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Exercise 6.1 Page No: 197

1. Find the rate of change of the area of a circle with respect to its radius r when
@r=3cm (b)r=4cm

Solution: Consider x denote the area of the circle of radius r.
Area of circle, x =11 r’*2

And, Rate of change of area x w.r.t. r is

E:E[’Er’]:lﬂ?

dr o

(& r=3cm

& _22(3)=61

ar sg. cm
(b)r=4cm

& ax(4)=8r

ar o sg. cm

2. The volume of a cube is increasing at the rate of 8 cm3sec. How fast is the surface
area increasing when the length of an edge.is 12 cm?

Solution: Consider a side of the cube be x cm.

Rate of increase of volume of cube = 8 cm3/sec

a . . d 1
—|xxx)=—|x|
= ar Cooar

Consider ¥ be the surface area of the cube, i.e., ¥ =6
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av d 5
—":5—_."{‘

Rate of change of surface area of the cube = 4 ar

ahx 8
6/ 205 | 12«
— dt ) 3x )
8 32
===
= 5 % cm?sec

Put * =12 cm (Given)

dv 32 8
dr 12 3 cm?sec
& 8
As, 4t is positive, therefore surface area is increasing at the rate of 3 cm?/sec.

3. The radius of the circle is increasing uniformly at the rate of 3 cm per second. Find
the rate at which the area of the circle is increasing when the radius is 10 cm.

Solution: Consider x cm be the radius of the circle attime t.
Rate of increase of radius of circle = 3 cm/sec

dx
= dt s positive and equal to 3 cm/sec

Consider y be the area of the circle.

= yv=m"
ay d
- - _' :1'-_':{-
-- Rate of change of area of circle = @t = at
dx i
T2x—=2mx(3)
= dt o

— GTx
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Put x = 10 cm (given),
@
dr — 6m(10)=601 cm2/sec
aj.;L.
As, dt is positive, therefore surface area is increasing at the rate of 697 cmz2/sec.

4. An edge of a variable cube is increasing at the rate of 3 cm per second. How fast is
the volume of the cube increasing when the edge if 10 cm long?

Solution: Consider x cm be the edge of variable cube at time t.
Rate of increase of edge = 3 cm/sec

dx
= 4t s positive and = 3 cm/sec

Consider y be the volume of the cube.
= y=x

dv

e —_.T:

Therefore, Rate of change of volume of cube = & = &f

3 E =3x"(3)
= at o

= 9% cmI/sec

Put * =10 cm (Given)

dy ,

dr = 2100 =900 e
v

As, 4t is positive, therefore volume of cube is increasing at the rate of 900 cm3/sec.
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5. A stone is dropped into a quite lake and waves move in circles at the rate of 5 cm/sec.
At the instant when radius of the circular wave is 8 cm, how fast is the enclosed area
increasing?

Solution: Consider x cm be the radius of the circular wave at time t.

Rate of increase of radius of circular wave = 5 cm/sec
ax
4t is positive and = 5 cm/sec

Consider y be the enclosed area of the circular wave.

p= T
av d 3
— T—x
Rate of change of area = «f = &t
dx .
Tlx—=2mx(5
_ T T om
Put * =8 cm (Given)
i -
dr — 10m(8)=80r W

d.L.
As, 4t is positive, therefore area of circular wave is increasing at the rate of 80T cm?/sec.

6. The radius of a circle is increasing at the rate of 0.7 cm/s. What is the rate of its
circumference?

Solution: Consider x cm be the radius of the circle at time t.

Rate of increase of radius of circle = 0.7 cm/sec
ax

= dr s positive and = 0.7 cm/sec
Consider y be the circumference of the circle.

= y=2Tx
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vﬂiL'
Rate of change of circumference of circle = 4t

¥ -
dr = 27 0.7 J

147 cm/sec

7. The length * of arectangle is decreasing at the rate of 5 cm/minute. When * =8 cm
and ¥ =6 cm, find the rates of change of (a) the perimeter and (b) the area of the
rectangle.

Solution: Given: Rate of decrease of length * of rectangle is 5 cm/minute.
fris

dt is negative = =5 cm/minute
Also, Rate of increase of width ¥ of rectangle is 4 cm/minute
dy
= dr is positive
=4 cm/minute

(a) Consider ¢ denotes the perimeter of rectangle.
x=2x+2v

pr 247 =12 . .
= 2(F)23H) =72 i5 hegative.

Therefore, perimeter of the rectangle is decreasing at the rate of 2 cm/sec.

(b) Consider z denotes the area of rectangle.
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"4} =5 =2 . .
= 8 +6(=3)=2 5 hositive.

Therefore, Area of the rectangle is increasing at the rate of 2 cm?/sec.

8. A balloon, which always remains spherical on inflation, is being inflated by pumping
in 900 cubic centimeters of gas per second. Find the rate at which the radius of the
balloon increases when the radius is 15 cm.

Solution: Consider x cm be the radius of the spherical balloon at time t.

di4 ;)
—| z@x |=900
According to the question, %3
4—T£ X =900
3 dt
E.BI:E :91:”:]
3 dt
1 =2 =900
at
dx 900
dr  4mx’
dx 900
dr 4m(15)°
dc 900
dr 47(225)
dr 900 1
dr 9007

1
Radius of balloon is increasing at the rate of T cm sec.
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9. A balloon, which always remains spherical has a variables radius. Find the rate at
which its volume is increasing with the radius when the later is 10 cm.

— X
Solution: As we know, Volume of sphere, V = 3
v di4 5
de  dx'\ 3 )

— 4’

N _ 47(10) = 4007
ax o

Therefore, the volume is increasing at the rate of *%07 cm%/sec.

10. A ladder 5 cm long is leaning against a wall. The bottom of the ladder is pulled along
the ground, away from the wall, at the rate of 2 cm/s. How fast is its height on the wall
decreasing when the foot of the ladder is 4 m away from the wall?

Solution: Consider AB be the ladder and length of ladder is 5 cm. So AB =5 cm.
Let C is the junction of wall and ground, let CA = x meters, CB =y meters
So, according to the equation: As x increases, y decreases

dx
and 4t =2 cml/s

In AABC,
AC? + BC? = AB? [Using Pythagoras theorem]
' +y? =25
yo=a (1)
210, % g
dt dt

.. av
2¢(2)+27 Z =0
S ar
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2y— =—4x
ar

y=3 [From equation(1)]

dv_ -2x4 -8

From equation (2), ¢t 3 3 cmls

11. A particle moves along the curve 6y = x3 + 2, Find the points on the curve at which
the y-coordinate is changing 8 times as fast as the x-coordinate.

Solution: Equation of the curve, 6y =x3+2 .......... (2)
Consider (X, y) be the required point on curve (1)

ai.L.
= =8
As per the given statements, &x ... ... (2)
6% =3y
From equation (1), @x

6x8=3x" [From equation (2)]

ﬁ_fij

e [

=% (two values of X)
When *=%

6y =64+2

y=11

Required point is (4, 11).

When *=

6y =—64+2
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12. The radius of an air bubble is increasing at the rate of 1/2 cm/s. At what rate is the

volume of the bubble increasing when the radius is 1 cm?

Solution: Consider x cm be the radius of the air bubble at time t.

As per statement,

dx 1

4t is positive = 2 cm/sec ........

. AT
) _z_I =—x
Volume of air bubble 3
dz _4md g
=dr 3 d
47 _ 5 dx
A ¥ nid
= 3 ar
4mx" =
{ 7 |
dz
—_— :::‘Tl"
= dr
2r(ly =2

. . . . 7
Therefore, required rate of increase of volume of air bubble is =& cm?/sec.

13. A balloon which always remains spherical, has a variable diameter
the rate of change of its volume with respect to x.

E (2x+1).

Find
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E (2x+1)
Solution: Given: Diameter of the balloon = 2

E['23-:+ 1)
And, Radius of the balloon = 4 '

22 2 (241) |
So, Volume of the balloon = ° 4
T (2x+1y
= 16 cubic units
av

Now, Rate of change of volume w.r.t. * = dx

27 3(2x+1)7. 2 (2x+%)
16

27

R (ax+1) 2

17, ,
22 (2x+1)
_ g (2l

14. Sand is pouring from a pipe at the rate of 12 cm?/s. The falling sand forms a cone on
the ground in such away that the height of the cone is always one-sixth of the radius of
the base. How fast is the height of the sand cone increasing when the heightis 4 cm?

Solution: Consider the height and radius of the sand-cone formed at time t second be y cm
and x cm respectively.

y=—x
As per the given statement, 6
= x=6y

lm;}.
Volume of cone (V) = 3

| P
—miby) ¥

_12mf°
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2 36y
= ay
N1
Now, As, 4t
av ﬂ:u
= dv dt
36mt x— =12
= t
d_ 1
= df 3m

= dr 3;’.-_"—1: _—13;’.-_" cm/sec

15. The total cost C(x) in rupees associated with the production of x units of an item
given by C(x) = 0.007 x — 0.003x2 + 15x + 4000.
Find the marginal cost when 17 units are produced.

dC

Solution: Marginal cost = 4x

i['o_m?r‘ —0.003x" +15x+4000)
= ax-

= 0.021x" —0.006x+15

Now, when *=17-MC is

_ 0.021(17)° 0,006 x17 +15

= 6.069 — 0.102 + 15 = 20.967

Therefore, required Marginal cost is Rs. 20.97.

16. The total revenue in rupees received from the sale of x units of a product is given by
R(x) = 13x? + 26x + 15.
Find the marginal revenue when x =7.
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dR
Solution: Marginal Revenue (MR) = &x
£ (1322 +26x+15)
= ax- ‘

= 26x+126

Now, when x =7, MR is
=26 x7 +26 =208
Therefore, the required marginal revenue is Rs. 208.

Choose the correct answer in Exercises 17 and 18.

17. The rate of change of the area of a circle with respect to its radius ratr =6 cm is:
(A) 107
(B) 127
(C) 8T
(D) 117

Solution:
Option (B) is correct.

Area of circle (A) = o
dA _
= dr

2ar

— 2mxb6=127

18. The total revenue in Rupees received from the sale of x units of a product is given

by
R(x) = 3x? + 36x + 5. The marginal revenue, when x = 15 is:

(A) 116 (B) 96 (©) 90 (D) 126
Solution: Option (D) is correct.

Total revenue R(X) = 3x*> + 36x + 5

2R (x)=6x+36
Marginal revenue = @x =6x15+36=126
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Exercise 6.2 Page No: 205

1. Show that the function given by f(x) = 3x + 17 is strictly increasing on R.

Solution: Given function: 7\ =3% 17

Derivate w.r.t x:
SHx)=31+0=3>0 5t is, positive for all x € R
Therefore, f(x) is strictly increasing on R.

2. Show that the function given by f(x) = e?* is strictly increasing on R.
Solution: Given function: f(x) = e
fx)=e™ ilx % Ay 2
o dx

Ti=72
= ¢ [)=2¢" S othatis, positive for all x e R

Therefore, f(x) is strictly increasing on R.

3. Show that the function given by f(x) = sin x is

i E
(a) strictly increasing * z
s
(b) strictly decreasing in * 2
(c) neither increasing nor decreasing in 0.7).
Solution: Given function; 7 '/ =%
£'(x)=cos x
4 _j."._"h'-
fl.’.]_ o I:L?i
(a) Since, 7 J=5¥ 5 0 that s, positive in 1st quadrant, that is, in - 2/
s :_—J_.-"'-I
o . D? i
Therefore, f(x) is strictly increasing in - =~
.__.-3_ "-:
—.7T.
277 )

(b) Since, 7 /=5 <0 thatis, negative in 2nd quadrant, that is, in -
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f1x) is strictly decreasing in

(©) Since 7 X} =95X 5 g thatis, positive in 1st quadrant, that is, in

I-.J|.‘~:.]\

fix)=cosx g thatis, negative in 2nd quadrant, thatis, in -2/ and

Therefore, 7'1%) does not have same sign in the interval (0.7),

so, 7 *) is neither increasing nor decreasing in %"

4. Find the intervals in which the function f given by f(x) = 2x? - 3x is
(a) strictly increasing,

(b) strictly decreasing.

Solution: Given function: f(x) = 2x? — 3x

f'(x)=4x-3

.......... (1)
Now 4x—3=0
3
Xx=—
= 4
3) 3
_IA=I| . II |
Therefore, we have two intervals - 4 and - /
.f‘3 \
3" ) ' x)
(a) For interval w4 picking x =1, then from equation (1), “1>0.
2w)
Therefore, Fis strictly increasing in 4
f 3‘-:
._I=_!= 0= f'I.T.I
(b) For interval *- 4. picking J‘_D'*, then from equation (1), “l <.
_Ié |

Therefore, fis strictly decreasing in -
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5. Find the intervals in which the function f given by Slx)=2x =3x"=36x+ 7

(a) strictly increasing,
(b) strictly decreasing.

S

o _ .__::_ -_:_ ) T
Solution: (a) Given function: flx)=2x=3x =36x+7

f'['_x_']=5x:—61’—36 _ 5[-_1’:—1’—5_.]
filx)=6(x+2)(x-3)

Now 6(x+2)(x=3)=0

.T+2=I:| or .-||.'-_3=|:|

.T=_2 or .T=3

The value of x is either -2 or 3.

.

: —x_ =2 (2.3 ERAD
Therefore, we have sub-intervals are (—=.-2)i2.3) and 7

For interval '~ 7%): picking x = -3, from equation (1),

FH==EE=) 5
Therefore, fis strictly increasing in =)

For interval (=2.3). picking x = 2 , from equation (1),
[ =(+)+-)=(-) . g

.
Therefore, f is strictly decreasing in (=2.3)-

For interval 3.®). picking x = 4, from equation (1),

Fla) =)= (+) 5 ¢

(3

Therefore, fis strictly increasing in * )
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(~0.-2) (3.0).

So, (a) fis strictly increasing in and

(b) 7 is strictly decreasing in (=2.3).

6. Find the intervals in which the following functions are strictly increasing or decreasing:
(a) '+ 2x—%

(b) 10—6x—2x"

(c) —2x —9x" —12x+1

(d) 6-9x—x

(

Solution:

o (x+ 1..]3 (-3 -.]_:

.
(a) Given function: 7 X/ =* 72x=3

— f'(x)=2x+2=2(x+1)

.......... (1)
Now 2(x+1)=0

= x=-1

Therefore, we have two sub-intervals (===l g (F1®)-

For interval -~ picking x = -2, from equation (1), f(x)=0-) <

Therefore, fis strictly decreasing.

For interval (=L.®) picking x = 0, from equation (1), Slx =) 0
Therefore, fis strictly increasing.

(b) Given function; /) =10=6%=2x"

— f'(x)=—6—-4x _ -2(3+1x)
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Now —2(3+2x)=0
-3
XxX=—
2
-3 (3
iy )
Therefore, we have two sub-intervals - =< and -~ “
=31
Y.
For interval * = < picking x = -2, from equation (1),

flxl==)-)=(+) >0
Therefore, f is strictly increasing.
' -3 :
2
Forinterval - = - picking x = -1, from equation (1),
flxl==)+)=(-) <0
Therefore, fis strictly decreasing.

RN YL s B
(c) Given function: Sx) =~ g 1

Derivate w.r.t. x,
f(x)=—6x" —18x—12

flx)=—6 I X +3x+ 2:]
_ —6(x+1)(x+2)

Now,

—6(x+1)(x+2) _ 0

o 7
= x=-1 gy x=—1

Therefore, we have three disjoint intervals (=2.=2) (=271 gpg (FL=)-
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For

interval (== 2) , from equation (1),
flx)=0=)=1=) 2 (=) 0
Therefore, f is strictly decreasing.

For interval {2~ 1) , from equation (1),
Flx)==)=0+) 2 (+) S 0
Therefore, f is strictly increasing.

For interval L 1% , from equation (1),
Filx)==)+)+) 2 (-) ¢ 0
Therefore, f is strictly decreasing.

(d) Given function: f(x)=6-9x—x

f(x)=-9-2x

Now —9—2x=0

-9
r=—
2
f -0 : .f‘_g n:
TF T E
Therefore, we have three disjoint intervals * =Jand - =
=3 e
For interval - /7, 2

Therefore, fis strictly increasing.
(-9 -9

T E) X
For interval -~ = -, 2

Therefore, fis strictly decreasing.
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(e) Given function: f(x)=(x+1)"(x-3)

Fx)= (1) 3(x=3) +(x=3) 3(x+1)
F(x)=3(x+1) (x=3)" (x+1+x-3)
F(x)=3(x+1) (x-3) (2x-2)
£(x)=6(x+1)" (x=3)" (x-1)

(x+ 1_] and |J:—3_|

Here, factors are non-negative for all x.

Therefore, f(x) is strictly increasing if © ' > ¢

x—1=0
x=1

And f(x) is strictly decreasing if ¢ </ <"
.T—]_ o I:I

x=l

So, fis strictly increasing in (L) and f is strictly decreasing in (—©.1).
yv=log(l+x)——— . x=-1
7. Show that 1+x is an increasing function of x throughout its
domain.
v=log(l+x|—-—
Solution: Given function: ' © 2+x

Derivate y w.r.t. X, we have
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m_"zii(l_'_ "L’J—' L: +I']EI:2I'\J_1TE [_2+_'l{_]
dx 1+xdx . | [2+1’):
] __[..2+.T:]2—2_'|;_
1+ x |_ [2 + _'li':]:

_1+x ['_’!+1]
1 4

_ 1+x (2+x)

This implies,

@ (2+x) —4(1+x)

dc (1+x)(2+x)

-

_ (1+x)(2+x)

b |

Domain of the given function is given to-be =

= x+1=10

‘o ._.2
5o (27 %) =0

A and x =0

Yo
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From equation (1), 4x for all x in domain *>~1 and fis an increasing function.

8. Find the value of x for which *

Solution: Given function:

Derivate y w.r.t. x, we get

_ [.T[:.T—Z:]}:

f(x)=y=(x(x-2))

is an increasing function.
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i dr :
— =12 x[x—p’]—lx[x—p’]l
= dx ax - -

ay 1

—=2 [1—7JL1—[1—’*]+[1—7JE1J

ax

[Applying Product Rule]

ﬁ:’ra'a_’:' 4+ x—2
s x| x -_][J. X -]

_ 2x(x-2)(2x-2)
_ Ax(x-2)(x-1)
= x=0x=2 x=1

Therefore, we have ~-0)-(0-1-(1.2).(2.]

For "™+ picking =1 |

&
E_[' N==)=-) <0

- 1) is decreasing.

[

.] =

For (0.1 picking ,
=~ =(+i=1=1=1+
. (=)= =(+) .
SRACORR increasing.
For (1-2) picking ¥=13 |

L (D) =(-) _
& <0
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f(x) is decreasing.

For \=*! picking *=3 |

AV e
— ==

f(x) is increasing.

dsin &
V=
‘ 3
9. Prove that 27 cosf)
dsin &
V=
T (2+cosé)

Solution: Given function:
Derivate y w.r.t. E",
av (2+cosé) 4cosf—4sin B[ —sin &) {
dé [:2+|:|:15 Sj:

Scos@+4cos” &+4sin’ 5‘_

- 1
(2+cosf)

dy _8cos S+4[:c05: 8+ sin” 6':]—[2+ CDSE:J:
dé

(2+cosf|

8cosf+4—(2+cos E-"_']:
(2+cos r_—‘}'_']:

dv  (8cosé+4) —(4+4cosf+cos” 8

de

—, [2+cns§'_‘]'

cos&(4—cosé)
(2+cos S_']:

: , . . a |
is an increasing function of “ in -

and we have 0= cos&=1 therefore 4—cosé > 0.

Class - Xll _ Maths
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|0,
I H
So, y is an increasing function of & in -

|

10. Prove that the logarithmic function is strictly increasing on (0.%).

Solution: Given function: /(%) =leg*

P |
fllx)=— 0w
X forall xin 0.}

Therefore, fx) is strictly increasing on 10.2).

11. Prove that the function 7 given by fix)=z —xl is neither strictly increasing nor

strictly decreasing on (—L1).
Solution: Given function: 7 (/=% ~**!
flx)=2x-1
7=} s strictly increasing if 7 (= *©
2x-1=0
1
X —
2
."-'1 "\-I
_=1 |
277

that is, increasing on the interval *
f1x) is strictly decreasing if fx)<0

2x=1=0

b | =
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that is, decreasing
1‘\,
-1- |
. | 7 |

on the interval -~ =~

So, f(x) is neither strictly increasing nor decreasing on the interval (—L.1).

."-l :_—'LF‘.\I
0,— 7
. . . . . 1 |
12. Which of the following functions are strictly decreasing on - 2]
(Note for users: since intervals are not defined in NCERT class 12 book. So we have used open brackets here)

(A) cos x (B) cos 2x (C) cos 3x (D) tan x
Solution:

(A Let / (¥)=cosx
flx)=—sinx

: A
<2 1021 |
Since 2in '~ =. therefore sinxx0
= —sinx <0

(o,
is strictly decreasing on -

=Y

flx)

Therefore,
B) flx)=coslx

fx)=-2sin2x

0o xe

T
Since 2

Yy .
0<2x<T therefore sinlx >0
= —2sin2x =0

(o,
is strictly decreasing on -

s

Therefore, 7 *)

©) fx)=cos3x
f'(x)==3sin3x
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0 =3x= 37T

For De3xam sin3x =0

= —3sin3x =0

."-' :_-'L'-l"'l
£ (x) 03 )
Therefore, ) s strictly decreasing on - 3
T=3x= 37 .
For 2 sin3x<0
—3sin3x =0
) | 33 )
Therefore, fx) is strictly increasing on -~ 2

. 0,
So, S1x) is neither strictly increasing not strictly decreasing on

]

) Let / (3) =t
f'(x)=sec” x >0

.[:]:

. . . . | I
IS StI’ICﬂy IncCreasing on -

ol

fx)

Therefore,

ey 1D S
13. On which of the following intervals is the function f given by flx)=x"+sinx-l is

strictly decreasing:

\ il |
3" 07
(A) (0, 1) | -= - )~ = (D) None of these
(Note for users: since intervals are not defined in NCERT class 12 book. So we have used open brackets here)

ml.‘cq\

Py oo, .o
Solution: Given function: 7 (/= *sinx-1

fllx)= 100x" +cosx
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(A) On (0, 1), >0 therefore 100" >0

And for cosx
0, 1 radian) = (97" neady) o g

Therefore, f1x) is strictly increasing on (0, 1).

(B) For 100~

. | 577 | o0
Forinterval: -’ ' -=(1.5,3.1)>1and So, 100x~ > 100
:_.-:._{

2

For 05X -  is in 2nd quadrant and So, 95 is negative and between —1 and 0.

| .‘-q‘

Therefore, fx) is strictly increasing on -

."-' E—“".
0. %
(C)On - 2) = (0, 1.5) both terms of given function are positive.

N
0, —

Therefore, 7 (*) is strictly increasing on © 2/
(D) Option (D) is the correct answer.

14. Find the least value of “a” such that the function f given by flx)=x"+ax+] strictly

increasing on (1, 2).

Solution: f[..x_.]:l’:+ar+1

Apply derivative:
f(x)=2x+a

since < *) is strictly increasing on (L, 2), therefore ¥ ) =2*T9 S g forall xin (1, 2)

On(1,2) I=x=2
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2=2x=d

2+a<lx+a<d+a

.. ). . .
Therefore, Minimum value of f(x) is T4 and maximum value is 4+ &

since ) > 0 forall xin (1, 2)

2+a=0 gpgd+a=0
a>—1 gnda>—4

Therefore, least value of a is -2.

15. Let | be any interval disjoint from [-1,1] Prove that the function f given by
flx)= J:+l

+
is strictly increasing on |I.

Solution: Given function:

flx)=x+ ! =x+x7

X
Apply derivative:
Flx)=1+(-1)x" = l—i: _¥ :-1
X x
fi =Tl
L (1)

For every x either *<—1 gr x>1

for X = —1, x=-2 ’
fl(x)= D) (+)
(+) o

Again for, x>1 x=2
(+)(+)

=B
(+) 0
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fix) >0 forall * el (—w.@) , So, f(X) is strictly increasing on I.

. : : : . : : L2 )
16. Prove that the function f given by f(x) = log sin x is strictly increasing on * 2 and

5

LT,
3 |

k|

strictly decreasing on

Solution: Given function:
f(x) = log sin x

Apply derivative:
s d .
fllx)l=——sinx=— cosx=cotx
S sInX ax SIf X
i« E—‘"‘.
0=t

: | 7 -
On the interval ~ 2/ that is, in 1st quadrant,

f'(x)=cotx >0

©
0,—
i ¥

fx) is strictly increasing on - ~-

]

Therefore,

r

J that is, in 2nd quadrant,

|

On the interval *

f'(x)=cotx <0

."-' .:-Lr \"'I
£(x) ud
Therefore, 7 ') is strictly decreasing on % -
."-' :'-L'-Hl
ey
17. Prove that the function f given by f(x) =log cos x is strictly decreasing on ~ << and
."-:_—{r ‘.\I
—. T
27

strictly decreasing on

Solution: Given function: f(x) = log cos x
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—Ccosx= |[—sinx]=—tanx
= COsxax cosx '
. DE \
3

On the interval - =

In 1st quadrant, tan x is positive,

f'lx)=—tanx <0

thus
."-l .:'-Lr‘\l
£(x) 0.
Therefore, Lz, is strictly decreasing on - =~
."-' :—r :
27
On the interval -~ ,
In 2nd quadrant, tan x js negative
thus 7 (¥ ="tanx 5 4
T
—
| »°

Therefore, f(x) is strictly increasing on
T3 3100 4 increasing in R.

18. Prove that the function given by Flx)sx

Solution: Given function:
Fx) =% =3x"+3x-100

Apply derivative:
flx)= 3x" —6x+3=3 [._x: - 2.1:71_]

S =320 ki R,

Therefore, f(x) is increasing on R.
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19. The interval in which ¥ =¥ ¢ is increasing in:

Ay ) 8) 70 ©

(2, a)

(D) (0, 2)

Solution:
Option (D) is correct.

Explanation:
Given function:

y=xe’
Apply derivative:
dv_ .d

1 a -x -x 1
— =X —e te —X
ax [ris c

_xe” (-1)+e " (2x)

— =—xe 4+ 2lxe”
=> ax

_xe " (—x+2)

gy _x(2-x)

So, dx g

a;'l.
— =0
In option (D), &x for all x in the interval (0, 2).



Class - Xll _ Maths

g 7
edsecu m Ch. 6 - Application of Derivatives

EDUCATION

Exercise 6.3
: v=3x"—4x
1. Find the slope of tangent to the curve - at x = 4.
Solution:
2t A
Equation of the curve ¥ =3¢ =% (1)

Slope of the tangent to the curve = Value of €x at the point (X, y).

D _3(48)-4=12¢4 -4
ax ’ ’

Slope of the tangent at point x = 4 to the curve (1)

_12(4) -4

=764
| \
v= — . XE 2
2. Find the slope of tangent to the curve xX— - at x = 10.
Solution:
x—
y=
Equation of the curve '~ A (1)
Derivate y w.r.t. X,
E ) (x—2) E[_I-l_]-[_l’-l_] rl x—2)
ax (x—2)

(x=2)—(x-1)

(- 2..]:

-1

[. T—E.]:

=\FTA )

Slope of the tangent at point x = 10 to the curve (1)

NCERT Solutions

Page No: 211
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_ 1
(10-2)°

-1
- g

_1
64

3. Find the slope of tangent to the curve ¥ =% ~**1 4t the given point whose *—

coordinate is 2.
Solution:

Equation of the curve ¥=% —**1 (1)

Apply derivate w.r.t X,
L |
ax

Slope of the tangent at point x=21 to the curve (1)

.,.r.:_
=S to gy

x —3x

4. Find the slope of tangent to the curve + = 2 at the given point whose x-

coordinate is 3.
Solution:

Equation of the curve ¥ =% —3*+2 (1)

Apply derivate w.r.t x,
Y343
ax

-
-

Slope of the tangent at point *=- to the curve (1)

_33) -3 — o4

T
34 .. .= 3 f=—.

5. Find the slope of the normal to the curve ¥ =4cos g.y=asin” & 4 4

Solution:

Equations of the curves are *=@cos’ &y =asin” &

x=agcos &,

Apply derivate w.r.t x,
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a.3(cos )" i (cosé )
= ' Cdé '

d—l =—3acos’ fsind
= déd . (1)
And,
v=asin’

Apply derivate w.r.t X,

a.3(sin gy _i[' sin &)
: ! g\ .

m' . 3
— =3asin” fcosf

aé (2)
Using (1) and (2), we have

dv_dv/df 3asin’Bcesh
dx  dvld8 —3acos Gsinf

—sin & et

= cos&

Now,

&=
Slope of the tangent at

w15

T
—tan —=-1



Class - Xll _ Maths

g 7
edsecu m Ch. 6 - Application of Derivatives

EDUCATION NCERT Solutions

T
==
And Slope of the normalat 4

-1 -

= ???:?1 =1
6==
2

6. Find the slope of the normal to the curve x=l-asinf.y=bcos’ 8 4

Solution:

Equations of the curves are *=1—asing gng ¥=>0cos™ &

x=1—-gasiné

Apply derivative w.r.t. X, we have

ﬂ =0—-acos?
468
ﬂ =—grosf
= dé
Again,
v=hcos' &
Apply derivative w.r.t. X, we have
£=Eﬂ‘_j—[cus g)’
d8  d8° '
ﬂ =blcos Ef_zl—cus &=—2bcosFsin &
46
Now,

dy _dv/df —lbcos@sinf

dy deldé —gacosd
25

~siné
= 4

8=
Again, Slope of the tangent at

ol
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2. T 2b
By —
= a 2 a

6=
And Slope of the normal at

o]

-1 -1

=m 2b'a

—a

2

7. Find the point at which the tangent to the curve ¥ =% ~3% =94+7 i5 parallel to the x-

axis.
Solution:
Equation of the curve ¥ = —3x" =9x+T7 (1)
D 32 —6x-9
ax
o
Since, the tangent is parallel to the x-axis, so, &
3%’ —6x—-9=0
' —2x—3=0
(x=3){2x+1)=0
x=3,x=-1

From equation (1), when x = 3.

¥y=27-27-27+7=-20

when ¥="1 y=-1-3+5+7=12

(3.-20) 112).

Therefore, the required points are and '~

P T
8. Find the point on the curve r=lems) at which the tangent is parallel to the chord
joining the points (2, 0) and (4, 4).
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Solution: Let the given points are M (2, 0) and N (4, 4).
4-0

Slope of the chord, MN = 4—1

-

[ Y= _|
I

=

P RrTY:
Equation of the curve is y=(x=s) (Given)

Slope of the tangent at (x, y)

If the tangent is parallel to the chord MN, then
Slope of tangent = Slope of chord

2(x—2)=2

x=3

Therefore, =

Therefore, the required pointis (3, 1).

9. Find the point on the curve ¥ =* ~11%%3 4t \which the tangent is y = x -11.
Solution:

Equation of the curve ¥ =% —1lx+5 (1)

Equation of the tangent ¥ =*—11 (2)

- x—y—-11=0

Slope of the tangent at (X, y)

v .\
& o3 -1
= dx [From equation (1)]
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—c;r_—l_l

Slope of tangent = & -1
[From equation (2)]
Therefore,

3 —11=1

[ ]
-
I
[ea]
I
| ]
| ]
+
L
I
|
L]

From equation (1), when =~ =:

And when ¥=—2 y=—8+I1+5=19

We observed that, | 1"/ does not satisfy equation (2), therefore the required point is ="

10. Find the equation of all lines having slope —! that are tangents to the
1

y=——_x=1.
curve x—1
Solution:

Equation of the curve = %=1~ = 7 . 1)
av . w o ] s
E = () (x-17 (2=
ax ax

-1
_ (x-1)

= Slope of the tangent at '™+
But according to given statement, slope = —1

-1
(x-1) _ 4

(x=1)" =1

x—1=%1
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x=1+1=2 gy x=1-1=0

From equation (1), when x = 2

-

(=1

And when x=0

V= L =-1
0-1
Points of contact are (2, 1) and (0, -1).

PP
And Equation of two tangents are y-l=-1(x-2)

—x+y—3=0 and
yv=(-1)==1x=0) _ x+v+1=0

11. Find the equations of all lines having slope 2 which are tangents to the
1

LXE 3.

V=
curve x—3

Solution:
y= L= (x=3)"
Equation of the curve x—3
av . “ ¢ =2
—=(-1){x-3)
ax

-1

_ (x=3)°

= Slope of the tangent at '™’
But according to question, slope = <

-1
['_1’—3_']: _,

. a0 =1
[_1_3_] —?
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which is not possible.
Hence, there is no tangent to the given curve having slope 2.

12. Find the equations of all lines having slope 0 which are tangents to the

1

p=—
curve ¥ —2x+3
Solution:

1= 1

Equation of the curve =~ x —2x+3 ... 1)
v d[, , =17
—=—|x"—1x+3|
& &l ) |

= {xt=2x+3) (2x-2)

-2(x-1)

_ (x* =2x+3)

But according to question, slope =0, so

“2(x-1)
(22 —2x+3) -0
—2(x-1)=0
x=1
1= 1 :l
From equation (1), 1-2+3 2

1‘\,
L—1.
Therefore, the point on the curve which tangent has slope O is - 2)

Y=

=0{x-1)
Equation of the tangent is -

[N
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Which implies, the value of y is %.

+2 =1
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.T:
13. Find the points on the curve 9 16  at which the tangents are:

(i) parallel to x-axis (ii) parallel to y-axis
Solution:

.T:
Equation of the curve 2 16 .. .. (1)

Derivate y w.r.t. X, we have
Ix Jyvav _

0 16 dx

(i) If tangent is parallel to x-axis, then Slope of tangent = 0

@
Which implies, @x =0

—16x
Oy

0

_:I."

From equation (1), 16 -
v =16

yv=14
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The points on curve

. ‘0 4’
(1) where tangents are parallel to x-axis are (0.34) .

(i) If the tangent parallel to y-axis.
Slope of the tangent = £

ai.L.

—=xx
ax

e

_ = [:I
ﬂiL.

(taking reciprocal)

9y
From equation (2), —16x

y=0

* 1
From equation (1), ¢

. _ 3.0
Therefore, the points on curve (1) where tangents are parallel to y-axis are (5.0) .

14. Find the equation of the tangents and normal to the given curves at the indicated
points:

A g 2 0yrs

(|) y=Xx 6x +13x 10x+5 at (0, 5)
A RSP T

(”) y=Xx 6x +13x 10x+5 at (1, 3)

(i) ¥=% at (1, 1)

(iv) ¥ =* at (0, 0)
(v)x=cost,y=sintatt=m/4
Solution:

A g 3 2 (s &
()  Equation of the curve ¥ = —6x +13x7—10x+3
On differentiating y w.r.t. X, we have
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& 4 —18: + 2610
ax

a:l}.

Now, value of €x at (0, 5)

At x=0,

4707 —18(0) +26(01=10 =—10 =m
/ : - (say)

-1 -1 1

Slope of the normal at (0, 5)is 7 —10 10

Equation of the tangent at (0, 5) is y—5=10(x-0]

v—5=10x
10x+y=5
y—35= il; x—0]
And Equation of the normal at (0, 5) is 10
10yv—350=x
x—10y+50=0
(i)  Equation of the curve » = —8% +13x7 —10x+3

On differentiating y w.r.t. X, we have

& 4 —18: + 2610
ax

ﬂ:'}'
Now value of 4x at (1, 3)

At *=L

4017 —18(1) +26(1)-10=4-18+26-10=2=m
. J J (Say)
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-1 -1

Slope of the normal at (1, 3)is m 2

Equation of the tangent at (1, 3) is y—3=2(x-1]

v=3 :_—1[' x—1)
And Equation of the normal at (1, 3) is 2

2yv—6=—x+1

x+2v—7=0

(i)  Equation of the curve ¥=% ... (1)
On differentiating y w.r.t. X, we have

dl- bl
—=3x
ax

d:'}'
Now, value of &x at (1, 1)

at *=L

=22 (say)

S

Slope of the normal at (1, 1) is ™ 3

Equation of the tangent at (1, 1) is y—1=3{x-1]

yv—1=3x-3

=3y —2
or y=3x-2

}'—1:_—1['.1:—1']
And Equation of the normal at (1, 1) is 30
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3yv—3=—x+1

x+3v—4=0

(iv)  Equation of the curve ¥ =% ... (1)
On differentiating y w.r.t. X, we have

A _q,
ok

a:l}.

Now value of 4x at (0, 0)

At x=0, 2x0=0 —m (Say)
Equation of the tangent at (0, 0) is * ~° = (=7
v=>0

And normal at (0, 0) is y-axis.

(v) Equation of the curves are * = 050 =sit!

ax . dv
— =—sint — =cos?
at and <t
dv  dv/dr  cost
—=———=———=—cot¢
Loax  ax’dr —sint
== —cot—=-l=m
Slope of the tangentat 4 = 4 (say)
r -1 -
I:E — =_=1
Slope of the normalat 4 is m -1

Point ¥ = [cost.sing]

[ T T
CoOs — 5111 —
) 4 )

Class - Xll _ Maths
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Gile

1 - 17
_:L'—— :_1 —— !
Equation of the tangent is \E : \El
= 1 . 1
TTRTR
x+y=+2
1'—i—1. T—i‘\:
And Equation of the normal is , '\E : \El
11
T ﬁ_l ﬁ

>V =x

15. Find the equation of the tangent line to curve ¥

(a) parallel to the line ¥~ ¥ 2 =0

(b) perpendicular to the line ¥ ~153x=13
Solution:
Equation of the curve ¥ = —2+7 (1)
v
— =22
Slope of tangent = ax ... (2)
—a _ __2 _ 2

(a) Slope of the line 2*~¥T9=0js b -1
Slope of tangent parallel to this line is also = 2

From equation (2), Ix=2=1

:> .-II..-=2

From equation (1), ¥ =+~ *+7=7

Therefore, point of contact is (2, 7).

-

—2x+7

Class - Xll _ Maths
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which is:
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Equation of the tangent at (2, 7) is * ~

= yv—T=2x—4

= yv—2x—-3=10

(b) Slope of the line ~13*T3v=13jg 5

Slope of the required tangent perpendicular to this line = m 3

21’—2::1
From equation (2), 3
bx—6=—1
4]

From equation (1), 36 3

25-60+252 217

= 36 = 36

Therefore, point of contact is

217 5
Jy——=—x+-
12 6
217 5
x+3y= +—
12 6
217+10 227
x+3yv= =

12 12

v .
| L
8]
L=

Class - Xll _ Maths
Ch. 6 - Application of Derivatives
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12x+36y=227 (which is required equation)

16. Show that the tangents to the curve ¥ =% T11 4t the points

-7 -— )
where *=< and *= 7= are parallel.
Solution:

Equation of the curve ¥ =7 *11
d.L.

e ) +=21r:
Slope of tangent at |+ = ax

At the point x = 2,

SRR N B
Slope of the tangent = 21(2)" =21x4=84

At the point x = -2,

D12 — D d —
Slope of the tangent = -+ 72} =214 =8

Since, the slopes of the two tangents are equal.

Therefore, tangents at x = 2 and x = -2 are parallel.

17. Find the points on the curve ¥ = atwhich the slope of the tangent is equal to
the * ~ coordinate of the point.
Solution:
Equation of the curve ' =% ... 1)
Slope of tangent at (%)
£=3x:
=dc )

As given, Slope of the tangent = y-coordinate of the point
3xt=x
It —x =

©(3-x)=0
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.T::D or 3—.1"=[:|
x= I:I or .T=3

From equation (1), at *=0 ¥»=0

The point is (O, 0).

And From equation (1), at *=3 ¥=27

The pointis (3, 27).
Therefore, the desired points are (0, 0) and (3, 27).

18. For the curve ¥ =% =2 find all point at which the tangent passes through the
origin.
Solution:

Equation of the curve ¥ =% - (1)

Slope of the tangent at (x, y) passing through origin (0, 0)

& 1222 -105
ax
v—0

And dy/dx = x—0

1 -
2 =124 —10x°
=> X

v=12x —10x
Substituting value of y in equation (1), we get,
127 — 1026 = 455 — 2+

8 —8 =0

8 (1-2%) =0

8x =0 gr 1-x"=0

= .T=|:| or .Tzi].
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From equation (1),
at x = 0, the value of y = 0.

From equation (1), at *=k

The value of y is, ¥=*~2=2

From equation (1), at *= L

The value of y is ¥ =+ +2=—2

Therefore, the required points are (0, 0), (1, 2) and (-1, -2).

19. Find the points on the curve * T¥ —2x=3=0

axis.
Solution:

at which the tangents are parallel to x-

Equation of the curve * ¥~ —2x=3=0 (1)

On differentiating expression w.r.t. x, we have

v
2x+2y—-=2=0
ax

@ _,
Since tangent is parallel to x-axis: x

I-x_,

:_L.
:> x= ].

From equation (1), 173" —2-3=0

= ¥y =4



2, " Class - XIl _ Maths
edsecu m Ch. 6 - Application of Derivatives

EDUCATION NCERT Solutions

= y==1l

Therefore, the required points are (1, 2) and (1, -2).

|am”.a

Lant’ | 23
' for the curve & =% -

20. Find the equation of the normal at the point

Solution:

Equation of the curve @& =% .. (1)

On differentiating expression w.r.t. X, we have

a 1 3
a—V =—XxX
ax ax

| am®, an® |
Slope of the tangent at the point 2P g

3[&???:_'] Im

= 2aam = 12
. 2
Slope of the normal at the point \amant ] _ 3,

Equation of the normal at \am.an ) i

~

y—am = :[' x—ant |
m ;

— 3my—3am’ = —2x+2am’
254+ 3my —2am’ —3am” =0

=> -

2x43my—am’ I 2437 | =0
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21. Find the equations of the normal to the curve ¥=* T2¥%6 \which are parallel to the

linex +14y + 4 =0.

Solution:

Equation of the curve ¥ =% T2x6 (1)

Slope of the tangent at [x.»)
ﬁ =3x" +2
So, ax

Slope of the normal to the curve at "

-1
Since Slope of the normal = 14 (Given)

-1 __1
3x+2 = 14
=> 3x'+2=14
3x’ =12
vt =4
x=12

From equation (1), at *=2- ¥ =8+3+6=18

at x=—2, yv=-—"8-44+6=-6

o

Therefore, the points of contact are (2, 18) and (—2.-6).
y—18= —_1[..1’_ 2)

Equation of the normal at (2, 18) is 14

. 143282 =—x+2
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x+14y—-2534=0

v+6 _1['1+”']
C g ] = —|x Fa
And Equation of the normal at (=270 s IC

14y +84=—x-2
x+14y+86=0
Which is required equation.

22. Find the equation of the tangent and normal to the parabola *~ =*¥* at the
[a*.2at).
point * :

Solution:

Equation of the parabola = = *4* (1)

Slope of the tangent at (x.»)

2y =422 (x)

= dx’ dx

. [c;rz.‘:z-c;r
Slope of the tangent at the point *

Slope of the normal = —*

. i ['c;rrzjar']
Equation of the tangent at the point * :

1. -
v-lar=-[{x—ar |
= r- ’

n—2at’ = x—at”
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tas =x+at’

‘at* 2at
And Equation of the normal at the point [-a - -]

_ V—dat=-1 (x—ar’ |

L. . el — 2 :
Which implies, 7Y ==ar+ar

x=1

23. Prove that the curves and ¥ =% cut at right angles if 8% =1.

_:L"

Substituting the value of x in equation (2), we get * -
y — kl/3

Put the value of y in equation (1), we get

v=(k%| =k%

Therefore, the point of intersection (X, y) is

xd
' P reeanes (3)
Differentiating equation (1) w.r.t x
dv 1
— = — ml
=> d¢ v (4)

According to the question, 7772 = =

Which implies,
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[l B DU

2yl x )

1

2x

2x=1

2k3 =1 [using equation (3)]
Taking cube both the sides,
8i* =1

Hence Proved.

R 15
24. Find the equation of the tangent and normal to the hyperbola @~ & at the
point - ¥o)-
Solution:
f__} 1
Equation of the hyperbola 4~ & ... .. (1)
On differentiating w.r.t. x, we get
Ix 2y dy _
a b dx
-2y dv _ —2x
b dx a
dv _ b'x
& ay 2)
bix,
[%:lﬂ i aﬁu
Slope of tangent at is ¢
oy Y=y = :-T; (x—x)
Equation of the tangent at 1% ¥e) i a Yo
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W= =— (00— |

a
11 R =
b a  a
Wy W X 2
a b g b (3)

[._ =

since ¥/ lies on the hyperbola (1), therefore,

_—_:1

From equation (3), & &'

Now, Slope of normal at %.30) = b'xg
Therefore,
y A
- 'R ;l'—vl';: T
Equation of the normal at \Xo- ¥g) is o Vg

by —b'xy, =—a yx+a xy,
b 2 (v— Fo )= —a Vg lf-"f _xsj

On dividing both sides by abxy, , we get

v=y, _ [x—x)

ay, b x,

(x=%) L

SR

b x ay,

Which is required equation.

__":1

5

% _ 1
p

Class - Xll _ Maths
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25. Find the equation of the tangent to the curve ¥ =32 which is parallel to the

“ne —11’—2}'+5=D.
Solution:
Equation of the curve ¥ =~3*=2 (1)
A .

Slope of the tangent at point \x¥)ig e dx

_ -
& (3x-2)7L (3x-2)
dx 2 Todc '
! 3
= W3x=2 2)
—a__5
Again slope of the line **~2¥*3=0 g 5 2~ (3)

As given: Parallel lines have same slope.

By equation slopes of both the lines, we get

L3

2WBr-2 -9

43x—2 =3

16(3x—2) =9
48x—32=9

48x=41

41
X=—
48

Substitute the value of x in equation (1),
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fi_,
- V16
{41—32_\(97_3
-V 16 Vie 4

741 3
Therefore, point of contact is -5 *
Now,
300 4
Yoo =2 x——|
Equation of the required tangent is L 48
J.'—i =21’—ﬂ
4 24
y= 2I_I_IS——H
24
24y =48x-123
48x—24y =23

Which is required equation.

Choose the correct answer in Exercises 26 and 27.

26. The slope of the normal to the curve + = 2 +3sinx g x=0 jg;
(A) 3 (B) 1/3 ) -3 (D) -1/3

Solution:

Option (D) is correct.

Explanation:

Equation of the curve * = Ix" +3sinx 1)

ﬂ =4x+3cosx
Slope of the tangent at point (X, y) is @x
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Slope of the tangent at * = Y- 4(0)+3cos0=3=m (say)
-
Slope of the normal = m 3
27. The line ¥=**1 js a tangent to the curve ¥ = ** at the point:

(A@1.2) B)21) ©)(1-2) DO)(12

Solution:
Option (A) is correct.

Explanation:
Equation of the curve ¥ =% ... (1)

a:I:L.

. (k). —=4

Slope of the tangent at point * ™~/ is  &x
dy _ 12
@y (2)
Now,

Slope of the line ¥=**lis 1....(3)

—c;r_—l_l

[as we know, & -1 ]

From equation (2) and (3),

=1

et | bt

y=1
From equation (1), 4=4x
x=1

Therefore, required point is (1, 2).
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Exercise 6.4 Page No: 216

1. Using differentials, find the approximate value of each of the following up to 3 places
of decimal:

() ¥253
(if) 495
(iif) 06
vy 0009
) (0:999) Ao

i) (0.0037)%
iy (26577
iy (519"
(Xiv) (3.968)"
(xv) (3215

Solution:

(i) Af253

Consider, + == (1) and then
v+AY =+ Ax

On differentiating equation (1) w.r.t. X, we get
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& 1 2 1

&1 O

Now, given expression can be written as,

J253=425+03

Here, *=25 and Ax=03 then Ay =+ Ax —fx

= V253 -425=4253-3

— 233 =0v+3

Since, &% and & is approximately equal to % and " respectively.

From equation (2),

0.3

24/25

=0.03

dy =

Hence, approximately value of %253 554 0.03 = 5.03.

(if) 495
Consider, ~ = (1)

On differentiating equation (1) w.r.t. X, we get

& 1 2 1

=1
de 2 = 2\"{;

Now, from equation (1), ¥ 2= N+ Ax
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= 495 =4/49+405

Here, *=49 and &x=03 then
Ay = fx+ A —ofx

= 19549 =195 -7

= N9 5 = A+ 7

Since, &% and & is approximately equal to &< and &' respectively.

From equation (2), " 3\"{4_9

=0.0357

So, approximately value of V493 is 7 + 0.0357 = 7.0357.
(iii) V06
Consider, + =x 1)

On differentiating equation (1) w.r.t. X, we get

Now, from equation (1), Y+ Ay =afc+ Ax
_ J06=A064-004

Here, *=0.64 gand 4x=—-0.04 then

Ay=-x+ i'-._'l{—\n'{l_’
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= 06 —+f064=-f06-08

J06=Av+08

since, & and ' is approximately equal to 4* and %’ respectively.
, —0.04
dy = _

From equation (2), 2,0.64 = —0.025

Therefore, approximately value of +0.6 js0.8-0.025=0.775.

1
(ivy (0009’
Consider, y= (1)

On differentiating equation (1) w.r.t. X, we get

d.:L.

Now, from equation (1), ¥ & =~ +ax
. Lo -
_ (0.009)% =(0.008+0.001;
Here’ x= D.DDS and i"n_Tz [:I.I:II:I].,
then Ay=-fx+ 11:—\.'{1_'
. L L .
_ (0.009)7 —(0.008)% = (0.009)F —0.2
1
(0.009)F =Ay+0.2

Since, &% and & is approximately equal to @< and %' respectively.
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From equation
0.001

1%
3, (0.008)3 |
(2)’ b r

0.001
= 3x0.04 =0.0083

1

Therefore, approximately value of (0.009)3 is 0.2 + 0.0083 = 0.2083.

1
0.999)T
w) 777

Consider, ¥ = .......... 1)

1

On differentiating equation (1) w.r.t. X, we get

- 1

d_1 5 —
= =yt il
de 10 = 10xF
) dx
QY =———

1

B

Now, from equation (1), ¥ =afr+Ax
UL )
_ (0.999 )15 _ (1-0.001)%

Here .T=]. and &.\":_D.DD].

1 1

Av =[x+ Ax|T — 0
Then Ay =[x+ Ax) X

1

_ (0.999)T 1

1
= [._0-999_-]E - 1+Ay

Since, &% and & is approximately equal to @< and @' respectively.
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dy = —0.001 _ 4 0001

W5

10 11

1

[ 110
Therefore, approximate value of (0.999) is 1 —0.0001 = 0.9999.
ok
(viy 2"

Consider, * = .......... 1)
On differentiating equation (1) w.r.t. X, we get

1

v =z —
- x :
— 4xt

x
)
A | =

Now, from equation (1), v+ Ap=qfx+ Ax

1
_ (16-1)7

dal

(15)

Here ¥=16 gnd Ax=-1
1 1

A — [ v AxTF — -2
Then Av=|x+Ax)* —x

—

1 1 1
_ (15)7-16% =(15)7 -2

1
— [1:‘-:]4 — 2+1€L

Since, &% and & is approximately equal to &¢ and &' respectively.

NCERT Solutions
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. -1 -1
ﬂ:[,' = - — =—
1Y 32
4 16*
From equation (2), '
1 1 &3
57 2T

Therefore, approximate value of 3% s © 32732 = 1.96875.

1
(vii) 1=0F
Consider, y=be (1)

On differentiating equation (1) w.r.t. X, we get

d-_}'_ 1 1—_ 1_‘

dx 3 = 3x%

= dx dx
31?{ 3|..l/g|

Now, from equation (1), ¥ T4 =¥ ax

1 1
_ (26)7=(27-1)

Here, *=27 and 4x=-1

1 1 1
then v =~x+Ax—fx _ (267 —(27)F =(26)5 -3

1
(26)7 =Ap+3

Since, &% and & is approximately equal to @< and %' respectively.

From equation (2),

NCERT Solutions
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1 80
gy 3—— =
£ (20 4

Therefore, approximately value o 27 217 =2.9629.

Al =

5

(wiii) 1*

L

)
Consider, * = .......... 1)

On differentiating equation (1) w.r.t. X, we get

. _ 1
d 1 = —F
= =
dx 4 = 4

) dx
QY =—

i l
4| x*

L

dal =
| ]
Ln
o

I

[—
Rl —

- (153 (256-1) 3)

Here ¥=236 gnd Ax=-1

1 1
Av = ( v+ AxF — &
Then Ay =[x+ Ax)* —x

| -]
L
L
dal
I
| ]
L
e
da]
I
| -]
L
L
Rl -
|
de
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dal

(255)

— 4+Av

Since, &% and & is approximately equal to &< and &' respectively.

. -1 -1
,Q:L' = — =
1y 256
4| 256°
From equation (2),
1 1 1023
. (2357 . 45752
Therefore, approximate value of =~ js 236 156 =3.9961.
1
.
(ix) &%)
:
;—
Consider, ¥ = .......... 1)

On differentiating equation (1) w.r.t. X, we get

E:':ix’%:
dx 4
L
= —ij'
. ax
ay =—
i l
4 x*
o 2)
1 1
A TR (2 (81+1)3
Now, from equation (1), ¥ T & =VXTax _ (82)_ (81+1)% . (3)

Here ¥*=81 and 4r=1

11
then & =(x+dx)? =
1 1 1
_ [82)F —(81)* =(82)* -3
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1
(82)% _ 3+ A

Since, &% and & is approximately equal to &< and &' respectively.

. 1 1
Q:L' = ~ - = —
[ 108
4817 |
From equation (2),
1 1 325
e L=
Therefore, approximate value of (82)* i 77108 108 =3.0092.
(X) Sf401
Consider, y=r 1)

On differentiating equation (1) w.r.t. X, we get

Now, from equation (1), = Ay =qfx+Ax
= \JI‘“:II ="..l—1|:”:|+1

Here, =400 gnd &x=1 then Ay = fx+Ax—Jx

— 401 — /400 = +/401-20
— 401 =Ap+20

Since, &% and & is approximately equal to @< and %' respectively.

P §

From equation (2),  2v400 = 40




2, " Class - XIl _ Maths
edsecu m Ch. 6 - Application of Derivatives

EDUCATION NCERT Solutions

1 801

40 40 =20.025.

-
Therefore, approximately value of V401 g

(xi) +f0.0037
Consider, + = . 1)

On differentiating equation (1) w.r.t. X, we get

Now, from equation (1), Y+ Ay =afc+ Ax

_ +f0.0037 =f0.0036+0.0001

Here’ _T:D_DDBE and i_Tz D.DDD] , then
i}'=r\.'x+i.x—\.'{.1_’
_ +f0.0037 —~/0.0036 = +/0.0037 —0.06

Af0.0037 = Ay +0.06

Since, &% and & is approximately equal to &¢ and &' respectively.

. 0.0001
From equation (2),  2+0.0036

0.0001
= 012

0.0001
Therefore, approximately value of ¥0-0037 js0.06 + 0.12 =0.060833.
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. -
26.57)

xiy 12037

Consider, y= 1)

On differentiating equation (1) w.r.t. X, we get

& 132 1
dc 3 = 31’7-"(
G dx  dx
A 31?{ 3|T¥|

Here’ xXr= 2? and l\’z_D.—lB,

then & =~x+ax—vfx

1
(26573 = Ay +3

Since, &% and & is approximately equal to @< and &' respectively.

043
T s }‘*.:
3| (27)3 |
From equation (2), '
—0.43
= 27 =0.0159

1

PLETAE
Therefore, approximately value of (26.37) is 3—0.0159 = 2.9841.
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xiiy 512
1
Consider, ¥ =*" ... 1)

On differentiating equation (1) w.r.t. X, we get

5 1
da 1 & —F
—~ =—x =
dx 4 = 4x*
) dx
ay =—

Now, from equation (1), ¥ ™% = N+ Ax

._.
dul =

R15)F_ (81405
= L3 P, 3)

Here ¥=81 and 4x=0.5

1

1
Av = [ v+ AxlT — =3
Then Ay=|x+Ax)* —x

1 1 1

_ (81.5)7—(81)% =(81.5)% -3

da|

(81.5) _ 3+ A

Since, &% and & is approximately equal to &< and &' respectively.

. 0.5 0.5

Qt[,': — =
[ 1 108
4817 |

From equation (2),

=0.00462

1
Ak
Therefore, approximate value of (82) is 3 + 0.00462= 3.00462.
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iy (39687

z T+=

Consider, ¥ =% =% ° =xx (1)

dv_3 3

Now, from equation (1), ¥4 =+ ax
_ (3.968)7 =(4-0.032)7
Here, *=% and &x=0.032 then Ay =+ Ax —

_ (3.968)7 —(4) =(3968)T -8

(3.968)% =Ay+8

Class - Xll _ Maths
Ch. 6 - Application of Derivatives
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Since, &% and & is approximately equal'to @ and %' respectively.

From equation (2),

3, .
dv=21(=0.032
1 2«4"—[_ ) _ 0,096

Therefore, approximately value of (3.968)2 is 8 - 0.096 = 7.904.

1

(xy) 32157
1

Consider, ¥ =% ... (1)

On differentiating equation (1) w.r.t. X, we get
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@ 13 —
dx 5 = 5-"55
. dx
dy=——y
s
NS )

1

! -
Then Ay =(x+Ax)? —x°

1 1 1
_ (32.15)3—-(32)5 =(32.15)5 -2
(3215 _ 24+

Since, &% and & is approximately equalto Z¢ and &' respectively.

From equation (2),

=0.001875

1

5)3

s
Therefore, approximate value of (32.13 is 2 +0.001875 = 2.001875.

F_I‘ 5 A ’: { . 3
2. Find the approximate value of f12.01) where Sx) =T 132

Solution: Consider, / ¥/ =¥=x #3x+2 (1)
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On differentiating equation (1) w.r.t. X, we get

Flx) =" —gx+5
T dx

dy =(8x+35) dx

= (8x+5)Ax @)

Changing * to **+2% and ¥ to ¥ T2 in equation (1),
yv+Av= fx+Ax)

= f(20N)=7(2+00) 3)

"y | Ao,
From equation (3), F120l)=v+M

Since, &% and & is approximately equal to ©¢ and  respectively.
From equation (1) and (2), we get
£(2.01) =47 +5x+2 )48+ 5) Ax
Therefore,
£(200) =4(4)+5(2)+2+(8x2+5)(0.01) _ g 57

01)

.
Therefore, approximate value of f2 is 28.21.
3. Find the approximate value of SI300L) here f1x)=x -7 +15.
Solution: Consider, 7 ¥/ =¥=x -7 +13 (1)

On differentiating equation (1) w.r.t. X, we get

Frix)=2 2327 _14x
T dx
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o =037 —ldx) de=(37 ~ldxjax 2

Changing * to **+2% and ¥ to ¥ T4 in equation (1),
yv+Av= fx+Ax)

_ f(5.001) = £(5+0.001)

L
QD
>
o

&

I

]

=

]

(=

Here, *=

From equation (3), 7 =001/ =¥ +&v

Since, &% and & is approximately equal to &¢ and &' respectively.
From equation (1) and (2),

F(5.001)=(x =74 +15)+(3x" — 14x) Ax
f(5.001) =125 -175+15+(75-70)(0.001)

= —35+0.005 - —34995

5 001 A\l
Therefore, approximate value of F(5.001) 1o°<341995

4. Find the approximate change in the volume of a cube of side x meters caused by
increasing the side by 1%.

Solution:
Side of a cube is x meters then cube volume (V) is x3.

On differentiating equation (1) w.r.t. X, we get

av .
— =3x

dx (2)
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According to the
-

statement, increase in side = 1% = 100

Ao
So, 100 ... (3)

Approximate change in volume, V, of cube = &V ~ @V

av o
—Qx
= &{ax
v
Li‘f
= ax
o x ) 305 3
I P 003
- 100 ) 100

cubic meters

5. Find the approximate change in the surface area of a cube of side x meters caused by
decreasing the side by 1%.

Solution:
Side of a cube is x meters then Surface area of a cube-is (S) = 6x?

S = 6x2
On differentiating above equation w.r.t. x, we get

§=1h’

ax
At per question, if decrease in side 1% is
= 1% of x
=-0.01 x

Av=—-001x

4as

! ' —adx
Since approximate change in surface area = AS ~ @5 = dx
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We have,

4s Ay )

- Y| — A e Yy
= ax - 1ox(=0.01x) ~ =0.12+ square meters (decreasing)

6. If the radius of a sphere is measured as 7 m with an error of 0.02 m, then find the
approximate error in calculating its volume.

Solution: Consider, r be the radius of the sphere and 4 be the error.
then, as per question, r=7 mand 4 =0.02 m

4
— T
We know that, Volume of sphere (V) = 3
3 .
d—_=i:-T.3r‘
dr 3

Approximate error in calculating the volume = Approximate value of AV

av (dr)
—(dr
dav = gr - -

13 | dr
_ 3 )

_4x(7)7(0.02)

Y
3.92x =2

=12.32 m?
Therefore, the approximate error in calculating volume is 12.32 m3.

7. If the radius of a sphere is measured as 9 m with an error of 0.03 m, then find the
approximate error in calculating its surface area.

Solution: Consider, r be the radius of the sphere.
And, Surface area of the sphere (S) = 4™ (formula for SA)
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ﬁsz‘
ar

a5 = 8ar dr
a5 = Bar Ar

dS = 87(9)(03)

5
= 2167 square meters

8. If fx)=3x"+15x+3, then the approximate value of f(3.02) is:

(A) 47.66 (B) 57.66 (C) 67.66 (D) 77.66
Solution:
Option (D) is correct.

Explanation:

Consider, / ¥/ =y =3 +13x+5 (1)

On differentiating equation (1) w.r.t. X, we get

Fix) =2 =6x+15
T oax
(62415 e (cr ST A
or @ =(6x+15) de=(6x+15)0x )
Changing x to **2% andyto * % in equation (1),

y+Av= fx+ Ax)
_ F(302)=F(3+0.02)

Here, *=3 and 4r=0.02

So,

From equation (3), F(3.02)=v+Ay
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Since, &¢ and & isa i I | to &x ay i
, pproximately equal to and respectively.
From equation (1) and (2),

£(3.02)=(3x +15x+5 |+ (6x+15) Ax

£(3.02)=3(9)+15(3)+5 +(6x3+15)(0.02)

= 77+066 = 77.66

9. The approximate change in the volume of a cube of side x meters caused by increasing
the side by 3% is:

(A) 0.06 x3m3 (B) 0.6 x3m3 (C) 0.09 x3 m3 (D) 0.9 x3 m3

Solution: option (C) is correct.

Explanation:

We know that, Volume (V) =x3 .......... (1)
aw )
—_— = 3 x
ax (2)

av o
. ., —ax
Since approximate change in volume V of cube = &V ~ @V = ax
av

— Ax
= dx

3 ';' 3.";" l‘-‘: 9

e~ 0.09%
- 100 ) 100

cubic meters
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Exercise 6.5 Page No: 231

1. Find the maximum and minimum values, if any, of the following functions given by:
Q) fx)=(2x-1) +3

(i) Flx) =92 +12x+2

iy 79 =—(x—1)"+10
(iv)
Solution:

(i) Given function is:

Fx)=(2x-1)"+3

2(x)= x +1

o 2
As, (2x-1) 20 forallx e R
Adding 3 both sides, we get

(2:0-1) +320+3
flx)z3

x=
The minimum value of f(x) is 3 when 2x — 1= 0, which means

b | =

This function does not have a maximum value.

() = Ot L1t
(i) Given function is: Slx)=9x +12x+2

Using squaring method for a quadratic equation:
) -~

. Il - 4."{’
x)=9 X +—+= |
f () SRERE)

l'-. Y
| b2
- -I-J

+

W | k2

() 4x 2V
=9 x+—+ = -
£ (%) T
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2%
flx)=9 1+:; -2
b ()
£y
9 ¥+ =20
As - 3, forallx e R

Subtracting 2 from both sides,

flx)z-2

Therefore, minimum value of f(x) is -2 and is obtained when

o -2

x+==0 x=—
3 thatis, 3

And this function does not have a maximum value.

(i) Given function is: f(x)=—(x—240- NGV (i)

(x-1)"20

As forall *= R

Multiplying both sides by —1 and adding 10 both sides,

~(x-1) +10<10

F(*)=10 1ysing equation (1)]

Maximum value of f(x) is 10 which is obtained when
x -1 = 0 which implies x = 1.
And minimum value of f(x) does not exist.

(iv) Given function is; €'/ =¥ +1

At x—x £ [._-"f_.] —

A x>0 glx) >
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Hence, maximum value and minimum value of g(x) do not exist.

2. Find the maximum and minimum values, if any, of the following functions given by:

NEEEES
(i) gl(x)=|x+1|+3
(i) i x)=sin(2x)+5
vy /() =binsx+3

(v) .
Solution: (i) Given function is: f[-x-|:|x+ jl_l .......... (1

h(x)=x+Lxe(-11)

As |'T+ :|'3 0 forall *= R

- Ll _
Subtracting 1 from both sides, e+2[-22-1

flx)z-1
Therefore, minimum value of f(x) is -1 which is obtainedwhen x + 2 =0 or x = -2.

From equation (1), maximum value of Fx) = 2\ pehee it does not exist.

(i) Given function is: €'/~ ~pestdf+3

As |'T+1|'30 forall *= R

Multiplying by —1 both sides and adding 3 both sides,

—|xe+1]+3=3

g(x)=3

Maximum value of g(x) is 3 which is obtained when x + 1 =0 or x = -1.

glx)——x

From equation (1), minimum value of , does not exist.
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(iii) Given function is; *t*) =sinl2x]+3 (i)

AS —1=sin2x =1 for a” xe R
Adding 5 to all sides, ~1+3 =sinlx+3<1+3

4=h(x)<6

Therefore, minimum value of Al x) is 4 and maximum value is 6.

(iv) Given function is: £ (x) =|sin 4x+3|

As —12sindx =1 91 all € R

Adding 3 to all sides, ~1 T3 Zsin 2x+5=1+3

Therefore, minimum value of f(x) is 2 and maximum value is 4.

(v) Given function is: h(x)=x+lxe(FLO)C 47 (i)

As —l=x=1

Adding 1 to both sides, 1 +1=x+1<1+1

0<hlx)=2

Therefore, neither minimum value not maximum value of h(x) exists.

3. Find the local maxima and local minima, if any, of the following functions. Find also the
local maximum and the local minimum values, as the case may be:

iy /()=

iy 8(X)=x —3x

h(x)=sin x+cosx0 < x< z
@i 2

x) =sin x—cosx.0 < x< 27
(iv) flx)=sinx—cosx,0<x<2T
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w) (x) = —6x" +9x+15
WX 2
glx)|=+=.x=0
(vi)y 2 x
;o 1
glx|l=—
(vii) ~ x+2

) f[ -"f_.] =xyl—x x>0

Solution: (i) Given function is:
Flx=2x 4 £(x)=2

(Viii
flx)=x

Now /(%) =0

x=0 [Turning point]

Again, when x = 0, 7 ) =2 positive]

Therefore, x=0, is a point of local minima and local minimum value = /10)=10) =0

(ii) Given function is: £'*/=* —3x

g'(x)=3x"-3 "(x)=6x

and €
Now £ (¥)=0

3t —3=0

3(x*-1)=0
3x+1)(x—1)=0

x=-1 or *=1 [Turning points]
Again, when x=-1

g"(x)=6x=6(-1)==6 r\aqative]

_=_ .3_ ._.=,_!
x=-1jsa point of local maxima and local maximum value g(-1)=(=1) =3(=1)=2
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And
when x=1; £ (%) =6x=0l1/=0 1pogifye]

o ._:‘-_ A
x=1, is a point of local minima and local minimum value g(l)=(1) =3(1)==2

i :'-L'-‘\I
P , 0 ap e — |
il x)=stnx+cosx | jf_J Q)

(iii) Given function is:

h'(x)=cosx—sinx h"(x)=—sinx—cosx
[ x) and [x)

Now " (x)=0
cosx—sinx=10

—sinxX=—C05 X

sin
=1

COs X

tan x=1 [Positive]

x can have values in both 1st and 3rd quadrant.

|

. 0 e — |
: | £ :
But, - / therefore, - is only in | quadrant.

PP

As, tan x=1

o T
= 4 h'lx)=-sinx—cosx

At
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]
I
o

v, T T
=S5 —+ C05 —
) 4 -

= <

}’E —_—
\ 4

1 1
—_— —_— F-"
_GTEYV

Y i v e () e v e
(iv) Given function is: f(x)=sinx—cosx (0<x<27)

f'lx)=cosx+sinx and f"(x) =—sin x+cos x

Now /(%) =0
cosx+sinx=0

Sifl ¥ = —COSX

sin x

=-1

CO5X

tan x=~1 [Negative]

X can have values in both 2nd and 4th quadrant.

T
_ta_n_
tan x=—1 =
tan T——l tan ZT——;
T
tan x =tan — tan —
or 4
3T
x=—
4 and

is a point of local maxima and local maximum value

Class - Xll _ Maths
Ch. 6 - Application of Derivatives
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At x T4 fllx)=-sinx+cosx _ _Em_+mﬁT
) I :_-lr"l { .:_-'Lv-“:
s —s8in, T——  +cCos, T——
= h'(x)_ T\ 4 -y
. T
— s ——C0s—
= 4
-1 _ 1
SN GRN )
—2
-2 -2 [Negative]
3 3T 3T
_1;:3;? b —;=sin’——casa—
So, 4 is a point of local maxima and local maximum value = 4 4
, T f oo
sin, T——  —cos, T——
_ | _1_ | :"1. _1_ |
: : 1 1
in— 2+ ==42
_ 511 — +C0s _ ﬁ J:— \"{_
IT
= "4 f(x)=—sinx+cos x

— S8l —+Ccos —
4

l+cos| 2m—— |
! 4 )

.y T
Cwr v —Sin] 2m——
1lx) _ \ 4

Which implies; "

. L T
51 — +C0s —
4

‘.':nJIrH
-
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(T |, Iw 7T
r=" f — |=sin——cos—
L4 ) 4 4

4 is a point of local maxima and local maximum value =

sin, 20—— |—cos, 207——

_ o\ ) U )

(v) Given function is; / (¥} =% 6% +9x+13

F(x) =3 —12x+9 (x)=6x—12

and f

Now /(%) =0

3t —12x+9=0
v —4x+3=0

(x—1)(x—3)=0

x=1 or ¥=3 [Turning points]

At ¥=L frlx)=6x-12=6-12=-6 [Negative]

x=1jsa point of local maxima and local maximum value is F)=(1) —6(1) +9(1)+15=19

e et a1 N
At =3 Sl =6x=12=6x3-12=6 15 e

¥=3isa point of local minima and local minimum value is f13)=03) —613) +3(3)+13=15

-2
.E['_l’_']=i+:=x> 0
(vi) Given function is: 2 x
g

gllx)=—-=
.

bt | =
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X —

= 2."{:
(x+2)(x-2) ()= 4

= 2y and Y

Now £ (%) =0

(x+2)(x—-2)

21’: =0
(x+2)(x—2)=0
9

— T - —
X=—a or X=a

But *> 0 therefore *=2 is only the turning point.

[ R

-+

2=

-— . . . . P .
X == is a point of local minima and local minimum value is

ko | ks
ko | ka2
Il

h(x) = —— =(o2+2)
(vii) Given functionis: X +2 /
B = (1) (2 +2) 7 (20) =y
‘ . |.f-:-_"|

| (x*+2) 2-2x2(x*42)2x |
B = . ‘ _

| (x+2) |

L -

—2(2-3x")

(F+2f
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-2(2-3x") 2(2-0] -4 —
o T
At *=0- X' +2) o " [Negative]
m(0)=—1 =1
x = 0 is a point of local maxima and local maximum value is ~~ 0+2 1
flx)=xfl-x.x=1

(viii) Given function is:
=1 g
f'x] =J:-l['1—-ﬂT i_['l—x']%ﬁ—x.l
x LT T

—
+a/l—x
— 24f1—-=x !

—x+2(1-x) 2-3x

- 2yl-x - 2J1-x
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3 is a point of local maxima and local maximum value is

2 2 23
Slexfl-x=2 12 =200
faj,..' 3V 3 9
e
J2y T3
G
4 1-2
Again L3
I —
2 —132 1 <0
NERTEPR
:"\.3 | 3 |

Ll | ke

Therefore, f(x) has local maximum value at |

4. Prove that the following functions do not have maxima or minima:

i =<
(iy £(x)=loex

B(x)=x +x +x+]

(iii)

Solution: (i) Given function is: flx)=e
flix)=¢

NOW fl[._-"’_.] =|:|

g =1

But this gives no real value of - Therefore, there is no turning point.

..T. . ..
f(x) does not have maxima or minima.

(ii) Given function is: glx)=logx

Class - Xll _ Maths

Ch. 6 - Application of Derivatives

NCERT Solutions
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g ['_J:_']=l
-
Now £ ¥)=0
1,

1 = 0 (which is not possible)
f(x) does not have maxima or minima.

(iii) Given function is; 11%) =% T +x+1
B'(x)=3x" + 2 +1

Now 7 (%) =0

3t +2x+1=0

—1+.f2i

= 3

Here, values of x are imaginary.
h(x) does not have maxima or minima.

5. Find the absolute maximum value and the absolute minimum value of the following
functions in the given intervals:

M) flx)= ¥ .xe [—l 2]

(i) fx)=sinx+cos x.x E[EI:,-T!

. 1, 9
f[.'l.’_] =4:|:—; X .xe| —

XE| lfl

(iii) - L 2]
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(iv) flx)= ['_J:—l_']: +3.xe[-3.]]

Solution: (i) Given function is: flx)=xxe[-2.2]

f(x)=3x"
Now /() =0

3¥ =0

x=0=[-2.2]
At ."i':[:]: f[U]ZD

g x=-2, F(-2)=(-2) =-8

ap x=2, F(2)=(2) =8

.. Mxl . _e . .
Therefore, absolute minimum value of - ( :' is % and absolute maximum value is 8.

(if) Given function is: /¥ =siaxreesxxe 0. 7]

f'lx)=cosx—sinx

Now / (+)=0
cosx—sin x=10
—sifl X = —C0s X
tan x=1 [Positive]

x lies in I quadrant.

ks
tan x=1=tan —

T
r=—
So, 4
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f () T+ a1
— —s1n— cos—=_—__+
) TRETE
f(0)=sin0+cos0=0+1=1
fl7)=sin T+cos T=0-1=-1

Therefore, absolute minimum value is -1 and absolute maximum value is 1.

. 1, 7N
f[_T_] =4.T—;J:‘=_TE_ —l; |
(iii) Given function is: - L2

f[l]—4—l[71.]— 4—x

W ()=0

- £(4)=16-2(16)=16-5=8

) . & .
x=—2. f[._z.]z'll.__r]_;lﬂl=—S—_'=—]_[:|

Therefore, absolute minimum value is —10 and absolute maximum value is 8.

(iv) Given function is: 7 ) =¥~ 1 F3.x(=3.1)

£1(x)=2(x-1)

W ()=0

Class - Xll _ Maths

Ch. 6 - Application of Derivatives

NCERT Solutions
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2(x-1)=0
x=12(-31)

ap =1 F(D)=(1-1)"+3=3

ap x=3, () =(3-1)"+3=16+3=19

Therefore, absolute minimum value is 3 and absolute maximum value is 19.

6. Find the maximum profit that a company can make, if the profit function is given

Foy A !
by_pllj—41+-41 18x".

Solution: Given function is: Profit function 2% = o+ T 18x7

oA i N
p'(x)=24-36x __, p"(x)=-36
Now ¥ (x)=0
24-36x=10
24 2
X=—=—
36 3
2
=2
At~ 3, Plx)=-36 [Negative]
2
o = —
P1%) has a local maximum value at 3,
2
x=—
At 3, Maximum profit
2 47
41+24 — 18 — |
_ 3) L9

=41+16-8=49
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7. Find both the maximum value and minimum value of
3x* =8 +12x" —=48x+25 gn the interval [0, 3].

T S ' 4.1 Y
Solution: Consider /) =3% —8x +12x" —48x+ 25

F(x) =122 =245 + 2448

on [0, 3]

Now / (+)=0
12 —24x° +24x—48=0
=2 +2x—4=0

(x=2)(x*+2)=0
x= 2 or xr= iﬁ

As x=12 s imaginary, therefore it is rejected.
here*=2 is turning point.

At ¥=2. f(2)=3(16)-8(8)+12(4)-48(2)+25 1 =39

ap x=0 F(0)=25
At X=3. F(3)=3(81)-8(27)+12(9)-48(3)+25=16
Therefore, absolute minimum value is =39 and absolute maximum value is 25.

8. At what points on the interval [D”'T] does the function it 2 attain its maximum value?

‘x)=sin 2x
Solution: Consider |+ =sin 2

f'(x)=2coslx

Now /(%) =0

2eos2x =10



@dsecure

EDUCATION

=

2x=(2n+1)

k|

.T=£2?E+1_:|§

"3 1

M\l )=ty ="
&2

fl ==

As ﬂ'ﬂ attains its maximum value 1 at -

T
N

Class - Xll _ Maths
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Therefore, the required points are
9. What is the maximum value of the function sinx+cosx’

flx)=sinx+cosx

Solution: Consider
f'(x)=cosx—sinx

Now / (+)=0

cosx—sinx=10

—sinxX=—C05 X

A

tan —

tan x=1 — 4
i
X=nT+—

Here 4 is a turning point.

Ty T b

FlnT+—|=sin| nT+— |+cos, NI+ —

\ 4) \ 4 | 4

(-1) " sin z +(=1} " cas =

(—1) E (—1) 3

o oan 1

_ 2

If n is even, then
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f ?:-,-T+§:=—\E

If nis odd, then

Therefore, maximum value of f(x) is *J'E and minimum value of f(x) is _”vE-

10. Find the maximum value of 2x° —24x+107 in the interval [1, 3]. Find the maximum value

of the same function in [-3.-1].

i e 10
Solution: Consider / ¥/ = 2% ~24x+107

fl(x)=6x" 24

Now /1% =0
6 —24=0
=4

r=12

/.

For Interval [1, 3], * == is turning point.

A x=L S(1)=2(1)-24(1) +107 =83

ap x=2. f(2)=2(8)-24(2)+107=75

ap ¥=3. f(3)=2(27)-24(3)+107 =89

Therefore, maximum value of f(x) is 89.

2

For Interval A is turning point.

ap x=-1 f(1)=2(-1)-24(-1)+107 =129
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At ¥=-2. f(2)=2(-8)-24(-2)+107 =139

At T=-3. F(3)=2(-27)-24(-3)+107 =125

Therefore, maximum value of f(x) is 139.

11. It is given that at *=% the function * —62x" +ax+9 attains its maximum value, on the
interval [0, 20]. Find the value of -

=%t — 62 +ax
Solution: Consider /%) =% —62¢" +ax+?

f(x)=4x —124x+a

As, flx) attains its maximum value at *=1 in the interval [0, 2], therefore s(1)=0

Fl(1)=4-124442=0
a-120=0
a=120

\ ¥
12. Find the maximum and minimum value of * 731X gn [D”Il'

Solution: Consider /) = Fsin 2x

f'(x)=1+2cos 2x

Now  (+)=0

1+ 2cos2x=0
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2T
cos —
= 3
i !
dx=2nrt x=nrtl
3 where "€ 7 = 3
1—+3- X T X z
p— -5 TS g 27 Y
For 7 =0. 3 But 3 'Z[D“'T], therefore 3
-1 v=ntl g+l -2
For "=+~ 3= 3and 3
, x=2rtZ
For 7 == 3
x=27+2 > 2w e[0,27] x=27-2 ="
But 3 , therefore 33
(x)

Therefore, it is clear that the only turning point of 4 given by *75in 2 which belong to given

. 2m 47 A&

, 0,27 X= e P
closed mterval[ .21] are, 3 3 303

T
x=—
At 3
i 1 ¥
f.Ei=E+sin£=g+£=l_05+0_87=1_92
b 3 J 3 3 b 2 (approx)
2T
x=—
At 3
T 2
F) AT AT e B 100872103
3 ) 2
(approx.)
4
r=—
At 3

(47 4 8T 41 A3

F L G 2 T LN 41054087 =5.07
L3) 3 33 2

- (approx.)
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r=—
At 3

(approx.)

At X= 2T

F(27)=2m+sin47=27+0=27=2x314=628

(approx.)

Therefore, Maximum value = =T and

Minimum value = 0.

x1.05-0.87=438

Class - Xll _ Maths
Ch. 6 - Application of Derivatives
NCERT Solutions

13. Find two numbers whose sum is 24 and whose product is as large as possible.

Solution: Consider the two numbers be x and y.
x¥y=24

According to the question,

y= 24 —x (l)

And Consider Z is the product of * and +-

I=xy

z=x(24-x) [From equation (i)]

z=24x—x

Eonoe Lo

dx and ::2".1’: B

= —0
Now to find turning point, @
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24-2x=0 = x=112

dz__,}

At x=12 a7 [Negative]

-— 17 . . . . . -1
x=12js g point of local maxima and < is maximum at * =12

From equation (i), * = 24—-12=12

Therefore, the two required numbers are 12 and 12.

14. Find two positive integers x and y such that 7% =60 and 2" is maximum.

Solution: Given function is; ¥+ =60.x>0.2>0 (i)

X

Consider P = [To be maximized] .......... (ii)

), x=60—yp

Putting from equation (i in equation (ii),

p = (60-y)y" =601" -y

P 180y — 4y =4 (45-v)
¢ Al (iii)
£ o
Now &
437 (45-1)=0
y=0.45

P

Itis clear that & changes sign from positive to negative as * increases through 45.

Therefore, P is maximum when ¥ =43

Hence, ¥ is maximum when *=60-43=13 y=45
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15. Find two positive integers x and y such that their sum is 35 and the product Vs a

x+yv =35

maximum.

Solution: Given function is: -
y=35-x .. (i)

Consider Z=¥%’

(35— %)

) [From equation (i)]

% _ 2 5(35- )" (~1)+(35-x)

— D=

d__Z:1’(35—1’14[—51’+(35_1’J2_|

ax S - -

& (35 —x) [-5x+70-2x]

ax )

£ _x(35-x)*(70-7x)

dx S '

£ _7x(35-%)(10-x)

QI.T ) . Y N\
£ o

Now &x

7x(35-x) (10-x) =0
.T=|:| or 35_1'-=D or ].D_.-'i':[:l

.T=|:| or .T=35 or .-';"=1|:|

2x

Now *=0 is rejected because according to question, * is a positive number.

Also *=33 is rejected because from equation (i), ¥ =35-35=0, but * is positive.
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Therefore, x = 10 is
only the turning point.

@2 _7(35—x) (62 —120x+350)
ax” ) ’
22 _7(35-10) (6x100-120x10+350)
At x=10 gx ’
_ 7(25)°(-250) <0

dz
By second derivative test, @ will be maximum at *=10 when *

Therefore, the required numbers are 10 and 25.

16. Find two positive integers whose sum is 16 and sum of whose cubes is minimum.

Solution: Consider the two positive numbers are * and. -
x+y=16

Consider £ =% T

2=x 18- 1er0m equation ()]

z=x+(16) = —48x(16-x

_ (16) —768x+48x"

& _763+96x =96
dx and &x”

dz
Now € =0

—768+96x=0
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x=8
€296
At x=8 dx is positive.

*=8 js a point of local minima and 2 is minimum when *=§.

y=16-8=8

Therefore, the required numbers are 8 and 8.

17. A square piece of tin of side 18 cm is to be made into a box without top, by cutting a
square from each corner and folding up the flaps to form the box. What should be the
side of the square to be cut off so that the volume of the box is the maximum possible?

Solution:
Each side of square piece of tin is 18 cm.
Consider x cm be the side of each of the four squares cut off from each corner.

Then dimensions of the open box formed by folding the flaps after cutting off squares

L AN L I P
are (18—2x),(18—1x] and x cm.

Consider z denotes the volume of the open box.

z=(18-2x)(18-2x)x
z=(18- ZJ:_']: x
z={324+4x" - T2x)x

— 4x — T2 +324x

Which implies
Z 128 144x+324 ZZo24x-144
ax and ax”
az

Now @x =0
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12x° —144x+324 =0
=x —12x+27=0
(x=9)(x=3)=0
x=9 gr x=3
*=3 is rejected because at *=7 length = 18—2x=18-2x3=0 which is impossible.
x=3 js the turning point.
d:—:i:=2—1 x3-144 =-T2
At x=3 de [Negative]

z is minimum at x=3 that is, side of each square to be cut off from each corner for maximum
volume is 3 cm.

18. A rectangular sheet of tin 45 cm by 24 cm is to bhe made into a box without top, by
cutting off square from each corner and folding up the flaps. What should be the side of
the square to be cut off so that the volume of the box is maximum?

Solution: length and breadth of a rectangular sheet is 45 cm and 24 cm respectively.
Consider x cm be the side of each of the four squares cut off from each corner.

Then dimensions of the open box formed by folding the flaps after cutting off squares

(45 -2x).(24 -2x
(45-2x).024=2%) Jogxem.

are
Consider z denotes the volume of the open box.

z=(45-2x)(24-2x)x
z=(1080—-138x+4x? | x

— 45" —138x* +1080x

& 122 -276x+1080 22 _-24x-276

ax and -a'-_T:
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f
Now 4x =0

12" —276x+1080=0

=x —23x+90=0

(x=5)(x—18)=0

x=5 g x=18

x=18 jg rejected because at x=18 length = H4-Ix=18-2x18=-12 which is impossible.

Here x = 5 is the turning point.

-

z

£,

. —= =24x3-176=-156
At *=2 ax [Negative]

z is minimum at x = 5 that is, side of each square to be cut off from each corner for maximum
volume is 5 cm.

19. Show that of all the rectangles inscribed in a given fixed circle, the square has
maximum area.

Solution: Consider PQRS be the rectangle inscribed in a given circle with centre O and radius a.
Consider x and y be the length and breadth of the rectangle, that is, x>0 and y>0

In right angled triangle PQR, using Pythagoras theorem,

PQ? + QR? = PR?

4t = [ 2:1_']:

,1': —4g% — 42

?:Jiﬁjﬁ__mm)
Consider A be the area of the rectangle, then A = xy = *¥ 4a’ —x°

dA — 1 o — x
—=yda —x tx———(2x|=yda - ——————
ax 2ofda — Jdat -
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dg —2x

— 4ol -
Lo (=2x
J1a? — o (dx) = (42" — 2o 1¥

d’A _ 2 J4at —x
ax [' 4g* — 27|

And

(4a” =22 | (~4x) +x[4a® —2x7 |

(4 -2 |
d°A  -12a°x+2x

ax”

(40 -22%)7

—l_t[iﬁc;r: —x _‘]

(4a* 247

dA
Now &x

0
4g* —2x*

4a' - =
4g'=2x' =0
.T="-Ea

A 2(1a)(6a*-2a") g iz »
At x=«f§a, dx’ 224 N2a [Negative]

L . .
At -~ =+2a , area of rectangle is maximum.

And from equation (1), }'=m =\E,_.I’

P [
thatis, *~ * =+2a
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Therefore, the area of inscribed rectangle is maximum when it is square.

20. Show that the right circular cylinder of given surface and maximum volume is such
that its height is equal to the diameter of the base.

Solution: Consider x be the radius of the circular base and y be the height of closed right circular
cylinder.

T, P
Formula for Total surface area (S) = =/7% T=7%

.'k:L'+.T: =i .
2T = K (say)
w=k—x
k—x

Volume of cylinder |z)=mxy

::' JEL__l" ]
TX

_ LX) [From equation (i)]

z=mx(k—x)=m(lke=x)

Z _a(k-34)
ax ' ~and

E =m(—6x)=—6mx

-Q'.T:
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x= E d__fz—ﬁjﬁ
At 3 dx 3 [Negative]
'y
Xx=,l—
Z js maximum at 3
P
3

s
From equation (1), \/;

o
- 3 - 2x

Which implies, Height = Diameter

Therefore, the volume of cylinder is maximum when its height is equal to the diameter of its
base.

21. Of all the closed cylindrical cans (right circular), of a given volume of 100 cubic
centimeters, find the dimensions of the can which has the minimum surface area.

Solution: Consider x be the radius of the circular base and y be the height of closed right circular
cylinder.

According to the question, Volume of the cylinder ¥ =100

(i)

B TR
Total surface area (S) = <F% T=7*

2a(xp+xt)

fo1000 0 5
AT x—s+x |
= N X /' [From equation (1)]
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2442
2m(4+2) _ 127 [Positive]
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S is minimum when
1
(50

X= —
L)

radius cm

From equation (1)

g it
- T i.-l - 2x

Class - Xll _ Maths
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22. Awire of length 28 m is to be cut into two pieces. One of the pieces is to be made into
a square and the other into a circle. What should be the length of the two pieces so that

the combined area of the square and the circle is minimum?

Solution: Consider x meters be the side of square and y meters be the radius of the circle.

Length of the wire = Perimeter of square + Circumference of circle

—11’+2§T_}' =28

2x+my=14

Area of square = ¥ and Area of circle = ¥

Combined area (A) = ¥ + TV = x" +

.T:+i['?—x']:
= T '
ﬁ :21’—E['?—I']

dx T and
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d-:_‘L}': 2+E
dx” T
2o
Now &x
ZI—E['T—J.]:D
p
21’=E[7—x']
p .

(27+8)x=36

___56 _ 28

© 2r+8 mw+4
d’A

=2+

8
And & T [Positive]

28
r=

A is minimum when T+4

28
dx=
Therefore, the wire should be cut at a distance 7+4 from one end.

23. Prove that the volume of the largest cone that can be inscribed in a sphere of radius
8

Ris 27 of the volume of the sphere.

Solution: Consider O be the centre and R be the radius of the given sphere, BM = x and AM
=Yy
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In right angled triangle OMB,

OM? + BM? = OB?
using Pythagoras theorem
(v—RJ +x =R?

v +R*=2Ry+x" =R"°

' =2Ry+x' =0

- ER:L — :_L -

X =Ry-y" ... (1)

Volume of a cone inscribed in the given sphere

[z]zlﬂ’:_} lT[ZR}_}: ]}

- :E[ER}: _;L._:‘- ]
3 ;

.......... (2)
E_IT(gry-33") ZZ-Z(r-6)
dce 3¢ and &x 3
=
Now &x
Z(4Ry-31%) =0
3 L E
4Ry 317 =0
31 = 4Ry
4R
y=—
3
p R Dz _Tpo6 R
At 3 ax” \ 3 Jl
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%f (4R —SR )

—4R

3 [Negative]

v=—

Z is maximumat 3

Substitute the value of y in equation (1), we get

4R [4RY' _SR' 16R’
3L3) 3 9

| o

" (Volume of the sphere)

I
[

24. Show that the right circular cone of least curve surface and given volume has an
altitude equal to V2 time the radius of the base.

Solution: Consider x be the radius and y be the height of the cone.

—mxy
Volume of the cone (V) = 3

And Surface area of the cone (S) = =N T
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ST=rx [._T‘ +.:L‘.| =z (Say) (2)

[
s

(2k)3 [Positive]
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1
T AT
Z is minimum when * (2k)
, k k
N =—= 1
: : Yoo(2k)3
Again, From equation (1), T
2% (WP
= <l2k) [From equation (3)]
1= 2x

y=~2x

Class - Xll _ Maths
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Therefore, Surface area is minimum when height = 2 (radius.of base)

25. Show that the semi-vertical angle of the cone of the maximum value and of given slant

height is tan~ 2.

Solution: Consider x be the radius, y be the height, | be the slant height of given cone and € be

the semi-vertical angle of cone.

Iinl :.T: +_:L':
e 1)
1,
—axy
Formula for Volume of the cone (V) = 3 .......... (2)

V:E
Tra 3
—I'y=2)
_3\ |
AR
H:LI 3 : E

and
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c::"".'_
Now &V
T ioa 7
—|I*=3v|=0
(-3

I* =317 =0

3y =P

“« &
_T':,_ir‘——:
From equation (1), 3 3
!
x=+2—=
3
'canu_":?':£

Semi-vertical angle, Y
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Which implies, € =tan™~2
26. Show that the semi-vertical angle of the right circular cone of given surface area and
17
-1
5n

. . L2 |
maximum volume is 3,

Solution: Consider x be the radius and y be the height of the cone and semi-vertical angle be g.

And, Total Surface area of cone (S) = FWW* TY T

x4+ y? 4 =§=k

T (say)
N
e [ 4 }_:.-] _ [_|E|_ _ ..]:
:"’4+-'";}': I

x v =k -2k

1 [ B

=T = v
_ 3 T2k

1 J

37 Ly 42k
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r |

1, (7 +2k)1-p2p

— Tk — —
31 (2K . .
= L : ‘ - [Using quotient rule]
(2k-27)
ay (17 +2k)
TR (2)
n
=0
Now &
o (2k=57)
l,ﬁfﬁ." ,[‘ - =0
3 (¥ +2k)
2k—1"=0
v =2k
}'=i\.’ﬂ

y=+2k [height can’t be negative]

L — -
Here ¥ =~2% is the turning point.
av
— >0 =k
As, @ . therefore, Volume is maximum at + = V=

A_: A_: E

x = =
From equation (1), 2k+2k 4k 4

JEk

2
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sin & =

. . 1,'.1’: +3°
Now Semi-vertical angle of the cone -

Choose the correct answer in the Exercises 27 to 29.

-

27. The point on the curve © =2V

< which is nearest to the point (0, 5) is:

(A) (2V2,2) (B) (2v2,0) (C)(0,0) (D) (2 2)

Solution:
Option (A) is correct.

Explanation:
) Ty

Equation of the curve is * ==4 ... .. (1)
Consider P(x, y) be any point on the curve (1), then according to question,

.-’_2.: + . __5.:
Distance between given point (0, 5) and P = \/['1 Jr=) o, (say)

— = +(y=3)

T .
= 2y+y=3) [From equation (1)]

— z'=2p+p +25-10p

— zi=1 —8y+25 -

Z (say)



2, " Class - XIl _ Maths
edsecu m Ch. 6 - Application of Derivatives

EDUCATION NCERT Solutions
YL -3 az_,

= 4 and %

Z o
Now &
— 21-8=0
= y=4
At ¥=4
72
ay’ [Positive]

4

" Zis minimum and Z is minimum at & =
From equation (1), we have x' =8

— x=+2.2

(24/2.4) . (-2472.4]

nd /' are two points on curve (1) which are nearest to (0, 5).

1— x+x°

28. For all real values of x, the minimum value of 1+ x+x s
(A)O (B) 1 (C)3 (D) 1/3

Solution: Option (D) is correct.

Explanation:

Given function is:

5 [.- I..] _ 1-x+ 1
R A () _
(14 x+23 )L (1= x+22) — (1= x+ ) Z (1+x+ )
flll(:ll. — \ 4 al-ll.- \ E \ 4 d-ll.- \ 4

(14 x+x*)
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(1+x+x")(—1+2x) = (1-x+x" )(1+2x)

fllx)=

_ (1+x+2)
F(x)= A4+2x—x+2x = 42 —1-2x+x+ 2 —x* 2%

- (1+x+x )
PR Lo (1-x7)

-, 0 (14 x+xt) B (14 x+x* |

Now / 11=0
-2 ['_1 —x _']

o (1+x+x") 0o

— —2[_1—1"_]=U

= 1-x" =0

= x =1

= x=11

~ x=1 and *=-1 [Turning points]

At x=-1

from equation (1),

At =1
from equation (1),

con 1-1+1
Fl)=—"=

1
1+1+1 3 [Minimum value]

Class - Xll _ Maths
Ch. 6 - Application of Derivatives
NCERT Solutions



@dsecure

EDUCATION

29. The maximum value of -

:‘l‘*:}_é
(A) L3/ (B) 1/2
Solution:
Option (C) is correct.
Explanation:

_ -1

Fx)=|x(x=1)+1F

Consider
1

(' —x+1F gora

ax
['_ 2x-1 _']

_ 3P —xt1)
Now / (+)=0
(2x-1)

3 —x+1)E
| —x+1f

r==
At 2 from equation (i),

| 1’['_1'—1_']+1_|}’(=U£1’£1 _

IS:

(D) 1/3

Class - Xll _ Maths
Ch. 6 - Application of Derivatives
NCERT Solutions

is a turning point and it belongs to the given enclosed interval 0=x=1 thatis, [0, 1].
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o Wi N
(Y (11, G (1-2+4 (3

AT s e e At Y B

At x=10, from equation (I)!

£(0)=(1 =1

At *=1 from equation (i),

1

F(1)=(1-1+1)F =(1)7 =1

-- Maximum value of f(x) is 1.
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Miscellaneous Exercise Page No: 242
1. Using differentials, find the approximate value of each of the following:
."IT‘*:M
(a) ihgljl
(37
(b) (33)

_ 31
Solution: (a) .81
1

Consider ¥ =% .. (1)

Changing * to *+2% and ¥ to ¥ ™2 in equation (1), we have

1 1
1 17 g
Y+ Ay =(x+Ax)i = ;—1 i4 = ;+é |4
LERS N (3)
x= E Ax= i
Here &1 and 81
1
1 " My =
_'['z = E :4 :E
| |
So, 81 3

From equation (3),
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1
1773 ) 1
\gp) SYT -yt dy~-xtt

A

-

4 -

[

Tt e

-1
33)F
() =

Consider * =% ... (1)

A

Changing * to *T4% and ¥ to ¥ T2 in equation (1), we have

-1 -1 o
y+Ay=(x+Ax)T =(33)7 =(32+1)7F

Here ¥*=32 and 4r=1
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From equation (3),

-1 ol A
[33]? =yv+Av—~v+dr~x7 + :h‘ _
£y
50
-1
['33']_5~l— 1
22 2 302)
= )
111 1 1 1%
~ 2 5 64 ~ 2 320 320 0497
| | f['_x_'] zlng x |
2. Show that the function given by *  has maximum value at x = e.
.. logx
flx)= x =0
Solution: Here x ... (1)
1
x.——logxl
X . Y (2)
;';'_1‘\: r
* x '_l‘l_lﬂg'ﬂjx —xX-2x% 2xlog x
") o h X _ —X2x+ 1xlog:
g )
Ixlog x—3x
El
= x
v o x(2logx—3) 2logx-3
L Sllx)= T - =
Which implies, T 3)
Now /(%) =0
l—lna:g < _ g
x
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log x=1

log x=loge

x=e

From equation (3),

7 — T —
Fa=E 2 2

& = & =€ <0

Point of local maxima and maximum value of f(x) at x = e.

3. The two equal sides of an isosceles triangle with fixed base b are decreasing at the rate
of 3 cm per second. How fast is the area decreasing when the two equal sides are equal
to the base?

Solution: Consider BC = b be the fixed base and
AB = AC = x be the two sides of isosceles triangle.

A
fﬁ?\"\
f" o\
70X
/o N\
/ : \
B.r_'._l—l_‘a
I C
£
Since 4t cm/s .......... 1)
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b d| ——\ dx
R N FERPE P

=4 dx ' dt [By chain rule]
dh b 1
_:—X—XSIX _3
a1 ey )

—3bx

= V47 -0 s

Now, when x =b.

a_ T 38 g
dt J4.h*—b‘ /35 cm?/s

Therefore, the area is decreasing at the rate of NEL cm?/s.

4. Find the equation of the normal to the curve x? = 4y at the point (1, 2).

Solution: Equation of the curve is x2 =4y .......... (2)
Differentiate w.r.t. x,

2x = 4 dy/dx
o ooy
= 5= M (say)

Slope of the normal to the curve at (1, 2).is -1/m = -2/x

Equation of the normal to the curve (1) at (1, 2) is

X+y=3

5. Show that the normal at any point ? to the curve

x=aqcosf+afsing, v=asin&-afcost iq ot 5 constant distance from the origin.

Solution: The parametric equations of the curve are
x=gcosf+afsinf . v=asin f+afcosf

x=alcosf+Fsinf ). y=a(sinf—EFcosd)

Class - Xll _ Maths

Ch. 6 - Application of Derivatives
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dx . .
_—=c:r|:—51n F+ Fcosf+sin E] =afcos?
dé
iza[cn5€—f—€sin€+cns E."“J] :a[c05u§'+|§'5in|§'—cus 5‘]: afsin &
And d¢ '

Slope of tangent at point x5
dy _dv/df aflsing

—=— = =tan &
= dx dv/df afcosé

Slope of normal at any point

-1 cos &

— ——cotf=-
= tan & sin &

And Equation of normal at any point &, that is, at (@)

: [a ['_cu:us &+ Esin E_']zc;r ['_ sin & — & cos E_']_l

}'—H[.Siﬂ f—FBcosf)= —l:'.'Dﬁlﬁ' [-"~'_‘HrEDSt?+§5in 5'.I_|
is ' ' sin : d

vsin& —asin’ §+abcosfsin § = —xcosé + gcos 4 ab sin fcos b
xcos&+ vsinéd =c;r[_ sin® 8+ cos* 5‘_|

xcosf+ysinf=a

xcos&f+ysinf—a=0

Distance of normal from origin (0, 0)

0+0—4

=a
_ cos?6+sin’ @ which is a constant.
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6. Find the intervals in which the function f given by

dsinx—2x—xcosx

flx)=

2+cosx is
(i) increasing (ii) decreasing.

Solution: Given function is:
.. dsinxy—2x—xcosx
flx)=

2+cosx

4sinx—x(2+cosx)|

= 2+cosx

dsinx  x(2+cosx)

= 2+cosx 2+cosx

dsin x

—
= 24+cosx

On deifferentiating:

Fi(x)= L1

|;l-:- cnsxj:

[2+ COS _'ICJ if—'l sin x| —4sin xi LE +cos :-:_\I

B f2+ Cos .'L’:] [’.4 COos x) —4sin x( —sin x| !

fix)

(2 +cos :-:'I:

Scos x+4cos’ x+4sin’ x

- " 2 _1
_ (2+cosx)
Which implies,
Frx)=ssesxtd

(2+cosx)’

8cosx+4—(2+cosx)

(2+cosx)
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Scos x+4——4 —cos’ x—4cosx

(2+cosx)

f'['_x'] _ 4cosx—cos” x

— ' (2+cosx)

(4—cos x)
cosx—
(2+cosx)

(2+cosx)

Now 4—cosx >0 for gllreal x as ~1=cosx=1 Algo >0

is increasing if 7 ) 2% that is, from equation (1), c0s*=0

0= x=
x lies in I and IV quadrants, that is, f(x) is increasing for

g

IT
and 2

Sxy=2T

[ x) < ()

and (2) f(x) is decreasing if £ , that is, fromequation (1), cosx =0

3T
2

|5

e

= x lies in Il and Il quadrants, thatis,? ' is decreasing for

flx)=x"+ L =0
X|l=x —:=.'-;':
7. Find the intervals in which the function given by X is

(i) increasing (ii) decreasing.

Solution:
()
flx) :.1:3+i_:=.1:;': 0
4

flx)= X +x°

P ’ ’ 1 l‘\'
fl(x)=3x"-3x" =3 -
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_ 31 = ) _ ?L[x ] -r |

oy 30 g PR
_ f [_1’_]:?[_1’ —1){x*+ 2" +1)

(42 1) (24D (x-1)

=x T (1)
Now fiix) =0

i[' ' +x + 1) x+1)(x=1)
—, 1’4 N - A ST -

WUV
:;’3[__1 +x +1_][_1+1_][_1 1_] _
3(x*+x7 +1 :

Here, (x4 is positive for all real * =0

x+1=0 or x=1=0 [Turning points]

Therefore, x=-1 or x=1 djvide the real line into three sub intervals

For (™
£1(2)=(+))E)=(+)
£(x)

Therefore,

For "1+ from equation (1) at

() =(+)(+)(=)=(-)
f(x)

Therefore,

For [

) =(+)(+)(+)=(+)

-—1) , from equation (1) at *=

[

is increasing at * =

is decreasing at =~

). from equation (1) at *=2 (say),

(say)

Class - Xll _ Maths
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(—e.=1).(=L1) 4 (L)
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Therefore, © %) is increasing at *=1

Therefore, 7 \*) is (1) an increasing function for * =~1 and for *21 and (2) decreasing function
for _1 o 1.

.T: 'L':
8. Find the maximum area of an isosceles triangle inscribed in the ellipse @~ &~ with
its vertex at one end of the major axis.

Solution: Equation of the ellipse is

P(a cosB, b sinf )
acosg
(acosB b sing )

Q

—1

Comparing equation (1) with <95~ €Fsin" &=L e have

or x=acosf gnd y=bhbsing
P['_c:rcu:us f.bsinf).

Any point on ellipse is

Draw PM perpendicular to x-axis and produce it to meet the ellipse in the point Q.

OM = @cosf gnd PM = Zsiné
We know that the ellipse (1) is symmetrical about x-axis, therefore,
PM = QM and So triangle APQ is isosceles.

Area of AAPQ (z) = 1/2 x Base x Height
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1

= 1 PQAM =
2PM.AM = PM (OA — OM)

ko | =

— z=bsin&(a—acosé)

_ab ['_sin & —sin & cos 5_']

z =ﬁ['251n G—2sinfcosé)
= 2" '

arTb[.: sin & —sin 28 |

#—Za—b[’ECDSS—ECDSES\]
= df 1 '

_ ab|cosf—cos 25|

£ 2 _ ab(—sin 6+ 2sin 26)
= d48° |

e
Now &¢

:,ab['_cns & —cos 25"_'] -0

= cos@—cos28=0

= cos& =cos 2F

—, cnsE:cms['ﬂED':—ES:]

= =18 o §=360"-2¢
that iS, =0 or 36 =360°
= &=120"

#=0 is impossible
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- 9=120°
22 _ gb(-sin120°+ 2sin 240°)
aL=1200 gg= :
B2 —BJ
ab T_

= \ - < [Negative]
~ Z is maximum at & =120°

-- From equation (1), Maximum area

95 (25in120°~ sin 240°)

ab[ 23 5
2 2|

9. Atank with rectangular base and rectangular sides, open at the top is to be constructed
so that its depth is 2 m and volume is 8 m2. If building of tank costs Rs. 70 per sq. meter
for the base and Rs. 45 per square meter for sides. What is the cost of least expensive
tank?

Solution:

Depth of tank =2 m

Consider x m be the length and y m be the breadth of the base of the tank.
Volume of tank = 8 cubic meters

xy.2=8

=4

:L':

4
X
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Cost of building the
base of the tank at the rate of Rs. 70 per sq. meter is 70 xy.

And cost of building the four walls of the tank at the rate of Rs. 45 per sg. meter is
45(x2+x2+p2+y.2)
_ (180x+180y)

Consider z be the total cost of building the tank.

z=T0xy+180x+180y

j 77 e
% _o+1g0- 2 L2 10
oax X and ax X
=9
Now @x
T2
ISD—'—'FJ=D
= x
T2
ﬂ:ISU
== i
= 180x" =720
= x'=4

= x=12 [Length cannot be negative]

At x=2
d__f _10 e
dx 8 [Positive]

R . .. -7
- Z s minimum at *= -,
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Minimum cost

720

=280 + 360 + 360 = Rs. 1000

10. The sum of the perimeter of a circle and square is k, where k is some constant. Prove
that the sum of their areas is least when the side of square is double the radius of the
circle.

Solution: Consider x be the radius of the circle and y be the side of square.
According to question, Perimeter of circle + Perimeter of square = k

— 2mx+4y=k

. dy=k-2mx

Consider z be the sum of areas of circle and square.

- Z=ax 4y

 (k—2mx)
=X
= 16 [From equation (1)]

, 167+ + 47 4o
= 16

%f[’lﬁzﬂzz )? — e+ 12 |

= _ (16 +4r) 22— 207
dx 16- ' - and

4z _ 1 (16reant)
FERNT -

dz

- =0
Now &x
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LT (167+47%) 2x—4k7 ] =0

16L" ) i

(167 +47 | 2x—4kT =0

— 4m(4+m)2x=4km

4k k
X=— — = — .
—, dr(4+m1)2 24+ 7]

ko
dz 1, 2"
x=—— 92 _Lgriur)2
At 2T o 16 " [Positive]
s
xr= - -
2[4+ 7

~ Z js minimum when

-~ From equation (1),

1 k(4+7) -7k |
_ 1] 4+

_—Uc+,-Tﬁc—,-Tﬁc

_, © 4(4+7)

4k
_ 44+m)

2 _k .
— 2(4+m7) — 2x

Therefore, sum of areas is minimum when side of the square is double the radius of the circle.
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11. A window is in the form of a rectangle surmounted by a semicircular opening. The
total perimeter of the window is 10 m. Find the dimensions of the window to admit
maximum light through the whole opening.

Solution: Consider x m be the radius of the semi-circular opening. Then one side of rectangle
part of window is 2x and y m be the other side.

Perimeter of window = Semi-circular arc AB + Length (AD + DC + BC)

%['_E,TI_'I +y+2x+1v=10

= ax+2x+2y =10

= 2v=10—mx—2x

10—(7+2)1x
y= . .

= 2 (1)

Area of window (z) = Area of semi-circle + Area of rectangle

l[ It |+ 2xp
3 IS ;

1- , . e
:I ax +20x-2(7+2)x |
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= z=%[zf+mx_ Zm’:—*‘x:]

%I:—;T.T: -4 + ZUJ::I

dz 1

— =—[-2mx—8x+20]

dx 2 and

dlz

i By I .

e ZL 27-8) _ —(m+4)
=0

Now &x

l[—zm—sﬁ 20]=0
= 2

= —2ax—8x+20=0
— —21’[:,-T+4_]=—2|:|

20
= T 2(mtd)

10
= 7+4
At T+4 g [Negative]

10

=

"~ Z is maximum at T+4
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From equation (1),

10—(7+2)—2
e Tmta
- 3

10{r+4)-10( 7+ 2)
2(r+4)

107+10-107-20
1= . -

20 10

= 2[T+4] = 7+4 m

20 10
2x= V=—
Therefore, Length of rectangle = T+4 m and Width of rectangle = T+4 m
__ 10
And Radius of semi-circle = T+4 m

12. A point on the hypotenuse of a triangle.is at distances a and b from the sides of the

%A

|a
triangle. Show that the maximum length of the hypotenuse is

Solution: Consider a right triangle ABC.
P be a point on the hypotenuse AC such that PL— AB =a and PM— BC =b and

a9 ) — =cos ecf
Consider £BAC = £MPC = £ then in right angled 24-P- PL

C
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From triangle, AP =
PL cose £ =acose ¢

— =sect
And in right angled A PMC, PM

=PpM = PMsecE = bsect

Consider AC = z, then

acosect+hsecB <8 < z
Zz=AP+PC= 2 (1)

dz
— =—gcosectfcot &+ bsecFtan &

de
= -0

Now €&

= —grosecfcot F+bhsecFtan & =10

bsin & _ acosé
= cos @ sin- &

c:r_sin;é
= bsin°f=gcos 6= b cos @&
E=tan':-§
= b
PR
tan & = ar
= o) 2)

E —al cos ew:é'['—cns ec’d )+ I:Dté'l:—cns ect cot 5‘]_|+E: [SEC fsec’ #+tan fsec F tan E-":I
And d¢° - ‘ ' -

.:':.'":z ' 3 1 / 3 1A
?=a[ cosec B+ cosecfcot™F | +b|sec’ +secHtan” £
d - . . h ’

—
d*z T
— =0 -
= d&° (970620 404 F s +ve as 2)
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z is minimum
1

'fc;f‘\'-z
tan & = —i
when =y
I.-"a"-.lz b§+a_
sec’f=l+tan" F=1+ — | I
b))~ BB
1
¥ +a?
secf == T
= B
: 1o _1.[2F
cosec & =1+ cot €=1+_ — |
Also nay
a’ +h7
= a?
= 5 l
a’ +b?
cosecd == -
= c:.r§

Putting these values in equation (1),

Minimum length of hypotenuse = a

1

a +b | A 4bE
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Fx)=(x=2) (x+1)°

13. Find the points at which the function f given by has:

(i) local maxima
(ii) local minima

(iii) point of inflexion.
Solution:

F(x)=(x=2)" (x+1)

A = (=2 S () L (=) (1)
o ax dx

_(x- ) (x+1) +4(x=2) (x+1)°

_(x=2)"3(x+1) [3(x—2)+4(x+1)]

_ (x=2) (x+1)7(7x-2)

Now %) =0

= (x=2) (x+1)7(7x-2) _

= 1’—2=U or .-||.'-+1=|:| or .."'.-'.-_.1 =|:|

x=
p— .T=2 or .T=_1 or

| b

5
Z. f(x)=0
Now, for values of x close to / and to the left of o )

0] k2

V] b2

F'r - "
I (w0
Also for values of x close to / and to the right of / :

AN

xX=
Therefore, ' is the point of local maxima.
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Now, for values

of x close to 2 and to the left of 2.1 (%)< U. Also for values of x close to 2 and to the right

of 2. x) ::-I:I_
Therefore, x = 2 is the point of local minima.

Now as the values of x varies through -1, f(x) does not change its sign. Therefore, x = -1 is the
point of inflexion.

14. Find the absolute maximum and minimum values of the function f given by
flx)= cos® x+sinx, xE [Il T]

Solution:
f['. _1,.-] — cos® x+sin X XE |:E|= ,-’.-_"] 1)

o d
f'lx)=2cosx—cosx+cosx
o ax

— —2cosxsiny+cosy — cos x(—2sinx+1]
Now / (+)=0

—, cosx(—2sinx+1) -0

= cosx=0 gy —2sinx+1=0

T
xr=—
2

= or 2sinx=1

sinx=

b | =

T
r=—
6

Here is a turning point

. 1T T
=C0s ——+s51n—
J ¥ 9]

i ™y
k2|
f '

£
Now

=0+1=1



2, " Class - XIl _ Maths
edsecu m Ch. 6 - Application of Derivatives

EDUCATION NCERT Solutions
f E':f_‘gg‘E-l—ginE: ﬁ +l=i+l=;
6 6 6 | 2) 2 3 2 3

f10)=cos” O+sin U=1 +0=1

flm) =cos’ T+sin ,-’.-."=['_—1_']: +0 _ 1

Therefore, absolute maximum is 5/4 and absolute minimum is 1.

15. Show that the altitude of the right circular cone of maximum volume that can be
4y

inscribed in a sphere of radius ris 3 -

Solution: Consider x be the radius of base of cone and y be the height of the cone inscribed in
a sphere of radius r.

OD=AD-AO=y-r
In right angled triangle OBD,
OD? + BD? = OB?

= (y—r) +x =

= V4 —2rtx =

— .T: :2},}_}2 (1)
Teiy Lzlan-)
Volume of cone (V) = 3 =3 - " [From equation (1)]
~(277 =)

:’V:3
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L Zayp-37) LY _Z(argy)
= @ 3 “and @ ' f
-
=0
Now %Y

T (4mp-317)=0
=3 -

Y (4r-31)=0
=73 -

= 4r-3v=0

= 3 [Negative]
4
v=—
Volume is maximum at 3

16. Consider f be a function defined on (28] such that & )70 tor q ¥€(@:2)- 1pap

prove that f is an increasing function on (a, b).

Solution: Consider | be the interval (a, b)
f'(x)>0

."L'-l:.-'{: e _-|l'-1 B .-II..-:

Given: for all * in an interval |I. Consider | with

By Lagrange’s Mean Value Theorem, we have,

f [ A _.] -f [ ue] _.] _

X=X

fle).
C S0 X
where 1 ¢ =5

= flx)-flx)=(x-x) 7 c) where 1 <F =%
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XX,
Now "1 ™™

Also, f\x)=0 for all * in an interval |
—, f'['_c_'] =0

* From equation (1), 7 (*2) =/ (%)>0

= I [._ 1’1_-] < f [._-T: _.]

Thus, for every pair of points -2 = | with "1 =™
= flxg)=<flx)

Therefore, f(x) is strictly increasing in I.

17. Show that the height of the cylinder of maximum volume that can be inscribed in a
IR

sphere of radius R is \ﬁ Also find the maximum volume.

Solution: Consider x be the radius and y be the height of the cylinder inscribed in a sphere

having centre * O” and radius *R”, for =% > %)

In right triangle OAM, AM? + OM? = OA?
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Volume of cylinder (V) = &+

Y
TR -y
| 4 )

v

O B S 2y
— =7 R‘—% _d_‘:
a o\ and 4"
-
d—.=[:'
Now &
{ . 3.2‘*:
7 R -2 |=0
= \ 4 )
R _g
= 4
R:=£
= 4
, 4R?
Vi=—
= 3
2R
V=—F
> A3
"2R

Class - Xll _ Maths
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- —7RAB [Negative]
2R
y=—z=
V is maximum at *ﬁ
From equation (3),
T.'R: 2R 1 4R’ 2R'|
Maximum value of cylinder = ! V343 "'E—

2R 17
RIS 1-2
- 3L 3]
47R?

- 33

18. Show that the height of the cylinder of greatest volume which can be inscribed in a
right circular cone of height h and having semi-vertical angle ¢ is one-third that of the

— mhitand o
cone and the greatest volume of the cylinderis -

Solution: Consider r be the radius of the right circular cone of height h.
Say x be the radius of the inscribed cylinder with height y.

PQ AP
In similar triangles APQ and ARC, RC AR
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— rv=rh—hx=hir—x)

o .
y=—|r—-x)
= roo

Volume of cylinder (V) = 7 .......... 2)

= ;’E - N
ax” —[_r— .T_]

= V= ¥
igpe
=7 ST 3)
d—?—ﬁ[alrx—h’:\] d" _ 27 —6x)
ay e and ay ¥
.
d—.=':'
Now &Y
I (2rx=322) =0
:5 r " g
= 2rr—3x =0
= 2r—3x=0
2¥
r=—
=
2 Y _my 12
At 3 @ |
m (—2r)=—-2mh
= Fr [Negative]
2r

N=—
V is maximum at

From equation (3),
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Maximum value of
ah| 4 8

i — |
| 3=
cylinder = rlo % 27

Th ;[4 8
—7l57 5|
- r |9 27]

T : _1
anr . —
3T

4 32
F;’mf_*:-tanr:r_]

a 5 ..-r
—Th'tan* @ | =tand
27 L &

Choose the correct answer in the Exercises 19 to 24:

19. A cylindrical tank of radius 10 m is being filled with wheat at the rate of 314 cubic
meter per hour. Then the depth of wheat is increasing at the rate of:

(A) 1 m/h (8) 0.1 m/h (C) 1.1 m/h (D) 0.5 m/h

Solution:
Option (A) is correct.

Explanation:

Consider y be the depth of the wheat in the cylindrical tank whose radius is 10 m at time t.
V = Volume of wheat in cylindrical tank at time t,

¢=n\10) y=1007y . - meter

So,
av
We are given that 4f =314 cubic meter /hr

2 100y =314
So, at

1007y =314
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100(3.14) v =314
Therefore, y =1 m/h

20. The slope of the tangent to the curve *=% T3 8. ¥=2=21=3 4 the point (2, -1) is:

2 6 U .
(A) 7 (B) 7 (C) 6 (D)

Solution:

Option (B) is correct.

Explanation:

Equation of the curves are ¥=% +3t=8 __(1)and ¥ =" 7273 (2

ax

at and
ai.L.

—=4r-1

ot

Slope of the tangent to the given curve at point (x, y)is
o dy_avldt _4r-2
V) = @ deldr 2e+3 .n(B)

At the given point (221722 and ¥ 7
At ¥=2 from equation (1), 2=1"+37-8

£ +3t—10=0

(£+5)(t-2)=0

r=—351=2

L

At ¥ =71 from equation (2), ~1=2¢ =23
201 =2-4=0

F—t=2=0
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(r=2)(z+1)=0
r=2r=-1

Here, common value of tin the two sets of values is 2.

Again, from equation (3),

4(2)-2
. (2-1) _ 2(2)+3 7
Slope of the tangent to the given curve at point * = :
21. The line ¥=""*1 i5 a tangent to the curve ¥ =*¥ if the value of m is:
(A)1 (B) 2 (C)3 (D) ¥2
Solution:

Option (A) is correct.

Explanation:

Equation of the curve is ¥ =% ... (1)
1% 41
ax

aiL N
dx

|

Slope of the tangent to the given curve at point \x.»)
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i
—=nx+1
m
2
mx=——1
m
2—m
=
m .(3)
4 42-m)
Putting the values of x and y in equation (1), m'

2-m=1 —sm=1

22. The normal at the point (1, 1) on the curve =¥ % =3 js:
(A) .1’+;L'=|:| (B) .T—;L'=[:|

(C) .1"+_:L'+1=|:| (D) l’—_}'=1

Solution:

Option (B) is correct.

Explanation:

Equation of the given curve is =% T =3 .. (1)

m.
2= +2x=0
ax

dr (say)

-1 -1

—=1
Slope of the normal = m -1

Equation of the normal at (1, 1) is * 1= *~1J
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y—1=x-1

x—y=>0

23. The normal to the curve * =*¥ passing through (1, 2) is:
(A) l’+}'=3 (B) .T—;L'=3

(C) .T+_:L'=1 (D) .T—;L'=1

Solution:

Option (A) is correct.

Explanation:

Equation of the curve is © =3¥ ... (1)

2
& x (2)
v—2
Again slope of normal at given point (1,2) = x—1 ... ... (3)
-2 y-2

From equation (2) and (3), we have *  x-1

—2x+2=xy—-2x

X =

g
From equation (1), - X

Class - Xll _ Maths
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v =8
r=2
3 3
x 2
) i
P |
2

Now, at point (2, 1), slope of the normal from equation (2) = *

R .-'_F_I‘.
Equation of the normal is * 1=-1(x-2)

yv—1l=—x+12

or Xt¥ =3

24. The points on the curve 2%~ =%

with axes are:

- where the normal tothe curve make equal intercepts

4.

(A) -

Solution:

| _].= _

(B) -

| oo
[ o
i ea

Option (A) is correct.

Explanation:

Equation of the curve is 2 =% ... (1)

av -
18y — =3x"
ax

dy 3 _ X

dc 18y 6y

Slope of the tangent to curve (1) at any point(x, y) is
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iﬁ}-:il

Slope of the normal = negative reciprocal = *~
As we know that, slopes of lines with equal intercepts on the axes are 1]

— '=+":
So, “6¥=%x

If, “6y=x
_.T:
V=—
6 ... 2
;o8
From equation (1) and (2), we have x=4and =~ 3
If, —y=-x
.T:
y=—
6 ... 2
y=2
From equation (1) and (2), we have x = 4and =~ 3
(4431
"~ 3

Required points are -





