Chapter : 11. APPLICATIONS OF DERIVATIVES

Exercise : 11A

Question: 1
The side of a squ
Solution:

Let the side of the square be a

Rate of change of side= % =0.2cm/s
Perimeter of the square = 4a

Rate of change of perimeter = 4% =4x0.2

ﬁ =0.8 cv/s
dt

Question: 2
The radius of a c
Solution:

Let the radius of the circle be r

dr 07
il cm/s

Circumference of the circle=2r

. dr
Rate of change of circumference = an—i

=2x314x 0.7
dC
— =44 cm/s
dt

Question: 3

The radius of a c

Solution:

Let the radius of the circle be r

dr 03
il cm/s

Area of the circle=mr?

Rate of change of Area = 2m‘$

=2x314x10x0.3

% —=18.84 cm’/s
dt

Question: 4
The side of a squ
Solution:

Let the side of the square be a



Rate of change of side= % =3cm/s

Area of the square = a?

Rate of change of Area = 23% =2x10x3

% =60 cm?/s
dt

Question: 5

The radius of a c

Solution:

Soap bubble will be in the shape of a sphere

Let the radius of the soap bubble be r

dr 0.2
il cm/s

Surface area of the soap bubble=4mr?

dr

Rate of change of Surface area = gnir =

=8x314x7x02
— =352 cm’/s
dt
Question: 6
The radius of an
Solution:
Soap bubble will be in the shape of a sphere
Let the radius of the soap bubble be r

dr 0.5
il cm/s

Volume of the soap bubble=§ mr?

Rate of change of Volume = 41?2 g

=4x314x1%2%x0.5

ﬁ =6.28 em’/s
dt

Question: 7

The volume of a s

Solution:

Let the radius of the balloon be r

Let the volume of the spherical balloon be V

Vv t
—Bm

dV_4 _dr
a7 dr

3



25C1113f5=4><1'[><52><$
dr 1
dt  4m

Surface area of the bubble =4r?

Rate of change of Surface area = 8‘]‘[1‘%

1
=8XTX5x—
41

ds

2 =10 em?/s
dt

Question: 8

A balloon which a

Solution:

When we pump a balloon its volume changes.

Let the radius of the balloon be r

4
V=— .3
BT[I
dv A _zdr
a T

900 cm? /s = 4 x m X 152 x%

dr 900
dt  4x3.14x225
dl.

— =0.32 cm/s
dt

Question: 9

The bottom of ar

Solution:

Let the volume of the water tank be V
V=Ixbxh

V=25x40xh

v = 1000 dh
dt X dt

dh
500 = 1000 x —

dt
dh -
—=0.5 m/min
dt

Question: 10
A stone is droppe
Solution:

Let the radius of the circle be r

dr 3.5
il cm/s



Area of the circle=mr?

dr

Rate of change of Area = 2nr =

=2x314x75x35

— 165 cm?/s

Question: 11

A 2-m tall man wa

Solution:
A
Iémppost
A C
2Zm
B * V. A -

ABE and CDE are similar triangles.

So,

AB _ CcD

BE DE

0.006 _ 0.002

X+y ¥

6y = 2(x+y)
dy dx dy

ba = X ot
dy dy

GE— 2(5+E
dy dy

65— 10 + ZE
dy

4—==10
dt

dy

pri 2.5km/h

Question: 12
An inverted cone
Solution:

Let the volume of the cone be V

dv 2
—=15cm*/s

dt

V= Em‘2h
3

V=E1T52h
3



25

V=?T[h
v 25 dh
el |
at 3 dt
15 25 dh
10 3 "dt

Question: 13

Sand is pouring f

Solution:
h= L
1
V= gmjh
1
V = —m(6h)*h
3
V = 12mh?
dv 36k dh
a O™
dh
18=36X9 X T X —
dt
dh 1
— = ——cm/s
dt 187

Question: 14
Water is dripping

Solution:

Let the volume of the cone be V
dv tem?
g = dom /s

\' L ’h
=_—TrI
3

h 1
cosQ = 1= €os 120 = cos(180 — 60) = —3

T \;"5
sinQ = 1= sin 120 = sin(180 — 60) = sin 60 = -
v ! 2h

=3m



\' 3 13
=—T
24

av. 9 dl

- 2
at 24" ar
3 _d

4=—_m3*—
8~ dt

32 dl
7m0 cm/s = T

Question: 15

Oil is leaking at

Solution:

av 15 mL
— = mL/s
dt /

d
—_— -2 =
pr (mr*h) = 15

d
e 2 ==
P (m7°h) = 15

49 dh—15
T

dh 15
dt 491

Question: 16
A 13-m long ladde

Solution:

A
dy/dt {

yo\

Let the original ladder be AC and the pulled ladder be DE

Let AB=y and BC=x

Applying Pythagoras Theorem in ABC

x2+y?=132...(1)
52 +y2 = 132

v = 12cm

Differentiating both sides of eqn (1) wrt to t

2 dx+2 dy—o
aa T Va T

a
52+12—2 =0
dr



dy 10

————Scm;’s
dt 12§

Question: 17

A man is moving a

Solution:
A
40 (384
KL ¥
S — &°
+ 30 m ¥
dx 5
T cm/s
. 38.4
anQ = x
p— 38.4
Q =tan "
d 1 1
1+== " %
X
d x? 1
—Q = (——).38.4
dt x24+ 147456\ x2
d dx
—Q =——>———.384.—
dt 307 + 1474.56 dt
1Q ! 384 x2
—=——-———.384X
dt 302 + 1474.56
dQ

i —0.032 radian/second

Question: 18

Find an angle x w

Solution:
ATQ,
dx 5 d |
T (sinx)
dx _> dx
ac - 2%
COSX = 2

T
X = —

3

Question: 19
The radius of a b

Solution:



dr_ 10

i m/s

S = 4mr?

ds _3 ‘dl

ac . o
ds

— = 8m. 15.10
dt

ds

~2 _ 12007 cm?’/s
dt

Question: 20

An edge of a vari

Solution:

3 5

T cm/s
V=a®
dv 322 da
a - % d
av 3.10%.5
dt - - -
dv

— — 1500 ecm’ /s
dt
Question: 21

The sides of an e

Solution:

da 5

T cm/s
E]

A=g2

dA \.@ da

dt 4 dt

da_V3 02

dt 2

dA

2
e IO\E cm”/s

Exercise : 11B

Question: 1
Using differentia
Solution:

Lety =Vx.

Let x =36 and Ax = 1.

Asy = Vx.
4y _ 1
dx 2\,";

We, know



dx
1
eﬂ}’ = ;,‘_( Ax
1
Ay: 2436 1
1
. Ay = 0.08
Also,

Ay = f(x+Ax)-f(x)

7 0.08 =36 +1—+/36
=0.08 =v37-6

= V37 =6.08
Question: 2

Using diffe

Solution:

Lety = {x.

Let x =27 and Ax = 2.

~dy_ 1 72
dx_EXE
We, know
_
=Ay—dxﬁx
1 2
Ay = -x=.AxX

-2

= Ay =:273.2

2
S Ay = 0.074
Also,

Ay = f(x+Ax)-f(x)

= {29 =3.074
Question: 3

Using differentia
Solution:

Lety =vx.

Let x =25 and Ax = 2.
Asy = Vx.

—dy_ 1

dx 24/



1
ﬂy= mﬂx
1
=Ay= 2\-‘%2
Ay = 0.2
Also,

Ay = f(x+Ax)-f(x)

T 02=v25+2—+25
=0.2=v27-5

= V27 =5.2

Question: 4

Using differentia

Solution:

Lety =Vx.

Let x =0.25 and Ax = -0.01.
Asy = Vx.

_dy_ 1

dx 24x

We, know

=&y=?.ﬁx

x
. 1

= Ay = ——. (—0.01)

2,0.25
= Ay =—0.01
oAy =-0.01

Also,
Ay = f(x+Ax)-f(x)

-+ —0.01 = v/0.25 — 0.01 —/0.25
=-0.01 =v0.24-0.5

=+v0.24 = 0.49

Question: 5

Using diffe

Solution:

Lety =Vx.

Let x =19 and Ax = 0.5.

Asy = Vx.



1
1
0.5
<. Ay = 0.0357
Also,

Ay = f(x+Ax)-f(x)

- 0.0357 = /49 + 0.5 — 49
= 0.0357 =v49.5-7

= v49.5 = 7.0357.
Question: 6

Using diffe

Solution:

Lety = {x.

Letx =16 and Ax = 1.

. Ay = -0.03125

Also,

Ay = f(x+Ax)-f(x)

S —0.03125 =16 — 1 — V16
= —0.03125 = {15 -2

= 315 = 1.96875

Question: 7

find the ap

Solution:

%2



Let x =2 and Ax = 0.002.

1
-y _ 2
dx x3
We, know

=Ay=gﬁx

-2

LAy = =X
= Ay = —.(0.002)
—0.5
Ay - 1000
. Ay = -0.0005
Also,

Ay = f(x+Ax)-f(x)

. _ 1 1

7 =0.0005 =~ —

= —0.0005 = m —0.25
= 20027 0.2495

Question: 8

find the ap

Solution:

Lety = log.x

Let x =10 and Ax = 0.02.

As V= logex
-dy_1
dx  x
We, know
= Ay = g.ﬁx
Ay = é.&x
1
= Ay = o (0.02)
0.02
Sy =Tg
Ay = 0.002
Also,

Ay = f(x+Ax)-f(x)

.. 0.002 =10ge(10+4+0.02) - loge(10)
= 0.002 = 1loge(10.02) - 2.3026
=10g¢(10.02) = 2.3046.

Question: 9

find the approxim



Solution:

Lety = log,ox

logex

loge 10
Sy =0.4343log.x
Let x =4 and Ax = 0.04.

Asy = 0.4343log_x

_, dy _ 0.4343
dx X
We, know

=&y=g.ﬁx

.- ﬂ.y= 0.4-3‘1-3.&}{

= Ay = “22.(0.04)
0.017372

= AY o :

", Ay = 0.004343

Also,

Ay = f(x+Ax)-f(x)

.. 0.004343 = 1oge(4+0.04) - loge(4)
= 0.004343 = loge(4.04) - 0.6021

= loge(4.04) = 0.606443.

Question: 10

find the approxim

Solution:

Let y = cosx

Let x =60° and Ax = 1°.

As y =cos x

dy .
= — = 5Inx
dx

We, know

= Ay = g.ﬁx

oAy =sinx. Ax

= Ay = sin(60)(0.01745)
= Ay = (0.86603)(0.01745
-~ Ay = 0.01511

Also,

Ay = f(x+Ax)-f(x)

.. 0.01511 = cos(60+1) - cos(60)
= 0.01511 = cos61° - 0.5
= c0s61° = 0.48489



Question: 11

If y = sin x and

Solution:

Given x is 1 /2

Value of i is 22/7

22/14 is /2

Hence there will be no change.
Question: 12

A circular metal

Solution:

Let the radius of the plate 10cm.

Radius increases by 2% by heating

.. After increment = ﬁ x 10 =0.2

Change in radius dr = 0.2

.. New radius = 10+0.2 = 10.2cm

Area of circular plate = A=mr?

.. Change in Area = ;ﬂ
r

dA
= — = 2mrdr
dr

=§=2xnx 10 % 0.2

= % = 41 cm?
Question: 13
If the length of
Solution:

The formula for time period -

.'.T:ZT[JI
g

Here 2,11,g have no dimensions. So we can eliminate them.

By representing in percentage error

AT 1 AL
T x 100% 3 * T ¥ 100%

B |

= % x 100% X % % 100%

AT 1
= __0 — 4]
T Yo 2)( 2%

= E Of’n = 10‘,4'0
T
Hence the time period becomes 1 %.

Question: 14

The pressure p an



Solution:
Given: pvl/4 = k

%decrease in the volume = 1/2%s

%’x 100 = '?1
pV1/4 =k

taking log on both sides

loglpvl/4] = log a
log P + 1.4logV =log a
Differentiating both the sides we get
1 1.4
- dP + v dv =0

=?+ 1.4?=0

Multiplying both sides by 100.
=~%x 100 + 1.4 x 5 x 100 = 0
=2 x100+1.4(2)=0

=X 100 =07

%error in P = 0.7%.

Question: 15

The radius of a s

Solution:

Decrease in radius = dr = 10-9.8
S.odr=0.2

Volume of the sphere is given by =y = gm'a

Change in volume = dV = 4mr2dr

SodV = 4n(10)? x 0.2

= dV = 80mcm?

Surface area of the sphere is given by = A = 4112
Change in volume = dA = 8nrdr

. dA =8ux10x 0.2

. dA = 16m.

Question: 16

If there is an er

Solution:

Volume of the sphere is given by =y = gm'z

Change in volume = dV = 4nrZdr

Given: Ar = 0.1



= ar. Y — 4mr2ar
dr
= AV = 4mr?Ar

Percentage error

AV amr?
= ? = Tz * 0.1
a
= 0.3%

Question: 17
Show that the rel
Solution:

Let d be the diameter r be the radius and V be the volume of Sphere

Volume of the sphere is given by =y = gmﬂ
=V= ‘—LH(E)E = Inp3
T3hz) T s
Let Ad be the error in d and the corresponding error in V be AV.

AV =Yad= 1nd?aD
dd 2

. Av_ gma®AD _ _ap

v ZwD:2 T D
&
Hence Proved

Exercise : 11C

Question: 1

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=x? is a polynomial and we know every polynomial function is continuous for all xeR.
= f(x)=x? is continuous on [-1,1].

Condition (2):

Here, f’(x)=2x which existin [-1,1].

So, f(x)=x? is differentiable on (-1,1).

Condition (3):

Here, f(-1)=(-1)2=1

And f(1)=11=1

i.e. f(-1)=£(1)

Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one ce(-1,1) such that f'(c)=0
i.e. 2¢c=0

i.e.c=0

Value of c=0e(-1,1)

Thus, Rolle’s theorem is satisfied.



Question: 2
Verify Rolle’s th
Solution:
Condition (1):

Since, f(x)=x%-x-12 is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= x2-x-12 is continuous on [-3,4].
Condition (2):

Here, f’(x)=2x-1 which exist in [-3,4].

So, f(x)= x?-x-12 is differentiable on (-3,4).
Condition (3):

Here, f(-3)=(-3)2-3-12=0

And f(4)=42-4-12=0

i.e. f(-3)=f(4)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(-3,4) such that £’(c)=0
i.e. 2¢-1=0

. 1
l.e.c =-
2
Value of ¢ = = ¢(—3,4)
2

Thus, Rolle’s theorem is satisfied.
Question: 3

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=x2-5x+6 is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= x2-5x+6 is continuous on [2,3].
Condition (2):

Here, f’(x)=2x-5 which exist in [2,3].

So, f(x)= x2-5x+6 is differentiable on (2,3).
Condition (3):

Here, f(2)=22-5X2+6=0

And f(3)= 32-5x3+6=0

i.e. f(2)=1£(3)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(2,3) such that f’(c)=0
i.e. 2¢-5=0

ie.c=

ra |



Value of ¢ =2 €(2,3)
2

Thus, Rolle’s theorem is satisfied.
Question: 4

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)= x2-5x+6 is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= x2-5x+6 is continuous on [-3,6].
Condition (2):

Here, f'(x)=2x-5 which exist in [-3,6].

So, f(x)= x?-5x+6 is differentiable on (-3,6).
Condition (3):

Here, f(-3)=(-3)2-5x(-3)+6=30

And f(6)= 62-5x6+6=12

i.e. f(-3)=f(6)

Conditions (3) of Rolle’s theorem is not satisfied.
So, Rolle’s theorem is not applicable.
Question: 5

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=x%-4x+3 is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)=x2-4x+3 is continuous on [1,3].
Condition (2):

Here, f’(x)=2x-4 which exist in [1,3].

So, f(x)=x?-4x+3 is differentiable on (1,3).
Condition (3):

Here, f(1)=(1)%-4(1)+3=0

And £(3)= (3)2-4(3)+3=0

i.e. f(1)=1£(3)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(1,3) such that £’(c)=0
i.e. 2c-4=0

i.e.c=2

Value of c=2 €(1,3)

Thus, Rolle’s theorem is satisfied.

Question: 6



Verify Rolle’s th
Solution:
Condition (1):

Since, f(x)=x(x-4)? is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= x(x-4)? is continuous on [0,4].
Condition (2):

Here, f'(x)= (x-4)2+2x(x-4) which exist in [0,4].
So, f(x)= x(x-4)? is differentiable on (0,4).
Condition (3):

Here, £(0)=0(0-4)?=0

And f(4)= 4(4-4)%=0

i.e. f(0)=1£(4)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(0,4) such that f’(c)=0
i.e. (c-4)2+2c(c-4)=0

i.e. (c-4)(3c-4)=0

i.e.c=4 or c=3+4

Value of ¢ = 2 €(0,4)

Thus, Rolle’s theorem is satisfied.

Question: 7

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=x3- 7x2+16x-12 is a polynomial and we know every polynomial function is continuous
for all xeR.

= f(x)= x3- 7x2+16x-12 is continuous on [2,3].
Condition (2):

Here, f’(x)=3x2-14x+16 which exist in [2,3].

So, f(x)= x3- 7x24+16x-12 is differentiable on (2,3).
Condition (3):

Here, f(2)= 23- 7(2)?+16(2)-12=0

And f(3)= 33- 7(3)?+16(3)-12=0

i.e. f(2)=1£(3)

Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one ce(2,3) such that f’(c)=0

i.e. 3c2-14c+16=0
i.e. (c-2)(3c-7)=0



i,e.c=2o0rc=7+3
Value of ¢ =~ €(2,3)
a3

Thus, Rolle’s theorem is satisfied.
Question: 8

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)= x3+3x2-24x-80 is a polynomial and we know every polynomial function is continuous
for all xeR.

= f(x)= x3+3x2-24x-80 is continuous on [-4,5].
Condition (2):

Here, f'(x)= 3x2+6x-24 which exist in [-4,5].

So, f(x)= x3+3x2-24x-80 is differentiable on (-4,5).
Condition (3):

Here, f(-4)= (-4)3+3(-4)?-24(-4)-80=0

And £(5)= (5)3+3(5)2-24(5)-80=0

i.e. f(-4)=1£(5)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(-4,5) such that f’(c)=0
i.e. 3c2+6c-24=0

i.e. c=-4 or c=2

Value of c=2 €(-4,5)

Thus, Rolle’s theorem is satisfied.

Question: 9

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=(x-1)(x-2)(x-3) is a polynomial and we know every polynomial function is continuous
for all xeR.

= f(x)= (x-1)(x-2)(x-3) is continuous on [1,3].

Condition (2):

Here, f'(x)= (x-2)(x-3)+ (x-1)(x-3)+ (x-1)(x-2) which exist in [1,3].
So, f(x)= (x-1)(x-2)(x-3) is differentiable on (1,3).

Condition (3):

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

And f(3)= (3-1)(3-2)(3-3) =0

i.e. f(1)=1£(3)

Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one ce(1,3) such that f’(c)=0



i.e. (c-2)(c-3)+ (c-1)(c-3)+ (c-1)(c-2)=0
i.e. (c-3)(2¢-3)+(c-1)(c-2)=0

i.e. (2¢2-9¢c+9)+(c?-3c+2)=0

i.e. 3c2-12c+11=0

i-e- C = lzi\:lz

i.e.c=2.58 or c=1.42

Value of c=1.42¢(1,3) and c=2.58¢(1,3)
Thus, Rolle’s theorem is satisfied.
Question: 10

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=(x-1)(x-2)? is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= (x-1)(x-2)? is continuous on [1,2].
Condition (2):

Here, f'(x)= (x-2)%2+2(x-1)(x-2) which exist in [1,2].
So, f(x)= (x—l)(x—2)2 is differentiable on (1,2).
Condition (3):

Here, f(1)= (1-1)(1-2)2=0

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

i.e. f(1)=1£(2)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(1,2) such that £'(c)=0
i.e. (c-2)2+2(c-1)(c-2)=0

(3c-4)(c-2)=0

i.e.c=2 orc=4+3

Value of ¢ == = 1.33¢(1,2)

Thus, Rolle’s theorem is satisfied.

Question: 11

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=(x-2)*(x-3)3 is a polynomial and we know every polynomial function is continuous for
all xeR.

= f(x)= (x-2)%(x-3)3 is continuous on [2,3].
Condition (2):

Here, f'(x)= 4(x-2)3(x-3)3+3(x-2)4(x-3)? which exist in [2,3].



So, f(x)= (x-2)*(x-3)3 is differentiable on (2,3).
Condition (3):

Here, f(2)= (2-2)%(2-3)3=0

And f(3)= (3-2)*(3-3)3=0

i.e. f(2)=1£(3)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(2,3) such that £’(c)=0
i.e. 4(c-2)3(c-3)3+3(c-2)*(c-3)%=0
(c-2)3(c-3)%(7¢-18)=0

i.e.c=2orc=3 orc=18+7

Value of ¢ = % = 2.57¢(2,3)

Thus, Rolle’s theorem is satisfied.
Question: 12

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x) = V1—x2 is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x) = V1—x2 is continuous on [-1,1].
Condition (2):
X

Here, f(x) = — N which exist in [-1,1].

So, f(x) = /1 — x2is differentiable on (-1,1).
Condition (3):

Here, f(—1) = /1 - (-1)2=10

2
Andf(1)= yV1-12=0

ie. f(—1) =1f(1)

Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one ce(-1,1) such that f’(c)=0

. c
ie.——/—=20
W l—CZ

i.e.c=0

Value of c=0e(-1,1)

Thus, Rolle’s theorem is satisfied.
Question: 3

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=cosx is a trigonometric function and we know every trigonometric function is
continuous.



= f(x)=cosx is continuous on [— EE]

Condition (2):
Here, f’'(x)=-sinx which exist in [— g g]
So, f(x)=cosx is differentiable on {— gg)
Condition (3):

T m
Here, f(-3) = cos(~3) = 0

o () —cos(2) o

eni(-3) =13
Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one ce[—%,g) such that f’(c)=0
i.e. -sinc=0

i.e.c=0

Value of ¢ = 0¢ (—E,E)

Thus, Rolle’s theorem is satisfied.

Question: 14

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=cos2x is a trigonometric function and we know every trigonometric function is
continuous.

= f(x)= cos2x is continuous on [0,x].
Condition (2):

Here, f’(x)= -2sin2x which exist in [0, 1].
So, f(x)=cos2x is differentiable on (0,m).
Condition (3):

Here, f(0)=cos0=1

And f(mm)=cos2n=1

i.e. f(0)=f(m)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(0,m) such that £'(¢c)=0
i.e. -2sin2c =0

i.e. 2c=n

N R
ie.c=—
2
Value of ¢ = ge(o,ﬂ)

Thus, Rolle’s theorem is satisfied.
Question: 15

Verify Rolle’s th



Solution:
Condition (1):

Since, f(x)=sin3x is a trigonometric function and we know every trigonometric function is
continuous.

= f(x)= sin3x is continuous on [0,1].

Condition (2):

Here, f’(x)= 3cos3x which exist in [0,11].

So, f(x)= sin3x is differentiable on (0,m).

Condition (3):

Here, f(0)=sin0=0

And f(1)=sin3n=0

i.e. f(0)=f(m)

Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one ce(0,1) such that £'(c)=0

i.e. 3cos3c =0

ie 3c==<
2
. R
ie.c=-
6
Value of ¢ = EE(O,TE)

Thus, Rolle’s theorem is satisfied.
Question: 16

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=sinx+cosx is a trigonometric function and we know every trigonometric function is
continuous.

= f(x)= sinx+cosx is continuous on [0, g].
Condition (2):

Here, f’(x)= cosx-sinx which exist in [0, g].
So, f(x)= sinx+cosx is differentiable on (OE)
Condition (3):

Here, f(0)=sin0+cos0=1

And f(7) = sin G) +cos(y) =1

i.e. f(0) = f(3)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one CE(O,%) such that f’(c)=0
i.e. cosc-sinc =0

. T
l.e.C =—
4



Value of ¢ = = €(0,)
4 2

Thus, Rolle’s theorem is satisfied.
Question: 17

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=e™ sinx is a combination of exponential and trigonometric function which is
continuous.

= f(x)= e sinx is continuous on [0,1].

Condition (2):

Here, f'(x)= e (cosx - sinx) which exist in [0,1m].
So, f(x)= e sinx is differentiable on (0,1)
Condition (3):

Here, f(0)= e sin0=0

And f(r)= esinm =0

i.e. f(0)=f(m)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(0,m) such that £'(¢c)=0
i.e. e (cos c - sin c) =0

i.,e.cosc-sinc=0

lLe.c= E

Value of ¢ = EE[:O,TL’)

Thus, Rolle’s theorem is satisfied.

Question: 18

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=e* (sinx-cosx) is a combination of exponential and trigonometric function which is
continuous.

= f(x)= e (sinx-cosx) is continuous on [E,Z—ﬂ].
Condition (2):

Here, f'(x)= e (sinx + cosx) - e (sinx - cosx)

= eX cosx which exist in [E’STﬂ]'

So, f(x)= e (sinx-cosx) is differentiable on (E,i—“)
Condition (3):

™
Here, f(E) =e s (sing - cosg) =0

5 _sm 5 5
And f(:n) = e s (5111:11 - cos:ﬂ) =0



. 11 S
ie f() = ()
Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one .:E(E, %ﬂ) such that f’(c)=0

i.e.eCcosc=0
i,e.cosc=0
. m
ie.c=-

2

M 5’
7 3)

Value of ¢ = ge(
Thus, Rolle’s theorem is satisfied.
Question: 19

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x) = sinx-sin2x is a trigonometric function and we know every trigonometric function is
continuous.

= f(x) = sinx-sin2x is continuous on [0,21].

Condition (2):

Here, f’(x)= cosx-2cos2x which exist in [0,21m].

So, f(x)= sinx-sin2x is differentiable on (0,21m)

Condition (3):

Here, f(0)= sin0-sin0 = 0

And f(2m)=sin(2m1)-sin(4m) =0

i.e. f(0)=f(2m)

Conditions of Rolle’s theorem are satisfied.

Hence, there exist at least one ce(0,2m) such that f’'(c)=0

i.e. cosx-2cos2x =0
i.e. cosx-4cos2x+2=0

i.e. 4cos?x-cosx-2=0

i.e.c=32° 32’ or c=126°23’
Value of c=32°32"¢(0,2m)

Thus, Rolle’s theorem is satisfied.
Question: 20

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=x(x+2)eX is a combination of exponential and polynomial function which is continuous
for all xeR.

= f(x)= x(x+2)e¥X is continuous on [-2,0].



Condition (2):

Here, f’'(x)=(x2+4x+2)e* which exist in [-2,0].
So, f(x)=x(x+2)eX is differentiable on (-2,0).
Condition (3):

Here, f(-2)= (-2)(-2+2)e? =0

And £(0)= 0(0+2)e%=0

i.e. f(-2)=£(0)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(-2,0) such that f'(c)=0
i.e. (c?+4c+2)e® =0

ie. (c+v2)?=0

i.e. c=-v2

Value of c=-v2 €(-2,0)

Thus, Rolle’s theorem is satisfied.

Question: 21

Verify Rolle’s th

Solution:

Condition (1):

Since, f(x)=x(x-5)2 is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= x(x-5)2 is continuous on [0,5].
Condition (2):

Here, f'(x)= (x-5)%+ 2x(x-5) which exist in [0,5].
So, f(x)= x(x-5)? is differentiable on (0,5).
Condition (3):

Here, f(0)= 0(0-5)%=0

And f(5)= 5(5-5)%=0

i.e. f(0)=£(5)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(0,5) such that £’(c)=0
i.e. (c-5)%+ 2c(c-5)=0

i.e.(c-5)(3¢c-5)=0

iie.c==-orc=5

[N

Value of ¢ = 2 €(0,5)
3

Thus, Rolle’s theorem is satisfied.
Question: 22
Discuss the appli

Solution:



Condition (1):

Since, f(x)=(x-1)(2x-3) is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= (x-1)(2x-3) is continuous on [1,3].
Condition (2):

Here, f'(x)= (2x-3)+ 2(x-1) which exist in [1,3].
So, f(x)= (x-1)(2x-3) is differentiable on (1,3).
Condition (3):

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

And f(5)= (3-1)(2(3)-3)=6

i.e. f(1)=£(3)

Condition (3) of Rolle’s theorem is not satisfied.
So, Rolle’s theorem is not applicable.
Question: 23

Discuss the appli

Solution:

Condition (1):

Since, f(x)=x1/2

is a polynomial and we know every polynomial function is continuous for all xeR.
= f(x)= x!/2 is continuous on [-1,1].

Condition (2):

1
Here, f'(x) = —1 which does not exist at x=0 in [-1,1].
2x2

f(x)=x1/2 is not differentiable on (-1,1).
Condition (2) of Rolle’s theorem is not satisfied.
So,Rolle’s theorem is not applicable.

Question: 24

Discuss the appli

Solution:

Condition (1):

Since, f(x)=2+(x-1)%/3 is a polynomial and we know every polynomial function is continuous for all
xeR.

= f(x)= 2+(x-1)2/3 is continuous on [0,2].

Condition (2):

2
Here, f'(x) = 1 which does not exist at x=1 in [0,2].
3(x—1)=

f(x)= 2+(x-1)?/3 is not differentiable on (0,2).
Condition (2) of Rolle’s theorem is not satisfied.
So,Rolle’s theorem is not applicable.

Question: 25

Discuss the appli



Solution:
Condition (1):

Since, f(x) = cos which is discontinuous at x=0
X

= f(x) = cosi is not continuous on [-1,1].
X

Condition (1) of Rolle’s theorem is not satisfied.
So,Rolle’s theorem is not applicable.

Question: 26

Discuss the appli

Solution:

Condition (1):

Since, f(x)=[x] which is discontinuous at x=0

= f(x)=[x] is not continuous on [-1,1].

Condition (1) of Rolle’s theorem is not satisfied.
So,Rolle’s theorem is not applicable.

Question: 27

Using Rolle’s the

Solution:

Condition (1):

Since, y=x(x-4) is a polynomial and we know every polynomial function is continuous for all xeR.
= y= x(x-4) is continuous on [0,4].

Condition (2):

Here, y'= (x-4)+x which exist in [0,4].

So, y= x(x-4) is differentiable on (0,4).
Condition (3):

Here, y(0)=0(0-4)=0

And y(4)= 4(4-4)=0

i.e. y(0)=y(4)

Conditions of Rolle’s theorem are satisfied.
Hence, there exist at least one ce(0,4) such that y’(c)=0
i.e. (c-4)+c=0

i.e. 2¢c-4=0

i.e.c=2

Value of c=2¢€(0,4)

So,y(c)=y(2)=2(2-4)=-4

By geometric interpretation, (2,-4) is a point on a curve y=x(x-4),where tangent is parallel to x-
axis.

Exercise : 11D

Question: 1



Verify Lagrange’s

Solution:

Given:

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [4,6].

f(b)—f(a
o - (b)_a()
_(36+12+3)—(16+8+3)
6—4

_2

2
=12
= f' (c)=2c+2
= 2c+2=12
= Cc=5

Question: 2

Verify Lagrange’s

Solution:

Given:

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [0,4].

f(b) — f(a)

o ===

C(16+4-1)—-(0+0-1)
B 4-0

=5

= f'(c)=2c+1

= 2c+1=5

= c=2

Question: 3

Verify Lagrange’s

Solution:

Given:

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [1,3].

f(b) — fi
o -1

_(18-9+1)-(2-3+1)
B 3-1

=5
= f'(c)=4c-3
= 4c-3=5



= c=2

Question: 4

Verify Lagrange’s

Solution:

Given:

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [-1,4].

f(b) — f(a
f(0) = b_a( )
_(64+16—24)— (-1+1+6)
4+1
50
5
=10

f' (c)=3c%+2c-6
=3 c®+2c-6=10
=3 c®+2¢-16=0

= 3 ¢2-6¢+8c-16=0
= 3c¢(c-2)+8(c-2)=0
= (3c+8)(c-2)=0

2—8
c=2,—4
3

Question: 5

Verify Lagrange’s

Solution:

Given:

f(x) =x? —18x* + 104x — 192

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [4,6].

, f(b) — f(a)
f'{c) = “B_a
(216 — 648+ 624 — 192) — (64 — 288 + 416 — 192)
= f'(c)=
6—2
=0

= f' (c)=3c2-36¢c+104

=3¢2-36c+10




2
= C=6i§v"§

Question: 6
Verify Lagrange’s
Solution:

Given:

Since f(c) is continuous as well as differentiable in the interval [0,1].

-10 -9 -8 -7 -5 -5 -4 -3 -2 -1 0 1 2
1

, f(b)— f(a)

f'{c) = “BH_a

_e— 1

1

= ' (c)=e®

= e® =e-1

= log.e® = log(e—1)

= c=loge(e-1)

Question: 7

Verify Lagrange’s

Solution:

Given:

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [0,1].

f(b) — fi
o -1
_1—0
=1-0

2 1
=>§|:3=1
-1 3
= CE_E
102
= C3=§



8
= =5
Question: 8
Verify Lagrange’s
Solution:

Given:

Since log x is a continuous as well as differentiable function in the interval [1,e].

2.

-3 4

In(x)

f(b) — fi
o -1

_ loge—logl
B e—1

Question: 9
Verify Lagrange’s
Solution:

Given:

Since tan~! x is a continuous as well as differentiable function in the interval [0,1].

, f(b) — f(a)
f'{c) = “B_a
B tan"'1 —tan"'0
B 1-0
om
T4
f'(c) =

1+c2



1 T

= ———=—
1+c2 4

4

= 1+c2=—
T

4
=c= [-—1
™

Question: 10
Verify Lagrange’s
Solution:

Given:

Since sin x is a continuous as well as differentiable function in the interval [ﬂ m] .

3

2

sin(z) 4

e
k # A

-2

f(b) — f(a)
—d

f'(c) =

sin ST sinrIT
2 2

SmT T
2 2
=0
f' (c)=cos x
cos x=0

ntm
X=—, ne{1,2,3,4,5}

Question: 11
Verify Lagrange’s
Solution:

Given:

Since (sin x + cos x) is a continuous as well as differentiable function in the interval [0%] .

3

24

\/\/\/\/\/\/

—24

-3

, f(b) — f(a)
rO="—%
inT 4 cose —sin0 0
_51112 COSZ sink—Ccos
- TT
Z-0

N



f' (c)=cos x-sin x
= cos x-sin x=0

T . L
= COSXCOSE—SIIIXSIIIE= 0

= cos(x+9 =0

= (x+ 9 =cos 10

=x=1——

Question: 12

Show that Lagrang

Solution:

Given:

Since f(x) is continuous in the interval [-1,1].

But is non differentiable at x=0 due to sharp corner.

So LMVT is not applicable to f(x)=|x|

Question: 13
Show that Lagrang
Solution:

Given:

Since the graph is discontinuous at x=0 as shown in the graph.



So LMVT is not applicable to the above function.

Question: 14 A
Find ‘c’ of Lagra
Solution:

Given:

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [0,5].

, f(b) — f(a)
f(c)—ib_a
1 3
g atl-0
1
5-0
_3
4

f' (c)=3x2 -6x+2
3 x2-6x+2=3/4
12 x2-24x+8=3
12 x2-24x+5=0

24 + 576 — 240

X 24
. [336

X=1% 576
1+ |2

X=1% 113

Question: 14 B
Find ‘c’ of Lagra
Solution:

Given:



Since the f(x) is a polynomial function,
It is continuous as well as differentiable in the interval [1,5].

f(b) — fi
o -1

V25 — 25 —25 -1
B 5—1

f'{c) = 1— (—2c)

24/25—c?

—C —v’ﬂ

= =
V25— 2 4

= 4c=,/24(25 —c?)

= 16c2=600-24c?
= 40c?=600

= c2=15

= c=115
Question: 14 C
Find ‘c’ of Lagra
Solution:

Given:

Since the f(x) is a polynomial function,

It is continuous as well as differentiable in the interval [4,6].

f(b)— f(a
R OO
b—a
VB 6
T 6—4
VB 6
2
1
f'(c) =
[:) e+ 2
1 \,"ﬁ—’g
=1 =
2\c+ 2 2
1 \.’E—\.’E
= =
o+ 2 1
1 /8 ++6
= W+ 2= = Fxhx— \}_
V8 —+6 B+46
=) 3
Va8 +v6
= Vc+ 2= 2

1
= c+2=g(8+6+2\,@}

3
= C=E+2\|"'§



= c=4.964

Question: 15

Using Lagrange’s

Solution:

Given:

y=x*

Since y is a polynomial function.

It is continuous and differentiable in [1,2]

So, there exists a ¢ such that:

, f(b) — f(a)
f(c)——b_a
_4-1

T2-1

=3

= f' (c)=2c

= 2c=3

3

€=3

So, the point is G%)

Question: 16

Find a point on t

Solution:

Given:

y=x?

Since y is a polynomial function.

It is continuous and differentiable in [1,3]

So, there exists a ¢ such that:

f(b) — f(a)
f'(c) = ——=
(c) —
27-1
T 3-1
=13
= f' (c)=3c2
= 3c¢2=13
13
= — JR—
=13
V39
= C=—
3

So the point is (V—@, 13"@)
3 9

Question: 17



Find the points o

Solution:

Given:

y=x3—3x

Since y is a polynomial function.

It is continuous and differentiable in [1,2]
So, there exists a ¢ such that:

f(b) — f(a)

e

_(8-6)-(1-3)
B 2-1

=4
= f' (c)=3c2-3
=3 c2-3=4

= 3c2=7

So, the points are (\Fi\F) (‘_?\FE\F)
3 3 3 3 3 3443

Question: 18

If

Solution:

Given:

f(x)=x(1-log x)

Since the function is continuous as well as differentiable

So, there exists ¢ such that

f(b) — fi
o 101

1 b(1—1logbh)—a(1-1
= (1—10gc)—c><E= ( Ogs_:( 0g3)

_ b(1 —logb) —a(1—loga)
B b—a
(b-a) log c=b(1-log b )-a(1-log a)

= logc

Hence proved.

Exercise : 11E

Question: 1
Find the maximum

Solution:



min. value = 4

Since the square of any no. Is positive, the given function has no maximum value.

The minimum value exists when the quantity (5x-1)2=0
Therefore, minimum value=4

Question: 2

Find the maximum

Solution:

max. value = 9

Since the quantity (x-3)% has a -ve sign, the max. Value it can have is 9.
Also hence it has no minimum value.

Question: 3

Find the maximum

Solution:

max. value = 6

Since |x+4]| is non-negative for all x belonging to R.
Therefore the least value it can have is 0 .

Hence value of function is 6.

It has no minimumvalue as it can have infinitely many.
Question: 4

Find the maximum

Solution:

max. value = 4, min. value = 6

f(x)=sin2x+5

We know that,

-1=sinB=1

-1=sin2x=<1

Adding 5 on both sides,

-1+5=sin2x+5=<1+5

4=sin2x+5=<6

Hence

max value of f(x)=2x+5 will be 6

Min value of f(x) =2x+5 will be 4

Question: 5

Find the maximum

Solution:

max. value = 4, min. value = 2

We know that

-1=sinB=<1

-1=sindx=<1



Adding 3 on both sides,

We get

-14+3=sin4x+3=<1+3
2=<|sindx+3|=4

Hence min.Value is 2 and max value is 4
Question: 6

Find the point of

Solution:

local max. valueis 0 atx = 3

F (x)=4(x-3)3=0

=X=3

- local max. Vaue is 0.

Question: 7

Find the point of

Solution:

local min. valueis 0 atx =0
F(x)=2x=0

x=0

- local min.value is 0

Question: 8

Find the point of

Solution:

local max. value is —3 at x = 1 and local min. value is =128 atx = 6
F(x)=6x%-42x+36=0

= 6(x-1)(x-6)=0

=x=1,6

F'(x)=12x-42

F’(1)<0,1 is the pont of local max.

F’(6)>0, 6 is the point of localmin.

F(1)=2-21+36-20=-3

F(6)=-128

Question: 9

Find the point of

Solution:

local max. value is 19 at x = 1 and local min. value is 15 atx = 3
F (x)=3x2-12x+9=0

=3(x-3)(x-1)=0

=x=3,1



F’'(x)=6x-12

F'(3)=18-12=6>0, 3 is the of local min.
F'(1)<0, 1 is the point of local max.

F(3)=15

F(1)=19

Question: 10

Find the point of

Solution:

local max. value is 68 at x = 1 and local min. values are —1647 at x = —6 and —316 atx =5
F’(x)=4x3-124x+120=0

= 4(x3-31x+30)=0

For x=1, the given eq is 0

-x-1 is a factor,

4(x-1)(x+6)(x-5)=0

=X=1,-6,5

F'(1)<0, 1is the point of max.

F'(-6) and f'(5)>0, -6 and 5 are point of min.
F(1)=68

F(-6)=-1647

F(5)=-316

Question: 11

Find the point of

Solution:

local max. value is 251 at x = 8 and local min. value is =5 atx =0
F(x)=-3x2+24x=0

= -3x(x-8)=0

= x=0,8

F'(x)=-6x+24

F’(0)>0, 0 is the point of local min.

F’(8)<0, 8 is the point of local max.
F(8)=251 and f(0)=-5

Question: 12

Find the point of

Solution:

local max. value is 0 at x = —2 and local min. value is —4 atx =0
f(x)=(x-1)2(x+2)+(x+2)%=0

x=0,-2

£'(0)>0, 0 is the point of local min.



f'(-2)<0, -2 is the point of local max.
f(0)=-4

f(-2)=0

Question: 13

Find the point of

Solution:

3125

local max. value is 0 at each of the points x = 1 and x = —1 and local min. value is

F (x)=-(x-1)32(x+1)-3(x-1)2(x+1)2=0

= x=1-1—-
5

Since, fll(1) and fll(-1) <0, 1 and -1 are the points of local max.
Fll(-1)>0, < is the point of local min.
F(1)=f(-1)=0

Also,f(— E) _ _ 3456

5 3125

Question: 14
Find the point of
Solution:

local min. valueis 2 atx =2

Fx)=-2=0
2 X

= x2-4=0

= x==2

But since x>0, x=2
" 2
F'(2) = 3

2<0
8

.point of local mini. is 2

F)=+>=2

Question: 15

Find the ma

Solution:

max. value is 139 at x = —2 and min. value is 89 atx = 3
F (x)=6x%-24=0

6(x2-4)=0

6(x2-22)=0

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




X=2,-2

Now, we shall evaluate the value of f at these points and the end points
F(2)=2(2)3-24(2)+107=75

F(-2)=2(-2)3-24(-2)+107=139

F(-3)=2(-3)3-24(-3)+107=125

F(3)=2(3)3-24(3)+107=89

Question: 16

Find the ma

Solution:

max. value is 257 at x = 4 and min. value is —63 at x = 2
Fl(x)=12x3-24x%+24x-48=0

12(x3-2x%42x-4)=0

Since for x=2, x3-2x2+2x-4=0, x-2 is a factor

On dividing x3-2x2+2x-4 by x-2, we get,

12(x-2)(x%42)=0

X=2,4

Now, we shall evaluate the value of f at these points and the end points
F(1)=3(1)%-8(1)3+12(1)2-48(1)+1=-40

F(2)= 3(2)4-8(2)3+12(2)?-48(2)+1=-63

F(4)= 3(4)%-8(4)3+12(4)?-48(4)+1=257

Question: 17

Find the ma
Solution:
.3 T . 1 T
max. value is — at x = — and min. valueis — at x = —
4 &) 2 2
Fl(x)=cos xésin x=0
5 2 Ccos x=sin x
mT ™
= — = —
6 3
f(E) = SiIlE-FECOSE— E
2/ T2 2772 2
f‘(”IT) . TI.'+ 1 m 1 . V3
c —sm6 ZCOSG_Z 2
1L_(’IT) . TE+ 1 T \.@_’_1
3 —51113 21:053— 2 12

Question: 18
Show that t
Solution:

The given function is



Y =xx
Now, taking logarithm from both sides, we get..

1
logy = " logx

Differentiating both sides w.r.t x....

1,1 1
;y = —;ln(_}s}+;

=y = %(1 —In(x))

(1-In(x))=0
In(x)=1
X=e

hence the max. point is x=e

1
max value is €e.

Question: 19
Show that

Solution:
F(x) =x+1
X

Taking first derivative and equating it to zero to find extreme points.

F(x)=1—==0
X

X2=1

x=1,x=-1

now to determine which of these is min. And max. We use second derivative.

fll(x)==

fll(1)=2 and fll(-1)=-2
since fll(1) is +ve it is minimum point while fll(-1) is -ve it is maximum point

max value-> f(-1)=-1+i1=-2
min vaue-> f(1)=1+%=2

hence maximum value is less than minimum value
Question: 20

Find the ma

Solution:

49

p
—— = —24—36x
dx '
=0



=x=-23
Step 2

&p_

—36 is negative
dx?

Step 3

maximum profit = p (_§)
=49

Question: 21

An enemy je

Solution:

1,3)

Let P(x,y) be the position of the jet and the soldier is placed at A(3,2)

AP=[(x=3)7+ (- 2
As y=x2+2 or y-2=x2

. AP?2=(x-3)2 + x*=2z (say)

dz
i _ 3
= 2(x—3)+ 4x

z_,

dx

2 .x-6+4x3=0
Put x=1
2-6+4=0

. x-1 is a factor
z
And &2 _ 2
e 12x<+2

d
£ _porx=1
dx

d?z
—(atx=1)>0
and dxz(61 x=1)

. Z is minimum when x=1,y=14+2=3

Point is (1,3)
Question: 22
Find the ma

Solution:

max. value is

Wl A

f (x)=-1+2cos x=0

= C0SX= —¢
2

—ﬁJ at x =

wil A

and min. value is

5t

—-ﬁJ at x =

5t
3



2T

By finding the general solution, we get x = g and x = 5y

Now, by finding the second derivative, we get that f”(g) < 0andf ”(S?ﬂ) >0

SE—VEJ atx:ﬁﬂ:

T

— and min. value is
3

i :
Therefore, max. value is [ -+ -\E at x =

3

Exercise : 11F

Question: 1

Find two positive

Solution:

Given,

¢ The two numbers are positive.

* the product of two numbers is 49.

¢ the sum of the two numbers is minimum.
Let us consider,

* x and y are the two numbers, such thatx > 0andy > 0
e Product of the numbers : x X y = 49

* Sum of the numbers: S=x+y

Now as,

X Xy=49

49

L)

X
Consider,
S=x+y
By substituting (1), we have

S=x+ = - (2)
X

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with x

dS_ d ( +49)
dx  dx \ X

X
ds d d (49
SO 5 (5)
ds

L1+ 9(F)—0

[Since & (x™) = nx®** and 4

i — i -ny _ __ -n—1
dx dx( )_dx(x )_ nx ]

}_.11
Now equating the first derivative to zero will give the critical point c.

So,



Asx > 0,thenx =7

Now, for checking if the value of S is maximum or minimum at x=7, we will perform the second

differentiation and check the value of g at the critical value x = 7.
o

Performing the second differentiation on the equation (3) with respect to x.

dES_ d [1+ 49(—1)]
dx2  dx X2

dES_ d o+ d [49(—1)]
dx?2  dx dx X2

dES_ 0 [49(—1 % —2)]
dx2 X3

. d d d
[Since = (constant) = 0 and - (Yin) = = (x™) = —nx 1]

d?s (2 ) 98
dx2 %3/ x3
Now when x = 7,
d?s
dx?

98 98

=—==——>0
_ 73 343
=7

As second differential is positive, hence the critical point x = 7 will be the minimum point of the
function S.

Therefore, the function S = sum of the two numbers is minimum at x = 7.
From Equation (1), if x=7

49 .
y_ 7_

The}"efore, x = 7 and y = 7 are the two positive numbers whose product is 49 and the sum is
minimum.

Question: 2

Find two positive

Solution:

Given,

e The two numbers are positive.

e the sum of two numbers is 16.

* the sum of the squares of two numbers is minimum.
Let us consider,

* x and y are the two numbers, such thatx >0 andy > 0
¢ Sum of the numbers : x + y = 16

* Sum of squares of the numbers : S = x2 + y?2

Now as,

x+y=16



y = (16-x) ------ (1)

Consider,

S =x2%+ y2

By substituting (1), we have
S = x2 + (16-y)% ~-- (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with x

ds_d .o
dX_ dX [X [: X) ]

ds d d

—_— 2 _ _ 2
== g X g [(16—x)7]

== 2x+2(16-x)(~1) — (3)

[Since di (x") =nx*1]

.4

Now equating the first derivative to zero will give the critical point c.

So,

dS—Z +2(16 )(—1) =0
dx_ 4 X( )_

=2x-2(16 x) =0
=2x-32+2x=0

=4x = 32
32

= X= )

=>xXx=8

Asx>0,x=8

Now, for checking if the value of S is maximum or minimum at x=8, we will perform the second

differentiation and check the value of % at the critical value x = 8.
o

Performing the second differentiation on the equation (3) with respect to x.

dzs—d [2x + 2(16 (=1 ]
axz  dx ) (1)
d’s d d

& ax X2 e —x]
sz—Z 2[0 —1]

dx2

. d Il
[Since = (constant) = 0 and - (x") = nx™!1]

d°s 2—04+2=4
dx2 B

Now when x = 8,

[cﬁs

I =4>0

x=8

As second differential is positive, hence the critical point x = 8 will be the minimum point of the



function S.

Therefore, the function S = sum of the squares of the two numbers is minimum at x = 8.
From Equation (1), if x= 8

y=16-8=28

Therefore, x = 8 and y = 8 are the two positive numbers whose su is 16 and the sum of the
squares is minimum.

Question: 3

Divide 15 into tw

Solution:

Given,

e the number 15 is divided into two numbers.

* the product of the square of one number and cube of another number is maximum.
Let us consider,

* x and y are the two numbers

¢ Sum of the numbers : x + y = 15

« Product of square of the one number and cube of anther number : P = x3 y?2
Now as,

x+y=15

y = (15-x) ------ (1)

Consider,

P = x?’y2

By substituting (1), we have

P =x3 X (15-x)% - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x

and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with x

dP_ d 2
e E[x x (15— x)7]
dp_ 2 d 3 3 d 2
e (15 —x) &(X )+ x &[(15_3) |
dP_ 2 2 3
o = (15-%% (3x?) +x° [2(15 - x)(-1)]

[Since di (x™) = nx® ! and if u and v are two functions of x, then

4

d d d
E(U XV) =V XE(U)-'_ u XE(V)]

dP
e (15 —x)* (3x%) + x® [-30 + 2x]

= 3x[152 - 2% (15)x(x) + x2] x2 + x3(2x-30)
= x2[3% (225 - 30x + x2)+ x (2% - 30)]
= x2[ 675- 90x + 3x2+ 2x2 - 60x]

= x2[5x2 - 120x + 675]



= 5x? [x? - 24x + 135] -—- (3)
Now equating the first derivative to zero will give the critical point c.

So,

dP
— =5x%[x%-24x + 135] =0
dx

Hence 5x2 = 0 (or) x2 - 24x + 135 =0

—(-24)4,/(-24)2-4(1)(135)
2 x1

x=0(or)x =

x=0 (01") X = 24i:-'576—540]

2

X = 0 (or) y — 24Ev3e
2
2446
x=0(or)x = T_
24+8 24—-8
x =0 (or) x = T+(OT)X= ==

x=0(or)x = ?(or)x= ?

x=0(r)x=15(or)x=9
Now considering the critical values of x = 0,9,15

Now, for checking if the value of P is maximum or minimum at x=0,9,15, we will perform the

second differentiation and check the value of g at the critical value x = 0,9,15.
X

Performing the second differentiation on the equation (3) with respect to x.

P d .

@ = E [5X (X - 24x + 135) ]

d?p d d

[ — 2 _ _ P 2 7 [v2 _

o (x*- 24x + 135) = [5x%] + 5x dx[x 24x + 135]

= (x2 - 24x + 135) (5 X 2%) + 5x2 (2x - 24 + 0)

[Since di (constant) = 0 and di (x*) = nx® ! and if u and v are two functions of x, then
X X

i (uxv)=v x% (W) + u x% (v)]

= (x2 - 24x + 135) (10x) + 5x2 (2x - 24)
= 10x3 - 240x2 + 1350x + 10x3 - 120x2
= 20x3 - 360x2 + 1350x

= 5x (4x2 - 72x + 270)

2

P
_ 2
@ = bx ("er - 72x + 270)

Now when x = 0,

[dzp

S| =5 x0[4(0)*— 72(0) +270]

x=0

=0
So, we rejectx =0

Now when x = 15,



d?p
dx?

=5 % 15 [4(15)2— 72 (15) + 270]

x=15
= 65 [(4 x 225) -1080+ 270]
= 65 [900- 1080+ 270]

= 65[1170- 1080]

=65%x (90) >0

2

Hence [%] =0, so at x = 15, the function P is minimum
X dy=15

Now whenx = 9,

[dzp

S| =5 X 9[4(9)*— 72(9) +270]

x=9
=45 [(4 x 81) - 648 + 270]
= 45 [324 - 648 + 270]

= 45 [594 - 648]

=45 x (-54)

=-2430<0

As second differential is negative, hence at the critical point x = 9 will be the maximum point of
the function P.

Therefore, the function P is maximum at x = 9.
From Equation (1), ifx=9
y=15-9=6

Therefore, x = 9 and y = 6 are the two positive numbers whose sum is 15 and the product of the
square of one number and cube of another number is maximum.

Question: 4

Divide 8 into two

Solution:

Given,

e the number 8 is divided into two numbers.

¢ the product of the square of one number and cube of another number is minimum.
Let us consider,

* x and y are the two numbers

¢ Sum of the numbers : x + y = 8

« Product of square of the one number and cube of anther number : S = x3 + y?2
Now as,

xX+y=8

Consider,
S=x3+y?
By substituting (1), we have

S =x3 + (8x)2 - (2)



For finding the maximum/ minimum of given function, we can find it by differentiating it with x

and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with x

ds_d oo
dX_dX[X [: X)]
dS_

d 3 d 2
- o (x°) + &[(S—X) ]
as
== @) +26-0 (D)

[Since di [:Xn) — IIXn_l]

4

S
— = 3x%2— 16 + 2x
dx

= 3%x% + 2x - 16 - (3)
Now equating the first derivative to zero will give the critical point c.
So,

ds
—=3x>+2x — 16=0
dx

Hence 3x2 + 2x - 16=0

L~ /@73 16)

2 X3
—2+4+192
B 6
-2 4196
B 6
-2 + 14
X= ——
6
_ 24 oy T214
x=2Z(or)x= =2
& &

x =2 (or) X = -2.67
Now considering the critical values of x = 2,-2.67

Now, for checking if the value of P is maximum or minimum at x=2,-2.67, we will perform the
second differentiation and check the value of % at the critical value x = 2,-2.67.
o

Performing the second differentiation on the equation (3) with respect to x.

d°s_ d [3x2+ 2x— 16]

dx?  dx X X

d’s d d d
- 2 _ _
dx? dx [3x°]+ dx [2x] dx [16]

=302x)+2((1)-0
. i _ i nmy __ n—1
[Since - (constant) = 0 and i (x") = nx ]

= 06X + 2



d?s
@= 6x + 2

Now when x = -2.67,

[d25

o =6(-2.67)+ 2

x=-2.67

=-16.02 + 2 =-14.02

Atx =-2.67 % = —14.02 < 0 hence, the function S will be maximum at this point.
X

Now consider x = 2,

d?s

[@] ) =6(2)+ 2
x=2

=12+2=14

2
Hence [d—i] = 14 =0, so at x = 2, the function S is minimum
x=2

As second differential is positive, hence at the critical point x = 2 will be the maximum point of
the function S.

Therefore, the function S is maximum at x = 2.
From Equation (1), if x= 2
y=8-2=6

Therefore, x = 2 and y = 6 are the two positive numbers whose sum is 8 and the sum of the
square of one number and cube of another number is maximum.

Question: 5

Divide a into two

Solution:

Given,

* the number ‘a’ is divided into two numbers.

¢ the product of the pth power of one number and qth power of another number is maximum.
Let us consider,

* x and y are the two numbers

e Sum of the numbers : x +y=a

* Product of square of the one number and cube of anther number : P = xP y4
Now as,

x+y=a

Consider,

P = xPyd

By substituting (1), we have
P =xP x (a-x)q ------ (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with x



dP ° q
dx dx[x x (a=x)]

dp

d d
- @i () +xP [(a—-x)]

d
O = (-7 () 43 [g(a — ) (1)

[Since % (x™) = nx® ! and if u and v are two functions of x, then
S(xv)=vx— @+uxs (¥

o= ¥ @0 @E-xp-xq]

= xP1(a-x)9 ! [ap-xp-xq]

= xP(ax)%"[ap - x (p+q)] - (3)

Now equating the first derivative to zero will give the critical point c.
So,

dp
&= a0 - x (p @] =0

Hence xP1 = 0 (or) (a-x)9'! (or) ap- x(p+q)= 0

ap
x=0(or)x=a(or)X=—
(or) (or) x = =

. . A ap

Now considering the critical values of x = 0,a and X = -

Now, using the First Derivative test,

For f, a continuous function which has a critical point c, then, function has the local maximum at
c, if f'(x) changes the sign from positive to negative as x increases through c, i.e. f’(x)>0 at every
point close to the left of ¢ and f’(x)<0 at every point close to the right of c.

Now when x = 0,

&=
dX x=0 B

So, we rejectx =0

Now when x = a,

&, =0
dx x=a B

Hence we reject x = a

ap
Now when X << —,
p+q

[?]g% - (ﬁ)w (a— i)q_l[ap - prq (p+q]>0--(4)

a
Now when X = —P,
p+q

2], - 2 (- 2 (- 2 vl <0o

By using first derivative test, from (4) and (5), we can conclude that, the function P has local
maximum atXx = ﬁ

From Equation (1), ifXx = 22
p+q



ap a(p+q)-— ap _ ap
p+q p+q p+q

y=a—

Therefore, X = ﬁ andy = ﬁ are the two positive numbers whose sum together to give the

number ‘a’ and whose product of the pth power of one number and gth power of the other
number is maximum.

Question: 6
The rate of worki
Solution:

Given:

Rate of working of an engine R, v is the speed of the engine:

R=15v+ @, where 0<v<30
v

For finding the maximum/ minimum of given function, we can find it by differentiating it with v
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Now, differentiating the function R with respect to v.

dR d N 6000

dV - [ 5V ]

dR B d [15v] + [6000

v dv o

% - 15+ &000 6000 (1)

[Slnce (x“) =nx*»?!and — - (Hn) (x‘“) — —px 1]

Equating equation (1) to zero to find the critical value.

dR . 6000

dv vz
6000

15 = —
v

, 6000 o

- -
vZ =400
v = +400

v =20 (or) v=-20
As given in the question 0<v<30, v = 20

Now, for checking if the value of R is maximum or minimum at v=20, we will perform the second

differentiation and check the value of a°R at the critical value v = 20.

dv2

Differentiating Equation (1) with respect to v again:

d’R_ d 6000]
dvZ dx V2
=£[15]_i[6000]
dx dx L v2
6000

. d _ .
[Since = (constant) = 0 and— (—) (X ") = "]



6000
- [ \'E ]

dvz w2

2
d*R 12000] _____ 2)

z
Now find the value of (i—f}
2 y=120

d*R 12000 12000 3
-—>0

(ﬁ)wm: (20)3] T 20 x 20 x 20 2

So, at critical point v = 20. The function R is at its minimum.
Hence, the function R is at its minimum at v = 20.
Question: 7

Find the dimensio

Solution:

Given,

« Area of the rectangle is 93 cm?.

* The perimeter of the rectangle is also fixed.

Let us consider,

A @ @B

X

* x and y be the lengths of the base and height of the rectangle.

* Area of the rectangle = A = x X y = 96 cm?
e Perimeter of the rectangle =P =2 (x + y)
As,

X Xy =96

96

y= 2

X

Consider the perimeter function,
P=2x+Yy)

Now substituting (1) in B,
96
P=2(x+Z)—@

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to x:

dP_ d [2( N 96)]
dx  dx T %

dP_d (2)+2d(96)
ax  dx ¥ dx\ x



® 4+ z(z—f) (-1)

dx

ince & ——1 4 (XY 4 -y _pe-n1
[SIHCG = (Xn) — nxn and ™ (xn) — = (X n) — nx n ]
dP 192
2=2- ()0

To find the critical point, we need to equate equation (3) to zero.

® 0 ()

dx x2

=

x= +46
As the length and breadth of a rectangle cannot be negative, hence x = 4 /g

Now to check if this critical point will determine the least perimeter, we need to check with
second differential which needs to be positive.

Consider differentiating the equation (3) with x:

dzP__ d [2 (192)]
dx2 ~ dx x2

P4 41

dx?  dx dx \ x2
d?p 192
oo o ()
i i — i i — i -my _ __ -n-1
[Since = (constant) = 0 and ™ (xn) = = (x™) = —nx ]
d*p 2 %192
- ()@
2
Now, consider the value of (d—:)
dx® S y=4./6
d?p 2 %192
dxz  \ (4V6)3
( 2 x 192 )
B 4\.’% X -w'gx 4\.’%
( 2 x 192 ) 1
- 4\.’% x 4\,"%)( 4\.’% - \,"'E
As (@) = 2> 0, so the function P is minimum at x — 46
dx?Jy=45 V6 ’ r=avb

Now substituting x = 4./¢ in equation (1):

96

y= "-l-v"g
96 V6

Y= % xs6

[By rationalizing he numerator and denominator with /g1

- y: 4\,"’6



Hence, area of the rectangle with sides of a rectangle with x — 4\/gandy = 46 is 96cm? and
has the least perimeter.

Now the perimeter of the rectangle is

P= 2(4V6+ 46) = 2(8V6) = 1616 cms
The least perimeter is 161/6 cms-

Question: 8

Prove that the la

Solution:

Given,

* Rectangle with given perimeter.

Let us consider,

e ‘p’ as the fixed perimeter of the rectangle.
* x” and ‘y’ be the sides of the given rectangle.
* Area of the rectangle, A =x X y.

Now as consider the perimeter of the rectangle,

p = 2(x +y)
P =2x+ 2y
y=EZ (1)

2

Consider the area of the rectangle,
A=xXy
Substituting (1) in the area of the rectangle,

p— Zx)
2

A=x><(

For finding the maximum/ minimum of given function, we can find it by differentiating it with x

and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to x:

da ,
dx  dx [2 (px—2x )]

dA 1d ,
= zdx(p)———(ZX)
dA 1

-2
[Slnce (Xn) n 1 ]

A _ P [ 9g)een

=2 ()3

dA



XZE
4

Now to check if this critical point will determine the largest rectangle, we need to check with
second differential which needs to be neqgative.

Consider differentiating the equation (3) with x:

d?A  dp
-l ()
d2A  d ,py d
Pl O Bl €29
dzA—O 2= -2
dxz o

. d Il
[Since = (constant) = 0 and - (x") = nx™!1]

FA_ e @)

dx?

a?a
Now, consider the value of ( ) p

dx? /P
&
d°A 2<0
dx2
d=P . . . P
As (@) p= —2 <00, so the function P is maximum atx = "
b, ==

P

Now substituting x = " in equation (1):

As=y = E the sides of the taken rectangle are equal, we can clearly say that a largest rectangle
which has a given perimeter is a square.

Question: 9

Given the perimet

Solution:

Given,

* Rectangle with given perimeter.

Let us consider,

* ‘p’ as the fixed perimeter of the rectangle.

* ‘x’ and ‘y’ be the sides of the given rectangle.

* Diagonal of the rectangle, p = \fxz + y2 (using the hypotenuse formula)



Now as consider the perimeter of the rectangle,

p =2(x +y)
P =2x + 2y
y=EZ (1)

2

Consider the diagonal of the rectangle,

D= x2+ y?

Substituting (1) in the diagonal of the rectangle,

p—ZX)z
N
D Jx +( >

[squaring both sides]

z- D= x4+ (E2) @)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to x:

dz d — 2%\ 2
b (59)

dx  dx 2

dZz d 1d

B G il O 2
dx dx (x%)+ 4dx[(p 2%)7]
dZ—Z +12( 2%) 2
= =2+ 3[2(p -2 (-2)]

[Since di [:Xn) — I].Xn_l ]

4

=2Xx-p+ 2x

Now to check if this critical point will determine the minimum diagonal, we need to check with
second differential which needs to be positive.

Consider differentiating the equation (3) with x:



dzz_d 4 ]
dx?  dx X—P
dzz__d
dx?2  dx

=440

d
(4x)— — (®)

. d d
[Since = (constant) = 0 and = (x*) = nx® 1]

L2 g @)

dx®

. d*Z
Now, consider the value of ( ) p

ds2 ) P
&
d°z 4>0
dx2
d2Z . . P
As (@)u—" =4 >0, so the function Z is minimum at x = "
=,

P

Now substituting x = " in equation (1):

Asx =y = E the sides of the taken rectangle are equal, we can clearly say that a rectangle with
minimum diagonal which has a given perimeter is a square.

Question: 10

Show that a recta

Solution:

Given,

¢ Rectangle is of maximum perimeter.

* The rectangle is inscribed inside a circle.

e The radius of the circle is ‘a’.

Let us consider,
* ‘x’ and ‘y’ be the length and breadth of the given rectangle.
« Diagonal AC2 = AB? + BC? is given by 4a2 = x%+y?2 (as AC = 2a)

* Perimeter of the rectangle, P = 2(x+y)



Consider the diagonal,
4a% = x? + y2

y2 = 4a2 - x2

y= VaaZ—xZ— (1)

Now, perimeter of the rectangle, P

P=2x+ 2y

Substituting (1) in the perimeter of the rectangle.

P=2x+ 2422 — x2 - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to x:

dp 3

i [2x+2v 4a? — x ]

dP d d

- _ 1. aa2 — 2
" (2x) + de[\f4ﬂ x2]
dP 1 1

- Z (432 — x2) 3 (—
= 2+ 2[2(%1 x%)7Z (—2x)]

[Slnce [:Xn) — len_l ]

dP 2x
—=2- = - (3)
dx W 4a-x?

To find the critical point, we need to equate equation (3) to zero.

dpP 5 2x 0
dx VaaZ — x2

2X

V4a? — x?

v4a?i — x?=x

[squaring on both sides]
4a? - x2 = x2

2x2 = 4a2

= a\fi
[as x cannot be negative]

Now to check if this critical point will determine the maximum diagonal, we need to check with
second differential which needs to be negative.

Consider differentiating the equation (3) with x:
d’p d [2 ]

dx?  dx JVaaZ— x2

d’P ( ) ( 2x )

dx2 V4a? — x?



azp V4aZ — x? %[Zx)— (Zx)% (V4az — x2)
proial Va2

[Since di (constant) = 0 and di (x*) = nx® ! and if u and v are two functions of x, then
X X

. du dwv
4 (E) _ Va Y
dx \wv -
[ 1
@ep V=R (@)- (03— x) 7 (-29)
rrcial e
[ 1

d?P V4aZ — x2 (2) + (2x?)(4a® — x7)2
dxz N 432 —_ XZ

S P e L. S
o Vi %
dx? 432 — x2
AP |2(42°— x°) +2x°
— = i
ax (4a2 — x2)3
dzp ga2
— == ®
dx2 I:(g'az_ x2]§l

F4
Now, consider the value of (d—:) _
K= Sx=ay/2

(dz P) 8a?

— _ i

T searn | (422 — (av2)2)2
(dz P) 8a’ 8a’ 8a’ 22

—2 = = 3 = — 3 - — —_

dx x=ay2 _(432 — 232 )5 (232)5 ZVE a2 a

d’p __nz N

As (@)Faﬁ = ) < 0, so the function P is maximum at x = 34/2.

Now substituting x = a,/2 in equation (1):

y= [4a2— (ay2)?

-\.'432— 2az = \.'2 2

y:
S V= a\,@

As x = y = ay/2 the sides of the taken rectangle are equal, we can clearly say that a rectangle with
maximum perimeter which is inscribed inside a circle of radius ‘a’ is a square.

Question: 11

The sum of the pe

Solution:

Given,

¢ Sum of perimeter of square and circle.
Let us consider,

* ‘x’ be the side of the square.



* ‘v’ be the radius of the circle.
¢ Let ‘p’ be the sum of perimeters of square and circle.
P = 4x + 2nr

Consider the sum of the perimeters of square and circle.

P = 4x + 20r
4 = p - 20r
x= P2 (1)

4

Sum of the area of the circle and square is
A = x2 + or?

Substituting (1) in the sum of the areas,

A= 1_15 [p? + 4n’r® — 4mpr] + mr? - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with r

and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to r:

dA d .
T a@ [p + 4m?r? — 4mpr] + mr ]
dA 1 d d

2.2 . Ry
T 16 dr (p? + 4m?r?— 4mpr) + dr[m ]
dA

1
T (0 + 8mw’r — 4mp) + 2mr

[S1nce ~ (x) =nx*"* and 4 (constant) =0 ]

“_rmr = —+ 2mr (3)
dr 2

To find the critical point, we need to equate equation (3) to zero.

dA mer TI.'}J+2 —0
a2 & T
AP P S
2 T T
p
po 4 2lp T
2 2
TET_|_2 4(1T + 4m)  2(m? + 4m)
_ mp _ p
2n(m+ 4) 2(m+ 4)
I
2(n+ 4)

Now to check if this critical point will determine the least of the sum of the areas of square and
circle, we need to check with second differential which needs to be positive.

Consider differentiating the equation (3) with r:

d’A d ﬁzr ip
drz ~ dx 4



drz dr\ 2 dr \ 4 dr
@a_m 0+ 2
drz 2 T

. d _ 4 my _ n-1
[Since = (constant) = 0 and o (x™) = nx"' ]

) dZA
Now, consider the value of ( ) p

=2
dr T e

dZA e -

- [ T

dr? P 2

I+ a)
dZA m? . . ..
As (dl—z) p =5 T 21 >0, so the function A is minimum atr =
1'=2|:rr+ 4)

Now substituting r = in equation (1):

2(m+ 4)

_ - 2(ae)

X

4
_plm+ 4)—mp mp+4p-—mp  4p
4 x(m+ 4 4m+16  4(n+4)
P

T+ 4

As the side of the square,

o P
T+ 4
_ L]_ .
X _2[2(n+4) =2
D
[as T = 2(1'[+4]]

Therefore, side of the square, x = 2r = diameter of the circle.
Question: 12

Show that the rig

Solution:

Given,

* A right angle triangle is inscribed inside the circle.

* The radius of the circle is given.

Let us consider,

P
2(m+ 4y




* T’ is the radius of the circle.

* ‘x’ and ‘y’ be the base and height of the right angle triangle.
« The hypotenuse of the AABC = AB2 = AC2 + BC?

AB = 2r, AC =yand BC =x

Hence,

Ar? =x2 + y2

y2 = 4r? - x2

y= 4rz — x2 (1)

Now, Area of the AABC is

1
A= 2 % base x height

1
A= - xxX
2 y

Now substituting (1) in the area of the triangle,
1

A= —x(J4rz— x?)
2

[Squaring both sides]

Z=A%= :txz (4r* — x*) - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point ¢ then f’(c) = 0.

Differentiating the equation (2) with respect to x:
dz [ a7 2 ]
dx  dx 14 x* (4r® = x7)

dz 4[(41 —xz)—(xz)er —(41 —x)]

dz 1 5 5 2(p—
E:g[(z}r —x3)x (2x) + x2 (0— 2x)]

.4 , , d d dv
[Since - (x") = nx™"* and if u and v are two functions of x, then — (u.v) = v d—“ + ud—‘]
X X X X

dz 1
E=E[8r2x— 2x3 — 2x3%]
dz 1 4x

T arly_ 4v3] — 2 2
= 4[81}{ 4x7] 4[21 x%]
£=212x— X3 - (3)

To find the critical point, we need to equate equation (3) to zero.

g= r’x—x* =0

r’x=x

x*= 2r?

K- 420
=1v§



[as the base of the triangle cannot be negative.]

Now to check if this critical point will determine the maximum area of the triangle, we need to
check with second differential which needs to be neqgative.

Consider differentiating the equation (3) with x:

d’z d

o E 2y 3

- & [2rix— x*]

d?z d d

e _ 99 oa
a2 T )
L S S

= I 3x (4)

[Since di [:Xn) — I].Xn_l ]

4

dZ
Now, consider the value of (—)

dx®/ x=r\Z
d*z
(F) =2r7 — 3(rv2)2=2r2 —6r’ = —4r?
X x=ry/2
d2Z 2 . . .
As (@) _ = —4r° <0, so the function A is maximum at x = /2.
: Xx=ry2

Now substituting x = r+/2 in equation (1):

y= |4r2 — (1v2)2

y= 42— 2r2 = J2rz = /2

Asy = y = ry/2, the base and height of the triangle are equal, which means that two sides of a
right angled triangle are equal,

Hence the given triangle, which is inscribed in a circle, is an isosceles triangle with sides AC and
BC equal.

Question: 13

Prove that the pe
Solution:

Given,

* A right angle triangle.

* Hypotenuse of the given triangle is given.

C

Let us consider,

* ‘h’ is the hypotenuse of the given triangle.

* 'x’ and ‘v’ be the base and height of the right angle triangle.
» The hypotenuse of the AABC = AC2 = AB2 + BC?

AC=h,AB=xandBC=y



Hence,

h2 = x2 + y2

y2 = h2 - x2

y= vhz— x2--(1)

Now, perimeter of the AABC is

P=h+x+y

Now substituting (1) in the area of the triangle,
P=h+x+ yh?— x2-—(2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to x:

dP d

o - Mz _ <2

= dx[h+x+ vh x]

dP d d d

1= _ — (.hz — 2]
dx dx (h) + dx(x)_'_ dx(vh x?)
dP_0+1+1( —2x )

dx 2 \yhZ — x2

[Since == (x™) = nx~* ]
X

dP X
w T =

To find the critical point, we need to equate equation (3) to zero.

Ezl_—x =0
ax N

X
N

X =+ h?— x?

[squaring on both sides]
xZ = hZ— x2

2
2_1’1_
¥ =

h2

b
I
[+
(%]
TE

h
X=—
V2
[as the base of the triangle cannot be negative.]

Now to check if this critical point will determine the maximum perimeter of the triangle, we need
to check with second differential which needs to be negative.

Consider differentiating the equation (3) with x:

dEP_ d [1 X ]
dxz  dx VhZ— x2



d’P (1) ( X )
dxz  dx dx \hZ — x2

d2p vhZ — x2 (x)—xéi [’hz—x )
— = 0-
dx? [\-'Ilhz —x )
_du dwv
[Smce - (x") = nx®!if uand v are two functions of x, then & (E) — Y Y]
dx \w v2
[ —2X
= (- x ()
er | W-x (e
dx? h? — x2
d?pP [(Vhz — x2)% + x? h?
dx?  |[h2— x2vhZ— x2|  [(h2 - x2) V2= x2
d*p h?
—=—-—7
dx (h2 — x2 )3
Zp
Now, consider the value of (@)‘_ h
R
3
(d2 P) h? h? h? 22
2N Py | I I I 13
S [y 0 | B [ (52
v 2 ( '\-E ) 2 2
. 2
dZp 22 . . . h
As (@)FE— = -7 < 0, so the function A is maximum atx = 5
va
Now substituting x = % in equation (1):
h 2
e
y V2
f 7
Asx = y = —, the base and height of the triangle are equal, which means that two sides of a

right angled trlangle are equal,

Hence the given triangle is an isosceles triangle with sides AB and BC equal.
Question: 14

The perimeter of

Solution:

Given,

* Perimeter of a triangle is 8 cm.

* One of the sides of the triangle is 3 cm.

* The area of the triangle is maximum.

Let us consider,

* ‘’x’ and ‘y’ be the other two sides of the triangle.

Now, perimeter of the AABC is



8=3+x+y
y = 8-3-x = 5-x
y = 5% — (1)

Consider the Heron'’s area of the triangle,

A= s(s—a)(s—b)(s—c)

a+b+c

Where s =

As perimeter =a + b+ c =8

Now Area of the triangle is given by

A= /8(8B-3)(8—x)(8-Y)

Now substituting (1) in the area of the triangle,

A= J44-3)4—x)(4—(5—X))

A= J44—-3)(x—1)

A= J4(4x—4— x2+x)=/4(5x— x2—4)

A= 4(5x— x2—4)
[squaring on both sides]
Z = A% = 4(5x -x?-4) - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to x:

dZ _ d A(S 2 g4

dx - dX [ ( Xi-X )]

dZ d d d

— I . 2y _ —

dx 4 dx (5%) 4dx (x)— 4 dx (4)

[Since di (Xn) — Ian_l ]
X

dz
= )42 -0

To find the critical point, we need to equate equation (3) to zero.

dZ
—=20—8x =0
dx

20-8x=0
8x =20

X=
2

Now to check if this critical point will determine the maximum area of the triangle, we need to
check with second differential which needs to be negative.

Consider differentiating the equation (3) with x:



. d
[Slnce d_ [:Xn) — I].Xn_l ]
X

a2z
As (_dw@) <= —8 <0, so the function A is maximum at x =
- x:_
2

[ A

Now substituting x = g in equation (1):

y=5-25
y =25
As x =y = 2.5, two sides of the triangle are equal,

Hence the given triangle is an isosceles triangle with two sides equal to 2.5 cm and the third side
equal to 3cm.

Question: 15

A window is in th

Solution:

Given,

* Window is in the form of a rectangle which has a semicircle mounted on it.
» Total Perimeter of the window is 10 metres.

e The total area of the window is maximum.

Let us consider,
e The breadth and height of the rectangle be ‘x’ and ‘y’.
* The radius of the semicircle will be half of the base of the rectangle.

Given Perimeter of the window is 10 meters:

10 = (x +2y) + % |2n @]

[as the perimeter of the window will be equal to one side (x) less to the perimeter of rectangle
and the perimeter of the semicircle.]

10 = (x +2y) + (?)

From here,
5 10 (TI.'X) 20— 2x —Tmx
= B el Bl o —————
y 2 2
_ 20-2x-mw (1)

4

Now consider the area of the window,

Area of the window = area of the semicircle + area of the rectangle



a= 2 [=()]+
= 2™ Xy
Substituting (1) in the area equation:
Ao 1[ (X)z]_l_ (ZO—ZX—TL'X)
= 2™ X 4

A 1[ 214 20x — 2x* — mx?
g™ 4

mx? —2mx* + 40x — 4x°
3

A= = [x*(m—2m—4)+ 40x] — (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to x:

da d [1

_— = — —_ 2 e e

= la [x*(m—2m— 4) + 40x]

dA 1d 1d

—_—= _— 2 - - -

- 8 dx[x (m—2m 4))+ 5 & (40x)

[Since di (x") =nx*1]
X

dA 1 1
_X = g [ZX(—T[— 4)] + E (40)
dA 1

E= E[X[:_T[_ 4)]“1‘ 5 - (3)

To find the critical point, we need to equate equation (3) to zero.

da 1
= E[x(—ﬂ—4)]+ 5=0

1
E[X(—T[—4)]+ 5=0

1
E[X(4+T[)] =5

x (4 +1) = 20
_ 20
=l n

Now to check if this critical point will determine the maximum area of the window, we need to
check with second differential which needs to be negative.

Consider differentiating the equation (3) with x:
d?A dg1

B = mlgC 91+ 5]

d?A d d

2 = XTI+ —(5)

[Since di (Xn) — Ian_l ]
X

d2A
= T M+ 0= —(m+4) @)
a2 A
As (@)F 2o = —(m+4) <0, sothe function A is maximum at x = (42::1] )

{4+



Now substituting x = in equation (1):

(4+m)

20— (E%F) (+2)

4
2004+ m) —(20)(m+2) 204+ m—m— 2] 20 x 2
B 4(4+ m) B 4(4+) C4(4+ )
5 x2 10
Y"G+mn @+n
Hence the given window with maximum area has breadth, x = 2% and height, ¥ = 0
(4+m) (4+m)

Question: 16

A square piece of

Solution:

Given,

¢ Side of the square piece is 12 cms.

¢ the volume of the formed box is maximum.

Let us consider,

* ‘x’ be the length and breadth of the piece cut from each vertex of the piece.
¢ Side of the box now will be (12-2x)

¢ The height of the new formed box will also be ‘x’.

Let the volume of the newly formed box is :

V = (12-2x)? x (x)

V = (144 + 4x?% - 48x%) x

V = 4x3 -48x? +144x - (1)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function f(x) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (1) with respect to x:

W_ 9 lax® —48x® + 144x)
dx dx o x X
S = 12x% — 96x+ 144 - (2)

[Since di [:Xn) — I].Xn_l ]
X

To find the critical point, we need to equate equation (2) to zero.

dv
— = 12x%— 96x+ 144 =0
dx



x2-8x +12 =0

—(-8)+,/(-8)2—4(1)(12) 8 +V64—48 8116

x= 2(1) - 2 R
844

==

X =6 orx =2
x= 2
[as x = 6 is not a possibility, because 12-2x = 12-12= 0]

Now to check if this critical point will determine the maximum area of the box, we need to check
with second differential which needs to be negative.

Consider differentiating the equation (3) with x:

d2v  d ,
T = g [12%7 — 96x + 144]

&V
_— = —_ph " 4
== 24x— 96— (4)

[Since di [:Xn) — I].Xn_l ]

4

Now let us find the value of

2y
— ) =24(2)-96=48-96= —48
(dxz)‘(zz ( )

2
As (M) = —48 < 0, so the function A is maximum at x = 2

dx®/y=2
Now substituting x = 2 in 12 - 2x, the side of the considered box:
Side = 12-2x = 12 - 2(2) = 12-4= 8cms
Therefore side of wanted box is 8cms and height of the box is 2cms.
Now, the volume of the box is
V=(8)2x2=64x2=128cm3

Hence maximum volume of the box formed by cutting the given 12cms sheet is 128cm3 with 8cms
side and 2cms height.

Question: 17

An open box with

Solution:

Given,

¢ The open box has a square base

* The area of the box is ¢ square units.

¢ The volume of the box is maximum.



Let us consider,

* The side of the square base of the box be ‘a’ units. (pink coloured in the figure)
¢ The breadth of the 4 sides of the box will also be ‘a’units (skin coloured part).

* The depth of the box or the length of the sides be ‘h’ units (skin coloured part).
Now, the area of the box =

(area of the base) + 4 (area of each side of the box)

So as area of the box is given c?,

c? = a? + 4ah

Let the volume of the newly formed box is :
V = (a)? x (h)

[substituting (1) in the volume formula]

For finding the maximum/ minimum of given function, we can find it by differentiating it with a

and then equating it to zero. This is because if the function f(a) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to a:

v d ac? — a®
da da 4

. d
[Since = (x™) = nx* 1]
X

To find the critical point, we need to equate equation (3) to zero.

dv ¢ 33’
da 4 4
c2-3a%2=0

2
az=c—

3

':2
a= =+

w|



C
a=—
V3

[as ‘a’ cannot be negative]

Now to check if this critical point will determine the maximum Volume of the box, we need to
check with second differential which needs to be negative.

Consider differentiating the equation (3) with x:

d?v  d[c? 3a?

daz dx| 4 4

2
ﬂ: 0_ 3)(2)(3: _33 (4)
da? 4 2

. d
[Since = (x™) = nx* 1]
X

Now let us find the value of

d2v 3(%) 3
@),

da? 2 2
V3
d* E . . . c
As (d—;g c = —48— - < 0, so the function V is maximum at a = v
a=— "

va

Now substituting a in equation (1)

c

2 \,"§ :

Therefore side of wanted box has a base side, a = % is and height of the box, h =
J

Now, the volume of the box is

v=(H) * G5)
= | — ® | —=
\.@ 2\.@

V= 6\3
Question: 18
A cylindrical can
Solution:
Given,
* The can is cylindrical with a circular base
* The volume of the cylinder is 1 litre = 1000 cm?.

¢ The surface area of the box is minimum as we need to find the minimum dimensions.



Let us consider,
* The radius base and top of the cylinder be ‘r’ units. (skin coloured in the figure)

* The height of the cylinder be ‘h’units.
+ As the Volume of cylinder is given, V = 1000cm3
The Volume of the cylinder= nr2h

1000 = mrh

The Surface area cylinder is = area of the circular base + area of the circular top + area of the
cylinder

S = rr? + nr? + 2nrh
S =2 nr? + 2nrh

[substituting (1) in the volume formula]

1000)

S = 2mr?+ ZTI.'I‘( >
mr

S=2 [m‘z + (g)] ------ (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with r

and then equating it to zero. This is because if the function f(r) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to r:

1000
d1 [m ”
ds 1000
T 2 (2mr) + ( = )(—1)
[Smce [:X“) Pl and I:X_n) — —nx—1]

L 2(2m) -2 (w““) ------- (3)

To find the critical point, we need to equate equation (3) to zero.

dS — 20m 2(1000)
dr i r2
1000
2 (2mr) — 2( > )= 0
¢
1000

2Tr = >

¢

500



Now to check if this critical point will determine the minimum surface area of the box, we need to
check with second differential which needs to be positive.

Consider differentiating the equation (3) with r:

d’s d [2(2 ) 2(1000)]
— = Tr) —
drz dr r2
@S _ o 2x1000x(-2) _ 40004
= = 4m = = 4m+— (4)
i i ny __ n—1 i -ny _ __ -n—-1
[Since — (x") = nx"~* and — (x™) = —nx~"""]

Now let us find the value of

d*s s 4000 4+4000><n 4t B 12
— =4M+——=4T+ —————— =4n+ 8n= 127
dr2) a[s00 3 500
r= |2— =500
Vom —
i
a?s . . e 3500
As (d?)r_gllﬁ = 12m > 0, so the function S is minimum at y — *[22¢
Now substituting r in equation (1)
1000 1000 1000
= 2 2= "1 p
™ (#[500 3 (500)3
i
1000
=71 2
3 (500)3
— 1000
Therefore the radius of base of the cylinder,  — af’_‘m and height of the cylinder, h = ﬁ where
k1 ma (300)2

the surface area of the cylinder is minimum.
Question: 19

Show that the rig

Solution:

Given,

* The volume of the cone.

» The cone is right circular cone.

e The cone has least curved surface.

Let us consider,
e The radius of the circular base be ‘r’ cms.

» The height of the cone be ‘h’ cms.



» The slope of the cone be ‘I’ cms.

Given the Volume of the cone = mr?l

The Surface area cylinder is = nrl
S =rl

S = mr (yh?+1?)

[substituting (1) in the Surface area formula]

3V
S=nT1r ( 2) + 12
Tr

[squaring on both sides]

2

For finding the maximum/ minimum of given function, we can find it by differentiating it with r

and then equating it to zero. This is because if the function Z has a maximum/minimum at a point
c then Z’(c) = 0.

Differentiating the equation (2) with respect to r:

dz _d [, 9V2+ .
ar dr|" \mre 't

dzZ 9vi\d 1 d
o)== 2 [yt
ar " (1‘[2 )dr (1‘2)+H dr ()

[Slnce (x“) =nx®?! and (X—n) = —nx~ "]

dz _ (_mvz) 42 (4 1‘3) ....... 3)

dr 1.3
To find the critical point, we need to equate equation (3) to zero.

dz  [—18v? 2 (2 = 0
dI'_ r3 T[(l)

. 18\!2
m (41r%) =

2mré = 9v? - (4)

Now to check if this critical point will determine the minimum surface area of the cone, we need
to check with second differential which needs to be positive.

Consider differentiating the equation (3) with r:

dr? ~ dr

d?z d —18V?
r3

)+ e (41?)

d’Z  —18V?(-3)

2 - + 1 (4 x3r?)

[Slnce [:X“) = nx1 and I:X_n) — —nx—"1]



d?z 54y? ) 5
F= 4 + T (121 )

Now let us find the value of

d?z 54Vy?
(—) = +m? (12r¥) >0

drz r*
d2z . 2. ..
As (ﬁ) > 0, so the function Z = S< is minimum
-

Now consider, the equation (4),
9V? = 2n°r®

Now substitute the volume of the cone formula in the above equation.

mr2h\’
o] =7 2.6
(3) oy

m2rth? = 2 n2rb

2r2 = h?

h=ry2

Hence, the relation between h and r of the cone is proved when S is the minimum.
Question: 20

Find the radius o

Solution:

Given,

* The closed is cylindrical can with a circular base and top.

+ The volume of the cylinder is 1 litre = 100 cm3.

¢ The surface area of the box is minimum.

Let us consider,
* The radius base and top of the cylinder be ‘r’ units. (skin coloured in the figure)

* The height of the cylinder be ‘h’units.
* As the Volume of cylinder is given, V = 100cm?3
The Volume of the cylinder= nr2h

100 = or?h

The Surface area cylinder is = area of the circular base + area of the circular top + area of the
cylinder



S = nr? + nr? + 2mnrh
S =2 ur? + 2nrh

[substituting (1) in the volume formula]

100
S = 2mr?+ 2nr (—2)
r

- 2 (109)) .
s = 2[m? +(20)] @
For finding the maximum/ minimum of given function, we can find it by differentiating it with r

and then equating it to zero. This is because if the function f(r) has a maximum/minimum at a
point c then f’(c) = 0.

Differentiating the equation (2) with respect to r:

& [ [m . 100 ”

ds 100
T 2 (2mr) + (1—2) (—1)
[Slnce [:X“) Pl and I:X_n) x-"1]

— 2(2m) — 2 (w“) ------- (3)

To find the critical point, we need to equate equation (3) to zero.

= 202mr)— 2 (100) 0

2(2mr)— 2 (g) =0

dr

2mr = —- - (4)

Now to check if this critical point will determine the minimum surface area of the box, we need to
check with second differential which needs to be positive.

Consider differentiating the equation (3) with r:

d22 I [Z(Zm)— 2(100)]

dr

da’s _2x100%(=2) _ @ _____ 5

= A = Andt (5)
[Slnce [:Xn) = nx1 and [:x—n) — —nx—"1]

Now let us find the value of

d?s 400 400 x 1
F a|'_0—4ﬂ+—3=4']'|.'+ T=4T[+ 8m=12n
r=2|30 350)
e 22
m

d?s -
As (_er) sfo = 12T >0 so the function S is minimum at = *[2°
=3[0
N

As S is minimum from equation (4)

100
2Tr = 1—2
] Vv

2Tr = 2

V = 2mr3



Now in equation (1) we have,

v 2mr?

mr2

h = 2r = diameter

Therefore when the total surface area of a cone is minimum, then height of the cone is equal to
twice the radius or equal to its diameter.

Question: 21

Show that the hei

Solution:

Let r be the radius of the base and h the height of a cylinder.

The surface area is given by,

S=2nr?+2nrh

Let V be the volume of the cylinder.

Therefore, V = nr2h

V = 1ir? (s-sz) ....... Using equation 1
2nr
Sr — 2mr?
T2

Differentiating both sides w.r.t r, we get,

dv_ 5§ 2
dr 2

For maximum or minimum, we have,

¥y

dr

= g —3mr? =0

= S = 6mr?

2nr? + 2nrh = 6nr?

h=2r

Differentiating equation 2, with respect to r to check for maxima and minima, we get,
@ = —6mr<20

dr?

Hence, V is maximum when h = 2r or h = diameter
Question: 22

Prove that the vo

Solution:

Given,

¢ Volume of the sphere.

* Volume of the cone.

* Cone is inscribed in the sphere.

¢ Volume of cone is maximum.



Let us consider,
* The radius of the sphere be ‘a’ units.
* Volume of the inscribed cone be V’.
» Height of the inscribed cone be ‘h’.
» Radius of the base of the cone is T’.
Given volume of the inscribed cone is,
mr?h

)

Consider OD = (AD-OA) =(h-a)

Now let OC2 = OD2 + DC?, here OC = a, OD = (h-a), DC =,
So a2 = (h-a)? + r?

r? = a2 - (h%+ a2 - 2ah)

r?2 = h (2a -h) - (1)

Let us consider the volume of the cone:

v—l 2h
—g(m )

Now substituting (1) in the volume formula,

V= % (h(2a — h)h)

V = - (2mh%*a— mh?*) - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with h

and then equating it to zero. This is because if the function V(r) has a maximum/minimum at a
point ¢ then V’(c) = 0.

Differentiating the equation (2) with respect to h:

dv ld[lzh2 hg]
0 3(Tr a— mh®)

=
av 1 1 2
3 = 3 2ma)@h) - 2 (MEh?)

[Since £ (x™) = nx"~* ]
X

a_1z _ 2] e
T = 5 4mah — 3mh?] (3)

To find the critical point, we need to equate equation (3) to zero.

dV—lc; h— 3mh?] =0
dh_B[ﬂa mh*] =

4mah - 3mh2 = 0



h(4ma-3mh)= 0

h=0(or)h:%‘=?

4a

h=3

[as h cannot be zero]

Now to check if this critical point will determine the maximum volume of the inscribed cone, we
need to check with second differential which needs to be negative.

Consider differentiating the equation (3) with h:
¢v_d [1 4mah — 3mh? ]
dhz ~an|3l¥mah - 3w

d’v 1 o
= = s[4ma—(3mM(2h)] = I[4a— 6h] - (4)

[Since di [:Xn) — IIXn_l]
X

Now let us find the value of

dzv T[[4 . (43)] dam -2 dam
dhz) e =31 3/ 73 = T3
3
d2 4
As (ED e —? < 0, so the function V is maximum ath = ?

3

Substituting h in equation (1)

- ()2
= ()2

8a’
9

As V is maximum, substituting h and r in the volume formula:

-3 (5)5)

3]
V= 57 (volume of the sphere)

Therefore when the volume of a inscribed cone is maximum, then it is equal to 2% times of the
volume of the sphere in which it is inscribed.

Question: 23

Which fraction ex

Solution:

Given,

The pth power of a number exceeds by a fraction to be the greatest.
Let us consider,

* ‘x’ be the required fraction.

e The greatest number will be y = x - xP -——--- (1)



For finding the maximum/ minimum of given function, we can find it by differentiating it with x

and then equating it to zero. This is because if the function y(x)has a maximum/minimum at a

point c then y’(c) = 0.

Differentiating the equation (1) with respect to x:

[Since di (Xn) — Ian_l ]

.4

To find the critical point, we need to equate equation (2) to zero.

dy

Y _ p—-1 _
dx_l pxF=—7 =0
1 = pxP1

(1)ﬁ

p

Now to check if this critical point will determine the if the number is the greatest, we need to
check with second differential which needs to be negative.

Consider differentiating the equation (2) with x:

= -p(p- DxP 2 )

[Since di [:Xn) — IIXn_l]
X

Now let us find the value of

(g)xz(l)ﬁ = —p(p—1) (%)F

P

p-2

2 SL\P? 1
As (%)F{i)ﬁ = —pp—-1) (G)P l) < 0, so the number y is greatest at y _ G)P—l
\p
1

Hence, the y is the greatest number and exceeds by a fraction y — (E)F
P

Question: 24

Find the point on

Solution:

Given,

* A point is present on a curve y% = 4x
» The point is near to the point (2,-8)
Let us consider,

* The co-ordinates of the point be P(x,y)

« As the point P is on the curve, then y? = 4x

* The distance between the points is given by,



D2 = (x-2)? +(y+8)?
D? = x2-4x+4 + y% + 64 + 16y

Substituting x in the distance equation

2y 2 2
D2=(%) -4 (%)+ y? + 16y + 68

=
Z=D*=T+ 16y +68 — (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with y
and then equating it to zero. This is because if the function Z(x) has a maximum/minimum at a
point c then Z’(c) = 0.

Differentiating the equation (2) with respect to y:

dZ_d (v ev+es
16 y

dy  dy

2 =
L _ W i16=L1+ 16— (2)
dy 16 4

[Since di (Xn) — Ian_l ]
X

To find the critical point, we need to equate equation (2) to zero.

dz y?
—=""+16= 0
dy 4
y3+64=0

y+4) (> -4y +16) =0

(y+4) =0 (or) y2 -4y + 16 = 0

y=-4

(as the roots of the y% - 4y + 16 are imaginary)

Now to check if this critical point will determine the distance is mimimum, we need to check with
second differential which needs to be positive.

Consider differentiating the equation (2) with y:

¢2_4d1v | 16
dy2 dy| 4
2z 3y
o= s (3)

[Since di [:Xn) — IIXn_l]

4

Now let us find the value of

(dzz) 3 (—4)2 =12
dy? y=—a 4

2
As (:T':) = 12 >0, so the Distance D? is minimum aty = -4
y=—4

Now substituting y in x, we have

= (=9)* _
4

4

So, the point P on the curve y? = 4x is (4,-4) which is at nearest from the (2,-8)

Question: 25



A right circular

Solution:

Given,

* A right circular cylinder is inscribed inside a cone.
e The curved surface area is maximum.

A I

Let us consider,

* ‘1’ be the radius of the cone.

‘h1’ be the height of the cone.

* ‘v’ be the radius of the inscribed cylinder.
* ‘h’ be the height of the inscribed cylinder.
DF =r,and AD =AL-DL=hy-h

Now, here AADF and AALC are similar,
Then

AD DF h,—h r
_— = = —
AL LC h, r,

rh,

hy— =7
hen 1oy (1 r)
- 1 1'1 - 1 1'1

r
h=h,(1 _H) e (1)
Now let us consider the curved surface area of the cylinder,

S = 2urh

Substituting h in the formula,

s =2 (11|

ry

2
S = 2nrh, — R . (2)

ry

For finding the maximum/ minimum of given function, we can find it by differentiating it with r
and then equating it to zero. This is because if the function S(r) has a maximum/minimum at a
point c then S’(c) = 0.

Differentiating the equation (2) with respect to r:

ds d _— 21h,r?
ar ar |[“T

1‘ 1



2mh, (2r)
dr = £y ry

[Since di (x") =nx*1]

.4

To find the critical point, we need to equate equation (3) to zero.

ds 4mh,r
— = 2mh; — =
dr ry
4mh,r
= 2mh,
ry

- 2mhyry
'= 41h,

ry
r= -

2

Now to check if this critical point will determine the maximum volume of the inscribed cylinder,
we need to check with second differential which needs to be negative.

Consider differentiating the equation (3) with r:

d’s d [2 X 4Trh1r]

drz _arl©™ r,

d*s . 4mhy  4mhy
=0 =, @

. d
[Slnce d_ (Xn) — Ian_l]
X

Now let us find the value of

d?s 41h,
32 r,
dr r=2 ry
azs amh _ . : r
AsS—Z o = — *< 0, so the function S is maximum at r = j
r=— 1
x

Substituting r in equation (1)

I,
h=h,(1-2

ry
h=nh,(1-2)= 2~

As S is maximum, from (5) we can clearly say that hy = 2h and
rp =2r

this means the radius of the cone is twice the radius of the cylinder or equal to diameter of the
cylinder.

Question: 26

Show that the sur

Solution:

Given,

* Closed cuboid has square base.

¢ The volume of the cuboid is given.



» Surface area is minimum.

Let us consider,

* The side of the square base be ‘x’.
* The height of the cuboid be ‘h’.

¢ The given volume, V = x2h

h= 2 (1)

%2

Consider the surface area of the cuboid,

Surface Area =

2(Area of the square base) + 4(areas of the rectangular sides)
S = 2x? + 4xh

Now substitute (1) in the Surface Area formula

v
S =2x*+ 4x (—2)
X

s=2x+ (5) @

X

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function S(x) has a maximum/minimum at a
point c then S’(c) = 0.

Differentiating the equation (2) with respect to x:

dS_ d [2 2. (4‘\!)]
dx ~ dx X X

as 2 (2%) + 4V (_1)
dx x X2

i i ny __ n—1 i -ny _ __ -n—-1
[Since — (x") = nx""* and = (x™) = —nx "]
ds 4V
o 4x — = (3)

To find the critical point, we need to equate equation (3) to zero.

ds 4V 0

dx X X2
4V

4X=§

x3 =V

Now to check if this critical point will determine the minimum surface area, we need to check
with second differential which needs to be positive.

Consider differentiating the equation (3) with x:

d’s d [ 4V
X_

dx?  dx x2
d2s av
_— = —_— T 4:
== 4t (4)
. d d
Since — my _ n—1 and — -ny . _ -n-—1
[ - (x™) = nx - (x™™) nx ]

Now let us find the value of

&°s 1+ 1o
dxZe-vs vV o



2
As g 1 = 12 > 0, so the function S is minimum at y = ¥V
X x=Va

Substituting x in equation (1)

v x?
h=x

As S is minimum and h = x, this means that the cuboid is a cube.
Question: 27

A rectangle is in

Solution:

Given,

* Radius of the semicircle is ‘r’.

¢ Area of the rectangle is maximum.

Let us consider,

* The base of the rectangle be ‘x’ and the height be ‘y’.
Consider the ACEB,

CE? = EB? + BC?

AsCE =1, EB = gandCB=y

Now the area of the rectangle is
A=xXy

Squaring on both sides

A2 = x2 32

Substituting (1) in the above Area equation

A% =x7 [1‘2 - G)z]

Z= A* =x"r? —xzx:= xr? — = - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x

and then equating it to zero. This is because if the function Z(x) has a maximum/minimum at a
point ¢ then Z’'(c) = 0.

Differentiating the equation (2) with respect to x:

dz d x*

202 _ 2

ax dx | 4




dzZ 4x3
_—= -2 _——
dx (2% 4

[Since di (x™) = nx*1]

.4

dZ 2
Pl 2XT

To find the critical point, we need to equate equation (3) to zero.

dZ
—=2xr’-x*=0
dx

x(2r2 -x%) =0

x = 0 (or) x? = 2r?
x=0(or)x =12
x=r\2

[as x cannot be zero]

Now to check if this critical point will determine the maximum area, we need to check with
second differential which needs to be neqgative.

Consider differentiating the equation (3) with x:

d?Z d

— -2 3
@—dX[ZXL x°]
FL_ 2 a2 4
== 2r°— 3x (4)

. d
[Slnce d_ (Xn) — Ian_l]
X

Now let us find the value of

dzz 2 342 2 2 2
> = 2r° — 3(rv2)° = 2r° — 6r°- = —4r
dx? .- 2
2
As %7‘ = —4r? <0, so the function Z is maximum at x = /2
K x=ry2

Substituting x in equation (1)

3y 2 2 2
g (V) . T
2 2 2

ral

As the area of the rectangle is maximum, and x = r+/2 and y = e
2

So area of the rectangle is

5
rv2
A=I‘\,"§ X%

A=r?

Hence the maximum area of the rectangle inscribed inside a semicircle is r? square units.
Question: 28

Two sides of a tr

Solution:

Given,



* The length two sides of a triangle are ‘a’ and ‘b’
¢ Angle between the sides ‘a’ and ‘b’ is 0.

* The area of the triangle is maximum.

Let us consider,

The area of the APQR is given be

A= 5 ab sinf ---- (1)

For finding the maximum/ minimum of given function, we can find it by differentiating it with 0

and then equating it to zero. This is because if the function A (8) has a maximum/minimum at a
point ¢ then A'(c) = 0.

Differentiating the equation (1) with respect to 6:

dA_d[:L b'B]
a0 za 51N

B
dA 1
%= abcos8 - (2)

[Since % (sin8) = cosHl

To find the critical point, we need to equate equation (2) to zero.

dA_lb 6= 0
99 — 7 abcosb =

Cos6=0

Now to check if this critical point will determine the maximum area, we need to check with
second differential which needs to be neqgative.

Consider differentiating the equation (2) with 9 :

d?A  dr1
ﬁ[ﬁ abcosB]

dez ~

dZA 1 o
= 3 absin® (2)
[Since % (cosB) = —sinBl]

Now let us find the value of

dzA 1 bsi (TII) 1 b
— = ——absin|(=) =—-2a
dfz azg 2 2 2
dzA 1 . . . m
As W@t 2 ab << 0, so the function A is maximum at 8 = 3

As the area of the triangle is maximum when 6 = g

Question: 29
Show that the max

Solution:



Given,
* Radius of the sphere is 5./3.

¢ Volume of cylinder is maximum.

2r

h 2R

2r

Let us consider,

¢ The radius of the sphere be ‘R’ units.

* Volume of the inscribed cylinder be ‘V’.
* Height of the inscribed cylinder be ‘h’.

¢ Radius of the cylinder is ‘r’.

Now let AC? = AB? + BC?, here AC = 2R, AB =2r, BC = h,

So 4R? = 4r? + h?

r2 = 2 [4R* = h?] (1)

Let us consider, the volume of the cylinder:

V = or¢h

Now substituting (1) in the volume formula,

V = mh (% [4R* —h?])

V= E (4R*h — h®) - (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with h

and then equating it to zero. This is because if the function V(h) has a maximum/minimum at a
point ¢ then V’(c) = 0.

Differentiating the equation (2) with respect to h:

dv d m

g (4Rh 1]
dv. 4R’m m _ |

an - Tz zC)

[Since di (Xn) — Ian_l ]
X

ﬁ_ 2 ghzﬂ _______ 3
5 = R°m " (3)

To find the critical point, we need to equate equation (3) to zero.

dv n2 3hin 0
ah ~ " Tz T
3h?m = 4R%n
4 4 4
h?=-R%?= - (5V3)2= = (25 x3) =100
3 3 (5V3)"= 3 ( )

h=10



[as h cannot be negative]

Now to check if this critical point will determine the maximum volume of the inscribed cone, we
need to check with second differential which needs to be negative.

Consider differentiating the equation (3) with h:

v _d[., _3nm

dhz dn| - " T4

d*v _3eEmm
m = —3 = ZhTI.' (4)

[Since di [:Xn) — IIXn_l]

4

Now let us find the value of

(d2v) 2h 2(10) 20
— =—2hm= — m= —20m
dh2 h=10

2
As (M) = —20m < 0, so the function V is maximum at h=10
dh*/h=1p

Substituting h in equation (1)

= 1 B(5V3)° — (10)7]

-
Il

2 %[4(25 X 3) — 100]

_ 300 — 100 _ 200 _eo
4 4
As V is maximum, substituting h and r in the volume formula:
V =1 (50) (10)

V = 5001 cm3

Therefore when the volume of a inscribed cylinder is maximum and is equal 5001 cm3

Question: 30

A square tank of

Solution:

Given,

* Capacity of the square tank is 250 cubic metres.
¢ Cost of the land per square meter Rs.50.

« Cost of digging the whole tank is Rs. (400 x h?).
* Where h is the depth of the tank.

Let us consider,

* Side of the tank is x metres.

« Cost of the digging is; C = 50x2 4+ 400h2 - (1)

« Volume of the tank is; V = x2h ; 250 =x2h

h= 202

}‘.2
Substituting (2) in (1),
250)2

C = 50x*+ 400 (—7;
X



400 x62500
200xe2200 (3)

_ 2
C=50x"+ =

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function C(x) has a maximum/minimum at a
point c then C’(c) = 0.

Differentiating the equation (3) with respect to x:

[ 400 ® 62500]
dx dx x*
dC 25000000 (—4
— = 50(2x)+ _ (=4
dx X3

[Slnce (Xn) _ Ian 1 ]

dC 100 0®
dx x 5
x6 =106

x =10

Now to check if this critical point will determine the minimum volume of the tank, we need to
check with second differential which needs to be positive.

Consider differentiating the equation (4) with x:

d*C 109

o @] 0%

a?c _ 10%(-5) _ 10° (5) 5

= 100 —— =100+ —; (5)
[Slnce — (x“) = nx* ! and (X—n) = —nx 1]

Now let us find the value of

d°c 100 + 10° ) 100 + 500 = 600
dxz) (10)6 -
x=10

d=C

As (dx’z

) = 600 > 0, so the function C is minimum at x=10
x=10

Substituting x in equation (2)

250 250 b

T (102 100 2
h=25m
Therefore when the cost for the digging is minimum, when x = 10m and h = 2.5m
Question: 31
A square piece of
Solution:
Given,
 Side of the square piece is 18 cms.

¢ the volume of the formed box is maximum.



-
D @ @

A
A

L @

Let us consider,

* ‘x’ be the length and breadth of the piece cut from each vertex of the piece.
¢ Side of the box now will be (18-2x)

* The height of the new formed box will also be ‘x’.

Let the volume of the newly formed box is :

V = (18-2x)% x (x)

V = (324+ 4x? - 72x) X

V = 4x3 -72x2 +324x - (1)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function V(x) has a maximum/minimum at a
point ¢ then V’(c) = 0.

Differentiating the equation (1) with respect to x:

W_ 9 lax® —72x + 324%)
dx dx o x X
S = 12x% = 144x+ 324 - (2)

[Since di [:Xn) — I].Xn_l ]
X

To find the critical point, we need to equate equation (2) to zero.

dv
— = 12%x%? — 144x +324 =0
dx

x2-12x+27 =0

~(-12) +/(-12D7—4(1)(27) 12+V144—-108 12++36
x= 2(1) - 2 -T2

12+ 6
2

X ==

x=9orx=3
x= 2
[as x = 9 is not a possibility, because 18-2x = 18-18= 0]

Now to check if this critical point will determine the maximum area of the box, we need to check
with second differential which needs to be negative.

Consider differentiating the equation (3) with x:
dv_d [ 12x% — 144x + 324]

—— = 12x° — X

dx? dx

d2v
—_— = — |99 """ 4:
== 24x— 144 ()



[Since di [:Xn) — I].Xn_l ]

4

Now let us find the value of

Yy
— =24(3)— 144=72—144= —-72
dx? =3

2
As (g} = —72 < 0, so the function V is maximum at x = 3cm
X ix=13

Now substituting x = 3 in 18 - 2x, the side of the considered box:
Side = 18-2x = 18 - 2(3) = 18-6= 12cm
Therefore side of wanted box is 12cms and height of the box is 3cms.

Now, the volume of the box is
V =(12)2 x 3 =144 x 3 = 432cm3

Hence maximum volume of the box formed by cutting the given 18cms sheet is 432cm3 with
12cms side and 3cms height.

Question: 32

An open tank with

Solution:

Given,

* The tank is square base open tank.

* The cost of the construction to be least.
Let us consider,

* Side of the tank is x metres.

* Height of the tank be ‘h’ metres.

* Volume of the tank is; V = x2h

* Surface Area of the tank is S = x% +4xh

¢ Let Rs.P is the price per square.

Volume of the tank,

h= 2 (1)

%2

Cost of the construction be:
C = (x2 +4xh)P ---- (2)
Substituting (1) in (2),

v
C= [x2+ 4x —2]P
X

C=[x*+ )P @)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function C(x) has a maximum/minimum at a
point c then C’(c) = 0.

Differentiating the equation (3) with respect to x:

x2+ —|P
X

dC_d[ 4V
dx  dx



dc _ [(2x)+ 74\!;1)] p

dx

i i ny __ n—1 i -y _ -n-—1
[Since — (x") =nx""" and — (x™") = —nx ]
dC 4
. = [?.X— = P - (4)

To find the critical point, we need to equate equation (4) to zero.

dC [2 4V p 0
u— — — —
dx x2

x3 =2V

Now to check if this critical point will determine the minimum volume of the tank, we need to
check with second differential which needs to be positive.

Consider differentiating the equation (4) with x:

d*C d [ 4V

dx? dx x2
d*C_ [, _ V(25 _ LA
dx® [2 x3 ]P_[2+33]P )
] i ny __ n—1 i -y _ —n—1
[Since — (x") = nx" " and_— (x™") = —nx ]

Now let us find the value of

d*C 8V
(_) l=[2+ﬁ]P=[2+4]P=6P

2
dx x=(2V)3
As (ﬂ:) 1 = 6P >0, so the function C is minimum at yx = 32y
dx® /= (2v)a v

Substituting x in equation (2)

vo_viyew _

1
h= = —{2v
a2
13’,_
h= E V2V

Therefore when the cost for the digging is minimum, when x

Il
-

Question: 33

A wire of length

Solution:

Given,

e Length of the wire is 36 cm.

* The wire is cut into 2 pieces.

¢ One piece is made to a square.

* Another piece made into a equilateral triangle.
Let us consider,

* The perimeter of the square is x.

¢ The perimeter of the equilateral triangle is (36-x).

» Side of the square is E



 Side of the triangle is @

Let the Sum of the Area of the square and triangle is

Ao (§)2+ E (36—){)2

2 T2\ T3
Ao G)er %g (12—%): i—é+ ? (144+ %2— ax)

For finding the maximum/ minimum of given function, we can find it by differentiating it with x
and then equating it to zero. This is because if the function A(x) has a maximum/minimum at a
point c then A'(c) = 0.

Differentiating the equation (1) with respect to x:

A _ d X2+£ PR
dx  dx |16 = 4 9 X

+—--38
9

dA  2x ‘E(o 2% )
dx = 16 4

i i ny __ n—1
[Since - (x™) =nx ]
A ax VB 2x o) L 2
&= 16 a ( 8) (2)

To find the critical point, we need to equate equation (2) to zero.
dA 2x . V3 (ZX )
dx 16 4

2x \.@ 2x
T (-5

16 4 9
2x [3x
- _ 2\.@_ yoa
16 18

2x  3x

H VR 3

16 ' 18 v

2(9) + \,@(8)) 23

(0
(

18 +8v3
x[—X2) = 243
144

X = 2\;"5

( 144 ) 14443
18+8vV3/ (9+4V3)

Now to check if this critical point will determine the minimum area, we need to check with
second differential which needs to be positive.

Consider differentiating the equation (3) with x:

d?A  d[2x \,@(ZX )l

= — + ——
dx? dx| 16 4 9

dx? 2 4

dZA 1 3 (2 9+44/3
L()=-r—w

72

[Since di [:Xn) — I].Xn_l ]

4

Now let us find the value of



dzA 9443
dx?2 - 12403 72

T (9+44/3)
d*A 9+44/3 ) ) o
As (ﬁ) 166 = oo 7 0, so the function A is minimum at
) - (9+443)
14443
X= ——r
(9 +43)
Now, the length of each piece is x = i"i cmand 36 —x = 36— HWE = 324, cm
(9+443) (@+4y3)  (9+4V3)

Question: 34

Find the largest

Solution:

Given,

* The triangle is right angled triangle.

* Hypotenuse is Scm.

Let us consider,

* The base of the triangle is ‘a’.
* The adjacent side is ‘b’.

Now AC? = AB? + BC?
AsAC=5,AB=band BC =a
25 = a% 4+ b2

b2 =25-a2 - (1)

Now, the area of the triangle is
A L b
=-a
2

Squaring on both sides

A2 — % 22p?2

Substituting (1) in the area formula
Z=A%=;a%(25—a%) — (2)

For finding the maximum/ minimum of given function, we can find it by differentiating it with a
and then equating it to zero. This is because if the function Z (x) has a maximum/minimum at a
point ¢ then Z’(c) = 0.

Differentiating the equation (2) with respect to a:

dZ_d [1 2025 2]
da da 4a( a%)



dz 1
_— - _ 3
a3 [ 25 (2a) — 4a?]

[Since di (Xn) — Ian_l ]
X

dZ 25a 3
4 _ 3
da 2 ( )

To find the critical point, we need to equate equation (3) to zero.

dZ 2ba

—=——2a%=0
da 2

25

—— a3%l=0
a(z a)
a=0(0r)a=i_

V2

5
a=—

V2

[as a cannot be zero]

Now to check if this critical point will determine the maximum area, we need to check with
second differential which needs to be neqgative.

Consider differentiating the equation (3) with a:

d’Z d [25a 3]
_—=—|—— A
daz dal 2

PL_ 25 g0 4
== 5 3a (4)

[Since £ (x™) = nx"~*]
X

Now let us find the value of

(E) =§_3(i)2= 2% (@5 _

daz) s 2 \y2/ T 27 2
V2
d*Z . . . 5
As (Q) _s = 25 <0, 5o the function A is maximum atg = —
a=— 3

V2 4

Substituting value of A in (1)

b2 25— 2 _ 2
2 2
b5
V2

Now the maximum area is

R 1(5)(5) 25
2 \W2/\\2) 4

Al B
A= — I
4

Exercise : 11G

Question: 1
Show that t
Solution:

Domain of the function is R



Finding derivative f’(x)=5

Which is greater than 0

Mean strictly increasing in its domain i.e R
Question: 2

Show the fu

Solution:

Domain of the function is R

Finding derivative f’(x)=-2

Which is less than 0

Means strictly decreasing in its domain i.e R
Question: 3

Prove that

Solution:

Domain of the function is R

Finding derivative i.e f’(x)=a

As given in question it is given that a>0
Derivative>0

Means strictly increasing in its domain i.e R
Question: 4

Prove that

Solution:

Domain of the function is R

finding derivative i.e f’(x)=2e*

As we know e* is strictly increasing its domain
f'(x)>0

hence f(x) is strictly increasing in its domain
Question: 5

Show that t

Solution:

Domain of function is R.

f'(x)=2x

for x>0 f’(x)>0 i.e. increasing

for x<0 f’(x)<0 i.e. decreasing

hence it is neither increasing nor decreasing in R
Question: 6

Show that t

Solution:

For x>0

Modulus will open with + sign



f(x)=+x

= f’'(x)=+1 which is <0

for x<0

Modulus will open with -ve sign

f(x)=-x => f’(x)=-1 which is >0

hence f(x) is increasing in x>0 and decreasing in x<0
Question: 7

Prove that

Solution:

f(x)=In(x)

f(x) = }

X
for x<0
f’(x)=-ve —increasing
for x>0
f’(x)=+ve —decreasing
f(x) in increasing when x>0 i.e x€(0,» )
Question: 8
Prove that the fu
Solution:
Consider f(x)=log, x

domain of f(x) is x>0
f = 11
(x) = " n(a)

= for a>1, In(a)>0,

hence f’(x) >0 which means strictly increasing.
= for O<a<1, In(a)<0,

hence f’(x)<0 which means strictly decreasing.
Question: 9

Prove that

Solution:

Consider f(x)=3*

The domain of f(x) is R.

£ (x)=3%In(3)

3* is always greater than 0 and In(3) is also + ve.
Overall {’(x) is >0 means strictly increasing in its domain i.e. R.
Question: 10

Show that <

Solution:



Consider f(x)=x3-15x?+75x-50
Domain of the function is R.
f’(x)=3x2-30x+75
=3(x%-10+25)

=3(x-5) (x-5)

=3(x-5)?

£'(x)=0 for x=5

for x<b

f'(x)>5

and

for x>5

f'(x)>5

we can see throughout R the derivative is +ve but at x=5 it is 0 so it is increasing.
Question: 11

Show that <

Solution:

1
0 = (x-3)
domain of function is R-{0}
1
F(X) =1+ ;
f’(x) V x € Ris greater than 0.
Question: 12

Show that <

Solution:
fi L +5
(x) =~

domain of function is R-{0}

f(x) = —é

for all x, f'(x)<0

Hence function is decreasing.
Question: 13

Show that <

Solution:

1
(1+x2)

Consider f(x) =

2X

N (R

forx=0,

f'(x) is -ve.



hence function is decreasing for x = 0
Question: 14

Show that <

Solution:

f(x)=x3+x3

f'(x)=3x2-3x*

=3(x2-1/x%)

x32—-1 x3+1

=3( 2 X2

)

O3 —DEP+x+ D+ DEE—x+1)
Xﬁ‘r

Root of f’'(x)=1and-1

Here we can clearly see that f’(x) is decreasing in [-1,1]
So, f(x) is decreasing in interval [-1,1]

Question: 15

Show that <
Solution:
. X
Consider f(x) = o
sinx — X. cosx
flx) =————

sin?x
cosx(tanx — x)
P(x) = ——— =
sin?x
in ]og[ cos>0,
tan x-x>0,
sin?x>0
hence f’(x)>0,
so, function is increasing in the given interval.
Question: 16

Prove that the fu

Solution:

2x
(x+2)

Consider f(x) = log(1 + x) —

1 4
1+x (x+2)2

f(x) =

_(x+2)°-4(x+1)
O (x+ 1D(x+2)2

X2

T x+ 1) (x+2)2



Clearly we can see that f’(x)>o for x>-1.
Hence function is increasing for all x>-1
Question: 17

Let I be an inter

Solution:

Consider f(x) = (x+ —)

f'(x)=l—$

F(X)=X2X_gl

_x—l.x+1

-

I G i —
-1 0 +1

We can see f'(x) <0 in [-1,1]

i.e. f(x) is decreasing in this interval.
We can see f’(x) >0 in (-, -1) U(1, »)
i.e. f(x) is increasing in this interval.

Question: 18

Show that <
Solution:

. _ (x=2)
Consider f(x) = "y
f =——

)= G312

f’(x) at x=-1 is not defined
and forall x € R- {-1}
f(x)>0

hence f(x) is increasing.
Question: 19

Find the in

Solution:

f(x)=(2x2-3x)

f’'(x)=4x%-3

f'(x)=0 at x=3/4

- |I +

34

Clearly we can see that function is increasing for x€[3/4, ») and is decreasing for x€(-»,3/4)



Question: 20

Find the in
Solution:
f(x)=2x3-3x2-36x+7
f'(x)=6x2-6x-36
f'(x)=6(x2-x-6)
£'(x)=6(x-3)(x+2)

f’'(x) is 0 at x=3 and x=-2

+ - +

&

¥

F'(x)>0 for x € (-», -2] U [3, «)

hence in this interval function is increasing.
F’'(x)<0 forx € (-2 ,3)

hence in this interval function is decreasing.
Question: 21

Find the in

Solution:

f(x)=6-9x-x2

f'(x)=-(2x+9)

+ l -

-9/2

v

We can see that f(x) is increasing for x ¢ (—oo, — g] and decreasing inx € (—g, oo)

Question: 22
Find the interval

Solution:

. fus
Consider flx) = (x - )
f’(x)=4x3—x2

=x2(4x-1)
F’(x)=0 for x=0 and x=1/4

l J

0 1

&

v

Function f(x) is decreasing for x € (-«,1/4] and increasing in x € (1/4 , »)
Question: 23
Find the interval

Solution:



f(x)=x3-12x2+36x+17
f’(x)=3x2-24x+36
f'(x)=3(x2-8x+12)

=3(x-6)(x-2)

+ = 5 =

v

&

Function f(x) is decreasing for x € [2,6] and increasing in x € (-»,2) U (6, »)
Question: 24
Find the interval
Solution:
f(x)=x3-6x2+9x+10
f’(x)=3x2-12x+9
f'(x)=3(x%-4x+3)
=3(x-3)(x-1)
+ - +

l |

T

1 3

v

Function f(x) is decreasing for x € [1,3] and increasing in x € (-«,1) U (3, »)
Question: 25

Find the interval

Solution:

f(x)=-2x3+3x?+12x+6

f/(x)=-6x%+6x+12

f'(x)=-6(x?-x-2)

=-6(x-2)(x+1)

v

&

-1 2
Function f(x) is increasing for x € [-1,2] and decreasing in x € (-»,-1) U (2, =)
Question: 26
Find the interval
Solution:
f(x)=2x3-24x+5
f'(x)=6x2-24
f'(x)=6(x>-4)
=6(x-2)(x+2)



&

Function f(x) is decreasing for x € [-2,2] and increasing in x € (-,-2) U (2, «)
Question: 27

Find the interval

Solution:

f(x)=(x-1)(x-2)2=x2-4x+4 * x-1= x3-4x2+4x-x2+4x-4

f(x)=x3-5x2+8x-4

f'(x)=3x2-10x+8

f'(x)=3x2%-6x-4x+8

=3x(x-2)-4(x-2)

=(3x-4)(x-2)

+ | T | +

v

&

4/3 2

Function f(x) is decreasing for x € [4/3,2] and increasing in x € (-»,4/3) U (2, »)
Question: 28

Find the interval

Solution:

f(x)=x*-4x3+4x%+15

f'(x)=4x3-12x%+8x

= 4x(x2-3x+2)

=4x(x-1)(x-2)

- + - +

'3
-
v

Function f(x) is decreasing for x € (-,0] U [1, 2] and increasing in x € (0,1) U (2, «)
Question: 29

Find the interval

Solution:

f(x)=2x3+9x%+12x+15

f(x)=6x>+18x+12

f'(x)=6(x>+3x+2)

=6(x+2)(x+1)

+ = | +

L

Function f(x) is decreasing for x € [-1,-2] and increasing in x € (-o,-1) U (-2, »)



Question: 30

Find the interval
Solution:
f(x)=x%-8x3+22x2-24x+21
f'(x)=4x3-24x%+44x-24

= 4(x3 -6x%2+11x-6)
=4(x-3)(x-1)(x-2)

&

Function f(x) is decreasing for x € (-«,1] U [2, 3] and increasing in x € (1,2) U (3, «)
Question: 31

Find the interval

Solution:

f(x)=3x*4x3-12x2+5

f'(x)=12x3-12x%-24x

=12x(x? x-2)

=12(x)(x+1)(x-2)

Function f(x) is decreasing for x € (-«,-1] U [0, 2] and increasing in x € (-1,0) U (2, «)
Question: 32

Find the interval

Solution:

12x° 36
— —6X+—

i) — 12
f'(x) = T

£/ (x)=(12x3-24x2%-60x+72)/10
=1.2(x3-2x2-5x+6)

=1.2(x-1)(x-3)(x+2)

'3

Function f(x) is decreasing for x € (-«,-2] U [1, 3] and increasing in x € (-2,1) U (3, «)

Exercise : 11H

Question: 1
Find the slope of

Solution:

. d}" 2
1. — = BX —1
dx

dy
Eat(){—z)—ll

.. d
ii. ¥ = 4x + 3 cosx
dx



dy
Eat(x-ﬂ)—?;

ceeod .
iii. d—i = 2(sin2x + cotx+ 2)(2cos2x — cosec?x)

dy s
- at (x=§)=2(0+0+2)(—2—1)= ~12

Question: 2
Find the equation

Solution:

d
m: =2 =3x2-2
dx

mat(1,6)=1
Tangent : y-b = m(x - a)
y-6=1(xx-1)
x-y+5=0

-1
Normal : y — b = —(x-a)

y-6=-1(x-1)
x+y-7=0
Question: 3
Find the equation

Solution:
.
m: 2y Pl 43
( a Za)
mat |—,—)=m
m2’ m
Tangent : y-b = m(x - a)

Za ( a )
— —=m{x— —
y m m2

2

m*x-my+a=0

Normal : y — b = _—l(x— a)

2a -1 a
y_ﬁzﬁ(x_ﬁ)

m2x+m3y—2am2—a= 0
Question: 4

Find the equation
Solution:

2x | 2ydy
m: —+—=—=20
aZ b2 dx
—bcos @

mat(acos0,bsind) = .
( ) asin@

Tangent : y-b = m(x - a)

—bcos®

asinf (x— acos)

y— bsinf =



bxcos® +aysinf = ab
Normal : y — b = _—l(x— a)

asin@
bcos@

y—Dbsing = (x —acos8)

ax sec 0 - by cosec 6 = a? - b2
Question: 5

Find the equation

Solution:

. 2x Zydy
m: — bde—D

bsecH

mat (asecB,btanB) =
( ) atan®

Tangent : y-b = m(x - a)

ecB
atand

y— btan6 = (x— asecB)

bxsect —aytanf = ab
Normal : y — b = _—l(x— a)

—asinb
bcosB

by cosecB + ax sec 8 = (a? + b?)

y—bsinf = (x—acos0)

Question: 6
Find the equation

Solution:

m : %=3x2
mat(1l,1)=3
Tangent : y-b = m(x - a)
y-1=3kx-1)
y=3x-2

Normal : y — b = _—l(x— a)

y-1= = (x-1)
x+3y=4
Question: 7

Find the equation

Solution:
. o _
m: 2y Pl 43
m at (at?, 2at) = 1/t

Tangent : y-b = m(x - a)

1
y— 2at= E(x—atz)



X-ty +at2=0

-1
Normal : y — b = —(x-a)

y - 2at = -t(x - at?)
tx + y = at3 + 2at

Question: 8

Find the equation

Solution:

d
m : d—i = 2 cotx(—cosec?x) + 2 cosec’x

mat (x =1/4) =2(-2) + 2(2) =0
Tangent : y-b = m(x - a)
y-1=0x-m/4)

y=1

Normal :y —b = =(x—a)

-1
-1- 3

x = 1/4
Question: 9
Find the equation

Solution:
32x+ 18y —
m : 32% Vo=

—32

mat(2,y,) = 5
1

16(2)% + 9(yp)? = 144

4 \,"g

=73

Tangent : y - b = m(x - a)

4,/5 32 x—2)
—_ — X_
y 3 4\;"5
93

8x +3V5y —36 = 0

-1
Normal : y — b = —(x-a)

4./5
4\-@ 9 ;; [: 2)
V=73 T T3 ¥

9vVEx — 24y + 1445 = 0
Question: 10
Find the equation

Solution:

m : % — 4x3 —18x2+ 26x— 10



mat(x=1)=2

yat(x=1) = (1)*-6(1)3 + 13(1)2-10(1) + 5 =3
Tangent : y-b = m(x - a)

y-3=2(x-1)

2x-y+1=0

Normal : y — b = _—l(x— a)

-1
—3=—(x—-1
y > (x— 1)
x+2y-7=0
Question: 11

Find the equation

Solution:

Question: 12
Show that the equ
Solution:

b%x,

2
a“yy

mat (x;,y,) =
z z

At (X]_, yl) : %—% =1= b2X12 - a2y12 = a2b2

y-b=m(x-a)

_bPx
y yi= agyl

(x— %)

a2y,y - a2y = b2x;x - b%x,2

b2x;x - a%y,y = aZb?
W
a2 bz

Question: 13
Find the equation

Solution:

d
m : d—i = 4sec®x(tanx secx) — 4tan*x(sec?x)

mat (x = g) = 4(2)}(V3x2)-4(V3)’(2)? = 16v3

Atx=1/3,y=7



3y —48\3x+16V3m—21 =10
Question: 14

Find the equation

Solution:

d
m: d—}' 2(sin2x + cotx + 2)(2cos2x — cosec?x)

4

dy ™
<at (x=§)=2(0+0+2)(—2—1)= ~12
Atx=m/2,y=4
-1
y—b=—&x-a
1 i
y—4= E(X_E)

24y -2x+10-96=0
Question: 15
Show that the tan

Solution:

a
m: = = 6x2
dx

mat(x=2)=24

mat(x=-2)=24

We know that if the slope of curve at two different point is
equal then straight lines are parallel at that points.
Question: 16

Find the equation

Solution:

We know that if two straight lines are parallel then their slope
are equal. So, slope of required tangent is also equal to 4.

- dy —2x

dx 3
x=-6andy=-11
y-b=m(x-a)
y - (-11) = 4(x - (-6))
4x-y+13=0
Question: 17
At what point on
Solution:

If the tangent is parallel to y-axis it means that it’s slope is

not defined or 1/0.



2y -4 =0=y=2

X2+ (2)2-2x-422)+1=0
=x2-2x-3=0

=x=3andx =-1

So, the requied points are (-1, 2) and (3, 2).
Question: 18

Find the point on

Solution:

If the tangent is parallel to x-axis it means that it’s slope is 0

dy
m: 2x + 2y£—2= 0

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

x=1

(D2 +y2-2(1)-3=0

=y2=4=y=2andy=-2

So, the requied points are (1, 2) and (1, -2).

Question: 19

Prove the tangent

Solution:

We know that if the slope of two tangent of a curve are satisfies a relation mym, = -1, then

tangents are at right angles

m: —=2x—-5
dx

my at (2, 0) =-1

myat(3,0)=1

mimy = (-1)(1) = -1

So, we can say that tangent at (2, 0) and (3, 0) are at right angles.
Question: 20

Find the point on

Solution:

If tangent is pass through origin it means that equation of tangent is y = mx

Let us suppose that tangent is made at point (x1, y1)
V1 =%X12 +3x; +4...(1)

d
m: —y=2x+3
dx

m at (Xl, yl) = 2X1 + 3



Equation of tangent : y; = (2x7 + 3)%1 ...(2)
On compairing eq(1) and eq(2)

xlz +3x1 +4 =(2x1 + 3)x9
x12-4=0=x =2and -2

Atxg =2,y =14

Atxg =-2,y1 =2

So, required points are (2, 14) and (-2, 2)
Question: 21

Find the point on

Solution:

Slope of y =x-11is equal to 1

d
m: —y=3x2—11
dx

3x>-11=1=x=2and-2

Atx =2

From the equation of curve, y = (2)3-11(2) + 5 = -9
From the equation of tangent,y =2 -11 =-9

Atx = -2

From the equation of curve, y = (-2)3-11(-2) + 5 =19
From the equation of tangent, y =-2 - 11 =-13

So, the final answer is (2, -9) because at x = -2, y is come different from the equation of curve and
tangent which is not possible.

Question: 22
Find the equation
Solution:

If tangent is parallel to the line x + 3y = 4 then it’s slope is -1/3.

dy
m: 4x+ 6y£= 0

—2X —2X -1
m = = —

3y 14—2x2 3
373
, 14 — 2x2
x= 3

14 — 2x?
3

4x* =

x =1and-1

Atx =1,y =2 andy = -2 (not possible)
Atx =-1,y =-2 and y = 2 (not possible)
y-b=m(x-a)

At (1, 2)



-1
—2=—(x—1
y 7 (x—1)
Jy+x=7
At (-1, -2)

y—(=2)= = (x— (1)
Jy +x=-7

Question: 23

Find the equation
Solution:

.: If tangent is perpendicular to the line x - 2y + 1 = 0 then it’s -1/m is -2.

dy
m: 2x+2—=20
dx
m=-x=1/2

x =-1/2

Atx =-1/2,y=31/8

b_—l
y—b=—(x—-a)

At (-1/2, 31/8)

Question: 24
Find the point on
Solution:

We know that if tangent is parallel to x-axis then it’s slope is equal to 0.

m: —=4x—6
dx

4x-6=0=x=3/2
Atx=3/2,y=-17/2

So, the required points are G_T”)

Question: 25
Find the point on
Solution:

If the tangent is parallel to chord joining the points (3, 0) and (4, 1) then slope of tangent is equal
to slope of chord.

1-0 1
m=—o=
dy
: —=2(x—3
m: - (x—3)

2x-3)=1=x=7/2
Atx=7/2,y=1/4



So, the required points are Gi)

Question: 26
Show that the cur
Solution:

If curves cut at right angle if 8k? = 1 then vice versa also true. So, we have to prove that 8k? = 1
if curve cut at right angles.

If curve cut at right angle then the slope of tangent at their intersecting point satisfies the
relation mym; = -1

We have to find intersecting point of two curves.

x=y2andxy=ktheny= kj:andxz k;

dy 1
M T 2R
2 1 1
m, at (ki ,ki) =—
2k3
dy  —k
Ma* 4 = %2
z 1 -k 1
m, at (kﬁ,kﬁ) =—=—-—3
k3 k3
mym,= —1
1 1
—1)| 1= 1
2k3 k3
2 1
k3 = Ez:-k2= — =8k?=

Question: 27

Show that the cur

Solution:

If the two curve touch each other then the tangent at their intersecting point formed a angle of 0.

We have to find the intersecting point of these two curves.
xy = a% and x2 + y? = 2a2
z 2
=x2+ (a—) = 2a°
X
=x%-2a%x%+a%*=0
=(x?-a%)=0
= x = +a and -a
Atx=a,y=a
Atx=-a,y=-a

dy —a’

m,: —= —

dx x?
m, at (a, a) =-1

m; at (-a, -a) = -1



dy
m, : 2X+ Zyﬁ =0
m, at (a, a) = -1
m, at (-a, -a) = -1

At (a, a)

m, —m,

tanf= ———
1+ mym,

_ (=(=1) _ _
tanb = DD 0=06=0

At (-a, -a)

m; —m,

tanf= ———
1+ mym,

_ (=(=1) _ _
tanb = DD 0=0=0

So, we can say that two curves touch each other because the angle between two tangent at their
intersecting point is equal to 0.

Question: 28
Show that the cur
Solution:

If the two curve cut orthogonally then angle between their tangent at intersecting point is equal
to 90°.

We have to find their intersecting point.
x3-3xy24+2=0..(1)and 3x2y -y3 -2 =0 ...(2)
On adding eq (1) and eq (2)
x3-3xy2+2+3x%y-y3-2=0

x3 - y3 - 3xy? + 3x%y = 0

x-y3P=0=x=y

Putx =yineq (1)

yv2-3y3+2=0=y=1

Aty=1,x=1
dy
:32—3( X2y~ + 2)=0
m, : 3X X ydx y
mgat(l,1)=0

d d
m, : B(XZd—i+2xy)—3y2d—i= 0

m, at (1, 1) = -2/0

At (1, 1)

m; —m,
tanf = ——
1+ mym,

my
m, ( — E)

1
m, (E + ml)



(1-0 ™
= not defined = 6 = —

tanB = 0+0) >

So, we can say that two curve cut each other orthogonally because angle between two tangent at
their intersecting point is equal to 90°.

Question: 29

Find the equation

Solution:

dy
. E _ @B _ —5in B8

m dx _3_% " 1+cos8@
de
T -1

mat (b= —) = =1-—+2

( 4) 1+ V2

At = E,x= G+ \%) andy = (1+ TIE)

y-b=m(x-a)

y-(1+ D=~ @)(X_@ %))

2-1
y = {1—»@}x+¥+2

Question: 30
Find the equation

Solution:

d 4 2 5in 2t
= —2 sin
m: = = £ =
dx — 3 cos3t

dr

; (t TII) 2\.@
ma = —]=—
4 3
Att= T x= é andy=0

4 Va2

y-b=m(x-a)

yv—0=—|(x

2\5( 1)
3

4x—3\2y —2y2 =10

Exercise : OBJECTIVE QUESTIONS

Question: 1

Mark (v) against

Solution:

Given that y=2%

Taking log both sides, we get

log.v = xlog,. 2 (Since log_ b = clog,b)
Differentiating with respect to x, we get

LY e 20t —10g 2
ydx_ Oge Old}{_ Oge ><y



dy
Hence il 2*log. 2
Question: 2

Mark (V) against

Solution:

Given that y = log,, x

Using the property that log b = i::e:, we get
e
log.x
y= log.10

Differentiating with respect to x, we get

dy 1
dx xlog.10

Question: 3
Mark (v) against

Solution:
Given that y — e;l{
Taking log both sides, we get
1
log.yv = " (Since log_ b® = clog,b)

Differentiating with respect to x, we get

Idy 1 dy 1

—— =——0I —— %
ydx x?  dx xz Y
1
Hence ¥ _ —ix ex
dx x2

Question: 4

Mark (V) against

Solution:

Let y=f(x)=x*

Taking log both sides, we get

log.v =x x log.x-(1) (Since log_,b® = clog_b)
Differentiating (1) with respect to x, we get

1dy_ l+1 x 1
ydx_xxx 0g.X

dy
= =V X (1+log.x)

= % =f'(x) = x*(1 + log.x)

Question: 5
Mark (v) against
Solution:

Let y="f(x)=x5InX



Taking log both sides, we get
log.y = sinx x log.x-(1) (Since log,b® = clog_b)

Differentiating (1) with respect to x, we get

ldy 1
—— =g8inx X —+log_ X X cosx
ydx X
dy (sinx_l_ l )
= — = E—
i X\ 0g.XCOSX
dy sinx +xlog x cosx
=>—=f’(x)=xx( )
dx X

Question: 6

Mark (V) against

Solution:

Lety = f(x) = xV*

Taking log both sides, we get
log.y = vx x log.x -(1)
(Since log_b® =clog,b)

Differentiating (1) with respect to x, we get

ldy 1 . 1
ydx X OBeX X 2x

dy (2 + logex)
= dx N 2\.&

dy

N (2 + logex)
=" |—

2Vx

Question: 7

Mark (V) against

Solution:

Given that y = asinyVx

Taking log both sides, we get
log, v = sinyx

(Since log,b® = clog,b)

Differentiating with respect to x, we get

1d 1
I COSYX X ——

y dx 2vx
Or

dy 1

— = COSyXX — X
dx v 2\.& y
Hence & _ €™ cosys



Question: 8

Mark (V) against

Solution:

Given that y = (tanx)®™

Taking log both sides, we get

log.y = cotx x log_tanx (Since log_,b® = clog_b)

Differentiating with respect to x, we get

1dy 1 ) ) 5
—— = cotX X —— X sec“X — log.tanx X cosec“x = cosec“x(1 — log,tanx)
ydx tanx

d
Hence, d—y = cosec’x(1 —log.tanx X y = cosec?x(1 — log, tanx) (tanx) ™

x
Question: 9

Mark (v) against

Solution:

Given that y = (sinx)'°8e*

Taking log both sides, we get

log.y = log.x X log.sinx (Since log,b® = clog,b)

Differentiating with respect to x, we get

1
—— =]log.Xx Xx — X cosx+ log_sinx x —
X Be sinx Be X

xcotxlog, x + log, sinx
B X

d; xcotkloge x+loge sinx
Hence, = = BeX™ 08
dx X

xcotxlog_x + log,. sinx
= Be Be (sinx)'osex

X
Question: 10

Mark (v) against
Solution:

Given that y=sin(x¥)
Let x*=u, then y=sin u

Differentiating with respect to x, we get

dy du xy du

— = —_—= s)— - ]_
<, = CosuX — cos(x )dx (1)
Also, u=x*

Taking log both sides, we get

Loge u=x X loge X

(Since log,b® = clog,b)

Differentiating with respect to x, we get

1du 1+l L
—— =xXX- X
udx X X 08X



du
= dx

=& =x*(1+log.x) -(2)

=ux(1+log.x)

From (1) and (2), we get

dy X X
o cos(x®)x*(1+ log.x)

Question: 11

Mark (v) against

Solution:

Given that y = Vxsinx
Squaring both sides, we get
y* = xsinx

Differentiating with respect to x, we get

dy . dy xcosx+sinx
- = or —=—7"""
2y 3 = XCOSX+ sinx or 2y
d Xcosx+sinx
Hence, =% = =220

dx 2+/xsinx
Question: 12
Mark (V) against
Solution:
Given that xy=eX*Y
Taking log both sides, we get
log.xy = x +y (Since log,b® = clog_b)
Since log_ bc =log b +log_c, we get
log.x+log.y=x+vy

Differentiating with respect to x, we get
1 1d d

1, 1dy_ dy

X ydx dx

Or

dy(y—l) 1-x

dx\ ¥y X
dy  y(1—x)
Hence, Fe—

Question: 13

Mark (v) against
Solution:

Given that x+y=sin(x+y)

Differentiating with respect to x, we get

d d -
1+ =cos(x+y) (1+d_i) or (cos(x +y) — 1) (l+d_i)20

X

Hence, cos(x+y)=1 or Z}' -1

X



If cos(x+y)=1 then, x+y=2nm, neZ
Hence x+y=sin(2nm)=0 or y=-x

Differentiating with respect to x, we get

d

dy_ |

dx

Hence, % _ -1
dx

Question: 14
Mark (V) against
Solution:

Given that yx + [y = V/a

N
Differentiating with respect to x, we get

1 N 1 dy
2\.& Z\ﬂdx

Or

2--F

dx X

Question: 15

Mark (v) against

Solution:

Given that x¥=y*

Taking log both sides, we get

ylog.x =xlog.y

(Since log_ b® = clog_b)

Differentiating with respect to x, we get

y dy xd

¥
” +log.x ax ~ ydx +log.y

x—ylog.xdy y-—xlog.y
- - v - @ =-¢
v dx X

dy _ yly—xlogey)

Hence = =
dx  x{x—-ylogex)

Question: 16

Mark (V) against

Solution:

Given that xPyd=(x+y)P*d
Taking log both sides, we get
log.xPyd= (p+ q)log.(x+y)
(Since log,b® = clog,b)

Since log_ bc =log, b +log_c, we get

log.xP +log.y%= (p+q)log.(x+y)



plog.x+qlog.y = (p+q)log.(x+y)

Differentiating with respect to x, we get

d + d
b AW _pra(,, W
X ydx x4y dx

dy(xq—yp) Xq —yp

T & \yx+y)) " xx+y)

d
Hence, F_¥
dx x

Question: 17
Mark (V) against

Solution:
Given that y = x2sin>
X

Differentiating with respect to x, we get

dy 5 1 1 1 1 1
— = X°C08— X —— + 2xsin— = 2¥sin— — cos—
dx X x2 X X X

Question: 18

Mark (V) against
Solution:
y=coszx3’=(cos(x3))2

Differentiating with respect to x, we get

dy 3 : 3 2
o 2cos(x?) x —sin(x?) x 3x

Using 2sinAcosA=sin2A

dy 2 o3 3
o —3x*sin(2x?)

Question: 19

Mark (V) against

Solution:

Given that y = 108e(x + \.’m)

Differentiating with respect to x, we get

dy 1 1
T e 1+ P ¥ 2X
dx x++x2+a? 2Vx2 + a2
(22 a2
Hence, &¥ - 2 xtyxitas 1
dx  xy/xZ+a? yxZ+a? yxZ+a?

Question: 20
Mark (V) against
Solution:

Given thaty = logeH—Vf

1—yx

Differentiating with respect to x, we get



(1—~J§)xﬁ—[l+\,@)x—i

o w1
- _ x )
dx 1+ \.‘E [1—\,&)2 (1_){)\'&
Question: 21
Mark (V) against
Solution:
Given that v = \"Im+x)
y ]'Oge (\.‘I 1+x2—x

Differentiating with respect to x, we get

f 1 f 1
— (\: 1+:-.'2—:()>( - x2x+1j—(\; 1+:(2+le>< - xzx—lj
= dy _ 41+x*—x 2y 14%2 2y 1+%2

i — z
dx o 1+P4x {\.-' 1+x2—x:l
dy 2
Hence, —— =

fdx 1
Question: 22
Mark (V) against
Solution:

1+sinx

Given that y =

1-sinx

. . . . b 4 X
Using, c0s20 +sin? =1 and sinx = Zsmacosa

X X X X
ine = 2 i = —
S1I 7 + cos 7 + 251112 COSZ

X X X X
inZ= 22 _ 25in= cos=
sin 2—I— cos5 251112121::-52

\

X . X
_ COSE-FSIIIE

cosx sinx
2 2

Dividing by sin: in numerator and denominator, we get

. g cotA+ 1
(Usmg cot (E_ A) = m)

Differentiating with respect to x, we get

g = —cosec? G— %) X —%

dy 1 ;
Hence, < = = cosec? (E— E)
dx 2 4 2

Question: 23
Mark (V) against

Solution:

secx—1

Given that y =

secx+l

Multiplying by cos x in numerator and denominator, we get



1— cosx

V= 1+ cosx

. . X b4
Using 1 — cosx = 2sin? S and 1+ cosx = 21:0525, we get

X
if2
25in 3

X
2cos2s
\ 2

=tan (%)

Differentiating with respect to x, we get

_ 2X><1
Yy = sec 2%3
1 X
_ 2

2sec >

Question: 24
Mark (v) against
Solution:

1+tanx

Given that y =

1-tanx

1+tanx

Using tan G + x) - , we get

1—-tanx
tan (% + )

= Alll — T X

y 4

Differentiating with respect to x, we get

dy 1

dx 2 Jtan(ngx)

dy sec Z{g+ x)

sax 2\I|tan(g+x)

X sec? (g+ x) x 1

Hence

Question: 25
Mark (V) against
Solution:

l—cosx)

sinx

Given that y= tan~ ! (

. . X . . . b 4 b 4
Using 1 — cosx = 2511125 and Using sinx = Zsmacosa, we get

— X
ory = tan"'tan=
ZSinacosE 2

y= >

Differentiating with respect to x, we get
dy 1
dx 2

Question: 26



Mark (v) against
Solution:

Given that y= tan~ ! (M)

cosx—sinx

Dividing numerator and denominator with cosx, we get

tan-1 (1 + tanx)

= 1tan P ——

y 1 —tanx

Using tan (E+ X) _ l+tan:¢’ we get
4 1—-tanx

11 e
— -1 — —
¥ =tan tan(4+x)—4+x

Differentiating with respect to x, we get

dy
- =1
dx
Question: 27
Mark (v) against

Solution:

Given thaty = tan™* ( cosx )

1+sinx

. X . X . . X X .
Using cosx = cos?= — sin?Z, sinx = 2sin-cos- and cos?0 +sin26 =1
2 2 2 2

Hence, y = tan™! 2
y cosZ§+si1iz§+25111§cos§

5052’_;_511125 ) _ tap-t ({co%—sin’é){co%+sin§))
X . X
(COEE-'—SJHE)
cosx sinx
> y=tanl—2 2
cos 5+ sinz

e 7 X . .
Dividing by cos in numerator and denominator, we get

1-— tan%

T X
1+ tani

y =tan!

1—-tanx

Using tan G — x) = , we get

1+tanx
T X

= tan"'tan (—— —)
y 1 2

m X

4 2

Differentiating with respect to x, we get

dyg 1

dx 2
Question: 28
Mark (V) against

Solution:

1—cosx

Given that y= tan~?

1+cosx

. . X b4
Using 1 — cosx = 2511125 and 1 + cosx = 21:0525, we get



—

2sin?>
=tan~! S tan~!tan (E) _x
y 21:052% 27 2
\

Differentiating with respect to x, we get
dy 1
dx 2
Question: 29
Mark (v) against
Solution:

Given that y = tan-! (acosx—hsinx)

beosx+asink

Dividing by bcosx in numerator and denominator, we get
a
T+ — tanx

1| b

y=tan~ | ——
1+ Etanx

a - |
Let - = tana = a = tan 1E

Theny = tan™ (M)

1+tanatanx

tanA—tanB

Using tan{A — B) = TttanAtanE’

we get

a
y=tan *tan(a—x)=a—x = tan_lg—x

Differentiating with respect to x, we get

d

= =-1
Question: 30

Mark (v) against
Solution:

Given that y=sin"1(3x-4x3)
Let x=sin 0

= 0=sin"lx
Then, y= sin"1(3sin6 -4sin30)

Using sin36=3sind -4sin30, we get
y=sin"1(sin30)=30=3sin"1x
Differentiating with respect to x, we get
dy__3

& Ji-x2

Question: 31

Mark (V) against

Solution:

Given that y=cos1(4x3-3x)

Let x=cos 6



= 0=cos’!

X
Then, y=cos1(4cos36-3cos0)

Using cos30=4co0s30-3cos6 , we get
y=cos1(cos30)=3=3cos1x
Differentiating with respect to x, we get

dy -3

E B V1—x2
Question: 32

Mark (v) against

Solution:
Given that y = tan™t Y22
—yax

Let \/a = tanA and /x = tanB, then A = tan™'y/aand B = tan™}\x

tanA+tanB
Hence, v = gt
y tan 1—tanAtanB
. tanA+tanB
Using tan{A + B) = ————, we get
g ( ) 1-tanAtanB g

y=tan’! tan(A+B)=A+B
=tan"'ya+ tan" /X
Differentiating with respect to x, we get

dy 1 1 1
—=0+ 5 X =
dx 1+ [\."E) 2vx 2\.&(1 +x)

Question: 33
Mark (v) against

Solution:

Given that y = cos™* (12—1)

x2+1
- _x*1 x4
Cosy = Z 11 or Secy = 1

Since tan?x=sec?x-1, therefore

) 2+ 1\ L
tan®y = 1) T

4x?
= (Xz _ 1)2
o 2% _ -1 _ 2x
Hence, tany = 2 0Ty =tan ( 1_x2)
Let x=tan0

= O=tanlx

2tanf
Hence, v = -1 (— )
y tan 1-tanZ@
. 2tan®
Using tanzf = , we get
1—tanZ€

y = tan"!(—tan20)



Using -tan x = tan(-x), we get

y = tan~ ! (tan(—20))

=-26

=-2 tan’! x

Differentiating with respect to x, we get

dy -2
dx 1+ x2

Question: 34
Mark (V) against

Solution:

2
Given that y= tan~ ! (:H(z)
—x

Let x2=tan®

= O=tan1x2

1+tanﬁ)

Hence, v = -1 (
y tan 1-tanB

1+tanx

Using tan G + x) = , we get

1—-tanx

i i i
— -1 _ o o -1 2
y = tan tan(4+9)—4+9—4+tan (x%)

Differentiating with respect to x, we get

dy 1 5 2x
_=—>< =
dx 1+ x¢ X 1+ x4

Question: 35

Mark (V) against

Solution:

Given that y = tan™!(—X)
Differentiating with respect to x, we get

dy 1 -1 -1
—_— = » =
dx 14 (%) 2Vx  2VX(1+x)

Question: 36
Mark (V) against
Solution:

1,3

Given that y=cos'x

Differentiating with respect to x, we get

dy -1 ,  —3x7
dx /T - (x3)? T V1—x¢

Question: 37
Mark (V) against
Solution:

Given that y=tan'l(sec x + tan x)



1+sin:-.')

COSXK

Hence, V= tan_l (

. X . X . . X X .
Using cosx = cos® — sin®~, sinx = 2sin- cos; and c0s20 +sin% =1

x, . omE

1 cos?e+sin?E +2sint cost 1 (cos;+sm§:|
Hence, y = tan —x*—x~—*| = tan iR
COS™-—8In~ {cos——s:n—){cos—+s:n—j]
z z z z z z

X . K
COS—+S]11—)

cos——sin-
z z

=y =tan ! (

T X, .
Dividing by cos in numerator and denominator, we get

X
1+ tani
y=tan ' —%
1- tani
Using tan (E+ X) _ l+tan:¢’ we get
4 1—tanx

y= tan‘ltan(E+§) LR
4 2 4 2

Differentiating with respect to x, we get

dy 1

dx 2
Question: 38
Mark (v) against

Solution:

Given that y= cot™1 (E)

1+x

Let x=tan® = O=tan'x and using cot™'x = g— tan~'x

1-tanf
Hence, y = = — tan™! (ﬂ)
] 1+tanB
. s 1—-tanx
Using tan (—— x) = , we get
4 1+tanx

V= g—tan‘ltan(g—ﬁ) =g—(g— B)=§+B=g+tan‘1}4

Differentiating with respect to x, we get
dy 1

dx  1+x?

Question: 39

Mark (V) against

Solution:

Given that y = ix

1-x
Let x=-cos = 0=cos ! (-x).
Using 1 — cosf = 2sin? g and 1 + cosb = 26052; we get

—

Zsinzg 0
y= |—5=tan (E)
2
\ 2cos 3



Differentiating with respect to x, we get

dy _ 2(9) 1d8 4
= sect (D) xS o (1)

Since, x=-cos0 = Zc-:)sEE =1+cosh =1—x or zec? (E) == -(2)
2 2 1-x

. de 1
Also, since 6=cos1(-x), therefore = = —— -(3)e
dx Vi—x®

Substituting (2) and (3) in (1), we get

dy 2 1 1 1 1
— = X = X = =
dx 1-x 2 1-x2 (1—-x)V1-—x2

3 1
(1-x)2(1+x)2
Question: 40
Mark (v) against

Solution:

z
Given that y= gec—! (:\-.' +1)
x2-1

x2+1
x2—1

= secy =

Since tan?x=sec?x-1, therefore

tan? x*+1 2 1 e
an'y=|\—-_—-) ~l=7F"7"3
y={-1 (2-1)?
2 _ —1f_ 2x
Hence, tany = = 0Ty =tan ( 1_x2)

Let x=tanO = O=tan'x

2tan@
Hence, = tan_l (— )
y 1-tanZ@
. 2tan@
Using tan28 = , we get
1—tanZ @

y = tan~!(—tan28)

Using -tan x=tan(-x), we get

y = tan"!(tan(—20)) = —20 = —2tan"'x
Differentiating with respect to x, we get

dy -2
dx 1+ x2

Question: 41
Mark (V) against

Solution:

1
_ -1
= ¥y = sec (2:;2 — 1)

1
= secy = ———
Y= 21

= cos y=2x2 -1
= y=cos! (2x2 -1)

Putx =cos 0

=y=cos(2cos?0-1)



=y=cos }(cos20)

But 6 = cos!x.
dy d(cos 1x)
=
dx  dx
dy , d(cosTx) d(cos™'x)
~ax dx
o)
= — =2
T \VT=x2
dy -2
= — =
dx  \1—x2

Question: 42

Mark (v) against

Solution:
Putx =tan 6
— v1+tan?f—1
= v =tan
y tan®
- sec — 1)
= y=tan | ————
y tan®
— 1— cos B)
= yv=tan"
y sin®

25111
= y=tan~ ]
2 5111 cos—

= y=tan! (tan

dy 1
T dx 2(1+x9)

Question: 43

Mark (V) against

Solution:
Put x = cos26

., (V1+cos28 1-—cos26
= y=sin > + 5

. (V2cos228 2.sin?8
= y=sin 5 +—



. _y(cos28
= y =sin ( 7z
= y=sin" 1(5111(

s
dy
= =2
~ a6
Put§ = =
de -1
-
dx  4\1—x2
dy -1
Tix T 2z

Question: 44

Mark (v) against

Solution:

X = at?
dx 9at

Tar . f
dt 1
dx 2at

Y = 2at
dy

. E 2a
dy dy dt
dx dt dx
dy 1
ax = A
dy 1
dx t

Question: 45

Mark (V) against

Solution:

X =asecH
dx

ST asecH.tané

Lo
dx asecf.tanf

y=Dbtan 0

-~ jg = b.sec?0
dy dy de

dx dﬂ dx

5in 20

2

v

20)

)



dy

—_— = 2 _—m
= dx b.sec8 x asecB.tanb

dy bsecB
= — =

dx atan@

1

- ﬂ _ b. cosf

dx sinB@

4 os0

d b
= & =—cscH

dx a

Question: 46

Mark (V) against

Solution:

X = a.cos20

Lodx _ .

g = 2acosB.sin@
do -1

= Ez 2a.cos0.sinb
y = b.sin20

cdy o
..dB_stmE}.cosE}

dy dy d6
= dx de " dx
Y bsing. cosd _
= dx SILE. €0S xZacosE}.sinB
dy b
N
dx a

Question: 47
Mark (V) against
Solution:

x = a(cos O + 0O sin 0)

% = a(—sinb + sind + B cosB)
do 1

= Ez aBcosO

y = a(sin 6 - 6 cos 0)

% = a(cosB — (cosB + 6(—sinb))

\ _ _ .
= T acosB —acosO + Basind

v .
= de—aﬂsmﬂ

dy dy d6
= dx de " dx

Y _ 20sind x —
= xS Xoaose



dy
= el tan 0

Question: 48
Mark (V) against
Solution:

Given:

\,xx...m

=y=x
We can write it as

= y=xY

Taking log of both sides we get
log y =y log x

Differentiating

ldy_dyl N 1
= ydx dx OBXT Y

(7 ros) -
= . 0gX | =

- EZX(L)
dx x\l1-logx

bl |

dy y?
L _

dx  x(1-logx)
Question: 49
Mark (V) against
Solution:

Given:

= y= [x+ [X+VXF..00

We can write it as
> y=/XFy
Squaring we get
= y?=x +y
Differentiating

d d
= Zyéi:l—i-—y

- dy 1

dz (2y—1)
Question: 50
Mark (v) against
Solution:

Given:



= y= jsinx+Jsinx+\,’sinx+...m

We can write it as
= y=/sinx+y
Squaring we get
= y2=sin X+y
Differentiating

d d
= Zyd—i= cosx+d—i

dy  cosx
T & (2y-1)

Question: 51
Mark (v) against
Solution:

We can write it as
= y=eXty

logy = (x +y) log e
Differentiating

1d d
Y14
ydx dx

Question: 52
Mark (V) against
Solution:

Since f(x) is continuous on 0.

sin bx
= lim = f(0)
x—0
y sinbx bx €0
w —=
= M e 1O
y sinbx bx €0
= lim ><3 = f(0)
= f(0) = <
K 5
= = —
3

Question: 53
Mark (V) against

Solution:



Left hand limit =
= lim f(x)

x—=0"
= EE}] f(0—h)

. -1
= %;IE})h' sin (T)

sin( 1) -1

N O W At
:%{E}] h. 1 xh—l
h

Right hand limit =
= \11.131+ f(x)
= EE}) f(0+ h)

. at
= %112(1)1'1. sin (H)

As L.H.L = RH.L
F(x) is continuous.
Question: 54

Mark (v) against

Solution:

= f(x) = 225 45 continuous at x = 0.
. 3x+4tanx

= f(x) = 11113
X—

3x 4tanx
= f(x) = lim—+
x—=0 X

tanx
= f(x)= 3+4lim—
x—0 X

= f(x) = 3+4
S K=7.
Question: 55

Mark (V) against

Solution:
f(x) = x3/2
3
= f'(x)= —
(x) N

As x-0, f'(x)>»
.. f'(x) does not exist.

Question: 56



Mark (v) against

Solution:

f(x)=|x]|

(Sometimes it’s easier to get the answer by graphs)

Now in the above graph

We can see f(x) is Continuous on 0.

But it has sharp curve on x = 0 which implies it is not differentiable.

Question: 57

Mark (V) against

Solution:

For continuity left hand limit must be equal to right hand limit and value at the point.
Continuity at x =2.

For continuity at x=2,

LHL= 111‘1?1_(1 +x)=3
X—

RHL= lim(5—-x)=3
=2+

f2)=14+2=3
.. f(x) is continuous at x = 2

Now for differentiability.

NS (b (©)
== lm
o . f(2—h)—-1f(2)
= @)= m—= =
£(2-) = 1i 1+2—h—3_1. —h_1
DR - R e
flx)—f(2
= f'(2%) = limM

x=2- X—2
f(2+h) —f(2)
T + .
DR L e
y ~ 5—-(2-h)-3
= P =M=z

-l =

=-1
As, f'(2°) is not equal to f(27)
.. f(x) is not differentiable.

Question: 58



Mark (v) against
Solution:
For continuity left hand limit must be equal to right hand limit and value at the point.

Continuous at x =2.
L.H.L = lim (kx +5)
= EE};(MZ —h) +5)
= k(2-0)+5 = 2k+5
RH.L= }}y£1+(X+ 1)
= EE})(Z +h+1)
=2+4+0+1

=3

As f(x) is continuous
S 2k+5 =3

K=-1.

Question: 59

Mark (v) against

Solution:
Given:
l—cos4x . .
= f(x) = ~= is continuous at x = 0.
X

= 1-cosdx = 2sin?2x

0 = 1 2 sin® 2x
» 160 = im0,
O = I 2 sin” 2x
= Py
sin 2x\°
- - (229
=fx)=1
L. Kk=1

Question: 60
Mark (V) against
Solution:

F(x) is continuous at x = 0.

_ sin?ax
= f(x) = lim
x—0 X2
~ sinfax a?
= f(x) = lim——x
x=0 X =

- 2
sin ax
= f(x) = lim( ) x a2
x—0\ ax

= f(x) = a2



Sk =a?

Question: 61

Mark (V) against

Solution:

Given: f(x) is continuous at x= 11/2.

~ L.HL = liI%Lf(x)

X—=—

2

kcosx
m—2X

= lim_
T

L
. s
Puttingx = — — h;

Asx — g_ thenh — 0.

LS
y kcos(i—h) ~ sinh
vl —————= = k. lim——
ST (Y R S
S LHL=k

As it is continuous which implies right hand limit equals left hand limit equals the value at that
point.

s k=3.
Question: 62
Mark (v) against
Solution:
Given:

Let us see that graph of the modulus function.

We can see that f(x) = |x| is neither continuous and nor differentiable at x = 2. Hence, D is the
correct answer.

Question: 63
Mark (V) against

Solution:
x%—2x-3 . . _
= f(x) = — is continuous at x = 0.
X+

(x+ 1)(x— 3)

- 109~ lm =



= f(x) = limlx— 3

K
= f(x) = -4

SK=1.

Question: 64

Mark (V) against

Solution:

Given:

f(x) = x3+6x%+15x-12.

f(x) = 3x2+12x+15

f(x) = 3x%+12x+12+3

f(x) = 3(x%>+4x+4)+3

f(x) = 3(x+2)*+3

As square is a positive number

.. £’(x) will be always positive for every real number
Hence f’(x) >0 for all x e R

.. f(x) is strictly increasing.
Question: 65

Mark (v) against

Solution:

f(x) = x3+3x2-3x+4.

f'(x) = -3x°+6x-3

f(x) = -3(x2-2x+1)

f'(x) = -3(x-1)?

As f’(x) has -ve sign before 3

= f’(x) is decreasing over R.
Question: 66

Mark (v) against

Solution:

Given:

f(x) = 3x+cos3x

f’(x) = 3-3sin3x

f’'(x) = 3(1-sin3x)

sin3x varies from[-1,1]

when sin3xis 1 f'(x) = 0 and sin3xis -1 f'(x) = 6
As the function is increasing in 0 to 6.
.". The function is increasing on R.
Question: 67

Mark (v) against



Solution:

Given:

f(x) = x3+6x%+9x+3.
f'(x) = 3x°+12x+9 = 0
f(x) = 3(x*+4x+3) =0
f'(x) = 3(x+1)x+3) =0
x=-1orx=-3

for x>-1 f(x) is increasing
for x<-3 f(x) is increasing
But for -1<x<-3 it is decreasing.
Question: 68

Mark (v) against
Solution:

Given:

f(x) = x3-27x+8.

f'(x) = 3x2-27x = 0

f'(x) = 3(x%-9) =0

f'(x) = 3(x-3)(x+3) =0
x=3o0orx=-3

for x>3 f(x) is increasing
for x<-3 f(x) is increasing
.. for |x|>3 f(x) is increasing.
Question: 69

Mark (V) against
Solution:

Given: f(x) is sin x

S f(x) = cos x

= f’(x) =cos x

=0

—Tt ”IT)

= forxe (?E

f’(x) is increasing
—TT T
~ f(x)isincreasingin | —.,—=).
) gin (5-.3)
Question: 70
Mark (v) against

Solution:

2%
= f[:X) = @



, 2.logx— 2
= f (X)= 103—2){

Putf'(x) =0
We get

2.logx—2
log2x

= 2.logx = 2

logx=1

=X=e

We only have one critical point
So, we can directly say x>e f(x) would be increasing
.. f(x) will be increasing in (e, »)
Question: 71

Mark (v) against

Solution:

Given:

f(x) = sinx - cos x

f'(x) = cos x + sin x

Multiply and divide by v2.

e o)
= —CO05X ———=5Inx
V2 V2

.. T
= m2(3111¥.c05x+ cos;.smx)

= +/2(sin (g + x))

a1
' — 7ain(—
= f'(x)= 1,25111(4 +x)
For f(x) to be decreasing .f’(x)<0

i
= f'(x)= \Esin(z+x) <0

b
=>T[<X+E<12TL'
(. sin 6 <0 for T <O <2m )
1T< <2 I
# —— —_——
s 2 X i 2

3TII< <7TE
- — X —_—
4 4

.. f(x) decreases in the interval.

(31‘[ 71‘[)
= |—,—
44

Question: 72
Mark (V) against

Solution:



X
= f(x) = —
(x) sinx
sinxX — XcosX
= fxX)= ————
sinx
Now see

In (0,1) sin x is increasing and cos x is decreasing
sin x - x cos x will be increasing

.. f(x) is increasing in (0,1)

Question: 73

Mark (V) against

Solution:

Given: f(x) = x*.

= f'(x)=(og x+1) x*

= keeping f’'(x) = 0

We get

1
=>x=00rx= -

Now

When x>1/e the function is increasing

x<0 function is increasing.

But in the interval (0,1/e) the function is decreasing.
Question: 74
Mark (V) against
Solution:

Given f(x) = x2.eX
= f'(x) = 2x. X - x? e¥

=Putf'(x) =0

=- (x2-2x)e* =0

=x=0orx =2.

Now as there is a -ve sign before f’(x)

When x>2 the function is decreasing

x<0 function is decreasing

But in the interval (0,2) the function is increasing.
Question: 75

Mark (V) against

Solution:

f(x) =sin x - kx

f'(x) = cos x -k

.. f decreases, if f'(x)= 0

=cosx-k=0



= cosx= k

So, for decreasing k= 1.
Question: 76

Mark (V) against

Solution:

Given:

= f(x) = (x+1)3.(x-3)3

= f'(x) = 3(x+1)?(x-3)3 + 3(x-3)3 (x+1)3
Putf'x) =0

= 3(x+1)%(x-3)3 = -3(x-3)%(x+1)3
=x-3 = -(x+1)

=>2x =2

=x =1

When x>1 the function is increasing.
x<1 function is decreasing.

So, f(x) is increasing in (1, ).
Question: 77

Mark (V) against

Solution:

= f(x)=[x(x-3)]?

= f' (x)=2[x(x-3)] =0

3
=x=3andx=-

When x> 3/2 the function is increasing

X<3 function is increasing.

= (03) U (3,e0) Function is increasing.
Question: 78

Mark (v) against

Solution:

Given f(x) = kx3 -9x%+ 9x+3

= f'(x) = 3kx?-18x+9

= f'(x) = 3(kx? - 6x + 3)>0

= kx? - 6x + 3 >0

For quadratic equation to be greater than 0. a>0 and D<0.
= k>0 and (-6)2- 4(k)(3)<0

= 36 - 12k<0

= 12k>36

= k>3



. k>3.
Question: 79

Mark (v) against

Solution:
= ) = x;—{l— 1
= f'(x)= —i—;i

= For critical points f’(x) = 0

When f'(x) = 0

Wegetx=1orx=-1

When we plot them on number line as f’(x) is multiplied by -ve sign we get
For x>1 function is decreasing

For x<-1 function is decreasing

But between -1 to 1 function is increasing.
.". Function is increasing in(-1,1).
Question: 80

Mark (v) against

Solution:

f(x) =x2+kx+1

For increasing

f'(x) = 2x+k

k= -2x

thus,

k= -2.

Least value of -2.

Question: 81

Mark (V) against

Solution:

f(x) = |x|

Now to check the maxima and minima at x =0.
It can be easily seen through the option.
See |x]| is x for x>0 and -x for x<0

That is no matter if you put a number greater than zero or number less than zero you will get
positive answer.

.. for x = 0 we will get minima.
Question: 82

Mark (v) against



Solution:

Given: f(x) = x*.

= f' (x)=(og x+1) x¥
= keeping f’'(x) = 0

We get

1
= x=0o0rx= -
e
= f'(x) =x*(1+logx) [1 +logx + é]
x(1+ logx)
When x is greater than zero,
We get a maximum value as the function will be negative.

Therefore,

F(x) = x¥

Fle) = (1) = e

=]
Hence, C is the correct answer.
Question: 83
Mark (v) against

Solution:

= f(x) = &%

X

lc:ug:».'—x.i

=f'(x) =logx-1

=>Putf'(x) =0

We get x =e

F'x) =1/x

Put x =e in "' (X)

1/e is point of maxima

.. The max value is 1/e.

Question: 84

Mark (v) against

Solution:

We can go through options for this question
Option a is wrong because 0 is not included in (-11,0)
At x = -11/4 value of f(x) is -v2 = -1.41

At x = -1n/3 value of f(x) is -2.

At x = -11/2 value of f(x) is -1.

.. f(x) has max value at x =-11/2.

Which is -1.

Question: 85



Mark (v) against
Solution:
Given: x>0 and xy = 1

We need to find the minimum value of (x + y).

1
= f(x)=x+;

S ) = x2+1

S F(x) = X.2X — (;2 +1).1

S () = sz_g 1

S f(x) = x? (ZX)_}(::Z —1).2x
- =

S

For maximum or minimum value f’(x) = O.

x2—1
an =0

XE
Sox=1lorx=-1
f"x)atx = 1.
SoP(x) = 2.
F”’(x)>0 it is decreasing and has minimum value at x = 1
Atx =-1
£'(x) = -2
f”’(x)<0 it is increasing and has maximum value at x = -1.
.. Substituting x = 1 in f(x) we get
f(x) = 2.
.. The minimum value of given function is 2.
Question: 86

Mark (v) against

Solution:
250
= f(x) = x* +—
X
250
= f'(x) = 2x——5=0

= 2x3 = 250

x3 =125



=x=5

Substituting x = 5 in f(x) we get

f(x) = 25+50

f(x) = 75.

Question: 87

Mark (V) against

Solution:

Given:

f(x) = 3x*-8x3-48x+25.

F'(x) = 12x3-24x%-48 = 0

F'(x) = 12(x3-2x%-4) = 0
Differentiating again, we get,

F’(x) = 3x%-4x =0

x(3x-4)=0

x=0orx=4/3

Putting the value in equation, we get,
f(x) = -39

Hence, C is the correct answer.
Question: 88

Mark (V) against

Solution:

f(x) = (x-2)(x-3)?

f(x) = (x-2)(x%-6x+9)

f(x) = x3-8x%+21x-18.

f’(x) = 3x2-16x+21

f’(x) = 6x-16

For maximum or minimum value {’(x) = 0.
- 3x%-9x-7x+21 = 0

= 3x(x-3)-7(x-3)=0

=x=3orx =7/3.

f’(x) atx = 3.

So(x) =2

f”’(x)>0 it is decreasing and has minimum value at x = 3
Atx =7/3

F’(x) = -2

F”’(x)<0 it is increasing and has maximum value at x = 7/3.

Substituting x = 7/3 in f(x) we get

-G-2)G-)



-0

4

= —
27

Question: 89
Mark (V) against
Solution:

f(x) = eX + e¥X
1
= f[:X) =+ ;

e?* 4+ 1

= f(x) = -

f(x) is always increasing at x = 0it has the least value

1+1
I |

= f(x) = 1

.". The least value is 2.



