Chapter 5 Continuity and Differentiability

EXERCISE 5.1

Question 1:

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

The given function is f («T)=5x—3
Atx=0,1(0)=5(0)-3=-3
lim £ (x) =Tim (5x~3) =5(0) -3 =-3

~lim £ (x) = (0)

Therefore, ./ is continous at x =0.

Atx =3, 7(=3)=5(-3)-
lim f(x)=lim(5x-3)=5

x—=-3 x—»-3

s lim f(x)= f(-3)

x——3

Therefore, / is continous at x =-3.

3=
('*)

Atx=35 f’(S)zS(S)—3:22
hmf( )—lin;j(Sx—3)=5(5)—3=22

X2

s lim £ (x) = £(5)

X—=2

Therefore, ./ is continous at x =5.

Question 2:

Examine the continuity of the function / () =2x"—1 gt =3,

The given function is / (¥)= 2x° —1
Atx=3,1(3)=2(3) -1=17
lim / (x) =lim(2x* 1) =2(3*) -1 =17

< lim f (x) = £(3)

Therefore, ./ is continous at x =3.

Question 3:
Examine the following functions for continuity.

G S(x)=x-5
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3 1
iy S5 *3
x2 —25
iy T F7 0
(v) S (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 k is k—5.
It is also observed that

lim £ (x) =lim (x~5) =k -5 = £ (k)
~lim £ (x)= £ (k)

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

1
() ik
(1)) The given function is /(%) 5" -

For any real number % # 5, we obtain

1 1
1 =1 ——
\I!;Tf( ) \]—I;i;’lx S k_,s
Also
1
f(k):ﬁ (AS)’L?ES)

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

f(x)zx2 ,X# =5

(111) The given function is x+5
For any real number ¢ # -5, we obtain

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

infla)-ln” - s ila-3-le-9)
Also,

5
1o)== ()

c+5

~Aim f(x)= £ (c)

Get More Learning Materials Here : & m @&\ www.studentbro.in


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

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

5-x,ifx<5
. | f()=eg =T
(iv)  The given function is x—5, ifx =5
This function /f is defined at all points of the real line. Let ¢ be a point on a real line.
Then, ¢<5, ¢c=5 or ¢>5

Casel: c<5
Then, f(e)=5-c
lim f(x)=lim(5-x)=5-c

“lim £ (x)= £ (e)

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

Casell: ¢=5

Then, f(c :j’(S):(S—S):O
l_i_}’glf(x)=L@}(S“—’f)=(5—5]=0
lim (<)<l (+-5) =0

i £ ()= lim £ (x) = 1 (c)

Therefore, 7 is continuous at x =5

Case III: ¢>5
Then, fle)=r(5)=c-5
lim f(x)=lim(x=5)=c=5

“lim £ (x)= £ (e)

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 / (¥)=X" 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 n".
Then,
lim f(n)= l_im(x") gl

cdim f(x)= f(n)

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

Question 5:
_{x,ifxél
5,if x>1 continuous at x=0? At x=12 At x=272

Is the function / defined by

{x,ifxél
The given function is 5,if x>1
At x=0,

It is evident that / is defined at 0 and its value at 0 is 0.
Then,

limf(x) =lim (x) =

x=3() =)

~lim £ (x) = £(0)

Therefore, ./ is continuous atx = 0.

At x=1,

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

I f{z)= gl =1

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

< lim £ (x)  lim £ ()

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) =lim(5) =5

~lim f(x) = £(2)

Therefore, / is continuous atx =2 .

Get More Learning Materials Here : & m @&\ www.studentbro.in


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 6:

)_{2x+xifxg2

Find all points of discontinuity of /', where f is defined by 2x-3 ifx>2
h{2x+lifx52
The given function is 2x-3, if x=>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

fle)=2c+3

Then,

lim f (x) =lim(2x+3)=2c+3

< lim £ (x) = f (c)

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

Casell: ¢>2
Then,
f(e)=2¢-3

lim f (x) =lim(2x=3)=2c-3

lri_rbr}f(x) =f(c)

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

Case III: ¢ =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 = 2is,

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 = 21is the only point of discontinuity of /.
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Question 7:
|x|+3, ifx<-3
f(x)=9-2x, if -3<x<3

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

|| +3, ifx<-3
f(x)=9—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(e)=—c+3
lim f (x) =lim(-x+3) =—c+3

L‘I_IP{(X) =i(e)

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

If ¢ =-3, then f(_B):_(_3)+3 =6
lim f(r) = lim (—_x + 3) = —(—3) +3=6
lim f(x)= lim (-2x)=-2(-3)=6
- lim £ (x) = /(-3)

Therefore, / is continuous at x = —3.

Case I1I:

If -3<c¢<3, then f(e)=-2¢
lim £ (x) = lim(-2x) = —2¢

-lim £ (x) = £ (c)

Therefore, ./ is continuous in (_373).

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 atx = 3.

Case V:

If ¢ >3, then f(c)=6c+2
lim f(x) =lim(6x+2)=6c+2

~im f(x) = f(c)
Therefore, / is continuous at all points x, such that x >3,
Hence, x =3 is the only point of discontinuity of ./ .

Question 8:

I .
f(x}z ?,1fx;t0

Find all points of discontinuity of / where f is defined by 0, ifx=0
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)= H,ifx;t{)
X)=19 x

The given function is 0, ifx=0

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

Therefore, the given function can be rewritten as

M= iee<o
X X

£(x)=10, ifx=0
Pl ifrso
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 f(e)=-1

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

< Aim f(x) = f(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 x—0"

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

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

x—0° x—0"

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

Therefore, / is not continuous atx = 0.
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Case III:

If ¢ >0, then f(c)=1

lim £ (x) = lim 1) = 1

wAim f(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 =1, itz20

_ X ifx<0

S(x)=1x

The given function is -1, ifx=0
It is known that X < 0= [x|=—x

Therefore, the given function can be rewritten as

X 1 ifx<0
f(x)=1k] —x
1, if x>0

= f(x)=-1VxeR
Let ¢ be any real number.
Then, lim f(x)= !‘_11}13(4) =]

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

Question 10:

x+1, ifx>1
X)={, . .
x +1, ifx <l

Find all points of discontinuity of / where f is defined by
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x+1, ifx>1
a4l ifx <1

The given function is
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 /(¢) =c’ +1

limf(x) = lirn_(,\r2 +1) =c? +1

wlim f (x) = £ (c)

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

If c=1,then /(c)=/(1)=1+1=2
The left hand limit of / at x =1 is,
lim £ (x)=lim (x> +1)=1" +1=2

x=-51" x>l

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

}i_)rf}f(x):}i_{]r;(x+l):1+l:2

~lim £ (x) = £(1)

Therefore, / is continuous at x=1.
Case I1I:

If ¢>1, then fle)=c+l

L”E f[r) = Li__l}:(x+ I) =g4]

~lim f (x) = £ (c)

Tﬁerefore, S 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

xX)=
Find all points of discontinuity of ./, where f is defined by {x T+ ifx>2

x' =3, ifx<2

X J= _
The given function is W[X P41, ifx>2

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

If ¢ <2, then f(e)=¢"-3
lim f (x)=lim(x’ -3)=¢’ -3

llinf(x) =f{e)
Therefore, f is continuous at all points x, such that x < 2.
Case II:

If ¢=2, then f(e)=1(2)=2°-3=5
lim f(x) = lim (x* -3)=2° -3 =5

x—=2

lim f(x) = lim (x* +1)=2* +1=5

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

If ¢>2, then f(e)=c"+1
lim /' (x) =lim(x* +1)=¢> +1

lt_rpf(r) = f(c)
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:

f(x}:{x“'—l, ifx<1

Find all points of discontinuity of /', where f is defined by X, ifx>1

f(x):{x"'—l, ifx<1

The given function is ¥, ifx il

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
tim £ (x) = lim({x'® 1) =" -1

X—=rC X—=C

liinj(r) =f(¢)
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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,
lim £ (x) = lim (x'* 1) =1" -1=1-1=0

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

lim f(x) = lim (x}‘): 1? =1

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

Case III:

If ¢>1, then f(c)=cj

lim / (x) = lim(x*) = ¢*

i £ (x) = /()

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

discontinuity of /.

Question 13:

B {x +35, ifx<1
Is the function defined by x=5, if x>1 3 continous function?
- {x +5, if x<1
The given function is x—3, 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 J(c)=c+5

li_m_f(x] = li}n(x—% 5)=c+5

wlim f(x) = £ (c)

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

Case II:
If c=1, then /(1) =1+5=6
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The left hand limit of /* at x=1 is,
li:r}'af(x) = [_im(x+5)= 1+5=6
The right hand limit of /" at x =1is,

lim f(x) =lim(x-5)=1-5=—-4

r—sl?

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

Case III:

If ¢>1, then f(e)=c-5

Lu;rgf(x] = l{i};rg(x— 5)=e~5

~lim f(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<I
f(x)=44, ifl<x<3

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

31 0=<xx<]
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
Li_IEf'(x) = le(B) =3

< dim f (x) = f(c)

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 (x)-im(3) -3

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

litg s} =L (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 III:

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

Therefore, ./ is continuous at in the interval (1,3),

Case IV:

If ¢ =3, then f(c)=5

The left hand limit of /" at x =3 is,
im (1) = lim(4) =4

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

e fle)=Tgto)=5
It is observed that the left and right hand limit of ./ at x =3 do not coincide.
Therefore, / is discontinuous atx = 3.

Case V:
If 3<c<10, then /(¢)=5
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lim f (x) = lim(5) =5

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

Question 15:
2x, ifx<l
S(x)=40, if0<x <1

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

2x, 1f x <0
f(x)=140, if0<x<1
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 f(e)=2c
lri..]P f(x) = Lil:r()(b:) =2c
wlim f(x) = £ (c)

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

Case II:

If ¢ =0, then f(e)=/(0)=0

The left hand limit of ./ at x =0 is,
i (3)= i (2)=2(0) =0

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

- lim £ (x) = £(0)

Therefore, ./ is continuous at x =0

Case I1I:
If 0<c<1, then f(x)=0
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lim £ (x) = lim(0) =0

s lim f(x) = f(¢)

Therefore, / is continuous in the interval (0.1)

Case IV:

If ¢=1, then fle)=r(1)=0

The left hand limit of /" at x =1 is,
i 2) =i (0) -0

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

lim Filzx)= 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(e)=4c
lim f(x) = lim(4x) =4c

s dim f(x) = £ (c)
Therefore, / is continuous at all points x, such thatx>1.

Hence, ./ is not continuous only at x =1 .

Question 16:
=2, ifx<-1
f(t) =«2x, 1f-1<x<1
2, it x 31

Discuss the continuity of the function /', where ./ is defined by

2, ifpg-1
f(x)=142x, if -1<x <1
2, it x 3]

The given function is

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

Case I:
If ¢ < -1, then f(e)=-2
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Ln}? flx)= .I:E.T(_z) =-2

i ()= £ (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,
i /()= 1 (2) -2

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

x—=—1" x—=—1

~tim £ (x) = £(~1)

r—=—1

Therefore, / is continuous at x = —1

Case II1I:
If -1<c<1, then f(e)=2¢
li__m_ f(x) = lim(2x) =2c

s lim f (x) = £ (c)

Therefore, / is continuous in the interval (_1’1).

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,
i /(1) (2)2

< lim f(x) =/ (c)

Therefore, / is continuous atx =2 .

Case V:

If ¢>1, then f(e)=2
li_m_ f(x) = lri_l_:r!(Q) =2
~dim f(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
| bx+3, ifx>3

Find the relationship between @ and b so that the function /* defined by
is continous at x=3.

~ {ax +1, ifx<3
The given function is bx+3, ifx>3

For / to be continuous at x =3, then

lim f(x)=lim £ ()= /() (1)

Also,
limf(x)= 1im(ax+l):3c1+l

x5 x—3

lim f (x)=lim (bx+3)=3b+3

x—»3

f(3)=3a+1

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

=3a+1=3h+3
=3a=3h+2

:;-.ﬁ;:=b+2
3
a=b+z

Therefore, the required relationship is given by, 3.

Question 18:
_|A(x*-2x), ifx<0

- -r - i
For what value of 4 1is the function defined by {4”" +1, ifx>0 is continous at
x =0? What about continuity at x =1?
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A(x*-2x), ifx<0

The given function is 4x+1, ifx>0
If/ is continuous at x =0, then
im £ (x)= lim /()= /(0)

‘ 2 T _ 2 _
= ll}"‘l;] l(x —Zx) = IIT (4x+1)= }L(U 2x0)
= 2(0°-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)=4x+1=4(1)+1=5
lim(4x+1)=4(1)+1=5

x—=1

lrifs]f(x) = f(1)
Therefore, for any values of A,/ 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 tox.

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

g(n)=n—[n]=n-n=0

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

lim g(x) = lim (x—[x])z lim (x)— liril[x] = n—(n—l)zl

T—3# T—wrr r—sn

The right hand limit of & at x=n is,

lim g(x)z lim (x—[x])z lirq(x)— lim+[x]= n—-n=0

It is observed that the left and right hand limit of & at x =#» do not coincide.
Therefore, £ 1s not continuous atx = 7.
Hence, £ is discontinuous at all integral points.

Question 20:

Is the function defined by f(x)=x"=sinx+5 continuous at x =7 ?

The given function is J/ (x)=x" —sinx+5
It is evident that / is defined at x =7 .
At x=1, f(x)=f(r)=n’-sinn+5=n"-0+5=x"+5

Consider 1M/ (x)= ,lrl_rﬁl(f ~sinx+5)

Put x =7 +h, it is evident that if X =7, then 4/ —> 0

slim f(x) =hlm (x2 —sin x) +5

X—IT X—T

=1lim [(?r +h.)3 —sin(x +h)+ S:I

h—»0)

=lim (7 + /)" ~limsin (7 + k) +1im5

h—l b0

=(z +O)2 —lim [sin:z cosh + cos r sin h]+ 5
h—»0

=7’ —limsinw cosh—limcoszsinh+5

h—0 f—0

=7’ —sinmcos0—cosmsin0+5
=1°-0(1)-(-1)0+5
=zt +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
(i1) f(x)=sinx—cosx

(iii) f(x) = SiN X X COS X

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

Let & (x ) =sinx and k(x) = COSX gre continuous functions.

It is evident that & (¥)=sinXis defined for every real number.

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

lim g (x) = limsin x

X X=o

=limsin(c+A)

h—0)

=lim[sin ccos h+ coscsin A

>0
=lim (sinc cos /1) + lim (cos csin )
=sinc¢cos0+coscsin 0
=sinc(1)+cosc(0)
=sinc

< limg(x)=g(c)

Therefore, & (x)=sinx 5 2 continuous function.

Let h(x) =Cosx

It is evident that /1(X) = €08Xig 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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lim h{x) =limcosx

X=rC K=

=lim Cos(c - h)

h—s

=lim[cos c cos h—sin csin A]

h=0

=lim(cosccos )~ lim(sin csin /)

h—0

=cosccosO—sinesin0
=cosc(1)—sinc(0)
=COscC

s limh(x)=h(c)

x—re

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

(i) f(x) = g(x) + k(x) =sinx +CosX j5 5 continuous function.

(ii) f(") = 8(*") - h(x) =SiNX—COSX ig 3 continuous function.

(ii1) f(x)=g(x)xh(x)=sinxxcosx iga continuous function.
Question 22:

Discuss the continuity of the cosine, cosecant, secant, and cotangent functions.

It 1s known that if & and # are two continuous functions, then
h(x)

,2(x)#0
- (%)

& ) 1S continuous.

(
.
i) & (x] is continuous.
1

(iii) h("’-) 1 1S continuous.

Let& (x ) =sinx gpq h(x) =COSXare continuous functions.

It is evident that £ (¥) =sinxis defined for every real number.
Let ¢ be a real number. Put x=c+ 7
If x—>c,then h—>0
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g(c)=sinc
limg(x)=limsinx

L Tad X=3C
= limsin(c + h)
h—0

im|sinccos A+ coscsin h]

1—0

im (sinccosh)+ lim (coscsin k)

=1
I}
=]
j
=sinccos0+ coscesin0
=sine(1)+cose(0)
=sinc
~limg(x)=g(c)
Therefore, & (x)=sinx is a continuous function.
Let 7(x)=cosx

It is evident that #(X) = €0sXig defined for every real number.
Let ¢ be a real number. Put x =c+ A
If x—>c,then h—>0

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

= lim cos(c + h)
h—=0
=lim[cosccosh—sincsinA)
fr—0)

= lim (cosccos k) - lim(sin¢sin /)

fr—s0)

=cosccos0—sinesin(

= cosc(1)-sine(0)

= EosE
s lim (x) =h(c)
Therefore, h(x)=cosx js a continuous function.
Therefore, it can be concluded that,

cosecx =——-,sinx#0 . )
Sin x 1S continuous.

=> cOoSecx,x # mr(n = Z) is continuous

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

secx = ,cosx=0 .

COS X 1S continuous.

:>S€CX,X¢(2H+1)£(HEZ) . :
2 1S continuous.
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) . x=(2n+1)£(ueZ)
Therefore, secant is continuous except at 2

-

cotx =

——,sinx #( . .
sin x 1S continuous.

= cotx,x # nr(n € Z) is continuous.

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

Question 23:

sinx .
) Afx <0
f(x)=1 x
Find the points of discontinuity of /', where x+1, ifx=>0

sinx
f(x)=1 x

The given function is x+1, ifx=20

Jifx<0

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

Case I:
sin¢
If ¢ <0, then /(e)= c

lim £ (x) = 1im[5i“"‘] = DBE

X=rC X—=»C x C

tim £ (x) = £

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

Case II:

If ¢>0, then f(c)=c+1
limf'(x) = li_m(x+ ]) =c+1
~lim £ (x) = f(c)

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

lim f(x) = lim[smx]zl

x—0" x—=0 x

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

7~ el
< lim f(x) = lim £ (x) = £(0)
Therefore, / 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:
5.0 1 .
x sin—, ifx#0
f(x)= x

Determine if / defined by 0, ifx=0 is a continuous function?

N
x’ sin—, ifx#0

f(x)= x

The given function is 0, 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:

Nzl
If ¢#0, then _f(c)—c, Smc

1

limf(x) = lim(.ﬂc2 sin ]—j = (lim 2 )(Iim sin —l~] =¢*sin—

X=pL X=c x = A= x C

Iti_rﬂf(x) = f((,)

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

Case II:

If ¢=0, then f(0)=0

Get More Learning Materials Here : & m @&\ www.studentbro.in


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(x2 sinl] = lim()c2 sinl]

x—0" x—0" X x—l X

. —lSsiniSI,x-#O
It is known that, X

3 . l bl
= —x' <x'sin—<x’
o1

) ) 1 )
- llm(—x2 ) i Ilm[x2 sin— | < limx?
x—0 x—3i) X x—0

=0< lim[.vc2 sinlj <0

r—l) 2

= lim (x‘\' sin l] =0

x—0 X
s lim f(x)=0
Similarly,
lim f(x)= lim (xz sin l} = ﬁm[x2 sin l] =0
x—0" x—0" x x>0 X

- lim £(x) = £(0) = lim 7 (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:

{sinx—cosx, if x#0

Examine the continuity of /', where / is defined by -1, ifx=0

{sinx—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(¢)=sinc—cosc

!rlI)IL"l_f(x) = E_ii;rcl(sinx —cos x) =sinc¢ —cosc

im £(¥) = £(¢)

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

If ¢ =0, then s(0)=-1
lim £ (x )—Ilm(smx cosx)=sin0—cosO0=0—-1=-1

x—0"

l1mj( )—hm(smx cosx)=sin0—cos0=0-1=-I
];1"{[;1_ f(x)= ll]“{rE f(x)=r(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 . r
2y 3 Ifx # 5
. T —
£(x)= )
3, ifx=2 =2
2 at 2
kcosx . T
oy ifx= 5
; T—2x
f(x)= )
: o 3, ifx=—
The given function is 2

T

T
x== x==
The given function / is continuous at 2, if fis defined at 2 and if the value of

o
the f at” 2 equals the limit of /' at’ 2.

T
It is evident that / is defined at "2 and [ 2 J _
kcosx

lim f(x)=1l
\Tff (x) ,rl_l;l%i"f—zx

X="+h
Put 2

x—>£:>h—>0
Then
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2
zE:B
2
=k=6

Therefore, the value of £ =6.

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

ke, ifx<2
fx)=1.".
3, 1f)(>2 at x:2

{Focz, ifx<2
x —

The given function is 3 ifx>2
The given function / is continuous at x=2, if /is 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 f(Q]' = k(z)z =4k
tim £ (x) = lim £ (x) = 7 (2)
= lim (k* ) = lim (3) = 4k

x—2 =2t
= kx2? =3=4k
=4k =3
:>sz

4

3
k==
Therefore, the value of 4.
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Question 28:

Find the values of k so that the function / is continuous at the indicated point
kx+1, ifx<nm

/(-1

cosx, ifx>m gt x=1

~ {kx +1, ifx<m
The given function is V7 cosx, ifx >
The given function / is continuous at x=7, if / is defined at x=n and if the value of
the / at x=7 equals the limit of / at x=7 .

It is evident that f is defined at x=7 and / (”) =km +1
lim f(x) = lim f(x)=f(7)

XTI

= lim (kx+1) = lim (cosx) = km +1

= kn+l=cosm=kx +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

X kx+1, ifx<5
f(x)= .
3x-5,ifx>5 gt x— 5

kx+1, ifx<5

OR
The given function is 3x-5, ifx>5
The given function / is continuous at x=35, if / is defined at x=5 and if the value of
the / at x =35 equals the limit of /" at x=5.

It is evident that / is defined at x =5 and / (5) =hkc+1=5k+1
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lim £ (x) = lim f (x) = £ (5)
= lim (kx+1) = lim (3x-5) = 5k +1

x5 x5
=5k+1=3(5)-5="5k+1
= 5k+1=15-5=5k+1
= 5k+1=10=5k +1
=5k+1=10
=% 5k=9

:>k=2
5

k
Therefore, the value of 5.

Question 30:
5, tx<2
f(x)=qax+b, if 2<x<10
Find the values of a & » such that the function defined by 21, ifx>10 isa

continuous function.

5, ifx<2
f(x)={ax+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 7 (x) = lim (x)= £ (2)

=>xlir§1 (S)z}}gl_(aerb):S
=5=2a+b=5

=2a+b=5 sl 1)

Since ./ is continuous at x =10, we obtain

lim /(x)= lim £ (x)= £ (10)

x—=10"

= 1l_1>11101 (ax+ b) = Yl_i)Illt‘)l (2]) =21

=10a+b=21=21
= 10a+b=21 il 2)
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On subtracting equation (1) from equation (2), we obtain
8a=16
=egr=2

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

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

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

Question 31:

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

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

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

J = goh  where g(x)=cosx gpq h(x)=x"

[ (gok)(x) = g(h(x)) = g(xz) = cos(xz) = f(x}]

It has to be proved first that & () =cosx and h(x)=x"are continuous functions.

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

Let ¢be a real number.

Let &(¢)=cosc put x=c+h

If x—>c,then h—>0

lim g (x) = limcos x

X=C X=C

= limcos(c +h)

h—0
= Li_}rrf}[cosccosh - sincsin 4]
= lim (cos ¢ cos /) —lim (sin csin /2)
= cosccos(0—sinesin0
= cosc(1)—sine(0)
= Cosc¢
s limg(x)=g(c)

X=c

Therefore, & (x) =cosx j5 a continuous function.
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Let k(x) =x’

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

Let & be a real number, then h(k)=k’

limh(x) =limx’ =k’

x—k x—k

~limh(x)=h(k)

r—k

Therefore, # is a continuous function.
It is known that for real valued functions & and %, such that (goh) is defined at ¢, if & is

continuous at cand if / is continuous at & (L) , then (ﬁ)g )is continuous at ¢ .

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

Question 32:

Show that the function defined by / (x) = |cosx| s a continuous function.

The given function is ./ (x) =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) =] and #(x)=cosx are continuous functions.

( ) [—x, ifx<0

g\x)= i

2(x) =[x/ can be written as 1x, ifx>0

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

Let ¢be a real number.

Case I:

If ¢ <0, then g(c)=-c

limg (x) = im (—x) = ¢

l_i_mg(x) =g(c)

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

Case II:
If ¢ >0, then glc)=c
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limg(x) = lim(x) =g

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

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

x—0 x—0
A= )=

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

vl sl

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

Let f1(x)=cosx

It is evident that /(X)=¢0sx g defined for every real number.
Let ¢ be a real number. Put x=c+#

If x—>c,then h—>0
h(c)=cosc
lim 4(x) = lim cos x
= !{1_1}13 cos(c i h)
= lim [cosccosh—sincsin 4]
=lim (cosccosh)~lim(sincsin /)
=cosccos0—sinesin0
=cosc(1)—sinc(0)
=cosc
limh(x] =h(c)
Therefore, h(x)=cosx is a continuous function.
It is known that for real valued functions & and /4, such that (80h) 1s defined at ¢, if & is
continuous at ¢ and if /* is continuous at & () , then (/2£)is continuous at .

Therefore, f(x)=(goh)(x)= g(h(x)) = g(cosx) = ‘Cosxl 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) =|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) =[x can be written as L‘a ifx>0
It is evident that & is defined for every real number.
Let ¢ be a real number.

Case I

If ¢<0, then g(e)=—c

lri--]ll- g (x) = Il_ir)r(l_(—x) =

- limg(x) = g(c)

TH\e)rféfore, g 1is continuous at all points x, such that x <0.

Case II:
If ¢ >0, then glc)=c
limg(x) = lim(x) =i

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

Case II1:
If ¢=0, then g(c)=g(0)=0
lim g(x): lim (—x)=0

x—l) x—0

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

x—0" x—=0'

s limg(x)= lim (x)=g(0)

v (]

Therefore, & is continuous at all x =0.

From the above three observations, it can be concluded that & is continuous at all points.
Let A(x)=sinx

It is evident that #(X) =sinx is 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
LI_T’T;l_h(x)= lim sin x
= 1_1_r)1{1lsm(c+k)
= lim[sinccosk +coscsink]|
k—0

= £1£1‘1}(51nccosk)+&_gl&(coscsmk)
=sinccos0+coscsin0
=sin¢(l)+cosc(0)
=sinc

~limh(x)=h(c)

X=>C
Therefore, h(x)=sinx ig a4 continuous function.

It is known that for real valued functions & and #, such that (goh) 1s defined at ¢, if & is

continuous at cand if / is continuous at & ("3), then (fbg )is continuous at ¢ .

Therefore, /(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 J/ (¥) =[x —[x+1],

The given function is /(¥ )=l —|x+1],

The two functions, & and # are defined as g(x)=|x and A(x)=|x+1],
Then, f =g—h

The continuity of £ and / are examined first.

B {—x, ifx<0

2(x) =14 can be written as X, ifx 20
It is evident that & is defined for every real number.
Let ¢ be a real number.

Case I:
If ¢ <0, then g(c)=—
limg(x) = lim(—x) ==

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

Case II:
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If ¢ >0, then glc)=c
limg(x) = lim(x) =g

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

Case III:
If c=0,then &(¢)=g(0)=0
lim g(x) = lim (—x) =0

x—l) x—0

lim g(x)=lim(x)=0
a0

x—0"

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

vl sl

Therefore, & is continuous at all x=0.

From the above three observations, it can be concluded that £ is continuous at all points.
{—(Hl), ifx <—1
h(x)=

h(x)=|x+1| can be written as x+1, ifx>-1

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

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

L=rC X—rC

- lim h(x) = h(c}

the?efore, h 1is continuous at all points x, such that x <-1.
Case II:

If ¢ > 1, then /(¢)=c+1

lri-IBh(x): ]Ti_l;lg(x+l) =c+l1

lxll;nk(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

xltr_rll h(x)= rl_lyr_r} (x+1)=(-1+1)=0
1_1,1:1': h(x) = El}} h(x) = h(—l)
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Therefore, /4 is continuous at x = —1.
From the above three observations, it can be concluded that # is continuous at all points.
It concludes that€ 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)=sin(x2+5), u(x)=x"+5 o4 v(t)=sint
Then, (vou)(x):v(u(x))=V(x2 +5)=tan(x2+5)=f(x)

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

Then, we get
%=%(sint]=cost=cos(xg+5)

dt d;, d d

E:E(x +S)=E(x2)+—£(5):2x+0=2x
By chain rule of derivative,
di=£.£=cos(xz+5)x2x=2xces(x2+5)
dex dt dx

Alternate method:

= 2xcos(x2 +5)

Question 2:
Differentiate the function with respect to x

cos(sin x)

Let J(x)= cos(sinx), u(x) =sinx 5nd v(f)=cost
Then, (vou)(x)= v(u(x)) =v(sinx) = cos(sinx)= f(x)
Here, / is a composite function of two functions.

Put e‘:u(x):sinx
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% = d—[cost] = —sin ¢ =—sin (sin x)
s 3

dt d , .
i —(sm x) =cosx
dx  dx

By chain rule,
df _dvdi

e i —sin(sin x).cos x = —cos xsin (sin x)

Alternate method:

%[cos(sin x)} =—sin(sin x).%(sin x)

= —sin(sin x)xcosx

=—cos xsin(sinx)

Question 3:
Differentiate the function with respect to x

sin(ax+b)

Let f(x) =sin(ax +b), u(x)=ax+b and v(f) =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(sini) =cost = cos(ax+b)

dr  d d d
Ex—_E(ax+b)-a(ax)+a(b)—a+0—a
Hence, by chain rule, we get
ﬂ:ﬁ.ﬂzcos(m+b).a=acos(ax+b)
dx dit dx

Alternate method:
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%[sin(mﬁ b)] = cos(ax +b)-%(0x*‘b)

_ cos(ax+b).[%(m)+%(b)]

=cos(ax+b).(a+0)

=acos(ax+b)
Question 4:
Differentiate the function with respect to x
sec(tan (\/; ))

Lot /() =sec(tan (V) u(x) = VE.w(0) = tant 4 ww(s) = secs

hen, (so308) () = (2)) ] (3] = {1 ) < st ) < £ 1)

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

put, S =v(f)=tant 44 r:”(x)z\/;

Then,
dw d
— =—(secs)
ds ds
=secstans
=sec(tant).tan(tant)  [s=tan/]
=sec(tan~/;).tan(tan\/;) [rzv";]
Now,
ds d 2, 2
E—E(tanr)—sec t =sec’ /x
dt _d dl 2) 1 0 1
E‘E(";)‘E[xJ—E-* ~5

Hence, by chain rule, we get
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%I:SGC(E&]‘I \/;)]2 d—w ﬂ ﬂ

ds dt dx

= scc(tan\/}),tan (tan \/}).secz \/;2\};

- 2\% sec’ ﬁsec(tan\/;)tan(tan \/;)

sec’ vx sec(tan \/;) tan ( tan \f;)
) 2Vx

Alternate method:

.%(tan \/?)

X

(tan V¥).tan (tan V¥ )
:sec(tanx,'fzz),tam(tan\/;).sec2 (\/’;)%(x/;)
= sec(tan \/;).tan (tan x).sec2 (\/’;)%

x
seo(tan\/.;).tan(tan x).secz(\/;)
B 2wWx
Question 5:
Differentiate the function with respect to x
sin(ax+b)
cos(ex+d)
B Sin(ax+b)

Given, )= COS(Cx+d),Where g(x)=sin(ax+b) gnd h(x)=cos(cx+d)
f.zg'h—gh'

J=

Consider &(x)=sin(ax+b)
Let 4(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, « and v.

Put, ! =u(x) =ax+b
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dv =i(sin1) =cost = cos(ax + b)

dt i
% :%(ax+b):%(ax)+%(b)=a+0= d

Thus, by chain rule, we get

gl="2=— — =cos(ax+b).a = acos(aerb)

Consider /(x)=cos(cx+d)

Let P(x)=cx+d,q(y)=cosy

Then, (409)(x) = (p(x)) = g (cx +d) =cos(cx+ @) = h(x)

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

%=diy(005y)=—siny:—sin(chrd)
dy _d . dod
E—dx(cx+d)—dx(cx)+dr(d)ﬂc

Using chain rule, we get

_dh_dq dy
dx dy dx
=—sin(ex+d)xc
=—csin(cx+d)
Therefore,
i acos (ax+ b).cos(cx+d)—sin (ax +b){—csin (cx+d)}
[cos(cx+d)T
=acos(ax+b}+csin(ax+b).Sin(cx+d]>< 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’ (xs)

% S 5
leen’ COS X" .s1n (x )
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%[cosxs.sinz (xs)] =sin’ (x‘i)x

X

2 . : d :
=sz(x“)x(—s1nx3)x—(x3)+cosx3><2Sln(x5).
dx

O ST 08 2 — 3 R
=—sinx’sin (x )x3x +2sinx’ cosx’.cosx x—(x )
= -3x’sinx’.sin’ (x5)+zsin x’ cosx’ cosx’ x 5x*

=10x"sinx* cos x’ cos x* —3x” sin x° sin’ (xs)

Question 7:
Differentiate the function with respect to x

2,(cot(x2)

2.jcot| x~ dx

a2yl

(S;i)ntx]) —cosec’ (x )x%(x)
AR

-2x

sin x“\/cosx sin x°
—2:/2x
sin x°~/2sin x° cos x°
—Z@x
sin x”~/sin 2x”

Question 8:
Differentiate the function with respect to x

COS(\/;)

Let / (3)=c0s( %)

Also, let u(x) =x and, v(r)=cost

di(cos x3] +cosx’ ><%[sin3 (x‘i)]

di[sinxj]
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()
=COS+X
=/(x)
Since, / is a composite function of u and v.
r:u(x)zxf;;
Then,
dt _d d{ ) 13
dx_dx(\/;)_a[x ]_2;’L
1
2J/x
dv d y
— =—(cost)=—sin?
dt dt

i, =n(35)

Using chain rule, we get
di _dv di

dx  dt dx
=—sin(x/;).2

=— 2\]/; sin (\/;)

_sin(\/J_c)
2Jx

Alternate method:

%[cos(\/;)] = —sin(\fa_c).

‘

oy
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Question 9:

Prove that the function /* given by
f(x)= |"‘_ 1\,x €R s not differentiable at x=1.

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

lim f(C‘)—f(c—k) i .f‘(c+h)_f(c)

h—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
i S0 S

fi—0 h

= lim 0|

h—=0 h

-0

= lim 2 (h<0=|H=-h)

h—0

=1

Consider RHD at x =1
f(+h)-7(1) _ i f|1+h—hl|—|1—1\

lim
=0 h h—0"
~ lim =0
fi=0" h
h
:;!tm-; (h>0:>|h‘zh)

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 i not differentiable at
x=1and x=2.
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Given, f(x)=[x].0<x<3

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

0" h and #-o° h are finite and equal.

At x=1,

Consider the LHD at x=1
FO-FO0-R)_[]-[1-4]

lim
h—0" h h—0" h
. 1-0
= lim —
0" h
= lim £
=0 h

Consider RHD at x =1
- f+h)-f(1) _ . [l+hj—[l]

h—0" h h—0"

. 1-1
=lim —
B0t fp

=lim0
h—s0"

=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

L f@)-r@-n)_ . [2]-[2-H
h—0 h h—0 h
. 2-1
= lim —
h—=0~ fj.l
= lim S
h—0" h
=

Now, consider RHD at x=2
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lim - = lim
h—0* h h—0" h
. 2-2
= lim —
Y
= 1m0

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+3y=sinx

Find dx

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

%(2x+3y) =%(sinx)

=5 %(22\7)4‘ %(3_}2) =Cosx

:>2+3@=cosx
dx

Q
dx

=3—=cosx-2

_cosx—2
3

. dx
Cdy

Question 2:

dy
Find dx: 2x+3y=siny

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

%(2x)+%(3y}=%(sin %)

ay dy : .
=2+3—=—=cosy— By using chain rule
. y— [By using ]

dy
=2= -3)—=
(cosy )a!x

Ay -

dx cosy-—3

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

d dgi, .y d

E(ax)+a(by )=E(COSJ’)
:>a+b%(y2):%(cosy) ssskl)
o2 i o) omsiny

a’x(y ]—Zy xand dr(cosy)— Smydx (2)

From (1) and (2), we obtain

dy . dy
a+bx2y—=—smny—
}dx y

dx
; dy
= (2by +sin y)a =—q

&y -a
Tdx 2by+siny

Question 4:
4
Find dx: x+y’ =tanx+y

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

%(xv +3%)= %(tanxﬂ:)

d
= —(x)+—(¥* ) =—(t +—L
(w)+—(3?) =-(tan¥)
= vi(x) + x,ﬁ + 2,1,'@ =sec’ x+ @ [using product rule and chain rule]
dx dx dx
:>y,1+x%+2yd;;=seczx+%:>(x+2y—l)%=scczx-y
LAy sec’ x—
T (x+2y-1)
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Question 5:
@
Find dx X +xy+y" =100

Given, X+ xy + y2 =100
Differentiating with respect to x, we get
d i, 5y d

a'_x(x +xy+y ):E(IOO)

d d d
:a(xz)Jra(xy)#—a(y ) =0
= 2x+{y.i(x)+x.;i}+ 2yﬁ =4
x

dx dx
:>2x+y.l+x.d—y+2y@:0
dx dx

:>2x+y+(x+2y)%:0

B _ 2y

Tdx x+2y

Question 6:
P,
Find dx ¥ +x°y+xy° +y’ =8I

Given, X +x’y+xy* +y’ =81
Differentiating with respect to x, we get

%(f + Xy + 1) +y3) =%(8 1)

d d d -y d

= ) g g (o) g (v) =0

. d d d g, ;&
'1i:|+|:y2—dx(x)+x—(y‘)}+3y'—y:0

d i ]
=3x7 | y—(x* )+ x*
[de( i
qd].-’ a9 dy {!dx
=37 +| y.2 22 4 Y1+ x2v. = |43 ==0
X {y x+xde {y xyix] ydy

[

:>(x3+2nf+3y2]%+(3x2+2xy+y3):0

dy —(Bx2 +2xy + yz)
e (x2 +2.xy+3y:)
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Question 7:
.
Find dv sin® y+cosxy =x

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

%(sin2 y+ cosxy) :%(7:)

= %(sinzy)+%(cosxy) =0

Using chain rule, we obtain

‘3;'(51-“2 y) = Fsin y-;—x-(sin y) =2sIin ¥ COS ,V%

%{cosxy) =-sin xy%(xy] =—sin xy[y%(x) + x%]

=-sinx [ 1+x@}—— sinxy—xsinx Q
Yy dx y y ydx

From (1), (2) and (3), we obtain
dy dy

2sin ycos y—+| —ysinxy—xsinxy— |=0
™ [ JIE ‘ dx]

. ; dy ;
= (ZSmycosy—xsanv)a: ysin xy

s ; dx z
:(sm2y—xsmxy)5:ysmxy

ysinxy
sin 2y — xsin xy

L ax _
L

Question 8:

P
Find dx  sin’ x+cos* y =1

Given, sin’ x+cos’ y =1
Differentiating with respect to x, we get

(2)

..(3)
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%(sin2 x+cos’y)= d—i(l)
= a%(sin2 x)+ %(cols2 y) =0

=5 Zsinx_—j—x(sin x)+2cosy.%(cosy] =0

= 25inxcos.r+2cosy(—siny).% =0
X

. . dy
:>sm2x—sm2y—y=0
dx
. dy _sin2x
Cdx sin2y
Question 9:

. d_y;yzsin_]{ 2x2]
Find dx 1+ x

Given,
. ( 2x J
y=sin -
14+ x"
: 2x
=siny= -
1+ x°

Differentiating with respect to x, we get

i(siny)zi[ 2x } s4(1)

dx dx\1+x°

= cos ,dy_i( 2 ]
}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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X

E 1+ 2

(I+Jc2)2

(1+5°).2-2x[0+24]

(l +Jc2)2

_242x7 -4y

(1+x2)2

siny =

Also, 13

2
cosy =,/l-sin’y = 1—[ 2x ]

1+x°

- (]+x2)3—4x2

A (r)

1+x°

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

I—xzxﬂ__Z(l—xz)
[+x° dx_(lﬂz)z
N

dx 1+x

Question 10:

dy _ (3): x) ]
Y. y=tan’
Find dx -3¢ ) B
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y= tan™' [3x—x3]
Given, 1—3x*

3x—x*
:>tany=(l_3sz i1
Since, we know that
3tanz —tan’ 4
=tany= 3 (2)
2 YV
I—3tan'§

Comparing (1) and (2) we get,

J«fztanZ

Differentiating with respect to x, we get

E]
1 d
Y S A
33 dx
&3 3
& o2 I+tan2¥
2 2
& 3
dx 1+x°

Question 11:

2
ﬂ.y:cos"l(I 12)
Find dx’ l+x" ), 0<x<1

] (I_xz )
y=cos 5
Given, I+x
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1—x2]
= Ccosy= T
4%

2 2
2 _1=x

2
l+tan2§ I+x

1 —tan®

f—

Comparing LHS and RHS, we get

tanzzx

2

Differentiating with respect to x, we get

secEi.i[£]=i(x)

Question 12:

d—y:'}zzsin_E l—x; Dzl
Find 4x 14+x°

W =i ]._ x2
y=sin -
Given, 1+x

. T
y=51n"[ ng
I+x

. 1
=siny=

Differentiating with respect to x, we get

;_i(smy)zﬂl‘xz] ()

T
Using chain rule, we get
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(sm y)= c0S y.— L4

cos y =4f/1—sin y—Jl l+x

_J(m) ~(1-2)' Y
(147 )2 (l+x ) X

Therefore,

- 2x dy

—(s = — sarilid
dx(qmy) 1+ x* dx ( )

- [using quotient rule]
1+x°

i[lﬂ(mf}i@f)(uﬁ)i(m?)
dx (]+x2)2

_ (1+x2)(—2x)—(11—xz)(2x)
(l+x2)A

_ “2x—2x" = 2x+2x°

2

(1+x3)‘
= - ..(3)

From equation (1), (2) and (3), we get
2 Q ~ —4x
].+x2 dx (l.'..xz)z
B _22
dx l1+x

Question 13:

dy [ 2x ]
——:y=0C08 vl e ot
Find dx 1+x°

) y=cos_1( 2.\:2]
Given, 1+x
y= cos”' ( 28 ]

1+x7

()
s = B
1+x°
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Differentiating with respect to x, we get

2
——
+
-

(]
——
B |
—

o]
d
—
|
2
=
—
—
+
-~
"

Question 14:

a y=sin_](2qu—x3),—L«cx<

1
Find dx 2 NG

e G 2
Given, 7 " (Zx : x)
y=sin"' (2xvl—x2)
:>siny=(2x\}1—x2)

@ www.studentbro.in


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 with respect to x, we get

dy i O B zﬁ
cosy.a—Z[xdx(\/l X )+\/1 X dx}

1—-sin? yd—i—ZB\/I_z_x ffl— 2}
d: x

dy —x*+1-x*
= 2x I— =2
\/ dx { V1=x? }

j(l—zf)d—y:z L=
dx 1%
ﬂ_ 2
dx J1—x?

Question 15:

d—y'y—sec'][;] O<x<—
Find dx’ 2x* -1) V2

. y=sec [ } ]
Given, 2% 1
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1
= y=sec”
& ( 2% — 1)

|
=>secy=|—
s [Zx“—l]

= cosy =2x" -1

=2x*=1+cosy
=V :2005ZZ

=X =COS£
i

Differentiating with respect to x, we get

&0=g(>3)

- _lay
sin? 2
2
:>Q_= =
dx sinv
-2
B e
d l—cosZZ
\ 2
.
dx ]—xE
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EXERCISE 5.4

Question 1:

e
Differentiating the following wrt x: sin x

X

e

L Y=-

et sin x

By using the quotient rule, we get
. d d .

& sin xg(e'r)—e'lr a(sm x)

dx sin® x

sin x.(e" ) — e".(cos x)

sin” x

e (sin X—Cosx)

sin® x

Question 2:

sin ' x

Differentiating the following e

sin”' x

Let y=e

By using the quotient rule, we get
@ = i(esin" _\-)

dx dx

= sin” x

=e .%(Sin 'x)

Question 3:

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

dy d o

s )
e .%(x"’ )
= e 3x°
=3x%"

Question 4:

.. -1 _-x
Differentiate the following wrt * .sm(tan = )

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

% = %[sm (tan‘1 e )]
= cos(tan™ ¢™). di(tan" e™)
X

e 1 d q.
:cos(tan le™ )Wg(c )

cos(tan™ e™) g

T s o dx

1+&*

—e™* cos (tan . e_"')

x

l+e™?

Question 5:

Differentiate the following wrt - log(cos ')

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

1 d
- - .—(cos &
cose” dx

] .
= \_.(—sme").
cose

e T

(e)

_ —sine”

cose’

X

=—e"tane’,e" #(2n+ 1)%—,”6 N

Question 6:

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

é(e"%ex: +...+e"j)

Differentiating wrt x, we get
Lo ) ) o S e

=+ {e“: x ;’j—x(x2 )} + {e"'s X %(Jf3 )} + [e'ﬁ X %(f )} + {""‘j A %(xj )]

[
=e +(e"’2 ><2x)+(ex3 ><3x2)+(€'€ x4x3)+(€"; ><5x*)

g 2 ~2 X 3 it 4 5
=¢ +2x¢" +3x7¢" +4x’¢" +5x7¢e

Question 7:

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

Let }’=\/~‘?T;

Then, y' = e
Differentiating wrt x, we get
yz _ eJ}
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dx dx
dy  sd
:)2}*‘;——9 g(\/;)
dy _ 1 1
=2y =¥ — —
e 2" Jx
ﬁ_ e\f';
dv  dyx
dy "
= —_—=
dx 4 e"r;\/;
72 Jx
A © sxad)

Question 8:

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

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

@_ %[log(log x)]

Question 9:

_COSX

) o ) B x>0
Differentiating the following wrt ~ logx

_COsX

Let = logx
By using the quotient rule, we get
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%(cosx).]ogx—cosx.%(log x)

ay
dx (logx)1
: 1
—sinxlog x —cos x.—
_ X
(Iogx)2
_ xlogx.smxtcosx 50
x(log x)

Question 10:

Differentiate the following wrt - cos(logx te )’x >0

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

%: —sin [logx+e'“].%(logx+9v)
= —sin(logx+ e-*)_[%(log x)+%(e")}
= -sin(logx+ e").(-l—+e"J
X

= —[l+ e"]sin(longr e‘*),x >0
X
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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(cos 3x)

Differentiating both sides with respect to x, we obtain

1y 1 .i(COSx)‘F .i(cos2x)+ .i(cosi’»x)
ydx cosx dx cos2x dx cos3x dx
. f&:y{— sinx sm2x.£’_(2x)_ sm3x.£(3x)]
dx cosSx CcoS2x dx cos3x dx
j_y = —C0s x.c0s 2x.cos 3x [ tan x + 2 tan 2x + 3 tan 3x]
X
Question 2:

(-D(x-2)

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

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

- (x-1)(x-2)
oz _log\j(x—S)(x—éi)(x—S)

(x-1)(r-2) ]
(x=3)(x—4)(x-5)

= logy= %[log{(x —1)(x- 2)} —log{(x =3)(x—4)(x _5)}]

= logy= %[log(x —1)+log(x—2)—log(x—3)—log(x —4) —log(x —5)]

1
= logy= Elog{
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Differentiating both sides with respect to x, we obtain

d d
Zix—1 Wi
d(v )+ x

quwZ)

X—2

d,
tdy 1|3 St

ydx_Z

—_
._.l-—-

x— 4cix(xa )_x 5'5“ 3
=>’sz[lJr1_1_1_1]

dx 2|x-1 x-2 x-3 x-4 x-5

.QTL\/ (x-1)(x-2) {1 L1
(

Car o 2\(x-3)(x—4)(x-5) Cx-4

Question 3:

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

Ccosx

Let Y =(10gx)

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
= E(cosx). log(log x) + cosx.;[log(logx)]

o L
1= &|&

&

U

i(]u:)gx)

=—sinxlog(log x)+ cosx.
g(logx) logx dx

&

U
Fa

I

COoSXx l}

logx x

y{—sinx log(logx)+

_(10 )w r|: COsX

\ &

- sinxlog(log x)}

Question 4:

Differentiate the function with respect to x: x* —2"""
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Let y — x.r i 2sin_r

Also, let x* =u and 2" =v
SLyY=uUu—=v

dv_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 d

= [E(x)x log x + x %(logﬂ}

u dx

du 1
= —=u|lxlogx+xx—
dx X

= -j—;:fr (logx+1)

:>%=xx (1+logx)

V= 2;m x

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

Differentiating both sides with respect to x, we obtain
1 dv - g
—.—=log2.—(sinx
v dx = dx{ )

dv
= —=vlog2cosx
dx

SR log 2
dx

% =x"(1+logx)—2""" cos x log2

Question 5:

2 3

4
Differentiate the function with respect to x: (x+3)" (x+4) (x+5)
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Let ¥ =(x +3)2 .(;f+-4-)3 .(:Jl:+5)4

Taking logarithm on both the sides, we obtain

log y = log(x+ 3»)2 +log(x+ 4)3 + l()g(erS)4

= log y = 2log(x+3)+3log(x+4)+4log(x+5)

Differentiating both sides with respect to x, we obtain

ldy_, 1 d
ydx  x+3 dx

dy [ g 3 4 ]
=>—=—=y + +
dx x+3 x+4 x+5

:%:(x+3]3(x+4)3(x+5]4._

=D (xr3) (xa) (x+3)"

:,j_i’_(ﬁs)(xw)l(ﬂs){

x+4

d
2 (245
)

%(x+4)+4_

2 = 3 i 4 }
| x+3 x+4 x+5
2(x+4)(x+5)+3(x+3)(x+5)]
+4(x+3)(x+4)
(x+3)(x+4)(x+5)

z(x2 +9x+20)+3(x” +8x+15)
-o-4(x2 +7Tx + 12)

L dy : 2 3 2
s =(x+3)(x+4) (x+3) (9x* +70x +133)

Question 6:

Differentiate the function with respect to x: [ X

y=u+v
dy du dv
& dr (1
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- [x . l]’
Then, x

Taking logarithm on both the sides, we obtain
= logu = log[x-l—iJ
X

1
= logu = xlog(x + —}
%

Differentiating both sides with respect to x, we obtain

1 du d 1 d 1
L ——(x)x]og(er—] +xxa{log[x+—ﬂ

u dx dx X X

1 du [ 1) 1 a’( ]]
= —.—=1Ixlog| x+— [+xx — x+—
u dx % ( l] dx x

X+—
X

& &

I
V SR N

-

+
|-
i

1
=
[ 3
£ |1
—
+
3
e
—

b

+
=
—

S
—
(=]
S

(| \

P
Now, v= xL %

Taking logarithm on both the sides, we obtain

|
= logv =log {x[lt] ]

= logv = [1 +l]logx
X
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Differentiating both sides with respect to x, we obtain

1l dv | d 1 1) d
— —=|—| 14— ||xlogx+|1+— | —logx
v dx | dx X x ) dx
[—%Jlogx+[l+l}.l

X X/ X

_logx+l

]
.xz .)Cz

x
_ {—logx+x+ IJ

U

= |l= ==

U

&% &%

U

%

U
&% &%

2
X

x["{l][—longrxH} (3

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

2 Pui B
Y _ [x+l—) {xz 1 +10g(x +ljj|+x[ "] [Lzlogx}
dx X x“+1 X X

Question 7:

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

log x

Let ¥ =(logx) +x

Also, let ¥ =(logx)" and v = xo=*

SLy=u+vy
d_:@_f_@ ...(l)
dx dx dx

Then, = (logx)’

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

= logu = xlog(log x)

Differentiating both sides with respect to x, we obtain
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i.j—i = %(x) xlog(log x)+ x.%[log(logx‘)]

=5 % =it {1 xlog(log x) + x. (10; 3 ,%(Iogx)]

X

:bﬁz(logx)x log(log x) + = i}

dx I (logx) x
du x I ]
M _(logx)*| log(log x
= (log x) _ og( Ogl)Jr(logx)_
5 i L]
:> ﬁz(log . log(log x).log x +
dx i log x
:}? =(log x)""[ 1+log x.log (log x) | il D)
x
= xlogx

Taking logarithm on both the sides, we obtain

= logv= log(x'”g’r )

= logv = log xlog x = (logx)’

Differentiating both sides with respect to x, we obtain

%% = %[(logx)ﬂ

=5 %% = 2(10gx].%(log x)
= g = Zv(logx).i-
@ = 2x10g.1‘ logx
dx X

dv log x—1
—>—=2x"""l0g> il 3
— =2 0g x (3)

—

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

dy x-1 02 x—
E:(logx) [14—logJ\:.leg(logx)]+?_x'g 'logx

Question 8:

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

Also, let “ =(sinx)" and v=sin"'Vx

L Y=uUu+vy
dv_dudv
dx dx dx

Then, 4= (sinx)"

Taking logarithm on both the sides, we obtain
= logu = Iog(sin x)"'

= logu = xlog(sin x)

Differentiating both sides with respect to x, we obtain

1 du d ; d :
;E:—d—x( )xlog(smx)+x.a|:]0g(smx):|
:>~j—:z z{lxlog(sin x)+x,(silix),~jj-(sin x)}
:@—(sinx)"' log (sin x)+—— .cosx

dx . (sinx)

du . x .
:d—xz(smx) [xcot x+logsin x] i(2)

v =sin" Jx

Differentiating both sides with respect to x, we obtain

1 40k
Ty =

d_ 11
dx  1-x 2x
%?—I—q (3)

2Vx—-x"

av_
dx

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

lx—a

dy

== (sinx)" [xcotx +logsinx]|+
x

Get More Learning Materials Here : & m @&\ www.studentbro.in


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 9:

sin X

Differentiate the function with respect to x: ¥+ (sinx) ™

sin x

Let Y=x""+ (Sin x)m“

CO5 X

Also, let u=x"* and V= (sinx)

Sy=u+v
W (1)
dx dx dx

Then, u = x™*

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

= logu =sin xlog x

Differentiating both sides with respect to x, we obtain
1 du d d
—.—=—(sinx).logx +sinx.—(logx
—.—==—(sinx).log ——(logx)

du { : 1}
= —=u|cosxlogx+sinx.—
dx

X
ﬁﬁ:xsj“*‘{cos;clogx+smx] vl 2)
dx X

V= (S‘in X]COS.\’
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Taking logarithm on both the sides, we obtain
= logv = log(sinx)"

= logv = cosxlog(sinx)

Differentiating both sides with respect to x, we obtain

%% = %(cosx) x log(sinx)+ cos x x de—[]og(sin x) ]

= % = v[—sinx.]og(sin X)+COoSX. sirllx .i(sin x]]

= % = (sinx)™" [—sin xlog(sinx)+ :?:: oS x}

= %: (sinx)™" [ —sinx log(sin x)+cot xcosx |

= % = (sinx )" [ cot x cos x —sin xlog (sin x) | wi(3)

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

dy

dx X

Question 10:

XC0s X

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

XCOsX x2 +1
:x =
Let Y x- =1
oo X +1
Also, let u = x*** and xt -1
Sy=u+v
L _du b
dx dx dx

Then, u =x"""

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

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

Lf,%z—%(x).cos x,logx+x.%(cosx),]ogx+xcos x.%(logx)
oy 1.cos x.log x+ x.(—sin x)log x + KoK

dx X

a‘.u XCOSX c

o [cosxlog x — x.sin xlog x + cos x]|
=% i i [cosx([ +log x)— x.sin xlog x} +:(2)

dx

_ xt+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

vde x*+1 x*-1

_dv_ v'zx(f ~1)-2x(x" + 1)]

dx (¥ +1)(x* -1

dv_x2+l —4x
e e (x* +1)(x* 1)

av —4x2 (3)

e
dx (x*-1)
Therefore, from (1), (2) and (3);

dx

dy = x.\-ousx
(1)

= [cosx(1+logx)—x.sinxlogx]—

Question 11:

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

1

Let ¥ =(xcosx)" +(xsinx):
; . 1
Also, let ¥ =(XC053€)' and v =(xsm X).r
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SLy=u+v
A U (1)
dx  dx dx

Then, ¥ = (xcosx)"'

Taking logarithm on both the sides, we obtain

= logu = (xcosx)’
= logu = xlog(xcosx)
= logu = x[logx +10gcosx]

= logu = xlog x + xlogcosx

Differentiating both sides with respect to x, we obtain

ldu_d

o dx(xlogx)+%(xlog cos x)

=% % = quog x.%(x) 4 x.%(log x)} + {log Cosx.%(x) = x_gx_(log COSx)H

= % :(x cos x)x _(10gx +1)+{]0g cosx + —
:% =(xcos x)-“ :(1 +logx)+(logcos x — xtan x)]
3% :(x cos x)* '(1 —Xxtan x.) + (logx+ log cos x)]
b L
du

- a:(xcosx,‘)x :l—xtanx+log(xcosx)]

1
v =(xsinx)r

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

= logv = lI(}g(xsin x)
X

= logv = —]-(logx+ logsin x)
x

1 1 .
= logv =—logx+—logsinx
s Y

Differentiating both sides with respect to x, we obtain

ldv_d llo x +i l10 (sin x)
vdx dx\x g dx| x s

v X X

:l@— log x. L +ll +|lo (sinx)
vdx B ) x x g '

ldv 1 log(sin x
:;EZX_Z(I_Ing) |:— ( )

:l@— lo xi[lj+l i(10 x) |+| log(sin x) i(lj+1
P A S )T
1 d

1
> +——.cosx
x xsin x

dv i 1
= :(xsm x)x = =

—

1-log x—log(sin x)+xcot x

dv :
:>—=(xsmx)x -

! _1—log(xsinx)+xcotx

= id = (xsin x)§
dx x

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

dy

Question 12:
dy
Find dx of the function X +y" =1

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

Su+tv=1
du dv

= SN e
dx dx

0 s (1)

Then, u =x"

Taking logarithm on both the sides, we obtain

= logu = log(x-")

= logu = ylogx

Differentiating both sides with respect to x, we obtain

1 du dy d
——=logx—+ y.—(logx
e log)

ﬂﬂ—u[lo xd—y+ l}
i g Y-

dx x
:>£:x-’[]ogx@+i} wil 2)
dx dx x
Now, v=y"

Taking logarithm on both the sides, we obtain
= logv = log(y'T )

= logv=1xlogy

Differentiating both sides with respect to x, we obtain

1 dv d d
~ L logy L (x)+x. 2 (log y
5 ogy.—(x)+x dx(og;)

dv [ 1 dy}
—=>—=v|logy.l+x.——

dx y dx

dv : x dy
=>—=y"|logy+—.— o

dx { = dJ G)

Therefore, from (1), (2) and (3);
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X! {1 ] y”[logy+§.%}=0
( )2

= (x* logx +xy* gz—(yx-""+yr10gy)

dy —(yxy_t +y* iogy)
o (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=vlogx

Differentiating both sides with respect to x, we obtain

logy,%(x) + x,%(]ogy) = logx.%(y) + y.i(log x)

dx
1 dy dy 1
= logy.l+x.——=—=logx.—=+y.—
gy. ya‘x g & J’x
:>logy+ logxay y
b% a’x
a :
ﬁ[i—logx]—y:i—logy
y dx x
5 x— ylogx ﬁzy—xiogy
y dx X
LA _y[y-—xlogy
de x| x—ylogx

Question 14:

dy .
Find dx of the function (cosx) = (COSJ” )
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y

The given function is (cosx)” =(cosy)
Taking logarithm on both the sides, we obtain
vlogcosx =xlogcos y

Differentiating both sides with respect to x, we obtain

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

= logcosx @ +y i(ms x) =logcos y.1+x i(c@sy)
‘dx " cosx dx ~cosy dx

dy y ; x ; dy
= logcosx.— +———.(-smx)=logcosy+——.(—sin yv).—
# dx cosx( ) gcos) csv( ")dx

dy dy
=> logcos x.— — ytan x = logcos y — xtan y—
dx dx

= (logcos x + xtan y)

L tan x + logcos y
E y 1 g )
_dv  ytanx+logcosy

dx xtan y+logcosx

Question 15:

dy

The given function is Xy = e

Taking logarithm on both the sides, we obtain

log(xy) =log (e""-"" )
= 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 dy
—(1 +—(1 =—(x)——
(logx) +—-(logy) =——(x)~—
l1ld 3 @
X ydx_ dx
:>[I+l]@—l—l
y ) dx X
y+lidy _x-1
y Jdx X
cdy_y(x-1)
Cdx x(y+1)

Question 16:

Find the derivative of the function given by S(x)=(1 +x)(l "'xg)(l +x4)(1 +x8) and hence find

(1),

The given function is S (x)=(+x) (147 ) (12" ) (14 2°)

Taking logarithm on both the sides, we obtain

log f'(x) =1log(1 +x)+log(l % xz) i log(l +x4) + 10g(1+x3)
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Differentiating both sides with respect to x, we obtain

v) dx[f ]:—logj(l x}+%logj(1+x)

+%log(l+x )+ dilog

r-'-x
"'I—"

+ )
l+x 1l+x

f'(x):(l+x)(1+x2)(l+x4)(l+xg)[ 1 2xq+ 4x° . 8x?1

—+

l+x 1+x% 1+x* 1+x8

Hence,

I+1 1+17 1+1" 1+71°

f"(l)—(1+l)(l+12)(1+1*)(1+1“)l L 20) A (1)?}

=2% 2x2x2[l+-2—+i+-§]
2. 2

2 2
—[6(15]
2

=120
Question 17:

2 3
Differentiate (x —x+ 8)("‘ +Ix+ 9) in three ways mentioned below.

(1) By using product rule
(i1)) By expanding the product to obtain a single polynomial.
(iii) By logarithmic differentiation.

Do they all give the same answer?

Lot ¥=(x"—5x+8)(x’+7x+9)

(1) By using product rule
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2
Let “z(x —5x+8) and v=x'+7x+9

Ly=uy
=% L4 @.v + u.ﬁ (product rule)
dx dx dx '
= —d@—r = %(Jc:2 —5x+8)‘(}:“ +7x +9) —Ir(}:2 —5x+8).i(x:’ +7x+9)

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

.. 2x(x3 +?:c+9) -5(x* +7x+9)+x2 (3x2 +7)

dx

—5x(3x2 +?) +3(3x2 +7)

e D (2x4 +14x7 +18x) - 5x° — 350 — 45+ (3x* +7x?)
dx

s B 08 AR T 8
dx

A2 50 20x% +45x% =525 +11
dx

(i) By expanding the product to obtain a single polynomial.
= (x2 —5J\¢+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,

in(xs—Sx“ +15x° —=26x° +1 Ix+?2)
dx dx

- ) RS2 ) 02

=5x' —5(4x")+15(3x ) - 26(2x) +11(1)+0
=5x* —20x" + 45x° —52x +11

(111) By logarithmic differentiation.
y= (x2 -S5x+ 8)()53 +7x+ 9)

Taking logarithm on both the sides, we obtain
logy = log(x2 —5x+8) + lcog(;c3 +Tx+ 9)
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Differentiating both sides with respect to x, we obtain

%.%=%log(x2—5x+8)+%10g(x3+7x+9)
1 & 1 d 1 d
:>;.£=m.£(x2—5x+8)+m.—(x3+7x+9)
1 1
:>%=y|:m(2x—5)+m(3xz+7):|
[ 2x-5 3t +7
i%z(xz—5x+8)(x3+7x+9)_x2_x5x+8+x3f7;+9}
B _ 3 2 2
:ﬂ=(x2_5x+g)(x3+7x+9) (2x-5)(x -2|-7x+9)+(3x +7)(x* -5x+8)
dx I (¥* =5x+8)(x* +7x+9)
z>%=2x(x3+7x+9)—5(x3+7x+9)+3x2(x2—5x+8)+7(x2—5x+8)
é%:2x4+14x2+18x—5x3—35x—45+3x5—15x3+24x2+7x2—35x+56
:>@=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
'—'(H.U.Ho’) =—VWH+uU.— W+ uy.—
dx dx dx dx
in two ways - first by repeated application of product rule, second by logarithmic
differentiation.

Let _y =Uvrw= 15_(1;_-“;)
By applying product rule, we get

% = %.(m-ﬂ) +u. %("-“")

dx
dy du dv aw
..

=— VWt — W+UY.—
dy  dx dx dx

= & %,(1:*,1-»') +u {%.w + w%] (Again applying product rule)
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Taking logarithm on both the sides of the equation ¥ = #.v.W | we obtain
logy =logu+logv+logw

Differentiating both sides with respect to x, we obtain

l%
y dx
ldv ldu 1dv 1dw
D — =t ——
vdx wude vde wadx
dy [1dﬂ 1 dv ldwj

=y ——F——t—

= j—x(log ) +%(logv) + %(log w)

=>——=y

dc “\udx vdx wdx

dy (l du ldv 1dw
= =YYW ——t————

dx ndc vdx wdx

d du dv dw
—(uvw)=—vw+u—w+uv.—

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,

dt

—(2ar® ) = 2a.i(r2)= 2a.2t =4at

(
Y _ 9 (at)=a () =ars =dar

Question 2:

If x and ¥ are connected parametrically by the equations x=acosf,y=bcos6  without

dy

eliminating the parameter, find dx

Given, x=acosf,y=bcos0

Then,
dx _
a’O 40

4 —(acosf)=a(-sinf)=-asinf

—(b cos@)=b(—sin@)=—bsin0

dy
a‘y d0) —bsin@ b

[d_)_—asinﬂ_a
do
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Question 3:

If x and ¥ are connected parametrically by the equations X=sint,y=cos2f without
dy
eliminating the parameter, find dx

Given, X =sint,y =cos2¢

—=—(sint)=cos!
Then, dr dt
ﬁ: d

dt E(cos 2t) =—sin 21.%(2:) =-2sin2¢

L
d dt ) —2sin2t -2.2sinicost

5 = = = =—4sin¢
dx (dxj cost cost

di

Question 4:

4

x =4t V= . . e .
If x and ¥ are connected parametrically by the equations Y= , without eliminating
dy

the parameter, find dx

— 4ty =—
Given,x by
dx d

aX _ 9 e
at dt()

Question 5:

If x and ¥ are connected parametrically by the equations X =c0s0 —cos26,y =sinf —sin20

dy
without eliminating the parameter, find dx
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Given, X =cosf —co0s20, y =sin 6 —sin 20
Then,
dx
40 do
=—sin6 —(—23in26) = 2sin 20 —sin6
dy
do  do
=cosf —2cos 20

(cosﬂ 00326')— (cos@)-—:}%(cosZG)

(smﬁ —sin20) = d9 (sm@)——(sm 20)

dy
L dy [EJ _ cosO —2cos 20
Tk (cix] ~ 2sin26 —sinf
do

Question 6:

If x and Y are connected parametrically by the equations * =a(0—sin0),y=a(1+cos0)

dy
without eliminating the parameter, find dx

2

Given, ¥=a(0—sin0),y=a(l+cos0)

dx d ;S

— =qg|—(0)——(sinB) |=a(l—cosO
Then, 6 a[dﬁ'( ) de(sm ):| a(l—cos0)
j_gza_%(l)+%(oos€)}=a[0+(—sin9):|=—asin9

dy 2si 6 0 0
.@_ 40 B _d5ihe _— SIHECOSE__COS___C()IQ_
Cdx (dx) a(1-cos@) 5 sin2 & sin? 2

do 2 2
Question 7:

sin’ ¢ cos’

: . = Y= :
If x and ¥ are connected parametrically by the equations Veos 2t Jeos 2t | without
&
eliminating the parameter, find dx
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sin’¢ cos’
_x= =
Given, Jeos 2t Jcos 2t
Then,

de _d sin’ ¢
dr

dt Jecos 2t

\Jcos 2t a sin’ r) —gin’® if.i \Jeos2t
_ dt dt
cos 2¢
Jeos 2t 3sin’ 1 i(sinf)— sin’ £ x L 1[00521)
_ dt 2Jcos2t di
cos 21
2ol
= f ;
3Jcos 2r.sin’ f.cost ——m L (—2sin2¢
_ 2+ cos2t ( )
cos 2t
~ 3cos2s.sin® 1cost +sin’ 7.sin 21
cos 21+/cos 21
dy d| cos’t
dt  dr| \Jcos2t
d 5 . d
VCos2t. —(cos’ r) —Ccos f.— (\} cos 2;)
_ dl di
cos 21
Joos2t.3c0821. 2. (cosr)—cos’ 1. ! .1(00521)
_ dt 2Jcos 21 di
cos 2/
5 1
3+/cos2z.cos” t(—sint)—cos’ 1.— - (—2sin 21
= ( ) Jcos 2t ( )
cos 2t
~ —3¢0s2t.cos’ £.sin{ +cos’ £.sin 2/
cos 2i~cos 2t
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aﬁi} —3cos2f.cos” £.sint +cos’ £sin2¢

) d_y: (E _ cos2t.\/cos2t
U dx (dxj 3cos 2t sin’ £.cost+sin’ £sin 2¢

E COSs 2f~JCOs 2t

_ —3cos2t. cos” £.sinf+cos’ £sin 2¢

 3c0s2t.sin’t.cost+sin’ £sin 2t
—3cos2t.cos? t.sint +cos’ t(2 sinfcos t)

 3c0s2f.sin’ f.cost +sin’ ¢ (2 sin £ cos t)

sinfcost [—3 cos2t.cost +2cos’ t}

sinfcost [3 cos2tsint +2sin’ t}

[—3(20032t—1)cost +20053t} cos 2f Z(QCOSZt—l)
[3(1 —2sin? t)sint+2sin3 t] cos2f = (1 —2sin? t)
—Acos’ t +3cost cos3t = 4cos’ f —3cost
3sint—4sin’ ¢ sin3f =3sint —4sin’ ¢t
—Ccos 3¢
= (_;O—S = —cot 3¢
sin 3¢

Question 8:

) ) x=a[coa¢t+logtan£],y=asint
If x and ¥ are connected parametrically by the equations 2

dy
without eliminating the parameter, find dx

t ;
) x:a[cosm- logtan—],y:asmr
Given, 2;
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Then,
dx

=a. d(cos!)+£ lo tan1E
a7 dt 7 i

1 d t
=d —Slnr‘l'—t; tana
tan = ¥
L 2
- .t d(t
=a|—-smf{+col—.sec” —.—| —
I 2 2 dt\2
I !
_ 0052 1 1
=d|—sm/+ X —
1 12
sin cos
L 2 2
N ]
=q|—sml{+———
[
2sin— cos—
L 2
, 1 ]
=qa|—-smi+——
. s/
—sin r+1J
= -
sint
cos’ t
sin¢ J
d d ;.
l:a—(mnr):acosr
dt dt
Therefore,
&
d si
dy _ df - acost =qm1=tanr
dx [dx] cos> ¢ cost
: o
dt sint
Question 9:
If x and ¥ are connected parametrically by the equations x=asec,y=>btan0  without
dy

eliminating the parameter, find dx

Given, x=asect,y =btan0
Then,
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ﬂ: a_i(secé?)z asecB tan0
df

de
d—y:b.i(tanﬁ):bseczg
A6 d6
Therefore,
£
a'_y_ do
= [
do
_ bsec’ 0
asecBtanf
=ése09cot9
a
_ bcosO
acos@sing
b 1
. 3 .
a sin®
=£cosecl9
a

Question 10:
If X and y are connected  parametrically by the equations
dy

x=a(cos® +0sin0),y =a(sin -0 cost) , without eliminating the parameter, find dx

Given, X = a(cos@ﬂf’sinﬁ),y =a(sin9 -0 cosﬂ)

Then,
ﬁ= a i(:038 +i(85in9)
do do de

= a[—sin9+8i(sin8)+ sin@ﬁ(ﬁ)}
do do

= a[-sinf +6 cosO +sin 6|
= ab cos6

L4 :a{i(sinﬂ)—i(ﬂ cos@)} =a| cosé —{8 i(COSQ)+C{)SB.i(9)}
do | do do do d6

=afcos@ +0sin@ —cos0 |

=af sinf
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Therefore,

dy

dy _ [de']
dx (dx)
(%)

_ afsin6

" afcosh
=tanf

Question 11:

If x= ,‘asin"r’y: ||'a0<>s'lr

. in™! s
Given, x=va™ ' and y=va™ '

Hence,

1
x= |laeiin';r :(asin‘-')i g

Lis =
—sin"t

Consider x =a?

Taking log on both sides, we get

Lo
logx=gsm tloga

Therefore,

dx  xloga

dat 2\1-¢

I
—cos' ¢

Now, y=a’

Taking log on both sides, we get

Lo
log x =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;p d d
— = (¥ )+ —(3x)+—-(2)
=2x+3+0
=2x+3

Therefore,

d’y d

F - E(Zx + 3)
d d

= 2(25)+2-(3)

=2+0

Question 2:

Find the second order derivative of the function x*°

Consider, V= x*
Then,
@ - i ( xzn)
dx dx
=20x"

Therefore,
d’y _d 19
B |
d 19
=20£(x )
=20.19.x"

=380x"*
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Question 3:

Find the second order derivative of the function xcosx

Consider, ¥ =xcosx

Then,

ﬂ=i(x.mosx)
dx dx

- cosx.di(x)ﬂi(cosx)

x dx
=cosx.1 +x(—sin x)

=COoSX—XxSinx

Therefore,
dy d
dx*  dx

[cos x—xsin x]

= (%-(cos x)- %(xsin x)
=—sinx- {sinx.i(x)
dx

= —sinx—(sinx+ xcosx)

= —(xcosx+2sinx)

Question 4:

+ x.di (sinx)

Find the second order derivative of the function logx

Let y=logx
Then,

dy d
— =—{log:
dx dx(og\’)

Therefore,

dly_a7)
dx?  dxl\x

=1

X

Get More Learning Materials Here : &

@ www.studentbro.in


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 X’ logx

Let y=x logx
Then,

dy d

dxy dr[x log x}

= Iogx.%(x3)+x3.%(logx)

2 I 9
=logx.3x” + x*.— = log x.3x" + x°
x

=x’(1+3logx)
Therefore,

a4 y 4 [ (I+310gx)]

:(l+3|0gx}.£(x2)+x3%(IJrSlogx}

=(1Jr?)lt:)g_?c),lvw.afz.E
x

=2x+6logx+3x
=5x+6xlogx
=x(5+6logx)

Question 6:
Find the second order derivative of the function e' sin 5x

Let ¥ =e"sin5x
Then,

Get More Learning Materials Here : & m @&\ www.studentbro.in


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

@ = i(e‘ sin Sx)
dx dx

=sin 5xx %{e“' ) +e* %(sin 5x)
=sinSx.e” +e".cos Sx.i(Sx)

=e"sinSx+e" cos5x.5

=e¢" (sin5x+ 5c0s5x)
Therefore,
d’ ¥y
dxz

:—[e (sin5x+5c0s5x) ]

= (st

( e® )+ e —(sm5x+50055x)

(sm5x+50055x)e +e |:COSSX— 5x +5( sinSx).%(Sx)}
(

=e"(sin5x +5c0s5x)+e" (5c0s 5x —25sin 5x)
(]OCOSS)—24SIHSX)
=2¢"(5cos5x—12sin5x)

Question 7:

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

Let ¥ =e" cos3x

Then,
@& 4 (ef’* cos 3x) = oS 3x.— d (e’“’ ) +e"”’.£(cos 3x)
dx dx dx dx

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

= 6" cos3x —3e” sin3x (1)

Therefore,
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% = %((5:’36‘1r cos3x—3e™ sin 3x) = 6.%(66‘“ cos 3x) -3 .%(eﬁ" sin 3x)

- 6.[666‘ cos3x—3e" sin 3x] - 3.|:sin 3x.% (e‘“r ) 4 e‘”.% (sin 3x)} [ using (1)]

= 36¢% cos3x—18¢% sin 3x —3 [sin 3x.e% 6+e% . cos 3x.3]

=36¢™ cos3x—18¢™ sin 3x —18¢°" sin 3x —9e° cos3x
=27e cos3x— 36" sin 3x
=9¢* (3cos3x —4sin Bx)

Question 8:

Find the second order derivative of the function tan™ x

Let ¥ =tan T

Then,
ix_y = %(tan' ' x)
|

1+x2

Therefore,

d’ d 1 d -

e (v e LR
= (=) (1+27) " (147)

—2x
(lerz)2

Question 9:

Find the second order derivative of the function log(log)‘ )

Consider, ¥ = log(log x)
Then,

Get More Learning Materials Here : & m @&\ www.studentbro.in


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

& =%[log(log x)]

dx
= L .i(logx)
logx dx
e .lz(xlogx)_]
logx x
Therefore,

j;}; = %[(x log x)_’]

=(-1).(xlogx)~ %(’C log x)

= [log x.%(x)ht%(log ;\,)J

(xlogx)”

B (xlog.x)
_ —(l +log x)
(xlogif:;,:r)2

Question 10:

1
2.[10gx,1+x.—}
X

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

Let ¥ =sin(logx)
Then,

d—dj; = %[sin x(log x)]

=C0s (log x) .%(logx}
_ cos(logx)

X

Therefore,
d’y d {cos(logx)}

3 o

a® dx

x.%[c«os(logx)} —cos(log x)%(x)

2
X
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i x[—sin(log x).%(logx)}— cos(logx).1

dx? xl
—xsin (log x). 1 e (log x)
X

x2

_ ~[sin (log x) Tcos (logx)]

¥

Question 11:
2.

};
) —=+y=0
If y=5cosx—3sinx_ prove that dx’ Y

Given, y =5cosx—3sinx

Then,
& =£(5 cosx)—i(?:sin x)
dx  dx dx

=5%(cosx) —3%(5&: x)

=5(—sinx)-3cosx

=—(5sinx+3cos x)

Therefore,
2
ix—f = %[—(5 sin x+3cos x)]
= —{5.%(sin x)+ 3.%(003:&?)}
=—[5cosx+3(-sinx)]
=—[5cosx—3sin x|

=k

d’y
—}+y=0

Thus, dx*

Hence proved.
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Question 12:
d’y
If y=cos” x find dx* in terms of ¥ alone.

. -1
Given, y=c0s X

Then,

% =%(cos" x)

-1

(1)

Therefore,

But we need to calculate dx® in terms of V
= y=cos" x

=5 X = CO8 J¥

Putting x =co0sy in equation (1), we get
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d’y  —cosy

dx’ (1—(:052 y)3
__—cosy
(Sin2 y)3
_ —cosy

LI
sin” y

_—cosy 1

siny  sin® y

=—cot y.cosec’ y

Question 13:
If ¥ =3cos(log.x)+4sin(logx) , show that *’¥, +xy, +y=0

Given, V= 3cos (log x) +4sin (log x)

Then,

d ..
W= 3‘E[cos(logx)} +4. ;E[sm (logx)]

_ 3,[_sin(1og x),%(]ogx)]+4.|:cos(log x).%(logx)}

_ —3sin(logx) . 4cos(log x)

X X
_ 4cos(log x)—3sin(logx)

X

Therefore,
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_d 4cos(log x)—3sin(log x)

" dx x

X {4cos (log .x) —3sin (log x)}'— {4cos(log x) —3sin (log x)}{x}
x'.?

x.[4{cos (log x_)}'— {SSin(logx)}’J—{tlcos(log x_)—SSin(log x)}.l

X

x.| —4sin(log x).(log x})'-3cos(log x).(log x)' | —dcos(log x ) +3sin(log x
_ x| Asin(logx).(log x) (logx).(logx)'] (log x)+3sin (log x)

Y2

b o

x.{—-fl sin (log x) L —3cos(logx) l} —4cos(log x)+3sin(log x)
x x

2
X

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

e
_ —sin(log x)—7cos(log x)

x2

Thus,

2
X X

_t2 —sin (log x)—7 cos (log x) - 4 cos(logx)—3sin(log x)
Py, rxpy=| '
] +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:

dy_

mx nx 2 (m + ”)g.l{ + mny = 0
If y=Ae™ +Be™ show that dx’ dx .

HEX Hx

Given, y = Ae™ + Be

Then,
dy ' p e d |
£=A.£(e )+B.a(e )

=Ae™. % (mx)+B.e™. % (nx)

mx FLU

= Ame™ + Bne
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Therefore,

2
a’_:v = i(/{me”“ 4 Bne’“)
dx®  dx

d Iy d )Hl'
=Am.z(e )+Bn.;(c )

=A m.e"”.%(mx) + Bn.e"”.%(nx)

2 _mx 2 _nx

= Am e™ + Bn‘e

Thus,
a’zy
@

ay 2 _mx 2 mx

—(m+n)a+mny=Am e™ + Br'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 ~Tx =49
If ¥y=500e™ +600e ™  show that dx*

Given, ¥ =500¢"" +600e "

Then,
v d ;5. d g .
Iz":soo‘g(e’ )+600,E(e %)

& 500,e“.i[?x]+6003‘“.i(—7x)
dx dx

=13500e™ — 4200677

Therefore,

da v d X d -Tx
3 =3500e™.— () - 4200 (™)

X

=3500.e?-2%(7x)— 42007, % (7x)

dx
=7x3500.™ +7x4200e77

=49x500.™ +49x 600"
=49(500e™ +600e )
=49y

Hence proved.
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Question 16:

d?_}/:[ﬂ)z
If e"(XH):l,showthat dx® \dx

Given, e (x+1)=1
e (x—i—l) =1

:beyz—l—-
x+1

Taking log on both sides, we get

=lo !
Y= R )

Differentiating with respect to x, we get

ﬂz(ﬂl)i(L]
dx dx\ x+1

-1

(Jc+1)2

=[.x+l}.

=]

x+1

Therefore,

if:%[xl):_[(x:)z]

2]

Hence proved.

Question 17:

if ¥ =(tan”"x)

2
Given, ¥~ (tan" x)z
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Then,

= y, =2tan” x%(tan“ x)

=5y, =2tan" x.[l - a]
3-8

i(]+x3)yl =2tan”' x

Again, differentiating with respect to x, we get

:>(1+x2)y2+2xy, =2(1+le)

:‘)(]+x2)2_y2+2x(1+x2)yl =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 (—42).

f(-4)=(—4) +2.(-4)-8
=16-8-8
=0

f(2)=(2) +2x2-8
=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
}‘(x) =x’+2x—8

Therefore, /' (x)=2x+2

Hence,
_f’((.‘) =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?

(i) _f(x)=[x] fnrxe[S,‘)]
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%)= [x] for x e[—2,2]
f(x)=x*-1forxeL,2]

(ii)
(iii)

By Rolle’s Theorem, /' [a.b] > R

If
(a) / is continuous on [a.D]

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

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

Then, there exists some ¢ € (4.5) such that /"(¢)=0

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

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

Therefore / '(x ) is not continuous in [5=9]

Also, I(5 [5] S and /(9)= []=9
Thus, 1(3)=s(9)

The differentiability of / in (5:9) is checked as follows.

Let n be an integer such that " € (5.9)

The LHD of / at x=n is
im L () =) _ o [nth]-ln] o om-lem L -

h—0 h h—0 h h—0 h RN

The RHD of f at x=n is
im L (R =F(n) _ ["”’] [nthl=n] _pom=n_ 00

h—0" h h—0" h=0"  h 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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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 f(x)=[x] forxe[5,9]

W S0)=lx] prxef22]
Since, the given function /(%) is not continuous at every integral point.
In general, /(%) is not continuous at x=-2 and x=2

Therefore, / '(x ) is not continuous in [_2 2]

Also, Ji= [ 2]‘ -2 and /(2 [2] 2
Thus, .f(—) f(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
lim (””’) f(n) _ o [nthl=n] _ . n-l-n_ . -1

hs0 Ir—»l} h h—0 h =0 h

The RHD of f at x=n is
(n+h) (rz) [n+k]—[n]:limn—l—n X 0

lim =lim0=
0" h h—>0' h k-0 h IO

Since LHD and RHD of /* 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)=[x] forxe[-2,2]
iy JS(x)=x"-1forxe[l,2]

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

Thus,
F)=(y -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[1,2]

Question 3:

it /:[-5.5] > R js a differentiable function and if /" (¥) does not vanish anywhere, then prove

that /' (=5)= 1 (5),

Given, f: {_5’5] = R 5 a differentiable function.
Since every differentiable function is a continuous function, we obtain

(i) J is continuous on [-5.5]

(ii) J is continuous on (-5.5)

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

o S(5)=-f(=5)
abd oy ==
=10f"(c)=f(5)-f(-5)

It is also given that /"(%) does not vanish anywhere.

Therefore, / "(c)=0
Thus,

=10f"(c)#0
= f(5)-/(-5)=0
= [(5)# f(-5)

Hence proved.

Question 4:

Verify Mean Value Theorem, if J(x)=x"=4x-3 iy the integral [a.b] ,where a=1and b=4.

Given, f(x)=x"-4x-3

/', being a polynomial function, is continuous in [14] and is differentiable in (1’4), whose
derivative is 2x—4.
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Thus,
f()=1"-4x1-3=-6
f(4)=4"-4x4-3=-3

Therefore,
f(b)-rf(a) _f(4)-1()
b—a 41
_3-(9
——
3
3

=1

Mean Value Theorem states that there is a point ¢ € (1.4) such that /"(¢)=1
Hence,

= f'(e)=1

= 2c—4=1

:c:é {thrcc:ée(lA]]
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,

(ﬁmejﬁsf(x):xj—sz—Bx

/', being a polynomial function, is continuous in [13] and is differentiable in (1’3), whose
derivative is 3x* —10x—3

Thus,
f(1)=P=5x1"-3x1=-7
f(3)=3"-5x3"-3x3=-27

Therefore,
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F(B)-£(@)_FE)-£()
b—a 3-1
_=21=(=17)

3-1
=-—10

Mean Value Theorem states that there exists a point ¢ € (1.3) such that /"(¢)=-10
Hence,

= f'(¢)=-10

=3¢’ =10c-3=-10
=3¢’ -10c+7=0
=3c¢*-3¢c-Tc+7=0
:>30(c—1)—?(c—|)=0
=(c-1)(3¢-7)=0

=c= 1,Z {whercc‘:ze(],f&]}
3 3

:—;—E (1,3}

Thus, Mean Value Theorem is verified for the given function and ¢

for which fr(c) =0,

is the only point

Question 6:
Examine the applicability of Mean Value Theorem for all three functions given

(i S (x)=[x] forxe[5,9]
(i) f(x)=[x] forxe[-2,2]
(i) j'(,wr)z,vc2 -1 forxe[1,2]

Mean Value Theorem states that for a function ./ :[@-6] = R , if
(a) / is continuous on [a.D]

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

(oL (B)=f(a)
: ce (a b) / (‘ ) =
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] fnrxe[S,‘)]
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Since, the given function /(%) is not continuous at every integral point.

In general, /(%) is not continuous at x=5 and x=9

Therefore, 7(x) is not continuous in [5.9]

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

The LHD of f at x=nis
f(n'i'h)—f(n):lim [n+h]~[n] n—-1-n —1

lim = lim =lim—=w
h—0 h h—0 h h—0 h h—0" A

The RHD of f at x=n is
f(n+h)—f(n) _ [n-l-h]—[n]

I . Rn—n .
lim = lim = lim =lim0=0
0" h h—0" h 0" R 0"

Since LHD and RHD of / at x=n are not equal, / is not differentiable at x=n
Therefore, / is not differentiable in (5.9).

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]

(i) f(,\) = [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, J(x) is not continuous in [-2.2]

The differentiability of / in (2:2) is checked as follows.
Let n be an integer such that 7 € (-2.2)

The LHD of f at x=n is
Pweh)os()_ [wehlofa] | aion_

lim = lim =lim—=w
h—0 h h—0 h h—0 h h—0" A
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The RHD of f at x=n is
f(n+h)-f(n) [n+h]—[n]

lim = lim = lim 22 = lim0=0

h—0" h x>0 h 0"k 0"

Since LHD and RHD of / at x=n are not equal, / is not differentiable at x =7
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]

iy 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 f satisfies all the conditions of the hypothesis of Mean Value
Theorem.

Hence, Mean Value Theorem is applicable for / (x)=x"—~1forxe[1,2]

It can be proved as follows.

We have, S (x)= % =1
Then,

f()=(1y-1=0,
f(2)=(2) -1=3

Therefore,
£(b)=1(a)_£@)=r(1) _3-0
b-a 2-1 1

=3

Hence, f'(x)=2x

Thus,
= F'le)=3

=2¢=3

=c=1.5 [whcre 1.56[1,2]]
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MISCELLANEOUS EXERCISE

Question 1:

3 9
Differentiate with respect to x the function (3x -9x+5)

Let ¥=(3x*-9x+5)

Using chain rule, we get

< i(?}.:cz —9x +5)lJ
dx dx
3x —9\'+5)R %(3x1—9x+5)
-9(3x ~9x+5)".(6x-9)

=9(3x ~9x+5) 3(2x-3)
—27(3!( —9x+5] (2x-3)

Question 2:
Differentiate with respect to x the function sin® x+cos’ x .

Let ¥ =sin’ x+cos’ x

Using chain rule, we get

b

L < (sin’x) + < (cos"x)

=3sin’ x.i[sinx) +6¢c0s’ x.i(cosx)
dx dx

=3sin’ x.cos x +6.cos’ x.(-sin x)

. . 4
=35mxcosx(51n x—2cos x]

Question 3:

3cos2y
Differentiate with respect to x the function (5x) .

Get More Learning Materials Here : & m

@ www.studentbro.in


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

)30332;

Let ¥ =(5x
Taking logarithm on both the sides, we obtain

log y =3cos2xlog5x

Differentiating both sides with respect to x, we get

1%
y dx
dy

e Sy[log 5x.(—sin 2):),%(2,!) - cos2x,é.d—i(5x):|

= 3[10g Sx.%(cos 2x)+cos 2)(2%( log Sx)}

= 3}}[—2 sin2x.log 5x +

cos 2x
X

{3c052x
=F

—6sin2xlog Sx}
X

= (Sx)'?c"m [3 SR, 6sin 2x log S,r}
x

Question 4:

sin”' (x\/;), 0<x<1 .

Differentiate with respect to x the function

Let ¥ =sin” (xx)

Using chain rule, we get
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Question 5:

-1 X
COs =

,—2<x<2
Differentiate with respect to x the function v2x+7

Using quotient rule, we get
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o e o) L)
“ )

-1 d i x X 1 d
2x+7 () —[coslj.. 2x+7
27 242x+7 dx( )

2x+7
- 2
Nerved _[ ]
_ x 4—x 27 22x+7
2x+7
-1
L
( 4—x2).(2x+7) (\/2x+7)(2x+7)
1 cos_lf

Va-x*V2x+7 (2x+7 z

Question 6:

\/]+sinx+\f1—sinx

£ {
Differentiate with respect to x the function Vit sinx —Vi-sinx

,0<x<E
2

| \/1+sinx+\/l-sinx} (1)

Let J1+sinx—\/1—sinx
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\/l+sinx+\/l—sinx_ (\/1+Sinx+\/1~sinx)'

V1 +sin x —+/1 —sin x - (\/l+sinx—\/l—sin x)(Jl +sinx ++/1—sin x)

(1+ sinx) +(1-sin x) + 2\/(1 +sin x)(1-sinx)
(1+sinx)—(1-sinx)

_2+2~J1—sinzx _ l+cosx

2sinx Sin x

1+2cos’“—1  2cos®>
2 2

. X x - O x
2sin —cos —  28in—cos —
2 2 2 2

4
=cot—
2

Therefore, equation (1) becomes,

y=cot” [cot 1]
2

Question 7:

log x
Differentiate with respect to x the function (logx)™ ,x>1

Let ¥ =(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_ctry 2 %[log x.log(log x) |

=L g log ) (logx)+og . [10g (0]
= d_dic) - y{log(logX)-%“ng' logx‘%(logx)}

dy  [1 1
= =yl ~ log(log x)+—
o= oetioen)+ |

= . (log X)Iugx {l +—log(log x)}
dx X X

Question 8:

Differentiate with respect to x the function cos(acos x+bsin x) , for some constant @ and b.

Let ¥ =cos(acosx+bsin x)

Using chain rule, we get

2 = i(:t:us(em::o:m-Irbsin x)

dx dx
= —sin(acosx+ bsinx).%(acosx+bsin x)
=—sin(acosx+ bsinx).[a[—sin x)+bcos~r]
=(asinx—bcos x).sin(acosx + bsin x)

Question 9:

. : . ) sin x —cos x
Differentiate with respect to x the function ( )

(sinx-cosx)

Let ¥ =(sinx—cosx)

Taking log on both the sides, we obtain
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log y = log [(sin X —COS x)[sm"'_m”}]
=(sin x —cos x)log(sin x —cos x)
Differentiating both sides with respect to x, we obtain

i% = di[(sin X —Cos x) 108;(Sin x—cosx)]
R X

— %f = log (sin x—cosx).a(siu x —c0s x)+(sin x—cos x).%log(siux—cos x)
- ;d—i =log (sin x —cos x).(cos x +sin x ) +(sin x - cos x).m_—'(sinx—cos x)

. ? o (ginx—cosx (sinx—cosx) I:(

cos x +sin x).log (sin x — cos x )+ (cos x +sin x)]
X

Vv i (sinx—cosx]
= ;:(smx—cosx | sinx oos.tj(

v cosx +sin x)| 1+log (sin x —cosx) |
i

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 ¢° =5

Therefore,

=S y=u+v+w+s
dy du dv dw ds
=

= e (1)
dy  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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i% =log x.%(x) +x.%(logx)

du [ l}
—=u| logx.1+x.—
dx X
=x"[logx +1]=x" (1+logx) ..(2)

Now, v =x"
Hence,
dv d g,
—=—(*)
= ax®”! (3)

Now, w=a"

Taking logarithm on both the sides, we obtain
= logw=loga"

= logw=xloga

Differentiating both sides with respect to x, we obtain

1 dw d
s = loga.z(x)
L wloga
dx
=a’loga (4)

Now, s =a"

Since a is constant, a“ is also a constant.

Hence,
ds
5= 0 .(5)

From (1), (2), (3), (4) and (5), we obtain
dy

=x"(1+logx)+ax’" +a*loga+0

=x"(1+logx)+ax’" +a*loga

Question 11:

£*-3 S
Differentiate with respect to x the function * +(x-3) , for x>3.
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Let V= x'r?_?’ + (}C — 3)-‘-:

Also, let u=x"" and V= (=-3)
Therefore,
y=u+v
b _digdv
de dx dx
-3

Now, u=x’
Taking logarithm on both the sides, we obtain

logu =log (Jc"'l_3 )

=(Jc2 —-3)]0gx

Differentiating both sides with respect to x, we obtain
1 du d 2 3 d
=logx x =3)+(x"-3).—(logx
i ) o R el
| du 1
= Shashuanie=s) F, 77 LT N [ o | e
—, — logx.2x (x )

u X

:@:x"'z"‘[xu_3+2xlogx—‘ v 2)

Now, V= (x _3)r
Taking logarithm on both the sides, we obtain

logv = log(x—3)"'z
=x"log(x-3)

Differentiating both sides with respect to x, we obtain

‘d‘ og(2-3). ( X))+ (z)ﬁpog(x_z)]
:%%—Iog(x 3).2x+x° i%( -3)

3?—{2xlog(x 3)+ 3 1}
dv

:>—_( -3)° [—+2xlog(x 3)} i(3)

From (1), (2), and (3), we obtain
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%= 443 [x'x 3 +2J.g]ogx:|+(JC_3)"2 [;’_-3 +2xlog(x—3)]

Question 12:
d
. _‘y . y
Find dx,if

=12(1-cost),x = lO(z—sim‘),%ﬂ <%

The given function is ¥ =12(1—cos?),x=10(z —sin¢)
Hence,
dx d

=—[10(r—sin r)]

dr i
=1 O‘%(t—sin 7)

=10(1—cosr)
dy _d _
7 [12(1 cosf)}
:12.%0 —cosr)
=12.[0—(~sin7)]
=12sint
Therefore,
dy

dy g 12sint
dx dx  10(1—cost)
dt

12.2sin i.cosi
2 2

10.2sin? =
2

6
=—cot—
5 2

Question 13:

dy
Find dx,if y=sin”" x+sin"'Vl1-x’,~-1<x<I,

. . . - =1 = =] 2
The given function is ¥ =sin" x+sin" vI-x
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Hence,

d—y=%[$in" x+sin™! \zl—xz:l

dx

= %(sin_] x)+-j—(sin" 1-x* )
e

d_y: 1 + : i( 1—x2)
dx Jl—xz JI—{J]—T)Z dx

1 11 d(l—xz)

+—, —
1-x* X 241-x* dx
: (-2%)

1
= +
\/E—x2 2;;‘\./1—x2
1 3 1
Ji—x® -2

=0

Question 14:
d_y _ 1

2
If XJI+y+yvl+x=0 for —1<x<l,provethatdx (1+x)"

The given function is *V1+» +yVl+x=0
:>x\/1+y =—y\/l+x

Squaring both sides, we obtain
Z(1+y)=y"(1+x)
>x+xXy=y"+x’
:xz_yzzxyz_xzy

= x'—y =xy(y-x)

= (x+¥)(x-»)=x(y—x)

= X+ty=—xy

= (1+x)y=-x

—X

(1+x)

= y=

Differentiating both sides with respect to x, we obtain
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o |00~ 0+)
dx (I+ﬁr)2

(1+x)-x
(]+x)2
1
(l+:'c)2

Hence proved.

Question 15:

——
+
e
S|
%
—

If (x—a) +(y-b) =¢ for ¢ >0, prove that it is a constant independent of @ and
b.

The given function is (x—a) +(y-b) =¢*

Differentiating both sides with respect to x, we obtain

4 [x-ay ]+ 2 (- |- ()

dx x
- 2(;‘—a).%(x—a]+2(y—b).%(y—b) -0
= 2(x—a).1+2(y—b).%=0
jﬂ:__(x;“) (1)

dx y—>b
Therefore,
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&y _ i{gl

x> dx| y-b

) (y-b)i(x—a)—(x—a)-;j’c(&v—b)]

(v-b)
et 2
(v-b)
i [—(x—a)
(v-)-(r-a{ =) ,_
- (y—b)g [Usmg (l)]

*_'(.v—bf+(x—ﬂ
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—c 1is a constant and is independent of a and b.

Hence proved.

Question 16:

dy cos’(a+y)
If cosy=xcos(a+) with cosa #+1, prove that dr  sina

The given function is €08V =X cos(a+y)
Therefore,

- %[cosy] =di;[x003(a+y)]

= —sin yj—y = cos(a+y).di(x)+x‘%[cos(a+ )]
X X i

:D—Sinyj—y= cos(a +y)+x.|:—sin(a+y)]?
R bt

::»[xsin(a—i-y)—siny}%zcos(a+y) (1)

Ccos
= X= 4

Since, COSY = xcos(a+y) cos(a+y)

Then, equation (1) becomes,

{%.sin(awty)—sin y]% = COS (a+y)

= [ cos y.sin(a+ y)—sin y.cos(a + v)]% =cos’(a+y)
dy

ﬂsin(u+y—y)g:cosz(a+y)

dy _cos’(a+y)
dx sina

Hence proved.

Question 17:
d’y
If x=a(cost+tsint) and y=a(sint—tcost) find di? .
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The given function is X =@(cost +tsint) 54 y=a(sint—tcost)

Therefore,
dx d )
—= a.—(oost+ tsmt)
ot dt
= a[—sint+sint.%(t)+t.%(sint)]
= a[—sint+sint+toost]

=atcost

@ = —
dt dt

= a|:cos t— {cos r.% (£)+¢. % (cos r)H

= a[cos t—{cost—tsint}]

(sin f—tcos t)

=atsini

)
ﬁ: dt =ats1nt=tant

dx [dx] atcost

dr
2
d f=i i =i(tanr)=se02f.£
dx ae \ o dx dx
2 dx dt 1
=sec t. —=agicost—=> —=
atcost dt dx atcost
3
=S60 t,0<f<£

at

Question 18:
if f(x)= \x‘ , show that J"(x) exists for all real x , and find it.

x:fx, ifx=0

It is known that L—-’C, ifx<0

Therefore, when * 20, f(x) = o =

In this case, /' (¥)=3%" and hence, /" (¥)=6x
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When *<0, £ (x) =[x =(-x)’ ==

In this case, J'(x)=-3x" and hence, J"(x)=—6x

: 3 "
Thus, for / (x) :‘x‘ , J"(%) exists for all real x and is given by,

7(x)= 6x, ifx>0
b et

Question 19:
d

n i1
. L . — =n e
Using mathematical induction prove that dx( ) for all positive integers #.

d
P [y L - n—1
To prove: (n) dx(r ) -

For n=1,

P(l):i(x): 1=1-x""

for all positive integers ».

Therefore, I (1) is true for n=1.

Let P(K) is true for some positive integer k.

Ay ok
That is, P(k)'dx(x )_h

It has to be proved that ©’ (k+1) is also true.

Consider
=5l
=x*.i(x)+x.i(xk) [By applying product rule]
dx dx

=x"1+x-k-x*"

di(xk”):.xﬁ +er.-
X
=(k+1)-x*

=(k+1)-x*
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Thus, © (k+1) is true whenever £ (k) is true.

Therefore, by the principle of mathematical induction, the statement P(n) is true for every
positive integer ».

Hence, proved.

Question 20:

Using the fact that sin(4+B)=sin Acos B+cos Asin B g the differentiation, obtain the sum
formula for cosines.

Given Sin(A - B) =sin Acos B+ cos Asin B

Differentiating both sides with respect to x, we obtain

dr. d, . d :
E[SIH(A +B)] =E(5111AcosB)+—x(cosA sin B)

= cos(4 +B).i(A +B)= cosB.%(sin A)+sinA.i(cosB)+sinB.i(cosA)+cos A.di(sin B)
i

dx dx dx

=4 cos(A +B).£(A 4 B)z COSB.COSAﬁ'f'S].ll A(—sin B)@+ sinB(—sinA).ﬁ+cosAcosB@

dx dx dx dx dx

@, a8 = (cos 4 cos B —sin Asin B).
dx dx

= cos( 4+ B) =cos Acos B—sin A sin B

:>cos(A+B).[ ﬁ+d—B]
dx dx

Question 21:
Does there exist a function which is continuous everywhere but not differentiable at exactly
two points? Justify your answer?

‘x‘ —o<x<]

Consider, {2 -x 1€x<wo
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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=| I m n —=| | m n

If @ b ¢ 1, prove that

f(x) &(x) h(x)
y=| I m n

Given, " b &

= y:(mc~nb)_f(x)—(fc—na]g(x)+([b—ma)h(x)
Then,
% =%[(mc—nb)f(x)}—%[(.’c— na)g(x)}L%[(!b—ma)h(xﬂ

=(mc—nb) f'(x)-(lc—na)g'(x)+(Ib—-ma)h (x)
f'(x) g'(x) H(x)

=| 1 m n

a b .
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Question 23:

(-2 gF e
Ify:edmh .rj_lgxgl,show that dxz dx

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

_1a_ -
v dx J1=x?
dy  —ay

=

dx  1-x?
By squaring both the sides, we obtain

d z )
:(_y] _ay
dx 1—x°

dy F 5

— 1_ 2 vy =a2 2

(1-2)( L] ~aty

X

Again, differentiating both sides with respect to x, we obtain

(8 2t-rtn2]] o200

2 2
:t»[ﬁJ (—2)()-!—(1—.3(2)><2a"—y.ﬂza2 2y Q

dx dx dx? T dx
dy 2 dzy 2 [dy ]
= x—+(1-x")—=ua". — %0
& R e d
d’y _dy
=(1-x*)—=-x—-d’y=0
( x)dx2 Ad:c e

Hence proved.
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