Chapter 5 Continuity and Differentiability

EXERCISE 5.1

Question 1:

Prove that the function / (¥)=5%=3 is continuous at x =0 ,x=—3 and at x=5.

The given function is / (x)=5x-3
Atx=0,7(0)=5(0)-3=-3
lim f(x) = lim(5x—3) =5(0)-3=-3

~lim £ (x) = £(0)

Therefore, / is continous at x =0.

Atx=-3,7(-3)=5(-3)-3=—18
lim £ (x) = lim ($x~3) = 5(-3)~3=-18

< lim f(x) = /(-3)

Therefore, ./ is continous at x =-3.

Atx=5,f(5)=5(5)-3=22

lim f(x) =1lim(5x-3) = 5(5)-3=22
~lim f (x) = f(5)

Therefore, / is continous at x=5.
Question 2:

Examine the continuity of the function / (¥)=20" -1 g5 =3,

2

The given function is / (¥) =2x" 1
Atx=3,1(3)=2(3) ~1=17

lim £ (x) = lim(2x" —1) = 2(3*)-1=17
~lim £ (x) = £(3)

Therefore, / is continous at x =3.

Question 3:
Examine the following functions for continuity.

(i) f(x)=x-5
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1

(i1) / x—5
x? =25
flx)= - ,X# =5

ot )

(11) -
(iv) f(x)=]x=3,x#5

(i)  The given function is / (x)=x-5

It is evident that / is defined at every real number & and its value at & is k5.
It is also observed that

lim f (x) =lim(x—5) =k =5 = f (k)
~lim £ (x) = f (k)

Hence, / is continuous at every real number and therefore, it is a continuous function.

Il

f(r) XD

(i1)) The given function is x=5
For any real number k& =5, we obtain

1 1
1 =1 =
im f(x)=1lim -

x—=k =k y—9§
Also,
fk)= kls (Ask=5)

Hence, / is continuous at every point in the domain of /* and therefore, it is a continuous
function.

x2 =25
x+5

,X#=5

f(x)=

For any real number ¢ # -5, we obtain

(ii1)) The given function is

x2-25 . (x+5)(x-5)

Lu;r;lj(x)-y:l} o =lim - :Li_gg(x—S):(c—S)
Also,

: (c+5)( ~5)

7o) =2 em9)_o_g)

“lim £ (x)= £ (c)
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Hence, / is continuous at every point in the domain of / and therefore, it is a
continuous function.

7 ( | { -x, ifx < 5}
r =[x-5|=
(iv)  The given function is x—5,ifx>5

This function / is defined at all points of the real line. Let ¢ be a point on a real line.
Then, ¢<5, c=5or c¢>5

Casel: c<5

Then, f(e)=5-c
lim f(x)=lim(5-x)=5-¢

X—C X—C

“lim £ (x)= £ (c)

Therefore, / is continuous at all real numbers less than 5.

CaseIl: ¢c=5

Then, f(e)=r(5)=(5-5)
lim f(x)=lim(5-x)=(5-5)=0
lim £ (x )—hm(x 5)=0

w lim f (x) = lim £ (x) = £ (c)

Therefore, J is continuous at x =5

0

Case IIl: ¢>5
Then, f(e)=1(5)=c-5
lim f (x) =lim(x—5)=c-5

< lim f(x) = f (c)

Therefore, / is continuous at all real numbers greater than 5.

Hence, /* is continuous at every real number and therefore, it is a continuous function.

Question 4:

Prove that the function /(¥) =" is continuous at x = n , where n is a positive integer.
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The given function is / (x)=x"

It is observed that / is defined at all positive integers, n, and its value at n is »" .
Then,

lim f(n)= lrim(x") =

lrllznf(x) =f(n)

Therefore, /* is continuous at n, where 7 is a positive integer.

Question 5:

x,if x <1

my=1."
Is the function / defined by {5,“0?‘ >1 continuous at x=0? At x=12 At x=27?

B {x, if x <1
The given function is 5,if x>1
At x=0,
It is evident that f is defined at 0 and its value at 0 is 0.
Then,

lim £ (x)=lim(x)=0

e )
~lim /' (x)= 1 (0)

Therefore, / is continuous atx = 0.

At x=1,

It is evident that / is defined at land its value at 1 is 1.
The left hand limit of / at x =1 is,

[1_131 f(\:) = li_f‘n(x) =1

The right hand limit of / at x=1 is,

lim f(x) = lim(S) =5

x—=1" x=1"

2 dim f(x) # lim f(x)

Therefore, / is not continuous atx =1.

At x=2,

It is evident that / is defined at 2 and its value at 2 is 5.
lim f(x) = lin:(S) =35

“im £ (x) = £(2)

Therefore, / is continuous atx = 2.
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Question 6:

p ) {2x+3, ifx<2
x)= ,
Find all points of discontinuity of f, where f is defined by 2x-3, ifx>2

{2.\'+3, ifx<2
‘ X)= i
The given function is 2x-3,1fx>2

It is evident that the given function / is defined at all the points of the real line.
Let ¢ be a point on the real line. Then, three cases arise.

c<?2
c>2
c=2

Casel: c<2

f(c): 2¢+3

Then,

l_in‘!lf'(x) = ]_im(2x+3) =2c+3
}rimf(x):f(c)

Therefore, ./ is continuous at all points x, such that x < 2.

CaseIl: ¢>2
Then,
f(e)=2¢-3

lim f(x)=1im(2x-3)=2¢-3

lri_r)r:f(x) =/ (c)

Therefore, / is continuous at all points x, such that x > 2

Case IlII: ¢=2

Then, the left hand limit of /" at x =2 is,
lim f(x)=lim (2x+3)=2(2)+3=7

The right hand limit of /* at x = 21is,

lim f(x)=lim(2x-3)=2(2)-3=1
It is observed that the left and right hand limit of / at x =2 do not coincide.

Therefore, / is not continuous atx = 2.
Hence, x = 2 is the only point of discontinuity of ./ .
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Question 7:
|x|+3, ifx<=3
f(x)=1-2x, if -3<x<3

Find all points of discontinuity of /*, where / is defined by e

|x|+3, ifx<-3
f(x)=1-2x, if -3<x<3

The given function is 6x+2, ifx>3

The given function / is defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:
If ¢ < -3, then f(c)=—c+3

lim £ (x) =lim(-x+3)=—c+3

Li_l};lf(x) = f(c)

Therefore, / is continuous at all points x, such that x < -3 .
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Case 1I:

If ¢ =-3, then f(-3)= —(-3)+3=6
lim f(x)= lim (-x+3)=—(-3)+3=6
lim f(x)= lim (-2x)=-2(-3)=6
lim £ (x)= 1 (-3)

Therefore, ./ is continuous at x = -3.

Case III:

If -3<c<3, then /(¢)=-2¢
li_l_nf(x) =lim(-2x) =-2¢
@}f‘(x)zf(c]

Therefore, ./ is continuous in (33).

Case IV:

If ¢ =3, then the left hand limit of /" at x =3 is,
lim f(x)=lim(-2x)=-2(3)=-6

The right hand limit of /" at x =3 is,

lim f(x)=lim(6x+2)=6(3)+2=20
It is observed that the left and right hand limit of / at x =3 do not coincide.
Therefore, ./ is not continuous at x = 3.

Case V:

If ¢ >3, then f(c)=6c+2

l‘lltgf(x) = l]g:(6x +2)=6c+2

Therefore, ./ is continuous at all points x, such that x > 3.
Hence, x =3 is the only point of discontinuity of ./ .

Question 8:

Find all points of discontinuity of /> where f is defined by 0, ifx=0
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o
f(x]= ?,lfx;t(]

The given function is 0, ifx=0

It is known that, * <0 = |X|=—x and ¥>0=|x|=x

Therefore, the given function can be rewritten as

B T
X X

/(x)=10, ifx=0
B %,
X X

The given function /* is defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:

If ¢ <0, then J(¢)=-1

lim /(x) = lim (1) = -1

~lim f(x) =/ (c)

Therefore, f is continuous at all points x < 0.

Case II:

If ¢ =0, then the left hand limit of / at x =0 is,

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

x>0 =0

The right hand limit of / at x =0 is,
=)=

It is observed that the left and right hand limit of /" at x =0 do not coincide.

Therefore, / is not continuous atx = 0.


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Case III:

If ¢>0, then /(¢)=1

lim £ (x) = lim (1) =

Lig}j'(x) = f(c)

Therefore, / is continuous at all points x, such that x > 0.

Hence, x =0 is the only point of discontinuity of /.

Question 9:

_ X ifx<0
f(x)=1lx

Find all points of discontinuity of /> where f is defined by -Lifx=0

i
f(x)=1lx
1, if x>0

;ifx<0

The given function is

It is known that X < 0= [x|=—x
Therefore, the given function can be rewritten as

R o F ] ien

S(x)=1kl =
1, ifx=0
= f(x)=-1VxeR
Let ¢ be any real number.
Then, lim f(x)=lim(-1)=-1
g

e

Also, f(c)=~1=lim /(x)
Therefore, the given function is a continuous function.
Hence, the given function has no point of discontinuity.

Question 10:
{x +1, if x> 1

Find all points of discontinuity of /> where f is defined by x4+l ifx <1
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x+1, if x>1

X|=

The given function is ) {x 41, if x <1

The given function f is defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:

If ¢ <1, then /(¢) =c’ +1

lim £ (x) = lirn_(,\r2 +1) =c’ +1

s lim £ (x) =/ (c)

Therefore, / is continuous at all points x, such that x <1.
Case II:

If c=1,then J(¢)=/(1)=1+1=2
The left hand limit of / at x =1 is,
lim f(x)=lim (x* +1)=1" +1=2

x5

The right hand limit of / at x =1 is,

limf(x): lim(x+l):1+l=2

x—=lt x>

im £ (x)= £(1)

Therefore, / is continuous at x =1.
Case III:

If ¢ >1, then fle)=c+l
li__mf[x)=li_m(x+[)=c+l
lim £ (x) = £ ()

Therefore, / is continuous at all points x, such that x> 1.
Hence, the given function / has no point of discontinuity.

Question 11:

x =3, ifx<2

X =
Find all points of discontinuity of /', where f is defined by W[XH +1, ifx>2

=3 ifxs2

XY=
The given function is j[x L ifx>2

The given function / is defined at all the points of the real line.
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Let c be a point on the real line.
Case I:

If ¢ <2, then fle)=¢c’-3
lim / (x) =lim(x* -3) = ¢’ -3

2 lim Tilx)=#le)
Therefore, / is continuous at all points x, such that x < 2.
Case II:

If ¢=2, then f(e)=r(2)=2"-3=5
lim f(x)= lim (¥ -3)=2°-3=5

lim f(x) = lim (¥ +1)=2>+1=5

lim f(x)= £ (2)
Therefore, / is continuous atx = 2.
Case III:

If ¢>2, then /(¢) =c’ +1
lim / (x) = lim(x* +1) =¢* +1

- lim f(x)=f(¢)

Therefore, / is continuous at all points x, such that x > 2.

Thus, the given function / is continuous at every point on the real line.
Hence, / has no point of discontinuity.

Question 12:

Xl=

{x'" =], ifx<1
Find all points of discontinuity of /', where f is defined by

X7, if x>l

{x'" ~1, ifx<1
x = 2 -
The given function is x, ifx>1

The given function / is defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:
If ¢ <1, then f(e)=c"~1
lim /(x)= lim(xm . I) g ]

xI—=rC X—=C

i /() =/ (c)
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Therefore, / is continuous at all points x, such that x <1.

Case II:

If ¢ =1, then the left hand limit of /' at x =1 is,
; i 1) =11 =11
lim f(x)= lim (x l) 1" -1=1-1=0

The right hand limit of / at x =1 is,

lim f(x)= ]_irr](xz) =1* =1
It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, / is not continuous atx =1.

Case I1I:

If ¢>1, then f(e)=¢
lim / (x) =lim(x*)
~lim f(x) = f(e)
Therefore, / is continuous at all points x, such that x > 1.

Thus from the above observation, it can be concluded that x=1 is the only point of

Il

2
c

discontinuity of ./ .

Question 13:

_{x+5, if x<1

Is the function defined by x—35, ifx>1 3 continous function?

{x+5, if x<1

The given function is £—5, itx>]

The given function / is defined at all the points of the real line.
Let c be a point on the real line.

Case I:

If ¢ <1, then f(c)=c+5

lim f(x) =lim(x+5)=c+5

im (1) = £ ()

Therefore, / is continuous at all points x, such that x <1.

Case 1II:
Ifc=1,then /(1)=1+5=6
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The left hand limit of / at x=1 is,
lirP Fl7)= lim(x+5)=1+5=6
The right hand limit of /* at x =1is,

lim f(x) =lim(x—5)=1-5=-4
It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, / is not continuous atx =1.

Case I1I:

If ¢ >1, then f(e)=c-5

Ln;rgf(x] = lri_l_:rg(x— 5)=¢—5

wlim £ (x) = f(c)

Therefore, / is continuous at all points x, such that x> 1.

From the above observation it can be concluded that, x =1 is the only point of discontinuity of

I

Question 14:
3,if0<x<l1
S(x)=44, ifl<x<3

Discuss the continuity of the function / , where / is defined by 5, if3<x<10

3, 1f0<x<1
f(x)=14, ifl<x<3
The given function is 5, if3=x<10

The given function / is defined at all the points of the interval [0.10]

Let ¢ be a point in the interval [0.10]
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Case I:

If 0<c <1, then f(c)=3
lj;;rg f(x)= 1}{13(3) =3
l)Ilnj‘(x] = f(¢)

Therefore, / is continuous in the interval [0.1)

Case II:

If ¢=1, then f(3)=3

The left hand limit of / at x =1 is,
i /0) =i () -3

The right hand limit of /" at x =1 is,

litrlox) =)=
It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, ./ is not continuous atx =1.

Case I1I:

If 1<c<3, then f(c)=4
lim f(x) = Ii}n(4) =4

~lim £ (x) = £ (c)

Therefore, / is continuous at in the interval (L3),

Case IV:

If ¢ =3, then f(c)=5

The left hand limit of / at x =3 is,
i /()= lim (4) =4

The right hand limit of /* at x =3 is,

i £(5)= iy (5) =3

It is observed that the left and right hand limit of / at x =3 do not coincide.
Therefore, / is discontinuous atx = 3.

Case V:
If3<c<10,then /(¢)=5
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lim / (x) = lim(5) = 5

lgltlf(x] = f(¢)

Therefore, / is continuous at all points of the interval (3.10],
Hence, / is discontinuous at x=1and x=3 .

Question 15:
2x, ifx<0
f(x): 0,if0<x<1

Discuss the continuity of the function /', where ./ is defined by 4x, if x>1

2x, if x<0
f(x)= 0,if0<x<l1

The given function is 4x, if x>1
The given function / is defined at all the points of the real line.

Let ¢ be a point on the real line.
Case I:

If ¢ <0, then fle)=2¢

li__m f(x) = Iim(2x) =2c
l_imf(x) = f((,)

Therefore, / is continuous at all points x, such that x < 0.

Case II:

If ¢ =0, then f(e)=r(0)=0

The left hand limit of / at x=0 is,
lim f(x)=lim (2x) =2(0)=0

The right hand limit of / at x=0 is,
lim f(x)= ‘11_2]1(0) =0

a7

~lim £ (x) = £(0)

Therefore, ./ is continuous at x =0

Case I1I:
If 0<c<1, then f(x)=0
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Lu}}f(t) = th}}(O) =0
lim £ (x) = £(c)

Therefore, / is continuous in the interval (0.1)

Case IV:

If ¢ =1, then fle)=7(1)=0

The left hand limit of / at x=1is,
lim f(x) = lim (0) = 0

The right hand limit of / at x =1 is,

lim £ (x)=lim(4x)=4(1)=4
It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, / is not continuous atx =1.

Case V:

If ¢ <1, then f(c)=4c

lim f(x)= Iril:r(](éix) =4c

l\_il)lfl_f(x) = f(¢)

THerefore, Jf is continuous at all points x, such thatx>1.
Hence, ./ is not continuous only at x =1 .

Question 16:

=2, Af g f=]
f(x)=12x, if-1<x<1
Discuss the continuity of the function /', where / is defined by 2, ifx>1
A |

f(x)={2x, if-1<x<1
The given function is 2. if x>

The given function / is defined at all the points.
Let ¢ be a point on the real line.

Case I:
If ¢ <1, then ./ (¢) =2
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lim / (x) = lim(~2) = -2
IJTJ(X) = f(c)

Therefore, / is continuous at all points x, such that x < -1.

Case II:

If ¢ =-1, then fle)=r(-1)=-2

The left hand limit of / at x =—1 is,
tim 7(5)= 1im (-2)=-2

The right hand limit of / at x=-1 is,
lim j'(x) = lim (Zx) = 2(—1) =-2

s lim f(x) = £ (-1)

Therefore, / is continuous at x = -1

Case II:
If -1<c<1, then fe)=2c
li__nj f(x) = lim(2x) =2c

~im f(x) = f(c)

xX=C

Therefore, ./ is continuous in the interval (-L1).

Case IV:

If ¢ =1, then fle)=r(1)=2(1)=2
The left hand limit of / at x=1 is,
lim f(x) = lim (2x) = 2(1) =2

The right hand limit of / at x =1 is,
lim £ (x) = lim (2) =2

wdim £ (x) = £ (c)

Therefore, / is continuous atx = 2.

Case V:
If ¢>1, then f(e)=2
lim f(x) =lim(2) =2

e e

cimf(x)=f(c

X
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Therefore, / is continuous at all points x, such thatx >1.

Thus, from the above observations, it can be concluded that / is continuous at all points of the
real line.

Question 17:
ax+1, ifx<3

Ee x . .
Find the relationship between @ and 4 so that the function /* defined by {bx +3, ifx>3
is continous at x =3.

{ax-ﬂ-l, if x<3

The given function is bx+3, ifx>3

For / to be continuous at x =3, then

i ()=lm/()=/() )
Also,

lirglf(x)zl__ir?(ax+l):3a+l

lim f(x) = 11111 (bx+3)=3b+3
f(3)=3a+1

Therefore, from (1), we obtain
3a+1=3b+3=3a+1

= 3a+1=3b+3

=3a=3bh+2

:\-.c;r=b+g
3

2
=b+—
Therefore, the required relationship is given by, . 3

Question 18:
_JA(x*-2x), ifx<0

-]
For what value of 4 is the function defined by 4x+1, ifx>0 is continous at
x = 0? What about continuity at x =1?
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{;L(,wc2 ~2x), ifx<0
S(x)=

The given function is 4x+1, ifx>0

If / is continuous at x =0, then

lim f'(x) = lim 1'(x)=/(0)

= lim 2(x* - 2x) = lim (4x+1) = A(0* - 2x0)

x—=0" x=0"
= 2(07-2x0)=4(0)+1=0
=0=1=0 [which is not possible]

Therefore, there is no value of A for which / is continuous at x =0.

At x=1
f(1)=43\’+1:4(1)+125
Iim(4x+])—_~4(|)+| =5

x—=1

s lim £ (x) = £ (1)
Therefore, for any values of 4, f is continuous at x =1.

Question 19:

Show that the function defined by £ (x)=x—[x] is discontinuous at all integral point. Here [x]
denotes the greatest integer less than or equal to x.

The given function is € (x)=x—[x]
It is evident that & is defined at all integral points.
Let n be an integer.
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Then,

g(n)=n—[n]=n-n=0

The left hand limit of & at x=n 1is,

tim g (+) = lim (x~[x]) = lim (1) lim ] = (1) =1

r—sn

The right hand limit of & at x =n is,
lim g(x) = lim (xf [x]) = lim (x) - lim [x] =n—-n=0

—5 ¥

It is observed that the left and right hand limit of & at x =» do not coincide.
Therefore, £ is not continuous atx =n.
Hence, £ is discontinuous at all integral points.

Question 20:

. _ =B . .
Is the function defined by /' (x)=x"—sinx+5 continuous at x =7 ?

The given function is / (x)=x" —sinx+5
It is evident that / is defined at x == .
At x=1, f(x)=f(n)=n’—sinr+5=n"-0+5=n"+5

Consider 12/ (%)= Ll_{rfl("l’ ~sinx+5)

Put x=7m +#h, it is evident that if X > 7%, then 4 — 0
s dim f(x) =1lim (f —sin x)+ 5
= lhilﬂ [(fr + h)3 —sin (7 +h)+ S:I

=lim(7 +h) - Limsin(:r +h)+1im5

h—0 h—0

=(n+0)" ~lim[sinw cosh+cossinh]+5
h

»0

=7’ —limsinz coshi—limcoswsinfi+5
h

—0 h—0
=7’ —sinwcosO—costsin0+5
=r’=0(1)-(-1)0+5
=n'+5

= f(x)

Therefore, the given function ./ is continuous at x =7 .
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Question 21:
Discuss the continuity of the following functions.

(i) f(x)=sinx+cosx
(ii) f(x)=sinx-cosx

(iii) /(x)=sinxxcosx

It is known that if & and % are two continuous functions, then £ +%.& —hand &2 are also
continuous.

Let & (""' ) =sinx gpd h(’f) = COSXare continuous functions.

It is evident that &(X)=SinXis defined for every real number.

Let ¢ be a real number. Put x=c+#A
If x—>c,then #—>0
g(c)=sinc

limg (x) =limsinx

r=ro X=rc

=limsin (c+4)

h—0

=lim[sinccosh+coscsin h)

h—0
=lim (sinccosh)+ lim (coscsin k)
=sinccos0+coscsin0
=sinc(1)+cosc(0)
=sine

l)l_rg}g(x) =g(c)

Therefore, & (x)=sinx jg a4 continuous function.
Let 7(x)=cosx

It is evident that /1(X)=c0sX{s defined for every real number.

Let ¢ be a real number. Put x=c+#
If x—>c,then h—>0

h(c)=cosc
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limA(x) = lim cos x

X=c X=rC

= lim cos (c + h)

h—0

=1lim[cos c cos h—sincsin A
h—=0

=lim(cosccosh)-lim(sincsin 1)
=cosccos0—sincsin(

= cosc(1)—sinc(0)

=CoSsc

slimh(x)=h(c)

A=

Therefore, h(x)=cosx is a continuous function.
Therefore, it can be concluded that,

(i) S (x)=g(x)+h(x)=sinx+cosx ig 4 continuous function.
(i) f(x) = 8(x) - h‘("f) =sinx —COSX {g 3 continuous function.

(ii1) f(x)=g(x)xh(x)=sinxxcosx i5 5 continuous function.
Question 22:
Discuss the continuity of the cosine, cosecant, secant, and cotangent functions.

It is known that if & and /4 are two continuous functions, then

; .
x) ,2(x)#0
(i g(x ) 1S continuous.
1

g (x) #0
i 8 (x) 1S continuous.

(iii) h(x)j 1S continuous.

Let& ("" ) =sinx gpq h(x) = €05 X are continuous functions.

It is evident that &(X)=sinX{s defined for every real number.
Let c be a real number. Put x=c+#
If x—>c,then h—>0
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g(c) =sinc
limg(x)=limsinx

I=rC X=¥cC

= lflm sin(c+h)

= lim[sinccos 4+ coscsin h]

fi—0
= Li_tB (sinccosh)+ Ll_ﬂ){l} (coscsinh)
=sinccos0+ cosesin(
=sinc(1)+cosc(0)
=sinc
ll_qlg(x) =g(c)
Therefore, & (x)=sinx 5 4 continuous function.
Let 7(x)=cosx

It is evident that /() =c0sX{s defined for every real number.
Let ¢ be a real number. Put x=c+#

If x—>c,then h—>0
h(c)=cosc
lim 72(x) = lim cos x

=lim cos(c + h)

h—0

=lim[cosccosh —sincsin A]
h—)

= 1;11_133 (cosccosh)- L}E;lg (sincsin )

=cosccos0—sincsin0
=cosc(1)-sinc(0)
=Cosc
l\imh(.r) =h(c)
Therefore, h(x)=cosx s 3 continuous function.
Therefore, it can be concluded that,

—,sinx#0 . .
sin x 1S continuous.

COSCCX =

= COSECX,X # mr(n = Z) is continuous.

Therefore, cosecant is continuous except at * = "7 (neZ)

,cosx =0 | .
CoS X 1S continuous.

SECX =

::>secx,x;&(2n+l)£(neZ) . )
2 1S continuous.
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n
. . x=(2n+1)—(nEZ)
Therefore, secant is continuous except at 2

co ;
cotx=——,sinx#0 . .

sin x 1s continuous.

= cotx,x # nm(n€Z) is continuous.

Therefore, cotangent is continuous except at * =7 (neZ),

Question 23:
sinx
f(x)=1 x

Find the points of discontinuity of ./, where x+1, ifx=0

Afx <0

Afx <0

The given function is x+1, ifx=0

The given function / is defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:
X sinc
If ¢ <0, then S(e)=

lim £ (x) = lim[smxj S

X—=C X—=»C x C

~lim £ (x) = f(c)

Therefore, ./ is continuous at all points x, such that x < 0.

Case 1I:

If ¢ >0, then fle)=c+l
Iimf(x) = li_m(x+]) =c+1
~lim f (x) = £ (c)

Therefore, / is continuous at all points x, such that x > 0.
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Case III:
If ¢ =0, then f(C)=f(0)=O+] =1
The left hand limit of /" at x =0 is,

lnnjxx)ztﬁn[““x}zl

a0 0" x

The right hand limit of /* at x =0 is,

==
<. lim fix)= lim f(x)=£(0)
Therefore, f is continuous at x =0

From the above observations, it can be concluded that ./ is continuous at all points of the real
line.

Thus, / has no point of discontinuity.

Question 24:

T
i [_r‘ sin—, ifx#0
f(x)= X
laifxzo

Determine if / defined by 1s a continuous function?

T

i Lc‘ sin—, ifx#0

f(x)= X
lo

The given function is ifx=0

The given function /* is defined at all the points of the real line.

Let ¢ be a point on the real line.

Case I

- i 2
If ¢ #0, then S(e)=c Smc
. . Fosess | L | SV > .|
llmf(x):llm[x* sm—]:(llmx )(Ilmsm—}:c sin—
X=C X=»c 't R T xX=3 x C

I‘Ii_r)rlf(x) = f((,)

Therefore, ./ is continuous at all points x, such that x = 0.

Case 1I:

If ¢=0, then s(0)=0


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

lim f(x) = lim (f sin 1] = lim(x2 sin lj

x—>0" x—0" x x—0 X

. —lﬁsiniél,xiﬁ
It is known that, X

2 - l bl
= —x* < x*sin— < x?
¥

. 2 . ¥ ] . 2
:>l|m(—x )ghm x sin— |<limx
x—0 x—0 X x—(

=< lim[.vc2 sinl'] <0

x—3() X
J =0

= lim [xz sin l
X
0

x—0
s lim f(x) =
Similarly,
lim f(x)= lim [f sin l] = ﬁm[x2 sin lj =0
x—0" 10" x x={) X

- tim £ (x) = £(0) = lim /£(x)

Therefore, ./ is continuous at x =0.

From the above observations, it can be concluded that ./ is continuous at every point of the
real line.

Thus, f is a continuous function.

Question 25:
B {sin x—cosx, ifx#0

Examine the continuity of / , where / is defined by =~ [~ ifx=0

/(%)

{sin x—cosx, ifx=0
The given function is

—1, ifx=0

The given function / is defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:

If ¢# 0, then f(c)=sinc—cosc

limf(x) = lim(sin X — o8 x) =sinc—cosc

lim £ (x) = £ (c)

Therefore, / is continuous at all points x, such that x # 0.
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Case II:

If ¢=0, then f(0)=-1
lim f(x)zlim(sinx—cosx) =sin0—cos0=0-1=-1

x—=0"

lim £ (x)=lim(sinx—cosx)=sin0—-cos0=0-1=—1

x-50" X >U
lim 7 (x) = lim £ (x) = 7 (0)
Therefore, ./ is continuous at x =0.

From the above observations, it can be concluded that ./ is continuous at every point of the
real line.

Thus, ./ is a continuous function.

Question 26:
Find the values of k¥ so that the function / is continuous at the indicated point

kcosx . n
2x,|fx:t5
2 T —
)=
3, ifx=— x=Z
2 at 2
kco;x.ifx :
T-2x
f(x)=
, ifx=—

The given function is

T
x== X=—
The given function ./ is continuous at 2, if f'is defined at 2 and if the value of
71'

the £ at” 2 equals the limit of ./ at’ 2.

T
It is evident that / is defined at 2 and [ 2 ) N

hmf(x)—lmkcosx
Xt r—)TR_ X
2
x=—+h

Put 2

x—>£:>h—>(}
Then
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Therefore, the value of £ =6.

Question 27:
Find the values of k so that the function / is continuous at the indicated point.

f(x):{kx"., ifx<?2

3,1f'x>2 at x=2

f(x)=

The given function is

ko, if x<2
3, ifx¥2

The given function ./ is continuous at x=2, if fis defined at x =2and if the value of
the / at x =2 equals the limit of /atx=2.

It is evident that / is defined at x =2 and /(2)= k(2)2 =4k
im 7 (x) = fim £(x) = 7(2)
= lim (k) = lim (3) = 4k

x—2 a2t
= kx2'=3=4k
= 4k=3

3

=>k=—
4

3
Therefore, the value of 4.
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Question 28:

Find the values of & so that the function / is continuous at the indicated point
fx+1, ifx<m

9=

cosx, ifx>m at x=7

{kx+ 1, ifx<nm

w X)= =

The given function is cosx, ifx>n

The given function / is continuous at x=x, if / is defined at x=7 and if the value of

the / at x=n equals the limit of / at x=7 .

It is evident that / is defined at x=7 and f(ﬂ) =k +1
lim f(x)= lim f(x)=7f(7)
= lim (kx+1) = lim (cosx) = km +1
=kn+l=cosm=kr +1
= kr+l=-1=kn+1

2

= k=——
T

k
Therefore, the value of T .

Question 29:
Find the values of k so that the function / is continuous at the indicated point
, [fx+1, ifx<5
S =5
3)( 5, lfx>5 atx:S

[k, ifx<5
The given function is - ® |3x-5, ifx>5
The given function / is continuous at x=35, if / is defined at x=35 and if the value of
the / at x =35 equals the limit of / at x=35.

It is evident that / is defined at x =5 and ./ (5) =kx+1=5k +1
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lim f (x) = lim / (x) = / (5)
= Iim(;’cx+l)= lim(3x—5) =5k+1

F—5 x—5"

= 5k+1=3(5)-5=5k +1
=5k +1=15-5=5k+1
=5k +1=10=5k+1
=5%+1=10

= 5k=9

:>k=2
5

k
Therefore, the value of 5.

Question 30:
5,1fx<2
f(x)={ax+b, if2<x<10

Find the values of a & » such that the function defined by 21, ifx>10 ,1s a
continuous function.

5, ifx<2
f(x)=qax+b, if2<x<10

The given function is 21, ifx>10

It is evident that / is defined at all points of the real line.
If / is a continuous function, then / is continuous at all real numbers.
In particular, / is continuous at x=2 and x=10

Since ./ is continuous at x = 2, we obtain
lim f(x)=lim f(x)=/(2)

(o i
= }L‘? (5) }{gl_[a.wb) 5

=5=2a+b=5
=2a+b=5 s 1)

Since ./ is continuous at x =10, we obtain
lim 7(x)= lim £ (x)= 7 (10)
= lim (ax+b) = lim (21)=21

=10a+b=21=21
=10a+h=21 il 2)
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On subtracting equation (1) from equation (2), we obtain
Ba=16
==

By putting a =2 in equation (1), we obtain

2(2)+b=5
=4+b=5
=h=1

Therefore, the values of @ and b for which /* is a continuous function are 2 and ! respectively.

Question 31:

Show that the function defined by / (x)=c08(x") i5 a continuous function,

The given function is / (%) =cos(x")

This function / is defined for every real number and /* can be written as the composition of
two functions as,

f = goh , where &(x)=cosx gpq h(x)=x’
[ (o) ()= 8 (4(x) = 8(+*) =05+ ) = £ ()]
It has to be proved first that £ (x) =cosx and (x) =X are continuous functions.

It is evident that £ is defined for every real number.
Let ¢be a real number.

Let g(C)ZCOSC.Put xX=c+h
If x—>c,then h—>0

lim g (x) = lim cos x

X—C X
= ELI}(]} cos (c 4 h)
= lim[cosccos h - sincsin ]
h—=0
= Ll_l;l;! (cosccosh)— Ll_l"ﬁg (sincsin/)
=cosccos(—sincsin0
= cosc(1)—sinc(0)
=COSsc
s limg(x)=g(c)

X=¥e

Therefore, & (x) = cosx g a continuous function.
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Let h(-") =x’

It is evident that 4 is defined for every real number.

Let k£ be a real number, then h(k)=k

limh(x) =limx’> =k*

x—k x—k

Emh(r) =h(k)

Therefore, /4 is a continuous function.
It is known that for real valued functions & and /4, such that (g0h) is defined at c,if & is

continuous at cand if / is continuous at & ("3), then (/2€)is continuous at .

Therefore, / (%) =(goh)(x) = cos(x i ) is a continuous function.

Question 32:

Show that the function defined by / (x) =|c0s 1| is a continuous function.

The given function is / () =cos x|,

This function / is defined for every real number and /* can be written as the composition of
two functions as,

f = goh  where £(x) =|x| and (x)=cosx

( (goh)(x) = g(h(x))=g(cosx)=|cos x| = f(xﬂ

It has to be proved first that & (x)=x| and /#(x)=cosx are continuous functions.
B [—x, ifx<0

£(x) =[] can be written as 8(x)= IL ifx20

It is evident that £ is defined for every real number.
Let cbe a real number.

Case I:

If ¢ <0, then g(e)=—c

lim g (x) = lim(~x) = ¢

~limg(x)=g(c)

Therefore, & is continuous at all points x, such that x <0.
Case II:

If ¢ >0, then g(c)=c


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

lxi_rilg(x) = ljl;[}(x) =ig

- limg(x)=g(c)

Tk;e:;éfore, g 1is continuous at all points x, such that x > 0.
Case III:

If ¢=0, then g(c)=g(0)=0

M e(n)=lim(-=)=0

lim g(x) = lgp(x) =0

x—0

el r=Eni=aly)

Therefore, & is continuous at all x =0.
From the above three observations, it can be concluded that & is continuous at all points.

Let 71(x)=cosx
It is evident that /(X)=cosx ig defined for every real number.

Let ¢ be areal number. Put x=c+h
If x—>c,then h—>0

h(c)=cosc
limz(x)=limcos x
X=»C X=

= 1;123 cos(c+h)
=lim [cosceosh—sinesin |
=lim (cosccosh)- ngg(sm csinh)
=cosccos0—sinesin0
=cosc(1)—sinc(0)
=cosc
slima(x)=h(e)
Therefore, h(x)=cosx is a continuous function.
It is known that for real valued functions & and %, such that (goh) is defined at ¢ ,1f & 1s

continuous at cand if / is continuous at & (C), then (/0€)is continuous at c.

Therefore, S (x)=(goh)(x)= g(h(x)) = g(cosx) = ‘COSJC' 1s a continuous function.

Question 33:

Show that the function defined by / (x)=[sinx| is a continuous function.
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The given function is / (x)=]sinx|

This function / is defined for every real number and /* can be written as the composition of

two functions as,
f = goh  where &() =|x| and #(x)=sinx

’7 (goh)(x) = g(h(x)) = g(sinx) =|sinx| = f(x)—l

It has to be proved first that & (x) =|x| and /(x) =sinxare continuous functions.

[—x, ifx<0

g\X)= i
£(x) =[] can be written as |, ifx20
It is evident that £ is defined for every real number.
Let ¢ be a real number.

Case I:

If ¢ <0, then g(e)=—c

li_nj g(x) = l_im(—x) =—c

~limg(x)=g(c)

Therefore, & is continuous at all points x, such that x <0.
Case 1I:

If ¢ >0, then g(c)=c

lim g (x) =lim(x)=c

limg(x) = g(c)

Therefore, & is continuous at all points x, such that x > 0.
Case I1I:

If ¢=0, then g(c)=g(0)=0

ipeln)=lim(-=)=0

]iT g(x)= “T (x)=0

- lim g ()= lim () = £(0)

Therefore, & is continuous at all x =0.

From the above three observations, it can be concluded that & is continuous at all points.

Let h(x) =sinx

It is evident that /() =SinX ig defined for every real number.

Let ¢ be a real number. Put x=c+k
If x>c,then k >0
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h(c)=sinc

lim A (x) = lim sin x
= 1133 sin(c+k)
=lim[sinccosk +coscsink|

k—0

= i]_l}g(smccosk)Jr%_g%(coscsmk)
=ginccosO+cosesin0
=sin¢(l)+cosc(0)
=sinc

limh(x] =h(c)

Therefore, " (x)=sinx i 4 continuous function.

It is known that for real valued functions & and %, such that (goh) is defined at c,if & is

continuous at cand if / is continuous at & (‘3), then (/22)is continuous at c.

Therefore, S (x)=(goh)(x)= g(h(x)) =g(sinx) = ‘Sin x\ is a continuous function.

Question 34:
Find all the points of discontinuity of / defined by / ()= =[x +1],

The given function is / (¥)= o =+ 1]
The two functions, & and # are defined as g(x) :lx‘ and h(x)= ‘x+1|.
Then, f=g-h
The continuity of & and # are examined first.
B [—x, ifx<0
£(x) = x| can be written as =Y Ix, if x>0

It is evident that & is defined for every real number.
Let ¢ be a real number.

Case I:

If ¢ <0, then gle)=—c
lim g(x) = lim(—x) =—c

l_img(x) =g(c)
Therefore, & is continuous at all points x, such that x <0.

Case II:
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If ¢>0,then & c)=c
limg(x)zliln(x):c

~limg (x)=g(c)
Therefore, & is continuous at all points x, such that x > 0.

Case I1I:

If ¢ =0, then g(c)=g(0)=0
lim g(x) = lim (—x)=0

x—) x>0

lim g(x)=lim(x)=0

x—l) a0

i a(ef=ll) ~s(0)

Therefore, & is continuous at all x =0.

From the above three observations, it can be concluded that £ is continuous at all points.
; _{—(JH—I), ifx <1
h(x)=|x+1| can be written as x+1, ifx> -1

It is evident that 7 is defined for every real number.
Let c¢be a real number.

Case I:
If ¢ <-1, then h(c)=—(c+1)
limh (x)=lim[ -(x+1) = —(c +1)

2 lim h(x) = h(c’)

A=

Therefore, / is continuous at all points x, such that x <—1.

Case II:
If ¢> -1, then h(c)=c+l
li_rnh(x):]i_m_(x+l):c+l

Lir,l}h (x)=h(c)

Therefore, / is continuous at all points x, such that x > —1.

Case III:
If ¢ =-1, then h(c)=h(-1)=-1+1=0
lim A(x)= lim [~(x+1)]=~(-1+1)=0

=1
xl-Er-I:" h(x) = \lir_rll (x+]) = (—1 + I) =0

_lin'll_ h(x) = _1im+h(x] = h(—l)
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Therefore, / is continuous at x =—1.
From the above three observations, it can be concluded that 4 is continuous at all points.
It concludes thatg€ and % are continuous functions. Therefore, / = £ —# is also a continuous

function.

Therefore, /* has no point of discontinuity.
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EXERCISE 5.2

Question 1:
Differentiate the function with respect to x.

sin(x* +5)

Let f(x)ZSin(szfS): u(x)=x+5 ;4 v(r)=sinz
Then, (vou](x):v(u(x))zv(f +5)=tan(x2+5)=f(x)

Thus, / is a composite of two functions.
Put [ =u(x)=x>+5

Then, we get
%=%(Sin!)=cost=c03(xz+5)

dt d, dpav, & pon -
E:E(x +S)=E(x )+E(S)—2x+0—2x
By chain rule of derivative,
ﬁzﬂ.ﬂzcos(xz+5)x2x=2xcos(x2+5)
dx dt dx

Alternate method:
gx{sin (,\'2 + 5)] = c:cts(x2 + 5).%(:{2 + 5)

= cos(x + 5).[%(f)+ % (5)]

X
= cos(x2 i 5).[2x+ 0]

=2x¢0s (,\'2 + 5)

Question 2:
Differentiate the function with respect to x

cos(sin x)

Let f(x)=cos(sinx),u(x)=sinx 4nq v(r)=cost
Then, (vou)(x)= v(u(x)) =v(sinx) = cos(sinx) = f(x)
Here, / is a composite function of two functions.

Put lzu(x)zsinx
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£=i cost|=—sint=—sin(sinx
dr dt

dt  d , .
— =—(sinx) =cosx
dx dx

By chain rule,

i = ﬁﬂ =—sin (sin x).cosx = —cosxsin (sin x)
dx dt dx
Alternate method:

%[cos(sin I)J = —sin(sin x).%(sin x)

=—sin (sin x) X COS X

=—cosxsin(sinx)

Question 3:
Differentiate the function with respect to x

sin(ax+b)

Let /(x)=sin(ax+b),u(x)=ax+b 454 v(1)=sint
Then, (vou)(x)= v(u(x)) =v(ax+b)=sin(ax+b)= f(x)
Here, / is a composite function of two functions u and v.

Put, !=u(x)=ax+b

Thus,

%=dif(sim)=cost =cos(ax+b)
%z%(ax+b)=%(ax)+%[b]=a+0=a
Hence, by chain rule, we get
i=£.£=cos(.tvc+b).a=acos(mﬁr.'fl)
dx di dx

Alternate method:
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%[sin (ax+ b)] = cos(ax +b),%(ax +b)

= cos(ax +b).{%(ax)+%(b):|
=cos(ax+b).(a+0)

=acos(ax+b)

Question 4:
Differentiate the function with respect to x

see{tan(+))

Let f(x)=sec(tan(~./;)),u(x)zx/;,v(t)ztanr and w(s)=secs
Then, (wovou)(x)= w[v(u(x)):l = W[V(\f;ﬂ = w(tan «.G) = sec(tan \/;) =Fx)

Here, / is a composite function of three functions u, v and w.

Put, § =v(f)=tant 4pq t=u(x)=vx

Then,
dw d
— =—(secs)
ds ds
=secstans

=sec(tans).tan (tan¢) [s=tant]

=sec(tanx/;).tan(tan\/;) [rzxf;]

Now,
£=£[tanr)=secjr=sec:2\/;

dt dt

dt d dl ) 1 3 1
aix_dx(\/;)_dx[x}_il BN

Hence, by chain rule, we get
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%[SGC(K&H \/;)]2 d—wﬂﬂ

ds dt dx

= scc(tan\/}),tan (tan \/}).sccz \/;ﬁ

- 2\11; sec’ +/x sec (tan \E)tan (tan \E)

sec” v/.x sec (tan \/;) tan(tan \/;)
) 2Jx

Alternate method:

‘:; [sec(tan J_)jl = sec| tan \/; tan

(tan ). tan

e s |

= sec(tan Vx ) tan tan V¥ ) sec? (v . = -
e

sec

2x

Question 5:
Differentiate the function with respect to x

sin(ax+b)
cos(cx+d)
sin(ax+b)
)= ——=
Given, cos(cx+d)’ where &(x)=sin(ax+b) 5pnq h(x)=cos(cx+d)
glh_ghl
f_ hg

Consider &(¥)=sin(ax+b)

Let u(x)=ax+b,v(t)=sint
Then (vou)(x)=v(u(x))=v(ax+b)=sin(ax+b)=g(x)

-+ & 1s a composite function of two functions, u and v.

Put, z=u(x)=ax+b
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i =i(sim) =cost = cos(ax +b)

dtdi
% =%(ux+b)=%(ax)+%(b):a+o =a

Thus, by chain rule, we get

_dg _dv dt _ =
g'= S E —cos(ax+b).a—acos(ax+b)

Consider /1(x)=cos(cx+d)
Let P(x)=cx+d,q(y)=cosy
Then, (¢00)(x)=4(p(x))=q(cx+d)=cos(cx+d)=h(x)

. h 1s a composite function of two functions, p and q.
Put, y=p(x)=cx+d

%=diy(cosy) =—siny =-sin(cx+d)
d d

d d
o ga(cx+d) Aa(cx)+£(d)~c

Using chain rule, we get

,_dh _dq dy
dx dy dx
:—sin(c;x+d)xc
=—csin(cx+d)
Therefore,
P acos(ax+b).cos(chrd)fsin(axﬁLb){*csin (cx+d)}
[(:os(c:ura‘)}2
:acos(ax+b)+csin(ax+b)lsin(cx+a’]X 1
cos(cx+d) cos(cx+d) cos(cx+d)
= acos(ax+b)sec(cx+d)+csin(ax+b)tan(cx +d)sec(cx +d)
Question 6:

Differentiate the function with respect to x

cosx’.sin’ (xj)

3 i 25
leen, COs X .51n (x )
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%[cosf. sin’ (xs )] =sin’ (xs) X % (cos x3) +cosx’ x %[Sin3 (xs )]

= sinz(xs)x(—sin Jrs)x%(f)+|1:0s;vc3 xZSin(xS).%[sinxS}

i o S 5 " s d o
=—sinx’sin* (x’)x 3x* +2sinx” cosx’.cosx’ x—(x")
dx
—-3x’sinx*.sin’ (x5)+2sin x° cosx’ cos x’ x5x*

=10x" sin x* cos x” cos x* —3x7 sin ¥’ sin’ (xs)

Question 7:
Differentiate the function with respect to x

21(cot(x2)

%[2, [cot (xz)} =2 \/ﬁ xi[cot(fﬂ

2. fcot(x?

g

sin(xg]

cos

2 2 d 2
X—Cosec (x‘)xa(x‘)

R

m[xz) )
s(xz) sinz(xz)

—2x

[72]

«(2%)

8

sin x*+/cos x° sin x°
B —2\5x
sinx? J2sin x? cos x*
—Z\Ex
* sinx*\sin 2x?

Question 8:
Differentiate the function with respect to x

COS(\/;)

Lo S )=eos)

Also, let u(x)= Jx and, v(t)=cost
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()
=cosvx
=/(x)
Since, f is a composite function of u and v.
t=u(x)= Jx
Then,
dt d _d( 313
dx _dx(ﬁ)_dx[x J_ 2JL
1
2Jx
dv d ;
— =—(cost)=—sint
dt dt

= —sin(\/;)

And,

Using chain rule, we get
dt _dv dt

dx dtdx
; 1
=-sm(\/}).m

=—2]Wsin(\/;)
=_sin(\/3_c)
2x
Alternate method:
d 3 d
-EX-[COS(\/;)]z-SIH(\/J_C).E(\/;)
. df L
~-sin(V st
oo ]
=—S]ﬂ\/;><51
:—sin\/;

2%
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Question 9:

Prove that the function /* given by
S(x)=|x=1[,x€R j5 not differentiable at x=1.

Given, f(x) =|x—1|, xeR
It is known that a function /f is differentiable at a point x =c in its domain if both

il =S le-h) L Fleth)-7(e)

0" h and 0" h are finite and equal.

To check the differentiability of the given function at x =1,

Consider LHD at x=1
- f(l)—g(l—h):]im f-1-1-n-1]

h—0

=lim—  (h<0=|h=-h)

Consider RHD at x =1
i F(+h)-£(1) — Tim f|1+h—hl\ ~[1-1]

h—0" h

h—Ur

Since LHD and RHD at x=1 are not equal,

Therefore, / is not differentiable at x=1.

Question 10:

Prove that the greatest integer function defined by / (x)=[x].0<x<3 j5 not differentiable at
x=1and x=2.
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Given, f(x)=[x],0<x<3

It is known that a function / is differentiable at a point x = ¢ in its domain if both
lim _f(c)—f(c—h) lim / (C+h)_'f () )

0" h and #-0° h are finite and equal.

At x=1,

Consider the LHD at x =1
i 70701 (1011

h—0" h—)U

]—0
= lim —
W0 h

o]
=lim—
=0 R

=00

Consider RHD at x=1

1) 10) _y,, [147]-()
h

IJ—»(J h—07

1-1
= lim —
IO h

=1lim0

hr—0"

=0

Since LHD and RHD at x=1 are not equal,

Hence, / is not differentiable at x =1.

To check the differentiability of the given function at x =2,
Consider LHD at x=2

S(2)-7@=h)_ . [2]-[2-4] [’ h]

lim
h—0 h h—»u
v 2 —1
= lim —
h—=(" ;?
1
hi—0 }?

Now, consider RHD at x=2
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lim - = lim
h—0* h h—>0 h
. 2=2
= lim ——
0" h
= 1im 0

Since, LHD and RHD at x =2 are not equal.

Hence, / is not differentiable at x=2.
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EXERCISE 5.3

Question 1:

. d—y:2x+3v=sinx
Find dx i

Given, 2x+3y=sinx
Differentiating with respect to x, we get

diy(2x+3y) = %(sinx)
:gx(Zx)Jrjx(:Sy) = COs X

:>2+3ﬁ=cosx
dx

d

33—y=cosx—2
dx

_dx cosx—2

% 3

Question 2:
&
Find dx: 2x+3y=siny

Given’ 2x+3y= sin ¥
Differentiating with respect to x, we get

d d d , .
—\Z - = :
dx( x) ’ dx (3,1)) dx (Sm '})

dy dy : .
=2+3—=cosy— By using chain rule
o y— [By using |

=% (cosy—’a’)%

Ay -

dx cosy-3

Question 3:
dy
Find dx: ax+by’ =cosy
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Given, ax+by’ =cosy
Differentiating with respect to x, we get

d d d

E(ax +E(by2):g(cosy)
:>a+b%(y2)=%(cosy) sskL)
LIS AT SN iy ?

dx(y ]—2ydrand dx(cosy)— siny— (2)

From (1) and (2), we obtain

dy . dy
a+bx2y—=—siny—
Yo ¥

= (2by +sin }f)% =-a

LAy —a
Tdx  2by+siny

Question 4:

dy
Find dx: xy+y’ =tanx+y

Given, X+’ =tanx+y
Differentiating with respect to x, we get

%(x_wryz):%(tanxﬂf)

d d, o, d dy
S —(x)+—Iy }=—(lanx)+—
() =) = —(tanx)+ —-
= {vi(x) + xﬁ} i 2,1/@ =sec’ x+ @ [using product rule and chain rule|
dx dx dx
dy dy 2 dy dy :
= yl+x—+2y— =gec’ x+—>(x+2y-1)—=sec’x- y
dx 3 dx dx
dy  sec’x-y

v (x+2y-1)
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Question 5:
ay
Find dx  x +xy+y’ =100

Given, x> +xy+y* =100
Differentiating with respect to x, we get

%(xz +xy+y2]=%(100)

d d d,
:>—(x2)+—(xy)+—(y")=(}
_d — j—=
:>2x+{y.(ﬁ(x)+x.di :|+2} 0

dy dy

=2x+y.1+x—+2)—=0
dx dx

:>2x+y+(x+2y)%20

LAy 2x+y

Tdx x+2y

Question 6:
dy
Find dx %' +xX’y+xy"+y’ =8I

Given, X’ +x’y+xp’ +)° =8l
Differentiating with respect to x, we get

;i(f +XPp+ 8 +y3) =§r(8 1)

d di.\ d; o d
2g(xj]+—x(x'u")+a(w')+g(i’3):0

d i , dy d d; , , dy

2 2 2 M 2 2 2 L

= 3x J{ya(x )+x E]J{y d—x(x)+xa(y )}+3y E_O
»dy 3 dy » dx

=37+ y2x+x" = |[+| Y 1+x2y. = |43y’ —=0

X |:y XX dx:| |:y X2V ixj| vV d-'v

[’

:>(x3+2n’+3y2)6?:+(3x2+2xy+y2):0
dx

dy —(Bx2 +2xy+ yz)
“E_ ()c2 -i-2xy+3y:)
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Question 7:
.
Find dy sin’ y+cosxy=m

Given, sin’ y+cosxy =7
Differentiating with respect to x, we get

%(sin2 y+cosxy) =d—£i(?r)
:%(sinzy)-k%(cosxy):(] wed 1)

Using chain rule, we obtain

j—x(sin2 y) =2sin y-%(siny) =2sin ycos y% (@)

%(cosxy) = —sinxy%(xy) =-sin xy[y%(x)wtx%}

—~Sinxy{y,1+x@J——ysinxy~xsinxy£ (3)
dx dx

From (1), (2) and (3), we obtain
; dy . ; dy]
2sin ycos y—+| —ysinxy—xsinxy— |=0
y ¥ dx { VS Xy —Xxsin xy dx

, . d :
= (2sin ycos y - xsmxy)ay = ysin xy

=5 (sm2y—.xsmxy)a:ysmzy

ysin xy

L ax _
T dy  sin2y—xsinxy

Question 8:
ay
Find dx sin’ x+cos’ y =1

Given, sin’x+cos’ y =1
Differentiating with respect to x, we get
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a8 g s d
E(sm x+coszy)=z(1)

= d%(sinz x) + %(cos2 y) =0

= 2sin x.—a%(sin x)+2cosy.%(cosy) =0

:>2sinxcosx+2cosy(—siny).§=0
X

. . dy
:>51n2x—sm2y—y=0

dx

,dy _sin2x
Cdx sin2y
Question 9:

dy | { 2x J
. —: ¥ =5In 2
Find dx 4%

Given,
. [ 2x )
y=sin -
I+x°
: 2x
=siny= .
1+ x*

Differentiating with respect to x, we get

d . . d({ 2x
Eoicl - gkl
dx(smy) dx[]+x2] ()
dy d( 2x ]
=Ccosy—=— >
dx  dx\1+x°
2x u

The function 1+ x2 , is of the form of v

By quotient rule, we get
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nd d ”
i[ Ix ]_(1+1‘)£(21)—2x,a(1+x“)
de\1+x% ) (l+12}2
(1+5%).2-2x[0+2x]

(1+)c2)2

3 D405 x#

(I+x2)2

2x
1+ x*

2
cosy=4/1-sin’y = “_[142—}']

(]+x2)3—4x2

(sz)z

1+x2)h

2

siny =

Also,

1-x

Tig™

From (1), (2) and (3), we get

|—x2xﬂd2(l—x2)
1+ x2 dx_(1+x2)2
LD 2

dx  1+x°

Question 10:

dy y—tan"(h_xsj PLEES
Find dx’ -3¢ ) 3 7 43
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y= tan™ [3x—x3]
Given, 1-3x°

:>tany=(3x_x3J (1)

1-8#%*

Since, we know that

3tan Y —tan’ 4
=tany= 3 3 (2)
1-3tan*> Y
3

Comparing (1) and (2) we get,

o

X =tan—
3

Differentiating with respect to x, we get

3"
:l—secz-}i.l.ﬁ
33 dx
& 33
dx seu% I+tan2%
iy} J
& 3
dc  1+x°

Question 11:

2
d_y.yzcos.'l(I }"2]
Find dx I+x" ), 0<x<1

=1 (I_xzj
y=cos” | —
Given, I+x
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=cCcosy= o
+x

1-tan® > 2
- 2 _I-x
1+ tan> 2 I+x°

Comparing LHS and RHS, we get

tan£=x

2

Differentiating with respect to x, we get

sec’ Z.i(zj = i(x)
2 de\2 dx

1d
—sectLx— 1
2 dx
Q_ 2
b et
L
& itan??
2
Ldy 2
Tde 1+x°

Question 12:

d_y:yzsin_g[lx;}()‘cx<l
Find 9 1+x

. [l—xz]
¥ =sin -
Given, I+x

y=sin"' [I_XQJ
1+x

1—-x

=siny=
’ 1+ x?

Differentiating with respect to x, we get

' d(1-x°
— =— (1
dx(smy) dx(l—lerJ (1)

Using chain rule, we get
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(sm y)=cos y. d—

cosy =+/l-sin’ y =, [1-

l+x

_J(m) - ) 3_
(147 )2 (1+x)

Therefore,
d 2x dy
dx(qmy) TR (2)

x| 1+x°

(]+x2)2
~ (1+x2)(—2x)—(1 —xz)(2x)

i(lﬂ(nf).;;(lf)(uﬁ)é(m?)

: (1457

_ 2x=2x" =2x+42x°

(l—kxg)2
t :ff -0

From equation (1), (2) and (3), we get
2x d_y 4
Lex’ de (14 x7)
dy -2
dx  1+x°

Question 13:

d_yy; 'I[ zxjj,—l<x<l
Find dx 1+ x°

) y=cos"‘( 2x2]
Given, I+x
y=cos™ ( 25 ]

1+ x?

&=
cos y = -
1+ x°

[using quotient rule]
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Differentiating with respect to x, we get

i('::()"; )—i[ i )
PP

X 1+x?

= et

1+x% dx (1+x)
P =2

de  1+x*

Question 14:

< X

@:yzsin_](f»lxvl—x:),— !

1
Find dx N J2

Given, p=gin” (2)( ]_xz)
y=sin"' (ijl—xz)
:>siny=(2x\,‘1—x2)
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Differentiating with respect to x, we get

cosyZ—Z[ (V1= ) s/1—x?%}

dy {x -2x 2}
1—-sin® y——2 +4/1-
dx 2 «1—

3\/ 2x ]_ dy z{ﬂ}
dx L=

1-x°
:»(l—zf)d—yzz[l‘zx;}
dx I—x"
.. -
dax  \1-x*
Question 15:

d—y'y=sec'][LJ O<x~<L
Find dx’ 25 -1) V2

. y=sec [ ,I ]
Given, 2% ~1
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1
= p=sec”
¢ (sz —1)
= 5ec _[—}:—]
S O

= cos y =2x° -1
= 2x* =1+cos y

=53¢ :20053%

:>x=cos£
2

Differentiating with respect to x, we get

. WY
sin? 2
2
:>iv_- _-
i sin %
dy -2
i
§ 1-cos?2
2
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EXERCISE 5.4

Question 1:

r
Differentiating the following wrt x: sin x

x

e

Let I sin x
By using the quotient rule, we get

P sin .vr%(e")-—e't %(sin x)

. 2
dx sin” x

sin x.(e" ) —e*.(cosx)

sin” x

e* (sinx—cosx)

sin® x

Question 2:

sin ' x

Differentiating the following e

sin”! x

Let y=e
By using the quotient rule, we get
Q:i(e‘sin"_\)
dx  dx
sin x d * |
=" " —(sin x
4 (sn'x)
sin” x l
=¢
1—x?
B esin".\
1-x?
= =,X€ (—l,l)
1-x-

Question 3:

Differentiating the following wrt x:e¢*
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Let y=¢
By using the quotient rule, we get

dy d e
=z )
= e"ﬁ.%(x‘3 )
=" 3x
=3x%e"

Question 4:

ot -1 -x
Differentiate the following wrt * :sin(tan” e )

Let V= Sin(tan"' e"r)
By using the chain rule, we get

% = % [sin (tarl_1 e )]

1

=cos(tan™ ™).~ (tan™ ™)

&)

= cos( tan”' e™* ) 1 - %(e"")

1+(9_")‘
cos(tan™ ™)

Ld
" et

e cos(tan" e"")

- <)

1 4 e—2.r

—g™* cos(tan" e"")

X

Question 5:

Differentiate the following wrt * log(cos er)

Let V=log(cose)
By using the chain rule, we get
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% - %[Iog( cose” )]

1 d )
" cose’ .E(cose' )

| e B
- (-sine ).E(e ]

o
_Csine” .

cose’

=—¢"tane", e # (2n+1)%,ne N

Question 6:

Differentiate the following wrt x:e* +e* +...+e"

4 e +et +..t+et
= )

Differentiating wrt x, we get
d({. » Y dyoon odyay diaoy dgae dis
E(e +e¥ +ote )=E(e )+E(e )+g(e )+$(e )+E(e |

=e" + {e“'z X a’i(x2 ):|+ {e"j X %(x“ )} 5 {ffﬁ x a,i(«’f4 )} + {""‘j £ %(xj )]

Ix X ¢
=e* Jr(e"'3 x2x)+(ex) ><33:2)+(e"4 x4x3)+(e") x5x4)

X i A2 3 it 4 5
=¢" +2xe¢" +3x7¢" +4x’e¢" +5x"e

Question 7:

Differentiating the following wrt X:V e’ x>0

Let}’=\/€T;

Then, y' = eV

Differentiating wrt x, we get

y=e”
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& _ id
:>2_VE—-€ E(\/;)
dy _ 51 1
=2y2 =~ —
Yee = 24dx

ﬂ_ e«';

dx  4y\x

d__ e

dx 4 He\-'r;\/;

dy e

— = x>0

& gofxe'
Question 8:

Differentiating the following wrt ** log(logx),x >1

Let ¥ =1log(logx)
By using the chain rule, we get

Question 9:
_Cosx

7
Differentiating the following wrt ~ logx

x>0

COs X

Let ~ - logx
By using the quotient rule, we get
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%(cosx) Jdog x— cosx.% (log x)

Y _
dx (log x)1

: 1
—sinxlog x —cosx.—

X
(log x)2

_ xlog.x.sinx+2cosx s
x(log x)

Question 10:

Differentiate the following wrt * cos(log.x te )’x >0

Let V= cos(logx+e"’)
By using the chain rule, we get

%:—sin [logx+er}.%(logx+e")
- —sin(logx+ e").[%{logx)+%(e"ﬂ
= —sin(logx-!- e"’).(-l—-l—e"J
%X

= —[l+e‘]sin(logx+e‘),x >0
X


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

EXERCISE 5.5

Question 1:
Differentiate the function with respect to x: cosx.cos2x.cos3x

Let ¥ = cosx.cos2x.cos3x

Taking logarithm on both the sides, we obtain
log y = log(cos x.cos 2x.cos 3x)

= log y = log(cos x) + log(cos 2x) + log (cos3x)

Differentiating both sides with respect to x, we obtain

lp 1 2 — (cosx)+ .i(cos2x)+ .i(cos&x)
ydx cosx dx cos2x dx cos3x dx

dy sinx sin2x d sin3x d
= |- T S (2) - S 2 (3%)
dx cosx cos2x dx cos3x dx
j_y = — 08 .08 2x.c0s 3x[ tan x + 2 tan 2x + 3 tan 3x|

X
Question 2:

(-1)(x-2)

Differentiate the function with respect to x: \)(x -3)(x-4)(x-5)

y_\/ (x—1)(x-2)
Let  V(x=3)(x—4)(x-5)
Taking logarithm on both the sides, we obtain

o [ GG2)
]°g“"“°gJ(x—3)(x—4)(x-5)

(x-1)(x-2) }
G4 -9)

>logy= E[log{(x—l)(x— 2)} —log{(x—3)(x—4)(x—5)”

= logy= %[log(x —1)+log(x—2)—log(x—3)- log(x~4)~log(x75)]

= logy ——log{
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Differentiating both sides with respect to x, we obtain

1 d 1 d d
— L (x-1 ) ZL(x-3
ldy 1]x-1 dx(v )+ -2d x( B)- x-3 a’x(r 3)
ey 2 -;4.%& 4 Is.j(r 5)

=>dy_y 1+1_1_1_I
x-1 x-2 x-3 x—-4 x-5

_dy*l (x—l)(x—Z) 1 i | 1 1 1
E‘E (x—3)(x—4)(x—5)[x—1 x—2—x—3—x—4?x—5}

Question 3:

Differentiate the function with respect to x: (logx)™

Cosx

Let V= (Ing)

Taking logarithm on both the sides, we obtain
log y = cos x.log (log x)

Differentiating both sides with respect to x, we obtain

d d
= wc;(c;(:as,x). log(log x) + cosx.a[log(logx)]

< |-
= &[S

B3

i(]':}g;vr)

logx dx

y{—smxlog(logx)wt e 1 }
logx x

U

= —sin xlog(logx)+ cosx.

&

U
Fla =

Il

& &
o
<}

gx)m_r[ COs X _sinxlog(log")}
g

xlog x

Question 4:

Differentiate the function with respect to x: x* —2""*
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Let y= x\' _zsin.\-
Also, let x* =u and 2™ =y

LY=uU—v
dy du dv
dx  dx dx
u=x"

Taking logarithm on both the sides, we obtain

logu =xlogx

Differentiating both sides with respect to x, we obtain
1 du

AL {%(x)x log x + x x %(logx)}

du 1
= —=u|lxlogx+xx—
dx X

du
—=x"(1 1
=% x" (logx +1)

X

:%zf (1+logx)

v = 255{1.1‘

Taking logarithm on both the sides, we obtain
logv =smx.log 2

Differentiating both sides with respect to x, we obtain
1 dv d ;.
—.—=log2.—(sinx
v Bl ein)
=5 dv =vlog2cosx
dx
L log 2
dx

% =x"(1+logx)—2""" cos xlog 2

Question 5:

2 3 4
Differentiate the function with respect to x: (x+3) (x+4) .(x+5)
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Let V a—-(x+3)2 .(x+4)3 .(I+5)4

Taking logarithm on both the sides, we obtain

logy = l()g(x+3)2 +log(x+4) + log(x+5)4
= logy =2log(x+3)+3log(x+4)+4log(x+5)

Differentiating both sides with respect to x, we obtain
L3
y dx x+3

dy [ 2 3 4 ]
===y + -
dx x+3 x+4 x+5

,%(x+3)+3.ﬁ.%(x+4)+4. .%(Hs)

xX+5

=

dy 2 3 o 2 3 4
e 3 4 5).
dx (et 3 (ot ) o) _x+3+x+4+x+5]

[ 2(x+4)(x+5)+3(x+3)(x+5)

g ) ; | H(x+3)(x+4)
s [

2(x* +9x +20) +3(x? +8x+15)]

dy _ +3)(x+4) (x+5)".
::,E_(x 3)(x+4) (x+5) [+4(x3+7x+12)

Z_y = (x+3)(x+4) (x+5) (92 £ 70x +133)
X

Question 6:

Differentiate the function with respect to x: [ x

u =[x+l] |4
Also, let x) and v=x' v

LY=u+v
b_dd
dx dx dx
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- [x R l)’
Then, X

Taking logarithm on both the sides, we obtain

= logu = log[x-lnl—]

X

1
= logu = xlog(x +—}
%

Differentiating both sides with respect to x, we obtain

1 dﬁ—i(x)xlog[x+l]+xxi lo (x+lj
u dx dx x dx Bl x

1 du 1 1 d 1
= —.—=1xlog| x+— |+xx — x+—
u dx X ( l] dx x

X+—
X

Taking logarithm on both the sides, we obtain

1
= logv=1log [x[H;} ]

= 10gv=[1+l}logx
X


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Differentiating both sides with respect to x, we obtain

lav [d 1 1) d
2] 1+—) xlog x+ l+—].—108x
v dx dx X x ) dx
:{—iz}logx+[l+l).l

X X X

_]ogx+l

2

U

1
X X

X
:v{—logx+x+lJ

U
<= <=

B% &%

U

x°

U
B8 &|&

2
X

. x[.'*i] [M} .(3)

Therefore, from (1), (2) and (3);

x 2. I+l —
d_yz[x+l) {xz 1+10g(x+lﬂ+x[ "J[—Hl zlogx}
dx % x +1 X X

Question 7:

. . . . x log x
Differentiate the function with respect to x: (logx)" +x

log x

Let = (logz) +x

AISO’ let u :(]Og I)x and v = xlag.:

SLy=u+v
@:ﬁ_i_ﬁ ...(l)
dx dx dx

Then, ¥ = (logx)

Taking logarithm on both the sides, we obtain
= logu = log [(log x)x]

= logu = xlog(logx)

Differentiating both sides with respect to x, we obtain


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

| du d d
2K E(x)x log (log x)+ x.g[log(logx)]

u dx
du 1 d
= —=ul1xlog(l +X. —(logx
= :{ xlog(log x)+x fien) dx(Ogl)]
du % I X l
= —=(logx) | log(l —
dx (log x) I og( 0gx)-’-(lc:gx) 1}
du x I 1
A (logx)'| log(log x
=% e (logx) _ og( 0gx)+“0gx)}
ol Y., 1
:ﬁ:(log . log (logx).log x +
dx | log x
:‘»?:(logx)x_][1+]ogx.log(logx)] v 2)
+
v:xlogx

Taking logarithm on both the sides, we obtain
= logv = lo:)g(x"’ng )

= logv = log xlog x = (log x)’

Differentiating both sides with respect to x, we obtain
%% = %[(logx]ﬂ

%% = 2(logx).%(log x)
= i—: = Qv(logx).i

@ 2x109..\‘ log'x

— ==
dx X
B et jog (3)

Therefore, from (1), (2) and (3);

dy x-1 0o x—
Ez(logx) [1+l@gx.log(logx)]+?’.x'g 'logx

Question 8:

Differentiate the function with respect to x: (sinx)" +sin Jx
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Let v =(sinx)" +sin”’ Jx

Also, let ¥ =(sinx)" and v=sin"'vx

Ly=u+v
dy_du_ dv )
dx dx dx

Then, ¥ = (sinx)’

Taking logarithm on both the sides, we obtain
= logu = log(sinx)"

= logu = xlog(sin x)

Differentiating both sides with respect to x, we obtain

1]_,'%: —;—x(x) x log (sin x) +x.%[log(sin x)]
= % =u {l xlog(sinx)+x. (311]1 = ,%(sin x):|

du ogx : x
—= il + .COS X
B (sinx) {og(sm x) ina) c }

:?z(sinx)"'[xcotxﬂogsinx] i 2)
X

v=sin" Vx
Differentiating both sides with respect to x, we obtain

dv 1 d
i SO WY £ =
& yE] =)
1 |

J-x 2Jx
I

dv
dx
&
dx  2\x-x*

Therefore, from (1), (2) and (3);

2l —a?

? = (sinx)" [xcotx + logsin x|+
X
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Question 9:

sin x cos.x

Differentiate the function with respectto x: *  * (sinx)

sin.x

Let Y=x""+ (Sin Jr)c{mr

AISO, let u= sinx and V= (sm I)

Ly=u+v
&, e U (1)
dx dx dx

Then, u =x""

Taking logarithm on both the sides, we obtain

= logu = log(x“i“"’ )

= logu =sinxlogx

Differentiating both sides with respect to x, we obtain

1 du d d
—.—=—1/sinx).logx+sinx.—(logx
—.——=—(sinx).log —(logx)
du { X I}
= —=u| cosxlogx+sinx.—
dx X

du
3_
dx

= {cosxlogx+smx] )
X

v = (Sin x]CUF.\'
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Taking logarithm on both the sides, we obtain
= logv = log(sin x)mx

= logv = cosxlog(sin x)
Differentiating both sides with respect to x, we obtain

%% = %(cosx) x log(sinx) + cosx x de—[log(sin x)}

:@—v —sinux.log(sinx)+ cosx ! i(sin,rc)
dx ' “sinx dx

dv . cosx p . COSX

= —=(sinx)" " | —sinxlog(sinx)+——cosx
dx sinx
dv

:>_: . ‘ cOsX . I . + t
= (sinx)™" [ —sinxlog(sin x)+cot xcos x |

= % =(sinx)™" [cot xcos x —sin xlog(sin x)] wil 3]

Therefore, from (1), (2) and (3);

% =g ’Vcos xlogx + w-l +(sinx)™ [cot xcosx —sinxlog(sin xﬂ
5

Question 10:

22 +1

XCO5 X

Differentiate the function with respect to x: x* -1

XCOs X xz +1
=X -
Let” 21
- x*+1
Also, let u=x"*""and  x* -1
Ly=u+v
dy du d
L dy_du dv )
dx dx dx

Then, u = x"""

Taking logarithm on both the sides, we obtain
= logu = log(x“"c"“)

= logu = xcosxlogx
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Differentiating both sides with respect to x, we obtain

LA —%(x).cos x.logx+x. %(cosx) Jog x+xcos x,w;ix(logx)

u dx
=% ol cos x.log x + x.(—sin x)log x + xcos x A
5 ; : : ] =
du XCOsX 2
= [cosxlog x - x.sinxlogx + cos x|
= i £ [cos x(1+log x)—x.sin xlog x} {2
dx
- X +1
x* =1

Taking logarithm on both the sides, we obtain

= logv=log(x* +1)-log(x* —1)
Differentiating both sides with respect to x, we obtain
ldv  2x  2x
vdx x+1 x*-1
dv ) Zx(f —I)—Zx(.af1 +1)
(f +l)(x2—1)

=
:}@:x%lx —4x
dx xt-1 (x2+l)(x2—l)
@ ..(3)

== 2
dx (x2 -1)
Therefore, from (1), (2) and (3);

4x
(+*-1)

e g [cesx[l +logx)—x.sinx logx] -

dx

Question 11:
1

Differentiate the function with respect to x: (xcosx) +(xsinx)s

1

Let ¥ =(xcosx) +(xsinx)s
: . 1
Also, let ¥ =(XCOSX)' and v =(xsm X)r
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Ly=u+tv
:>—‘f,£:-d—t‘£+ﬁ (1)
dx  dx dx

Then, %= (xcosx)"'

Taking logarithm on both the sides, we obtain
= logu = (xcosx)’

= logu = xlog(xcosx)

= logu = x[logx + log cos x]

= logu = xlog x + xlogcosx

Differentiating both sides with respect to x, we obtain

i% = i(xlogx)+%(xlog CoS X)

g 05 o)} g 2 fgooss )

. 1 1 d
= —=(xcosx logx.14+x.— |+<logcosx.1+ x. —(cosx
dx ( ) _[ 8 x] { 5 cos X dx( )H

du x x ;
— = 1 1)++<1 -+ A=
e (xcosx) (0gx+ )+{0gcosx — ( smx)H

:>j—_(xcosx) [ (1+1ogx)+(logcosx—xtanx) |

:>d—-(xcosx [1 xtanx)+ logx-t—logcosx)]

jdg_(xcosx )'[1-xtanx+log(xcosx) | ik 2))

1
v =(xsinx)x

Taking logarithm on both the sides, we obtain
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1
= logv = log(xsinx)«

= logv = lIog(xsin x)
X

= logv = —]-(logx+ logsin x)
x

1 1 .
= logv =—logx+—logsinx
W i &

Differentiating both sides with respect to x, we obtain

l@—i l10 x +i l10 (sinx)
vdx dx\x 8 dy| x ¢

_ 1% =|:log x_%(lj+l_%(log x)}+[log(sinx)_%(lj+l_%{log(sinx)}]

v x) x x) x
:l@— log x 1 +ll +| log(sin x) 1 +l ! i(sinx)
vy 8-x x* X x 5 A x sinx dx
| )
:;,l@:lz(]—logx)+[— og(szmx)Jr 1 .cosx}
vdr x x xsin x

dv .U
:E:(xsmx)x > >

1[1-log x . —log(sin x)+xcotx
X X

= & = (vsin x)s 1_1083‘—10g(§1nx)+xcotx]
dx X

N dv :(xsinx)% 1—log(xsm2x)+xcotx}
dx x

Therefore, from (1), (2) and (3);

o (xcosx)’ [1 —xtan x +log(xcos x)] +(xsinx)x
e

2

dy l{xcotxﬂtl—log(xsinx)“
e

Question 12:
&
Find dx of the function ** + " =1

The given function is X" + " =1
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Let, x’ =u and V' =V

Su+v=l1

s B By D)
dx dx

Then, u =x"

Taking logarithm on both the sides, we obtain

= logu = [og(x-")

= logu = ylogx

Differentiating both sides with respect to x, we obtain

1 du dy d
~ 2 o logx 21y 5 (log
u - oax v (loes)
jﬁ-u lo xd—y+ 3
e e
:&:x-‘[]ogx@+i} el 2)
dx dx x
Now, V="

Taking logarithm on both the sides, we obtain
= logv= log(y'r)

= logv=xlogy

Differentiating both sides with respect to x, we obtain

1 dv d d
——=logy.—(x)+x.—(logy
v dx gyair( ) c:bf( g_)
3@:1; log}a]«t—x.l.dy
dx y dx
dv . x dy
= —=y"|logy+—.— ...(3
dx y{ = dJ G)

Therefore, from (1), (2) and (3);


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

. dy y} . x dy
x| logx—+=|+y*|logy+—.—|=0
{ - dx x 4 [ = y dx}

= (x logx +xy*" )% = (J”-“y—l +y" log ~V)

Ldy —(y)«fy't +y ingy)
T [x"" logx+xy”")

Question 13:

dy
Find dx of the function ¥" = x"

The given function is »" =x"

Taking logarithm on both the sides, we obtain

xlogy=vylogx

Differentiating both sides with respect to x, we obtain

d d d d
logy,a(x) + x,a(]ogy) = logx.a(y) + y.a(log x)

1 dy dy 1
= logyl+x— 2 =logxZ +y~
gy ydx B —

dyy

= logy+ =logx—
y a’x

=5 [E—logx]dy A —logy
dx

y
= x—ylogx ﬂ:y—xiogy
y dx X
LAy _y[y-xlogy
dc x| x—ylogx

Question 14:

dy . .
Find dr of the function (€0sx)" =(cosy)
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The given function is (¢0s¥) = (cosy)
Taking logarithm on both the sides, we obtain
ylogcosx = xlogcos y

Differentiating both sides with respect to x, we obtain

log cos x. % + y,% (logcos x) = log cos y.% (x)+x. %(log cos y)

= logcos x.ﬁ + y. —(cos x) logcos y.1+x. i(005 y)
x cosx dx cosy dx

dy V ; X ; dy
= logcosx—+—— (—-smnx)=logcosy+——(—-siny).—
& dx  cosx ( ) S cos ( ’ ) dx

dy dy
= logcosx.d;—ytanxz log cos y — xtan y—
» B

. dy i
= (logcosx+xtany)a = ytan x +logcos y

. dy _ ytanx+logcosy
Tdx xtan y+logcosx

Question 15:

dy

Find dx of the function XV = )

The given function is Xy = Mg

Taking logarithm on both the sides, we obtain

log(xy) —log( )
= logx+logy =(x—y)loge
= logx+logy=(x—y)x1

= logx+logy=(x-y)

Differentiating both sides with respect to x, we obtain
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d d d dy
=10 = (logy)=(x)-=
- (logx) +—-(logy) = —-(x)

dx

lld 3 @

X ydx_ dx

= |+l Q:I_l

¥ Jdx X

o | ¥ |y x-1

y Jdx b
cdy y(x-1)
Tk x(y+])

Question 16:

Find the derivative of the function given by / (¥)=(1 +x)(1+ 27 )(1+2*) (14+2*) a5 d hence find

Q).

The given function is f(x)=(+a) (L ) (1) (14 2°)

Taking logarithm on both the sides, we obtain

log f(x) =log(1+x)+log(1+x*)+log(1+x*)+log(1+x*)
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Differentiating both sides with respect to x, we obtain

f(lx),gdx{,f'(x)]=£{-log[1+x}+%]og(l+x:)

+ilog(l +x“)+ ilog(nxs)

dx
1 ; 1 d 1 d
) =—2 (] —(1+x?
:>f(x] 1'(x) 1+x dx( HC)W’-lﬂcz ci*c( +x)

1 d 1 d
+W.E(l+x“)+ — _E(lmg)

., . 11 I
= f (x]:j‘(x)|:m+l+x2 2 7 .4x%+l+xs 8x }

l+x 1+x° 1+x' l+&°

.'.f'[x):(l+x)(1+x2)(l+x“)(l+x*){ - 4x° + ngl

Hence,

,f"(]):(]"")('+12)(1+l*)(1+ls)[ L ¢ 2() +4(])3 +8(])q

1+1 1+17 1+1% 1418

= 2x2x2x2[l+2+i+§]
2 2 2

O

=120
Question 17:

2 3
Differentiate (x =%+ 8)("‘ 1%+ 9) in three ways mentioned below.
(1) By using product rule
(il)) By expanding the product to obtain a single polynomial.
(i11)) By logarithmic differentiation.

Do they all give the same answer?

Let ¥=(x*=5x+8)(x’+7x+9)

(1) By using product rule
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(i)

(iii)

e 5
Let Z(“" —Sx+8) and v=x'+7x+9
Ly=uy
= .CQ_ = @_v -+ M.ﬁ (pl'()ducl ]._U-le)
dx dx dx '

3% =%(x2 —5x+8).(x" +?’x+9)+(}:2 —5x+8).%(x:’ +7x+9)

= % =(2x=5)(x* +7x+9)+(x* - 5x+8)(3x* +7)

3% = 21‘(_\:3 +7x+9)—5(_~¢3 +7x+9)+x2 (31:2 +?)

—5x(3x‘.2 + ?) +E:§(3x2 +?)

o (2x4 +14x? +18x)—5x‘ —35x—45+(3x4 +7x2)
X

— -ci =—15x> —35x+24x* +56
dx

% =5x*—20x +45x* —52x +11

By expanding the product to obtain a single polynomial.
y= (x2 —5Jt:+8)(x3 +7x+9)

=x* (¥ +7x+9) - 5x(x* +7x+9)+8(x’ + 7x+9)

=x" +7x" +9x> - 5x* - 35x* —45x +8x’ + 56x+ 72

=x* —5x* +15x* - 26x* + 11x+72
Therefore,

Q:i(xs_sf +155"-26x> +11x+72)
dx dx

d d d d d d

= (%) =5 (") 15— (x) =26 (¥ )+ 11——(x)+ —=(72)
=5x" —5(4x")+15(3x%) -26(2x) +11(1)+0

=5x* —20x’ +45x* —52x+11

By logarithmic differentiation.
y= (x2 —5x+ 8)(x3 +7x+ 9)

Taking logarithm on both the sides, we obtain
logy = log(x2 —5x+ 8) +log (x3 +7x+ 9)


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Differentiating both sides with respect to x, we obtain

i.%=%log(xz—5x+8)+%10g(x3+7x+9)
:lﬂ ; d(x —5x+8) ; d(x +7x+9)
ydx x*-5x+8 dx X +Tx+9 dx
dy 1 B 1
ja_y[x2—5x+8'(2x 5)-'-)cS+7)c+9'(3x2+7)}
[ 2x-5 3x°+7
= (e sea ) 2 T
B _ 3 2 2
3@2()62_5“8)()(3”“9) (2x=5)(x* +7x+9)+ (32" +7)(x* - 5x+8)
dx (x2—5x+8)(x3+7x+9)
D%sz(xs+7x+9)—5(x3+7x+9)+3x2(x2—5x+8)+7(x2—5x+8)
%—2x4+14x +18x—5x° —=35x—45+3x" —15x° + 242> + 7x* —=35x+ 56
:ﬂ=5x4—20x3+45x2—52x+11
dx

dy
From the above three observations, it can be concluded that all the results of dx are same.

Question 18:
If u, v and w are functions of x, then show that

d du dv dw
(uvw) = — VWU —. WUV —
dx dx dx dx

in two ways - first by repeated application of product rule, second by logarithmic
differentiation.

Let ¥ =uv.w= u.(v_w)
By applying product rule, we get

@ — @ 1,!_“}) -+ . i(v“”})

dx dx dx
dy du dv aw ; ;

= = vw)+u wWH+y.— Again applying product rule
e (vw) { - dx] (Again applying p )
@ du dv aw

— yYWt+uU— Wtuv.—
dx dx dx dx
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Taking logarithm on both the sides of the equation V = u#.vW  we obtain
logy =logu+logv+logw

Differentiating both sides with respect to x, we obtain

1 dv d d d
—. —=—(logu)+—~(logv)+—/(logw
v dx dx(g) aix(g) dx(g)
ldv ldu 1ldv 1 dw
oD — =t ——t——
vdx wudx vdyx wdx
dy ldu 1dv 1 dw
— =y ——t——t—
dx udx vdx wadx
dy ldu ldv 1 dw)

= ——=uvw| — — —
dx (udx vdx wdx

d du dv dw
—(u,v,w) ——vWHU— WUV —

dx dx dx dx
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EXERCISE 5.6

Question 1:

If x and ¥ are connected parametrically by the equations * = 2at’,y =at"  without eliminating

&
the parameter, find dx

Given, x=2at’,y=at"

Then,
& i(mf): 2a.i(z2)=2a.2r = 4dat
dt dt dt
' = i(at‘* ) = a.i(t" ) =ads =4at’
dt dt dt
4
. @: dI :4a|!3 _
" [ ™ ) dat
dt
Question 2:
If x and ¥ are connected parametrically by the equations x=acosf,y=>bcos0  without

dy
eliminating the parameter, find dx

Given, X =acos6,y=hcosd

Then,

ax g i(acosﬂ) = a(— Sinﬁ) =-asinf
do  do

dy

E: j—e(bcosﬂ) - b(—sinO) = —psinf

dy
.dy _\d0) —bsinf b
”dx_[dx)_—asinﬁ_a

do
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Question 3:

If x and » are connected parametrically by the equations X=Ssinz,y=cos27 without
dy
eliminating the parameter, find dx

Given, X = sint, y = cos 2t

dx :
Then E:;(smr)zcosf
ﬂ:i(cosm):—sin2z.£(2t)=—25in21
dt dt dt

&
.dy _\dt) -2sin2t -2.2sintcos/

o = = =—4sint
dx [ @j cos? cos?
dt
Question 4:

: \ x=4t,y=
If x and ¥ are connected parametrically by the equations 4
dy
the parameter, find dx

+, without eliminating

Question 5:

If x and ¥ are connected parametrically by the equations X =c0s6 —cos20,y =sin —sin20
dy
without eliminating the parameter, find dx
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Given, X =cosf —co0s 20,y =sin@ —sin 20

Then,

dc d d d

= gg(cosﬂ —c0s20) = ;é—(cosé)) wggw(COSZQ)
=—sinf —(—2sin20) =2sin 20 —sin 6

& =i(sin9 —sin20) = i(sin(i‘]—i(sin 20)
dg do de de

=cosf —2cos20

dy
L dy [E] _ cost —2cos 20
T (afx} ~ 2sin260 —sin@
do

Question 6:

If x and ¥ are connected parametrically by the equations * =a(0—sin6),y =“(1+C059),

dy
without eliminating the parameter, find dx

Given, x:a(ﬂ—sim?),y: a(l+cos€)

dx d d ;.
_— — 9 e 9 = 1- 9
Then, 40 a[a’ﬁ'( ) =8 (sin ):| a(l-cos0)
j_gza[%(l)+%(cos@)}=a[0+(—sin9)]=—asin9
[@J =2si Qcosg -0 sg
. @: do _ —asin® _ ol 2 2 8 2= w2
Cde (dx) a(l-cosB) 25in39— sing 2
do 2 2
Question 7:

sin’ ¢ cos’ ¢

: . x= Y= :
If x and ¥ are connected parametrically by the equations \cos 2t Veos2r , without

dy
eliminating the parameter, find dx
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. sin’ ¢ e cos’ ¢
Given,  +cos2t Jeos 2
Then,
dx d| sin’t
de_d }

drt Vcos 2t
JJeos2r.

| =

) : d
sin’ r) —gin® r.; Neos 2t
I

cos 2t

[y

t

4 cos2t)

1
2\Jcos2r di (

—_— . d , . i
Jeos 2t 3sin® I.E(smf)— sin’ 1 x

cos 2t

T
3Jcos2t.sin’ f.cost — T (—2sin2r)

2+/cos 2t

cos 2t

~ 3c0s2s.sin’ £cost +sin’ 1.5in 2¢

cos 21+/cos 21
a'y_d[ cos’ 1 ]
dt  dr| \Jcos2t
x}cos2x.£(cos I)—cos t.a(\;cosh)

cos 2t

Jeos21.3cos’ 1. (% (cosr)—cos’ 1.

cos2t)

1
2+Jcos 2t dt (

1

Jeos 2f_

cos 2t

3+cos2z.cos” 1(—sint)—cos’ 1.

(~2sin2r)

cos 2t
=308 21.c0s” 1.sin 1 +cos’ 1.sin 21

cos2t~/cos 2t
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dy —3cos2t.cos’ t.sint +cos’ £sin 2¢
Ly _

E cos 2f~fcos 2t

Cdx [dx] ~ 3¢os2t.sin’t.cost+sin’ £sin 2t

E CcoS8 2fA/cOos 2t

_ —3cos2t. cos’ f.sint +cos’ fsin 2¢

 3cos2rsin’f.cosf4sin’ £sin2e

—3cos2f.cos’ t.sint +cos’ ¢ (2 sinfcos t)

" 3cos2fsin’f.cost+sin’ ¢ (2 sinfcos t)

sintcost [—3 cos2f.cost +2cos’ t]

sintcost [3 cos2fsinf+2sin’ t}

[—3(20052t—l)cost+2cos3t} cos2t:(2ooszt—1)
[3(1 —2sin® .t)sint+2sin3 t] cos2f = (1—2 sin’ t)
_—4cos3t+3cost cos3t =4cos’ r—3cost
3sint—4sin’ ¢t sin3¢t =3sint —4sin’ ¢
—cos 3t
=(_:O—S =—cot3f
gin 3¢

{ A
) ) xza[cosﬂ—logtan—],yzasmr
If x and ¥ are connected parametrically by the equations 2

dy
without eliminating the parameter, find dx

b

14 )
) x:a[COSH— logtan—],yzasmt
Given, 2,
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Then,

8, d(cos! +— lo tan1E
dt | dt & 2
=q —smr+—t—
tan—
I [ Lt d r
=qa|-sinf +cot—.sec’ —.—| —
L 2 2 dt 2
I '
_ 0052 1 1
=d|—SsIn{+ X ==
_t )
sin COSs
L 2 2
. 1
=q|—-smf+———
2sin — cos]
L 2
[ , 1
=a|-smi+——
\ sin
—sin’7+1
:a e ———
~ sint
[coszt)
s
d d, .
;V:a—(snlf):acost
dt di
Therefore,
)
dy _\dt)__acost _sint_

;_(dx]_ cosit) cost
a—;
dt sint

Question 9:

If x and ¥ are connected parametrically by the equations x=asect,y=>btan0  without
dy

eliminating the parameter, find dx

Given, X =asec,y=btan0
Then,
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ﬂ:g_i(sec(?):asccﬁtarit?
do 0
d_y:b_i(tanﬂ):bsecgg
do do
Therefore,
%)
dy _\db)
ac [
do
B bsec* 0
asecH tanf
=£se09c0t8
a
_ bcosb
acosfsinf
_b 1
a sin0
=£cosec€
a
Question 10:
If X and y are

connected

parametrically

by

the

equations
dy

x=a(cosf+0sin0),y=a(sin0 -6 cos0) , without eliminating the parameter, find dx

Given,

Then,

.2 =a icost‘il + i(&' sin@)
de de doe

x=a(cos€+95in9),y :a(sinﬂ -0 cosﬂ)

= a{—sin8+9i(sin8)+ sinei(ﬂ)]
do d6

=a[-sin@ +06 cosO +sinb |
= af cosB

do
=a[cosO +0sin0 —cosO]

=afl sin@

d_y—a{%(sinfﬂ)—%((?cos@)}=6{0059_{9%(0059)+0059'%(9)H


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Therefore,

dy
dy _ [aa]
dx ([ dx)
(%)
~ afsinf
" ab cos6
=tanf

Question 11:
dy _y

If x= Ja™ L p= Va ,show that dx  x

. ] sosT]
Given, x=va™ ' and y=Va™" '

Hence,
1

I I
sin'r ( sin1.')2 '}\m K 1' cos”' ( cos” r)" Foes 't
xX=\Nda =la =a-
and ¥~

lie =
—sin"'t

Consider x =a?

Taking log on both sides, we get

[
10gx=53m tloga

Therefore,

:>}— ~d—x-llo ai(sin"r)
x dt 2 & "
dx x

= —==loga.
dt 2 1_2.2

dx _ xloga

dr 1=

1|
—cos 't

Now, y=a’

Taking log on both sides, we get

——
logx = Ecos tloga
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Therefore,
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EXERCISE 5.7

Question 1:
Find the second order derivative of the function x* +3x+2

Consider, ¥ =x"+3x+2
Then,
d d

%:%(fﬁﬁmpﬁz)

=2x+3+0
=2x+3

Therefore,

d’y d

F - a(f&x +3)
d d

-2 (20)+2(3)

=2+0
=2

Question 2:
Find the second order derivative of the function x*

Consider, Y = x*
Then,
@:i(xzn)
dx dx

=20x"

Therefore,
dzy d i
o w2)

d
=20£(x19)

=20.19.x"
=380x"
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Question 3:
Find the second order derivative of the function xcosx

Consider, ¥ = xcosx

Then,
& =i(x.cosx)
dx dx

=COS x.%(x) 3 x%(cosx)

=cosx. |1+ x(—sin x)

=cosx—xsinx

Therefore,
ifx;}; = %[cosx —xsin x]
= {%-(cos x)- %(xsin x)

=—sinx-— {Sinx.‘%(x)jL x.a%(sin I)J

X
= —sinx—(sinx +xcosx)

=—(xcosx+2sinx)

Question 4:
Find the second order derivative of the function 1ogx

Let y=logx
Then,
dy_d

log ;
dx dx(ogr)

Therefore,

Q_i[l]
dx*  dx\x

=

X



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Question 5:

Find the second order derivative of the function *’ logx

Let y=x"logx

Then,

—gx}i = %[f log x}

d d
=logx.—(x’ )+ x’.—(log x
gL L g
= log x.3x’ st le log x.3x% + x°
x

=x"(1+3logx)

Therefore,

d’y dr,

% =E[x (I+3logx)]
:(l+3logx).%(x2)+x3%(I+3|0gx)
=(1+.’:log3¢).2x+xj.E

x
=2x+6logx+3x
=5x+6xlogx
=.x(5+6logx]

Question 6:

Find the second order derivative of the function e*sin5x

Let ¥ =e"sin5x
Then,
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@- = i(eJ" sin Sx)
dx dx

=sin Sxx%(e"'ﬁex%(sin 5x)
=sinS5x.e’ +e*.cos Sx.i(S.x)

=e¢"sin5x+e" cossx.5

=e¢" (sin5x+5cos5x)

Therefore,
d’y
dx?

- _[e (sin5x kScosSx)]

=(si

( 0" +e‘ sm5x+50055x)

ﬂ(sm5x+5|:;055x )e*+e |:COSSX —(5x +5(- sinSx).%(Sx)}
(

=e*(sin5x+5cos5x)+e” (5cos5x —25sin 5x)
(IOCOSSA —24sin 5x)
=2¢" (5cos5x—12sin 5x)

Question 7:

Find the second order derivative of the function e** cos3x

Let ¥ =e" cos3x

Then,
aF. g ( 5 cos Sx) cos3x.i(e“*')+e(”'.i(cos3x)
dx dx dx dx

— cos3x.e(’*.%(6x) +e*.(—sin 3x).d—dx-(3x)

= 6¢°* c0s3x—3e™ sin 3x (1)

Therefore,
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Q = i((Seﬁ‘r cos3x—3e¢* sin 3x) = 6.i(e6‘“ cos 3x) -3. d
dx”  dx dx dx

s 6_[686‘ cos3x—3e* sin 3x] = 3.[Sin 3x. di (e“" ) 4 eﬁ".% (sin 3x)}

X
= 36¢°" cos 3x—18¢°" sin 3x —3[ sin 3x.e°".6+ ¢ cos3x.3]
=36¢ cos3x—18e* sin 3x —18e°* sin 3x — 9¢°* cos 3x
=27 cos3x—36e™ sin3x
=9¢°* (3cos3x—4sin3x)

Question 8:

Find the second order derivative of the function tan™ x

Let y=tan Tx
Then,
raf—y=i(tan'l.vc)
dx dx

1

1+ x?

Therefore,

2
d{’=i( '2]=i(1+x2)"
dx” dx\1+x dx

= (=) (1+27) " (14x7)

- —2x
(lJch2 )2

Question 9:

Find the second order derivative of the function IOg(IOgX )

Consider, V= log(log x)
Then,

(66“ sin 3x)

[using (1) ]
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dy d
dfng[]og(logx)]
1 d
=— —|log
logx a'x( o;,x)

1

= .lz(xlogx)_]
logx x

Therefore,

%:%[{xlogx)_’]

= (=1).(xlogz)™ %(x log x)

-1 d d
= | log x.— x.—(logx
(xlog x)* [%x dx(x)-'- * dx( Ogl)}

-1 |
= 2.[10gx,1+x.—}
(xlogx) X

B —(l+logx)
- (xlogx}2

Question 10:

Find the second order derivative of the function Sin (logx )

Let Vv =sin(logx)
Then,

% = %[sin x(log x)]

= cos(logx) .di(logx)
x

_ cos(logx)

3

Therefore,

d’y d cos(logx)
dx®  dx x

x.%[cos(logx)} —cos(logx). % (x)

2
X



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Sl

d'y x[—sin(log x). (Iogx)}— cos(logx).1

dx’ 3

—xsin (log x). 1 cos(log x)
B X

x2

_ —[sin(log x):rcos(log x) ]

¥

Question 11:

2

Q+ y=0
If y=5cosx—3sinx prove that dx* ~

Given, ¥ =5cosx—3sinx

Then,
Y _ i(Scosx)miBsin x)
dx  dx dx

zsi(cosx)—B%(sin x)
=5(—sinx)-3cosx

=—(Ssinx+3cosx)

Therefore,

dy_d

dx*  dx
= —{5.%(sin x)+ 3.%(0083{)}
=—[5cosx+3(-sinx)]

=—[5cosx—3sinx]

[— (5sinx+3cos x)]

=R

d’y
—+y=0
Thus, de

Hence proved.


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Question 12:

7

d’y
If y=cos”'x find dx* in terms of ¥ alone.

. -1
Given, y=cos x

Then,
% = ;x(cos" x)

=l

Vi—-x?
-1

-—(1-+)"

Therefore,

-

224l ()]

d’ 0%
But we need to calculate dx®> in terms of V
= y=cos x

= xX=C0Sy

Putting X =c0sy in equation (1), we get
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d’y  —cosy

d’ (l—cos2 y)
__—Cosy
(Sin2 y)3

_ —Ccosy

sin’® y

—Cos 1
=— ‘yx o

siny sin"y

=—cot y.cosec’ y

Question 13:
If V= 3cos(logx)+4sin(logx), show that ¥'¥, +xy,+y =0

Given. Y =3cos (log x) +4sin (log x)

Then,

Y= 3.£[cos(log x)]+4 i[sin (logx)]
dx dx

=3_|:—sin(l{)gx)_%(]0gx):|+4_|:cos(]0gx)_%(logx)}

_ —3sin(logx) . 4cos(log x)

% i
_ 4cos(logx)—3sin(log x)

X

Therefore,
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_ d (4cos(logx)—3sin(logx)
dx X

_x {4cos (log x) —3sin(log x)}'— {4 cos(log x)—3sin (log x)}{x}'

2
X

x| 4{cos(log x)V'—{3sin (log x)1' | - {4 cos (log x) - 3sin(log x)!.1
[ { (log )J { ( g ]J g 2x)y

»

X

~ x.[—4 sin(log x).(log x)'-3cos(log x).(log x)'} —4cos(log x)+3sin(log x)

X

x_{—zl sin(log x) 1 —3cos(log x) l} —4cos(log x)+3sin(log x)
3 x x

2
X

_ —4sin(log x)—3cos(log x) - 4cos(log x) +3sin(log x)

2
_ —sin(logx)—7cos(log x)

x2

Thus,

_xz[_sm (Iogx)_?Cos(logx)]H(ztcos(logx)—ssin(logx)J

Xy, +xy, +y= x’ ¥

I +3cos(logx)+4sin(log x)

—sin(log x)—7cos(log x)+4cos(log x) —3sin (log x)
+3cos (log x) +4sin (log x)

Hence proved.

Question 14:

d’y dy
i nx > ¥ =k =0
If y=A4e™ +Be" show that dx* ) dhe IR

My Hx

Given, y = Ae™ + Be

Then,
dy d'pow d ¢ m
a)/: Aa(e )+ Ba(e )

= Ae™. % (mx)+B.e™. % (nx)

mx AL

= Ame™ + Bne
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Therefore,

dz’,v = i(Ame’”*' 4 Bne”")
dx®  dx
d

=Am.d(

o e ) + Bn. - (e”)
= Am.e"”.i(mx) +Bn.e'”.§(nx)

2 _mx 2 _nx

= Am“e" + Bn“e

Thus,
d? y
@

dy

—(m+n) £+ mny = Am’e™ + Bn'e™ —(m+ n)( Ame™ + Bne™ ) +mn [ Ae™ + Be™ )

= Am*e™ + Bn*e™ — Am*e™ — Bmne™ — Amne™ — Bn*e™ + Amne™ + Bmne™
=0
Hence proved.

Question 15:
d*y
Tx —7x = 49
If y=500e™" +600e "  show that dx’

Given, » =500¢™" +600e ™
Then,

dy d (o d(
E":st}oa[a ) +600.~-(e7)

= 5003".;[ 7x]+6003'“%(—7x)
X

=3500e™ —4200e 7

Therefore,

da X d x d —ix
o =3500e™.~ (™) -4200.7-(e ™)

fx dx

.. d 7 d
=3500.e" . —(7x)—42007" . — (-7
¢ a’x( x) ¢ dx( x)

=7%x3500.™ +7x42007"
=49x500.e™ +49 x 600e ™
=49(500¢”" +600e7)
=49y

Hence proved.
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Question 16:

d?y [g};]?.
If € (x+1)=1 show that dx* \dx

Given, e’ (x+1)=1

:»e"'(x—l-l):l

=gt =L
x+1

Taking log on both sides, we get

=1
Y= G

Differentiating with respect to x, we get

Hence proved.

Question 17:

If yz(tan"x)Z, show that (xz +])2 Y +2x(x2 +1)y| =2

Given, ¥ = (tan_l x)z
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Then,

=y, =2tan”’ x%(tan“ x]

= y, =2tan”’ x.[l - q]
o

:(1+x3)y1 =2tan"" x

Again, differentiating with respect to x, we get

= (1+2* ) y, + 233, =2( . J

1+ x?

:>(1+x2)2 yp+2x(1+x%) y, =2

Hence proved.
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EXERCISE 5.8

Question 1:

Verify Rolle’s Theorem for the function / (x)=x"+2x-8,xe[-4,2]

Given, / (x)=x"+2x-8 , being polynomial function is continuous in [4.2] and also
differentiable in (—2).
f(-4)=(-4) +2.(-4)-8

=16-8-8

=0

f(2)=(2) +2x2-8

=4+4+4-8
=0

Therefore, /(—4)=/(2)=0

The value of / (x) at —4 and 2 coincides.

Rolle’s Theorem states that there is a point © < (=4.2) such that /"(¢)=0
f(x) =x"+2x—8

Therefore, S(x)=2x+2

Hence,
f’(c?) =0
2c+2=0

c=-1

Thus, €="1¢€ (—4,2)

Hence, Rolle’s Theorem is verified.

Question 2:
Examine if Rolle’s Theorem is applicable to any of the following functions. Can you say
something about the converse of Rolle’s Theorem from these examples?

(0 f(x):[x] forx.e[S,‘)]
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(i) f(,x)z[x] for xe[—2,2]

(i) f(x): x*—1forxe [1,2]

By Rolle’s Theorem, [ :[a.b]— R,

If
(a) /f is continuous on [a.b]

(b) / is continuous on (a.b)

(c) /(a)=1(b)

Then, there exists some €€ (4:0) such that /"(c)=0

Thus, Rolle’s Theorem is not applicable to those functions that do not satisfy any of three
conditions of the hypothesis.

(0) _f(x)=[x] forxe[S,‘)]
Since, the given function /(%) is not continuous at every integral point.
In general, /(%) is not continuous at x=5 and x=9

Therefore, f(x) is not continuous in [5’9]

Also, f(s)= [5] 5 and /(%)= []:9
Thus, /(5)# /(9)

The differentiability of / in (3-9) is checked as follows.
Let n be an integer such that /€ (5.9)

The LHD of / at x=n is
Iimf(n+h)—f(n] [n+h] [n] n— m T -1

h—0 h ;:—m n-»o h h—0 h

= o0

The RHD of / at x=n is
o LD 0)_ (] 1

1m
B0 h h—0 h—)O h 0"

Since LHD and RHD of /* at x=n are not equal, f is not differentiable at x =n
Therefore, / is not differentiable in (5=9).
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(i)

(iii)

It is observed that / does not satisfy all the conditions of the hypothesis of Rolle’s
Theorem.

Thus, Rolle’s Theorem is not applicable for ./ (x)=[x] forx<[5,9]

= [x] for x e[—Z, 2]
Since, the given function /(%) is not continuous at every integral point.
In general, /(%) is not continuous at x =2 and x=2

Therefore, f(x) is not continuous in [_2 2]
Also, f(_z)z[_ ]‘ -2 and f(2 [2] 2
Thus, /(=2)# /(2)

The differentiability of / in (~22) is checked as follows.

Let n be an integer such that /7 € (-2.2)

The LHD of f at x=n is

gl RN FA)_ [’“"h] ] D e ot BT S
h—0 h ;:—m h—0 h =0 h

The RHD of f at x=n is
A L0 S A LTI 5 N L P oo LT

h—0" h h—0" h h—0' h h—>0"

Since LHD and RHD of /f at x=n are not equal, fis not differentiable at x=n

Therefore, / is not differentiable in (-2.2),

It is observed that f does not satisfy all the conditions of the hypothesis of Rolle’s
Theorem.

Thus, Rolle’s Theorem is not applicable for ./ ‘() =[x] forxe[-2,2]
/(x) =x’—1forxe [1,2]

Since, / being a polynomial function is continuous in [1.2] and is differentiable in (1-2)

;Fhus
J(1)=(1) -1=0

f(2)=(2)-1=3
Therefore, / (1)=7(2)
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Since, /* does not satisfy a condition of the hypothesis of Rolle’s Theorem.

Hence, Rolle’s Theorem is not applicable for ./ (x)=x"-1forxe[L,2]

Question 3:

If/: [_5»5] — R s a differentiable function and if /" (¥) does not vanish anywhere, then prove

that /' (=5)# 1 (5).

Given, It [_5’5] — R {5 a differentiable function.
Since every differentiable function is a continuous function, we obtain

(i) f is continuous on [-5.5]

(ii) f is continuous on (-5.5)

Thus, by the Mean Value Theorem, there exists €< (=5.5) such that

oL 5)=F(=5)
DA ==

=101"(c)=f(5)-f(-5)

It is also given that J"(x) does not vanish anywhere.

Therefore, / "(c)#0
Thus,

=10f"(¢)#0
= f(5)-f(-5)#0
= f(5)# £(-5)

Hence proved.

Question 4:

Verify Mean Value Theorem, if S (x)=x"—4x-3 i} the integral [a,6] ,where a=1 and b=4.
g

Given, J(x)=x"—4x-3

/", being a polynomial function, is continuous in [1.4] and is differentiable in (1>4), whose
derivative is 2x—4.
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Thus,
f(1)=1"-4x1-3=-6
f(4)=4"-4x4-3=-3

Therefore,
f(b)-f(a) _f(4)-1(1)
b-a 4-1
-3-(-6)
—
_3
3

=1

Mean Value Theorem states that there is a point ¢ € (1.4) such that /'(¢) =1
Hence,

= f'(¢)=1

=2c—-4=1

:>c:E {whcrec:ie(l,ﬂf)]
2 2

Thus, mean value theorem is verified for the given function.

Question 5:
Verify Mean Value Theorem, if / (x) =" =5x"=3x i the interval [4:2] where a=1 andb=3.
Find all ¢ €(1:3) for which /*(¢) =0,

Given, fis f(x): % =Bt =3x

/', being a polynomial function, is continuous in [1.3] and is differentiable in (1’3), whose
derivative is 3x* —10x -3

Thus,
f(1)=P-5x1"-3x1=-7
f(3)=3"-5%x3"-3x3=-27

Therefore,
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f(b)-rf(a) _f(3)-()
b—a 3-1
_-27-(=7)
3-1
=-10

Mean Value Theorem states that there exists a point ¢ € (1.3) such that /"(¢)=-10
Hence,

:>f'(c)= ~10

=3¢’ -10c-3=-10
=3c?-10c+7=0
=3¢ -3c-Tc+7=0
:>30(c—1)—7(c—|)=0
= (c-1)(3¢-7)=0

:;n'::l,z [whcrcczze(l,?a]]
3 3

:ze (1,3)

Thus, Mean Value Theorem is verified for the given function and 73

for which f‘r(c) =0,

is the only point

Question 6:
Examine the applicability of Mean Value Theorem for all three functions given

(i _f(x):[x] forxe [5,9]
(i) f(,x)z[x] forxe[—Z,)Z]

(i) _f(x):,vc2 —1 forxe[l,Z]

Mean Value Theorem states that for a function ./ : [“J’ ] —R jf

(a) / is continuous on [a.5]

(b) f is continuous on (a,b)

Y — f(b)_f(a)
: ce(a,b) I'(c)=

Then there exists some ') such that b-a

Thus, Mean Value Theorem is not applicable to those functions that do not satisfy any of three

conditions of the hypothesis.

(i f(x):[x] forxe[S,‘)]
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(i)

Since, the given function /(%) is not continuous at every integral point.

In general, /(%) is not continuous at x=5 and x=9

Therefore, /(%) is not continuous in [5.9]

The differentiability of / in (3:9) is checked as follows.
Let n be an integer such that 7 € (5.9)

The LHD of f at x=nis

f(n+h)-f(n) [n+h] [n] n-l-n .. -1

lim = lim = lim =lim—=w
h—0 h h—0 h—0 h RN
The RHD of / at x=n is

i LA ) ["”’] 7] _ i 2= — im0 =0

h0 h h—0 0" h =0

Since LHD and RHD of / at x=n are not equal, ./ is not differentiable at x=n
Therefore, / is not differentiable in (559).

It is observed that /* does not satisfy all the conditions of the hypothesis of Mean Value
Theorem.

Thus, Mean Value Theorem is not applicable for ./ (x)=[x] forxe[s,9]
f(x)=[x] forxe[-2,2]
Since, the given function /(%) is not continuous at every integral point.

In general, /(%) is not continuous at x=-2 and x =2

Therefore, /(%) is not continuous in [-2.2]

The differentiability of / in (~2:2) is checked as follows.
Let n be an integer such that 77 € (-2.2)

The LHD of f at x=nis
i (n+h) (n) o [n+h] [n] n—l—-n e -1

h—0 h—0 e h RN
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(iii)

The RHD of f at x=n is
o j(n+h}2—f(n)

=07

= lim

x—0"

h|- -
LRl L S o, SR
h 0 h B0
Since LHD and RHD of f at x=n are not equal, / is not differentiable at x =n
Therefore, / is not differentiable in (-2.2) |

It is observed that /* does not satisfy all the conditions of the hypothesis of Mean Value
Theorem.

Thus, Mean Value Theorem is not applicable for ./ '(x)=[x] forxe[-2,2]

f(x)= x> —1forxe [1,2]

Since, / being a polynomial function is continuous in [1.2] and is differentiable in (1-2)

It is observed that / satisfies all the conditions of the hypothesis of Mean Value
Theorem.

Hence, Mean Value Theorem is applicable for / (x)=x"—1forxe[l,2]

It can be proved as follows.

We have, S(x)=x"-1
Then,

£ ()= -1=0
F(2)=(2) -1=3

Therefore,

1(0)-1(a) _1(2)-1(1)_3-0

b-a 2=] 1
=3

Hence, f'(x)=2x

Thus,
= f'(c)=3

. o=1-5 [where I.SE[I,ZH
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MISCELLANEOUS EXERCISE

Question 1:

Differentiate with respect to x the function (327 -9x+5 )

Let ¥=(3x"-9x+5)

Using chain rule, we get

ﬁ—i( .7:2—9;\'+5)[J

dx dx
—9 _)r - .\'+5)8 %(3)( —9x+5)
—9(3x* —9x+5) .(6x-9)

=9(3x* ~9x+5) 3(2x-3)
= 27(3x* —9x+5) (2x-3)

Question 2:

Differentiate with respect to x the function sin’® x+cos® x.

Let y =sin’ x+cos’ x

Using chain rule, we get

% = gc-(sin3 x)+%(cosr‘x}

=3sin® x.i(sinx)jhﬁ cos’ x.i(cosx)
dx dx

= 3sin® x.cos x +6.cos’ x.(—sinx)

= 3sin x cos x(sinx— 2cos? x]

Question 3:

3cos2x
Differentiate with respect to x the function (5x)
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)Bc:usl.f

Let »=(5x
Taking logarithm on both the sides, we obtain

log y=3cos2xlog5x

Differentiating both sides with respect to x, we get

i% = 3[10g Sx‘%(cos 2x)+cos 2x‘%(log Sx)]
dy

jx = 3y|:log 5x.(—sin 2,\:),%(2,@ + cost,é.d—i(Sx)]

=3y [—2 sin2x.log 5x + ons X }

X

{30052x

—6sin 2xlog 5){}
x

s0s2x | 3COS2X
" 5 3cos2 [
(5)" ==

—6sin 2xlog 5)(}

Question 4:

Sin"'(x\/;), Oéxél.

Differentiate with respect to x the function

Let »=sin"' (xVx)

Using chain rule, we get
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Question 5:

a X
)

Differentiate with respect to x the function v2x+7

cos

,—2<x<2

Using quotient rule, we get
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5 VT (coslzj_(coslj 4 ((2ve7)
“ (2557)

J2x+7 _l.d("j —(c ”‘j 2\/21_+ L (2xe7)

2x+7

V2x+7 _1—(0031xj #
. X’ 2)2J2x+7

> cos ! il

(Va=) (2x+7) (V2x+7)(22+7)

X
cos  —

\/_m (2 +7)

J1+sinx ++/1-sinx

t [ - : O0<x< %
Differentiate with respect to x the function Ji+sinx — 1 -sinx 2

L ViTsing +\/1—sinx} )

Let \/1+sinx—\/1—sinx
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\/l+sinx+\/l—sinx_ (\/1+sinx+\/l—siux)'
J1+sinx —+/1-sinx («/l+siux—\/l—sin x)(\/'1+sinx+\/l—sinx)

(1 ¥ sinx) + (l —sin x)+ 2\/(1 +s1n x)(l —sin x)

(L+sinx)—(1-sinx)

_ 2+24/1—-sin’ x _l+cosx

2sinx sin x

1+2c08' 2—1  2co0s® >
2 2

2sin & cos % 2sin x cos ¥
2 2 2 2

Therefore, equation (1) becomes,

y=cot” [cot 1]
2

Question 7:

logx

Differentiate with respect to x the function (logx)™ ,x>1,

Let 7 =(logx)™

Taking logarithm on both the sides, we obtain

log y =log x.log(log x)
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Differentiating both sides with respect to x, we obtain

= %d_c&y = %[log x.log(log x)]

=p id—c&y = Iog(logx).%(logx)ﬂog x.%[log([ogx)]

%(logx)}

dy 1
= —=y| log{log x).—+1log x.
dx “{ g( g )x & log x

v [1 i
= - |~ log(logx)+—
yL og(logx) J

= % = (log x)"™*" {l +—log(logx)}

X X

Question 8:

Differentiate with respect to x the function cos(acosx+bsinx) , for some constant @ and 5.

Let Y =cos(acosx+bsinx)

Using chain rule, we get

b ic:cus(ac:o:-;x-lrbsin x)
dx

dx
= —sin(acosx+ bsinx].%(acosx+bsinx)
=—sin (a cosx+ bsin x).[a[msin x)+ bcosx]

= (asinx—bcosx).sin(acosx + hsin x)

Question 9:
(sinx—cosx) TT 3T

) ) ) ) Sinx —Cosx ,—< X< —
Differentiate with respect to x the function ( ) 4 4

(sinx—cosx)

Let » =(sinx—cosx)

Taking log on both the sides, we obtain
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logy =log [(Sin X —COs x)(sin.v—mn) ]

=(sinx—cosx)log(sin x—cos x)

Differentiating both sides with respect to x, we obtain

I % = di [(sin x—cos x)log (sin x—cosxﬂ

vv X
i dp . d,. ‘ d.

= TX = log (sin x—cos x). E(sm x—cosx)+(sin x—cos x).alog (sin x —cos x)

= Lap log (sin x —cos x).(cos x +sin x ) +(sin x - cos x .;.—'(sin X —cosx)
vV dx (sinx—cos x) dx

= ? = (sin x—cos x){mx_w”] [(cos x+sin x).log (sin x—cos x)+(cosx +sin x)]
X

=5 ? = (sinx—cosx) " (cos x +sin x)[ 1+log (sin v —cos ) |
X

Question 10:

Differentiate with respect to x the function x* +x“ +a* +a“, for some fixed a>0 and x>0.

Let y=x"+x“+a" +a"

Also, let X" =u, x* =v, a* =w and 4" =

Therefore,
— y =u+v+w+s
a'_y_ @ dv . dw ﬂ

=—t—+—+ (1)
dx dx dx dx dx

Now, u=x"
Taking logarithm on both the sides, we obtain
= logu =logx”

= logu=xlogx

Differentiating both sides with respect to x, we obtain
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L log x.%(x] +x.%(logx)

u dx

du 1
—=u| logx.1+x.—
dx X

=x"[logx+1]=x"(1+logx) -(2)

Now, v=x"

Hence,
dv d g,
(i)
= ax®! (3)
Now, w=a"

Taking logarithm on both the sides, we obtain
= logw=1loga"

= logw=xloga

Differentiating both sides with respect to x, we obtain

LA loga & (x)
w dx B dx

W

—=wloga
b3
=a’loga (4)

Now, s=a“
Since a is constant, a“ is also a constant.
Hence,
ds
—=0 ...(5
= (5)

From (1), (2), (3), (4) and (5), we obtain

% =x"(1+logx)+ax"" +a*loga+0

=x"(1+logx)+ax"" +a"loga

Question 11:

23 3
Differentiate with respect to x the function * +(x-3) , for x>3.
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Let 7= +(x-3)"

Also, let u=x"" and v=(x-3)"

Therefore,

y=u+v
dv du d

o B T ..(1)
dx dx dx

Now, u = X<

Taking logarithm on both the sides, we obtain
logu =log (1"'1_3 )

= (x2 ~3)logx

Differentiating both sides with respect to x, we obtain

1du d d
= =log x. E(X —3) (x2—3).a(logx)

| du 1
j;a log x. 2x+(x —3) -
z%:x"j"{r;SJer]ogx—‘ (20
Now, ":(-‘_3)r

Taking logarithm on both the sides, we obtain
logv =log(x - 3)"'3
=x’log(x-3)

Differentiating both sides with respect to x, we obtain

‘d‘ og(x-3). ( )+ (xz).i[log(x_zﬂ
3%% Iog(x 3)2x+x ;?i( —3)

dv X
= —=v|2xlog(x-3)+ o
S { xlog(x-3) 3 }

:ﬂ:( -3) [

From (1), (2), and (3), we obtain

(x- 3)} (%)
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x'3+2xlog(x—3)]

X =

dy 25| x* -3 2
— =x" 7| —+2xlogx |+(x-3

Question 12:
@
Find dv, if ~

=12(1-cost),x = lO(z—sint),Tyr{t <%

The given function is » =12(1—cos?),x=10(z—sint)
Hence,

dx

s —[10(: sin 1‘)]
=1 O.E(r—sin 1)
=10(1—-cosz)

dy d

y [12(1 cosf)}
= IZ.E(I —cosr)

=12.[0—(~sin?)]
=12sin¢

Therefore,
dy
dy gt 12sint
dx  dx 10(1 —cost)
dt

12.2sin i.cosi
2 2

10.2sin?
2

Question 13:
dy
Find dx,if y=sin" x+sin"'Vl1-x’,-1<x <1,

. . . P - - 2
The given function is ¥ =sin" x+sin" vl—x
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Hence,

d—y=%[sin"x+sin" \/1-_»8]

dx

dip o d|. _ B
:E(sm ]x)+~£§(sm 'Wl-x )
dy 1 1 d (\/—2)
—= + —{Vl=x
dx 1-x° J"( l_xz]z dx
S
Ji—x? x 21— dx
1 1
= + —2x
NI 2x\/l—x2( )
| 1

B J1-# _\/l-xz

=

Question 14:
d_y_ |

2
If WI+y+yJl+x=0 for —1<x<1,provethatdx (1+x)

The given function is Xv/1+y + yvl+x =0

= xJl+y=—pJl+x

Squaring both sides, we obtain
(1+y)=y"(1+x)
=>x+xy=y" +x7°

=>x -y =n'-xy

=x’ -y =xy(y-x)

= (x+y)(x-y)=x(y-x)

= XxX+y=-xy

= (1+x)y=—x

i (I+xx)

Differentiating both sides with respect to x, we obtain
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d (I+x)%(x)—(x).%(]+x)
dx (I+x)2

(1+x)-x
(1+.\:)2
1
(1+z)

Hence proved.

Question 15:

if (x=a) +(y=b) =" for ¢> 0, prove that dx’ is a constant independent of @ and
b.

The given function is (—‘7‘0)2 ‘*(;V-b)3 =c?

Differentiating both sides with respect to x, we obtain
d 2 d 2N d 2

=y [+ 2 =0) [= (<)

=5 Z(J‘—a).%(x—ah Z(y—b)_%(y—b) =0

jz(Jf—ﬂ)-l+2(y—e5).§=0
X

dy f(xfa)
& y-b (1)

=

Therefore,
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(v-b)
(v—b)—(x—a].%
D
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—c is a constant and is independent of @ and &.

Hence proved.

Question 16:

dy _cos’(a+y)
If cosy=xcos(a+y) with cosa # %1, prove that dx  sina

The given function is €08V =X cos(a+y)
Therefore,

d d ]
- a[cosy] = a[xcos(aJr 2]

= —sin y% = cos (a+y)_di(x)+x‘%[cos(a+y)]
X X f

s—sinyjy = cos(a+y)+x.[—sin(a +y)]

P 4
X

dx

:[xsin(a+y)-siny}gf;—=cos(a+y) (1)

TP
Since, €08V = xcos(a + y) cos(a+y)

Then, equation (1) becomes,

cos y : o dy
{7) .sm(a+y) sin y] .. cos(a+y)

cos(a+y

=> [ cos y.sin(a+ y)—sin y.cos(a+ v)]% =cos’ (a+y)
zsin(u+y—y)ix—y=cosz(a+y)

dy _ cos’(a+y)

dx  sina
Hence proved.
Question 17:

d’y

If x:a(cost+tsinr) and y=a(sint—tcost) find d+? .
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The given function is * = a(cost+1sint) ang v =a(sini—tcost)
Therefore,

dx d )
—= a.—(oost+ts1nt)
dt dt
= a[—sinr+sin I.%(t)+ t.%(sin I)}
= a[—sint+sinf+roos 1‘]

=alcost

@ _

a.—(sint—foos 1‘)
dr dt

= a|:cos - {Gos t.%(f)+ f-%(cos f)H

= al:cos t—{cost—tsint}]

=atsint

)
@: dt _atsmt:tant

dx (dx]  atcost

dar
2
d_f=i ay =£(tant)=seczt.£
dx dx\ dx dx dx
5 |:dx dt 1 }
=seC¢ 1. —=atcost—=>—=
atcost dt atcos t
3
=SGG l‘,0<f<£
at 2
: JE -
if f(x)=|x , show that / (%) exists for all real x, and find it.

fx, ifx>0
x| = )
It is known that 1—1& ifx<0

. 3 3
Therefore, when * 2 0. f (x) =|x| =x

In this case, J'(x)=3x" anq hence, S"(x)=6x
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When ¥ <0, f(x) =] =(-x) =—x’
In this case, J'(x)=-3x" apq hence, S (x)=-6x
: 3 "
Thus, for f(x)= ‘x‘ , S (x) exists for all real x and is given by,
; 6x, ifx>0
/(%)= {—6):, ifx<0
Question 19:
E_( n ) = nxn—l
Using mathematical induction prove that dx for all positive integers .

d
P(n):—(x")=mx""
To prove: () dx(r ) "

For n=1,

P(l):%(x)zlzl-x"'

for all positive integers # .

Therefore, © (7) is true for n=1.

Let P(*) is true for some positive integer k.
d :
P(k):—(x" )=k

That is, (%) dx(x) "

It has to be proved that P(k+1) js also true.

Consider
=5
=L x)+x.i(x") [By applying product rule]
dx dx

d ;. .
E(x" '):x*+kx’
=(k+1)-x*

(k+1)-x"
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Thus, P(k+1) is true whenever P (k) is true.

Therefore, by the principle of mathematical induction, the statement P(n) is true for every
positive integer 7.

Hence, proved.

Question 20:

Using the fact that S (A+B)=sin Acos B+cos Asin Bz the differentiation, obtain the sum
formula for cosines.

Given. Sin(4+ B)=sin Acos B+cos Asin B

Differentiating both sides with respect to x, we obtain

di[sin(A +B)1 —di(SillACOSB)-i';—f(COSASillB)
X X X

=5 cos(A+B).%(A +B):cosB.%(sin A)+sinA.%(cosB)+sinB.%(cosA)+cosA.;—i(sin B)

=4 cos(A+B).£(A +B)=cosB.cosAﬁ+ sinA(—sinB)%+sinB(—sinA)‘ﬁ+cosAcosB§

dx dx dx dhx

dAd dB

= cos(A+B).[E+E} = (cos 4 cos B—sin Asin B)[ﬁ d—B]

+
dx  dx

= cos( A4+ B)=cos Acos B—sin Asin B

Question 21:
Does there exist a function which is continuous everywhere but not differentiable at exactly
two points? Justify your answer?

‘x\ —o<x <1

Consider, {2 -x 1<x<w
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P
Fe

v=x|

Y

It can be seen from the above graph that the given function is continuous everywhere but not
differentiable at exactly two points which are 0 and 1.

Question 22:
f(x) g(x) h(x)
y=| 1 m n —=| | m n

If " b ¢ |, prove that

Given,
= y=(mc—nb) f(x)—(lc—na)g(x)+(lb—ma)h(x)

Then,

% = %[(mc—nb)f(x)]—%[(fc— na)g(x)}+%[(fb —ma)h(xﬂ
=(mc—nb) f'(x)-(lc—na)g'(x)+(Ib—ma)k (x)
(%) g'(x) H(x)
= m n

a b c
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Question 23:

d’y __dy
If y=¢“" ",~1<x<1 show that U )aixz T 0

acos™ x

The given function is ¥ =¢€
Taking logarithm on both the sides, we obtain
= logy=acos™ xloge

= logy=acos'x

Differentiating both sides with respect to x, we obtain

L
y dx NI
Y__—a
dx 1-x*

By squaring both the sides, we obtain
2 2.2
(22
dx 1-x"
Y _ .,
:>(1—x2)[d;})) =&
Again, differentiating both sides with respect to x, we obtain
dy ' d 2 2\ d|(dy - 2d (5
il Qe 1-2)x—{[ =2 | ==
:{ J (1) +(1-2)x L (L] =2 L y2)

dx x dx
2 2
::»[ﬁj (—2.r)+(1—x2)><2d—y Qzaz 2y.ﬁ
dx

dx dx’? T dx
dy 2 dzl’ 2 |:dy ]
= —x—+(l-x")}—==4a". — %0
P U e dx
d’y  dy
3(1— 2);—3;—.&2)}:0

Hence proved.
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