dx dx
+\/cosz—+sin27—251nfcosf ) d )
y = cot™ 2 2 2 2 1 dy (smx—cosx)a[log(smx—cosx)]
DX X X X ——=
\/cos —+sin”—+2sin—cos— ydx log (si a., .
2 2 279 + og(smx—cosx)a(smx—cosx)
2X L aX . X X .
—\/COS —+sin” = —2sin—cos— ) COSX+sin x
2 2 2 2 dy (smxfcosx) —_—
L . - Ly sinx— cosx
X, . X X . X dx . .
cos - +sin |+, cos” —sin +(cosx + sinx)log(sinx — cosx)
=cot™ - - L (sinx—cosz)| COSX+8iN X +(COS X
X o.x X o.X =(sinx—cosx) i )
cos=+sin= | —,|l cos=—sin= +sinx)log(sinx—cosx)
W2 2 2
X o.ox X o.ox [2]
ot cosy * s * cosy —smo Q. 28. If cos y = x cos (a + y), with cos a # *1, prove that
- 2
oS> +sin> — cos> +sin> dlzw,
N dx  sina  [NCERT Misc Ex. Q. 16, Page 192]
| 2e0s2 Ans. Given that cosy = xcos(a+y)
=cot — cosy
2sin— x=——>J
2 cos(a+y)
=cot™ (cot %) Differentiating with respect to x, we have
d d
- cos(a+y)|——(cosy)—(cosy)—| cos(a+y)
: 2 o L Tay iyl ]
Differentiate with respect to x, we have dy cos’ (ll + y)
Zl:% [1] —sinycos(a+y)—(cosy)[—sin(a+y)]
x =
Q. 26. Differentiate w.r.t. x the function (log x)logx ,x>1 cos’ (‘1 +y )

[NCERT Misc Ex. Q. 7, Page 191]
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_ —sinycos(a+y)+sin(a+y)cosy

cos’(a+y)

sin(a +y)cosy —sinycos(a+y)

cos’ (a+y)
_sin(a+y-y)
 cos’(a+y)
dx __ sina
dy cos’(a+y)
dy cos’(a+y)
dx  sina

f(x) 8(x) h(x)
Q.20. If y=| [ m n

a b c
) g B)
dy _ m oo
dx a b c

, then prove that

[3]

[NCERT Misc Ex. Q. 22, Page 192]

f(x) g(x) h(x)

Ans. Given that y=| I m
a b

n
c

Differentiating with respect to x, we have

fi(x) g'(x) n'(x)

Z—y: 1 m n
¥ a b c
f(x) g(x) h(x)

dx dx  dx
f(x) 8'(x) 1(x)
. b
f(x) 8(x) h(x)
IR
fl(x) g'(x) W(x)
I
fl(x) g'(x) W(x)
.

Q.30. Ify =" ¥,

dz
(1 - xz) alx;Z

ML
dx

f(x) g(x) h(x)

L dm
dx dx dx
a b c

f(x) g(x) h(x)
+| 0 0 0

a b c
+0+0

—1<x <1 show that

-a’y=0.

[1]

[2]

[NCERT Misc Ex. Q. 23, Page 192]

acos™ x

Ans. Given thaty=e

-1<x<1.

Ans.

Q.32

Ans.

. Differentiate the function (sin x )Cm

Differentiating with respect to x, we have

Ay d [ peosis
e GO

acos™ x [ 1 j
=e xXa| —
1-x

—

V11— [1]
Again, differentiating with respect to x, we have
dy_df —ay
dx*  dx|\J1—»?

\/l—xzd—y—yi(\ll—xz)
:(—u) dx de
(Vi=x)
il e
~(-a) JI-x Y 21—+
1-x*
—ay+—2Y
(. NI
_( 11) 1—x°
d’y —ay
(l—xz)dxz=u2y+x[ l—xz]
dy y
(1 xz)d—xz=u2y+xd

ALY _ Ay

(l x)dx2 xdx ay=0 2]

w.rt. x.
[NCERT Exemp. Ex. 5.3, Q. 34, Page 109]
Given that y = (sinx)™"
Taking log both sides, we have
logy =log(sinx)™"
=cosx(logsinx
(logsinzx) 1]

Differentiating both sides, we have

- (logy) ; [cosx(logsmx)]
i% = Cosx%[(logsinx)] + logsinx%(cosx)
dy

e y[cosx%{(logsinx)} +log sinxdix(cosx)}

= (sinx)™" [cosx x c9sx

—sinxlogsinx
sin x

= (sinx)™" (cosxcotx —sinxlogsinx)

[2]
Differentiate the function (x+ 1)z (x+ 2)3 (x+ 3)4
w.rt. x.

[NCERT Exemp. Ex. 5.3, Q. 36, Page 109]

Given that ¥~ (x+ 1)2 (x+ 2)3 (x+ 3)4
Taking log both sides, we have
logy = log[(x + 1)2 (x+ 2)3 (x+ 3)4}
= log[(x + 1)2} + log[(x + 2)3} + log[(x + 3)4J

=2log(x+1)+3log(x+2)+4log(x+3) [
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Differentiating both sides, we have

d | 2log(x+1)+3log(x+2
L (1ogy)= L) 218+ 1) 31os(2)
dx dx +4log(x +3)

1 dy 2 3 4 Ans.
—L =y +

ydx x+1 x+2 x+3

%:y(xil+xi2+x4 J
i (x+1)’ (x+2)( +3)’

_ [ﬁ x+2 X+ ]
3)(

:(x+1)(x+2

Ox? +34x + 29)
[2]

Q. 33. Differentiate the function

4 sinx +cos x b 4 T
s | —=— |, ———<Xx<—wrt.x.
V2 4 4

[NCERT Exemp. Ex. 5.3, Q. 37, Page 110]
Ans. Given that,

sinx +cosx
y= cos'| ————=

= COS

=cos™ COS — =X ] Ans.

=cos™'| sinx sm +cosxcos”
4
x

[2]
Differentiating both sides, we have
dy
/A 1
o [1]
Q. 34. Differentiate the function

tan' (secx +tanx), —% <x< % w.rt. x.

[NCERT Exemp. Ex. 5.3, Q. 39, Page 110]
Ans. Given that,

y=tan™'(secx +tanx)

Differentiating both sides, we have

dy _dr.
. —dx[tan (secx+tanx)}

1
:—zx(secxtanx + SECZX)

1+ (secx + tanx)
1

1+sec® x + tan’ x + 2secxtanx

1
=— 5 xsecx(tanx +secx)
sec’ x +sec’ x + 2secxtan x

1

2sec’ x + 2secxtanx
1

B 2secx(secx +tanx)

x secx(tanx +secx) Ans

xsecx(tanx +secx)

2 3]
Q. 35. Differentiate the function

1
smx +COSX[\/5)] Q. 36.

xsecx(tanx +secx) Q.37

—7<x<£andgtanx>—1
2 2 b

w.r.t.x. [NCERT Exemp. Ex. 5.3, Q. 40, Page 110]
Given that,

y= tan! acosx —bsinx
bcosx +asinx

tan"! acosx—bsinx v 4
. 7
bcosx +asinx

acosx bsinx

-1| bcosx bcosx
bcosx+usinx

bcosx bcosx

=tan

a
——tanx
=tan" b

1+Etanx
b

=tan™ % —tan™'(tanx)

—tan'Z_x

[2]
Differentiating both sides, we have
dy
/A 1
i [1]
Differentiate the function

4 1
sec m 0 <x<— \/_ w.r.t. x.
[NCERT Exemp. Ex. 5.3, Q. 41, Page 110]
Given that,

1 1
y:sec'l[Sij, O<x<—
4x” —3x «/5

Put x = cosf = 6 =cos”' x, then

1
:sec’l _—
y [4C0539—3C059j

,l( 1
=sec
cos36

=sec ' (sec36)
=36

=3cos™'x 2]
Differentiating both sides, we have
dy _ 3i(cos’1 x)
dx  dx
3

2
V1i—x [1]
Differentiate the function
tan™ 3ax-x —i<£<i
Z-3ax*) 3 a 3 w.rt. x.
[NCERT Exemp. Ex. 5.3, Q. 42, Page 110]

. Given that,

a® —3ax?

1(3a2x—x3J 1 x 1
y=tan' | —— |, ——F=<—<—F

y=tan

(1]



CONTINUITY AND DIFFERENTIABILITY | 197

Q. 3.

Ans.

x
Put==tanfd =6 =tan" E, then
a

a
[ 3tané —tan’ @
y=tan"| ————_—
1-3tan” 6
=tan'(tan30)
=36

=3tan™ [Ej
a

Differentiating both sides, we have

dy _ 3i tan™ (Ej
dx  dx a

(1]

3a
a’+x°

1]

Differentiate the function

[\/1+x +vV1-x

[NCERT Exemp. Ex. 5.3, Q. 43, Page 110]
Given that,

1
Putx’ =cos20 =6 = ECOS_I

L NT+x? +\/1—sz

] -1<x<1,x#0wrt x.

y= J —1<x<1,x#0

x?, then

y=tan

NI+ 22 =1-%7
[ N1+ c0s20 +1-cos26
«/1 +cos20 —«/1 —cos26

41| V2cos® 6 ++/2sin® HJ

=tan"

=tan

V2cos? 0 —~/2sin% 0
_tan_l(cos:9+sin9j
cosf —sinf

*tan’l[“—tang]
1-tanéd

_tan” {m(jmﬂ

=210
4

7 1 1.2
=—+—cos'x
4 2 2]
Differentiating both sides, we have
dy

+— L cos™' x
dx j

dx(4 2
2x J
1-x*

—O+1[_
2

(1]

Q. 39.

Ans.

Q. 40.

Ans.

Q. 41.

Find Z—y of the function expressed in parametric
x

form x = 3cosd - 2cos’d, y = 3sind — 2sin’6.
[NCERT Exemp. Ex. 5.3, Q. 46, Page 110]
Given that,

x=3c0s0-2cos’ 0, y=3sin@-2sin’ 9,
x =3cos6 —2cos’ 6
Differentiating both sides, we have

dx _ d (3cos€ 2cos’ 0)
40 do

=-3sin 8+ 6cos’ sin [1]
And,

y=3sind-2sin’ @
Differentiating both sides, we have

d—y (3 sin @ — 2sin’ 49)
de do
=3cosd - 6sin’ @cosd 1]
Thus,
dy
ay _| do
dx dx
a6
_ 3cosf—6sin’ Ocos o
 —3sin@+ 6cos’ Osin O

~ 3c059(1—25in29)
- 3sing(-1+2cos’0)

=cot@x = 20
cos26
=cotf [1]
; d 1
If x =% and y = ", prove that 4y _ _YO08%
dx  xlogy

[NCERT Exemp. Ex. 5.3, Q. 49, Page 110]

Given that x =¢*** and y =¢™*
Since
x = ecoszt
log x = cos2t

(logx)" = cos 2t

sin 2t

y=e
logy =sin2t
(logy)2 =sin’ 2t [1]
Then
(logx)’ +(logy)’ = sin’2t +cos2¢
=1 1]
Thus,
2(logx) . 2(logy)dl B
x y dx
N dy _ _ylogx
dx  xlogy [1]
If x=3sint-sin3f and y =3cost —cos3t, find
LT
dx 3

[NCERT Exemp. Ex. 5.3, Q. 51, Page 110]
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Ans.

Q. 42.

Ans.

Given that,

x =3sint —sin3t and y =3cost —cos3t
x =3sint —sin 3t

Differentiating both sides, we have

d—x =3cost—3cos3t
dt

And,
y =3cost —cos3t

Differentiating both sides, we have

d—y:73sint+35in3t
dt

1]

Thus,
dy
dy _ dt
dx dx
dat
—3sint + 3sin 3t

3cost —3cos3t
—sint +sin 3t

cost —cos3t [1]
Therefore, dy att="is
dx 3
LT
—sin—+sinz
) "3
dx =

T
COSE —Cosm

(1]
Differentiate L with respect to sin x.
sin x

[NCERT Exemp. Ex. 5.3, Q. 52, Page 111]

Lety=——and v=sinx.

sinx
Then,

X

U=—
sinx
Differentiating both sides, we have

du d

)
dx dx\sinx

sinxi(x) - xi(sinx)

_ dx dx
sin’® x
_ sinx —xcosx
sin’ x 1]
And,
v=sinx

Differentiating both sides, we have

dv d, .
E—E(smx)
= oS X

[1]
Thus,

Q. 43.

Ans.

Q. 44.

Ans.

sinx —xcosx

du _ sin® x
do Ccosx
_ sinx —xcosx
sin’ xcosx
_tanx-x
sin’ x

[1]
V1+x®* -1

Differentiate tan™ [
x

J with respect to

tan"'x when x = 0.
[NCERT Exemp. Ex. 5.3, Q. 53, Page 111]
1+x* -1

Letu= tan'{
X

J and v =tan' x.

Vi+x* -1

Putx=tan@in u=tan™ [
x

U= tanl[

] , we have

1+tan’@ -1
tan @

ta ,,(sec&—l)
tané@
— tan™ 1—cosé@
sin @
2sin? Q
=tan™'
an —2
2sin—cos—
2
=tan"' (tangJ
2
_9
2
= %tan’1 x
[2]
Thu d—u = !
" dx 2(1 + xz)
And,
L dv 1
v=tan x=>—=
dx 1+x°
Thus,

do 1 2
2
(1+x ) 1]
Find Z—y when x and y are connected by the
X

relation sin(xy )+ .
y
[NCERT Exemp. Ex. 5.3, Q. 54, Page 111]
Given that sin (xy)+ Loy,
y

Differentiating with respect to x, we have
al . x| d
dx{sm(xy) + y} = E(x2 - y)

= %[sin(xy) + ;x(;] = %(XZ) —%(]/)
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Q. 45.

Ans.

Ans.

Ay
j y dx :zxidy

2

ay
= cos(xy)(x +y ; o

dx
:cos(xy)(xyzd—y+y )er xd—yfzxy dyyz
= xy cos(xy)dy+y cos(xy)+y - x—= y =2xy’ -y’ y

)dl_

,d
= xy” cos(xy o xa+y ﬁ:ny -y cos(xy)—

d
= ﬁ[xyz cos(xy)—x+ yZJ =2xy* -y’ cos(xy) -y

oy _ 2xy® -y’ cos(xy) - y
T xy*cos(xy)—x+y’

[3]

Find d—y when x and y are connected by the
X

relation sec(x +y) = xy.

[NCERT Exemp. Ex. 5.3, Q. 55, Page 111]
Given that, sec(x +y) = xy.
Differentiating with respect to x, we have

d d
E[sec(x + y)} = E(xy)
= sec(x+y)tan(x+ y)(l + Z—yj
x

= xg—z +y

= sec(x+y)tan(x +y)+sec(x+y)tan(x + y)Z—y
x

= xg—z +y
dy
dx
=y-sec(x+y)tan(x +y)

i
"‘]dz

= sec(x+y)tan(x + y)Z—y -x
X
2[sec(x+y)tan(x+y) 2

=y-sec(x+y)tan(x+y)
dy _y—sec(x+y)tan(x+y)
dx  sec(x+y)tan(x+y)-

[3]

. If ax® +2hxy +by* +2gx+2fy +c=0, then show

dy dx
dx dy
[NCERT Exemp. Ex. 5.3, Q. 58, Page 111]
Given that, ax® + 2hxy + by* +2gx + 2 fy +c =0.
Differentiating with respect to x, we have

that =1.

2ax+Zh(xj—y+yj+2by3—y+2g+2fd—y+0:0
X

:>2ax+2hxgy+2hy+2bygy+2g+2f

:(2hx+2by+2f)d—:—(2ux+2hy+2g)
x
dy _ 2ax+2hy+2g  ax+hy+g
dx  2hx+2by+2f  hx+by+f
dx  hx+by+f
= 7
dy ax+hy+g [2]
Thus,
:dl dx _(_ax+hy+g | _hx+by+f)_
dx dy hx+by+f )\ ax+hy+g

X

Q. 47. If x =¢’, then prove that dy _ x7Y
dx xlogx

[NCERT Exemp. Ex. 5.3, Q. 59, Page 111]

Ans. Given that, x =¢”.
Differentiating with respect to x, we have

[3]

2
Q. 48. If y* =€, then prove that ay = m.
dx logy
[NCERT Exemp. Ex. 5.3, Q. 60, Page 111]
Ans. Given that, y* =¢'™
Taking log both sides, we have
xlogy=y-x
x(1 +logy) =y

- 1+logy

Differentiating w.r.t. y both sides, we have

(Hlogy)%(y)—y%(lﬂogy)

dy _
dx (1+1log y)z
1
(1+logy)—y.—
R A
(1+logy)?
d_y _ logy
dx  (1+log y)2
d 1+logy)?
dy _ (1+logy) 2]
dx logy
cos 1)
Q. 49. Ify =(cos x)( L , then show that
dy _ y'tanx
dx ylogcosx—1

[NCERT Exemp. Ex. 5.3, Q. 61, Page 111]
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Ans.

Ans.

Q.51

Ans.

Given that,

y= (cosx)(msx)(mm

=y =(cosx)’

Taking log both sides, we have

logy = ylogcosx

Differentiating with respect to x, we have

1]

d (logy) (ylogcosx)
;Zz ydx(logcosx)Jrlogcost—Z

(1 jdy [—sinxj
——logcosx |===y| ——
y dx Cosx

(l—ylogcosx]dy:_ytanx
y dx
dy _ y’tanx
dx  1-ylogcosx
y’tanx
ylogcosx —1 2]
. If xsin(a+y)+sinacos(a+y)=0, then prove
that 2 _ S (@+Y),
dx sina

[NCERT Exemp. Ex. 5.3, Q. 62, Page 111]
Given that,

xsin(a+y)+sinacos(a+y)=0
—sinacos(a+y)
sin(a+y)
=—sinacot(a+y)

1]

Differentiating with respect to y, we have

dx .
&y = —sma@[cot(a + y)]
=—sina[—cosec2 (a+y)}
dx _ sina
dy sin’(a+y)
_dy _sin’(a+y)
“dx sina [2]

If y = tan'x, then Z Y in terms of y alone.
x?

[NCERT Exemp. Ex. 5.3, Q. 64, Page 111]
Given that, y =tan™' x = x =tany
Differentiating with respect to x, we have

()= (tany)

dy
= l=sec’y—2
secy—
W o y
dx [1%4]
Again, differentiating with respect to x, we have
dy d, ,
W = E(COS y)
. \dy
=2 - 2
cosy(-siny) o

Q.52.

Ans.

Ans.

Ans.

=2cosy(-siny)cos’y
=—sin2ycos’ y [1%]

d*y
o 0

Ifx"y" =(x+y)"",
[NCERT Exemp. Ex. 5.3, Q. 80(ii),
Page 113, CBSE Board, Delhi Region, 2017]

Given that, x"y" =(x+y)""

Taking log both sides, we have
10g( ”’y”) log(x+y)""

= mlogx +nlogy =(m+n)log(x+y) 1]

Differentiating with respect to x, we have

d d
:>E(mlogx+nlogy)=E[(m+n)log(x+y)]
= mxl+nxld—y:(m+n)xLx[l+d—yj
x y dx xX+y dx
my—nx _my—nx dy
= - v
x(x+y) y(x+y)dx
. dy_y
dx x 1]

Again, differentiating with respect to x, we have

)l

y

e [
Iyt =(x+ y)mw, then prove that dy _ Y,
dx «x
[NCERT Exemp. Ex. 5.3, Q. 80(i), Page 113]
Given that, x"y" = (x + y)"””

Taking log both sides, we have
log(x’"y") =log(x+y)""
= mlogx +nlogy =(m+n)log(x+y) ]

Differentiating with respect to x, we have

:>dd (mlogx +nlogy)= d [(m+n)log(x+y)]

= mxl+nxld—y:(m+n)x;x[l+d—yj
x y dx x+y dx
my—nx _my—nx dy
= = =7
x(x+y) y(x+y)dx
= _y
x x
[2]
dy _1(dy) _y_
Iy =x" thenprovethatd2 y(dxj .

[CBSE Board, Delhi Region, 2017]
Given that, y = x*
Taking log both sides, we have
logy =xlogx

Differentiating with respect to x, we have

d - (logy)= (xlogX)

ldy _

+1
ydx x o8x
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Q. 55.

Ans.

Ans.

d—y:y(ulogx) =20
dx =2sin"'(3x) 1Y%
=x*(1+logx) [1%] . o (1]
. . o ) Differentiating with respect to x, we have
Again, differentiating with respect to x, we have dy d
d(dy) d =2— [sirf1 (3x)}
— | L == x*(1+1 dx  dx
dx(dxj dx [x ( ng)]
£y oo d 3
— :(x )d (1+logx)+ (1+10gx) ( *) - Gx)
d’ y dy 6
> — 1+1 =
dx? y[xj ( ng)dx V1-9x* [17]
2 2
- ﬂiy_,_ 1(dyjz Q.57. If e’ (x+1) =1, then showthatd z:[j—y] .
FIm i R x x
zdx * y\dx [CBSE Board, All India Region, 2017,
ay_ l(iyj Y, NCERT Ex. 5-7 Q. 16, Page 184]
dx*  y\dx X [12]  Ans. Given that,e’(x+1)=1
Find dy atx=1y = 7 if sin’y + cos xy = k. Differentiating with respect to x, we have
dx 4 Aler(x41)]=-L (1)
[CBSE Board, Delhi Region, 2017] dx dx
G%Ven thzflt, .sinzy'Jrcosxy:k. - ey(1)+(x+l)eydl:0
Differentiating with respect to x, we have dx
d . _d y vy _
E(sm y+cosxy)—a(k) = ¢ +(x+1)e dxfo
. dy . dy . dy _ 1
2 2 Yiyl=0 - L
= smycosydx smxy(x " +yj I lix (1]
= sin2y dl ~xsinxy dl —ysinxy =0 Azgam, differentiating with respect to x, we have
dx dx dy_d( 1
- dy _ ysinxy d*  dx\ 1+x
dx sin2y-xsinx -
y 4 2] :_i[(m) T
Putx =1,y = Z, we have dx
4 d 2
T .7 :_7[_(1‘“‘) }
—sin— dx
o) o
dx ). = . . —|
(lqj sin —sin " { (1+x)}
r dy]z
- % B [dx [1%]
1_$ Q. 58. Find Z—y atf= 23” when x =10(¢ —sint) and
x
T
( ) y=12(1-cost),
1] [CBSE Board, Foreign Scheme, 2017]
. Ify_sm’1(6x«/1 92 ) 1 <l then Ans. Given that x =10(t —sint) and y = 12(1 - cost).
32 32 Then,
.. d
fmdd—y. dx—lOd( t—sint)
x [CBSE Board, Delhi Region, 2017] dt dt
Given that, =10(1-cost) [
y=sin™ (6xxll —-9x? ) - L And,
W2 3J— dy . d
o =12— 0 (1—cost)
Putx=§sin6’:6’=sin’1 3x, we have —12sint [1]
S Thus,
y*sm 6x— smH 1- 9(lsm€j ‘Ly
3 3 dy _\dt
=sin'(2sinHcosf) dx (di]
dt

=sin"'(sin26)
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[1]
-1
Q.59. If xyy = "), then show thatd—y = y(x )
dx  x(y+1)
[CBSE Board, Foreign Scheme, 2017]
Ans. Given that,

xy = Y)

Taking log both sides, we have
log(xy)= log[e(’”y)}
logx +logy =(x—y)loge
= (x - ]/) [1%]

Differentiating both sides with respect to x, we have

= %(logx +logy)= %(x -v)

x ydx dx
= ldl+dl:1_l
ydx dx x
N Ity |dy _x-1
y Jdx x
-
x x\y+ [1%]
Q. 60. If log y = tan"'x, then show that
d’y dy
1+x%)—2+(2x-1)—==0.
( x)tilx2 (2 )dx

[CBSE Board, Foreign Scheme, 2017]
Ans. Given that, logy =tan™'x

Differentiating with respect to x, we have

d d O
E(logy) = E(tan x)
ldy_ 1
ydx 1+x°
ay__y
dx 1+x° [1]
Again, differentiating with respect to x, we have
2
- 4y _ i[Lj
dx*  dx\1+x°
d
&y (1 +x2)£—y(2x)
de* (1 +x° )2

(102 L (1420) 2 a(r0)

dx? dx
2
:(1+x2)2%:(1+x2)%—2x(1+x2)%
Py dy . d
= (1) g =g gy
& d
2(1+x2)ﬁ+(2x—1)£:0 2]

. | 6x —4v1-4x?
0. 61. Find ¥ ify =sint| X214 |
dx 5

[CBSE Board, All India Region, 2016]
2
Given that, y =sin™' [6"‘451‘4"]

Put 2x =sin @, we have

—sin”! 3sin@—4+/1-sin’ @
y 5

. _1(3sin9—4cos¢9j
=SsIn _—

Ans.

5

=sin™ (Esiné’ - icosé’j

5 5
=sin”'(sin@cosa — cosfsina)
=sin"'sin(0-a)
=0-a
=sin"'(2x) -«
Differentiate with respect to x, we have

Z—Z = %[Sin" (Zx)] -0

[17]

2
N

Differentiate tan'l(

[17]
1+cosx

Q. 62. j with respect to x.

sin x
[CBSE Board, Delhi Region, 2018]

Ans. Given that,

y—tan’l(1+cosxj

sin x

2c0s* >
=tan”' < 2 <
2sin—cos—

2 2

=tan™ [cotfj
2
—tan”| tan| Z X
2 2

T X

2 2 [2]
Differentiating with respect to x, we have
]

dx _E [1]
If y = sin(sin x), then prove that

d’y dy

— +tanx—~+y cos’x =0.
dx

dx?
[CBSE Board, Delhi Region, 2018]

Q. 63.
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Ans. Given that, y =sin(sinx)
Differentiating with respect to x, we have

% = dd—x[sin(sinx)]
=cosxcos(sinx) 1]
Again, differentiating with respect to x, we have

d(dy)_d ;
0 (dxj = [Cosxcos(smx)]

2
= % = cosx%[cos(sinx)] + cos(sinx)%(cosx)
2
= % = cosx[fcosx sin(sinx)] +cos(sinx)(—sinx)
X
d2
= d—z =—cos” xsin(sinx) - sin xcos(sinx)
x
dZ
= d—z =—ycos’ x — tan x cosx cos(sin x)
X
2
= d—z =-ycos’ x — tanx 2L
dx dx
2
:>d—z+ycoszx+tanxﬂ=0 [2]
dx ) dx P
Q.64. If (x2 + yz) = xy, then find d—y
x
[CBSE Board, Delhi Region, 2018]
Ans. Given that, (x2 + yz)z =xy

Differentiating with respect to x, we have

d d
E(xz +y2)2 :E(xy)
:2(x2+y2)(2x+2y%)
-~
_xdx Ty
:4x(x2 +y2)+4y(x2+y2)%
:x%+y
:>(4y(x2+y2)—x)j—z
:y—4x(x2+y2)
:(4362]/+4y3 —x)%
=y-4x’ —4xy’

dy _y—4x’ —4xy’
dx  4x’y+4y’ —x 3]

@'1'53’ Long Answer Type Questions

Q. 65. If x =a(20 - sin20) and y = a(1- cos26), then find
dy wheng="=.

dx 3 . .
[CBSE Board, Delhi Region, 2018]

Ans. Given that, x =a(20—sin26), y =a(1-cos20)

Then,
dx d .
e %[11(29 —sin 20)}

=a(2-2c0s26)

=2a(1-cos26) [1]
And,
dy d
- %[u(l - cosZQ)}

=a(0+2sin20)

=2asind [1]
Thus,

dy
dy _| do
dx dj
do

_ 2asing

a 2a(1-cos26)

_ sin @

1—cos26
_ sin @
2sin* 6@
_ 1
" 2sind

Putg = %, we get

3
dx -2 2sin”
3

V3 [1]

(5 or 6 marks each)

Q. 1. Differentiate the function x* —2°"* with respect to x.
[NCERT Ex. 5.5, Q. 4, Page 178]

Ans. Given that, y = x* - 2"
Letu=x" and v = 2°"*. Then

dy _du_dv
dx dx dx ... (i)
Now, u=x"

Taking log both sides, we have

logu = log[x‘]
=xlog(x) 1]
Differentiating both sides with respect to x, we have
d d
= E(logu) = E[xlog(x)]
1du

LI g )] og () (1
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Ans.

du ( 1 j
= —=u| xx—+logxx1

dx X

du

— = (1+logx) [1%4]
For, v = 2"~

Taking log both sides, we have
logov = log(zsm)

=sinxlog(2) 1]

Differentiating both sides with respect to x, we have

(10gz; 7—[smx10g( )]

1 dv d
= =log2—(sinx
vdx & dx( )
= @:v log2£(sinx\
dx dx /

do
dx
From equation (i), we have

dy :
—Z=x"(1+1o - 2" ]og2co
it (1+logx) g2C0sx

=2"""log2cosx

[17]

. Differentiate the function (x+ 3)2 (x+ 4)3 (x+ 5)‘1

with respect to x.
[NCERT Ex. 5.5, Q. 5, Page 178]

Given that, y = (x +3)" (x +4) (x+5)’

Taking log both sides, we have

logy = log[(x +3) (x+4) (x+ 5)4}
=log(x+3)" +log(x +4) +log(x+5)’
=2log(x +3)+3log(x +4)+4log(x+5) 2]

Differentiating both sides with respect to x, we have

2log(x+3)+3log(x +4)
( ogy)= dx{+4log(x+5) :l

1dy _ =2x ! +3x ! +4x !
ydx x+3 x+5

x+4
dy 2 3 4
>—=y + +
dx x+3 x+4 x+5

dy ~(x+3) (x+4) (x+5)

2 4
x+3 x+4 x+5

N

=>—=(x+ (x+4) (x+5)4

(x+5)+4(x+3)(x+4)
(x+3)(x+4)(x+5)

2(x2 +9x+ 20)

(
{2 (x+4)(x+5) +3(x+3)}

:Z—y:(x+3)(x+4)2 (x+5) +3(x2 +8x+15)
X
+4(x2 +7x+12)

dy 2 3002
=—>=(x+3)(x+4) (x+5)(9x" +70x +133

Q. 3.

Ans.

Differentiate the function
respect to x.

Ex + ljx + x[uﬂ with
x

[NCERT Ex. 5.5, Q. 6, Page 178]
Given that,

y= (x + ljx + x(lﬁ]
X

Ly ()
Letu=|x+—| andv=x" *. Then
X

dy o -0
dx dx dx

Now,u:(x+lj [1]
X
Taking log both sides,

logu = log{(x +lj }
x

[=+3)
=xlog| x+—
' 1]

Differentiating both sides with respect to x, we have

:>;x(logu):tzc{xlog(x+iﬂ
:>1du xi lo £x+1j +1o, (x+ )—[ ]
u dx dx J &

1 1 1
x(l——zj+log[x+fj
1) X X
+7
X
g x4 L
241 3 x
1
For,vzx[1 Xj

Taking log both sides, we have

1+ij:l

=logov = (1 + jlog( x)

Differentiating both sides with respect to x, we have
d d 1

=>—/(logv)=—-/|| 1+— |log(x
o log) de x} 8 )}

1 do 1)d d 1
——=|1+—|—]l logx—|1+—
v dx ( +xjdx[0gx]+ ngdx( +xJ

dv 1)1 1
= Kl + j + logx(—zﬂ
dx xX)x X

we have

[17]

=logv = log{x[

1
_ do_[m)[1, 1 logx
dx x x* X
1
- dv x(l x) x+1-logx
dx x? [1%]

From equation (i), we have

1
d—y:[x+—j {x _1+log[x+lﬂ+x[l ,\j|:x+1—210gxi|
dx x) | x"+1 X
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0.4

Ans.

Ans.

Differentiate the function (log x)" + x'* with
respect to x.
[NCERT Ex. 5.5, Q. 7, Page 178]

Given that, y = (logx)" + x'**

Letu=(logx) and v =x"¥*. Then

dy _du | do ()
dx dx dx

Now, u = (logx)" (1]

Taking log both sides, we have
logu = log[(logx)x}
=xlog(logx) 1]

Differentiating both sides with respect to x, we have

d

E(logu) :—x[xlog(logx)}
1 du d d
s xa[log(logx)] + log(logx)a[x]

jz = u{xx ogx x)lc+log(logx)xl}

X 1
=(1 —+log(l
(logx) Logx +log( ogx)}

B (logx)’[l +logxlog(logx)}

- log x
& [1%]

For, v = x'&*
Taking log both sides, we have
logv = log(xl"g‘ )
=logxlogx
= (logx)’
Differentiating both sides with respect to x, we have

= %(log v)= dix[(logx)z}

v dx
dv [2 }
= —=v|—logx
dx X
= 40 _ s [Elong
dx X
dU logx—1
= —=2x"%""(logx)
dx [1%]

From equation (i), we have

Zl =(logx)" {1 . logﬁlclog(logx)} +2x*! (log x)
x ogx

. Differentiate the function (sin x)x + sin'lx/; with

respect to x.
[NCERT Ex. 5.5, Q. 8, Page 178]

Given that, y =(sinx)" +sin”' Jx
Letu= (sinx)x and v =sin"'/x. Then

d_du do o
dx dx dx
Now, u = (sinx)’ [1]

Taking log both sides, we have

Ans.

. Differentiate the function y=x

logu = log[(sin x)x}

= xlog(sinx)

1]

Differentiating both sides with respect to x, we have
d

d .
:E(logu) = E[xlog(smx)]
ldu _d . . d
Py xa[log(smx)] + 1og(s1nx)E[x]
du 1 .
= —:u[xx - ><cosx+10g(smx)><1}
dx sinx
= @:(Sinx)x{xc.osx +log(sinx)}
dx sinx 1]

For, v =sin"'v/x

Differentiating both sides with respect to x, we have

N

dx  dx

:>dl_ 1 g 1
de 1-x 24Jx
dv 1

E_Z x—x’

From equation (i), we have

Ay _ (sinx)’ {xcosx + log(sinx)} —t
2

dx sinx x—x2

[17]
"4 (sin x)™" with
respect to x.

[NCERT Ex. 5.5, Q. 9, Page 178]

Given that, y = x™* +(sin x)aM

Letu=x""" and v =(sin x)msx. Then

dy _du, dv o (D)
dx dx dx
Now, u = x™* [1]

Taking log both sides, we have
logu = log(xS‘“‘)
=sinxl
sinxlogx [1]

Differentiating both sides with respect to x, we have

d (logu) :%[sinxlogx]

- %
dx
1du d d
——=sinx—|l +log x—/si
m smxdx[ ogx] ogxdx[smx]
du [ . 1 }
= —=u| sinx x—+logxxcosx
dx X
du sinx|:Sinx :|
= —=x"""| ——+logxcosx
dx X

[17]
For, v =(sinx)™"

Taking log both sides, we have
=logov = log[(sinx)w”}

= logv = cosxlog(sinx)

Differentiating both sides with respect to x, we have
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d (logv) d [cosxlog(smx)]
1 dv
T cosx—[log sinx) |
+10g(smx)dd (cosx)
xcosx

dv COSX X —
=0 sin x
dx

+log(sinx)x(-sinx)

=(sinx)™" [cosxcotx sinxlog(sinx ][l

]
From equation (i), we have

Ay _ o (ﬁ + logxcosxj

dx X

+(sinx)™" [Cosxcotx - sinxlog(sinx)]

e |
Q. 7. Differentiate the function x**** +x71 with

2
respect to x. Y-
[NCERT Ex. 5.5, Q. 10, Page 178]

2
Xcosx X +1

Ans. Given that, y =x += 1
¥ -
Letu=x"""andv= Xl . Then
x* -1
b _du o -0
dx dx dx
Now, u = x*** [1]

Taking log both sides, we have

logu = log(x“"” )
=xcosxlogx

1]

Differentiating both sides with respect to x, we have

%(logu) = %(xcosxlogx)
i% = xcosx%(logx) + xlogx%(cosx)

d
log -
+cosxlogx—- (x)

1 .
du _ | xcosx x —+ xlogx x (—sinx)

o X
* +cosxlogx
=x*“*(cosx — xlog xsinx + cosxlog x)
xcosx[cosx 1+10gx) xlOgXSln.XJ
2
For, 0 = x"+1 [1%4]
x’ -1

Taking log both sides, we have

2
logv = log[ +1]

= log(x + 1) - log(x2 - 1)

Differentiating both sides with respect to x, we have

= %(logv) = %[log(xz + 1)— log(x2 - I)J

Lo _ A og(x* +1)]- tog(x* -1)]

vdx dx

do 2x 2x
= — =7 —

dx 2+l xP -1

dv x*+1[ 2x 2x
= T2 21 2

dx x* -1 x"+1 x" -1

dv x*+1|2x° —2x-2x" —2x
= —==

de  x" -1 (xz—l)(x2+l)
N do_ | 4x

dx (x2_1)2

From equation (i), we have

dl Xcosx

T [cosx 1+10gx) xlogxsmx]

[17]
1
Q. 8. Differentiate the function (x cos x) +(x sin x)*

with respect to x.
[NCERT Ex. 5.5, Q. 11, Page 178]

1
Ans. Given that, y =(x cosx)x +(x sinx);

Letu=(x COSX)X andv= (xsmx) Then

dy_du _do L
dx dx dx
Now, u =(x cosx)x [1]

Taking log both sides, we have
logu = log[(x cosx)xJ

=xlog(xcosx)
= x[log(x) + log(cosx)] 1]

Differentiating both sides with respect to x, we have

d[ {log(x )+log(cosx)}]

=xa[log(x

d (logu)
L

i )+log(cosx)]

+[ log(x)+ log(cosx)]di(x)

X
{1 1
du X<—+
—=U X COSx

i x(—sinx)}

+log(x)+log(cosx)

=|XCOsx ) 1—-xtanx+logxcosx
(xcosx)'( gxcosx)

1

For, v = (xsinx)x [1%]

Taking log both sides, we have
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logv=1log [(x sinx)%}
= llog(x sinx)
x
= i(logx +logsinx)
Differentiating both sides with respect to x, we have

i logv :i l log x + log sin x
ix ) g )

ldv 1d
vdx  xdx

+(log x +logsin x)%(%j

dv 1(1 cosx log x —lj
— =0~ —+ + ) —
dx x\x  sinx +logsinx )\ x°
1
=(xsinx)x [Lz L cotx 7%{log (xsin x)}}
x

X

_ (xsinx)+ (1 +xcotx— 1ogxsme

log x + log sin x
g g

x2

From equation (i), we have

Z—y =(xcosx)" (1-xtanx +logxcosx)
X

1+xcotx— logxsmx] Q. 10.

+(xsinx)x ( -

* [17]

Q.9. Find Z—y of y* =x".
* [NCERT Ex. 5.5, Q. 13, Page 178]
Ans. Given that, y* = x?
Letv=y" and u=x". Then
dv du .
22 . (
dx dx O
For,v=y"
Taking log both sides, we have
logov = log(y‘)
=xl
xlog(y) 1]

Differentiating both sides with respect to x, we have

2 (1ogv) - di[xlog(y)]
1dvo

;E—x*(logy)ﬂogy (x)

dv [ xdy
— —=2+1
dx Ey dx+ ogy]

=y ( dy+10gy]
yd

Now, u = x"

(1]

Taking log both sides, we have
logu = log(xy)
= ylog(x) 1]

Differentiating both sides with respect to x, we have

Ans.

;(logu [ylog ]
igz [log }Llogx—

du _ ( +logx— j
dx 8
:x/[y+logx yj

From equation (i), we have

v (xdy+ logyJ =xY (1+10gxd—yj
y dx dx

xy* ‘dy+y logy =x'" 1y+leogxd—y

(xy - —xylogx)%:xy'ly—y logy
dy _x"y—y'logy
dx  xy*™' —x'logx
LA
gY
_X et —
=3 [y =]
= —logx
y

_Y[y=xlogy
x\ x—ylogx
Findd—y ofxY +y* =1

. [NCERT Ex. 5.5, Q. 12, Page 178]
Given that x¥ +y" =1

1]

(1]

Letu =x"and v =y". Then

du dvo

dx i ... (i)
Now, u = x*
Taking log both sides, we have
logu = log(xy)
=ylog(x
Yy g( ) [1]

Differentiating both sides with respect to x, we have

£ {1ogu) - di[ylog(X)]

1 du dy
_8Y_ 1 1 Y
n y [og J+ ngd
d—u:u[z+logxd—y)
dx X dx
:xy(1+logxd—y]
X dx
i [1]
For,v=y

Taking log both sides, we have
logv = log(y")
=xlog(y) 1]

Differentiating both sides with respect to x, we have

dx(logv) e [xlog(y)}

ldv d
Pl e (logy)+10gyd (x)
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do_. E—y+10gy Cost(3 2cos’ t—l 2coszt)
dx y dx
smt(3 1-2sin’ t +2sin? t)
=y zd—y-s-lo
- y dx &Y [1] cost(6cos t—3-2cos’ t)
From equation (i), we have s1nt(3 6sin’t +2sin’ t)
(y +logxdyj+y ( dy+10gyj=0 _ cost(4cos t-3)
d a smt(3 4sin’ t)
=x! ly+x">’logx;ily+xy dyi—y*logy:O 4cos’ t —3cost
Y i . ~ 3sint—4sin’t
3(xylogx+xy )d—zzf(x/ Yty logy) syt
cdy __x"'y+y'logy sin 3t 2]

Let=— 2~
dx  x"logx+xy [1] Q.12. If y =3cos(log x)+ 4sin(log x), then x’y, + xy, +y =0.
y sin® ¢ cos’ t [NCERT Ex. 5.7, Q. 13, Page 184]

d
.11. Find = of x = , Y= .
N dx Jeos2t y Jeos2t Ans. Given that, y =3cos(logx)+4sin(log x)
[NCERT Ex. 5.6, Q. 7, Page 181]

Differentiating with respect to x, we have
Ans. Given that,

d d .
_sin’t  cos’t dz = —[3cos(logx) +4sin (logx) |
Jeosat”’ Y N cos 2t d d
Then 4 _ 3—[cos (logx) ]+4—[sin(logx)]
P ,d \ d dx
X sin” ¢
“2_2 d sin(logx cos(logx
dt dt[ cosZt] 3;:3{_ (x ) +4[ (x )
d 3 5, d
cos2t —(sin” t)—sin” t —(+/cos 2t
_ dt( ) dt( ) =y, :l[—3sin(logx)+4cos(logx)]
2 x
(\/COSZi’) .
=uxy, =-3sin(logx)+4cos(logx)
Jcos2i (3sin . 5, —2sin2t [2]
cos2t (351n tCOSt) —sin’t 2Jcosat Again, differentiating with respect to x, we have
= d
cos2t X —| —3sin(logx)+ 4 cos(log x
_ 3sin’tcostcos2t +sin’ tsin 2t ( 0 [ (log=) (togx)]
And cos2tA/cos2t [17] Sy, +y, = 3 [sm log x ]+4—[cos logx)J
nd,
dy_d cos’ t oyt = _3{cos(logx)} +4{—sm(logx)}
dt  dt\ \cos2t x x
d . d —3cos(logx)—4sin(logx)
\/COSZt—(cos3 t)—cos’ t—(\/COSZt) =>xy,ty =
_ dt dt x
(VcosZt)2 = x’y, + xy, = [ 3cos(log x) + 4sin (log x) |
2
2\, —2sin2t =Xy, txY, ="y
i \/cos2t( 3cos tsmt) cos t(izmj =My, +xy, +y=0 3]
cos2t a’ d
.13. Ae™ +Be™ ay_ ay -0.
_ —3cos’ tsintcos2t + cos’ tsin 2t Q.13. Ify=Ae™+Be”, show that dx? (m+n)dx Fmny =0
cos2t+/cos2t [1%] [NCERT Ex. 5.7, Q. 14, Page 184]
Thus, Ans. Given that,
dy -3 cos’ tsint cos2t + cos’ t sin 2t y = Ae"™ + Be™ .4
dy _| 4t |_ cos2t/cos 2t Differentiating with respect to x, we have
dx | dx | 3sin’tcostcos2t+sin’tsin2t dy
dt cos2ty/cos 2t A dx (Ae +Be” )
2 . 3 .
_ 3ct)s,2 tsintcos2t — ct)s3 tsinZt d (Ae"”‘ ) N i(Be”")
3sin’ tcost cos2t +sin’ fsin 2¢ T dx dx
__3cos’ tsintcos2t —2cos’ tsintcost - Ai(e”")+ Bi(em)
3sin® tcostcos2t +2sin’ tsint cost d dx

cos’ tsint(3cos2t—2cos2 t) :A(memx)+B(nenx) (i)

sinztcost(3cos2t+2sin2 t) [17]
Again, differentiating with respect to x, we have
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Q. 14.

Ans.

Q. 15.

Ans.

diy = i[A(me'”*) + B(ne’“ )J

dx*  dx
d mx d nx
:Ama(fz )+Bna(e )
:Am(me””)-an(ne"‘) i)
[1]

From equations (i), (ii) and (iii), we get
d’y dy
LHS=——(m+n)—=+mn
dx? ( ) dx Y
= Am’e"™ + Bn’e™ —(m+n)
(Ame"“ + Bne™ ) + mn(Ae’”x + Be"‘)

= Am’e™ + Bn*e™ — Am’e™ — Bmne™

nx

— Amne™ — Bn’e™ + Amne™ + Bmne™

=0
=RHS 2]
d*y
If y =500¢’* + 600e "%, then i 19y .

[NCERT Ex. 5.7, Q. 15, Page 184]

Given that, y = 500¢”* + 600e"*
Differentiating with respect to x, we have

dy _ i(sooé* +600¢7™)
dx dx
d N d .
:E(sooa )+E(6006 7 )
d . d; ..
:5005(37 )+6OOE(6 7 )

= 500(7e7*)+ 600(—76’“)
=3500e”* —4200¢

Again, differentiating with respect to x, we have

[2]

% = %(3500&" —4200e*”)
d N d .
:5(35005 )—E(4zooe 7 )

=3500(7¢™ ) - 4200(~7¢ )
=49(500¢™ +600¢ ")

=49y [3]
Ify= (tan’lx)z, show that (¥* + 1)* y, + 2x(x* + 1)
Y1 =2 [NCERT Ex. 5.7, Q. 17, Page 184]

Given that, y = (tan’I x)2
Differentiating with respect to x, we have
4y _ i[(tan’I x)z}
dx dx
2(tan‘1 x)
BT ...(@)
[1]

Again, differentiating with respect to x, we have
2 -1
:d—Z:2i tan 2x
dx dx\ 1+x
2 1 -1
diyzz (1+x )x I —(tan x)x(zx)
dx* (1 + xz)2

Q. 16.

Ans.

Q.17.

Ans.

= (1 +x2)2%: 2(1 —2xtan™ x)
X
:>(1+x2)2£z+4xtan’1x =2
dx [2]

From equation (i), we have

dy Z(tan’lx)

de 1+x°

_ d
.'.2(tan 1x):(1+xz)£

Thus,
d? d
3(1+x2)2d—x‘1{+2x(1+x2)£:2

= (1+x2)2y2+2x(1+x2)y,:2 2]

Differentiate w.r.t. x the function x* + x* +a* +a°,
for some values of 2 > 0 and x > 0.

[NCERT Misc Ex. Q. 10, Page 191]
Given that, y =x" +x" +a" +a"

Differentiate with respect to x, we have

Z—Z=%(xx+x“+ux+u”)
di, dian diodg,
ZE(X )*g(x )*a(” )*a(“ )
:%(x‘)-kux”’l +a*loga+0
d x a-1 x
=— 1
dx(x )+ux +a*loga 2]
Letu=x"
Taking log both sides, we have
logu = log(xx)
=xlogx 1]

Differentiate with respect to x, we have

ldu d
——=—(xlogx
u dx dx( S )

du ( 1 J
—=u| xx—+logx
dx x

=x"(1+logx)
Thus,

W _ (1+logx)+ax"" +a"loga
x

[2]

Differentiate w.r.t. x the function x* +(x—3)x2
for x > 3. [NCERT Misc Ex. Q. 11, Page 191]

e

Given that, y = x* 7 +(x - 3)

Letu=x""andv= (x—3)x2. Then
dy_du _do

= - L
dx dx+dx ®

2,
Now, u=x"""

Taking log both sides, we have
logu = log(x"H)

(.2

—(x —3)logx 1]

Differentiating both sides with respect to x, we have



210 I OSWAAL NCERT SOLUTIONS - Textbook + Exemplar - MATHEMATICS : Class-Xl

d d
E(logu)za[(xz—S)long :_[(lzlx)—)gx)}
1 du d d X
;E:(xz —3)a[log(x)]+log(x)a(x2 —3) L
2 2
du:u{x 3+2xlog(x)} (1+x) [2]
dx x , ,
i 24 Q.19. If (x—a) +(y—b) =c* for some ¢ > 0, then prove
=x"" {x+2x10g(x)} T
x 2] {1 . (iy) }
(3 d
S"Ziiﬁg;l(oxg b?th sides. we have thatdzix is a constant independent of a
logv = log[(x—3)xz} dx’
1og( ) and b. [NCERT Misc Ex. Q. 15, Page 191]
=x"log(x-3 [1]

. 2 2
Differentiating both sides with respect to x, we have Ans. Given that (x ~a)" +(y - b) =

d
= 2 (oga) = [ Tog(x-3)] 2(x-a) +2(y-0) L =0

1 dv d
5= 3 —[log x-3)]+log(x- S)d [ J . by x-a
do . o T
S R .
o a2 Again, differentiating both sides with respect to x,
= =(x-3) { +2xlog(x—3)} we have
dx x-3 d d
-b)—(x—-a)-(x-a b
From equation (i), we have dl:_(y )dx( )~(x-a) dx(y )
i (v
dy o x* =3 Yy
— =X . ——+2xlog(x) , dy
o oy DG
+(x-3) {x_3+2xlog(x—3)} " dx? (y—b)
x-a
Q.18. If x\/1+y + yv1+x =0 for -1 < x < 1, then prove (yb)(xa)[y_bJ
dy 1 S
that —= =- . o\
Tax T (1ex) (y-b)
[NCERT Misc Ex. Q. 14, Page 191] _ (y-b) +(x-a)
Ans. Given that, xy/1+y +y~v1+x =0 (y—b)3
= xl+y =—yJl+x . c
- 3
= (x,/1+ ) ( yx/1+x) (y-b) 2]
= (14 y)=y*(1+x) Thus, .
= X +x’y =y +ay’ dy Y x-a) |
1+(—yj I+ ———
= ¥ +xy -y —xy’ =0 dx ~ y-b
= (xz—y2)+(x2y—xy2):0 4’y <
e )
>(x+y)(x—y)+xy(x-y)=0 y 3
= (x—y)(x+y—-xy)=0 [(xfa)2+(y7b)2]5
= x+y-xy=0 [cx=y] NE]
x _ (y-b)"
= 2
= ¥ 1+x [3] __ ¢ .
Differentiating both sides with respect to x, we have (y-0)
ﬂ:_i(ij [T
dx  dx\l+x 3
d d Ul
- — - 2
o dw-mioe —
2 —
(1+x) (y-b) 2]

is a constant independent of a and b.

Differentiating both sides with respect to x, we have
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Q. 20. Using mathematical induction prove that
i(x") =nx""" for all positive integers 7.
dx [NCERT Misc Ex. Q. 19, Page 192]

Ans. Given that, P(n) : di(x”) =nx""
x

Putn = 1in LHS and RHS.

LHS = i(x') =1

dx
RHS =1x""=1 1]
Thus, P(n) is true for n = 1.

Let P(k): %(xk) = kx*is true for k. [1]

Now, we need to prove

P(k+1):£(xk”):(k+l)x"-

d i
LHS :E(xk ')
d
:E(Xk ><x)
d d

=(xk)a(x)+(x)a(xk)

=x* + x xkxt!

=(k+1)x*

~ RHS 2]
Thus, P(k+1): %(xk”) =(k+1)x" is true for k+1.

Therefore, di(x” ) =nx"" for all positive integers n.[1]
x

Q. 21. Using the fact that sin (A + B) = sin A cos B +

cos A sin B and the differentiation, obtain the sum
formula for cosines.

[NCERT Misc Ex. Q. 20, Page 192]

Ans. Given that,

sin(A+ B)=sin AcosB + cos Asin B
Differentiating with respect to x, we have [1]

dr. d, . .
ﬂ[sm(A + B)] = a(smAcosB +cos AsinB)

cos(A+ B)(d—A + @J = i(sinAcosB)
dx dx dx

+i(cosAsinB)
dx

= sinAi(cosB) + cosBi(sinA)
dx dx
+ cosAi(sinB) + sinBi(cosA)
dx dx

= sinA(—sinB)Z—B + cosBcosAd—A
x

+ cosAcosBd—B + sinB(—sinA)d—A
dx dx

=—sinAsinB(d—A+@]+cosAcosB[d—A+d—BJ
dx dx dx dx
=(cosAcosB—sinAsinB)[ﬁ-r@j

dx dx

cos(A + B) =(cos AcosB —sin Asin B) [4]

Q. 22. Findd—y of the function expressed in parametric
pF P p
x

formx:eg[9+1J,y:e’g(H—lJ.
0 0

[NCERT Exemp. Ex. 5.3, Q. 45, Page 110]
Ans. Given that,

[2]

eilos ) o-a)i)

o -0+ +0+1

[2]
Thus,
@_629[—93 +6 +9+1]
- 3 2
dx 6’ +0"+60+1 1]
. Findj—y of the function expressed in parametric
x
1+logt  3+2logt
e Y t
[NCERT Exemp. Ex. 5.3, Q. 48, Page 110]
Given that,
1+logt 3+2logt
Y= : gt y= t &

form x =

Ans.

1
o logt
t2
Differentiating both sides with respect
to t, we have

1+logt)—(1+logt)%(tz)

d
P
ar g

dt t
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Ans.

£ xi—Zt(l +logt)

t4
t—2t(1+logt)
——
1-2(1+logt)
——
_ —1-2logt
t 2]
And,
_ 3+2logt
t
Differentiating both sides with respect to t, we
have

d d
t—(3+2logt)—(3+2logt)—(t
dy _ dt( ogt)—( Og)dt()

dt t?
tx%—(3+210gt)

t2
_2-3-2logt
=S
_ —1-2logt
£ 2]
Thus,
—-1-2logt
y___ £,
dx —1-2logt
r [1]

. If x =asin2t(1+ cos2t) and y = b cos2t (1 - cos2t),

show that [d—yj = k
X Jat t:Z a

[NCERT Exemp. Ex. 5.3, Q. 50, Page 110]
Given that,

x =asin2t(1+cos2t) and y = bcos2t(1-cos2t)

x = asin 2t(1+ cos2t)
Differentiating both sides with respect to ¢,
we have

% = a{sin2t%(l +cos2t)+(1+ cos2t)%(sin2t)}

= u[sin 2t(-2sin2t) +(1+ cos2t)(2cos 2t)]
= u[—Z sin’ 2t + 2cos2t + 2 cos’ 2t]

=-2asin’ 2t + 2acos 2t + 2acos® 2t [2]
And,
dy ,d
—= =b—| cos2t(1—cos2t
2t =V ggloos (1= cos2)]

d d
= 2t—(1- 2 1- 2t)— 2
b[cos tdt( cos2t)+(1-cos t)dt(cos t)}

= b[2sin 2tcos2t —2sin2t(1- COSZl’)]
=2bsin 2t cos 2t — 2bsin 2t (1 - cos 2t)

[1]
Thus,
dy _ 2bsin2tcos2t - 2bsin 2t(1—cos2t)
dx  —2asin’2t+2acos2t + 2acos’ 2t

~ b[sin 4t —2sin2t(1- cosZt)]
Y [sin2 2t —cos2t — cos’ Zt]

(1]

Therefore,

(@j :]{sm(ﬁ)—ZSiH(Z][l_COS(Z]H
i ol an(5)-eof ) (3]

b[0-2(1-0)]

~ 2a[1-0-0]

SRS

1]

Q.25. If V1-x*+,1-y*=a(x—-y), then prove that

dy_ 1oy’
dx V1-x*"

[NCERT Exemp. Ex. 5.3, Q. 63, Page 111]

. Given that, V1-x* +,/1-y* =a(x-y)

Put x =sina and y =sin #, we have
JI-sin’a +\/1—sin2,8 =a(sina —sin j)
:>m+\/m:u(sina —sin j)
= cosa +cos B =a(sina —sin j)

a+p a-p a+pf
2 2 2

a-p
2

= 2cos cos =2acos sin

= COSs =qasin

a-pf a-pf
2 2

= cot

=a

a-p
2
a-p

=>—L=cot’'a

2
=a-f=2cot'a
=sin'x-sin"'y=2cot'a 3]

Differentiating with respect to x, we have
d. o . d .

= —(sin™ x —sin =—1/(2cot a
. y)= (20t ")

:>i(sir1’l x)

. ; (sin" y) = i(2cot’l a)

dx dx
1 1 dy

- -y ax

dy _ 1oy’
dx 1—x2 [2]

=

. If x = sin t and y = sin pf, prove that

dy _ dy
(I_XZ)E—XE'FIJZI/:O_

[NCERT Exemp. Ex. 5.3, Q. 81, Page 113]

. Given that,

x =sint and y =sinpt.

Thus,

x =sint
dx _ i(sint) =cost
dt dt

And,

y =sinpt

% = %(sinpt) = pcospt

(1]

(1]
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Q.27.

Ans.

Therefore,

dy
dy _ E _ pcospt
dx dx  cost
dt

= costd—y = pcospt
dx
d 2
= cos’ t(—yj =p’ cos’ pt
dx

2
= (1 —sin? t)[%} =p’ (1 —sin? pt)

.2 dlzz 2(1_.,2
3(1 x)[dxj p(l y) (1]

Differentiating with respect to x, we have
 espect
== (2 (2 e
A (-y)]
= (1-x7)x 2[%)(‘?] + [g)z (—2x)

dy
=p?| 2y—L
( ! dxj
d’ d
éd—xz(l—xz)—xﬁz—pzy
da’ d
:d—%(l—xz)—xd—yﬂozyzo
X X [11/2]
2
Find %Y. if = x4 X1
dx 2
[NCERT Exemp. Ex. 5.3, Q. 82, Page 113]
2
Letu=x"*andv=,|~ *l
Now,
u :x(anx
= logu =tanxlogx [1]

Differentiating both sides, we have

;—x(logu):%(tanxlogx)

ldu _tanx

+logxsec’x
u dx x

du [tanx
2y
dx

+log xsec’ x}
x

[2]

= x'n* {taﬂ +logxsec’ x}
x
Now,
/xz +1
U=
2

Differentiating both sides, we have
do_d| [’ +1
dx dx 2

X

2(x +1)

1]

Thus,
dy _du dv
dx dx dx
tam[tanx 2 } X
=x +logxsec’ x |+ ————
2(x* +1)

1]

. If x = asin 2¢(1+ cos 2t)and y = b cos 2t(1-cos 2t),

then find the value of d—y att :% andt = %
b

[CBSE Board, Delhi Region, 2017,
CBSE Board, Delhi Region 2016]

. Given that,

x =asin2t(1+cos2t) and y = bcos2t(1-cos2t).
We have
x =asin 2t(1+ cos2t)
Differentiating both sides with respect to ¢,

we have
dx

dr.
lﬁ_alﬁ[SIHzt(l+COSZt):| d
= a[sm ZtE(l +cos2t)+(1+ cosZt)E[sm 2t]}
=af sin2¢(~2sin 2t) + (1 + cos 2t)[2cos 2t] |
= a[—Zsin2 2t +2cos2t + 2 cos’ Zt}
= a[2c052t + 2(cos2 2t —sin’ Zt)J
=2a[cos 2t + cos4t]
And
y =bcos2t(1-cos2t)
Differentiating both sides with respect to ¢,

[17]

we have
dy _ L _ 4
o 7b{C052tdt(l cos2t)+(1 cos2t)dt(cos2t)}

= b[cos 2t(2sin2t)+(1-cos2t)(-2sin 2t)]
= b[ZSin4t —2sin Zt]
=2b[sin4t —sin 2t]
Thus,
dy _ 2b[sin4t —sin 2t]
dx 2a[cos 2t + cos4t]
7 b[2c053tsint]
a[2cos3tcost]

[17]

b
=—tant
a

Putt:E:d—yzétaHE:E(l)
4 dx a 4 a

_b
EIE(\B):@ [2]

Putt:gsd—yzktan
3 a

dx a 3 a

. If x¥ + y* =a’, then find 4y

dx
[CBSE Board, All India Region, 2017]

. Given that, x¥ +y* = ab

Letu=x" and v =y". Then

@4_@:0 ... (i)
dx dx 1]
Now, u = x’
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Taking log both sides, we have
logu = log[xq

=ylog(x) [1]
Differentlatmg both sides with respect to x, we have
d

(logu = —[ylog )]

ldu

——=y—|log(x)|+lo

wdx [ g ] gx

du _ [1 +log x d—y}
dx |« dx

=x’ [z-rlong—y} ]

X X

y

For,v=y"
Taking log both sides, we have

logv = Iog[y"J

o =xlog(y) [
D1fferent1at1ng both sides with respect to x, we have

d(logv —[xlog )]
(x)

= x%(logy)wL logy%

do _ U{XdyﬁL logy}
Yy

=y{x’iy+logy}
y dx

From equation (i), we have
[y+logxdy}+y { x dy +logy}—
x ydx

=y + logxd—y +xy*! dy
dx dx

—(xy’ly +y" logy)

+y logy=0
y 1\ Yy

3(x logx +xy )d—:
x

cdy _ x"y+ylogy

Tdx o x'logx+xy!

1]

Q. 30. If y = x7, then prove that

&y 1 (dyjz y_

ax* y\dx) «x
[CBSE Board, Delhi Region, 2016]

Given that, y =x"

Taking log both sides, we have

logy = xlogx

Ans.
) o [
Differentiate with respect to x, we have

:dii(xlogx)

Y yhi+1
o y[1+logx]

=x" [1 +logx] [2]
Again, differentiate with respect to x, we have

dx(?;j dx( [1+10gx])
4y _ ( )d(1+logx) (1+logx)%(x")

dx dx
j 1+logx y

s

Q.31

Ans.

Q. 32.

Ans.

dy y 1 (dyj
72 7+7
x  y\dx
(iy] y
dx d x
=0 [2]
L V1+x® -1
Differentiate tan — with respect to

sin”! [1 i’; Zj if x e (-1,1).

[CBSE Board, Delhi Region, 2016]

andv:sin’l( ZxZJ.
1+ x

1 \/1+x2—1]

X

1+x* -1

Letuy=tan™ {
X
Putx=tanf inu =tan~

L[ A1+tan?*6 -1
tané

[2]
(1]

=2tan"'x [1]

Therefore,
1

du 2(1+x2) 1

v 2 4
(1+x2) [1]

Ify =2 cos(log x) + 3 sin(log x ), provethat x Z ?f
x

+

x‘;—y +y =0.[CBSE Board, All India Region, 2016]
x

Given that, y = 2cos(logx)+3sin (logx)
Differentiate with respect to x, we have
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Q. 33.

Ans.

d d dr.
% = Zﬂ[cos(logx)} + 3E[sm(logx)}

dy _ 2{_ sin(logx)} . 3{Cos(logx)}

dx x x
_ oAy ~2sin(logx)+3cos(logx)
dx x
dy .
>x= —2sin(log x)+3cos(log x)

[2]

Differentiate with respect to x, we have

d dy)_  ,dr. d
:a[xaj— de [sm(logx)]+3dx [ cos(logx)]

xQer—y:—Z cos(logx) 43 —sin(logx)
dx®  dx x x
2 -2 1 —3sin(1
3xd—]z+d—y= cos(logx)—3sin(logx)
dx  dx X
dy dy
20y ay _
i e Y
2
:>x2d—z+xd—y
dx dx

=

=>x
+y=0

[3]

2
If xcos(a +y)=cosy then prove that dy _cos \aty) (u+y).

, dx sina
Hence, show that sin ad—z +sin2(a+ y)ﬂ =0.
dx dx

[CBSE Board, All India Region, 2016]
Given that, cosy = xcos(a+y)
_ cosy

~ cos(a+y)

ix (cos(a + y))%(cosy) - (cosy)%(cos(ﬂ + y))

dy cos’(a+y)
B —sinycos(a+ y)f(cosy)(fsin(a + y))
cos’(a+y)

_ —sinycos(a+y)+sin(a+y)cosy
cos*(a+y)

_sin(a+y)cosy —sinycos(a+y)
cos’ (a+y)

_sin(a+y-y)

cos*(a+y)

dx _ sina
dy cos’*(a+y)

) dl_cosz(a+y)

dx sina [3]
Thus,
= ;—x(sina%] =cos’(a+y)
= sinu% =2cos(a+y)(-sin(a+ y))%
= sina% +sin2(a+ y)% =0

[2]

Q. 34. Differentiate (sin 2x)" + sin'v/3x with respect to x.

[CBSE Board, All India Region, 2016]

. Differentiate tan™

Ans. Given that, y =(sin2x)" +sin™'+/3x

Letu =(sin2x)" and v =sin"" Bx. Then
dy du dov )
dx dx dx (1]
Now, u = (sin 2x)"
Taking log both sides, we have
logu = log[(sin 2x)x}

= xlog(sin2x) [

Differentiating both sides with respect to x, we have

i(log u)= %[x log (sin Zx)}

dx
1 du d . . d
o xa[log(smh)] + log(stx)E[Zx]
%:u[xx . 2 xcost+log(sin2x)><2}
dx sin2x

= (sin2x)" [% +2log(sin 2x)]

[2]
For, v =sin"'/3x
Differentiating both sides with respect to x, we have

do —i[sin" 3xJ

dx  dx
1 “ 3
Vi-3x 243x
3

- 24/3x —9x?

From equation (i), we have

ay . x| 2xcos2x .
o =(sin2x) [7sin2x +log(sm2x)}

3
2\j3x—9x2 [1]
V1+x® —y1-x"
N1+x% +41-%°

[CBSE Board, All India Region, 2016]

+

J with respect
to cos'x%.

. Given that,

e tan-t| YIEX ANI-X
VI+x? =1=x%

1
Put x* =cos20 = 6 = Eo:os’1 x?, then

}, v=cos ' x’

u=tan"

N1+ x> —+1-%7
1+ 08260 ++1-cos20
x/1+cos26’ —x/l—COSZ@

\2cos? 0 ++/2sin? 0
V2cos? 0 —~[2sin? @

—tan”! (cos@ + sin&j
cosf@ —sin @

=tan™

=tan™
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_tan_1(1+tan¢9j
1-tané@

Differentiating both sides, we have
ay_ i(ﬁ L cos xzj

x dx dxl4 2
=tan”' (tan [— + HD
4 :0+;[ 2x J
1—
=210 *
4 __ X
_Z Loty -2 [1]
4 2 [2] Now,
Differentiating both sides, we have v=cos " x?
du_dfz 1 sy do - 2x
dx_dx(4+2cos xj EZix(COSIXZ)_ 1-x*
:0+;[_2x4] X
1-x du - 1
_x Thus, P TS [2]
1-x* 1] 1-x*
Rolle’s Theorem and MVT
@ Quick Review s
TIPS... &

% Rolle’s Theorem : For a function f(x) to be applicable
Rolle’s Theorem, there are three conditions which is to
be satisfied :

*n Rolle’s theorem as the slope of the tangent at any
point on the graph of y = f(x) is nothing but the
derivative of f(x) at that point.

(xxxvi) f(x) should be continuous on [, b]
(xxxvii) f(x) should be differentiable on (a, b)

(xxxviii) f(a) = f(b), where a and b are some real numbers.
« If all the above conditions are satisfied, then there exists some c in (g, b) such that f(c) = 0. Geometrically Rolle’s
theorem ensures that there is at least one point on the curve y = f(x) at which tangent is parallel to x-axis [abscissa

of the point lying in (a, b)].
Y

.

X3

4

MVT (Mean Valued Theorem)

Letf: [, b] R be a continuous function on [a, b] and differentiable on (4, b). Then there exists at least one point c in

(a,b) such that f'(c)= M Geometrically, Mean Value Theorem states that there exists at least one point ¢
—-a

in (a, b) such that the tangent at the point (c, f(c)) is parallel to the secant joining the points (a, f(a) and (b, f(b)).

Y
(ONL0)
\\
N (810
Q\
X'<€ - > X

o « ¢ b
YI

f,@: Know the Links

= https ://www.cut-the-knot.org/Curriculum/Calculus/MVT.shtml
I hitps ://en.wikipedia.org/wiki/Rolle%27s_theorem
I http o//www.sosmath.com/calculus/diff/der11/der11.html
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00e0

Multiple Choice Questions

(1 mark each)

Q.1

(

0
~

Ans.

Q.2.

(a)
(©)

Very Short Answer Type Questions

The value of c¢ in the Rolle’s Theorem for the
function f(x)=x’ —3x in the interval [O,x/g J is
1 (b) -1
3 1
il d) =
2 @ 3
[NCERT Exemp. Ex. 5.3, Q. 95, Page 115]
Correct option : (a)
Explanation : Given that f(x)=x"-3x. It is
continuous and differentiable. And, f(0) = f (\/g ) =0.
Thus, by Rolle’s Theorem, there exists ¢ for which
f(c)=0
= 3c*-3=0
= =1
= c=+l1
= c=1le [0,\/5 ]
For the function f(x) =x +1, Xe [1,3], the value
x

of ¢ for the mean value theorem is

1 (b) V3

2 (d) None of these
[NCERT Exemp. Ex. 5.3, Q. 96, Page 116]

Ans.

Ans.

Correct option : (b)

Explanation : Given that f(x)=x +l, xe[l,3] Itis
X

continuous and differentiable.
Thus, by mean value theorem, there exists ¢ for which

f(c)= f(bg:g(u)
10
S N
¢’ 3-1
= =3
= c=3¢(1,3)

. State True or False for the statements :

Rolle’s theorem is applicable for the function f(x)
= |x-1] in[o0,2].

[NCERT Exemp. Ex. 5.3, Q. 102, Page 116]
False
Explanation : Since the given function f(x) = |x—1]|
is continuous function but not differentiable at x =
1in [0, 2], then the Rolle’s theorem is not applicable
to the given function.

(1 or 2 marks each)

Q.1.

Ans.

Ans.

Ans.

Examine if Rolle’s theorem is applicable to
f(x)=[x] for x[5,9]. Can you say something
about the converse of Rolle’s theorem from these
example? [NCERT Ex. 5.8, Q. 2(i), Page 186]
Given that f(x)=[x]

Since f(x)=[x] is a greatest integer function which
is neither continuous in x €[5, 9] nor differentiable
in x€(5,9) and also f(5)# f(9), then the Rolle’s
theorem is not applicable to the given function. [2]

. Examine if Rolle’s theorem is applicable to

f(x)=[x] for x €[-2, 2]. Can you say something
about the converse of Rolle’s theorem from these
example? [NCERT Ex. 5.8, Q. 2(ii), Page 186]
Given that f(x)=[x]

Sincef (x)=[x]is a greatest integer function which
is neither continuousinx e [—2, 2] nor differentiable
in x €(-2,2) and also f(-2) # f(2), then the Rolle’s
theorem is not applicable to the given function. [2]

. Examine if Rolle’s theorem is applicable to

f(x¥)=%"-1 for x €[1, 2]. Can you say something
about the converse of Rolle’s theorem from these
example? [NCERT Ex. 5.8, Q. 2(iii), Page 186]
Given that f(x)=x" -1
f(x)=x*-11s a polynomial function, then it is
continuous in x &[1, 2]

0.4.

Ans.

f'(x)=2x is a polynomial function, then it is
differentiable in x (1, 2) [1]
f()=1-1=0and f(2)=4-1=3= f(1) = f(2)
Since all the above conditions are not satisfied,
then the Rolle’s theorem is not verified for the
[1]
If f : [-5, 5] —> R is a differentiable function and
if f'(x) does not vanish anywhere, then prove that
f(-5) # f(5). [NCERT Ex. 5.8, Q. 3, Page 186]
Since the function f : [-5, 5] — R is a differentiable
function, then the given function is continuous in
[-5, 5] and (-5, 5).

Thus, according to MVT, there exist a value
¢ e(-5,5) such that

given function.

F()=? (?__(fgs) [
Since f'(x) does not vanish anywhere, then

o 116

= 9 f(-5)#0

= 15)%£(-9) "
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Short Answer Type Questions

(3 or 4 marks each)

0.1

Ans.

Ans.

Ans.

Verify Rolle’s theorem for the function
f(x)=x*+2x-8,x € [4,2]

[NCERT Ex. 5.8, Q. 1, Page 186]
Given that f(x)=x"+2x-8
f(x)=x*+2x—8is a polynomial function, then it is
continuous in [4, 2].
f'(x)=2x+2 is a polynomial function, then it is
differentiable in (-4, 2).
f(-4)=16-8-8=0and
f(2)=4+4-8=0= f(-4)=f(2)

Since all the above conditions are satisfied, then
there exists some ¢ in (-4, 2) such that f(c) = 0
f(c)=0=f'(c)=2c+2=0=c=-1€[-4,2]

[1%2]

Thus, Rolle’s theorem is verified for the given
function. [17%]

. Verify Mean Value Theorem, if f(x) = x> —4x -3 in

the interval [a, b], wherea = 1 and b = 4.
[NCERT Ex. 5.8, Q. 4, Page 186]

Given that f(x)=x"-4x-3

f(x)=x* —4x -3 is a polynomial function, then it is
continuous in x e[1, 4].

f'(x)=2x-4 is a polynomial function, then it is
differentiable in x € (1, 4). [1%]
Thus, according to MVT, there exists a value
c &(1, 4) such that

fv(c): f(4)_f(1)

4-1
g (16-16-3)-(1-4-3)
3
:>2C_4:_3_7(_6)
3
=2c-4=1

= c=§e(1,4)

[17]
Thus, the MVT theorem is verified for the given

function.

. Verify Mean Value Theorem, if f(x) = x° - 5x% - 3x

in the interval [a, b], where a = 1 and b = 3. Find
all ¢ € (1, 3) for which f'(c) = 0.

[NCERT Ex. 5.8, Q. 5, Page 186]
Given that f(x)=x" —5x" -3x
f(x)=x’—5x* —3x is a polynomial function, then it
is continuous in x &[1, 3]
f'(x)=3x*—10x - 3is a polynomial function, then it
is differentiable in x € (1, 3) 1]

Thus, according to MVT, there exists a value
ce(1, 3) such that

Ans.

Ans.

3-1

- 3C2_1()C_3:(27—45—9)—(1—5—3)

~ 3 -10c-3= 217

= 3c*-10c-3=-10
= 3c2-10c+7=0
=(c-1)(3c-7)=0

= c=1,Z
3
= C:%€(1,3)

[2]

. Verify the Rolle’s theorem for the function

f(x)=x(x- 1)z in [0, 1]
[NCERT Exemp. Ex. 5.3, Q. 65, Page 112]
Given that f(x)=x(x- 1)2 in [0, 1]
It is continuous and differentiable in [0, 1].
And, f(0)=f(1)=0 [1]
Thus, Rolle’s theorem is applicable to the given
function.
Then, there exists a value ¢ such that
f'(e)=0
= 3c’—4c+1=0
= (3c-1)(c-1)=0
1
= Cc= 5 € (0,1) [2]
Therefore, the Rolle’s theorem is verified for the
given function.

. Verify the Rolle’s theorem for the function

f(x)= log(x2 + 2) ~log3in[-1,1]

[NCERT Exemp. Ex. 5.3, Q. 67, Page 112]
Given that f(x)= log(x2 + 2) —log3in [-1,1]
It is continuous in [-1, 1] and differentiable in
-1, 1). [1]
And, f(-1)=f(1)=0 [1]
Thus, Rolle’s theorem is applicable to the given
function.
Then, there exists a value ¢ such that

fi(e)=0
2c
=0
ct+2
= c=0e(-1,1)

[1]
Therefore, the Rolle’s theorem is verified for the
given function.

Q. 6. Verify the Rolle’s theorem for the function

f(x)=x(x+3)e 2 in[-3, 0]
[NCERT Exemp. Ex. 5.3, Q. 68, Page 112]
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Ans.

Q.7.

Ans.

Q.8.

Ans.

Q.9.

Ans.

Given that f(x)=x(x+3)e > in[-3, 0]

It is continuous in [-3, 0] and differentiable in
(=3, 0). (1]
And, f(-3)=f(0)=0 [1]
Thus, Rolle’s theorem is applicable to the given
function.

Then, there exists a value ¢ such that

f'(e)=0

=(2c+ 3)6_2 —%c(c + 3)8_% =0

—%eig (c2 —C—6) =0

=
= _%e’i(ﬁz)(c_a):o
= c=-2¢(-3,0)

1]
Therefore, the Rolle’s theorem is verified for the
given function.

Verify the Rolle’s theorem for the function

f(x)=v4-x%in[-2,2]
[NCERT Exemp. Ex. 5.3, Q. 69, Page 112]

Given that f(x)=v4-x* in[-2,2]

It is continuous in [-2, 2] and differentiable in
(=2, 2). (1]
And, f(-2)=f(2)=0 1]
Thus, Rolle’s theorem is applicable to the given
function.

Then, there exists a value c such that

f'(c)=0
:izo
Wa-c
= c=0e(-2,2)

1]
Therefore, the Rolle’s theorem is verified for the
given function.
Find the points on the curve y = (cos x — 1) in [0,
27], where the tangent is parallel to x-axis.
[NCERT Exemp. Ex. 5.3, Q. 71, Page 112]
Since the tangent of the given curve is parallel to
x-axis, then

W _y

dx
= —sinx—-0=0
= sinx=0 [1]
Thus,
= x=mx € (0, 2n) [1]
Putx = 7 in y = cosx —1, we have
y=cosr—-1=-1-1=-2
Thus, the required point is (7,-2). [1]

Using Rolle’s theorem, find the point on the curve
y = x (x—4),x € [0, 4], where the tangent is parallel
to x-axis. [NCERT Exemp. Ex. 5.3, Q. 72, Page 112]

Since the tangent of the given curve is parallel to
x-axis, then

Q. 10.

Ans.

Q.11.

Ans.

dy
-
= i[xz - 4x] =0
dx
= 2x—4=0
= x=2 [1]
Thus,
= x=2¢(0,4) [1]
Put x = 2in y = x(x —4), we have
y=2(2-4)=—-4
Thus, the required point is (2,—4). [1]

Verify mean value theorem for the function
f(x)=~25-x%in[1, 5],
[NCERT Exemp. Ex. 5.3, Q. 76, Page 112]

V25-x7in (1, 5]

Given that f (x) -

It is continuous in[1, 5]. [1]

Now, f'(x) = 2 = ad it is defined in
' W2s—x N25-x

(1,5) and hence it is differentiable in (1,5). [1]

Thus, the mean value theorem is applicable to the
given function.

Then, there exists a value c € (1,5) such that
5)-f(1
- L0

c _0—@

U

J25-¢2 4
= 16¢* =24(25-c*)
= 40¢? = 600
= > =15
= c=+15¢(L5) [1]

Thus, the mean value verified for the given
function.
Find a point on the curve y = (x — 3)?, where the
tangent is parallel to the chord joining the points
(3,0) and (4, 1).

[NCERT Exemp. Ex. 5.3, Q. 77, Page 112]
Since the tangent of the given curve is parallel to
the chord joining the points (3, 0) and (4, 1), then

dy _0-1
dx 3-4
= i[(x—3)1:1
dx
= 2(x-3)=1
= x=1
2 1]
Thus,
7
=>x=—¢€(3,4)
2 1]
Putx = % iny=(x —3)2, we have
2
(-
2 4 71
Thus, the required point is [E’Z) [1]
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e Long Answer Type Questions

(5 or 6 marks each)

Q.1.

(¥

Examine the applicability of Mean Value Theorem
for all three functions :

f(x)=[x] x <[5, 9]

(i) f(x)=[x] xe[-2 2]

(iii)

Ans.

(i

~

(i)

(iii)

Ans.

f(x)=x"-1,x€ (1, 2]

[NCERT Ex. 5.8, Q. 6, Page 186]
For a function f(x) to be applicable MVT theorem,
there are three conditions is to be satisfied :
f(x) should be continuous on [a, b]
f(x) should be differentiable on (a, b)
Given that f(x)=[x]
Since f(x)=[x]is a greatest integer function which
is neither continuous in x €[5, 9] nor differentiable
inx €(5,9), then the MVT theorem is not applicable
to the given function. [1]
Given that f(x)=[x]
Since f(x)=[x] is a greatest integer function
which is neither continuous in xe&[-2,2] nor
differentiable in x € (-2,2), then the MVT theorem
is not applicable to the given function. [1Y]
Given that f(x)=x" -1
f(x)=x>-11is a polynomial function, then it is
continuous in x € [1, 2]
f'(x)=2x is a polynomial function, then it is
differentiable in x (1, 2)
Hence mean value theorem is applicable for the
given function. [17%]

1]

. Verify the Rolle’s theorem for the function

r
2 .
[NCERT Exemp. Ex. 5.3, Q. 66, Page 112]

f(x)=sin'x+cos’x in |0,

Given that,

f(x)=sin*x+cos*xin | 0,

N

It is continuous and differentiable in [0, %} [1]

AndJ(O)zf[%]zl [1]

Thus, Rolle’s theorem is applicable to the given
function.
Then, there exists a value ¢ such that

f'(c)=0
= 4sin®ccosc —4cos’ csinc =0

= 4sinccosc(sin2 ¢ —cos? c) =0

= 4sinccosc(—cos2c) =0
= —2(2sinccosc)cos2c=0
= —2sin2ccos2c =0
= sin4c =0
= 4e=rm

[3]

Ans.

Q.4.

Ans.

Therefore, the Rolle’s theorem is verified for the
given function.

. Discuss the applicability of Rolle’s theorem on

the function given

X +1,if0<x<1
f(x)= :

3-x, if1<x<2,

[NCERT Exemp. Ex. 5.3, Q. 70, Page 112]
Given that,
¥ +1,if0<x<1
1)<

3—x, if1<x<2

Atx =1,
_1 2 _ _
LHL—}Lnlr}(x +1)=1+1=2 ]
RHL =lim(3-x)=3-1=2
x—1" [1]

And, f(1)=3-1=2
Since LHL=RHL = f(1) =2, the function s continuous
function at x = 1.

¥ +1,if0<x<1
1)

|() 2x,if 0<x<1
X)=
3—x, if 1<x<2

-1, if1<x<2 2

Now,
LHD =2(1)=2
RHD =-1

Since LHD # RHD, the given function is not
differentiable at x = 1.
Thus, Rolle’s theorem is not applicable to the given
function. (1]
Verify mean value theorem for the function
1 .

f(x)= o2 [1, 4]

[NCERT Exemp. Ex. 5.3, Q. 73, Page 112]

in[1, 4]

Given that f(x)=

1
4x -4
It is continuous in [1, 4].
Now, f'(x)=-

1]
%, it is defined in (1, 4) and
(4x-4)

hence it is differentiable in (1, 4).

Thus, the mean value theorem is applicable to the
given function. [1]
Then, there exists a value c € (1,4) such that

f'(c)= f(4)_f(1)

4-1
R S O
4 _16-1 4-1
(4c-1)’ 3
1.1
4 15 3
(4c-1)" 3
4 A4
(4c-1)" 45

= (4c-1)=45
=  dc-1=43/5
W5+l e(1,4)
4 3]

= c=
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Ans.

Ans.

Thus, the mean value verified for the given
function.

. Verify mean value theorem for the function

f(x)=x"-2x"-x+3in[0,1]

[NCERT Exemp. Ex. 5.3, Q. 74, Page 112]
Given that f(x)=x"-2x*-x+3in [0, 1]
It is continuous in [0, 1]. [1]
Now, f'(x) =3x" —4x—1, it is defined in 0, 1) and
hence it is differentiable in (0, 1).
Thus, the mean value theorem is applicable to the

given function. [1]
Then, there exists a value c € (0,1) such that
(o F0)= ()
£i(o)= L0
- 3C2_4C_1:[0+3]—[1—2—1+3]
0-1
= 3c*-4c-1=-2
= 3 -4c+1=0
=(3c-1)(c-1)=0
= c= 1,l
3

= c =le(0,1)

3 [3]

Thus, the mean value verified for the given
function.

. Verify mean value theorem for the function

f(x)=sinx—sin2xin [0, 7],

[NCERT Exemp. Ex. 5.3, Q. 75, Page 112]
Given that f(x)=sinx —sin2x in [0, 7r]
It is continuous in [0, r]-

1]

Now, f'(x)=cosx—2cos2x , it is defined in (07)
and hence it is differentiable in (0,7). [1]
Thus, the mean value theorem is applicable to the
given function.

Then, there exists a value ¢ € (0,7f ) such that

Ans.

- f(0
fig =210
sinz —sin2z —sin0+sin 0
7—0

= cosc—2cos2c =

= 2cos2c—cosc=0
= 2(2c0s2c —1)—cosc =0

= 4cos’c—cosc—2=0

141432 14433
8 8

¢=cos” (lif] e(0,7)
[3]

Thus, the mean value verified for the given function.

= cosc

. Using mean value theorem, prove that there is

a point on the curve y=2x"-5x+3 between
the points A (1, 0) and B (2, 1), where tangent is
parallel to the chord AB. Also, find that point.
[NCERT Exemp. Ex. 5.3, Q. 78, Page 112]
Given thaty =2x* —5x+3in 1, 2]
It is continuous in [1, 2]. [1]
Now, f'(x)=4x -5, it is defined in (1,2) and hence
it is differentiable in (1,2). [1]
Thus, the mean value theorem is applicable to the
given function.

Then, there exists a value c €(1,2) such that ~ [1]
ICI)
-2
= 4c—5:ﬂ
1
3
= c=—¢€(l,2
S<(12) »

Thus, the mean value verified for the given function.

Now,putx=%iny:2xz—5x+3,weget

Ao

3
Thus, the required point is [5'0} [1]

%@: Some Commonly Made Errors

>

>
>

Students do not care about the basic standard formula of other branches of mathematics like algebra, trigonometry

and co-ordinate geometry.

They must learn all the concepts and formulae of algebra, trigonometry and co-ordinate geometry.

They should practice some questions of differentiation.

z@i EXPERT ADVICE

15 Always focus on the definition of a function and its domain and range.
v It is particularly used in finding the left-hand limit (LHL), right-hand limit (RHL), LHD and RHD.
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