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Maharashtra Board 12th Maths Chapter 2, Class 12 Maths Chapter 2 solutions
Ex 2.1

Question 1.

Find the equations of tangents and normals to the curve at the point on it.
(D) y=x*+2e*+2at (0, 4)

Solution:
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y=x2+22"+2

. dy _
S e (x +2¢* +2)

=2x+2xe+0=2x+2¢

g (@f) =2(0) +2¢° =2
ax /0.4
= slope of the tangent at (0, 4)
. the equation of the tangent at (0, 4) is
y—4=2(x-0)
L y—4=2x
L 2xx—y+4=0
The slope of the normal at (0, 4)
—1 1

dx at(0, 4}

. the equation of the normal at (0, 4) is
1
y—4=— 2 (x—0)

L 2y—8=—x o x+2y—8=0
Hence, the equations of tangent and normal are

2x—y+4=0 and x+ 2y —8 =0 respectively.
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(i) x> +y° —9oxy =0 at (2, 4)

Solution:

x> +y?—9xy=0

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

3x? +3y’jy 9[ ji+y'£[x}]=

. 3y 1-3;;2;::r 9x -9y><l—

dy
h 2 — — — 2
. (3y*—9x)==9y—3x

. dy 9y -3

- dx_ayz_

.(d_y) =9{4)—3{IJ’

"\dx fype 342 -9(2)
_3%6-12_ 24 4
- 48-18 30 5

= slope of the tangent at (2, 4)
. the equation of the tangent at (2, 4) is
4
y—'l -5{1—2]

. 5y—20=4x—8
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S 4x—5y+12=0

The slope of normal at (2, 4) = -t _3

)., *
dx Jui o
. the equation of the normal at (2, 4) is
5
y—4= —3(1—2)
L 4y—16= —5x+10
LoSx4dy—26=0

Hence, the equations of tangent and normal are 4x -5y +12=0and 5x + 4y -26=0
respectively.

(ifi) X% —V3xy + 2y =5 at (v3, 2)

Solution:

xZ—V3xy+ 2y’ =5

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

_ Y, .0 dy _

x-S dy _
2 "/-Sxdx ﬁyxl+4ydx—ﬂ
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Ly iy -2

Cdy fBy-2x 22— [k
B N N
(@)l
A\ A 3(/3)-42)

=slope of ﬂme.tangent at (/3 2)
", the equation of the tangent at {\/5, 2)is
y—2=0(x—./3)
Sy—2=0 . y=2
The slope of normal at (,/3, 2)

it where (d_.'f

(_!r') dx)ntﬁ.n
dx at(/3, )

the slope of normal at (v3, 2) does not exist.

normal is parallel to Y-axis.

equation of the normal is of the formx =k

Since, it passes through the point (v3, 2), k =+/3

equation of the normal is x = /3.

Hence, the equations of tangent and normal are y = 2 and x = +/3 respectively.

=0
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(iv) 2xy + nsiny =2nat (1, )

Solution:

2xy+nsiny=2n

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

W, .2 dy _
Z[xdx +y ix{x}]+nmsydx—ﬂ

4 iy dy
C Zxdx+2yx1+ﬂcnsya—ﬂ

: dy _
. (2.1:+1:m5y]ﬁ— -2y

Ly
" dx  2x+mcosy

._ (ﬂ)-'('—§)=LG)

dx
2(1}l+:n:‘a:m=.tE
2
-—— ___F
“2+m(0) 2

=slope of the tangent at (1, ;)

". the equation of the tangent at(l, g)is
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T T
y=3= —3&-D

Sody—m=—mx+nx
Loax+2y—2n=0

The slope of normal at

F

[
L5

dx
. the equation of the normal at(l, ;)is
n 2
y-3=z¢-1
2
ny—%=2:-2

S 2ny—mt=4x—4
o 4x -2my+nt—4=0

Hence, the equations of tangent and normal are nx + 2y-2n=0and 4x-2ny +n*-4=0
respectively.

(v) x sin 2y = y cos 2x at(%, %]
Solution:
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X 5in 2y =y cos 2x
Differentiating both sides w.r.t. x, we get

d, . d d dy
xafmnzy)+sin2y E{x)'y E[msi‘xhcuszr-a

x-msZy-d%{Zy}+sinZy x 1

— el —sin2x). 2 Ay

", xcos2y x 2%+ﬂ.‘in:i!y-—],ur:iirm:':-:2+r:.{:usai"‘_wr-%r

{Zrmszy—msh}:—i = — 2ysin2x —sin 2y

) ﬂ= — 2y sin 2x —sin 2y
" dx  2xcos2y—cos2x

_z(r)m-,.f_m

. (d_y) _ 2 2
& ‘“[E ;) Z(E)mﬁn—m&;
=—ﬂ{1]—ﬂ_ -t _,
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= slope of the tangent at (E, ;)

theequaﬁunnf&etangmtat(g,g)is

T n
v-3=2(+-7)

n n
3% 3
So2x—y=0
The slope of normal at (;, ;)
it S =1
@)y
lu(23)

.". the equation of the normal at (E 1II)is

42
n 1( 1:)
¥=37 73"

' =—x+=
L 2Y—r= x+4

S By—dn= —dx+n
dx+Bu—=5r=10
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Hence, the equations of the tangent and normal are 2x -y = 0 and 4x + 8y — 51 = 0 respectively.

(vijx=sinBandy=cos268atB==2
Solution:

When B = 5|nE andy= -:-:):=.E
SX= g and Y= E

Hence, the point at which we want to find the equations of tangent and normal is {%, %}
Now, x = sin 8, y = cos 28

Differentiating x and y w.r.t.. 8, we get

dx

pT da{smﬂ) cos fl
dd—y———{mﬁl 20- (2&]
a6~ do = —sin20-25

= —gin2f x 2= —2sin26

_ dy (dy/df) _ —2sin26
“dx (dx/df) cos@

@,

5 (%)

W

ﬂ"!ﬁ
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= slope of the tangent at .~9=ETI

", the equation of the tangentatﬂzfi.e. at (%,%) is

6
1 1
v-1-—a(x-1)

1
. y—i— —2x+1

L y—1=—4dx+2
L Ax4+2y—3=0

The slope of normal atﬂ::E

.". equation of the normal at E=E, i.e at (:1_-,, %) is

_ll(_l)
¥y=3=32\* 72

—1=x-1
2y—-1=x 5
dy—-2=2%x-1
2%—-4y+1=0

fay

B |
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2x-4y+1=0
Hence, equations of the tangent and normal are 4x + 2y —3 =0 and 2x — 4y + 1 = 0 respectively.

—— e 1 _
(viil) x=+/t,y =t —ﬁ,att 4,
solution:
whent=4,x=~.’4andy=4—i_
7 vi
oy = —g4_1_7
wx=2andy=4-35 =3

Hence, the point at which we want to find the equations of tangent and normal is (2, z:l.

_ T
Now, x =+t y=E 7

Differentiating x and y w.r.t. £, we get
dx d

1
a=aVI=317

-3
and % =%(t—%)-l—(—l)t . P
5
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3 3
212 41 21241
: XM: ;

252

-3
(d’__v) _24P+1 2x8+1 17
o \dx )., 4 4 4
= slope of the tangent at t =4

SO ﬂ\eequaﬁonufﬂretangentatf=4,i‘e.at(2,;)is

7 17
y—3=7(6-2

oAy —14=17x—34
So17x—4y—-20=0

The slope of normal at =4
-1 -1 4

@... 0 7

.". the equation of the normal at t =4, i.e. at(z, ;)is

7 4
y—3= —ﬁ{I—Z}
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" 34y—119= —8x+16
. Bx+3My—135=0

Hence, the equations of tangent and normal are 17x—4y—20=0and 8x + 34y —135=0
respectively.

Question 2.

Find the point of the curve y = /= — 3 where the tangent is perpendicular to the line 6x + 3y —
5=0.

solution:

Let the required point on the curve y = /Z — 3 be P(xy, y4).

Differentiatingy = u.,fm — 3 w.rk x, we get
dy d
{\f 3)= {x 3)
H dx

1 1
=—x(1-0=——m—
x=3 ) 2./x=3

. slope of the tangent at (x,, v,)

-(d_l’) N S
dx ot (2, ) xl_‘a

Since, this tangent is perpendicular to 6x+3y—5=0

whoseslupeis;=—2,

art-2-cha ter-2 -applications- of-derlvatlves/

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/

€IndCareer

slopeoithetangmt-:—; %

1 1
::1—3=E
SoJx =3=1
Soxy—=3=1 ox =4
Since, (x,, y,) lies ony = \/x—3, y, = /x, -3
Whmx:'drk'j‘\/r‘:il

Hence, the required points are (4, 1) and (4, -1).

Question 3.
Find the points on the curve y = x* — 2x? — x where the tangents are parallel to 3x -y + 1 = 0.
Solution:
Let the required point on the curve y = x* — 2x? - x be P(x, y1).
Differentiating y = x* —2x* — x w.r.t. x, we get
%(:c?‘——lx’ —x)
=32 -2x2x—1=3—-4x-1

*. slope of the tangent at (x,, y,)

dy_
dx
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dy 2
'(E)mu.. gy =M An -1

Since this tangent is parallel to 3x — y + 1 = 0 whose slope
is_—1=3,

slope of the tangent =3

|3t -dx,—-1=3

o 3x, —4x, —4=0

Co3x 2 —6x, +2x, —4=0

S 3xy(ey —2)+ 2(x, —2)=0

Sy —2)(3x, +2) =0

L x,—2=0 or I, 4+2=0

2
Lxy=12 or x;,=—x=

3
Since, (x,, y,) liesony =x* —2¢* —x, y, = x> - 2x,* —x,
Whenx, =2, y, =20 =202 -2=8-8-2= -2

— 3 —_ 1
When x, = —g,y,=(—2) —2(—2) +g

3 3 3
-8 8,2 -1
27 93 27

Hence, the required points are (2, —Z}and(_Tz,_z—:}).
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Question 4.

Find the equations of the tangents to the curve x? + y? - 2x — 4y + 1 = 0 which are parallel to the
X-axis.

solution:

Let P (x4, y,) be the point on the curve x* + y> — 2x — 4y + 1 = 0 where the tangent is parallel to X-
axis.

Differentiating x” + y% — 2x — 4y + 1 = 0 w.r.L. X, we get

. dy _
. ':2_&'—4}5—2 2x

Ldy 2-2x 1-—x

dx 2y-4 y-2

(ol
" \dx at (x,, y,) ¥y -2

= slope of the tangent at (x,, y,)
Since, the tangent is parallel to X-axis,

slope of the tangent =0.

. l—xl_

R b

S l=x,=0 Sox =1

Since, (x;, y,) lieson x? + y* —2x — 4y + 1 =0,
x4yt —20, -4y, +1=0

art-2-chapter-2-applications-of-derivatives/

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/

€IndCareer

When x, =1, (1 +y,* —2(1) -4y, + 1 =0
Sol4yt-2—-4y,+1=0
Loyt —4y, =0
S Yy, —4)=0
Soyy=0 or y; =4
the coordinates of the points are (1, 0) or (1, 4)
Since the tangents are parallel to X-axis, their equations are of the formy =k
IF it passes through the point (1, 0), k = 0, and if it passes through the point (1, 4), k = 4
Hence, the equations of the tangents are y = 0 and y = 4.

Question 5.
Find the equations of the normals to the curve 3x? - y? = 8, which are parallel to the line x + 3y =

4,

Solution:
Let P(x4, y;) be the foot of the required normal to the curve 3x% —y? = 8.

Differentiating 3x? - y? = 8 w.r.t. x, we get
dy
2 -2t 0
Ix Y3

d)
", uzyd—i: -

art-2-chapter-2-applications-of-derivatives/
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(@
’ (E “{‘vyj}_ L

=slopé of the tangent at (x,, y,)
". slope of the normal at P (x,, y,)

- —1 1
=m, id’i = 31,
dr atlx, y)

The slope of line x + 3y =4 ism;’=;31-

Since, the normal at P(x,, y,) is parallel to the line
x+3y=4,m =m,
L)Y 1

© T3, T T3 SohEx

Since, (x,, y,) lies on the curve 3x* — y* =8,
3x12_b'12=3

" 31'11—111=B U yl=xl]
|2, 2=8 Jox =4

Lx =42 '

When x, =2, y, =2

Whenx, = -2, y,= -2
.. the coordinates of the point P are (2, 2) or (-2, —2)

pDS://www.indca 3hara
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1

and the slope of the normal is m, =m, = -3

.". the equation of the normal at (2,2) is
1
y—-2= —5(1—2}
S —6=—x+2
Sox+3y—8=0
andmeqlmﬁunufthenomtalat{—l—l}is
y+2=—%(r+2}
Soy—6=—x+2
. x+3y+8=0

Hence, the equations of the normalsare x + 3y—8=0and x + 3y + 8 =0.

Question 6.

IF the line y = 4x — 5 touches the curve y® = ax® + b at the point {2, 3), find a and b.
solution:

y’=ax’+b

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

Ey%-a x3x*+0

. by %
& dx_ Zy
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: (‘f_s’) _3a@? o
“\dx Jatz 3 2(3)
= slope of the tangent at (2, 3)
Since, the line y = 4x— 5 touches the curve at the point (2, 3), slope of the tangent at (2, 3) is 4.
2a=4=a=2
Since (2, 3) lies on the curve y2 =ax? + b
(3)2=a(2)*+b
9=8a+b
9=8(2)+b...... [-a=2]
b=-7
Hence,a=2and b =-7.

Question 7.

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

Solution:

Let P(x, y;) be the point on the curve 6y = x> + 2 whose y-coordinate is changing 8 times as fast
as the x-coordinate.

Then (%Y o fdx
(E)ﬂ{xhh}rﬂ(ﬁ)ﬂ(x“yl} . {I:I

Differentiating 6y = x* + 2 w.r.t. t, we get

DS //WWW.INACJ
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dy d, . ,dx
o Al =3¥2= 40
Su~a® TGt
ooy pdx
2%
28
E(Ei)attx..m:rx‘ dt oz, 4)
. dx Y
' zxa(_tﬁ)at{:..ytl—x' (dt)al{r.,y.) - [By Ml
Soxt=16 ox =44
Now, (x,, ¥,) lies on the curve 6y =x + 2.
L By] =I13+2

When x, =4, 6y, =(4)* +2=66 .. y, =11
31
When x, = —4, 6y, =(—4)*+2= —62 .. n=-3

Hence, the required points on the curve are (4, 11) and
=31
(-* 3

Question 8.

A spherical soap bubble is expanding so that its radius is increasing at the rate of 0.02 cm/sec. At
what rate is the surface area increasing, when its radius is 5 cm?

Solution:

art-2-chapter-2-applications-of-derivatives/

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/

€IndCareer

Let r be the radius and S be the surface area of the soap bubble at any time t.
Then s = 4nr?
Differentiating w.r.t. t, we get

— = 8r — o— |

va,g%={102 cm/sec and r=5 cm

o (1) gives, % =8n{5)(0.02)

=0.8xn

Hence, the surface area of the soap bubble is increasing at the rate of 0.87c cm? / sec.

Question 9.

The surface area of a spherical balloon is increasing at the rate of 2 cm?2/sec. At what rate is the
volume of the balloon is increasing, when the radius of the balloon is 6 cm?

Solution:

Let r be the radius, S be the surface area and V be the volume of the spherical balloon at any
time L.

ThenS=4nrfandV= %11";'3

Differentiating w.r.t. t, we get
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ds dr dr

o 4dn % r— =8mr—
T Smdr - (1)

v o4
and I—gl‘!!}f d—i—‘lﬂr EE

ar_1 ds
dt  8nr dt
s L8

Brr dt

From (1),

V
=d4nr

s

v
dt
Cdv
ot

k2 =

ds
an,E=2cm3fs.ec and r=6 cm

dav
. (2) gives, —
(2) gives T

Hence, the volume of the spherical balloon is increasing at the rate of 6 cm? / sec.

6
'5)(2—6

Question 10.

If each side of an equilateral triangle increases at the rate of +2 cm/sec, find the rate of increase
of its area when its side of length is 3 cm.

Solution:

/7
IF x cm is the side of the equilateral triangle and A is its area, then A = "TB:BZ

Differentiating w.r.t. f, we get
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dA_/3 _ dx /3 adx
il Sheka b it ae - (1)
dx
NW’E‘?= 2em/secand x=3 em
(l)givek,ﬁ=—‘/—6x3xﬁ
dt 2
=32£cm1fsec

. . . 38
Hence, rate of increase of the area of equilateral triangle = ; cm? [ sec.

Question 11.
The volume of a sphere increases at the rate of 20 cm?/sec. Find the rate of change of its surface

area, when its radius is 5 cm.

Solution:
Let r be the radius, 5 be the surface area and V be the volume of the sphere at any time t.

ThenS=4nrZand v = %m‘s
Differentiating w.r.t. £, we get

ds dr dr
E-t——4nx2rﬁ=3m'a
dV  4n dr dr
and — =—x 3r — =4ar’ —
at 3 @ g -
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dr 1 dVv
F 1), — =———
rom (1), dt  4nr? dt
. s o 1 av
Cdt 4l dt
. ds 2 av
T .. (2)

av
Now, n =20 cm?/sec and r =5 cm

ds 2
Jo(2) gl — == =
(2) gives, i szﬂ 8

Hence, the surface area of the sphere is changing at the rate of 8 cm?/sec.

Question 12.

The edge of a cube is decreasing at the rate of 0.6 cm/fsec. Find the rate at which its volume is
decreasing, when the edge of the cube is 2 cm.

Solution:

Let x be the edge of the cube and V be its volume at any time L.

ThenV=x3

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

dv . dx
=y

Now, E=D.ﬁm1fsecandx=1m1

" odt

DS //WWW.INACJ
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Cav
. = =3(2)(06)

=72

Hence, the volume of the cube is decreasing at the rate of 7.2 cm’/sec.

Question 13.

A man of height 2 meters walks at a uniform speed of 6 km/hr away from a lamp post of 6
meters high. Find the rate at which the length of the shadow is increasing.

solution:

Let OA be the lamp post, MN the man, MB = x, his shadow, and OM =y, the distance of the man
From the lamp post at time L.

A
6 N
2
o] ¥ M x B

d, . . . .
Then d—i‘ =6 km/hr is the rate at which the man is moving at away from the lamp post.
% is the rate at which his shadow is increasing.
From the figure,
z _ 7y
27 6
6X = 2X + 2y
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4x =2y

_1

X=gy ,

dr _ 14y _ 1 _

e =55 — 35 x6=3km/hr

Hence, the length of the shadow is increasing at the rakte of 3 km/hr.

Question 14.

A man of height 1.5 meters walks towards a lamp post of height 4.5 meters, at the rate of (%)
meter/sec.

Find the rate at which

(i) his shadow is shortening

(ii) the tip of the shadow is moving.

Solution:
A
45 N
L5
[s] ¥ M x B

Let QA be the lamp post, MN the man, MB = x his shadow and OM =y the distance of the man
from lamp post at time L.

d
Then d—f = % is the rate at which the man is moving towards the lamp post.

% is the rate at which his shadow is shortening.

B is the tip of the shadow and it is at a distance of x + y from the post.
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-

%(m +y) = % + % is the rate at which the tip of the shadow is moving.

From the figure,
z Iy
15 — 45
45x = 15x + 15y
30x = 15y
x=1ly
dr _ 1 dy _ 143y _ (3
=1 - E(I] = (E) metre/sec
dr Yy 3 3 _ /9
and 2+ ==+ 3= (E) metres /sec
Hence (i) the shadow is shortening at the rate of (%} metre/sec, and

(ii) the tip of shadow is moving at the rate of (%] mektres/sec.

Question 15.

A ladder 10 metres long is leaning against a vertical wall. If the bottom of the ladder is pulled
horizontally away From the wall at the rate of 1.2 metres per second, find how fast the top of
the ladder is sliding down the wall, when the bottom is 6 metres away from the wall.
Solution:
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0 = A

Let AB be the ladder, where AB = 10 metres.

Let at time t seconds, the end A of the ladder be x metres from the wall and the end B be y
metres from the ground.

Since, OAB is a right angled triangle, by Pythagoras' theorem

x> +y?=10%ie.y>=100-x*

Differentiating w.r.t. t, we get

2y W _o-x

.dy gz, dz
il R (1)
Now, % = 1.2 metres/sec is the rate at which the bottom at of the ladder is pulled horizentally

and % is the rate at which the top of ladder B is sliding.
When x=6, y* = 100 - 36 = 64

y=28

; dy _ 6 _ 6 12
(1) gives — = —5(1.2} =—3 X1
= _% =09
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Hencé:the top of the ladder is sliding down the wall, at the rate of 0.9 metre/sec.

Question 16.

IF water is poured into an inverted hollow cone whose semi-vertical angle is 30° so that its depth
{measured along the axis) increases at the rate of 1 cm/sec. Find the rate at which the volume of
water increases when the depthis 2 cm.

solution:

Let r be the radius, h be the height, 8 be the semi-vertical angle and v be the volume of the
water at any time L.

Given:i—t=l cm/sec, #=30°

Now, V= % nrih
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Differentiating w.r.t. {, we get,
rﬂf'_z 2dh  m ,dh
FTIRE ek ik L
When h =2 cm, then
dv = ) dn
g =3 @ x1=7

Hence, the volume of water is increasing at the rate of (43—”} cm3/sec.

Ex 2.2

Question 1.

Find the approximate value of given functions, at required points.

(i) v8.95

Solution:
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Let f(x)=/x. Then f'(x)= ﬁ

Take a=9 and h = — 0.05. Then f(a) =f(9) = /9=3 and
@) = f(9) = —— =1
f@=f0)=37%=¢
The formula for approximation is
fl@+h) = f(@) + hf(a)
-, /895 =f(9 —0:05)
= f(9) —(0-05)f'(9)
=3 —005x %
=3 — 00083 = 2:9917

v8.95 = 2.9917
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(ii) V28
solution:
Let f(x) = 3/x
Then ,r1ﬂ=itx='1’}=1x'%=i,
dx 3 -
3x?
Takea=27 and h=1.
Then f(a) =f(27)= 3/27 =3
and (@) =f/(27) = —— = 55 = = 0.03704
327y

The formula for approximation is
fla+h) = fla)+ h-f'(a)
L Y8 =f(28)=f(27+1)
= f(27) = 1£(27)
=3+ 1 x0.03704 = 3.03704

. 328 =3.03704.

(iii) v/31.98

Solution:
Let f(x) = $/x

Then f() =)= x5 =L,
dx 5 ng
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Take a =32 and h = — 0.02.

Then f(a) =f(32) = 3/32=2

) fray L 11
fla)=f/@32) =~ = oo = o5 = 00125

5(32)°
The formula for approximation is
fla+h) = fla) + hf'(a)
. 3/31.98 = £(31.98) = f(32 — 0.02)
=1£(32) — 0.02-£'(32)
=2-0.02 x 0.0125
=2 —(.000250 = 1.99975

S o/ 31.98 = 1.99975.

(iv) (3.97)*
Solution:
Let f(x) = x*
Then f'(x) = %{x*} 4
Take a=4 and h = - 0.03.
Then f(a) = f(4) = (4)* = 256 and
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Fa)=f(4) = 4(4)* =
The formula for approximation is
fla+h) = fla)+hf'(a)

" (397 =£(3.97) = f(4 —0.03)
= f(4) — (0.03) f'(4)
= 256 — 0.03 x 256
=256 —7.68=24832 . (3.97)* =248.32.

(v) (4.01)*
Solution:
Let f(x) =x* Then, f'(x)=3x*
Take a =4 and h = 0.01. Then
fla)=f(4)=4* =64 and
fla)=f'(4)=3x4>=48,
The formula for approximation is
f(ﬂ +h) = f(a) + h-f'(a)
. (4.01)% =f(4+0.01)
= f(4)+(0.01) f'(4)
=64+0.01 x 48
=64+048=6448 . (4.01)° =64.48.
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Question 2.
Find the approximate values of:
(i) sin 61°, given that 1° = 0.0174°,+/3 = 1.732.
Solution:
Let f(x) =sinx

Thenf‘{.t]:%{sin x)=cosx
Takea=&ﬂ°=§ and h=1°=00174°
Thmf(u}=f(g)=sin§-£-'—-ﬂ.ﬁﬁﬁ

@=f(Z)=cosT=1=
andf{ﬂ}—f(S)— 3~3 0.5
The formula for approximation is
fla+h)=f(a) + hf(a)

- sin61° = f(61) = f( T+ n.um)

¢ T Y
Tf(3)+n.u1?4f(3)
<= 0.866 + 0.0174 x 0.5

= (1.866 + 0.00870 = 0.8747
. sin61° = 0.8747.
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(i) sin(29° 30", given that 1° = 0.0175% /3 = 1.732.
Solution:
Let f(x) =sinx

'Ihenf’(x}:itsinx}=msx
dx
Takea=30"=gand

0

Thenf{a}=f(g)=sing=%=ﬂ.5

mf’{a)-f’(g)-ws--’é-l'—=°-“ﬁ

The formula for approximation is
fla+h)=fla) + hf'la)

", 5in(29°30') = £(29°30) = f(g + n.ms?s)

()3

= 0.5 — 0.00875 x 0.866
= 0.5 —0.0075775 = 0.4924
. 8in(29°30') = 0.4924.
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(iii) cos(60° 30), given that 1° = 0.0175%, /3 = 1.732.
Solution:
Let f(x) =cosx

Then f'(x) -%:{cmx] = —sinx

Takea:ﬁﬂ“:%am‘l

h -30'-(%) -(1 * u.m?s)'-u.me?s*f

2
P14 1
im LT 3 1.732
f”{"‘=f(a)= —sing = ‘”zL —5 = 0866
The formula for approximation is

fla+h)=fla) + h-f(a)

. o8 (60°30) =_f(6l:l°30’}=f(§+ u.uus?5)

o f(g) + uma?&ff( g)

= 0.5+ (0.00875) (— 0.8660)

= (0.5 — 0.0075775 = 0.4924225
", cos(60°30') =0.4924.

art-2-chapter-2-applications-of-derivatives/

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/

€IndCareer

(iv) tan (45° 40'), given that 1° = 0.0175"%
Solution:

Let f(x) =tanx

Thenf‘{x]=%[tanx}=sec‘x
n 40
Take a=45°= r and h =40 = (@ x 0.0175 )‘ =0.01167

Then f(a) =/ § ) =tang =1

andf’{a]=f'(g)=sec’§z(ﬁ 222
The formula for approximation is
fla+h) = fla) + h-f(a)

“. tan (45°40") = f(45°40") = f( ; + 07[3116?)

= fG) + m.uua?)-f'(E)

=1+ 0.01167 x 2=1+0.02334 = 1.02334
.. tan(45°40°) = 1.02334.

Question 3.
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Find the approximate values of
(i) tan™'(0.999).
Solution:

Let f(x)=tan"'x

d
Then f’{x}=5[tan"x]= T

Take a=1 and h= —0.001
Then f(a) =f(1) =tan~*1=7
11

1+17 2

The formula for approximation is
Sfla+h) = f(a) + hf (a)

. tan™"(0.999) = £(0.999) = f(1 — 0.001)

= f(1) - (0.001)-f'(1)

om 1 =
?E—U.Dﬂl KE—E—{].UIIS

and f(a) =f'(1) =

. tan~(0.999) #E — 0.0005.

Remark : The answer can also be given as :

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-arts-science-maths-part-2-chapter-2-applications-of-derivatives/

€IndCareer
3.1416

tan~" (0.999) + == — 0.0005
= (.7854 — 0.0005 = (.7849.

(ii) cot (0.999).
Solution:

Let f(x)=cot™'x
. g d. . -
... f&)=a{fﬂt 11’)—1+x:

Takea=1and h= —0.001

Thenﬂa)=ﬂ1]=mt“1=g

J — T _ -1 ___1
and f@)=f M) =1773=7
The formula for approximation is
fla+h) = fla) + h-f(a)
~. cot™1(0.999) = £(0.999) = £(1 — 0.001)
= f(1) — (0.001)-f(1)

LW {1 n
. _m.mu(T) 7400005

. cot™1(0.999) = E +0.0005.
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cot™"(0.999) = g + 0.0005

= 0.7854 + 0.0005 =0.7859.

(iii) tan”™(1.001).

solution:

Let f(x) =tan™'x
L T
..f(x}—dxftarl x]—1+I]

Take 2 =1 and h = 0,001
Thenf(a}:f{1)=tm-l1=g

The formula for approximation is

fla+h) = fla) + h-fa)
. tan™'(1.001) = £(1.001) = f(1 + 0.001)

= f(1) + (0.001)-f(1)
. m 1 =
= Z+(D.ﬂl}1] xE—EH}.DﬂﬂS

. tan~'(1.001) = g+u.cm5.

Remark : The answer can also be given as :

art-2-chapter-2-applications-of-derivatives/
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tan "1 (1.001) = £(1) + (0.001)-£'(1)
T 1

3.1416
4

= 0.7854 + 0.0005 = 0.7859.

.

+ 0.0005

Question 4.

Find the approximate values of:
(i) €9%°°, given that e = 2.7183.
Solution:

Let f(x) =¢*.
Then f'(x)= %{e‘}z e

Take a=1 and h = —0.005.
Then f(a) =f(1) =e=27183
and f'(a) = f'(1) =e =2.7183

The formula for approximation is
fla+h) =f@a)+h-f(a)
o @89 = £(0.995) = f(1 — 0.005)
=f(1) — (0.005)-f (1)
=2.7183 — 0.005 x 2.7183
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=2.7183 — 0.01359 = 2.70471
o @095 = 2 70471

(i) e*, given that e? = 7.389.
Solution:
Let f(x) = ¢*

Then f'(x) =%(£"}=E"

Take a=2 and h=0.1

Then f(a) =f(2) =¢* =7.389

f'(a) = f'(2) =e* =7.389

The formula for approximation is

fla+h) =f@)+h-f'(a)

sl =f(21)=f(2+0.1)
= f(2) + (0.1)-f"(2)
=7.389 + 0.1 x 7.389
=7.389 +0.7389 =8.1279

o e =8.1279.
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(i) 3297, given that log 3 = 1.0986.
Solution:
Let f(x) = 3*

Then f(x) = & (3) = 3-log3

Take a=2 and h = 0.01
Then f(a) =f(2)=3*=9
and f'(a) = f'(2) =3%-log 3 =9 x 1.0986 = 9.8874
The formula for approximation is
fla+h)=fla) + h-f'(a)
o3 = £(2.01) =f(2 +0.01)
=£(2) +(0.01)-f'(2)
=9+ 0.01 x 9.8874
=9 4 0098874 = 9098874
. 3291 =9,098874.

Question 5.

Find the approximate values of:

(i) loge(101), given that log.10 = 2.3026.
Solution:

Let f(x) =logx. Then f’{x]=£.
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Take a=100 and h =1. Then
f(a) =f(100) = log,100 = 21log 10
=2 x 2:3026 = 4-6052

1

f@) =£(100) = 7= =001
The formula for approximation is
fla+h) = fla) + h-fla)
. log,101 = £(101) = £(100 + 1)

= £(100) + 1:£'(100)

= 4-6052 + 1 x 0-01 =4-6152
log.(101) = 4-6152.

(ii) loge(9.01), given that log 3 = 1.0986.
Solution:

Let f(x) - loggx.
Then f'(x) = 1
€T

Take a = 100 and h = 1. then
f(a) = f(100)
= log,100
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= 3 log.10

= 3 x 1.0986
= 3.2958

f(a) = f(100)
L
100
- 001

The formula for a approximation is
fla + h) = f(a) + h.f(a)

= log. 9.01 = f(9.01)

= f(900 + 1)

= f(100) + 1.f(100)

=3.2958 + 1x 0.01

= 2.1983

loge(901) = 2.1983.

(i) logq5(1016), given that logge = 0.4343,

solution:

1
Let f(x) = log, ox = ,::;’;

= (log, ¢ )log x) = (0.4343) log x
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= (log, ,£)log x) = (0.4343)log x
Then f'(x)= [ﬂ.%).%(lugx}= @
Take a = 1000 and h = 16. Then
fla) = £(1000) = log, ;1000 =log,,10* =3
T 04343
£1@)=£(1000) ===
The formula for approximation is
fla+h) = fla) + hf'(a)
. log,,1016 = £(1016) = f(1000 + 16)
= £(1000) + 16 £(1000)
_ 0.4343
= 3 + 0.0069488 = 3.006949

. log,,1016 = 3.006949.

Question 6.
Find the approximate values of:
(i) F(x) =x> - 3x+5atx=1.99
Solution:

flx)=x*—3x+5
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L f)= %{13-31 +5)
=3r"-3x140=3%*-3
Take a=2, h= —0.01
Then f(a) =f(2) =(2)* = 3(2) +5
=8-6+5=7
f@=f(2)=32)P-3=12-3=9
The formula for approximation is
fla+h)=f(a) + h-f'(a)
S f(1.99) = f(2 - 0.01) = £(2) - (0.01)-f"(2)
#7-001%x9=7-0.09=691
o f(1.99) = 6.91.

(ii) F(x) = x> + 5x? —7x +10 At x = 1.12
Solution:
flx)=x3+5x*=7x+ 10
Co ) =dix{x3 + 5x* —7x + 10)
=3 45x2x—T7x14+0=3x*+10x-7
Takea=1, h=0.12
Then f(a) =f(1) =(1)* + 5(1)* = 7(1) + 10
=14+5-7+10=9
and f'(a) = f'(1)=3(1)* + 10(1) —7=3+ 10 -7 =6
The formula for approximation is
fla+h)=fla)+ h-f'(a)
S f(L12) =£(1+0.12) =£(1) + (0.12)-f'(1)
=9+012x6=9+072=972
Cf(1.12) =9.72,

Ex 2.3

Question 1.
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Check the validity of the Rolle’s theorem for the following functions.

M) ) =x* —4x + 3, X € [1, 3]

Solution:

The function f given as f(x) = x* — 4x + 3 is polynomial function.
Hence, it is continuous on [1, 3] and differentiable on (1, 3).
Now,f(1) =1>—-4(1)+3=1-4+3=0

andf(3) =3"-4(3)+3=9-12+3=0

(1) =1(3)

Thus, the function f satisfies all the conditions of Rolle’s theorem.
(i1) f(x) = e*sin x, x € [0, n].

Solution:

The functions e™ and sin x are continuous and differentiable on their
domains.

. f(x) = e™* sin x is continuous on [0, it] and differentiable on (0, 7).
Now, f(0) =e®°sino=1x0=0

andf(m) =e”"sint=e"x0=0

" f(0) = ()

Thus, the function f satisfies all the conditions of the Rolle’s theorem.

(iil) f(x) = 2x*—5x + 3, x € [1, 3].

art-2-chapter-2-applications-of-derivatives/
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Solution:

The function f given as f(x) = 2x* — 5x + 3 is a polynomial function.
Hence, it is continuous on [1, 3] and differentiable on (1, 3).

Now, f(1) = 2(1)*-5(1)+3=2-5+3=0

and f(3) = 2(3)*-5(3) +3=18-15+3=6

Sof() £ 1£(3)

Hence, the conditions of Rolle’s theorem are not satisfied.

(v) f(x) =sinx—cosx + 3, x € [0, 2n].

Solution:

The functions sin x, cos x and 3 are continuous and differentiable on
their domains.

. f(x) = sin X — cos x + 3 is continuous on [0, 27t] and differentiable
on (0, 2m).

Now, f(0) =sin0—-cos0+3=0—-1+3=2
and f(2m) =sin2mn—cos2n+3=0—-1+3=2
s (o) = f(2mn)

Thus, the function f satisfies all the conditions of the Rolle’s theorem.

art-2-chapter-2-applications-of-derivatives/
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(V) F(x) =x%,ifF0Dsx<2

=6-xifF2<x<6.

Solution:

Fix)=x?,ifF0Osxs2

=6-x,ifF2<x=6

L f) = L (22) =2x,iFo<x<2
=L(6—=z)=-1,if2<x<6

S LF(2)=2(2) =4 and RF'(2) =-1

= LF(2) 2 RF(2)

. Fis not differentiable at x =2 and 2 € (0, 6).

- Fis not differentiable at all the points on (0, 6).
Hence, the conditions of Rolle’s theorem are not satisfied.

(vi) F(x) =27, x € [1, 1].

Solution:

Fix)=z7

ey d o2y 2. -1 2
..f[m]—E(mit) =3¢ 7 =gz
This does not exist at x=0and 0 € (-1, 1)

. Fis not differentiable on the interval (-1, 1).
Hence, the conditions of Rolle’s theorem are not satisfied.
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Question 2.

Given an interval [a, b] that satisfies hypothesis of Rolle's theorem for the function F(x) = x* + x2
—2.1tis known that a =-1. Find the value of b.

Solution:

Flx) =x*+x2-2

Since the hypothesis of Rolle's theorem are satisfied by f in the interval [a, b], we have
f(a) = F(b), where a = -1

Now, F(a) =F(-1) = (-1)* + (-1)2-2=1+1-2=0

and fib) =b*+b2-2

.. F(a) = F(b) gives

0=b%+b?-2ie.b*+b?-2=0.

Since, b = 1 satisfies this equation, b = 1 is one of the roots of this equation.

Hence, b=1.

Question 3.

Verify Rolle's theorem for the Following functions.

(i) F(x) =sinx + cosx + 7, x € [0, 2n]

Solution:

The functions sin x, cos x and 7 are continuous and differentiable on their domains.
= F(x) = sin x + cos X + 7 is continuous on [0, 2n] and differentiable on (0, 2n)

Now, F{0) =sin0+cos0+7=0+1+7=8

and f(2n)=sin2n+cos2n+7=0+1+7=8

- f(o) =F(2m)

Thus, the Function F satisfies all the conditions of Rolle’s theorem.

art-2-chapter-2-applications-of-derivatives/
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Thus, the function f satisfies all the conditions of Rolle's theorem.
.. there exists ¢ € (0, 2n) such that F(c) = 0.

Now, F(x) =sinx+cosx+7

S (X)) = % (sinx+cosx+7)

=cosx—sinx+0

=05 X—5in X

S F(e)=cosc-sinc

- F'(c) =0 gives, cosc—sinc=0

Scosc=sinc

5w
But %,T (0, 2n)

Hence, the Rolle’s theorem is verified.

(ii) F(x) = sin(% ), x € [0, 2n]

Solution:

The function f(x) = sin(g ) is continuous on [0, 2n] and differentiable on (0, 2n).
Now, F(0) =sin0=0

and f(2n) =sinn=0

- F(0) = f(2n)

Thus, the function f satisfies all the conditions of Rolle's theorem.

.. there exists ¢ € (0, 2n) such that F(c) = 0.

art-2-chapter-2-applications-of-derivatives/
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f’l’e)=%ms(§)

2. fe) =0 gives %m(%)-ﬂ

. cy_

..ms(z)-l}

OB 08 = 008 = COB o
“1'.'002 MZ C'CE-T sz -

. € n 3n 5m
27222

‘. c=m, 3In, 5n, ...
Butne{ﬂ 2r)

Joe=m

art- 2 cha ter 2 -a Ilcatlons of- derlvatlves
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Hence, Rolle's theorem is verified.

(iii) F(x) =x* - 5x + 9, x € [1, 4].

Solution:

The function F given as F(x) = x* — 5x + 9 is a polynomial function.
Hence it is continuous on [1, 4] and differentiable on (1, 4).
Now, F(1) =12-5(1)+9=1-5+9=5

and f(4)=4%-5(4)+9=16-20+9=5

~ F(1) = F(4)

Thus, the Function F satisfies all the conditions of the Rolle's theorem.
.~ there exists ¢ € (1, 4) such that F'(c) = 0.

Mow, F(x) =x2-5x+9

LX) = % (x? —5x +9)

=2%X-5=1+0

=2x-5

S F(c)=2c-5

- F'{c) =0 qgives, 2c—-5=0

ne=5/2€(1,4)

Hence, the Rolle’s theorem is verified.

Question 4.
If Rolle's theorem holds for the Function F(x) = x> + px® + gx + 5, x € [1, 3] withc=2 + L@, Find
y

the values of p and g.
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Solution:

The Rolle's theorem holds For the Function F(x) = x> + px? + qx + 5, x € [1, 3]

=~ F(1) =F(3)

2P 4+p(1)2+q(1)+5=32+p (3)°+q(3) +5

S1+p+qQ+5=27+9p+3g+5

S 8p+2g=-26

SAp+q=-13.....(1)

Also, there exists at least one point c € (1, 3) such that f'(c) = 0.

Now, f'{x}:% (> + px? + qx + 5)

=3x7+px2x+qx1+0

=3x%+2px +q

1

S fle)=3c +2pc+q, wherec=2 + —

f 2pc+4 \/5

’ f'{c}—3(2+i)1+2p(2+ ! )+q

: V3 /3
4 1 2p

=3(4+—+4)+4 + — 4
J3 3T AT
12 2p
=12 + +1+4p+ +

/3 dp NE q

2p 12
4p+$+4'+13+75
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Butf'(c)=0

.‘.4p+% +q+13+ 2 =0

(43 +2)p+v3q+ (13vV3+12) =0

(43 +2)p+v3q=-13V3-12....... (2)
Multiplying equation (1) by +/3, we get
4v3p +v3q=-13V3

Subtracting this equation from (2), we get
2p=-12=p=-6

s from (1), 4(-6) +gq=-13=qg=11

Hence, p=-6and q=11.

Question 5.

If Rolle's theorem holds for the Function F(x) = (x — 2) log x, x € [1, 2], show that the equation x
log x = 2 — x is satisfied by at least one value of xin (1, 2).

Solution:

The Rolle’s theorem holds for the Function f{x) = (x - 2) log x, x € [1, 2].

.. there exists at least one real number ¢ € (1, 2) such that f'{c) = 0.

Now, F(x) = (x - 2) log x

L f) = [~ 2logx]

= (1-2)~%[]ogx)+logx+%[x—2)
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=(x—2]x%+{lngx}(‘l—ﬂ}
=1—§+Iogx

f‘{c}=1—-§+lugc

- F(c) =0 gives 1 - % +logc=0

sLc—-2+clogc=0

scloge=2-c¢,wherecE(1,2)

.. ¢ satisfies the equation x logx=2-x,c € (1, 2).

Hence, the equation x log x = 2 — x is satisfied by at least one value of xin (1, 2).

Question 6.
The function f(x) = z(x + 3]e_§ satisfies all the conditions of Rolle’s theorem on [-3, 0]. Find
the value of ¢ such that F(c) = 0.

Solution:
The function f(x) satisfies all the conditions of Rolle's theorem, therefore there exist ¢ € (-3, 0)

such that F'{c) = 0.

Now, f(x) = x(x + 3){5 =(x2 +3x}¢_§

. p d -3
.,f{.t)=E[(xz+3x}e ]
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I

d X 14
- 2 . ] 2. [y
=(x*+3x) dx{e )+ e dx{x + 3x)

(-—-E)+E-§ % (2x+3x1)

_x
=(x? +3x)e 2.4 5

dx

_x x
=(x*+3x)e Ix —%+£'E(?.t+3}

=e"5[{2x+3>—f+3"]

2

-;[4::+ﬁ—x‘—3:r:|
e
2
é{ﬁ+x—x’}
2

£
=-i—(3—1}[2 +1x)

bl I

[

.
f’{c}=’—z-{3—cxz+.:}

-
“. fc) =0 gives *—2—{3+cx2+-:}=u

L B-c)2+0)=0 [ fzaéﬂ]

art-2-chapter-2-applications-of-derivatives/
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S B3=c)=0or 2+)=0

J.e=3 or ¢= -2

But 3¢(-3,0) Soe#3
Hence, c= —2.
Question 7.

Verify Lagrange’s mean value theorem for the Following Functions:
(i) F(x) =logx on [1, e].
Solution:

The Function F given as F(x) = log x is a logarithmic Function that is continuous for all positive real
numbers.

Hence, it is continuous on [1, €] and differentiable on (1, e).
Thus, the function f satisfies the conditions of Lagrange’s mean value theorem.
.. there exists ¢ € (1, e) such that

e)—f(1
iy =LO=10)
Now, f(x) =logx
o f(l)=logl=0 and fle)=loge=1

Also, f(x) = %(logﬂ -

P— |

© fle)=1
..f(c}"c
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1 1-0 1
- fmm{ll, E-:—_l-f—_l
L e=e—1€(l, e)

Hence, Lagrange’s mean value theorem is verified.

(i) F(x) = (x—1)(x - 2)(x-3) on [0, 4].

Solution:

The function F given as

Flx) = (x—1)(x-2)(x-3)

=(x—1)(x?-5x+6)

=x>—5x> + 6X— x>+ 5x—6

= x> —6x% + 11x - 6 is a polynomial Function.

Hence, it is continuous on [0, 4] and differentiable on (0, 4).

Thus, the function F satisfies the conditions of Lagrange’s, mean value theorem.
.. there exists ¢ & (0, 4) such that

ro-T=2

Now, f(x)=(x —1)x —2)}(x—3)
S f@=0-1)0-2)0-3)=(—10-2(—-3)= -6
and f(4) = (4 —1)(4 —-2)(4-3)=(3)(2)(1) =6

Alsﬂ.f’(x]=£(x*—6x’+11x—6}
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=312—6>¢17t+11 x1-=0
=3x?=12x+11
S fle)=3ct—12c+ 11

. from (1),3:1-12‘:4-11-#‘“
S 3212 +11=3
32 -12c+8=0.
(124 /1H—40)E)
2(3)
2 16\/&_12 i:ﬁ

Le=2 i%efﬂ,i)

Hence, Lagrange’s mean value theorem is verified.

(iii) F(x) =x* - 3x-1,x € [—11 13}

T
Solution:
The function F given as F(x) = x* - 3x - 1 is a polynomial Function.

Hence, it is continuous on [_Tll, %} and differentiable on (_Tll, %) .

Thus, the function f satisfies the conditions of LMVT.
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- there exists c & (_Tll, %) such that

prawe
filo)= (%)_(i;f) ) 1)
Now, f(x)=x*—3x—1

AR ()

_E+§_1
49 T 7
121 +231-49 303
49 49

13 1342 13 169 39
mf(?)‘(?) 4(?)“'@‘?“
169-273-49 —153

49 49

Also,f’{x}=£(x‘—3x— 1)=2x-3x1-0

=2r-3
S fle)=2-3
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—153 303
_ RS
e frﬂm{ll,Zc—B—l—E-FE—
7 7
56 7 —57
x-3=-*u=m
57 -57+63 6 2
i TR e TR TR

L emle(SR2)
T 7 '7

Hence, Lagrange’s mean value theorem is verified.

(iv) F(x) = 2x - x%, x € [0, 1].

Solution:

The Function F given as F(x) = 2x — x? is a polynomial Function.

Hence, it is continuous on [0, 1] and differentiable on (0, 1).

Thus, the Function F satisfies the conditions of Lagrange’s mean value theorem.
.. there exists ¢ € (0, 1) such that

1)—flo
fio=LI=L0 et
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Now, f(x)=2x - x?
S f(0)=0-0=0and f(1)=2(1)-1*=1

Alm,f’(x)=§(1:—x’}-2x1—h

=2-2x
Sofle)=2-2¢
. from (1},2-2c=1_“=1
1
S 2e=1 c=§e{ﬂ, 1)

Hence, Lagrange’s mean value theorem is verified.

(v) Fx) = £ on [4, 5],

Solution:
The function F given as

Fix) = Z:; is a rational function which is continuous except at x = 3.

But 3 &[4, 5]

Hence, it is continuous on [4, 5] and differentiable on (4, 5).

Thus, the function f satisfies the conditions of Lagrange’'s mean value theorem.
.. there exists ¢ € (4, 5) such that

Flo) = w ........ )
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an,f{x]-;%::
4-1 3
=m0
and f(5) = _;:;=2
Alsuf(x}—% %)
d
_(:—3] E{x 1)—(x—1) —{x 3)
- (x—3)?
{x NIxN1-0—-(x—-1)=x(1-=0)
(x—3)
x=3—-x+1 =2
(x-3? (x-3)
-2
S fle)= T
*. from (1), - _gj, 2;3=—1
So(e=3)P =2
fe—3=1+./2 Soe=3+./2
But (3— \/2)¢(4, 5) Soe#3=/2
c-3+../§e[4, 5)

Hence, Lagrange's mean value theorem is verified.

Ex 2.4
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Question 1.

Test whether the following Functions are increasing or decreasing.
(i) F(x) = x> —6x% + 12x— 16, X ER.
Solution:

F(x) = x> — 6x% + 12x - 16

S FX) = % (x3 - 6x2 + 12x — 16)
=3x*-6x2x+12x1-0
=3x2—12x+ 12

=3(x*-4ax +4)
=3(x-2)?20forallx ER
~flx)z0forallxER

.. Fisincreasing for all x € R.
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(i) F(x) = 2 - 3x + 3x* = x>, X ER.
Solution:

Fix) =2 —3x+3x%—x°

MAE % (2 -3x+3x?-x7)
=0-3x1+3x2x-3x2

=-3 + 6x-3x°

=-3(x%-2x+1)
=-3(x-1)?<0forallx ER
~LFPx)<s0forallx ER

.. Fis decreasing for all x € R.

(iii) f(x) =x - L, x ER, x 2 0.
Solution:
Flx) =x—

1

z
F‘{x}:f—z(m—%)zl—(;—;)
=1—|—% =0forallx ER,x20

- F'(x) >0Fforallx €ER, wherex 0
.. Fisincreasing for all x € R, where x 2 0.

Question 2.

Find the values of x for which the following Functions are strictly increasing:
(i) F(x) = 2x° - 3x* = 12X + 6

Solution:

Fix) =2x>-3x>-12x+ 6
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AP = L (2x°-3x2-12x + 6)
=2x3x?-3x2x-12x1+0

= 6x° - 6x—12

=6(x* - x-2)

Fis strictly increasing if F'(x) > 0
e iF6(x-x-2)>0

e ifx’-x-2>0
e ifx?-x>2

e ifFx?—x+ i >2+%
Leif (z — )" >

2

_— 1.3 1 . -3. .
|.e.|Fx—§>Eorx—§<T|.e.|fx=-20rx-:—1

.. Fis strictly increasing ifx <-1orx = 2.

3
1

(i) F(x) = 3 + 3x - 3x% +x3
Solution:

F(x) =3 + 3x— 3x% + x°

AP = L (3+3x-3x2 +)
=0+3x1-3x2x+3x%
=3-6x+3x%

=3(x*—2x+ 1)

Fis strictly increasing if F'(x) > 0
e if3(x*-2x+1)>0

e ifFx?-2x+1>0

e if(x=1)?>0

This is possible if x ER and x £ 1
e.xeER-{1}

art-2-chapter-2-applications-of-derivatives/
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.. Fis strictly increasing if x € R—{1}.

(iii) F(x) = x> —6x% —36x + 7

Solution:

Fix) =x" —6x> —36x+7

~P(x) = 2 (3 - 6x2 - 36x +7)
=3x°—6x2Xx-36%1+0
=3x*-12x-36

=3(x?-4x-12)

Fis strictly increasing if F'(x) = 0

i.e if3(x*—4x—-12)>0

e ifx?—4x-12>0

e ifx?—4x>12

e iFx?—4x+4>12+4

i.e if (x—2)%>16
le.ifx—2>dorx—-2<-die.ifx=6o0rx<-2
. Fis strictly increasing ifx < -2 or x = 6.

Question 3.

Find the values of x for which the Following functions are strictly decreasionag:
(i) F(x) =2x> - 3x* - 12x+ 6

Solution:

Fix) =2x>-3x—12x+6

~P(x) = 2 (2x3-3x2 - 12x + 6)

DS //WWW.INACJ
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L) = L (233 -3x2-12x + 6)
=2x3x°-3x2x-12x1+0

= 6x2—6x—12

=6(x*—x-2)

Fis strictly decreasing if F'(x) <0
e ifF6(x*-x-2)<0

e ifx?-x-2<0

e ifx?-x<2

e ifxl-x+Ll<c2+1

i, 1
Leif(z— 1) < 2
WA 1 -3
IIE'IF_E{T_E{F 1 3 1
leif—S+5<z-—5+35<5+35

e if-1<x=<2
.. Fis strictly decreasing if-1 < x < 2.

25

T

(ii) F(x) = x +
Solution:
Flx) =x + %,xi{)
- ey d 25
SLF(X) = E{m +22)
=1+25(-1) x?
=1-2%

=
fis is strictly decreasing if f'(x) < 0
le.if1-2 <0
I
25
=
i.e.if x? <25
e if-5<x<5 xz0

i.e.if1<
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e ifF-5<x<5xz0
e ifx € (-5, 5) -{0}
.. Fis strictly decreasing if x € (-5, 5) — {0}.

(iii) F(x) = x* —9x? + 24x + 12
Solution:

F(x) =x* —9x% + 24x + 12

L P(X) = L (x3-9x2 + 24x + 12)
=3x2-9x2x+24x1+0
=3x?-18x+24

=3(x* - 6x + 8)

Fis strictly decreasing if F'(x) < 0
i.e. if3(x?-6x+8)<0

e ifx?—6x+8<0

i.e. if x> —6x<-8

ie ifx?—6x+9<-8+9

e if (x—3)2<1

e if-1<x-3<1

e ifF-1+3<x-343<1+3

e if2<x<4

i.e,ifFxE(2,4)

. Fis strictly decreasing if x € (2, 4)

Question 4.
Find the values of x For which the function F(x) = x> — 12x% — 144x + 13

DS //WWW.INACJ
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{a) increasing

(b) decreasing.

Solution:

Fix) =x>—12x* - 144x + 13

L PR = 2 (3 - 12x2 - 144x + 13)
=3x?-12x2x—-144x1+0
=3x? - 24x - 144

=3(x*-8x—48)

(a) Fis increasing if F'(x) =0

i.e ifF3(x*-8x—-48)=0

i.e. ifFx?-8x-4820

i.e.if x2—8x = 48

e ifFx2-8x+16248+16

i.e. if (x—4)° = 64
i.e.ifx—-4z8o0rx-4=<-8
ie.ifx=120rx=-4

S Fisincreasingifx=-4orx=z12,
i.e. X € (-, -4] U [12, «=).

(b) Fis decreasing if F'(x) =0
e ifF3(x*-8x—-48)<0

e ifx?-8x-48<0

i.e.if x—8x < 48

e iFx2—8x+16<48+16
i.e. if (x—4)” < 64

art-2-chapter-2-applications-of-derivatives/
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e if(x—4)* <64

ie.if-B=x-4<8

e if-4=x=12

- Fis decreasing if-4=x<12,i.e.x €[4, 12].

Question 5.

Find the values of x For which f(x) = 2x* - 15x% — 144x - 7 is
(a) strictly increasing

(b) strictly decreasing.

Solution:

F(x) =2x> - 15x> - 144x -7

F(x) = L (2% - 15x% - 144x - 7)
=2x3x°-15%x2x-144x%x1-0

= 6x° —30x — 144

= 6(x? — 5x—24)

(a) Fis skrictly increasing if F(x) > 0
i.e. if 6(x* —5x—24) >0

e ifx?—5x-24>0

ie.if x* - 5x > 24

i.e.ifx2—5x+% >24+%
. 542 121
i.e.if (a: — E) = T

ie.ife — % = % or r© — % << —%i.e.ifn:ﬂorxq—:ﬁ
.~ Fis strictly increasing, if x <-3 orx = 8.

(b) Fis strictly decreasing if F'(x) <0
i.e. if6(x>—5x—24)<0
i.e ifx?—5x-24<0
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i.e.if x2—5x <24

i.e.if x2—5x + % <24+ %
. 5y 2 121
i.e. if (u: — 5) < 1

e if —LL _ 53 -1

i.e.if 121«::.: 2{52 i ) )
leif—+s<z—g+3<5+3
e if-3<x=<8

-~ Fis strictly decreasing, if-3 < x < 8.

Question 6.

Find the values of x for which F(x) = zﬂiﬂ is

(a) strictly increasing
(b) strictly decreasing.

Solution:
Y -
F‘x] Tt

oy A x
"f{x]_dx(:i:*+l)
@+ 1)) —xE 2 +1)
- i dx
N (x*+1)?

(x? +1)(1) —x(2x + 0)
= = +1)
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X412 1-
TR P

(a) Fis strictly increasing if F'(x) > 0

1—z°
>0
(z2+1)°
e ifF1-x2>0.......[(+1)7?>0]

ie.if 1> x2

i.e.if

e ifx? <1
e if-1<x<1
- Fis strictly increasing if -1 < x < 1

(b) Fis strictly decreasing if f'(x) <0
1—z*

(22+1)*

e if1-x2<0....[ (x*+1)7>0]

e if1<x’ie.ifx?>1

e ifFx>1orx=<-1

i.e.if

.. Fis strictly decreasing if x <-1 orx > 1
i.e. X € (-=,-1) U (1, ).

Question 7.
Show that f(x) = 3x + % is increasing in {%, 1) and decreasing in {%, %)
Solution:
= 1
Flx) = 3x + e

f’(x}=3% [x}+%£ (x=7)
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=3x1+%(-ux-==3-i

31.2

Now, f is increasing if f'(x)>0 and is decreasing
if f'(x) < 0.

1 1
Letxe(g,l).'rhengf:r-cl
. N
.§f:r =1
. 1{3:‘-':3
3

1 1
.TS}F}LE
o 1 1
. —3= 311{—5
_ 1 1
..3—3{3~§F{3—5
. 8
.ﬂ{fr(x}{a

. f(x) >0 for all xe G, 1)

.. fis increasing in the interval Ga 1).

11 1 1
Letxe(a,g).'!henﬁ-::xﬂg
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’ l{;,_-z..;l

81 9

1 a1 1

. 2?-:3x <3 2?:»3x1:=-3

=27 < —-I—-r: -3

o 3x?

1

. 3—2?{3—?{3—3 Soo—24 ﬁf’{x)t’.ﬂ
: f'(x}{nforanxe(l 1)

: 9°3

. Pi N . 11
..flsdecreasmgmﬂwmterval(afg).
Question 8.

Show that f(x) = x — cos x is increasing For all x.
Solution:

Flx) =x —cosx

L P = % (% — cos x)

=1—(-sin x)

=1+sinx
Mow,-1=sinx<1forallx ER
S-1+1=1+sinx=1forallx ER
L0sfx) =1 forallxER
~Fx)zoforallx ER

. Fis increasing for all x.
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Question 9.

Find the maximum and minimum of the following functions:

(i) y = 5x° + 2x% — 3x

Solution:

y=5x+2¢% - 3x
d d

3 di" = (5x% +2x% —3x)

=5x3x?+2x2x—-3x1
=15x?+4x—3

and d’y (15:‘+4x 3)

=15x2x+4x1-0=30x+4

%=ﬂg:im15:’+4x—3-ﬂ

Co 1522 4+9x—5x—3=0
" 3x(5x+3)—1(5x+3)=0
S (5x+3)3x—1)=0

1

", x=—§ or x=§

d 3 1
" thermtsufay-ﬂmx,-—gandx,-i.

Method 1 (Second Derivative Test) :

art-2-cha ter-2 -applications- of-derlvatlves/
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d*y 3
(a) (E)‘"=_§=3U( —E)+4= -14 <0

.'. by the second derivative test, y is maximum at

X= —gandmaadmumvalueofyatx- —g

-s(=5) +2(=3) -2(=3)

a2
525

=27 18

25 25

. (d%y 1
(b) (E)“_fm(i)“_”}”
3
.. by the second derivative test, y is minimum at

x=%and mhﬁmumvalueufyatx:%—

SOEOR0

L ST
2779 27
. . 36 3
Hmce,ﬂmemncnonhasmaxunumva]ueﬁatx=—§

. . 16 1
and minimum value -% atx:i.
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Method 2 (First Derivative Test) :

(a) g=15.r’+4x—3={51+3)(31-l}

. 3
Consider x = ~%

Let h be a small positive number. Then

(&), ., 3]

{—3—5h+3}( —g—&h—l)

14
--a(--2)
=5h(%+3h)}ﬂ

wa(), ~[(-3)ae(-300) 1]
=(—3+5h+3}(—§+3h—1)

= 5h ( 3h - E) <,
5
as h is small positive number.
. by the first deritative test, y is maximum at
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x= —gandmaximumvalueufyatxr— —g

343 332 3
({3 ()
_T 18 .9 3%
25725 5 25
&y-lﬁx2+4x 3=(05x+3)3x—1)
) 1
Conslderx-i
Let h be a small positive number. Then
dy - 1_) (1_ )_
(dx)llx-;--& [5(3 h +3 3 3 h 1
-(§—5h+3){1—3h-1]

(E—Sh){ 3h) <0, as h is small

positive number

wa(®),.,, (GG
-(;+5h +3){1 +3h-1)

(1;+5h)[3h]:=-0

art-2-chapter- 2 -applications-of- derlvatlves/
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. by the first derivative test, y is minimum at:-%

and minimum value ofyatx:%

(3 1)

5.2 .10
779 27

Hence, the function has maximum value % at

3 .. 16 1
Xr= —Eandnummumvalue —Eatx-i,

(ii) F(x) = 2x> — 21x? + 36x - 20
Solution:

F(x) = 2x> — 21x% + 36x - 20

L P(X) = L (2x3 - 21x2 + 36x - 20)
=2x3x°-21x2x+36x1-0
= 6X° — 42X + 36

and F"(x) = % (6x% —42x + 36)
=6x2X—-42x1+0

=12x—42

F'(x) = 0 gives 6x* —42x +36 =0
AXE-TX+6=0
Sx-1)x-6)=0
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the roots of F(x) =0 are x;=1and x; = 6.

Method 1 (Second Derivative Test):

(a) F'(1)=12(1)-42=-30<0

.. by the second derivative test, f has maximum atx =1
and maximum value of Fatx =1

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

=2-21+36-20

=-3

(b) F"(6) =12(6)—42=30>0

.. by the second derivative teskt, f has minimum atx =6

and minimum value of Fatx =6

f(6) = 2(6)° —21(6)% + 36(6) — 20

=432 -T56+216-20

=-128.

Hence, the function f has maximum value -3 at x = 1 and minimum value -128 at x = 6.

Method 2 (First Derivative Test):

{a) F'(x) = 6(x—1)(x—6)

Consider x =1

Let h be a small positive number. Then
F(1-h)=6(1-h—1)(1-h—-6)

= 6(-h)(-5 - h)

=6h(5+h)=0
andF(1+h)=6(1+h-1)(1+h-6)

= 6h(h - 5) < 0, as h is small positive number.
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= 6h(h - 5) < 0, as h is small positive number.

.. by the First derivative test, f has maximum at x = 1 and maximum value of Fatx =1
F(1) = 2(1)° = 21(1)? + 36(1) - 20

=2-21+36-20

=-3

(b) F'(x) = 6(x — 1)(x — 6)

Considerx=6

Let h be a small positive number. Then
F(6—h)=6(6—h-1)(6-h-6)

=6(5- h)(-h)

=-6h{5-h) <0, as h is small positive number

and f(6+h)=6(6+h-1)(6+h-6)=6(5+h)(h)>0
.. by the first derivative test, f has minimum atx =6
and minimum value of Fatx=6

F(6) = 2(6)° — 21(6)? + 36(6) — 20
=432-756+216-20

=-128

Hence, the function f has maximum value -3 at x =1
and minimum value -128 at x = 6.

(iii) F(x) = x* —9x% + 24x
Solution:

F(x) = %> — 9x? + 24x

oP(x) = % (x> - 9x? + 24x)

DS //WWW.INACJ

rt-2-chapter-2-applications-of-derivatives/
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L) = 2 (3 - 9x2 + 24x)

=3x° -9 x2x+24x 1

=3x%-18x + 24

and f"(x) = % (3x2—18x + 24)
=3=x2Xx-18=x1+0

=6x—18

F'(x) = 0 gives 3x> - 18x+24=0

X2 -6x+8=0

Lx-2)x-4)=0

~.the roots of F'(x) =D are x; =2 and x; = 4.

(@) F'(2)=6(2)-18=-6<0

.. by the second derivative test, f has maximum atx =2
and maximum value of Fatx =2

F(2) = (2)* -9(2)% + 24(2)

=8-36+48

=20

I:b] f""l:4} = 6(4}— 18=6=>0

. by the second derivative test, f has minimum at x =4

and minimum value of Fat x =4

F(4) = (4)> —9(4)? + 24(4)

= 64—144 + 96

=16

Hence, the function f has maximum value 20 at x = 2 and minimum value 16 at x = 4.
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(iv) F(x) = % +
Solution:

f(x)=x‘+:7f
o d d, _
e f':I}-—E(II]+16d—r(I %)
=204 16(- 2 2= 20—
and f() = 4-(26) =325 ()

=2x1-32(-3)x"*=2+

"R

Fix)=0 giveszx—i—§=n

L2t -32=0 . x*=16
Lx=+42
*. the roots 0ff'{x}=0 are x, =2 and x,= —2.

(@) f"2)=2+— -B >0

¢
.. by the second derivative test, f has

minimum at x =2 and minimum value of f at x =2

16 =4+4=8

LI Dl

ﬂ_ = % =
®) f(=D=2+—5=8>0

art-2-cha ter-2 -applications- of-derlvatlves/
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.. by the second derivative test, f has minimum at
x= —2 and minimum value of f at x= -2

16
(=2)°

Hence, the function f has minimum value 8 at x= +2.

=f(-2)=(-20+ =4+4=8

(v) F(x) = x log x
Solution:

flx)=xlogx
f'(x}=£(xlogx)
d d
-x«a(lngr)+lngx-3(r}
=x x:—r+ (logx) x1=1+logx

d 11
and f*(x) = (1 +logx) =0+ - =~

Naw,.f'{.r) =0,if 1 +logx=0
i.e if logx= -1 - —loge

i.e. if logx=logle ') = Iug%
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.. by the second derivative test, f is minimum at

1
x=-,
4

Minimum value of f at 1=%

~Liog( 1) =Liog (e
_el?g(e) elog(e )

1
-;-( —1)loge

! . [ loge=1]

log z

(vi) f(x) = —
solution:

_logx
f{x}—T
o _r.' logx
.._f(x)wa(—-—x )

d ' d
=xE{logx) —logx a{x}

X
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.-~—'--\
=

2(3 )~ tosn® 1 logs

x? x?

and f"(x) = * ( Iug:r)

d
2 41~ log ) — (1~ logx) £ (<"
- x*

x’(ﬂ—;)—{l—logx}x 2x
x‘

B —x—2x+2rlagx_r{21ngx —-3)
- x* h x*

e ]_Zlogx 3

Now, £'(x) =0, if l"gx

ie if 1 —logx =0, i.e. if logx=1=loge
le.ifx=e

2loge—3 -1
u-g = <0 ..[. loge=1]

". by the second derivative test, f(x) is maximum at

and f"(e) =

X=e

art-2-chapter- 2 -applications-of- derlvatlves/
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Maximum value of fat x =¢

loge 1 ..

—_——— — . 1 e= 1

e e [ log ]

Question 10.

Divide the number 30 into two parts such that their product is maximum.
Solution:

Let the first part of 30 be x.

Then the second part is 30 - x.

- their product =x(30 —x) = 30x —x* = F(x) ...... (say)
S F(X) = % (30x — x2)

=30=x1-2x
=30-2x

T -~
and f"(x) = = (30-2x)
=0-2x1
=2

The root of the equation f(x) = 0,
i.e.30-2x=0isx=15and F"(15)=-2 <0

.. by the second derivative test, fis maximum atx = 15.
Hence, the required parts of 30 are 15 and 15.

Question 11.
Divide the number 20 into two parts such that the sum of their squares is minimum.
Solution:

art-2-chapter-2-applications-of-derivatives/
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Let the first part of 20 be x.

Then the second partis 20 -x.

. sum of their squares = x% + (20 - x)? = f(x) ...... (Say)
P = L P+ (20-%)7)

=2x+2mn—m.£;mu—ﬂ

=2%+2(20-%x) = (0-1)

=2X—40 + 2x

=4x - 40

and F'(x) = % (4x—40)

=4%x1-0

=4

The root of the equation F'(x) = 0,
i.e.4x—-40=0isx=10andf'(10)=4>0

.. by the second derivative tesk, Fis minimum at x = 10.
Hence, the required parts of 20 are 10 and 10.

Question 12.

A wire of length 36 meters is bent in the form of a rectangle. Find its dimensions if the area of
the rectangle is maximum.

Solution:

Let x metres and y metres be the length and breadth of the rectangle.
Then its perimeteris 2(x + y) = 36

X+y=18

y=18-X

Area of the rectangle =xy =x (18 —x)

Let f(x) = x(18 —x) = 18x — x?

NN % (18x—x?) = 18- 2x

art-2-chapter-2-applications-of-derivatives/
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and F'(x) = L (18-2x)=0-2x1=-2

Now, f'(x) =0,iF18—-2x=0

ie.ifFx=9

and f"(9)=-2<0

.. by the second derivative test, f has maximum value atx = 9.
Whenx=9,y=18-9=9

SLX=9cm,y=9cm

. the rectangle is a square of side 9 metres.

Question 13.
A ball is thrown in the air. Its height at any time t is given by h = 3 + 14t - 5t°. Find the maximum
height it can reach.

Solution:
The height h at any tis given by h = 3 + 14t - 5¢2
_dh d s
. E-a{3+14t—5t}
=0+14x1-5x2t=14-10¢
d*h d
ﬁ;=a—t{14—lﬂt}=ﬂ—1ﬂxl=—lﬂ
dh . . 14 7
Tl'terootofE—U,J.e. 14—10r_0153_1—_§

d*h
and (E‘E)m_,?z —-10<0
5

art-2-chapter-2-applications-of-derivatives/
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7

."._by the second derivative test, h is maximum at { = 5

‘. maximum height=(3+14f—5t2}m »
7 752
=34+14|=]=51 =
" (5) (5)

754490 — 245
25

320
=25 = 12.8

Hence, the maximum height the ball can reach = 12.8 units.

Question 14,
Find the largest size of a rectangle that can be inscribed in a semicircle of radius 1 unit, so that

two vertices lie on the diameter.
Solution:

art-2-chapter-2-applications-of-derivatives/
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Let ABCD be the rectangle inscribed in a semicircle of radius 1 unit such that the vertices A and
B lie on the diameter.

LetAB=DC=xand BC=AD=y.

Let O be the centre of the semicircle.

Join OC and OD. Then OC = OD = radius = 1.

Also, AD=BCand m£LA =m4LB =90"

S OA=0B

~OB=1AB=Z

In right angled triangle OBC,

oB? +BC?=0C?

. x : 2_q32

xl
D
Lyt=1 )

1
y=§.34—x2 v [ y=10]

Area of the me«t'i:.imgle=:c‘1,|r=.'c-:l—!,a’xi-—:lr2

(4 —x%)

1
4

Letf{x)=%x\/4 -3 =%J4.tz —-x*

=t (S
L) =5 ()

d

1
N

1
="2'X {4x’ —I‘)
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N

i d -1
=Ix(1#‘—12}—2£(4 —.Tz] z

z-d—i(-l—le wz(-%)u -x*}_%-‘%{d —x?)

1
4—x

1 1
— % (0 = 2x) + * (0 — 2x)
PN e
. —x 2x
Ja-x [4_1:1}%
_ —x(4—x*)—2
- E
(4-2x%)2
—dx4+x*—-2xr x¥—6x

G- (G-

For maximum value of f(x), f'(x)=0

I

art-2-chapter-2-applications-of-derivatives/
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=0 S 2—x*=(
xt=2 cox=/2 [ x>0)

Now.f"(ﬁ}=(ﬁ}3_ﬁ"?= _4ﬁ= -2<0
[4_{\/5_}115 Zﬁ

.. by the second derivative test, f is maximum when

x= 2
me=ﬁ,y=%,/¢l—x3=%.z’4—2

1 1
:Ex ﬁ:--ﬁ
1
", xzﬁandy:—
V2

Hence, the area of the rectangle is maximum (i.e. rectangle has the largest size) when its length
is ¥2 units and breadth is % unit.

Question 15.

An open cylindrical tank whose base is a circle is to be constructed of metal sheet so as to
contain a volume of na® cu cm of water. Find the dimensions so that the quantity of the metal
sheet required is minimum.

solution:

Let x be the radius of the base, h be the height, v be the volume and S be the total surface area
of the cvlindrical tank.
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Then vV = na®... (Given)

Ah= )

o
Now, S = 2nxh + nx?

=zu(::—i)+nx= ... [By (1)]

- 3
=2ma}(—1)x *+nx2x= ;’-!;m + 2nx

d*s d{ —2nd’
=—-2ma*(—2x"*+2nx1

4 3
=x—m:+2:r

ds . na
Now,a—ﬂ gives 2 +2mx =0

. —2ma* 4+ 2rx? =0
S 2 =2ma? Sox=a
dis 4ma’
and (E)ﬂx-ﬁ=g_3+21=ﬁt}ﬂ

.. by the second derivative test, S is minimum whenx=a
When x = a, from (1)
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3
_a —
h—a—?—a

Hence, the quantity of metal sheet is minimum when radius height = a cm.

Question 16.
The perimeter of a triangle is 10 cm. If one of the sides is 4 cm. What are the other two sides of

the triangle For its maximum area?
Solution:

B a=4cm C

Let ABC be the triangle such that the side BC=a =4 cm.
Also, the perimeter of the triangle is 10 cm.
ie.a+b+c=10

S.25=10

S.5=5

Also,4+b+c=10

~b+c=6

Lb=6-cC

Let A be the area of the triangle.

Then A = /s(s —a)(s — b)(s —¢)

art-2-chapter-2-applications-of-derivatives/
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=/55-4)(5-6+c)(5—c)
=/5lc-1)5-0)
A =5(c-1)5-c)=5(5¢c~c*~5+¢c)
. A*=5(—c*+6c-5)

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

A _d,
zﬂ.z =SE(—C +6C—5]'

=5(-2c+6x1-0)=5(-2c+6)

. dA_5(—c+3)

" de A

d*A df—c+3
““"F—%c( A )

d dA
aE{-c+3}-{—c+3}I
A2

dA
a(—1+n)~(c+3}7‘;

=5+ ﬂz

5 dA

rt-2-chapter-2-applications-of-derivatives/
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-5 dA
_?[ﬂ'l'{f'{" S]d_ﬂ]

For maximuma, % =0

. 5(=c+3)
Es A. -

. —c+3=0 [ A#0]

L e=3

lfc=3 A=./53-1)5-3)=2./5

_ [(d*A =5

o (5 eeea =738 25+ G +3)0)
= -52& <0

.. by the second derivative test, A is maximurm when ¢ = 3.
Whenc=3,b=6-c=6-3=3
Hence, the area of the triangle is maximum when the other two sides are 3 cm and 3 cm.

0

Question 17.

A box with a square base is to have an open top. The surface area of the box is 192 sq cm. What
should be its dimensions in order that the volume is largest?

Solution:

Let x cm be the side of square base and h cm be its height.

Then x® + 4xh = 192

Let V be the volume of the box.
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.. [By (1)]

Then V =x2h -xz(M)

4x

(192x — x)

e | =

Cdv 1d
=37 192—2)

_1

siJ

{192x1 Bx‘}- (64 — x%)

d*v 3d

*'“ddf 4dx

—(64 —x?)

Loxt=64 .o x=8 [ x=0]

d*v 3
and(dxz)m:-s = —Ex3= -12<=0

.. by the second derivative test, V is maximum at x = 8.
192—64 _ 128

|FX=B, h= W = 5 =4
Hence, the volume of the box is largest, when the side of square base is 8 cm and its height is 4
cm.
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Question 18.

The profit Function P (x) of a firm, selling x items per day is given by P(x) = (150 — x)x — 1625. Find
the number of items the firm should manufacture to get maximum profit. Find the maximum
profit.

Solution:

Profit function P (x) is given by

P(x) = (150 — X)X — 1625 = 150X — X2 -1625

SLP(X) = % (150x — x2 - 1625)

=150=x1-2x-0

=150-2x

and P"(x) = é (150 —2x)

=0-2=1

=-2

MNow, P'(x) = 0 gives, 150-2x =0

SK=T5

and P"(75)=-2<0

.. by the second derivative tesk, P(x) is maximum when x =75

Maximum profit = P(75)

=(150-75)75- 1625

=75x75-1625

=4000

Hence, the profit will be maximum, if the manufacturer manufactures 75 items and the
maximum profit is 4000.

Question 19.
Find two numbers whose sum is 15 and when the square of one multiplied by the cube of the

art-2-chapter-2-applications-of-derivatives/
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other is maximum.
Solution:
Let the two numbers be x and y.
Thenx+y=15
Ly=15-x
Let P is the product of square of v and cube of x.
Then P = x%y?
=x(15 - x)?
=x°(225-30x + x%)
=% = 30x* + 2253
L (x*-30x* + 22547
=5x%-30 x 4x7 + 225 x 3x?
=5x%—120x* + 675x%
'f:f = 4L (5x* - 120%* + 675x)
=5%4x>—120 = 3x% + 675 x 2
= 20%> - 360x°% + 1350%
= 10x(2x? — 36X + 135)
4E =0 gives 5x* - 120> + 675x* = 0
5x2(x —-24x+135)=0
5 5x%(x% - 15x—-9x + 135) =0
o5k (x - 15]—9{x—35)] =0
S5 (x—15)(x—9) =
.. the roots of 2= ‘ﬂJ =0arex;=0,x;=15andx3=9
IFx=0, theny—‘ls 0=15
IFx=15theny=15-15=0
In both cases, product x>y? is zero, which is not maximum.

and

Now,

art-2-cha ter-2 -applications- of-derlvatlves/
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Sxz0andxz15

S X=0

Now, (—) =10(6)[2(6)* —36 = 6 + 135]
at =6

=60[72-216 + 135]

= 60(-9)

=-540<0

.. Pis maximum when x=6

IFx=6,theny=15-6=9

Hence, the required numbers are 6 and 9.

Question 20.
Show that among rectangles of given area, the square has least perimeter.
solution:
Let x be the length and y be the breadth of the rectangle whose area is A sq units (which is given
as constant).
Thenxy=A
Ly = % ......... (1)
Let P be the perimeter of the rectangle.
A
ThenP=2{x+y}=2(x+;) ... [By (1)]
. dP d A -3
i =2 E(I+;)—2[1+A(—l]x ]

DS //WWW.INACJ
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(1-55)=2[0—A(-2)1--’-]

dP . A

Now,a =0, gwes!(l-;)={)

Lxt—A=0 ¥=A

Tx=JA we [0 x> 0]
a:p 4A

M(F)ﬂl-ﬁ -(_ﬁ); >0

Pisminimumwhenr=ﬁ

A
fx=,/A theny=—=—"—=_/A
\/_ y * \/E ‘\/_
X=y
. rectangle is a square.
Hence, among rectangles of given area, the square has least perimeter.

Question 21.

Show that the height of a closed right circular cylinder of given volume and least surface area is
equal to its diameter.

solution:

Let x be the radius of base, h be the height and S be the surface area of the closed right circular

art-2-chapter-2-applications-of-derivatives/
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cylinder whose volume is V which is given to be constant.
Thennr’th=V

Cho V. A

~h= = T (1)

2
where A = %, which is constant.

Now, 5 =2nxh + 2xnx?

A
=2m:(;)+2ux’ ... [By (1)]
=%+2m¢2

x
. dS d (2nA .
=2rA(— 1)x~? 4 27 x 2x
= _:,m+4nx
d*s djf—-2zA
andix -E(T+4H)
= —27A(—-2)x ¥ +4nx1
=t#+4n
ds i —2nA
Nuw,a—ngwesT+4ux-ﬂ
L —2rA+4nx* =0
. 4nx® =2nA
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I
S

. 4mx?

Ee
[

1l
([N

(TR S

=
]
A
Mo
|

4
l=mee—— 4 4x=12r > 0

78)

". by the second derivative test, § is minimum when

o

Bl
b

| Ly

;"\-_-"'

H

L

—

|

Hence, the surface area is least when height of the closed right circular cylinder is equal to its

diameter.

Question 22.
Find the volume of the largest cylinder that can be inscribed in a sphere of radius 't cm.

Solution:
Let R be the radius and h be the heiaht of the cvlinder which is inscribed in a sphere of radius r
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cm.
Then from the Figure,

2
R’+(g) =r

h!
. op2_2 T
. Ri=r 1 . (1)
Let V be the volume of
the cylinder.
Then V =nR%h

hl
=nlrP="2\n
“(' 4)

3
" £= ui(r’h—%)

(2., 1 z)_(_E:)
—u(r x1 4x3h =gl r 4.':

v d 3.,
and F—Eﬁ(ﬁ“zh )

3 3
-u(ﬂ—;xﬂ:)- —in:.':

av _ . . 2 3.2\ _
NOW,E—UEI?ES,ﬂ(f -4.& )—U
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) 3.,

e ‘h =0

B P 2 4_’2

.4h = h*= 3

h=j—/"5 [ h>0]
d*v 2r

and(—) =—=axXx—=<10
dhz ﬂﬂ-% 2’ ﬁ

2r

Iih=%, then from (1)

NG

". volume of the largest cylinder

=nxzizx£=4_n’?3mm
RV RV R

3
Hence, the volume of the largest cylinder inscribed in a sphere of radius '’ cm = ‘;—TE cucm.

Question 23.

show thaty = log(1 + x) - 2z

24z’

% =-1is an increasing Function on its domain.

solution:

o
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=log(1 +x}—— ®x=-1
.y _ 2x
I Ix [Iag{1+x} 2+x]

(2 +x}-£{2r}—?_t-%{2 + x)

1 gy &x
“Trrax T @+x)

1 24+x)x2-2x(0+1)
gEpre *» (0+1)— 1)
1 4+
T1+x (2+x)

1 4

“1+x (2+x)7

242 -4 +x)
(1+x)02+x)?

C4+dxat—4—dx
(1+2)2 +x)*

2

_ b 4
T (1+x)2+x)?

Hence, the given Function is increasing Function on its domain.

>0forallx> -1

Question 24.

Prove thaty = 252 _ g s an increasing function if 8 € [0, X ]
2+cos

Solution:

art-2-cha ter-2 -applications- of-derlvatlves/
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_ Adsingd _
y= 2;:;163
) ﬂui[ 4sinf B }
"t d@ de| 2+ cosf

d/ 4sinf d
=d_a(_z+mse)'ﬁm}

d,. . ) d
(2+nos[i‘)~ﬁi4sm ) — 4sin E(2+cos )

(2 + cos 0)2 -1

_[2+cos&){4msﬁ'}—(4sin ﬂ}[l}—sinﬂ}_l
- (2 + cos 0)*

8cosf + 4 cos?d + 4sin’f}
(2 + cos 0)*

-1

_ 8¢0s 0 + 4(cos?d + sin?0)
a (2 + cos )2

-1

a Bcosf+4
(24 cosl)

~ (Bcos 0 +4) — (2 + cos 0)?
N (2 + cos )?

_8m3+4—4—4mﬂ—c051|9
h (2 + cos #)?

_ 4cos0 —cos*f  cos@(4~cos0)
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4cosl —cos*0@ cos@(4 —cosl)
(2 + cos #)? (2 + cos 0)?

"

Since, (e [{?, 3

],msﬁ‘;a 0, Also, cosfl < 4

Ld—cosfl =0

. cosfi(4—cosf) =0

~ cosf(4—cosf)
(2 4 cos 6)*

. dy n
30 =0 for all HE[[LE]

=0

Hence, y is an increasing function if HE[U, ;]

_x_
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Maharashtra Board Solutions
Class 12 Arts & Science Maths
(Part 2)

e Chapter 1- Differentiation

e Chapter 2- Applications of Derivatives

e Chapter 3- Indefinite Integration

e Chapter 4- Definite Integration

e Chapter 5- Application of Definite Integration

e Chapter 6- Differential Equations
e Chapter 7- Probability Distributions
e Chapter 8- Binomial Distribution
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: #gRISE Tod ATEI A 371701 3=
AT A RANET0T AS®D), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com
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