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Exercise-6.1

Question 1:
Find the rate of change of the area of a circle with respect to its radius » when
(a)r=3cm(b)r=4cm
The area of a circle (4) with radius (7) is given by,
A=mr

Now, the rate of change of the area with respect to its radius is given

d—Azi[Hr:):Zm'
by, dr dr

1. Whenr=3cm,

dA

E EH[E]:EH

Hence, the area of the circle is changing at the rate of 6m cm?/s when its radius is 3 cm.

2. Whenr=4cm,

dA

- 2n(4)=8n

Hence, the area of the circle is changing at the rate of 8& cm?/s when its radius is 4 cm.

Question 2:

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

Let x be the length of a side, V" be the volume, and s be the surface area of the cube.

Then, V' = x* and S = 6x*> where x is a function of time 7.

g
£=Eﬂm3fﬂ

It is given that df
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Then, by using the chain rule, we have:

8= av _d (x';] d (_r"‘]-ﬁzixl dx

Tt dr dx di di
ax
= {|]
= di 3x
d . d el
Mow, — = — =—|bx" |.— By chain rule
[ d.r( ) dr( ) dt [By ]
=|2xﬁ=12x-[ 31]—2
et 3x° X
das 32
= cm .-"S=ﬁ cm- /s
Thus, whenx =12 cm, dr 12 3

Hence, if the length of the edge of the cube is 12 cm, then the surface area is increasing at
8

the rate of 3 cm?/s.

Question 3:

The radius of a circle is increasing uniformly at the rate of 3 cm/s. Find the rate at which
the area of the circle is increasing when the radius is 10 cm.

The area of a circle (4) with radius (7) is given by,

2

A=mr
Now, the rate of change of area (A4) with respect to time (z) is given by,

Ezi(ﬂ?:)-ﬁ—}m‘ﬂ [l]}' chain rule]
dr o di

It is given that,

ﬂ =3 cm/s
et
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. E: Exr{i}:ﬁﬁr

Thus, when » =10 cm,

ﬂ: ﬁn(l{}]:ﬁ(}n cm’/s
dt

Hence, the rate at which the area of the circle is increasing when the radius is 10 cm is
60mcm?/s.

Question 4:

An edge of a variable cube is increasing at the rate of 3 cm/s. How fast is the volume of
the cube increasing when the edge is 10 cm long?

Let x be the length of a side and V be the volume of the cube. Then,

V=x*
dl 5
—_—— 3_1" " —
oot dr (By chain rule)

It is given that,

ﬁ =3 cm/s
dt
%
ﬂ =3x° [3} =0x*
oot

Thus, when x = 10 cm,

4V _9(10)" =900 cm’ /s
di

Hence, the volume of the cube is increasing at the rate of 900 cm?/s when the edge is 10
cm long.

Question 5:
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A stone is dropped into a quiet lake and waves move in circles at the speed of 5 cm/s. At
the instant when the radius of the circular wave is 8 cm, how fast is the enclosed area
increasing?

The area of a circle (4) with radius (7) is given by 4= :

Therefore, the rate of change of area (4) with respect to time (¢) is given by,

dA _d
di di

| — =

o —
"l df [By chain rule]

5 d sy dr dr
[m‘) dr{ 2

dr

o —=5cm/s
It is given that @

Thus, when = 8 cm,

dA

" 2x(8)(5)=80x

Hence, when the radius of the circular wave is 8 cm, the enclosed area is increasing at the
rate of 80m cm?/s.

Question 6:

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

The circumference of a circle (C) with radius (7) is given by
C=2mr.

Therefore, the rate of change of circumference (C) with respect to time (#) is given by,

dc_dc ar
dt  dr dt (By chain rule)
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o r
=% 2mr)
dr'[ m}m

ar

dt

dr

o —=10.7 cm/s
It is given that d¥

Hence, the rate of increase of the circumference 21(0.7) =1.4m cmis.

Question 7:

The length x of a rectangle is decreasing at the rate of 5 cm/minute and the width y is
increasing at the rate of 4 cm/minute. When x = 8 cm and y = 6 cm, find the rates of
change of (a) the perimeter, and (b) the area of the rectangle.

Since the length (x) is decreasing at the rate of 5 cm/minute and the width (y) 1s
increasing at the rate of 4 cm/minute, we have:

dx

— = =5 em/min i =4 cm/min
dt and di

(a) The perimeter (P) of a rectangle is given by,

P=2(x+y)
O
,_‘E:Q(d_x_kdi :2[—5+4j=—2cm-"min
i drdt )

Hence, the perimeter is decreasing at the rate of 2 cm/min.
(b) The area (A4) of a rectangle is given by,
A=xxy

di:f-}r.{.x.ﬁ:_ﬂv_}_q_x
sodt dr dt ]

dA
Whenx=8 cmandy =6 cm, df

= (—5xﬁ+ &4 x 3} cm”/min=2cm” /min
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Hence, the area of the rectangle is increasing at the rate of 2 cm?/min.

Question 8:

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

The volume of a sphere (V) with radius (7) is given by,

4
J=—m

~Rate of change of volume (¥) with respect to time (¢) is given by,

dv _av dr
dt  dr dt [By chain rule]

d [4 ,,] dr
= —_— —EJ“ & —
drl 3 et

o ﬂ:‘Ex'lf]lf] cm’ /s
It is given that df

~.900 = 47r” dr
di
dr 900 225

dt  amr’  wr

Therefore, when radius = 15 cm,

dr 225 1

dt p(15)

Hence, the rate at which the radius of the balloon increases when the radius is 15 cm is

1
— CIM/'S.
b1
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Question 9:

A balloon, which always remains spherical has a variable radius. Find the rate at which
its volume is increasing with the radius when the later is 10 cm.

V:jm’

The volume of a sphere (V) with radius (r) is given by 3

Rate of change of volume () with respect to its radius (r) is given by,

vV od N o4,
av _d[8 :—E{Iir"):r#nrj
dr  dr\ 3 3

Therefore, when radius = 10 cm,

W _ 4z (10) =400n
dr

Hence, the volume of the balloon is increasing at the rate of 400w cm®/s.

Question 10:

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

Let y m be the height of the wall at which the ladder touches. Also, let the foot of the
ladder bex maway from the wall.

Then, by Pythagoras theorem, we have:

x?+y? =25 [Length of the ladder = 5 m]
= p=4/25-x"

Then, the rate of change of height () with respect to time (z) is given by,

ﬁ _ X d

di  25-3° dt
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. —=2cm/s
It is given that d

cdv 2

Cdt 25

Now, when x =4 m, we have:

dv  -2x4 8

dt \Ja5_4 3

— cm/s
Hence, the height of the ladder on the wall is decreasing at the rate of 3

Question 11:

4 ] — 1 . . .
A particle moves along the curve 6y=X"+2 Find the points on the curve at which the y-
coordinate is changing 8 times as fast as the x-coordinate.

The equation of the curve is given as:
by=x"+2

The rate of change of the position of the particle with respect to time (¢) is given by,

6D _3.2 % Ly
Pl dt
Ny _ o
dt dt

When the y-coordinate of the particle changes 8 times as fast as the

dv_gdx

x-coordinate i.e.,( dr dt ] , we have:

Created By Kulbhushan www.Kulbhushan.freevar.com



e EDUCATION CENTRE
Where You Get Complete Knowledge

2[8 dIJ: 2 gy

dr dr
]n‘.‘jﬁ:fE
ot dt
5 by
= x=16]—=1
(x*-16)—
=x =16
= x=14
3
oy r2_66_)
When 6 b
—4) 42
12—4,_1—{) __62_ 3l
When 6

-3 1]
4, — |
Hence, the points required on the curve are (4, 11) and ( 3

Question 12:

1

The radius of an air bubble is increasing at the rate of 2 cm/s. At what rate is the volume
of the bubble increasing when the radius is 1 cm?

The air bubble is in the shape of a sphere.

Now, the volume of an air bubble (V) with radius (r) is given by,

V=—mr

The rate of change of volume (V) with respect to time (z) is given by,

ﬁ:iﬂi[r‘}-ﬂ [By chain rule]
dt 3 dr ot
4 2y dr
=30
:a:l*ru"zﬂ
¢t
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dr 1 .
. . — == CI's
It is given that df 2

Therefore, when =1 cm,

av _ 4:":{1]_’ [l] =2ncem’/s
dt 2

Hence, the rate at which the volume of the bubble increases is 2w cm’/s.

Question 13:

3
“(2x+1).
A balloon, which always remains spherical, has a variable diameter 2 Find the

rate of change of its volume with respect to x.

The volume of a sphere (V) with radius (r) is given by,

V=—m

It is given that:

=3 (2x+1)

Diameter 2

3
=r="(2x+1
HEl

V:gn(ij [2x+]}"z%x{2x+l}3

Hence, the rate of change of volume with respect to x is as

% = %ni{ixﬂ}j = %nx}[ﬁx%l]: ®x2 =§n[21+l]:4
Question 14:
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Sand is pouring from a pipe at the rate of 12 cm?/s. The falling sand forms a cone on the
ground in such a way that the height of the cone is always one-sixth of the radius of the
base. How fast is the height of the sand cone increasing when the height is 4 cm?

The volume of a cone (V) with radius () and height (%) is given by,
V= ! wrh
3
It is given that,
1
hh=—r =r=>0h
6
1 . :
V= Eﬂ'{f}h] h=12nh’

The rate of change of volume with respect to time (¢) is given by,

ﬁ:lzxi{hﬁ]-ﬁ
dt dh dt [By chain rule]
2y il
=12n(3h |—
n(3m)
» dh

=3omh™ —
i

dv .
‘ ‘ —=12cm /s
It is also given that

Therefore, when 4 = 4 cm, we have:

12=36x(4)
dt
dh 12 |
_ dh _

dr 36m(16) 48n
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Hence, when the height of the sand cone is 4 cm, its height is increasing at the rate of

1 :
—— cm/s

48n

Question 15:

The total cost C (x) in Rupees associated with the production of x units of an item is
given by

C(x)=0.007x" —0.003x" +15x+4000

Find the marginal cost when 17 units are produced.

Marginal cost is the rate of change of total cost with respect to output.

_dC_ 0.007(3x")~0.003(2x)+15

~Marginal cost (MC) dx

=0.021x" = 0.006x+15

When x =17, MC = 0.021 (17%) — 0.006 (17) + 15
=0.021(289) — 0.006(17) + 15

=6.069 —0.102 + 15

=20.967

Hence, when 17 units are produced, the marginal cost is Rs. 20.967.

Question 16:

The total revenue in Rupees received from the sale of x units of a product is given by
R(x)=13x"+26x+15

Find the marginal revenue when x = 7.

Marginal revenue is the rate of change of total revenue with respect to the number of
units sold.

Created By Kulbhushan www.Kulbhushan.freevar.com



9 EDUCATION CENTRE
Where You Get Complete Knowledge
_dR
~Marginal Revenue (MR)  dv = 13(2x) + 26 = 26x + 26

When x =7,
MR =26(7)+26 =182 +26 =208

Hence, the required marginal revenue is Rs 208.

Question 17:

The rate of change of the area of a circle with respect to its radius 7 at » = 6 cm is
(A) 10 (B) 12 (C) 8 (D) 11x

The area of a circle (4) with radius () is given by,

A=mr

Therefore, the rate of change of the area with respect to its radius r is

dd d ” ]
E = E[m‘ ) =2m
~When r=6 cm,
a4

e =2xx6=12ncm’ /s
dr

Hence, the required rate of change of the area of a circle is 12 cm?/s.

The correct answer is B.

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

R(x)=3x"+36x+5 marginal revenue, when ¥ =13 ig

(A) 116 (B) 96 (C) 90 (D) 126
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Marginal revenue is the rate of change of total revenue with respect to the number of
units sold.

dR
~Marginal Revenue (MR) dv = 3(2x) +36 = 6x + 36

~When x =15,
MR =6(15)+36=90+36=126
Hence, the required marginal revenue is Rs 126.

The correct answer is D.

Exercise-6.2 ]

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

Let % 3% b any two numbers in R.

Then, we have:
x <x, =3x <3x, = 3x +17<3x0,+17= f(x) < f(x,)

Hence, fis strictly increasing on R.

Alternate method:
f(x)=3>0, in every interval of R.

Thus, the function is strictly increasing on R.

Question 2:

Show that the function given by f(x) = e* is strictly increasing on R.
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Let % a%: be any two numbers in R.

Then, we have:

X <x,=2x <2x, =e <™ = f(x)< f(x)
Hence, fis strictly increasing on R.

Question 3:

Show that the function given by f{x) = sin x is

0.~

%)
—,n
(a) strictly increasing in ( - ] (b) strictly decreasing in (2
(c) neither increasing nor decreasing in (0, 1)
The given function is f{x) = sin x.

S (x)=cosx

i
xE[ﬂ.E),msx}U, j"{x}}t}.

(a) Since for each we have

T
0]
Hence, fis strictly increasing in( 2.

rYe|—.; }cos x <l .
(b) Since for each [2 , we have /(x)<0 .

%)
—.m
Hence, fis strictly decreasing in ( 2,

(c) From the results obtained in (a) and (b), it is clear that f'is neither increasing nor
decreasing in (0, ).

Question 4:
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Find the intervals in which the function f given by f{x) = 2x*> — 3x is
(a) strictly increasing (b) strictly decreasing

The given function is f{x) = 2x> — 3x.

f(x)=4x-3

s f(x)=0 =}.T=%

: ()
3 w2 J
Now, the point 4 divides the real line into two disjoint intervals i.e., 4/ and

LE

In interval *

Hence, the given function (f) is strictly decreasing in interval ( 4/,

i,'ﬂ],j"[,t} =4x-3=0.

In interval ( 4

o)
—. :‘:
Hence, the given function () is strictly increasing in interval ( 4 .

Question 5:

Find the intervals in which the function /' given by f(x) = 2x* — 3x> — 36x + 7 is
(a) strictly increasing (b) strictly decreasing

The given function is f{x) = 2x* — 3x> — 36x + 7.

f(x)=6x" —6x-36=6(x"—x—6)=6(x+2)(x-3)
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The points x = —2 and x = 3 divide the real line into three disjoint intervals i.e.,

(—e0,—-2),(-2.3), and (3,0).

In intervals (—e:=2) and (3.0). /"(x) is positive while in interval

(—2,3), /(%) is negative.
Hence, the given function () is strictly increasing in intervals

(—0.-2) and (3,0) , while function (f) is strictly decreasing in interval

(-2, 3).

Question 6:

Find the intervals in which the following functions are strictly increasing or decreasing:
(@) x*+2x—5(b) 10 — 6x — 2x

(©)2x*—=9x*—12x+ 1 (d) 6 — 9x — x?

(e) (x+ 1y (x =3y

(a) We have,

f(x)=x"+2x-5

L (x)=2x+2
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Point x = —1 divides the real line into two disjoint intervals i.e., (—o.~1) and (-1,20).

In interval (~2 1/ (x) =2x+2<0.

-1).

~f1s strictly decreasing in interval (0.
Thus, fis strictly decreasing for x < —1.

In interval (-Le=), f'(x)=2x+2>0.

= f1is strictly increasing in interval (-1.=).
Thus, f1is strictly increasing for x > —1.
(b) We have,

flx) =10 — 6x — 2x°

Sf(x)=—6-4x

MNow,

f’{.:‘]:ﬂ::»:c:—%
3

X
The point 2 divides the real line into two disjoint intervals i.e.,

[—a:-,—%] and (—%m]

In interval ( 2 ] 1.e., when

= f1is strictly increasing for 2,

3
——,a:l

3
In interval( 2 )i.e.,when

X275 f(x)=-6-4x<0.
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x>—-=

= fis strictly decreasing for 2,

(c) We have,
fx)=-"2x—-9x*—12x+ 1

o f(x)=—6x" —18x—12=—6(x" +3x+2) =—6(x +1)(x+2)
Now,
f(x)=0 =>x=-landx=-2

Points x = —1 and x = —2 divide the real line into three disjoint intervals i.e.,
(—2,—-2),(-2.-1), and (-1,=).

(—o0,—2) and (-1,0)

In intervals 1.e., whenx <—2and x> —1,

f(x)==6(x+1)(x+2)<0

= f1s strictly decreasing for x <—2 and x > —1.

Now, in interval (=2, —1) i.e., when =2 <x <—1, /'(x)=-6(x+1)(x+2)> 0

= fis strictly increasing for —2<x<-1,

(d) We have,
f(x)=6-9x—x’
S f(x)=-9-2x
Now, f*

x)=0 i‘s"CSI=—E
(x)=0g 5

9

X
The point 2 divides the real line into two disjoint intervals

¢ C
(—m?—i] and (—i,m]
1e., 2 2 .
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—0,—— X< ——

9

x<—=
= fis strictly increasing for 2,

T X>—— i h_ g
In interval & 2 i.e., for Z,f("J— 9-2x <0,

x> ——
=~ fis strictly decreasing for 2,

(e) We have,
S =@+ 1y (x -3y

F(x)=3(x+1) (x=3) +3(x=3)" (x+1)°
=3(x+1) (x=3) [x—3+x+1]
=3(x+1)"(x=3)" (2x-2)
=6(x+1)" (x=3) (x-1)

MNow,

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

The points x =—1, x = 1, and x = 3 divide the real line into four disjoint intervals i.e.,
(=1 -1, 1), (1, 3), and ).

In intervals (™D and =11, ()= 6041 (x=3) (¥ -1) <0

= fis strictly decreasing in intervals (=) and (-1, 1).

] ]

(3.=) f(x)=6(x+1) (x-3) [x—lj:r-{:l.

In intervals (1, 3) and ,

= fis strictly increasing in intervals (1, 3) and (3.) .

Question 7:
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Show that v=log(1+x) 2x .x=>—1, 18 an increasing function of x throughout its

domain. +x

We have,

2x

r=log(l4x)—-—
v =log( }2”

e s 4
&l ey B () ()

Now, d—l’ =1
dx

%

2
— - =

{2+.\:}"
=3 =0 [{2+.x}i{}asxb—l]

= x =0

Since x > —1, point x = 0 divides the domain (—1, ) in two disjoint intervals i.e., =1 <x <
0 and x> 0.

When —1 <x <0, we have:

x<0=x">0

x>-1=(24x)>0=(2+x) >0

X
Sy = —=0
TYSY

Also, when x > 0:

x>0=x" =0, [2+.v:}2 =0

Hence, function fis increasing throughout this domain.

Question 8:
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Find the values of x for which ?1s an increasing function
y= [x[x— 2]]

We have,

Ldy 2
v =2(x" - 2x)(2x-2) =dx(x-2)(x-1)
.'.ﬁ—ﬂ' = x=0xr=2x=1

The points x = 0, x = 1, and x = 2 divide the real line into four disjoint intervals i.e.,

(—o0.0), (0,1) (1,2), and (2,e).

dy
— <0
In intervals (—2.0) and (1,2) , dx <

(—o0,0) and (1,2)

=~ y 1s strictly decreasing in intervals

rﬂf}l::-l[]_

However, in intervals (0, 1) and (2, o), dx
=~ y is strictly increasing in intervals (0, 1) and (2, ).

-+ yis strictly increasing for 0 <x <1 and x > 2.

Question 9:
4sin b
' =(2+::U=;H}_ . . : . . U‘E
Prove that ) is an increasing function of € in .
We have,
4sin

(2 + C0% E‘]I
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_dy  (2+c0s8)(4cosd)—4sin O(-sin o)
Ty (2+c05ﬂ]2 B
_ 8cos@+4cos’ & +4sin’ @ 1
[2+cusé’}z
_ fcost+4 O
(2 +(:{‘.IRH)?

MNow, 4 =1,
I

Bcosd +4
SLLLLL AR
(2+cosd)
= 8cosf+4=4+cos’ @+dcosl
= cos @—dcosd =0
= cosf(cosd—4)=0
= cosf! =0 or cost! =4

Since cos 8 #4, cos 0= 0.

cnse?:l]::vﬂ:%

Now,

dv Ec058+4—(4+ cos’ €+4c056") - dcosd —cos @ - cosﬂ{el—msf}]
dx (2 +cosd)’ (2+cosd) (2+cos8)’

T
0.%)
In interval ( 2 , we have cos 0> 0. Also, 4 > cos § = 4 —cos 6> 0.
LC0s 5'{4 - cnsﬂ} =0 and also [2 +cos E?:I: =)
t:usﬂ(4—cm¢f?)
== 8
(2 +cosb ;'l“
dy

= —=1
dx

=

T
0. 2]
Therefore, y is strictly increasing in interval[ 2/
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) o . v=0andx ==
Also, the given function is continuous at

Hence, y is increasing in interval 2],

Question 10:
Prove that the logarithmic function is strictly increasing on (0, ).
The given function is ' (x) = log x.

f"{x}%

f'“{x]:l >0,

It is clear that forx >0, - X

Hence, f(x) = log x is strictly increasing in interval (0, ).

Question 11:

Prove that the function f'given by f(x) = x> —x + 1 is neither strictly increasing nor strictly
decreasing on (—1, 1).

The given function is f{x) = x> —x + 1.
s (x)=2x-1

Now,f’[;:}: 0=x =%.

1

The point 2 divides the interval (—1, 1) into two disjoint intervals i.e.,
(—L l] and []— I].
2 2

|(—I, l}f’{x}: 2x=1<0.

Now, in interval * 2

1
)
Therefore, fis strictly decreasing in interval( 2/,
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l, I),f’{.r}= 2x—1>0.

However, in interval ( 2

— 1

)
Therefore, fis strictly increasing in interval (2 .

Hence, f'is neither strictly increasing nor decreasing in interval (—1, 1).

),

Question 12:

i

(|

0,
Which of the following functions are strictly decreasing on L
(A) cos x (B) cos 2x (C) cos 3x (D) tan x
Ay et ) o5

S (x)=—sinx

[ U,E].ﬂ{.r} =—sinx < 0.
In interval 2

T
. . UI! _]
“ Ji(x)=cosx is strictly decreasing in interval( 2/,
(B) Let fi(x)=cos2x.

Sy (x)=-2sin2x

Mow, ﬂ-»::::n:%:}ﬂ 2y <n=sin2x=0=-25mn2x <0

S (x)==2sin2x <0 mr[U,%]

s
y = 2 . . . . . ( UI, _J
* o (x) =cos2x is strictly decreasing in interval 27,
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(C) Let 1 {’f] = cos 3.

Now, f;(x)=0.

. ) { m
= sindx=0=3x=muas .rE| G’E]
W

= x=

L=

0, &

% ( ] W v
Xr=—
3 divides the interval 2 /into two disjoint intervals

The point
II( )
|\U, E] and (E,E].

ie., 0 3 32

I,f Y
Now, in interval | U.g ].f; (x)=-3sin3x<0 [m D<x< % = 0<3x< n}.
L3 3

it
0. _J
= f; 1s strictly decreasing in interval( 3/,

i “ i

. . 3
However. in interval [l EJ. fi(x)==3sin3x>0 [cm T ex<lonaix< —n}
3 9 - 3 7 7

n n:]
~ f; 1s strictly increasing in interval( 32/

T
([}, _]
Hence, £, is neither increasing nor decreasing in interval 2/,

(D) Let Ji(x)=tan.x.

S fi(x) =sec” x

In interval (ﬂ‘ g]'ff[x} =sec’ x> 0.
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m
0. _J,
= f, 1s strictly increasing in interval( 2

T
0 _],
Therefore, functions cos x and cos 2x are strictly decreasing in ( 2

Hence, the correct answers are A and B.

Question 13:

I . _
On which of the following intervals is the function f given by S (x)=x" +sinx -]

decreasing?

strictly

w00 (57)

(o5
(©) 2 (D) None of these

We have,

F(x)=x""+sinx-1
o (%) =100x™ +cos x

In interval (0, 1), cosx>0and 100x™ > 0.
s f(x)=0.

Thus, function f'is strictly increasing in interval (0, 1).

(E.n:].cos x <0 and 100 x™ >0, Also. 100 x™ >cos x
In interval ‘2

s f(x)=0in [%,n ]
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)
—,
Thus, function f'is strictly increasing in interval ( 2 .

b
= n Ly
In interval ({], 3 |,c+::sx =0 and 100x™ = 0,
A

S 100x™ +cosx =0

= f'(x)>0o0n [[}, g]

T
0. 2]
= f1s strictly increasing in interval ( 2/
Hence, function fis strictly decreasing in none of the intervals.

The correct answer is D.

Question 14:

Find the least value of a such that the function f'given
increasing on (1, 2).

We have,
fx)=x"+ax+1

s f(x)=2x+a

Now, function fwill be increasing in (1, 2). it/ *)>%in (1, 2).
7'(x)>0
=>2x+a>0

=>2x>—a

=
X>—

= 2

Therefore, we have to find the least value of a such that

is strictly
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X §$ whenx (1, 2).

—il
::-.rzx? (when 1 < x < 2)

Thus, the least value of @ for f'to be increasing on (1, 2) is given by,

2

-
—=l=ag=-2
2

Hence, the required value of a is —2.

Question 15:
Let I be any interval disjoint from (—1, 1). Prove that the function f given by

I’ {1} =x+-
X 1s strictly increasing on 1.

We have,

I {x} =x+ l

' S

. 1
M x) = 1——,
r(x)=1-%
Now,

f’{x]=[}:‘=%=1:‘=x=il
2

The points x = 1 and x = —1 divide the real line in three disjoint intervals i.e.,
(—o0,—1),(=1, 1), and (1, =)

In interval (—1, 1), it is observed that:
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~l=x=<l

.
T |

ﬂl{iﬂ x=)
&

::-I—L-:i{}, x=0
2

f'{x}:l—xlzczﬂ on (-1, 1)~{0}.

- 1
=~ f1is strictly decreasing on { L 'J lﬂ} _

and (1, =)

In intervals (=0.=1) , it is observed that:

y<=lorl<x
=y =1
1

= 1>—
=

:>1—L::-[1
2

.'.f'(x}:l—%::- 0 on (—oo,- I] and[l, ®).

(—o0, 1)and(1, =)

= f1s strictly increasing on .
Hence, function f'is strictly increasing in interval I disjoint from (-1, 1).

Hence, the given result is proved.

Question 16:

02]
Prove that the function f'given by f(x) = log sin x is strictly increasing on ( 2/ and

n
_,ﬂ:

strictly decreasing on ( 2

We have,
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S (x)=logsinx

1
f'(x)=-——cosx=cotx
sSinx

0, E].f’{x] = cotx = 0.

In interval ( 2

T
0. 2]
= f1s strictly increasing in( 2/

(E, ?I:J. S'(x)=cotx<0.
In interval \ 2

)
—. 0
~f1s strictly decreasing in ( 2

Question 17:

m
0. 2]
Prove that the function f given by f(x) = log cos x is strictly decreasing on ( 2) and

)
—.n
strictly increasing on( -

We have,
f(x)=logcosx
S f(x)=——(-sinx)=-tanx

O
]. tanx =0=—tanx <0,

o
In interval 2

~ f'(x)<0on [u. g]

m
0. 1)
~f1s strictly decreasing on( 2),
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s
E, r:], tanx <0 = —tanx =10,

In interval k

S f(x)=0on (g rcj

“ ]

J— " n
~f1s strictly increasing on( 2 .
Question 18:

x)=x" =37 +3x-100. . o
1S Icreasing in R.

Prove that the function given by 7
We have,
Sx)=x"=3x"+3x-100

S(x)=3x"—6x+3
=3(x" —2x+1)
=3(x-1)

For any x€R, (x — 1)*> 0.

Thus, /(%) is always positive in R.

Hence, the given function (f) is increasing in R.

Question 19:
The interval in which ¥ =%¢ " i increasing is
@ =2 @) 2,00 > D) 0.2

We have,

y=x'e"
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dy =2xe " —xe =xe " {2 -x)
dx
?\Juw..ﬂ =1,
dx

= x=0andx=2

The points x = 0 and x = 2 divide the real line into three disjoint intervals i.e.,
(o0, 0), (0, 2),and (2, =).

(-0, 0)and(2, =), f'(x)<0ase”

In intervals is always positive.

~f'is decreasing on (=, O)and (2, ).

In interval (0, 2), /'(x)>0.

= f1s strictly increasing on (0, 2).
Hence, fis strictly increasing in interval (0, 2).

The correct answer is D.

Exercise-6.3

Question 1:
Find the slope of the tangent to the curve y = 3x* — 4x at x = 4.
The given curve is y = 3x* — 4x.

Then, the slope of the tangent to the given curve at x = 4 is given by,

dv : ;

Question 2:

x=1

1 —

.-]' =
Find the slope of the tangent to the curve x—=2 x#2atx=10.
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x-1
The given curve is Cx-2,
dy _(x=2)(1)=(x=1)(1)
dx {x—z)l
Cx=2-x+1 -1
(-2 (s-2)

Thus, the slope of the tangent at x = 10 is given by,

ﬁ} I S R B
deloy (x-2) | (10-2) 64

-1
Hence, the slope of the tangent at x = 10 is 64

Question 3:
Find the slope of the tangent to curve y = x* — x + 1 at the point whose x-coordinate is 2.
X' —x+1

The given curve is ¥ =

ﬂ =3y —1
v

a
The slope of the tangent to a curve at (x,, y,) is B L .

It is given that x, = 2.

Hence, the slope of the tangent at the point where the x-coordinate is 2 is given by,

v 2 2
= =3x -1 =3(2) -1=12-1=11
citj|l._3 ) L: 2)

Question 4:

Find the slope of the tangent to the curve y = x* — 3x + 2 at the point whose x-coordinate
is 3.
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]
. . ] — —-— - d}
The given curve is ¥ =% —3¥+2

ﬂ =3x -3
dx

d_l' l:-1ll- Yo

Hence, the slope of the tangent at the point where the x-coordinate is 3 is given by,

The slope of the tangent to a curve at (x,, y,) is

ﬁ} “3x-3]_ =3(3) ~3=27-3=24
{it' - 1=}

Question 5:

Y
=~
Find the slope of the normal to the curve x = acos*d, y = asin’@at 4.

It is given that x = acos’0 and y = asin’6.

d 3 . P
uf_r =3acos” @(-sin t?} =—3acos #sind

D _345in’ A (cost))
di

i
cdy \df) 3asin’@cos  sinf

S—== = - = =—tan#
dx [dxj 3acos’ Osin@  cos®
de
g=T

Therefore, the slope of the tangent at 4 is given by,
dv T

—| =-tanf] . =-tan—=-1

dx |, = "= 4

4

&= T is given by,
Hence, the slope of the normal at 4
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] :_—]:I
-1

T
slope of the tangent at & =
Question 6:

L
=
Find the slope of the normal to the curve x =1 —asin 0,y =b cos’fat 2 .

It is given that x =1 — a sin § and y = b cos*0.

ax —acosO and @ _ 2beosB(—sin0)=—2bsinOcos B
df df
i {J'_"L‘ Y
7| .::’EJ —2hsinficosB 2h |
So—=—= = =-—sinb
dx [ dx ] —acos0 a
0

g="
2

Therefore, the slope of the tangent at is given by,

; 2h . 2b . g fr
d—}} :—smﬂ} :—smzzz—
[ p=T

dx o] ] 2 a

g=Lis given by,
Hence, the slope of the normal at

] -1 a

_|f’2a_a‘-_ 2h

ooy

slope of the tangent at & = T

Question 7:
Find points at which the tangent to the curve y = x* — 3x> — 9x + 7 is parallel to the x-axis.

3 2
The equation of the given curve is ¥ =¥ =3 =9x+T7.

£= 3 —6x-9
dx

Now, the tangent is parallel to the x-axis if the slope of the tangent is zero.
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23 —6x—9=0=x"-2x-3=0

= (x=3)(x+1)=0

= x=3orx=-1
Whenx=3,y=03)-3B)»—-903)+7=27-27-27+7=-20.
Whenx=-1,y=(-1)-3(-1)-9(-1)+7=-1-3+9+7=12.
Hence, the points at which the tangent is parallel to the x-axis are (3, —20) and
(-1, 12).
Question 8:

Find a point on the curve y = (x — 2)? at which the tangent is parallel to the chord joining
the points (2, 0) and (4, 4).

If a tangent is parallel to the chord joining the points (2, 0) and (4, 4), then the slope of
the tangent = the slope of the chord.

=

4_ —_—

=2,

4
The slope of the chord is 4—2 2

Now, the slope of the tangent to the given curve at a point (x, y) is given by,

d
E—z{ 2)

Since the slope of the tangent = slope of the chord, we have:

2(x-2)=2
= x—2=1=px=3
Whenx =3, y=(3-2)" =1.

Hence, the required point is (3, 1).
Question 9:

Find the point on the curve y =x* — 11x + 5 at which the tangentis y =x — 11.

The equation of the given curve is y =x* — 11x + 5.
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The equation of the tangent to the given curve is given as y =x — 11 (which is of the
form y =mx + ¢).

~Slope of the tangent = 1

Now, the slope of the tangent to the given curve at the point (x, y) is given

D3y
by, dx

Then, we have:

3x' ~11=1
= 3x" =12
—x =4
= x=42

Whenx=2,y=2)-112)+5=8-22+5=-9.
Whenx=-2,y=(-2y—11(2)+5=-8+22+5=19.
Hence, the required points are (2, —9) and (-2, 19).
Question 10:

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

y=—— x=l
curve x—1

‘ ) y= ] , x#1
The equation of the given curve is x—1

The slope of the tangents to the given curve at any point (x, y) is given by,

L
de (x-1)

2

If the slope of the tangent is —1, then we have:
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-1
=1

(x-1)"
= (x-1) =1
= x—1==I
—x=2,0

Whenx=0,y=-1and whenx=2,y=1.

Thus, there are two tangents to the given curve having slope —1. These are passing
through the points (0, —1) and (2, 1).

~The equation of the tangent through (0, —1) is given by,

y—(-1)=-1(x-0)
= y+l=—x
= y+x+1=0

~The equation of the tangent through (2, 1) is given by,

y—1=-1(x-2)

>y—l=—x+2

=>y+x—-3=0

Hence, the equations of the required linesare y +x+1=0andy +x—3=0.
Question 11:

Find the equation of all lines having slope 2 which are tangents to the curve

1

,x=3
x—3

y=

y= Lx=3

The equation of the given curve is x-3

The slope of the tangent to the given curve at any point (x, y) is given by,

ﬁ_ -1
dv (.-!.'—3}:
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If the slope of the tangent is 2, then we have:

::-{1'—3]2 = _2

This is not possible since the L.H.S. is positive while the R.H.S. is negative.

Hence, there is no tangent to the given curve having slope 2.

Question 12:

Find the equations of all lines having slope 0 which are tangent to the
1
Y= av.2
curve X —2x+3

1
: . LY==
The equation of the given curve is = X" —2x+3

The slope of the tangent to the given curve at any point (x, y) is given by,

dv  —(2x-2)  -2(x-1)
dx {x3—2x+3.}: (x3—2x+3]:

If the slope of the tangent is 0, then we have:

—2(x-1)

=0
(' —2x+3)

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

1
Y=
When x =1, 1-2+3

| =

L+

~The equation of the tangent through ( 2] is given by,
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1
p=—=0{x=1
y-1=0(e-1)
::vv—l:{"]

-2
— 1
! 2

Hence, the equation of the required line is 2

Question 13:
XV
Find points on the curve 9 16 at which the tangents are

(1) parallel to x-axis (ii) parallel to y-axis

3 2
_1' kl
+ J 1

The equation of the given curve is 9 16 o

On differentiating both sides with respect to x, we have:

2y 2v dv
_—— =
9 16 dr
dv —lbx
—_r— =
dx Oy

~l6x
=10,
(1) The tangent is parallel to the x-axis if the slope of the tangent is i.e., 0 9y which

is possible if x = 0.

3

Xy

Then, 9 16 forx=0
=y =16=y==4
Hence, the points at which the tangents are parallel to the x-axis are

(0,4) and (0, — 4).
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(i1) The tangent is parallel to the y-axis if the slope of the normal is 0, which gives
-l 9y

[—mx] 16y
9y =y=0.

Hence, the points at which the tangents are parallel to the y-axis are

(3, 0) and (- 3, 0).

Question 14:

Find the equations of the tangent and normal to the given curves at the indicated points:
() y=x*—6x+13x>—10x + 5 at (0, 5)

(i) y=x*—6x+13x>— 10x + 5 at (1, 3)

(i) y=x*at(1,1)

(iv) y=x*at (0, 0)

I8
t==—
(V)x=cost,y=sinrat 4

(1) The equation of the curve is y = x* — 6x* + 13x2 — 10x + 5.

On differentiating with respect to x, we get:

@=4x-‘—13x3 +26x—10
dx

Q} =10

dx (0. 5}

Thus, the slope of the tangent at (0, 5) is —10. The equation of the tangent is given as:

y—5=—10(x —0)
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=>y—-5=—10x

=>10x+y=5

=1 1

The slope of the normal at (0, 5) is Slope of the tangent at (0, 5) 10
Therefore, the equation of the normal at (0, 5) is given as:

|
—5=—(x—0
¥ IU{T )

= 10y-30=x
= x—10y+50=0
(i1) The equation of the curve is y = x* — 6x° + 13x> — 10x + 5.

On differentiating with respect to x, we get:

B g 185 426110
dx

"ﬂ —4-18+26-10=2
dx | 3

Thus, the slope of the tangent at (1, 3) is 2. The equation of the tangent is given as:

y=3=2(x-1)
= y—3=2x-2
= y=2x+1

=1 =1

The slope of the normal at (1, 3) is Slope of the tangent at (1, 3) 2

Therefore, the equation of the normal at (1, 3) is given as:

|
y—3:—;{x—|}
= 2y—b=—-x+I
= x+2y=-7=0

(ii1) The equation of the curve is y = x°.
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On differentiating with respect to x, we get:

ﬁzlrj

dx

dy 2

- =3[I] =3
‘-'it:|¢|.|}

Thus, the slope of the tangent at (1, 1) is 3 and the equation of the tangent is given as:

y=1=3(x-1)

= y=3x-2

=1 -1

Slope of the tangent at (1, 1) 3 '

The slope of the normal at (1, 1) is
Therefore, the equation of the normal at (1, 1) is given as:

-1
—1=—(x-1
y=l=—(x-1)

= 3y-3=—x+I
= x+3y-4=0

(iv) The equation of the curve is y = x%.

On differentiating with respect to x, we get:

dv _
de

ﬂ} ~0
dx (i, 1)

Thus, the slope of the tangent at (0, 0) is 0 and the equation of the tangent is given as:

2x

y—0=0(x—-0)
=>y=0

-1 1

The slope of the normal at (0, 0) is Slope of the tangent at (0,0) 0 yphich is not
defined.
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Therefore, the equation of the normal at (x, y,) = (0, 0) is given by

(v) The equation of the curve is x = cos ¢, y = sin .

x=cost and y =sint
dx . dy

S— = —sint, — =cost
dt et

i)
dv \dr) cost

. = = - =—Ccots
v [ﬁ] —sint
dt
dv}
— =—cott =—1
dx | .=
4

T
t=—
~The slope of the tangent at 4 is —1.

1
—

Lal'ldl»
V2T

==

i),

. I
I= % Le.,at |:[T,
Thus, the equation of the tangent to the given curve at 2

:>x+JJ—\fE:{]

-1

=1,
I
i=

=~ Slope of the tangent at = T
The slope of the normal at 4 is 4

T I I
f=— Le,at [[—, —”
Therefore, the equation of the normal to the given curve at 4 NERRNG 1s
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Question 15:
Find the equation of the tangent line to the curve y = x> — 2x + 7 which is
(a) parallel to the line 2x —y +9=10

(b) perpendicular to the line 5y — 15x = 13.

The equation of the given curve is ¥ =% ~2¥+7

On differentiating with respect to x, we get:

ﬁ=21—2
dx

(a) The equation of the line is 2x —y + 9 = 0.
2x—y+9=0=>y=2x+9

This is of the form y = mx + c.

~Slope of the line =2

If a tangent is parallel to the line 2x — y + 9 = 0, then the slope of the tangent is equal to
the slope of the line.

Therefore, we have:
2=2x—-2

== 2x=4
= x=2

Now, x =2

=y=4-4+7=7
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Thus, the equation of the tangent passing through (2, 7) is given by,
y=-7=2(x-2)

= y—2x-3=0

Hence, the equation of the tangent line to the given curve (which is parallel to line
2x—y+9=0)is ¥ ~2¥=3=0,

(b) The equation of the line is 5y — 15x = 13.

13

r=3x+—

5p—15x=13 = 3

This is of the form y = mx + c.

~Slope of the line = 3

If a tangent is perpendicular to the line 5y — 15x = 13, then the slope of the tangent is

-1 -1
slope of the line 3

= 2x 2:_71
3

:>21’=_—II2

= 2x =

a | L w

= X=

[= RV

5
Now,x =—
6

25 10 25-60+252 217
p = +7= ==

T 36 36

30
Thus, the equation of the tangent passing through 6 36 Jis given by,
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36y-217 -1
——_— =
36 18
=>36y-217=-2(6x-5)
=36y-217=-12x+10
=36y +12x-227=0

{6,:—5}

Hence, the equation of the tangent line to the given curve (which is perpendicular to line
S5y — 15x = 13) is 36y +12x-227=0

Question 16:

Show that the tangents to the curve y = 7x* + 11 at the points where x =2 and x = —2 are
parallel.

The equation of the given curve is y = 7x* + 11.

ﬂ: 21x°
d

The slope of the tangent to a curve at (x,, y,) is B L .
Therefore, the slope of the tangent at the point where x = 2 is given by,

ﬂ} =21(2) =84
dye |

It is observed that the slopes of the tangents at the points where x =2 and x = —2 are
equal.

Hence, the two tangents are parallel.

Question 17:

Find the points on the curve y = x* at which the slope of the tangent is equal to the y-
coordinate of the point.

The equation of the given curve is y = x°.
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dy

e
dx

The slope of the tangent at the point (x, y) is given by,

d_}:| =3x
(x.¥]

clx

When the slope of the tangent is equal to the y-coordinate of the point, then y = 3x
Also, we have y = x°.

3 =x

=>x2(x—3)=0

=>x=0,x=3

When x = 0, then y = 0 and when x = 3, then y = 3(3)* = 27.

Hence, the required points are (0, 0) and (3, 27).

Question 18:

For the curve y = 4x* — 2x°, find all the points at which the tangents passes through the
origin.

The equation of the given curve is y = 4x* — 2x°.

ﬂ: 12x" —10x"
dlx

Therefore, the slope of the tangent at a point (x, y) is 12x? — 10x*.
The equation of the tangent at (x, y) is given by,
¥—y=(12x"-10x")( X -x) (1)

When the tangent passes through the origin (0, 0), then X =Y = 0.

Therefore, equation (1) reduces to:
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-y :[Ih': —]ﬂ.r*}{—x]

y=12x"-10x°

I B
Also, we have ¥ = 4% —2x".

L1257 —10x° =4x° 2%
— 8y —8x’ =10

—=x —x =0

::-.r‘l{xi—l)=[l

= x=0, =1

When x = 0, y - 4(0) —2(0) =0.

Whenx=1,y=4(1y -2 (1y=2.
Whenx=—1,y=4 (1) -2 (-1 =-2.

Hence, the required points are (0, 0), (1, 2), and (—1, —2).

Question 19:

Find the points on the curve x* + 1? — 2x — 3 = 0 at which the tangents are parallel to the x-
axis.

The equation of the given curve is x> +y* — 2x —3 = 0.

On differentiating with respect to x, we have:

21+2}J£—2 =0

dx
dy
= y—-=Il-x
dx
- ﬁ _ l—x
de ¥

Now, the tangents are parallel to the x-axis if the slope of the tangent is 0.

l—x
So—=0=l-x=0=x=1
-}J
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But,x*+y*—=2x—-3=0forx=1.

:>y2:4:>.1f'=‘_|'2

Hence, the points at which the tangents are parallel to the x-axis are (1, 2) and (1, —2).
Question 20:

Find the equation of the normal at the point (am?, am®) for the curve ay* = x°.

The equation of the given curve is ay* = x°.

On differentiating with respect to x, we have:

dy 3

2ay—=3x"
@ dx

de  2ay

d.l- l:"'ll- L]

= The slope of the tangent to the given curve at (am?, am?®) is

The slope of a tangent to the curve at (x,, y,) 1S

ﬂ:| _ 3{“’”2)2 B 3a’m’ _3m
dx (ane, an) - Za(ﬂmi) T2dtwmt 2

=~ Slope of normal at (am?, am?)

(]

1
_ slope of the tangent at [am:. am"] 3m

Hence, the equation of the normal at (am?, am?®) is given by,

2 (x-anm?)

y—am = 3m

= 3my—3am’ = -2x+2am’

232x+EM}J—EJm:{2 +3.=n:):{}
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Question 21:

Find the equation of the normals to the curve y = x* + 2x + 6 which are parallel to the
line x + 14+ 4 =0.

The equation of the given curve is y = x* + 2x + 6.

The slope of the tangent to the given curve at any point (x, y) is given by,

dy

= =3x" 42
dx

=~ Slope of the normal to the given curve at any point (x, »)

-1
~ Slope of the tangent at the point (x, )
_ -1
357 42

The equation of the given lineis x + 14y + 4 = 0.

1 4

] = e — ——

¥
x+14y+4=0> 14 14 (which is of the form y = mx + ¢)

=1
~Slope of the given line = 14

If the normal is parallel to the line, then we must have the slope of the normal being equal
to the slope of the line.

—1 __1

302 14
=3 +2=14
=3’ =12
= x' =4

== =12

Whenx=2,y=8+4+6=18.

Whenx=-2,y=—8—4+6=—6.
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Therefore, there are two normals to the given curve with slope 14 and passing through the
points (2, 18) and (-2, —6).

Thus, the equation of the normal through (2, 18) is given by,
8= (x=2 )
T

=14y -252=—x+2
— x+14y=254=0

And, the equation of the normal through (-2, —6) is given by,

y=(-6)=—[x-(-2)]
-1
:>y+ﬁ:ﬁ[x+2}

— 14y +84=—x—2
— x+141+86=0

Hence, the equations of the normals to the given curve (which are parallel to the given
line) are * * 14y —-254=0and x+14y+86=10,

Question 22:

Find the equations of the tangent and normal to the parabola )? = 4ax at the point (az?,
2at).

The equation of the given parabola is y* = 4ax.

On differentiating y* = 4ax with respect to x, we have:

dv
2r—=4
Y dx “
& _2
dx ¥
ﬁ} _2a_1
? . ﬂt'{' o4 N Eﬂf N i ’
~The slope of the tangent at (m . 2ar) is far’. 2a]
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2
Then, the equation of the tangent at (m . 2at) is given by,

1[x—m3}

y—2at=1
= ty—2at’ =x—at’
= H=x+ at”
. .
Now, the slope of the normal at (m : 2at) is given by,

-1
Slope of the tangent at (u:z,lm]

=—f

Thus, the equation of the normal at (a#, 2af) is given as:

y-2at=~t(x-at")
= y—2at=—tx+at

= y=—fx+2at +at’
Question 23:

Prove that the curves x = y? and xy = k cut at right angles if 84> = 1. [Hint: Two curves
intersect at right angle if the tangents to the curves at the point of intersection are
perpendicular to each other.]

The equations of the given curves are given as ¥ = andxy =£.

Putting x = y* in xy = k, we get:

2 |
[ k 1- , k | ]
Thus, the point of intersection of the given curves is .

Differentiating x = )* with respect to x, we have:
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ooy 1

Y dv  dv 2y

o d‘*’} _L
kl!kﬁ] dx |.'r .'ir' |1
is v

Therefore, the slope of the tangent to the curve x = )? at[

On differentiating xy = k with respect to x, we have:

av day =y
x—+y=0=—=—
dx dyx

|
()
=~ Slope of the tangent to the curve xy = kat is given by,

|
ff_}:| =1j| .=_‘£3=—_|
dx |,.r alox {*f_t_:' : [

We know that two curves intersect at right angles if the tangents to the curves at the point

2 |
i
of intersection i.e., at are perpendicular to each other.
This implies that we should have the product of the tangents as — 1.

Thus, the given two curves cut at right angles if the product of the slopes of their

2 |
respective tangents at is —1.

i

=2k =1

:[Zkﬂ;:{l]‘

—= 8k =1

Hence, the given two curves cut at right angels if 84> = 1.
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Question 24:

2
X _].’

Find the equations of the tangent and normal to the hyperbola a f?‘] at the point

{'Tu'- Yo }

2
X _].:I

Differentiating @ b with respect to x, we have:

2x 2ydy _

a b dv
2} ajr 2x
b d a
dv  bx

= ==
de a’y

dy box,

-
1“,._._= . dx R

Therefore, the slope of the tangent at{ 1s

Then, the equation of the tangent at{ 0r Yo 1s given by,

y=y, _a}_.”{‘r 'II'.I}

1 2 2.2
—d Ky = ﬂ }In =bh ANy = b Xy

= hzxxn — a?}y“ — hlxrf + a:yﬁ ={)

1 2

i, W Yo Mo | e b 2R

= F—b—f—(u—‘;—b—;]— 0 [Cm dividing both sides by a’h ]
2 2

xxl:l J'ryl'l T X = :
=—t-=—1—1=0 x.. ¥, ) lies on the hyperbola — —=— =1

a b [[ o) P a b :|
:bxx;, Jﬂin 1

i b

Now, the slope of the normal at (30 70) is given by,

-1 _ _a!.}'—u

Slope of the tangent at (x,, y,) - b’x,
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Hence, the equation of the normal at (%1 %) is given by,

— :1_:
ci_u{_ _”]

¥— X
bhx,

Y=¥ __ { X=X, }
a:fu b:-"'l:-

L e

—

SN G P
ay, bx,

Question 25:

Find the equation of the tangent to the curve ¥ =Y3¥~2 which is parallel to the line 4x —
2y +5=0.

The equation of the given curve is ¥ =V dx-2.

The slope of the tangent to the given curve at any point (x, ) is given by,

ﬁ B 3
dre 2J3x-2

The equation of the given line is 4x — 2y + 5= 0.

='=2Jr+i o i
4x—2y+5=0> 2 (which is of the form ¥ = mx+¢)

~Slope of the line = 2

Now, the tangent to the given curve is parallel to the line 4x — 2y — 5 = 0 if the slope of
the tangent is equal to the slope of the line.
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— 3w — X = 15}
1o 1o
<41
—_— W == —
4=
"uh-"henx:ﬂ.}-: [ ] J__E_JM—BE i:i_
48 16 4
&3
~Equation of the tangent passing through the point 8B 45 given by,
4
y-2ax-41)
4 48
:>4}*—3=2 48.\:—4I]
4 48
d8x—4
—dy_3= Rx—41

= 24y -18=48x-4]
= 48x—24y =23

Hence, the equation of the required tangent is 48% =24y =23
Question 26:

The slope of the normal to the curve y =2x*+ 3 sinx atx =0 is

1 1

(A)3(B) 3(C)-3(D) 3
2x" +3sinx _

The equation of the given curve is ¥ =

Slope of the tangent to the given curve at x = 0 is given by,
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ﬁ} =4x+3cosx|  =0+3cos0=3
d |, L

Hence, the slope of the normal to the given curve at x =0 is

-1 -1

Slope of the tangent at x = 0 BER

The correct answer is D.

Question 27:

The line y = x + 1 is a tangent to the curve »* = 4x at the point
(A)(1,2) (B) (2, 1) (O) (1,-2) (D) (-1, 2)
The equation of the given curve is yi=dx

Differentiating with respect to x, we have:

©odx dy y

Therefore, the slope of the tangent to the given curve at any point (x, y) is given by,

dv_2
clx :
The given line is y = x + 1 (which is of the form y = mx + ¢)

=~ Slope of the line =1

The line y = x + 1 is a tangent to the given curve if the slope of the line is equal to the
slope of the tangent. Also, the line must intersect the curve.

Thus, we must have:

=1

e

= y=2
Now, y=x+l=x=y-l=x=2-1=1
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Hence, the line y = x + 1 is a tangent to the given curve at the point (1, 2).

The correct answer is A.

Exercise-6.4

Question 1:

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

(i) V253 (i) V495 (jii) V0.6

o © 009): . (0.999)i

W) (viy (13)

wii) (20 (i) (255)1 5 (820

(ix)

{4-:.1) (0.0037): ... (2657)s

(xi) (xii)

ey (815 ety GIB): () (32:15)

(iy V253

Consider ¥ = Jx .Letx=25and Ax=0.3.
Then,

Ay =+x+Ax —x =253 -25 =253 -5

253 =Ay+5

Now, dy is approximately equal to Ay and is given by,

dy = (dp] ‘II,_{UI’! |_a53*=xfr;-|
1
= 2JE{U,:‘«L) =0.03
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Hence, the approximate value of ¥23-3is 0.03 + 5 =5.03.

(ii) V49.5

Consider V' = Jx .Letx=49 and Ax=0.5.

Then,

Ay =~x+Ax —Jx =495 -J49 = J295 7

=495 =T+ Ay

Now, dy is approximately equal to Ay and is given by,

dy = [%]L‘u = 2M%,;{EII.S] [as y= vﬂ}
| 1 .
:m(ﬂ'ﬁ}:ﬁ{ﬂ'ﬁ] =0.035

Hence, the approximate value of ¥49-3 is 7 + 0.035 = 7.035.
(i) V0.6

Consider ¥ = Jx .Letx=1and Ax=-0.4.

Then,
Ay=+x+Ax - Jr=v0.6-1
= 0.6 =1+ Ay

Now, dy is approximately equal to Ay and is given by,

dy = (%]_‘u: = 1,— (Ax) [asy = ﬁ}

b 2yx

1
_5{—{14} =—0.2

Hence, the approximate value of V00 is 1+ (—0.2)=1-0.2=10.8.
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(iv) (0-009)

Consider ¥ =X Let x = 0.008 and Ax = 0.001.

Then,

Ay = (x+ Ax)s —(x)5 =(0.009)5 —(0.008): = (0.009): ~0.2

|
= (0.009): =0.2+ Ay

Now, dy is approximately equal to Ay and is given by,

'
,;]E]::(d—}’ Ay =

o) o=

(0.001) = 220!

3x0.04 0.12

|
Hence, the approximate value of{u'uw)] is 0.2 +0.008 = 0.208.

(v) (0999)°

1

Consider ¥ =) Letx =1 and Ax = —0.001.

Then,

1 1

Ay =[x+ Ax)o —(x )0 = {{]_QQQ}IZI -1

= (0.999)10 = 1+ Ay

Now, dy is approximately equal to Ay and is given by,

dy = (ﬂ)ﬁx 1 a) [as e (I}ﬂ

&) o(xyu

= l[—':"J'.{"H"J'I] =—0.0001
10
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|
Hence, the approximate value of{u'g‘g“:}]1IJ is 1 +(—0.0001) = 0.9999.

iy (15)

Consider ¥ =*'  Letx=16and Ax=—1.

Then,

1 | [

Ay =(x+ Av)t —xt = (15)¢ —(16)+ = (15)¢ 2

|
=(15) =2+ Ay

Now, dy is approximately equal to Ay and is given by,

A

Y '
d)f:(d—b m:#(m] {as;u::r*}
4Gy

] -1 -1
=—{—|]=—=—=—G.D3125
4{16)i 4=8 32

!
Hence, the approximate value o’f{lj}J 1s 2 +(—0.03125) = 1.96875.

(viiy (26)°

Consider * ~ [x]-‘- .Letx=27 and Ax =—1.

Then,

Ay = (x+ Ax)s —(x)5 = (26); —(27): =(26): -3
= {Zﬁ)l =3+ Ay

Now, dy is approximately equal to Ay and is given by,
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dy = [%]m _— () [as_vz {x]:}

!
Hence, the approximate value of (26) 1s 3 +(—0.0370) = 2.9629.

(viii) (23)°

Consider ¥ ~ ('r}l .Letx =256 and Ax =—1.

Then,

A =+ &) = (x)1 = (255)" - (256)" = (255 -4

=>(255)+ =4+ Ay

Now, dy is approximately equal to Ay and is given by,

) !
cfy:(d—} Av=—] —(Ax) {asy::r:"}
Ay
! -1
- —(~1)= —— =-0.0039
4(256)1 xd
!
R
Hence, the approximate value of (255)¢ i1s 4 +(—0.0039) = 3.9961.

() (82)

Consider ¥ =*'  Letx=81and Ax= 1.

Then,
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Av = (x+ Ax)t —(x)¢ = (82)¢ —(81)+ = (82)¢ -3

|
=(82)¢ = Ay+3
Now, dy is approximately equal to Ay and is given by,

A !
dy=(j—k m=%(m] {as;ue‘::r:"}
A ey
| 1 1
= {1}: ;- =——=0.009
vy s

1
Hence, the approximate value of (82): is 3 +0.009 = 3.009.

) (401)

Consider ¥ =*" . Let x = 400 and Ax = 1.

Then,

Ay = Jx+ Ax —+fx = 401 - /100 = V201 -20
= /401 =20+ Ay

Now, dy is approximately equal to Ay and is given by,

I
dv:[i]ﬂrzzjq{ﬁx] {m&_u:_rz}
_ (]}:L:ﬂ.{}jj
2x20 40

Hence, the approximate value of Y401 is 20 + 0.025 =20.025.

(xi) (0:0037):

Consider ¥ =% . Let x = 0.0036 and Ax = 0.0001.
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Then,

1 1 1 1 |
Ay = (x+Ax)2 =(x)2 =(0.0037)2 -(0.0036)2 = (0.0037)2 - 0.06

I
= (0.0037)2 =0.06+ Ay

Now, dy is approximately equal to Ay and is given by,

"

ay ) l :
dy=|—— |Ax= A asy = x’
g de,} EJE[ ) [ g x}

i
T 22006

_ 00001 _ 0.00083
0.12

(0.0001)

|
Thus, the approximate value of (%9%37)%is 0.06 + 0.00083 = 0.06083.
|
iy (2657)
|

Consider V=% Let x =27 and Ax = —0.43.

Then,

1 ! | 1 i
Ay =(x+Ar): —x* =(26.57): —(27): =(26.57) -3
|
= (26.57) =3+ Ay
Now, dy is approximately equal to Ay and is given by,

P
L{]::(d_} Ar = I 1[&_‘,{] Ej.ﬁ"}-?=_t"1
s

|

= (-0.43

3{9]{ -‘}

_ 209 015

27
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|
u : (26.57): . _ _
ence, the approximate value of 1s 3 +(-0.015) =2.984.
(xiii) (81)°
Consider ¥ =%  Letx = 81 and Ax = 0.5.

Then,

Ay = (x+ Ax)i —(x)¢ = (81.5)7 — (81)7 =(81.5)s —3

= (81.5)+ =3+ Ay

Now, dy is approximately equal to Ay and is given by,

() ayert

—(0.5)=- 9 _0.0046

4{3} 08

1

Hence, the approximate value of (81.5) 1s 3 +0.0046 = 3.0046.

xiv) (3.968):

1

Consider ¥ =% . Letx =4 and Ax =— 0.032.

Then,

] 3

3 3 3
Ay =(x+Ax)2 —x? =(3.968)2 —(4)> =(3.968): -8

= (3.968)7 =8+ Ay

Now, dy is approximately equal to Ay and is given by,
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@,z[ﬂ“mzi(x}l (Ax) L“-"’:“";J

Hence, the approximate value of (3.968): is 8 + (—0.096) = 7.904.

(xv) {32.15}l

Consider ¥ =*" . Letx=32 and Ax=0.15.

Then,

I ! I 1 I
Ay :(_1'-|— ﬂx}." —-x° :(3215}3 —{32}" :(32 lS)q =2

= (32.15)s =2+ Ay

Now, dy is approximately equal to Ay and is given by,

gf]r: — |Ax =

[ji: _S{x}; ) {HH'M%J
(0.15)

_ )

5 ( )

—E—D.GGIE?
0

1
Hence, the approximate value of{?'z‘ 15); 1s2+0.00187=2.00187.

Question 2:
Find the approximate value of /(2.01), where f'(x) =4x*>+ 5x + 2
Let x =2 and Ax = 0.01. Then, we have:

A2.01) = fix + Ax) = 4(x + Ax)* + 5(x + Ax) + 2
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Now, Ay = filx + Ax) — f(x)
- flac+ Ax) = flx) + Ay
S(x)+ 1 (x)- Ax (as dx = Ax)
)= (47 +5x+2)+(8x+5) Ax

[ (2) +5(2)+2]+[8(2)+5](0.01)
(

164+10+2)+(16+5)(0.01)

8+(21)(0.01)

2
28+0.21
2821

Hence, the approximate value of /(2.01) is 28.21.

Question 3:

Find the approximate value of /(5.001), where f(x) = x* —

Letx =5 and Ax = 0.001. Then, we have:

F(5.001)= f{x+Ax)=(x+Ax) =7(x+Ax) +15
Now, Av= f({x+Ax)- f(x)
.'.f{x+ ﬂh‘}: f{x}-{- Ay
= f{x)+ f'(x)-Ax (as cx = Ax)
= f(5.001)~ (' =72 +15)+(3x" —14x) Ax
= [{5]" ~7(s)’ +15}+[3{5]‘Z —Id[j}]{n.ﬁm}
=(125-175+15)+(75-"70)(0.001)
=-35+(5)(0.001)

=-35+0.005
=-34.995

Hence, the approximate value of /(5.001) is —34.995.

Question 4:

[asx =2, Ax=0.01]

Tx*+ 15.

[x=5Ax=0.001]
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Find the approximate change in the volume V" of a cube of side x metres caused by
increasing side by 1%.

The volume of a cube (V) of side x is given by V' = x.

.-.d}«':(‘f”’ ].-ir

d

= {ij)hr
=(3x7)(0.01x) [as 1% of x is 0.01x]
=0.03x’

Hence, the approximate change in the volume of the cube is 0.03x* m’.

Question 5:

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

The surface area of a cube (S) of side x is given by S = 6x2.

ds [ dS
=(12x) Ax
=(12x)(0.01x) [as 1% of x is 0.01x]
=0.12x"

Hence, the approximate change in the surface area of the cube is 0.12x> m?.

Question 6:

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

Let r be the radius of the sphere and Ar be the error in measuring the radius.
Then,
r=7mand Ar=0.02 m

Now, the volume V of the sphere is given by,
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= (47:;': ]ﬁr
=4n(7)(0.02) m* =3.92x m’
Hence, the approximate error in calculating the volume is 3.92 © m’.

Question 7:

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

Let r be the radius of the sphere and Ar be the error in measuring the radius.
Then,

r=9mand Ar=0.03 m

Now, the surface area of the sphere (S) is given by,

S = 4nr

E: S
ar

sds = [ﬂl Ar

dr
= (8mr)Ar
=8n(9)(0.03) m*
=2.16nm’

Hence, the approximate error in calculating the surface area is 2.16m m>.

Question 8:

If f(x) =3x* + 15x + 5, then the approximate value of /(3.02) is
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A. 47.66 B. 57.66 C. 67.66 D. 77.66

Let x =3 and Ax = 0.02. Then, we have:
£(3.02)= f(x+Ax)=3(x+Ax) +15(x+ Ax) +5
Now, Av = f(x+Ax)- f(x)
= [(x+Ax)= f(x)+Ay
= f(x)+ /" (x)Ax (As dx = Ax)
= [(3.02) = (3" +15x+5) +(6x +15) Ax
=[3(3)" +15(3)+5]+[6(3)+15](0.02) [Asx=3, Ax=0.02]
=(27+45+5)+(18+15)(0.02)
=77+(33)(0.02)

=T77+0.66
=T77.66

Hence, the approximate value of f{3.02) is 77.66.

The correct answer is D.

Question 9:

The approximate change in the volume of a cube of side x metres caused by increasing
the side by 3% is

A.0.06 x* m’ B. 0.6 ¥’ m* C. 0.09 x* m’ D. 0.9 x* m’

The volume of a cube (V) of side x is given by V' = x°.

sdv =(E:I ]A\'
\dx

= (3x7 ) Ax

=(3x7)(0.03x) [As 3% of x is 0.03x]
=0.09x" m’

Hence, the approximate change in the volume of the cube is 0.09x* m’.

The correct answer is C.
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Exercise-6.5

Question 1:
Find the maximum and minimum values, if any, of the following functions given by
D) fx)=2x—1y+3 @) Ax) =9+ 12x + 2

(1) fix)=—(x— 1+ 10 (iv) glx) =x*+ 1

(1) The given function is flx) = (2x — 1)* + 3.
It can be observed that (2x — 1) > 0 for every x € R.
Therefore, fix) = (2x — 1)*+ 3 >3 for every x € R.

The minimum value of fis attained when 2x — 1 = 0.

1

X ==

2x—-1=0> 2
1 1
e

~Minimum value of /= 2 2 =3
Hence, function f'does not have a maximum value.
(i1) The given function is f{x) =9x*+ 12x + 2 = 3x + 2)* — 2.
It can be observed that (3x + 2)> > 0 for every x € R.
Therefore, fix) = (3x + 2)* — 2 > -2 for every x € R.

The minimum value of fis attained when 3x + 2 = 0.

3x+2=0=> 3
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;-[_E] - [3{_—2]&]_ —2=-2
~Minimum value of f'= 3 3

Hence, function f'does not have a maximum value.
(ii1) The given function is f{x) = — (x — 1)>+ 10.

It can be observed that (x — 1)* > 0 for every x € R.
Therefore, fix)=—(x—1)>+ 10 <10 for every x € R.
The maximum value of fis attained when (x — 1) = 0.
x—1)=0=>x=0

~Maximum value of f=f(1)=— (1 — 1))+ 10 =10
Hence, function /' does not have a minimum value.
(iv) The given function is g(x) = x* + 1.

Hence, function g neither has a maximum value nor a minimum value.

Question 2:

Find the maximum and minimum values, if any, of the following functions given by
O fx)y=k+2|-13Gi)gkx)=—|x+1]+3

(i11) A(x) = sin(2x) + 5 (iv) fix) = |sin 4x + 3|

W) hx)=x+4,xe (—1,1)

(i) fox) = 17421

We know that e +2/20 for every x € R.
Therefore, f(x) = pet2f-12-1 for every x € R.

.. . : 2| =
The minimum value of fis attained when x+2] v
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|_r+2| =0

= x=-2

~Minimum value of /= f(—2) = = |—2 + 2| —1=-]

Hence, function f'does not have a maximum value.

(i) gy = 113

—lx+1]<0

We know that for every x € R.

—|x+l|+3£3

Therefore, g(x) = for every x € R.

The maximum value of g is attained when x+1]=0 .
x+1[=0
= x=-1

—|-1+1]+3=3

~Maximum value of g=g(—1) =
Hence, function g does not have a minimum value.
(ii1) A(x) = sin2x + 5

We know that — 1 <sin 2x < 1.
=>—-1+5<sin2x+5<1+5
=>4<sin2x+5<6

Hence, the maximum and minimum values of / are 6 and 4 respectively.

(iv) flx) = sindx +3|
We know that —1 <sin4x < 1.

=>2<sind4x+3<4
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:>2<|sin4x+3|<4

Hence, the maximum and minimum values of fare 4 and 2 respectively.

V) hx)=x+1,x€(-1,1)

Doye x, +1
Here, if a point x, is closest to —1, then we find 2 for all x, € (—1, 1).
x +1
o x4+l +1
Also, if x, is closest to 1, then 2 for all x, € (-1, 1).

Hence, function /4(x) has neither maximum nor minimum value in (-1, 1).

Question 3:

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

(1). flx) = x* (i1). g(x) = x* — 3x

x<—=
(iii). A(x) = sinx + cos, 0 < 2 (iv). flx) = sinx —cosx, 0 <x < 2w

V). filx) =x*—6x2+ 9x + 15

g I]:£+E,.r::=-ﬁ
(vi). 2 x

g(x)=—
(vii). x'+12

(viii). f(x)=xd1-x,x>0

(1) flx) =x
s (x)=2x
MNow,

f(x)=0=x=0
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Thus, x = 0 is the only critical point which could possibly be the point of local maxima or
local minima of f.

We have 7 "(0)=2 , which is positive.

Therefore, by second derivative test, x = 0 is a point of local minima and local minimum
value of fat x =0 is f{0) = 0.

(1) g(x) =x* — 3x

sg'(x)=3x"-3
Now,

By second derivative test, x = 1 is a point of local minima and local minimum value
ofgatx=11sg(l)=1*-3=1-3=-2. However,

x =—1 is a point of local maxima and local maximum value of g at

x=—lisg()=(-1y-3(-1)=—1+3=2.

T
(iii) A(x) = sinx + cosx, 0 <x < 2

~ W (x)=cosx—sinx

h
h’(x}:l’}:a»sinx:cﬂsx::stanlez:vx:E [ﬂ, r
4 2)
h'(x)=—sinx—cosx=—(sinx+cosx)
[ :n:] [ 1 1 2
ﬁ* —_— s —=t— =——=—£-c:'l}
) WA
v = T
Therefore, by second derivative test, ~ disa point of local maxima and the local

x==Z h[%)—sm +cos = 2.

maximum value of / at 41s

IJ_
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(iv) filx)=sinx —cos x, 0 <x <2m

f'(x)=cosx+sinx

f’(x am Tn

=0 =>cosx =—sinx = tan x=-l=x="r e €(0,2n)

"

f"(x)=—sinx+cosx

3n In 3n I I

2 |l=—sin==4cos = —————=—/2>0
4 [ 4 ] 4 4 2 2
f"(?—n] —sm?—irr4—4:-:}5.?—1|t = L+|—_= V250

4 4 V2 2

. 3n
Therefore, by second derivative test, 4 is a point of local maxima and the local
‘e 3m

maximum value of fat 4 is
_}“[S—H]:sinE cn:nsj—ﬂzL L x:?_“

4 4 V2 V2 However 4 is a point of local minima and

x:?_“ f[h]—sin?—x—ms?—“:—L—L:—vE

the local minimum value of fat 4 is 4 4 4 2 2 :

V) fx)y=x*—6x2+9x + 15

S f(x)=3x"—12x+9
F(x)=0 =3(x" —4x+3)=0
= 3(x—1){x-3)=0

—=x=1 3

Now, f*
(x)=6x-12=6(x-2)
(1)=6(1-2)=-6<0
£"(3)=6(3-2)=6>0

Therefore, by second derivative test, x = 1 is a point of local maxima and the local
maximum value of fatx=11is f{1)=1—-6+9 + 15 =19. However, x = 3 is a point of
local minima and the local minimum value of fat x =3 is (3) =27 — 54 + 27+ 15 = 15.
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.r _—
glx)==4—,x>0
(vi) =33

Now,

g'{x}:ﬂgiwﬂs%:%:f =4=x=42
X

Since x > 0, we take x = 2.

Now
o 4
g"(x)=—
X
. 41
g (2)—?—5}(:

Therefore, by second derivative test, x = 2 is a point of local minima and the local

2 2
—+==1+1=2.
minimum value of gatx=2is g2)=2 2
1
glx)=—
(vii) X +2
—(2x
g'[x}: ( }:
{x' +2)
] -2x
g'(x)=0 ———=0=>x=0
(x' +2)
Now, for values close to x = 0 and to the left of 0, g'(x)>0. Also, for values close to x =0

and to the right of 0, g'lx)< U.

Therefore, by first derivative test, x = 0 is a point of local maxima and the local

g(0)is—— ==

15 =
maximum value of 0+2 2

(viii) f{.‘.’}=}:'~u‘{:, x=0
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,-,f’{x)=m+x-2¢;:_—x(‘|]=ﬂ_Zu“':(—_x
20-9-x_ 25
S 2l 2
1-x(-3)-(2-3x) 7 =
(=3 I i)
(94239 i |
= 2(1-x)
_—6(1-x)+(2-3%)
4[1-;:};
_ jx—4
4{1—:}2

2
3

Therefore, by second derivative test, is a point of local maxima and the local

2

x=—

maximum value of f/'at 3 is
2y 2 2 21 2 283
f _— == ]——:— —_—_— = —
3) 3V 3 3V3 33 9

Question 4:

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

Created By Kulbhushan www.Kulbhushan.freevar.com



EDUCATION CENTRE
Where You Get Complete Knowledge
(1) flx) = e (i1) g(x) = logx

() Ax)=x*+x*+x+1
1. We have,

fo=e

Now, if f'(x)=0, thene" =0

value ofXx.

. But, the exponential function can never assume 0 for any

Therefore, there does not exist c€ R such that J(e)=0.

Hence, function f'does not have maxima or minima.

11. We have,
g(x)=log x
sg'(x)= 1
X
Sincelog x is defined for a positive number x, g'(x)> 0 for any x.

Therefore, there does not exist c€ R such that g'(e)= !J.

Hence, function g does not have maxima or minima.
1i1. We have,

hx)y=x+x>+x+1

SR (x) =300+ 20+

Now,

h(x)=0=3+2x+1=0= 6 3
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Therefore, there does not exist c€ R such that ()= U.

Hence, function / does not have maxima or minima.

Question 5:

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

) flx)=x",xe[-2,2] (ii) f(x)=sinx+cosx,xe[0n]

S(x)=dx— ! ¥,xe _—2,3}

(iii) 2 L2
(iv) f(x)=(x=1)" +3,xe[-3.1]
(i) The given function is f{x) = x*.
s (x)=3x"

Now,

fx)=0 = x=0

Then, we evaluate the value of fat critical point x = 0 and at end points of the interval
[-2, 2].

£0)=0
f-2) = (-2)' =8
f2)=(2) =8

Hence, we can conclude that the absolute maximum value of fon [-2, 2] is 8 occurring
at x = 2. Also, the absolute minimum value of fon [—2, 2] is —8 occurring at x = —2.

(i1) The given function is f{x) = sin x + cos x.
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o f'(x)=cosx—sinx

MNow,

, . n
f(x)=0 = SII’U.‘=CGS.¥:>I.E[HI=|:3’=E

T
¥ =—

Then, we evaluate the value of fat critical point " 4 and at the end points of the interval
[0, mt].

(a) . & a1 1 2
f[—J=sin—+ms—=_+_=_= )
4 4 4 2 2 2

F(0)=sin0+cos0=0+1=1

f(n)=sinn+cosm=0-1=-1

Hence, we can conclude that the absolute maximum value of fon [0, 7] is V2 occurring

s
x=

at 4 and the absolute minimum value of fon [0, ©t] is —1 occurring at x = 7.

fx)=4x- lx:.
(iii) The given function is 2

L f(x)=4-2(2x)=4-x

Now,
fx)=0 = x=4

Then, we evaluate the value of fat critical point x =4 and at the end points of the interval
3
-2, =
2
£(4)=16-2(16)=16-8-8
I
f(-2)=-8-2(4)=-8-2=-10

0y [ 9y
j'[—} A 21102 cis-8 18 10,125 27875
2) \2) 202 8
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Y }
Hence, we can conclude that the absolute maximum value of fon [ 21is 8 occurring

[
)
2

9

at x = 4 and the absolute minimum value of fon [ :| is —10 occurring at x = —2.

(iv) The given function is flx)=(x _I}: +3.
s (X)) =2(x-1)
Now,

(=0 = on-1)=0=x=1

Then, we evaluate the value of fat critical point x = 1 and at the end points of the interval
[-3, 1].

-

F()=(1-1) +3=0+3=3
7(-3)=(-3-1) +3=16+3=19

Hence, we can conclude that the absolute maximum value of fon [—3, 1] is 19 occurring
at x = —3 and the minimum value of fon [—3, 1] is 3 occurring at x = 1.

Question 6:

Find the maximum profit that a company can make, if the profit function is given by
px)=41—24x — 18x?

The profit function is given as p(x) =41 — 24x — 18x2.

oop'(x)=-24-36x
p(x)=-36

MNow,

-24 2
x)=0 = x=—=-=
p'(x) % - 3

Also,
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Y ===

By second derivative test, 3 is the point of local maxima of p.

T
. Maximum profit = ;J(—;]
',

SNERE)

=414+16-8
=49

Hence, the maximum profit that the company can make is 49 units.
Question 7:

Find both the maximum value and the minimum value of

3xt— 8x* + 12x* — 48x + 25 on the interval [0, 3]

Let f({x) = 3x* — 8x* + 12x? — 48x + 25.

S f(x)=12x" - 24x7 +24x - 48
=12(x" -2x" +2x-4)
[ (x-2)+2(x-2)]
12(x-2)(x* +2)

II
to

I:\J

Now, /'(x)=0 gives x = 2 or x>+ 2 = 0 for which there are no real roots.
Therefore, we consider only x =2 €[0, 3].

Now, we evaluate the value of fat critical point x = 2 and at the end points of the interval
[0, 3].
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F(2)=3(16)-8(8)+12(4)-48(2)+25
=48—-64+48-96+ 25

£(0)=3(0)-8(0)+12(0)—48(0)+ 25
=25

£(3)=3(81)-8(27)+12(9) - 48(3) +25
=243-216+108-144+25=16

Hence, we can conclude that the absolute maximum value of fon [0, 3] is 25 occurring
at x = 0 and the absolute minimum value of fat [0, 3] is — 39 occurring at x = 2.

Question 8:
At what points in the interval [0, 2xt], does the function sin 2x attain its maximum value?
Let f(x) = sin 2x.

o f'(x)=2cos2x
Now,
F(x)=0 = cos2x=0

im S5m Un
r=

T
Then, we evaluate the values of fat critical points 4 4 4~ 4 and at the end
points of the interval [0, 2x].

f[g]=sin§=lﬁf[3%]=sin3—n=—l

Sm . am in . In
I[T]—sm?— I.,f[—]—sm———l

S(0)=sin0=0, f(2n)=sin2x =0

Hence, we can conclude that the absolute maximum value of fon [0, 27] is occurring at
m Sm

X== X
4 and 4 .
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Question 9:
What is the maximum value of the function sin x + cos x?
Let f(x) = sin x + cos x.

s f {r) =CO0s X —sin x
Sm

T
f"{ =0 = H]]IY—LD‘:J_}tdI‘JI—]_}l—E i

_f"[l) =—sinx—cosx ——[sinx+cnsx]

Now, J I['1"‘}wi11 be negative when (sin x + cos x) is positive i.e., when sin x and cos x are
both positive. Also, we know that sin x and cos x both are positive in the first quadrant.

(. Xe [U, T ]
Then, /(%) will be negative when 2/,

T
X ==
Thus, we consider 4.

W B (e T T 2 _
I [4]— [hll‘l4+u}h4] [ﬁ] d?-::ﬂ

T

¥=—
~By second derivative test f will be the maximum at 4 and the maximum value of /'is
nw .
— |=sin—+ cns J—
3ot tm %
Question 10:

Find the maximum value of 2x* — 24x + 107 in the interval [1, 3]. Find the maximum
value of the same function in [-3, —1].

Let f{x) = 2x* — 24x + 107.

f'(x)=6x"-24=6(x"-4)
Now,

[(x)=0 =6(x-4)=0=>x"=4=x=42

We first consider the interval [1, 3].
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Then, we evaluate the value of fat the critical pointx =2 € [1, 3] and at the end points of
the interval [1, 3].

A2)=2(8)—24(2)+107=16—-48 + 107 =75

A1) =2(1)—24(1)+107=2—-24+107 =285

f3)=2(27)—243)+107=54—72+ 107 =89

Hence, the absolute maximum value of f{x) in the interval [1, 3] is 89 occurring at x = 3.
Next, we consider the interval [-3, —1].

Evaluate the value of fat the critical point x = —2 € [—3, —1] and at the end points of the
interval [1, 3].

A=3)=2(-27) — 24(-3) + 107 = —54 + 72 + 107 = 125
A-1)=2(-1)=24 (-1) + 107 =2 +24 + 107 = 129
A-2)=2(-8) — 24 (-2) + 107 = —16 + 48 + 107 = 139

Hence, the absolute maximum value of f{x) in the interval [-3, —1] is 139 occurring at x =
-2

Question 11:

It is given that at x = 1, the function x*— 62x* + ax + 9 attains its maximum value, on the
interval [0, 2]. Find the value of a.

Let flx) =x*— 62x* + ax + 9.
S f(x)=4x" —124x+a

It is given that function f attains its maximum value on the interval [0, 2] at x = 1.

= d—124+a=0
= a=120

Hence, the value of a is 120.
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Question 12:
Find the maximum and minimum values of x + sin 2x on [0, 2x].
Let f(x) = x + sin 2x.

o (x) =1+ 2cos 2x

; | T 7 2
Now, f [x}:ﬂ:':n;:t}ﬁl_r:——:—c{uf;T:m}ﬁ T—— |=cos—
2 3 3
2n
2x=2n i-? nel

T
:;»x=n:rrt§. nelf

2 4m 5
= x=2 28 28 O% 10.2a]
3 3 3 3
(T 2n 4nm Sn
Then, we evaluate the value of fat critical points 3 3~ 3 ' 3 and at the end points

of the interval [0, 2x].

3
Jf' EJ:_+Si|~|_“:E+£
T3 i 2
. 2:1‘] 2t . 4n 2 3
fl—|—+sin—=——-——
3 3 3 i 2
(4ny 4n ., Bm 4n \E
= |=—+sin—=—+—
3J 3 33 2
. Sn:] Sn 10r S5a /3
f —_— | = — MN—=———
3 3 3 3 2
F(0)=0+sin0=0
f2n)=2n+sindn =2n+0=2n

Hence, we can conclude that the absolute maximum value of f{(x) in the interval [0, 2x] is
21 occurring at x = 2x and the absolute minimum value of f{x) in the interval [0, 2x] is 0
occurring at x = 0.

Question 13:

Find two numbers whose sum is 24 and whose product is as large as possible.
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Let one number be x. Then, the other number is (24 — x).

Let P(x) denote the product of the two numbers. Thus, we have:

P(x)=x(24-x)=24x-x
(:

SP(x)=24-2x
P'(x)=-2

MNow,

P(x)=0 = x=12
Also,
P"(12)=-2<0

~By second derivative test, x = 12 is the point of local maxima of P. Hence, the product
of the numbers is the maximum when the numbers are 12 and 24 — 12 = 12.

Question 14:

Find two positive numbers x and y such that x + y = 60 and x)” is maximum.
The two numbers are x and y such that x + y = 60.

=2y=60—x

Let f(x) = x*

= f(x)=x(60-x)

o f'(x)=(60-x)" ~3x(60-x)
=(60-x) [60-x~3x]
=(60-x) (60 4x)

And, 7"(x) = ~2(60 - x)(60 - 4x) - 4(60 - x)°

=-2(60—x)[ 60— 4x+2(60-x)]
=-2(60-x)(180-6x)
=—12(60-x)(30-x)

Now, f'(x)=0 = x=60 orx=15

-
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Wher‘ix:ﬁ{lf”{x] =
When x =15, f"(x)=-12(60-15)(30-15) = -12x 45x15 < 0.

~By second derivative test, x = 15 is a point of local maxima of f. Thus, function x)* is
maximum when x = 15 and y = 60 — 15 = 45.

Hence, the required numbers are 15 and 45.

Question 15:

Find two positive numbers x and y such that their sum is 35 and the product x** is a
maximum

Let one number be x. Then, the other number is y = (35 — x).
Let P(x) = x»". Then, we have:

P(x)=x*(35-x)
"(x)=2x(35-x) =52 (35-x)'
=x(35-x)"[2(35-x)-5x |
- x(35-x) (70-7x)
=7x(35-x) (10-x)
And, P"(x) =7(35-)" (10-x)+ 7x| =(35-x)' = 4(35-) (10-x) |

35-x) (10— x)=7x(35-x)" = 28x(35-x) (10-x)
~x)'[(35-x)(10-x) - x(35-x)— 4x(10~x) |

(35
(33
(35-x)"[350—45x+x" —35x+x" —40x +4x" |
(

7
7
7
7

35-x)"(6x" —120x+350)

Now.P'(x)=0 = _¢ v =35 x=10

When x = 35, /'(x)=1(x)=0 and y = 35 — 35 = 0. This will make the product x? * equal
to 0.

When x =0, y =35 — 0 =35 and the product x*” will be 0.
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~ x =0 and x = 35 cannot be the possible values of x.

When x = 10, we have:

P"(x)=7(35-10) (6x100-120x10+350)
=7(25)" (-250) <0

~ By second derivative test, P(x) will be the maximum when x = 10 and y =35 — 10 = 25.
Hence, the required numbers are 10 and 25.

Question 16:
Find two positive numbers whose sum is 16 and the sum of whose cubes is minimum.
Let one number be x. Then, the other number is (16 — x).

Let the sum of the cubes of these numbers be denoted by S(x). Then,

S(x)=x"+(16- x)’

S8 (x)=3x"=3(16-x)", 5"(x)=6x+6(16-x)

Now, §'(x)=0 = 3x* -3(16-x) =0

=¥’ —(16-x) =0

= x =256=-x"+32x=0

x=&=8
32

Now, S"(8)=6(8)+6(16-8)=48+48=96>0

=~ By second derivative test, x = 8 is the point of local minima of S.

Hence, the sum of the cubes of the numbers is the minimum when the numbers are 8 and
16 —8=38.

Question 17:

A square piece of tin of side 18 cm is to made into a box without top, by cutting a square
from each corner and folding up the flaps to form the box. What should be the side of the
square to be cut off so that the volume of the box is the maximum possible?
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Let the side of the square to be cut off be x cm. Then, the length and the breadth of the
box will be (18 — 2x) cm each and the height of the box is x cm.

Therefore, the volume V(x) of the box is given by,

V(x) =x(18 — 2x)?

T x) =18 —2x) —Ax(18 —2x)
=18 —2x)[18 —2x —4x]
=18 —2x){18 —6x)

— G 29— )3 —x)
—12(2—x)(3—x)

And, FUx)=12 (9 —x}—(3—x)|

=—12(9—x+3—x)

—12(12 —2x)

—2a(6— x)

Now.V'(x)=0 =, _ g orx=3

If x =9, then the length and the breadth will become 0.
SxX£E9.
= x=3.

Now, V'(3)=-24(6-3)=-72<0

. By second derivative test, x = 3 is the point of maxima of V.

Hence, if we remove a square of side 3 cm from each corner of the square tin and make a
box from the remaining sheet, then the volume of the box obtained is the largest possible.

Question 18:

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

Let the side of the square to be cut off be x cm. Then, the height of the box is x, the length
1s 45 — 2x, and the breadth is 24 — 2x.

Therefore, the volume V(x) of the box is given by,
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V(x)=x(45-2x)(24-2x)
= x(1080-90x — 48x +4x” )
= 4x” —138x" +1080x
SV (x)=12x" —276x+1080
=12(x" =23x+90)
=12(x-18)(x-5)
V"(x)=24x-276=12(2x-23)

V'(x)=0

Now, =x=18andx=5

It is not possible to cut off a square of side 18 cm from each corner of the rectangular
sheet. Thus, x cannot be equal to 18.

X =95

Now, V7(5)=12(10-23)=12(-13) =156 <0

. By second derivative test, x = 5 is the point of maxima.

Hence, the side of the square to be cut off to make the volume of the box maximum
possible is 5 cm.

Question 19:

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

Let a rectangle of length / and breadth b be inscribed in the given circle of radius a.

Then, the diagonal passes through the centre and is of length 2a cm.

Now, by applying the Pythagoras theorem, we have:
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(2a) = +b°
= b =4a -1

= b=+da' I

p)

~Area of the rectangle, 4= 4a’ -1

dA Ny 1 — I
B Vil P ————(20) = A P ————

al 2J4at —F{ ) 4a° =1
_4a’ =20

Jaa> —1* (-a1) - (4a’ _2‘,3)—{—21)

d* A

2dat -1

dr (42’ - 1)
(4a’ — 1 )(—40) +1(4a” -21)

(40’ -1 )
_-i2ai+2r _2I(6a’ 1)
(1) (s

dA . 3 ) =
Nuwﬁﬁ =0gives 4a” =2I" =1 =+2a

= b=+4a’ —2a° =2d* =2a

Now. when [ = «."Ea,

A —2(V2a)(6a"-2a") g
dr 2424’ N

=4 <)

~. By the second derivative test, when { = 2a , then the area of the rectangle is the
maximum.

Since /=b=2a _the rectangle is a square.

Hence, it has been proved that of all the rectangles inscribed in the given fixed circle, the
square has the maximum area.

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

Let » and % be the radius and height of the cylinder respectively.
Then, the surface area (S) of the cylinder is given by,

S =2’ +2mrh
S -2

2ar
_i[l]_ .
2ol r

Let V' be the volume of the cylinder. Then,

V=arh=mr’ [i[lJ —r} S nr’
2l r 2

V8 , dV
Then, d = E— Imre, d—ﬂ = —G7r
dr 2 dr-
I . .
How,d—={}:~ =3 = p=—
dr 2 o

2 { !
d =—Em:| \/EJ{{].
: \ omn

¥
~ By second derivative test, the volume is the maximum when bm

= h=

3| L

When r* = i then
on i

Now, when r* = i then i = omr” [I_W_ r=3r—-r=2r
6 2n

Hence, the volume is the maximum when the height is twice the radius i.e., when the
height is equal to the diameter.

Question 21:

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

Let r and / be the radius and height of the cylinder respectively.
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Then, volume (¥) of the cylinder is given by,

V=ar’h=100 (given)
100
Tu,.’,‘

soh

Surface area (S) of the cylinder is given by,

3 3 2
& =2mar +2'Jtruf:l=2'mr'+E
-
1 2
.'.d—'$=4rtr—2—ﬂiﬂ~ d—?=4n+4—[tﬂ
2 e ar P
ﬁ:II} = 471:1‘:2—[]10
s F
. 200 50
===
4 b8

=1,

|
S
=Dr=|—
T
|
5n)a d’s

MNow, it 1s observed that when r = [—

T dr’

~By second derivative test, the surface area is the minimum when the radius of the

)
— | £m
cylinderis * ™

|
3 2 3
Whenr:{ﬂj . h= 100 - = “ZXSD < =2[EJ cm.
s sop( )5 LT

=
Y
LA
Ala
| a2

Hence, the required dimensions of the can which has the minimum surface area is given

| |
[ 50 ] [ 50 ].1
— | ©m 2 — | cm.
by radius = * T and height= ‘T

Question 22:
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A wire of length 28 m is to be cut into two pieces. One of the pieces is to be made into a
square and the other into a circle. What should be the length of the two pieces so that the
combined area of the square and the circle is minimum?

Let a piece of length / be cut from the given wire to make a square.

Then, the other piece of wire to be made into a circle is of length (28 — /) m.

{
Now, side of square = 4 .

2m=23-£:>r=i{23—£}.
Let » be the radius of the circle. Then, 2

The combined areas of the square and the circle (4) is given by,

A =(side of the SC[LI&I‘E#E +

I 1 ’
=—47| —(28-1
16 3{23:{ }}
- | 3
=—+—(28-1
16 4n[ )
dd 2 2 {1
S = — (28T} [ -1 ) === — (281
di 16 4::( )(=) 8 2;:( )
di* 8 2n
Now, Eﬂ) = i—L{ES—E}zLJ
dl 8 2n
— IR _
o 4(28 ;)zﬂ
8n
= (n+4)/-112=0
e 112
n+4
= M2 dA

Thus, when m+4  dl’

112

. By second derivative test, the area (4) is the minimum when — m+4 .
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Hence, the combined area is the minimum when the length of the wire in making the
112 28 112 28x

CIT
square is ®+4 cm while the length of the wire in making the circle is n+d  m+d

Question 23:

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

radius R is 27 of the volume of the sphere.

Let » and 4 be the radius and height of the cone respectively inscribed in a sphere of
radius R.

Let 7 be the volume of the cone.

= l wh
Then, 3

Height of the cone is given by,

h=R+ AR = RHVR -1 [ABC is a right triangle]
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o :]Em (H+JR—)

] 1.
=—mw R+ - VR -1
3 3

s
a3 2\1.’32—1‘
=£:I[1H+2nr\|'R - —l‘n: r
3 3 3R
3 3\”?3—,*:
- M
3 WE -7
Svﬁ 2nR =97 )= (2arR* = 3mr)- (—Qr)
° ( )-( )
d‘i’,—m 6 R!_rl
dr’ - 3 ( )
9(R* -r*)(2nR* -9 2R L3
=zﬂ:R+ { r}(n W] o R+ 3w
2?(&- ]
& 2 3 2wk’
N =) R=
R Y
KT )
=2R= SRR -r =37 - 2R
s

= 4R (R*~r*) = (3" -2R*)
= 4R —4RY =9 + 4R —12/°R?

— Qp* =BR7
e =3p
9
, , 3V
When r” = ﬁfi", then d — <0,
9 dr-
e

-
= By second derivative test, the volume of the cone is the maximum when 9
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When »* =SR2, b= R+.[R~‘—§Rﬂ =R+.['—R~‘ _r+R_dp
9 9 9 303

Therefore,

:ln[ﬁfe*j[f HJ

309 3

=£[i mrf‘]
2713

= %x{"\*’olume of the sphere)

Hence. the volume of the largest cone that can be inscribed in the sphere is %

the volume of the sphere.

Question 24:

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

Let » and % be the radius and the height (altitude) of the cone respectively.
Then, the volume (V) of the cone is given as:
v

Vzl':rrzhzbh= ~
3n F

The surface area (S) of the cone is given by,

S = nrl (where / is the slant height)

=+ b

. 9K”
Y L
mr

= l\.'nzrﬁ + 9
»

Iha

VL L
i’
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6n’r’ .
o —yart 4ot

2

cdS  og e s
dr e
B jxl’rb _ Tl:zf'fl _QVE

et +9p?

B 2art =917
rzs.f{:'tir +91°
B 2n'rt —9)*
J"'E 'I?E:.P"r’ +9l”"2
as 3 aF
Now,—=0=2n"r" =0)* = " = —
dr 2n
9w d’S
. . . r = T T 0.
Thus, it can be easily verified that when 2" dr
o W
=~ By second derivative test, the surface area of the cone is the least when n

| =

- 3
L

mr

( !.rE :“- 3 2 6
When r* = ) yh=—7%=— LA
2n i S o 9

Hence, for a given volume, the right circular cone of the least curved surface has an
altitude equal to V2 times the radius of the base.

Question 25:

Show that the semi-vertical angle of the cone of the maximum volume and of given slant
height is tan ™' ~2

Let 0 be the semi-vertical angle of the cone.

e [U, E],
It 1s clear that 2

Let r, h, and / be the radius, height, and the slant height of the cone respectively.

The slant height of the cone is given as constant.
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Now, r=1[sin @ and h =1 cos 6

The volume (V) of the cone is given by,

bl

wh

=

:rl:(iTE sin” H) {F cos H)

N

nl’ sin’ @cos O

:;_; :%[m'nz 6(-sin@)+cosd(2sin chsﬁ‘}]

= '!roﬂl:—sin'1 +2sinfcos 0 :I
a2

EI(" : . 3 = 2
d - =f—n[—35m' cosf +2cos 7 —4sin’ ﬂcns{?]
dg 3

I q . 1

=Tﬁ[2cns & —7sin’ t?cosﬂ]

A
Now.m =0

[}

— sin’ @ =2sinfcos’ @

—=tan’@=2
— tan@ =2
=@ =tan "2

Now, when & =tan™' \."E‘ then tan” @ =2 or sin” § =2 cos” &.
Then. we have:

d'V I'n 3 : 33 : n
L —[Ecus' =14 cos E]: —dnl cos’0 < for e |0, —
d” 3 2

~By second derivative test, the volume (V) is the maximum when ¢ = tan~' 2 .
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Hence, for a given slant height, the semi-vertical angle of the cone of the maximum
volume is tan~' V2 .

Question 27:

The point on the curve x> = 2y which is nearest to the point (0, 5) is

) (2v2, 4)(B) (2v2,0)

(©) (0,0) (D) (2,2)

The given curve is x> = 2.

X J
X, :
For each value of x, the position of the point will be ( 2

x:
X, —

The distance d(x) between the points [ J and (0, 5) is given by,

2 : 4 +
dl:_r]=\/{;r—ﬂ]“ +[%—5] = J_rf +IT+25—513 = J’TT—atx’- +25

()= (x* -8x) (.x” —B‘x)
J——ilx g5 Vx'-1627+100

Now, d'( =(0=x -8x=0
::»xl:x‘—ﬂ)=f}

= x=0.£22
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dx" —32x
2Jxt — 1627 +100

Vx' <1637 +100 (3x* ~8) —(x' ~8x)-
And.a"’{.‘r)z

(x* —16x* +100)
(x* —16x" +100) (35" —8)—2(x" —8x)(x" —8x)

3

(x* =165 +100)

(x* ~16x* +100)(3x ~8)~2(x* ~8x)

(x* 162"+ um)i

¥ =10, then n’”{x] = 36{_3}

< (.
When, 6

When A = iz\l@-r d"{.r} o= {.].

~By second derivative test, d(x) is the minimum at ¥ = 242

x :iE-u'E._.y = (E\E] =4,
When 2

(ﬂﬁ, 4)

Hence, the point on the curve x> = 2y which is nearest to the point (0, 5) is

The correct answer is A.

Question 28:

l—-x+x°

For all real values of x, the minimum value of 1+x+x" is

(A)0®B)1

1

(C)3 (D) 3
: __I—x+_r:
Let’ {l}_l+x+x:‘
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(14 x+27) (=14 2x) (1 —x+x:){l +2x)

)= (lrxex)
=l 2x x4+ 23 - x4 20 -1 -2x+ x4 2% —x' - 2x°
) (I+x+.1r2)2
7429 2(::"—1)

_(I+x+xl}: (l—l—x+;r3):r

S fN(x)=0 = X =1 x=1]

2[(I+x+xl )1(11]_(1.! _|){1}[]+x+x?){|+2x]]

3

Now. /"(x) =

(l+x+x3}

4(]+.T+II)[(]+I+A’I)I—(I2 —I][l+2x}}

4
(I+.‘c+x!]

- ﬂi-[.ﬂr+,1rJ +x—xt =2+ 1+ 2_r:|

3

(l+.r+xj]
=4(1+3x—_r3]
(l+x+f)ﬂ
. _4(1+3-|]_4{3)_1}
And. /(1) = (1+141)’ - (3) 57!
atso, " (<1) =034 gy aco

(1=1+1)

~By second derivative test, fis the minimum at x = 1 and the minimum value is given by

f{ﬂ I=1+1 1

14141 3

The correct answer is D.

Question 29:

|
. — 3 =
The maximum value of [A (x ]}+ 1] 0 x<] 1S
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(A) \3/ (B) 2
©1(MD)O
Let I,f'(_r}:[,r{x—l}+1:|-".
2x -1
3[x(x-1)+1]
1

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

(%)=

1
X=—
Then, we evaluate the value of f'at critical point 2 and at the end points of the interval

[0, 1] {i.e.,atx=0and x=1}.

71(0) [ﬂ{ﬂ—l}—rl]; =1

f{]}=[]{]—l}+l].l‘~=1

B-3E)1-6)

Hence, we can conclude that the maximum value of f'in the interval [0, 1] is 1.

The correct answer is C.
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