Application Of Derivatives

1. The derivative of sin (x2) w.rt. x, at x = Vmis: (2024)
(A)1

(B)-1

(C) —2vm

(D) 2vm

Ans. (C) —2vm

2. Show that the function f(x) = 4x3 - 18x2 + 27x - 7 has neither maxima nor
minima. (2024)

Ans. ' (x) = 12x2 — 36x + 27
=3(2x-3)2=0forallx€eR

=~ fisincreasingonR.

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

3. Case Study Based Question : (2024)

The traffic police has installed Over Speed Violation Detection (OSVD) system at
various locations in a city. These cameras can capture a speeding vehicle from a
distance of 300 m and even function in the dark.

RADAR SPEED DETECTION
AVERAGE SPEED DETECTION M

Distance RADAR measures the change in
Speed =

POINT A 7] POINT B Time B — Time A the frequency of returned radio

RADAR
(@) (@) ) waves to precisely measure the
speed of vehicles (the Doppler
KNY - 577 KMY - 577 - eltect)
_g— Radio waves emitted

by the RADAR bounce

I

/ “ back to confirm an
7~ object was detected

A camera is installed on a pole at the height of 5 m. It detects a car travelling away
from the pole at the speed of 20 m/s. At any point, x m away from the base of the
pole, the angle of elevation of the speed camera from the car C is 6.

On the basis of the above information, answer the following questions :
(i) Express 0 in terms of height of the camera installed on the pole and x.

(i) Find d9/dx.
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(iii) () Find the rate of change of angle of elevation with respect to time at an
instant when the car is 50 m away from the pole.

(b) If the rate of change of angle of elevation with respect to time of another car
at a distance of 50 m from the base of the pole is 3/101 rad/s, then find the speed
of the car.

Ans.

(i) tan@ = ; = 6 = tan™! (g)

... d0 _ -5
(i) dx ~ 52+x2

do de dx -5
iii a—=—><—=—x20]
( ) ( ) dt dx dt 524 x2 x=50
-100 -4
~ 2525 or 101 rad/s
de  de dx 3 -5 dx
BigsT et g  me
dt dx dt 101 52+ x2 ly=50 dt

3 -5 dx dx
5 — = — X — = == —
101 2525 dt dt 15 m/s

Hence the speed is 15 m/s
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W\ Previous Years’ CBSE Board Questions =

6.2 Rate of Change of Quantities
m (1 mark)

circleis 2 cm, its area increases at the rate of

em?s. (2020) (Ap)] :
2. Therate of change of the area of a circle with respect |
toits radius r, whenr= 3 cm, is (2020) :

(2 marks)

3. The total

cost Clx) associated with

C{x) = 0.005x3 - 0.02x2 + 30x + 5000. Find the
marginal cost when 3 units are produced, where by

4. The wvolume of a sphere is increasing at the :
rate of 3 cubic centimeter per second. Find the rate of :

increase of its surface area, when the radius is 2 cm.

(Delhi 2017)

' T 4 maris)

How fast is its surface area increasing when the length :

NCERT, A1 2017) V] 17. Find whether the function flx) = cas[gﬁi); is

(%3]

The volume of a cube is increasing at the rate of 9 cm3/s.

of an edge is 10cm?

- (4 marks)

A ladder 13 m long is leaning against a vertical wall. :
The bottom of the ladder is dragged away from the :
wall along the ground at the rate of 2 cm/fsec. How ¢
fast is the height on the wall decreasing when the

foot of the ladder is 5 m away from the wall?

the side of the triangle is 20 cm?

increases, when the side is 10 cm.
6.3 Increasing and Decreasing Functions
MCQ

9. The interval in which the function f{x) = 2x® + 9x? +

12x - 1is decreasing, is

(@ (-L=) (b) (-2,-1)(c) (-=-2)(d) [-11]

10. The function f{x) = x3 + 3xis increasing in interval
(@ (-=0) (b) (0.=) () R (d (0.1)

increasing, is

(@) (oo, —4)(0,o=) (5] —1

(A1 2019)
7. The side of an equilateral triangle is increasing at the :
rate of 2cm/s. At what rateis its areaincreasing when :

(Delhi 2015) (Ev)

B. The sides of an equilateral triangle are increasing at
the rate of 2 cm/sec. Find the rate at which the area :
(Al 2014C)

i 20.

(2023)

c=x

(€ (-4.0) {d) (=0, 0) (4,00

(Term |, 2021-22)

The radius of a circle is increasing at the uniform rate 12. The function (x - sin x) decreases for

of 3 em/sec. At the instant when the radius of the :

a) allx (b) x 1:%
(c) ﬂ-:x{% (d) no value of x

(Term |, 2021-22)

(1 mark)

13. Find the interval in which the function f given by
the
production of x units of an item is given by |

- I (2 marks)

x b 14. Find the interval in which the function fix) = 2x3 - 3x
marginal cost we mean the instantaneous rate of

change of total cost at any level of output. (2018) (Ap) |

fix) = 7 - dx - x2 is strictly increasing. (2020)

is strictly increasing. {2023)
: 15. Show that the function flx) = 4x3 - 18x2 + 27x - 7
is always increasing on R. {Delhi 2017)
i 16. Show that the function fix) = x® - 3x2 + éx - 100
is increasing on R. (A1 2017) (Ag]

increasing or decreasing in the interval 3;!—’[ <K EBE
(201%) Il
= 18, Find the intervals in which the function
4

fix)= f‘E-xﬂ -5x2+24x+12 is

(a) strictly increasing

(b} strictly decreasing {2018} A;T'
i 19. Find the intervals in which the function

fix)=3x%-dx3 - 12%2+51is

la) strictly increasing

(b) strictly decreasing (Delhi 2014)

Find the value(s) of x for which v = [x (x=2)]2 is an
: increasing function. (Al 2014)
i 21, Find the intervals in which the function
flx)= %x‘ x3—45x2 451 Is

(i) strictly increasing

(i) strictly decreasing (Foreign 2014) (Rp)

22, Find the intervals in which the function
(2023} :

11. The interval, in which function y = x> + éx% + & is

1'{.1(',|I--?:-—:|:"1 41'3 3x +-?i|5—x+11 is

{a) strictly increasing

(b) strictly decreasing. (NCERT, Al 2014C) (Ev]
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(5/6 marks) 32. For the given half-cylinder of volume V, the total

23 Eind th int I ahich: e i surface area 5 is minimum, when
; (| L= nterva on IC =4 Ll 0 g & =
) = (x - 12 b - 22 is (a) strictly increasing | & 2 V=xd (b} (r+2) V=nZr?

{b) strictly decreasing. (2020) : (€} 2(m+2)V=n?3 (d) (zx+2)V=n’r

i {Terml, 2021-22)
24, Find the intervals in which the function { defined as :

fli) = sin x + cos x, 0 < x < Zxis strictly increasing o 33. The ratio h: 2r for which 5 to be minimum will be equal

™ : to
decreasing. (2020) Lﬁj [a) 2m:m+2 (b) Zm:m+1
25. Findtheintervalsinwhichf{x)=sin3x-cos3x 0<x<m, | (0} mim+1 (d) m:m+2 "
is strictly increasing or strictly decreasing. (Term 1, 2021-22) Cr |

i (1 mark)
26. Prove that the function f defined by fix) =x2 - x+1 |

is neither increasing nor decreasing in (-1, 1). Hence, 34. The absolute minimum value of flx) = 2 sin xin [g_ 3_“]

find the intervals in which fix) is (i) strictly increasing 2
{ii) strictly decreasing. {Delhi 2014C) ; ks (2020)
6.4 Maxima and Minima 25. The least value of the function fix) =ax + E (a>0,b>0,
: x>0)is . ¥ (2020)
MCQ
T 4 marks
27. The value of x for which (x - x2) is maximum, is i i )
i 34, Case-study : Sooraj's father wants to construct a
4 b 2 3 d 4 ;
(@) 3 b 1 (c) 1fl;erm! ECEEI{;.?J I—U‘-I rectangular garden using a brick wall on one side of
: — the garden and wire fencing for the other three sides
28. Awire of length 20 cm is bent in the form of a sector | as shown in the figure. He has 200 metres of fencing
of acircle. The maximum area that can be enclosed by wire,
the wire is '
(a} 20sg.em {b) 25sg.cm
{c) 10sg.cm {dl 30sg.cm

(Term I, 2021-22} :
Case study-5ome young entrepreneur started a industry |
"young achievers” for casting metal into various shapes. :
They put up an advertisement online stating the same
and expecting order to cast metal for toys, sculptures, :
decorative pieces and more. ;
A group of friends wanted to
make innovative toys and hence
contacted the "young achievers” to
order them to cast metal into solid
half cylinders with a rectangular
base and semi-circular ends.

following questions :

(i) Let 'x" metres denote the length of the side of
the garden perpendicular to the brick wall and
v metres denote the length of the side parallel
to the brick wall. Determine the relation
representing the total length of fencing wire

Based on the above information, answer the following and alsa write Alx), the area of the garden.
questions (29 to 33} : (ii) Determine the maximum value of Alx). (2023}
29. The volume (V) of the casted half cylinderwillbe 37 An open tank with a square base and vertical sides is
(a) mr2h (b) lmzh to be constructed from a metal sheet so as to hold a
given quantity of water. Show that the cost of material
(c) imzh (d) mri(r+h) will be least when depth of the tank is half ofits width,
2 (Term I, 2021-22) : If the cost is to be borne by nearby settled lower
. i income families, for whom water will be provided,
30 The total surface area (S) of the casted half cylinder /.t kind of value is hidden in this question? _H
(@) mh+2m?+rh (b) mrh+mr? +2rh 28

() 2mrh+mr?+2rh (d) mrh+mZ+rh . IRLYIE (5 /6 marks)

(Term|, 2[]'21'22} (Ev) 38. The median of an equilateral triangle is increasing at
31. The total surface area 5 can be expressed in terms of the rate of 245 an/s. Find the rate at which its side
Vandras | is increasing. (2023)
(a) 2ﬂr+M {b) r|:r+E : 39, Sum of two numbers is 5. If the sum of the cubes
r r of these numbers is least, then find the sum of the
& s MVin+2) ) 22y Vin+2) sguares of these numbers. {2023)
wr nr _ : 40. Show that the height of the right circular cylinder
(Term |, 2021-22) I.ﬂ.p.l : of greatest volume which can be inscribed in a right
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41.

B
wn

47,

48,

53.
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circular cone of height h and radius r is one-third of i
the height of the cone, and the greatest volume of the :

(2020) :

cylinder is .:_ times the volume of the cone.

Find the minimum value of (ax + by), where xy = ¢2.
(2020, Foreign 2015)

. Amongst all open (from the top) right circular :
cylindrical boxes of wolume 125n em?, find the §
dimensions of the box which has the least surface
(2020) :
. Find the dimensions of the rectangle of perimeter
36 cm which will sweep out a volume as large as i
possible, when revolved about one of its side. Also,
(2020) (Ap) |

area.

find the maximum volume.

. Prove that the radius of the right circular cylinder of
greatest curved surface area which can be inscribed :
(2020C) :
. Show that the height of the cylinder of maximum
volume that can be inscribed in a sphere of radius R is

(2019) |
) i o { 58.
Show that the height of a cylinder, which is open at ©
the top, having a given surface area and greatest !
(2019) :

A tank with rectangular base and rectangular sides,
open at the top is to be constructed so that its depth |
is 2 m and volume is 8 m2. If building of tank costs :

T 70 per square metre for the base and T 45 per &0
square metre for the sides, what is the cost of least : ’

in a given cone is half of that of the cone.

Z—I,E. Also find the maximum volume.
=

volume, is equal to the radius of its base.

expensive tank? (NCERT, Delhi 2019) (Tt
Find the area of the greatest rectangle that can be

inscribed inanellipse *_, -"'_2=‘_|__

equal to the diameter of the base. (2019C)

.. I
I5=

acube.

: . d4r . : i
of radius r is 3 Also find maximum volume in terms :

(Delhi 2016, Al 2014) (Ap)

Prove that the least perimeter of anisosceles triangle
in which a circle of radius r can be inscribed is 64/3r. ¢

(Al 2014)
The sum of the surface areas of a cuboid with sides :

and a sphere is given to be constant. &7

of volume of the sphere.

b
X, 2% and 5

Prove that the sum of their volumes is minimum, if x

(A12019)

Show that the right circular eylinder of given surface
area and maximum volume is such that its height is :
i A2,
If the sum of lengths of the hypotenuse and a side of a
right angled triangle is given, show that the areaof the
triangle is maximum, when the angle between them :

(NCERT Exemplar, Delhi 2017, Al 2016, 2014) 63

. Show that the surface area of a closed cuboid with :
square base and given volume is minimum, when itis :

(A12017) (Ey) :

. Show that the altitude of the right circular cone of :
maximum volume that can be inscribed in a sphere :

un
4, ]

[ ]
5]

61

c=x

is equal to three times the radius of sphere. Also find
the minimum value of the sum of their volumes. .
(Foreign 2016) Ap|

OR
The sum of surface areas of a sphere and a cuboid

with sides %,“nd 2x, is constant. Show that the

sum of their volumes is minimum if x is equal to three
times the radius of sphere. (Al 2015C)

. Find the local maxima and local minima of the

function fix) = sinx - cos x, 0 < x < 2m Also find the
local maximum and local minimum values.
(Delhi 2015)

. Find the coordinates of a point of the parabola

¥ = x2 + 7x + 2 which is closest to the straight line
y=3x-3. {Foreign 2015)

. A tank with rectangular base and rectangular sides

open at the top is to be constructed so that its depth
is 3 m and volume is 75 m?. If building of tank costs
T 100 per square metre for the base and ¥ 50 per
square metre for the sides, find the cost of |EE’5}|
expensive tank. (Delhi 2015C) (Ap)
A point on the hypotenuse of a right triangle is at
distance 'a’ and ‘b’ from the sides of the triangle.
Show that the minimum length of the hypotenuse is

(@23 + B2, (NCERT, Delhi 2015C)

Of all the closed right circular cylindrical cans of
volume 128 n cm?, find the dimensions of the can
which has minimum surface area. (Delhi 2014)

Show that the semi vertical angle of the cone of
the maximum volume and of given slant height is

At (Delhi 2014) (V)
V3

Prove that the semi vertical angle of the right circular

cone of given volume and least curved surface area is

cot™1./2. {Delhi 2014)

The sum of the perimeters of acircle and asquareisk,
where k is some constant. Prove that the sum of their
areas is least when the side of the square is equal to
the diameter of the circle.

(Foreign 2014, Delhi 2014C)

Show that a cylinder of a given volume which is open
at the top has minimum total surface area, when its
height is equal to the radius of its base. -

{Foreign 2014) (A

Cos

. A window is of the form of a semi-circle with a

rectangle on its diameter. The total perimeter of the

window is 10 m. Find the dimension of the window to

admit maximum light through the whole opening.
(Foreign 2014)

. ABis adiameter of a circle and C is any point on the

circle. Show that the area of AABC is maximum , when
it is isosceles, (Al 2014C)

. Find the point P on the curve y2 = 4ax which is nearest

to the point (11a, 0). (Al 2014C) LE'?

If the length of three sides of a trapezium other than
base is 10 cmeach, then find the area of the trapezium

when it is maximum. (NCERT, Al 2014C) (Aip]
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W)\ CBSE Sample Questions /B

6.2 Rate of Change of Quantities
BEY (2 marks)

1. Aman L& m tall walks at the rate of 0.3 m/sec away |
from a street light that is 4 m above the ground. At
what rate is the tip of his shadow moving? At what :

(2022-23) :

rate is his shadow lengthening?

6.3 Increasing and Decreasing Functions
MCQ

[

fix) = P-dx+6is strictly increasing.
fa) (===, 2) (2, 9) b) (2,=)
e} (-=.2) (d) (-=.2]u(2,=)

(Term I, 2021-22) (Ev) |

3. Thereal function f{x) = 2x3 - 3x2- 36x + 7 is

(a) Strictly increasing in (-, -2) and strictly%

decreasing in (-2, )
(b) Strictly decreasingin (-2, 3)

(c) Strictly decreasing in (-es, 3) and strictlyg

increasing in (3, =)
(d) Strictly decreasingin (-e, -2) (3, =)

(Term 1, 2021-22)

The value of b for which the function f{x) =x + cosx +b '

>

is strictly decreasing over Ris
(a) b<1 (b)
(¢) b=z1

No value of b exists
(d) b=1

m (3 marks)

5. Find the intervals in which the function f given by

f(x) = tanx - 4x, xe(o.g]is

(a) strictlyincreasing (b) strictly decreasing

6.4 Maximaand Minima
MCQ

6. The least value of the function f(x) = 2cosx + x in the

closed interval [O, %] is

(a)

2 (b) §+ 3
n
(o) E

(d) The least value does not exist.

Find the intervals in which the function f given by

(Term I, 2021-22) (Ag) |
i 9,

(2020-21) | 10.

(Term |, 2021-22) :

|

[N
N

c=x

The area of a trapezium is defined by function f and

given by ﬁx}:tiﬂ+xln,l'.':ﬂﬂ—x2, then the area when

it is maximised is

(a) 75cm? (b)  73em?

(c) 75¢3em? (d) 5em? -
(Term I, 2021-22) (Cr]

The maximum value of [x(x- 1) + 1]¥3,0= x = 1is

1 J1
(a) O (b) 3 ) 1 (d) \IE
(Term|, 2021-22)
Case Study : The fuel cost per hour for running a
train is proportional to the square of the speed it
generates in km per hour. If the fuel costs ¥ 48 per
hour at speed 146 km per hour and the fixed charges

to run the train amount is ¥ 1200 per hour.

Assume the speed of the train as v km/h.
Based on the given information, answer the following
questions (9 to 13).

Given that the fuel cost per hour is k times the
square of the speed the train generates in km/h, the
value of kis

1

¥ il 93 @ 3

@ 3 3 1%

If the train has travelled a distance of 500 km,
then the total cost of running the train is given by
function

(a) 1—5-\1 + (b) 37-—s-v +
16 v 4 v
(c) 2 vis = (d) 3 v+
16 Y 16 v
. The most economical speed to run the train is
(a) 18km/h (b) 5km/h
(c) 80km/h (d) 40km/h

The fuel cost for the train to travel 500 km at the
most economical speed is

@,g www.studentbro.in



(a) ¥ 3750 (b) ¥ 750 (a) Om (b) 30m

(© 7500 (d) ¥ 75000 () 50m (d) 80m
13. The total cost of the train to travel 500 km at the (v) The extra area generated if the area of the
most economical speed is whole floor is maximized is
(a) ¥ 3750 (b) X 75000 3000 5000
(© 7500 (d) 15000 L@ = m? (b) ==m?
(Term 1,2021-22) :
Case study based questions are compulsory. Attempt any 4 (© 7000m2
sub parts from question. Each sub-part carrie 1 mark. n
14. An architect designs a building for a multi-national : (d) Nochange, Bothareas are equal (2020-21) If_f;:

company. The floor consists of a rectangular region
with semicircular ends having a perimeter of 200 m : (4 marks)

as shown below: 15. Case-Study : Read the following passage and answer
i the questions given below.

i In an elliptical sport field the authority wants to
’ design a rectangular soccer field with the maximum

possible area. The sport field is given by the graph of
2 2
Kooy o

sk S

a b?

Design of Floor

Building i
Based on the above informationanswer the following:
(i) If x and y represents the length and breadth :
of the rectangular region, then the relation :
between the variables is :

(a) x+mny=100 (b) 2x+my=200
(0 mx+y=50 (d) x+y=100 :
{il) The area of the rectangular region A expressed
as afunctionof x is i

(a) 3(100x-x2) (b) 1(100x-x2)
L9 T

X 2.2 2
() ;(loo-x) (@ wy +;(100x-x ) (i)  If the length and the breadth of the rectangular

field be Zx and 2y respectively, then find the area
% 3200 i function in terms of x.
@ =™ ) St © (i) Find the critical point of the function.
i (1li] Use First Derivative Test to find the length 2x

([lf) The maximum value of areadis

(c) 2000 o (d) 100 2 : and width 2y of the soccer field (in terms of aand b)
i x that maximize its area.
(iv) The CEOQ of the multi-national company is OR
interested in maximizing the area of the whole : Use Second Derivative Test to find the length 2x
floor including the semi-circular ends. For thisto : and width 2y of the soccer field (in terms of a and b)
happen the value of x should be ; that maximize its area. (2022-23)

DRIl SOLUTIONS

1. letrbe the radius and A be the area of circle. 2. Letrbe the radius and A be the area of circle.
. dr . i We know that, area of circle, A = ir2
Given that _=3E|'|"|.|'r5EC __{|:| H
dt i dA dA
i i —=2ar = (—] =4mcm
We know that, area of circle A = mr? dr dr /3
i 3. Wehave, = 0.005x3 - 0.02x2 + 30x + 5000
':%ﬂ”g_; = 2753 [Using (i)] " o 1)

: = 2
= &mr : = E—D.ﬂin =0.04x+30
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MNow, (EJ =0.015x32 =0.04 x3+30=30.015
dx x=3

4. Letr, 5and Vrespectively be the radius, surface area

and volume of sphere at any time ¢,

Given, %—Scm fsec

We know that, volume of sphere V= E
dv e gdr
dt dt
= dr__3 cmfec
dt 4m1
We know that, surface area of sphere § = dnr?
E:Ed—gr{a]ﬂﬁ=é
dt dt Amr? dt r

[ ] = ——3 cm® fsec
r=2em 2
a cube respectively.
Given, %:?cma.n'sand I=10cm
We know that, volume of cube (V) = 2

E""’.._.E".u;ﬂ 9=3 4
dt dt
= ﬂ;i
dt P2
And, surface area of cube (A) = &2 :
dA_d o .ol 3 e
b oemm ()= 12 == 12— From (i)} :
T et e oV
_36
I
dﬁl] 36
= =36cm’/
dt fi—1n 10 il

6. Let foot of the ladder is at a distance x m from the wall

and height on the wall is y m.
Here, x2 +y2=(13)2
Differentiating with respect to t, we get

B
e dy
2x—+2y—=0
PR =
dy _—xdx
* y dt A X C
Whenx=5m, y2=(13)2-(5)2= 169 - 25= 144
'.-f'=12m

Also, d__zcmfsec [Given]
; d'.r =5

Tdt 12
7. Let'a' be the side of an equilateral triangle.

w2 =-— cmysec
b

Then %‘% =2cm/f sec

Let A’ be the area of an equilateral triangle, then

A=JTEGE=}_' '-."'3 dﬂ_ﬂ da

dit 4dt Edt
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C = 6 -330=x

Sa, flx) is strictly increasing in x E{-W

Lo fl=12x2-

c=x

(Eﬂ] =33 20x2 =204Fem?/ sec
dt 2

8. lLet'a IJE the side of an equilateral triangle.
da

é Then I:szg:_lc

Let A’ be the area of an equilateral triangle, then

A_ﬁg A, £d_ﬂ u"_ da
T4 d't 2 dt 2 at
[ﬁ] B s 10 Fand reee
a=10 2

-
Concept Applied (@&

= Power rule of derivative : i—l}x"}: nx™t

5. Letbe the length of an edge and V be the volume of | 9. [b):We have, f{x) = 2x3 + 9x? + 12x - 1
P frix)=éxt+ 1Bx+12

¢ For decreasing, f'{x) <0

Gxl+18x+12<0

= 2+ +2<0=(x+Ux+2)<0 = -2<x=<-1
: 5o, flx) is decreasing, if xe (-2,-1).

: 100 (e):fix)=x3+3x

¢ Forincreasing, we must have f'(x) >0

0

Fid=3x2+3>0 = 32+ =0

i = x2+1>0,whichistrue¥xe R

dy

11. (a):Given,y=x3+6x2+ b= —3;%12;

For increasing, %}U =:-3x2+12x=*(]=:~3x|:;¢+4} =0

* | = i +
I T
- o -t 0 o0

So, v is strictly increasing in (===, =4} (0, =).

12, [d):Let fix) =x-sinx

: Differentiating w.r.t.x, we get f'(x) = 1- cosx
. | For function to be decreasing, f (x) <0
U th th - i
[Using Pythagoras theorem] i = 1-cosx<0 = cosx> 1,

i which is not possible, because maximum value of cosx is L.

flx) = (x — sinx) doesn't decrease at any value of x.

P13, Lety=f{x)=7-4x-x2

dy
— =4 -2
dx

¢ For strictly increasing, i_r}ﬂ
Lo -4-2x>0 = x<-2

Required interval is {—=, -2).

;iﬁ. LEtE":‘ﬂxJ“EIH*-:!J[ % %:63{2—3

For strictly increasing, ZI_F}D

1}5

i o
L)\ ]
15. We have, f(x) = 4x3 - 18x2+27x-7

Jb6x+ 27
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g 9
=12| x2-3 ___] 27
[l[ I+4 a +

3\ 3y
=12{I-E) -2?+2?=12[I-E) z0vxeR

Hence, f(x) is always increasingon R
16. We have, f{x) = x* - 3x° + éx - 100
Differentiating (i) w.r.t. x, we get
Fiix) = 3x2- 6x + 6
=3x2-2x+1)+3=3x-12+3>0

(- For all values of x, (x - 1)% is always pDSItI"-"E']

fix)>0
So, fix) is an increasing function on R.

[ Answer Tips ( ]

= Iff'[x) > 0= f is strictly increasing function.
7 s X
17. We have, ﬂx]-cns(lx+4]

Nx)==25in 204 &
flx)= 25|n[2x+4)

Given, %cxcﬁ—;
= %c?xq% = E+%ch+gci—n+g

=5 r[-r:2x+£-r:3—n = sir{ 2x+£)cﬂ

i)

i Hence, these points divide the whole real line into four
i disjoint open intervals namely (===, -1}, (-1, 0}, (0, 2} and

f (2,0).
[ Interval | Ssignoffix) | Nature offunction
(===, =1} [{=}(-}{=}=0D Strictly decreasing
(-1,0) (<)} (+) (=} =0 Strictly increasing
(Q, 2) (+)(+) (-} <0 Strictly decreasing
(2, =) (+) (+) {+) =0 Strictly increasing

i (a) fix)is strictly increasing in (-1,0)w (2,==).

{b) fix)is strictly decreasing in (==, =1}« (D, 2}.
20. Here, y = [x{x - 2)]2 = x2(x - 2)2

=2xlx -

27 +2x%(x=2)

2)x=-2+x)=4dxx - 1)(x -2)

For v to be an increasing function, g;- =0

P xix-1)x-
i Case 1: When -

2)=0
s XE)

i d—rsﬂ =y is adecreasing function.
Dode

: Case2:WhenD<x<1

% =0 =y isanincreasing function.

| Case3:When1<x<2

. . rd
. sin function is negative in 11I"d and 1t quadrant] _ jx_yﬂﬂ L oyrits adermenting Amitbon:

-25|n[ Ex+—]:-ﬂ

= flx)=>0
5:1:

Hence, f(x) is increasing in 3— —
g8°8
4

18. We have, fix) = "T - x3-5x2+24x+12

fix) being polynomial function is continuous and derivable fix) being a polynomial function is continuous and

on B
Differentiating (i) w.r.t. x, we get

3
)= =32 ~10x+24

=x7 -3 - 10x+ 24
={x-2)(x2-x-12)=(x-2) (x - 4) (x + 3)
{a) For strictly increasing, f(x) =0
= x-2){x-4)(x+3)=0
= xe (=3, 2) 4, =)
(bl For strictly decreasing, f'(x) < 0

= (x-2){x-4)(x+3)<0 — 3

= XE (==, =3) (2, 4) = £
19, We have, fix) = 3x% - 4x3 - 12x2+ 5
Frla)=12x3 = 12x2 - 24x = 12x(x2 - x = 2}
= filx)=12x(x+ 1)(x - 2)
Now, f'(x)=0

= 12x{x+1)x-2)=0
= Kk=-1x=00rx=2

Get More Learning Materials Here : &
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| Case4:When2<x<e

dy

e 57T =y is an increasing function.

o
i 21. Wehave,

derivable on R.

¥ i5 an increasing functionin [0, 11U [2. =)

f{x1=gx‘* —4x3 455 +51 i)

Differentiating (i) w.r.t. x, we get

f'{x}=§x4x3

= fix)=6x3-

-12x% =90x

| = 6x (x - 5) (x +3)
i (i) Forstrictly increasing, f{x) =0
i= axx=5){x+3)=0

i = xe(-3,0)

w5, =)

12x2 - 90x = &x(x2 - 2% - 15)

| (ii) Forstrictly decreasing, f{x) < 0

= ex{x-5){x+3)<0
i = XE (== =3)u(0,5)

= [ff'[x) = 0= fis strictly decreasing function.
= [ff'(x) > 0= fis strictly increasing function.

22. Here, f(x)

—3X =K
100§

4 4 3

Differentiating w.r.t. x we get

c=x

3x2+%x+11
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5 4 34

f{x}-—-dx 5-3x 3-2x+?-1

= E{"S i T g{x—‘l][xz —x—6)

= 5:;[: =1}{x+2)(x-13)

flx)=0 =x=-2,1,3.
Hence, the points divide the real line into four |:||51-|:||nt
intervals (===, =2, (=2, 1), (1, 3) and {3, =).

Interval Sign of {*(x) Mature of function
(=22, =2) (=)=} (=}=<0O Strictly decreasing
-2, 1) (=1 (+H({=)=0 Strictly increasing
(1,3) (+){(#H(=)<0 Strictly decreasing
(3, =] H =0 Strictly increasing

{a) fix) is strictly increasing in (=2, 1) (3, =).
(b) Fx)is strictly decreasing in {= =, =2)w (1, 3).
23. We have, fix) = (x- 13 (x-2)2
Differentiating equation (1) w.r.t. x, we get

Ry e o o8
flx)=(x-1) dx{x 21 +(x=2 dxix 1)
=(x=-1)2 (x=-2)[2(x - 1)+ 3 (x - 2)]
=(x-12(x-2)(2x-2+3x-48)
= Flx)=x=1)?{x-2)(5x~8)

MNow put fi(x) =0
= (x=1P(x-2)5x-8)=0= x=128/5

The points divide the real line into four disjoint intervals

(===, 1), (1. 8/5), (8/5, 2) and (2, ==).

Interval Sign of fix) Mature of function
[-==, 1) (#){-}-) =0 Strictly increasing
(1.8/5) (+)(-)i-} =D Strictly increasing
(8/5,2) (#}=)+) <D Strictly decreasing

(2, =) (#)+){+) >0 Strictly increasing

{3} fix)is strictly increasing in (===, 1) (1, B/5) w (2, =),
(b) fix) is strictly decreasing in [g 2] ’

24. The given function is
flx) =sink +cosx, D=x<2n

= () = cosx - sinx

Mow f(x) =0 = cosx - sink=0
= tanx=1

:)I:.-..._...-.u.

4 4
three disjoint intervals, [0. n/4), (n/4, Sm/d), (T Zn]
Now F(x) > 0in [n‘ E)

fis strictly increasing in [ = ] .

4
i <oin (3.5

=

Get More Learning Materials Here : &

and f*(x) > Oin [5%,211}

A1)

{0, ) into four disjoint intervals,
[.;.E](E?_ﬂ {?1{ m][m ]
‘4 4"12 '\ 127 12

Now, f*(x) > 0 in {:::-_%]

= fisstrictly increasing in [1

| Fx) < Oin [1,11,[]
: 12

c=x

. . . m 5n
strictly dec i [__}
fIS FicLly reasing in gy

om

fis strictly increasing in (T Eﬂ:[

: Thus, the function fis strictly increasing in

[ 7)ol

25. fx)=sin3x-cos3x

= f(x)=3cos3x+3sin3x
;f’l:x}=ﬂ::- Jcos3n=-3s5in3x
= cos3x=-sin3x = tan3x=-1

i An = 11
: whichgives 3x=—or — or —
BV AT s
= x=Zor 78 o 11n [ D<x<n]
4 12 12
. T r 11n ., .
The points I—E.}I-E and I'E divide the interval

=+ fisstrictly increasingin [ﬂ,%]

x

F<oin (7]

412 x Tr
is strictly decreasing in | —,—
::r fis strictly decreasing i T
: f'Ix)>0in [?_ﬂ_llﬂ]

12" 12
in 11:r
2'12

= fis strictly decreasing in [%,E]
Hence, fis strictly increasing in the intervals

(o3}

and f]s strictly decreasing in the intervals

[ U(.‘:_‘m
AUET) e

26, Here, fix)=x2-x+1Lixe(-1,1)

The points .1u:=~:liL and x=5—: divide the interval [0, 2] into = fl)=2x-1

I 1in
12" 12

NI S
1'l:}r:l-v'.}::--mr-2

Now f'!x}=2[x-%):~ﬂfur%u¢1

= fisstrictly increasingin [%.1)
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Also F'{x]:Z{x-%]quur-icx{%

= fis strictly decreasingin [ -1, %]

Thus fis neither increasing nor decreasing in (-1, 1).
27. (b):Let fix) =x=x?
v Fhg=1-
For critical point, f'(x)=0
= 1-2x=0=x=1/2
MNow,atx=1/2 f"(x)=-2<0
So, fix) has maximum value at x = /2.

Concept Applied |"E'1}

= xw=cisapoint of local maxima if f (c) = 0 and f "(c) < O.
The value of fic) is local maximum value of f.

(b): Let r be the radius, 8 be the central angle and | be :
thE length of the circular sector.

Given, |+ 2r=20
= M+2r=2001=rf8) = b=

20-2r
r

Let A be the area of the circular sector.

s B (2{]—2r]_
A I =r{10-r)
dA
—=10-2r
= dr

For maximum or minimum value of &, we have

A
£ =0=r=5 and 'l-‘;‘-_-zm

Areaismaximumatr=5

Maximum area, A= 5 (10 - 5) = 25 em?

29. (c): Volume of cylinder = nr2h
. V=Volume of casted half cylinder = (1/2)mr2h
30, (b):Total surface area, 5= 2m2r+h}+2rh
=nr +mrh+ 2rh
31 (c):Here,5= wl+ 2v[1:+2]| [ ?h::.w rh]
el
32 (a):- 5=1r.r'2+M |
nr
iS__E 2":"'{!'[-!-2}“ i
dr n r
For 5 to be minimum, ﬁ:{]
dr
2Vim+2
=) 2m=# = nir? =Vim+2)
nr 1
3. (d) = Vagmh i)

and 5 will be minimum, when [+ 2) V= n2r3
I
)

From (i) and (i}, we get

c=x

1m2h_—2 — nr2h [ + 2) = 2n 23
h "

= hin+2)= s

2r m+2

Thus, required ratioie h: 2rism:n+2
© 34, Here, flx) = 2sinx

i = f(x)=2cosx

! Putting f'(x) =0

i = 2cosx=0= cosx=0

are the critical points

Atx= %.f{x}nzxinz

bibins % ,HH:I=ZSin[ﬂ+;J = —25in§ =-2

HencE. absolute minimum value of f(x) is -2.

| 35. We have, fix) = ax+2
H x

f{x)=a - (b/x%)

| Puttingf{x) = 0= 0- L =0=a=Lo=x=[2 (aX>0)
H xZ . "ilﬂ

X

The least value of flx) is
:I‘[Jb]-{ ]+uﬂb—\'llﬂb+\ll'ﬂ_h 2\Jab

36. Given, the length of side of garden perpendicular to
: the brick wall is x m.

X

Brick wall —s ¥

o

i The length of the side parallel to the brick wall is y m.
i) Zx+y=200

i We know that area of rectangleis == b

i= Al)=xy=x(200-2x) =

200x - 2x2
i)

(1)

(i) Since, Alx)=200x - 2x2
Differentiating (i) wr-t. x, we get

9 A(x)=200-4x
dx

! For critical point %A::J:ﬂ

i = 200-4x=0— 4x=200 = x=50
i Again differentiating (i) w.r.t. x, we get

di

-d—ﬁ.{x] ==4<0 ie.,areaAlx) is maximum at x = 50
Podx

i Hence, maximum area is

A[50) = 200(50) - 2(50)2
= 10000 - 5000 = 5000 m?2

37. Let x be the side of square base and y be the height of
i the open tank.

I 111 I
where |, b and h be the length, breadth and height of tank
! respectively.

I=x.b=xandh=y
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Volume of tank V= )2y = y=—=
X

areais least.
Total surface area of tank (5) = x2 + dxy

=3 5=xz+4x(12]
X

2 4V dS
s —_———
i X d! _)[z

= S5=x
For maxima or minima, ﬁ:ﬂ
dx
= Zx—gﬂ] = =2V = x = 2y
X

d?s
Alsg, — =2+
dxz x

Cost of material is least. wheny = %

B‘u"}n

i.e., the depth of the tank is half of its width.

As the cost is borne by nearby settled lower income
families it shows that they are spending money on social | ..
Since, AAOG and ACEG are similar.

welfare so that no body will face the water problem in
future. It shows social responsibility.

Concept Applied (@]

= xm=cisa point of local minima if f "(c) = 0 and f "(c} = 0.
The value of f(c) is local maximum value of f.

its median= «,."_x

Let M= u@x = ~---a---.-"_";u"r
dt dt

d"-ﬁ-z cmysec

= dx
= 2/3=32

: dt  dt 3
Mow, side of triangle = 2x
= s5=2x

= %=2;£t=2x2mﬂ5ec = 4 cmyfsec

So, side is increasing at the rate of 4 cm/sec.

39, Let the two numbers be x and y
According to question, we have
X+ty=5h = y=5-x
Let p= x3+y3
=x3+(5-x)3
=x3+ 125 - x3 - 75x + 15x2
= p=15%?-75x+125
Differentiating with respect to x, we get

|

ji 30x-75
For minimum, %:0 = 30x=75=0 = x=§
d’p

Mow, =300
dx

S0, X7+ v= is minimum at x=g

5 5§
From{), y=5——="
rom (i), ¥ 2=3
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(V=) |

i=s H= -

=3 u=ux+b[

c=x

i . 5
| So, required value = x* +v2=[-]z+ =
The cost of the material will be least if the total surface

25 25 50 25

i e e Y

v 40, Given the right circular cone of fixed height h and
oy
[ IEJ i H be the height of the right circular cylinder that can be
{ inscribed in the right circular cone.
In the figure, £GAQ =&, OG =‘a'r,DA=h.DE=Rand CE=H

semi-vertical angle 0. Let R be the radius of the base and

-
i
B C T
h H
L l
F i) E G
- r—

We have, rh=tant
r=htanf [1}

AD CE_ CE

OG EG OG-OE
h H

—_—— =y =
r r=—

)

i 2

i Mow, volume of cylinder (V) = nR2H = ml[‘l—ﬂ] H
38. Let the side of an equilateral triangle be 2x cm, then dV h

For maximum volume, Eﬁ_;g

=% n:rz[HxE[l-— x--+[1-E] ]

i 2
P = mz[-faﬁaff‘f’—.ﬂ] 0= mf{--il-—--il 0

[

i ['- H#h]

i 1
i 50, height of cylinder = 7 of height of cone

3

Alsu. maximum volume of cylinder

R RN

= g of volume of cone.

| 41 Letu=ax+ by, where xy =2

i] i)
X

Differentiating w.r.t. x, we get

2 2 2

d—u_a—— nd d_;l= 2!};

dx x2 dix X
For critical points, du =0

dx
2 2
= -Ebc =0=x?= Ec__
X a
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™ : Given, perimeter of rectangle T

I=i\i|5": =34cm "

3 = 2x+2y=36 l
At x= (B "‘”-ﬂxi[\f ] = x+y=18 ‘ . 2

"“1 b P y=18-x fi)
Zbcz au'ﬂ E o ! Let rectangle be revolved about its length x
b i Then volume of resultant cylinder (V) = ey

e i = V=nx¥18 -x) (Fromi (i)

= uisminimum at x=cJ- P Ve n18x2 - x7] i)

E g2 © On differentiating (i) w.r.t. 'x, we get

__ g du_ .. > 2

At x= ,Imc.—xi- 2hc ["(7:": ]ﬁﬂ- %:m{ﬂ-ﬁx-szl .{ii)
CodV F

= msmaximumatx=-‘}—c e Put I=ﬂ=}3l =36x=0
‘o 3xx-12)=0

The minimum value of uat x=J-c is i y=0.12 - x=12 (~ x=0)

a H ¥ o
" 5 i Again differentiating (iif) wer. t "% we get
2| (a = e = I
u=a| .- |+bc [J:x—] =c+/ab ++/bac =2c+/ab Pogd
[\E ] bc) ™™ B o n(36-6x) = "'_2”1- =n(36-6x12)=-36n <0

42. We have, volume of cylinder = mr2h e dx” Je=12

nrth=125n (given) : At x = 12, volume of resultant cylinder is the maximum
—  12h=125 : therefore the length and breadth of rectangle are 12 cm

195 i and & cm respectively.

h=-5- (1) i Hence, maximum volume of resultant cylinder,
r D (Vo =ml127x 6) = n %144 % 6= 864 necm?
Siface Areis) = b ar i 44. Let'r and'h’ be the radius and height of right circular
=" 1_?2_,_,[ i eylinder and 'R’ and "H' be the radius and height of cone.
r? i The curved surface area of cylinder. 5 = 2arh
250 ! Since, AADC and AFEC are similar.

S=——+nr’ (2. OC_AD R H _._ [R‘- i
B . 1™ EC FE R k" T \R. 2
On differentiating (2) w.r. to 'r, we get : R

d( 250 ) : S= 21tr( %)H [From (i)]
ds dinr?) _ 7 ;

d" df e -250nr™“ +2nr 7 & 21[H(Rf-f2) (ﬁ)
: R -

dS_ =250 d’s _500x ] SO s
2 2 +2nr and o g +2n : Ondifferentiating (i) w.rt. ’r, we have
For maximum or minimum value of surface area, we have %:-%H-(R-Zr) ..{iii)
to put &0 For maximum and minimum value, A

% _—a ; 0
& 0=$'-2r520’!t +2nr=0 d’ SEAF H

2m—250’t = r.r2_25°" ¥ T(R-Zr):O \lv
= = = R-2r=0 o =

- P=125 = r=5cm 5:,_5

dzs) 5007
Now, [—— - +2r=6n>0 : 2

dfz r=5cm 125 P d s i{an(R 2r )]

SRR : dr
Hence, the surface area is minimum atr=5cm C 5 uH
Putr =5 in equation (1), we get t = -——-(0 2)--——<0
po125_125 R
= =5g oM P [d2$] _=4zH
I es —. - <

Hence, the radius and height of the right circular dr? =R12 R

cylindrical box arer = 5 cm and h = 5 cm respectively.

43. Let length and breadth of rectangle be xand y
respectively.

: R : : z
: Hence for r=5,surface areais maximum, i.e., surface area

is maximum when radius of cylinder is half of that of cone.
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45. Let r and h be the base radius and height of cylinder !
respectively. i
h 2 1
[_] =R ()
2 i
Mow, V= Volume of the cylinder inscribed in a sphere
= nreh
h
h? .
= U:ﬂ.h[ﬂz A [Using (i)]
h:i
= V=ﬂ[ th-—]
4
Mow differentiating wr.t. h, we get
dv 2 3h2] d*v [ 3 ]
—= -— —=mn|0=-—2h
dh 4 )and gz T\ 2
For maximum or minimum,
dv s 3. s a2 4 2R
—=0=R*-Zh*=0 h=—R* 2
pTe = 2 = il h E
: dV 3 2R
For this value of h, —==cn-—===3nR<0
T e

= Vis maximum
Also maximum value of

__R{, 14 .]_ ﬁigz_dﬂ .
= Ti(g -EERZ _K:E'S _-E:E-Ra{u.umts

Key Points | )/
= Volume of cylinder = nrh

46, Let r be the radius of base of circular cylinder and h
be its height. Let V be the volume and 5 be total surface

| = C=280+180a+ =
H a

5 ni 25 (&
' From(i), h=—38=_3 5,3 _ |5 _,
|5 zll'E 3 Jns Van
L ET

Hence, proved.

47, let @ m and b m be the length and breadth of
i rectangular tank respectively.

r———>
a

Yolume of tank = 2ab=8
4

= ab=4 = bh=—
a

[Given]
i)

i If Cis the total cost in rupees, then

| C=70lab) + 45(2a + 2b) x 2
. = C=70ab+90(2a + 2b)

=4 C:?ﬂ{ﬂ){%)+ LED{IJ+%] [Using (i)]

720 i)

| Differentiating (i) w.rt.'a’, we get

€ _180-729 .nd
s

a*

d°C _720x2
da® o

¢ For maximum or minimum cost,

E=0= 1m-1az§.=u = a?=4 = a=2

Fnra:lﬁbﬁ = Cisleast

dﬂz

- Using(i),a=2and b=2

i Hence cost of least expensive tank is

C =280+ 360+ 360=7 1000

X e poinis ()

area. i
§mr? . d [1] 1
=nre = iy i =2 Remember —| = |=—
S=ar’+2nh = h=—— ME dala)” o2
2
vﬂrzh;,UZ[S;_” ffrom ()] : 48. LetABCD bearectangle inscribed in the ellipse,
wr H
2 2
T ooy o O R p Lla "
V==[5r= —_—=5=3 2 2
=R L iy =t ia b g Alp. )
- 1 ; s | LetAB=2q, DA=2p. oy
Put E:ﬂ = E[S-ﬂmf J=0 = r= ‘l|||3_ : Then coordinates of A are (p, q). O e
" : AsA lies on the ellipse so - 2
Now dzv—itﬂ b6nr)==23nr ﬂi 42 ¥ 9 DE
'F-E - o ; a—2+h—2=1=}ﬂ =b [1—;]
& 42 e
For r=yli'ﬂ=-311,‘lli='“;3“5{ﬂ Mow area A of the rectangle ABCD = 2p-2g = 4pg
3n" dr? 3x = A2 = 16p2g2
i 2 4
Volume is greatest when r= E R T £ YT P
V3n i o 2
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dA 2
dp

2a2 2
%ﬂab?[z-%]
dp a

For A to be masx. or min.

da? ap® a2
£ c0=2p-F 20 2.0
dp e a? =F 2

For this value of p2,
d*a?

_mﬁ[ -%’F]and

(-p=0)

_16!721',2 12x= } 1662 (-4)<0

Hence, A2 is max. =?A is man.

= The area of th-E eatest rectangle inscribed in the STy
LS - i Differentiating Q wi.r.t. x, we get

ellipse =4pg=4- 1|.| > ,qllbz[l-—-] 2ab sq.units

49, Let'r"and 'h’ be the radius and height of right circular . Gy
¢ For maximum or minimum area,

cylinder.
Surface area of cylinder is given by
S=2mr + 2arh
= 2arh=5-2ur’
5=2mr?
2nr

Volume of cylinder is given by

V=mnrlh i)
On substituting the value of h from (i) into (ii), we get

5r
T e
2

i

or h=

i)
On differentiating (iii) with respect to 'r), we get
For maximum and minimum value, put ~::,—vr=ﬂ
r

= .g.-sml -0
= §=6mr?
or ri= = =r= s

Tem "il (2} 4
Again differentiating (iv) wur.t. r, we have

2
r."'.-"__Er
dr?

&)
2 )
r =y an

Volume is maximum when

= j—nmhami
2 2
Eron ) hiz S - T8
2nr
= h=2r

Hence volume is maximum when height is twice the radius,

i.e., height is equal to the diameter of base.

p2 x* b
= =?uk-x}’--x1

letQ=Pie. Q=

Then, V= x%y = 1.-'=£1
H X

i and 5= 2{x2+ xy + xy) = 2x2 + dxy

50. Let ABC be a right angled triangle withBC=x. AC=vy
i such that x + y = k, where k is any constant.

Let & be the angle between the base and the hypotenuse.

: Let P be the area of the triangle.

H 2
P=§XEC:<AB=%:U¢-.|'}'1-£2 = Pr=gyt o)

K2 =2k

= 4

k232 = 2hex?
4

P is maximum when 0 is maximum.

dQ _ 2k*x-6kx” i)
dx 4

ﬂ:ﬂ = kix-3kx’=0 = x=£
dx 3

| Differentiating (i) w.r.t. x, we get

d’Q _ 2k* —12kx
d? 4
dqQ —&?
=—(
[d? & 2

i Thus, Qis maximum when x=—

= Pis maximum at J|:=%

Base

= Remember cosfs —— ——
Hypotenuse

5o, the area of AABC is maximum when angle between
i the hypotenuse and base is %.

Concept Applied (@]

= Areaoftriangle = %xBas«e xHeight

51. Let V and 5 be the volume and the surface area of a
i closed cuboid of length = x units, breadth = x units and
i height = ¥ units respectively.

i)
i)

_n2 ¥ 1
[ = 5=2x +4x{x2] [From (i}]
m €} www.studentbro.in



ds 4V
= 5=2J{2+£ —=d——
X xZ
For maximum or minimum of 5, :—5=D
1
" ﬁ='D -y 4;_&:5 = 'U"=x3
dx x2 i
= Xy=x [ov=x?y]
= x=y

Differentiating (iii) with respect to x, we get

et
d5_4 E_-l Ex}r 4_'_&
x° X

e ]

Thus, 5 is minimum when x = y.

52. Let ABC be a cone of maximum volume inscribed in §
In right triangle ABD, BD = AD tanx

the sphere.
Let OD = x
. BD=r?-x?
and AD = A0+ 0D
=r+ X = altitude of cone.
Let V be the volume of cone.

v%;:;snf;.qm =%m{r2—x1'll',r+xl

dav 1

. .. dv
For maximum or minimum value E=ﬂ
r=3x2-2rx=0
rZ-3rx+rx-3x2=0
{r=3x)r+x)=0

T | S

r
A=—

3
() 44

= %l -2r=2r|= ?m <0

. . r
= Vis maximum when x=§

and altitude of cone = AD =+ x =r+é=£

3

-

Also, maximum volume of cone when x=—

5153605

_8[4 3]_ 8 .
=57 31':r =57 (Volume of sphere) cube units.

Cad

Get More Learning Materials Here : &

: 53. Let AABC be the given triangle and
:AD is the altitude of the isosceles
: triangle ABC.

: Since, 'r’ be the radius of the inscribed
: circle.

! 5o, 0D = OE = OF = r, where O is the
i centre of the inscribed circle.

! For maximum or minimum perimeter,

—-—:c[{rz x2)+(r+x0(=2x)] --—er 3x2=2rx]

| &t

AB and AC are the equal sides.

: BD=DC A}

i BD=BEand CD=CF i)

: From (i) and (ii), BD = BE= DC = CF (i)

: Similarly, AE = AF iv)

i Perimeter of the triangle ABC = AB+ BC + AC

{ =AE+BE+BD+DC+CF+AF

i =24FE+4BD {Using Iiii:landl{iv}:l

¢ Inright triangle OEA, AE= L and AQ=——
tanx tanx sinx

= A0+ ODMtanx =(‘L+r]tanx
sinx

Let P be the perimeter of a triangle ABC.
i S0 perimeter, (P} = 2AE + 4BD

2 +4 .Lﬂ]tanx
tanx Sinx

= Plx)=r{2cotx + 4 secx + 4 tanx)

dPlx)_
dx

" dPt_x} = rf{-Zcosec?x + 4 sec x tanx + 4 sec?x) =0

=:-r{ 4smx ] 0
5Pk R R

=0

- ~2cos? x+dsin® x+4sin?x
sin? x cos? x

i = -2{1-sin’x) +4sin®x+4sin’x=0
f = 2sindx+3sin’x-1=0

St Eortx20l s 1) (28in2c s sink - 1)= 0

sinx cannot be -1 because "x' cannot be more than 07
| So,2sinZx+sinx-1=0

i = (2sinx-1) (sinx+ 1) =0

Again, sinx cannot be - 1.

| So2sinx-1=0

1

i = sink= 2 x=30°
! 2

=r[4cosec’ xcotx+4secxtan’ x+ 4sec” x

e + B secx tanx]
s [

Soitis a point of minima for P(x)
: Hence, least perimeter = [P(x)], - age = r{2cot30° + 4sec 30°

i + dtan30°)
P 2 caxL)={28)osa
: -r[ivﬁ+4xﬂ,§+4x\5]-r[ﬁ]-ﬁ«.ﬂr
m €} www.studentbro.in
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Lkey Points (1)

2 Iff(c)=0andf"(c) > 0. then x = cis a point of local minima.

54. Surface areaof cuboid = 2(Ib + bh + hl)

Let radius of the sphere ber.
Surface area of sphere = 4mr2

Therefore, 6x2 + 4mr? = k (constant) i) . ;1
: Since (f”(x)) > Owhen x= T

Now, sum of volumes of cuboid and sphere is

V= -2-)(3 +11-xr3
3 3

Putting the value of r from (i) into (ii). we get
2132

25 4 (k-bx ]

V==x"+—n| ——
4n

Differentiating (iii) w.r.t. 'x, we get
av 2 (AN 3 v
a-2x2+-§x(-a) 5(k-e,x) (-12x)
av

=0
dx

For minimum or maximum value,

3/2
=5 WNoaa R i] .g(k-.sxz)‘”(-nx)-_-o
dx 3 \4r) 2

= 2x2=(4—t!.)m(k-6x2)”2(6x)

1 1/2
= 2xz=(2;) (4nr?)Y2(6x) [From(i)] :
= X=3r
Differentiating (iv) w.r.t.'x, we get
d*v [{61[&—6::21”2+{6ﬂ 12 ]

e 26"
d2v 2Mnr? +324r2

Mow, — Y ) |
" | L anr

Thus, V' is minimum at x = 3r.
Further, minimum value of sum of their volume

24,4 3 23 4[_]* [..;]
=zx%+ n.r3 313 =
24 4 o %
& +3“§_§ ] 139]
_2 3233 _466
3" 189 56?
55. We have, flx) = sinx - cosx
= ['[x) = cosx+sinx
For maxima or minima. f'(x) =0
= cosx+sinx=0= tanx=-1
Y
4 4
F{x) = -sinx +cos X
Atx-aTnf"{x} -sm%+cus%
e Y e il
V2 42 2

i)
i)
¢ fix)= sm?f--cos————

(iv)

i 56.

The distance 5of P from the straight line -

5=

| = ab=25= b=2

c=x

7n n 7r

Atx-T f”(x):-smTi»cosT

i =2
’\57‘2= Tz

Since (f"(x)) < Owhen x=—

fix) has local maxima at x= .37:.

7
f(x) has local minima at x=-;n

” 3rn .

Local maximum value at X=-Z- is
3 1 3 1 2 -
4 2

. x .
Local minimum value at X=T is

n 1 1 -2

fix)= sm%-cosT ------- 2 ==y2

Concept Applied @

\f’2\

2 Iff(c) = 0 and f”(c) < O, then x = ¢ is a point of local
maxima.

2 Iff{c) = 0 and f“(c) > O, then x = ¢ is a point of local
minima.

Let P (h, k) be the coordinates of the point on given

parabola

k=h2+7h+2 i)
Ax+y+3=0is

|=3h+k+3|_|-3n+h?+7he2+3| [From ()]
| Vo || Jio |

_|n*+dh+s s fih
V10 V10

= 5 will be maximum or minimum according as flh) is
: maximum or minimum.

: Since, flh)
| f'(h)=2h+4

For maxima or minima, f'(h)=0 = 2h+4=0=h=-2
i Also,f"(h)=2>0whenh=-2

: Sisminimumath=-2

: Putting this value in (i), we get

=h?+4h+5

k=(-2)2+7(-2)+2=4-14+2=-8
The required coordinates are (-2, -B)

57. Letomand bm be the sides of the base of the tank.

b

o
Wolume of the tank = a-b-3 = 75 m3(given)
25 AT}
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If C is the total cost in rupees, then
C=axbx100+2x3xax50+2x3Jxhx50

= 100 ab + 300(a + b) =1m;<25+3m[a+E]
a

= C=2500+300 a+?.§]
a

Diﬁerentiating w.r.k a, we get

€ _so0{1- 2o

d?c 25:-:2] 30050

0 3
a
For maximum or minimum cost,
dC 25
—=0= 1-—2=G=m=5m
da a

and from (i) b=5m

= =300 0+

At a=5; dzg

Hence, the least cost of the tank is
c-[25m+:ux{5+ }] [2500 + 3000] = T5500.
5

Concept Applied ..,.-.1

= Volume of Cuboid = | x bxh

58. Let P be any point on the hypotenuse of the given

right triangle.
letPL=a.PM=b
and AM = x. P
Clearly, ACPL and
APAM are similar b
PL AM

CL PM AM  x

w
l_l
m

b
NowAB=x+a and BC=b+CL =b+ﬂT_

From right AABC, ACZ= AB? + BC?
Taking | = AC2

2 2
I={x+a}2+[b+£] ={x+ﬂ}z+b2(1+§]
X
Differentiating w.r.t. x, we get
dl 2 al =a
E;:Z{x+u]+b 2{11--—]"-5-

2
=Bupa)- 2 Lrta)
x

A
d3l ab® 3ab?
and F=2.L[1- 3 ]+2{x+u:|- A

For maximum and minimum value of |,

—x=ﬂ=:-x+a=ﬂur1-i%z-=ﬂ

Asx=AM =0 - Rejectx+a=0
w3 =gh? = x = gl3p23
i

For this value of x, clearly s 0
dx

Get More Learning Materials Here : &

anr—

i 60. Let® be the semi-vertical angle of
i the cone, V its volume, h its height, r
! base radius and slant height L.

: Then from AQAP,

ir=IsinB h=Ilcosh

MNow, v:%:ﬂ:h =%ﬂ25inzﬁ-l'c{:53

c=x

| and consequently the hypotenuse AC is minimum

{least).
i Hence, the least value of AC is given by

; 2
| AC= J{x+ﬁ}2+h2[1+§] where x=a/3p%?

%

| 2
b
= Hllh + ;:;|-'j2 + —xi (x +ﬂ:|: =[x+ a}1l|| 1+ ——12

{I+E]w}b1 i a—-—u—u——mbya+a Vb +g3pha3

X aUEhII'S

io_a (b +a) s 23 _ 23 2
-___am : b3 b3 1 =(a?3 + B3

i 5%9. Letrand h be the radius and height of the cylindrical
: can respectively.

! Therefore, the total surface area of the closed cylinder is
i given by

! §=2urh+ 2rrt = 2ar(r + h)

: Given volume of the can = 128nem?®
i Alsovolume (V) = nrth

‘= m?h=1281 = h=

(i)

...{ii)
128 i)

rZ

Putting the value of h in equation (i), we get

5=2m{r+$ =2mr +—n
: r r

Differentiating (iv) w.rt. r, we get

52,256 i)

<)

dr

Substituting ﬁ:ﬂ for critical points, we get

256m
I,.i

=0 = rP=64 = r=4cm

Differentiating (v) wort. r, we get

e
: -375_ An-256m(-2r—)= 4:|:+--3--rr
i r

[ch

Thus the total surface area of the cylinder is minimum
i whenr=4.

128 128

From (iii}, we have h-r-;T--m-—--B
: Thus radius =4 cmand height =8 cm.

Y Commonly Made Mistake (b

= Remember the difference between first derivative
test and second derivative test for finding local
maxima and local minima.

1 g
= —ﬂI:'l sm2 f-cos@
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%-Eﬂs{hmﬁ cos - cost - sinf - sinf)

= Eﬂs sinB{2cos?@=sin’ a)

dv 1
and d.?-—’ﬂ [cos B(2cos28 - sin2a)

+sinf (-4 cosBsinB-2sinBeos )] :
= %ﬂE{cnsB{Ecnszﬁ —sin?8)—ésin‘Bcosh)

For maximum or minimum value of V,

%:ﬂ:&sin 62 cos2 0 - sin26) =0

= sinB=00r2cos?f - Slnzﬂ 0
= 2co0s28-(1-cos2B) = [Note:sinB#0as8+0] :

1 1

2

= 08 B===cosB= = HB=cos

3 33 [33]

cotll=— =
i r

5 = The semivertical angle,

amEmg

i = 4=

h h _|T e

N EY [From ]
| & mta=u|% v _ 5 [From (ii]
N "

B=cot™* \-"f

Base

=~ otfs ——
Perpendicular

62. Let o be the side of the given square and r be the
i radius of the circle.

Bv hypothesis

i i da+ Z2r=k

k=2mr
4

i)

1 g ] Let A= Sum of areas of the circle and the square
FurmsH=T = sinB=— ! 1
3 v3 L= A=n?t @ =+ —tk-2nr) [Using (i)]
, d2v1 [ [212__51] L 1
V3 3738 = —=2mr 4 2k = 2r)(=2n)
==nP|-—] <0
3 3 & Enr-i[k-inrl
Vis maximum for H:ms‘l[—]. . .
V3 i d-A n I
fand —=2n-—(0=-2n)=21+—
61 Letr h, |, V and 5 be respectively the base radius, : L'f.r2 4 ) 2
height, slant height, volume and curved surface area of the For maxima or minima,
cone. Then, iodA n
—=0=2ar=-—(k=2nr)=0
=2+ h2, 2 | de e gRein) .
I = Br-k+2w=0=(8+2n)r=k = r=
V= -m’-h i) & 2n+8
f For this value of r d°A x?
and 5=m1=:r|:r«,lr2-|-hz . ?=2ﬁ+?.‘3ﬂ
52 = m22(2 + W2
= " 3,:, 2 ) i A is minimum (least), when r=
i [Using (i)] | 28
nh\ nh | T L
4 2r+8
_Brr'u"[-—u+h] | From (i), a=—rof
k (2n+8=2n 2k
For S to be least, 52 is also least. A\ ox+8 ) TusB
ds? -6V d :
¥-3 nV. nh_+ 1|an : Areais least, whena = 2r,
5.2 2 63. Let r and h be the base radius and height of the
ds =3 u[ —&vV ] =3 _54..; ¢ gylinder respectively and volume of cylinder, V = wr2h
y i
dh? h : v 0
For maximum or minimum 5 [and so 53), D= h=F
2 i
%-D:’r &V = nh? : Total surface area of the cylinder, § = 2nrh + nr?
1/3 v o
_{&V 0 i 5:2:11{—] nr [By using (il]
= h-[?] AT} ; = ol +
2 2 !
For this value of h, d 52 _ 4V =0 5=£+n.r2
dh* b 5 ' ds_ 2V
—s. Bandereforeicloast ! Ondifferentiating w.rt. r both sides, d—:——z-rﬂr[r
. i roor
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Again differentiating w.r.t. r both sides, d_;_i;,, i

d
For maxima or minima, E={}

dr

= —Ez-i-im-ﬂ == Em-g

r r

- oo’
[H%}“

1/3
S0, 5is minimum at r=[—]
n

=4\f[%]+21=6n}ﬂ

Now, ni=V=mi=nrlh=sr=h

Hence, the cylinder of a given volume which is open at
the top has minimum total surface area, when its height is |

equal to the radius of its base.

described on the side AB as its diameter.
letAB=2x and AD= 2y Let P= 10 m be the given perimeter

of window.

Therefore, 10 = 2x + dy + nx
= dy=10-2x-mx
Area of the window,

Ai)

A=(2x)(2y)+ %mﬁ A
1 2
= A=dxy+=me’
2 D T C
= A=10x-2x%-mx?+ % o [using (i)]

= A=1ﬂx-2xz-%m'z

On differentiating w.rt, x, E"‘L= 10 -4 x—mx
dx

2
Again differentiating w.rt. x, d__ =—{4+x)
For maxima or minima, dx”
E=lf.i::- 10-dx=-mx=0=x= 19
dx 440
2
ﬂ =={d+m)<0
dx? 10
e
50, A is maximum at x=[ -ﬂ)m
4+m

Mow, length of the window is 2.::=[42—D]m and width is d
+x :

2y= [ 10 )m.
d+m
Concept Applied I:@.rj

= Areaof rectangle = length = breadth
Area of semicircle = %wz

45. Here BA is a diameter of the given
circle, of radius=r.

: Let £CAB=10
| Also ZACB=7

: Now AC = AB cosf) = 2r cosh
i BC=AB sint = Zrsint A B

Let AreaufMBC:%-AC-EC

= %Qr cosB-2rsinf=r2.sin2e

d_ﬂ=r2,2m523 and ﬂ:—rz-dsin'zﬂ
do do”

i For maxima or minima,

S LS
L

= 2=ltop=l
2 4

dlﬂ. . T 2
64. Let ABCD be a rectangle and let the semi-circle is | 2™ [g A=A <D

: Hence, area of AABC is maximum when

i T
ﬁEAB:B:E:gABE [ .g,m;:E]
:? AABC is isosceles.
R rswer Tios ()
| . b dt dt du

= Chain rule of derivative : P

i 66. The given parabolais

fyzm#mt

 LetQ(110,0).
¢ Any point on (i) is P(at?, 2at)

()

PQ? = (at? - 11a)? + (2at - 0)2

;?Leti PQ? = a2t* - 18 0?2 + 121d°

di 25 dl 2.9 2
O 453 36t and —=124%2 -36a
dt di?

: For maximum or minimum value of |,

Z%-D 4a°t(t? =9)=0=1t=0,3-3

d3

! For t=0—5= —36a2 <0
H t

This corresponds to a maximum value of 1.
: Bothfor t=3and -3,
E ol

?=12a3-9-36u2=ma1 >0

This corresponds to a minimum value of | e, of PQZ

| and therefore of PQ.

E;Thus. there are two such points P with coordinates,
¢ (%a, 6a)and (a, - 6a) nearest to the given point Q.

&7. Let ABCD be the given trapezium.

o [
ih |
| |
A P q B
m €} www.studentbro.in



ThenAD=DC=CB=10cm
In AAPD and ABQC
DP=CO=h
AD=BC=10cm
LOPA=2COB=90°

S AAPD=ABQC

= AP=0B=xcml|5ay)
s AB=AP+POQ+QRB

Differentiating both sides wirt. t, we get 3%:2%

: dy 2 dy
—==x03 = —==02 2
dt 3 di A

! At any time t seconds, the tip of his shadow is at a distance

{by R.H.5. congruency) of [x + v} m from PQ.

The rate at which the tip of his shadow moving

=x+10+x=(2x+ 10)em =(d—"+d—“']m.rs=u_5m,rs (1/2)
Also from AAPD, AP2 + PD2 = AD2 oAb dl
= ¥2+h2=102 The rate at which his shadow is lengthening
=  h=+100-x2 AP =£mf5=ﬂ_2mi’5 (1/2)
Mow, area A of this trapezium is given by Poodt
N i 2 (b): We have, fix}) =x? - dx + 6
A=2{AB+DC)h =2(2x+10+10)h = fl)=2x-4
2 P oo fix)is strictly increasing.
=(x+10)-y100-x* i) [Using()] | - F)=0
Differentiating w.rt. x, we get j = 2%-4>0=x>2
an _ 1 = xe(2,=) (1)
-d—x-l-'ulm—x +{X+1ﬂl-m'{-zﬂl 3. (b):We have, fix) = 2x% - 3x2 - 36x+7
- - L= fr)=6x2-6x-36=6x2-x-6)
_100-x*-x E-mx = -2[;: +51—25EJ} i =6(x - 3)(x + 2)
Jim-x Y100-x Fix)=0= (x-3)x+2)=0,x=-2.3
_ =Nx+10)(x=5) e | -ve 4w
- 2 "'- 1 ] F
100-x - = 3 o
For maximum or minimum value of 4, ;ﬂﬂj : flx) is strictly increasing in (===, =2) U (3, =) and strictly
= (x+10)[x-5)=0 * : decreasingin (-2, 3). (1)
= x=5 (Reject x==-10asx=0) 4. (b):We have, fix}) =x + cosx+b
For this value of x, dA changes sign from positive to = {X=1-sinx = f'l{?f]l SYER
negative. i = Nosuchvalue of b exists {1)
S Als maximum atx = 5. i 5. Wehave, flx) = tanx = 4x
From (if), the maximum value of A =(5+10)-+/100-52 = f'lx)=secix-4 (1)
=15,75 =753 sq.cm. {a) For f{x) to be strictly increasing, f'(x) = 0
= sec’x-4=0 = sec’x>4
[ Key Points (1] : 2
et 2}
1 E = 05 X<— = 005 X<} —
S Areaof Trapezium =(a+blh, whereaand bare parallel 4 2
Sivkeimich i T skt o Hve Pt U SO SO SN 4 [ 35[{15]
: 2 T3 2 2 (1)
- - i (b) Forflx) to be strictly decreasing, f(x) < 0
CBSE Sample Questions i = sec’x-4<0 = sec’x<4
i 3
H 1 1
1. Let PQ represent the height of the street light from ! = cos” x PE = cos’ H-{ E]
the ground. At any time t seconds, let the man representas !
5T of height 1.6 m be at a distance of x m from PQ and the : 1. n T (1)
length of his shadow TR be y m. o= asaag (v xe D5 ] = O<x<s
Using similarity of triangles, we have %:ﬂ (1/2) 6. lc):We have, fix) = 2cosx +x
—  3y=2 4 P = flx)=-2sinx+1
q i = fx)=-2cosx
5 : For critical points, f(x) = 0
= =Zsink+1=0
R =3 sinn=3‘-=s1r{lt—] [ IE[G.E]]
P X T ¥ 2 & 2
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= Jt—'[
il

=) )

n T = 375
"~ =—l==- — - C=—v 1
f {x][atx 6) 2':056 Y3 <0 = 3 = (1)
So, x=1 is the point of maxima - 11. (g} :We have, E_E-ﬁm
6 4 2
Now, {0} = 2 and f[£]=£=1_5? | _ 6000004 _
2)=3 - Put == 0=v? —5r—=¢6400
= Leastvalue of fix) = 157 ie, & fa) | = ¥R
. 2 : dic_zxamamm —
7. [c):We have, f(x)=(10+ x),/100- x* dv? v !
Which will give some real areaif -10 < x < 10 . Most economical speed is BO km/h. (1)
- f,{M}={1l'ifl+Jf}Jn:I—2M:I 2 m <1 12, [c): Fuel cost for running the train for 500 km
2y100-x* - Le[ﬁﬂ]
i 18
=2x? =10x+100
= [(x)= a7s 3?5
For critical points, put f'(x) =0 : 13, (d): Total cost for running the train for 500 km
= x2+5x-50=0 : 375 600000
= (x+10)(x-5)=0 i~ 4 v
= x=-10or5 = x=5 [ -10<x<10] | =3?5K3n+m_11m (1)
Now, f“{x) H 4 80
& 2 1 {(=2x) i 14, (i) (b) : We have, perimeter of floor = 200m
(2100 =x= H=4x=10)+(2x +1ﬂx-1m:|x—-7_ i ¥
. 2,/100-x* P Zx-!-in[EJ:Zﬂﬂ
B 100-x*
\ =) = 2x+my=200 - (1)
& 'me-inmz,f“{ﬂ:ﬂ{ﬂ ¢ (i) [3) : Area of rectangular region (A) = xy
(100 - x?)¥ V75 '
wyf 200 2x [Using (i)]
Maximum area of trapezium i =
=(10+5)(475)=753 cm? (1)
i = g{lﬂﬂx—le (1)
8. (c):Letfix)=[xx-1)+1]Y3 0<x<1 i x
= f’{,ﬂ:L § (i) (c) : Wehave, A=E:10C}x-xz}
302 —x+1P23 i n
For eritical points, put f'{x) =0 = %;3{1m-zﬂ
1 _ n
g I=EE[G‘1] : For maximum or minimum, 94 _
1/3 dx
Now, f0)=1. (£ )=(2) " andfi=1 (= 100-2-0 = x50
d*A
Maximum value of fix) is 1 (1) | Now, [ ] =—— -c.G
2. (d}: Let F be the fuel cost per hour and v be the speed
of train in km/hr. : Thus, Ais maximum at x = 50.
According to question, we have, i . 9
F == v = F = kv2, where k is proportionality constant Thus,maximum value of A=;{5m-ﬂ-2500]
. S 1) | 5000
= 48=k(16)" =k=— ( 1; == me (1)
: | [ 1 T B
o th tal oot af Tunig the taln De & i liv) (a):Let Pbe the area of the whole floor.
Then, C=-—v’t +1200t 2
14 i Then, P= xy+)[{-;J =x}f+—:—y2 =I"[H+EY]
: ~ 500
Mow, distance covered = 500 km = Time= y hrs _[20[]-2; H 200+ 7x ] i
Total cost of running the train for 500 km B [Using (i)
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_ 40000-4x? _10000-x?
- 4x - X

dP

For maximum or minimum, —d;=0 = x=0

So,Pismaximumatx=0m.
(v) (d)
2
15. (i) Givenellipseis "_2,,122_:1

a b

: ¢
A

g {x,y)

rectangle.
The area function A=2xx 22 vat=x*
a

=;402xvaz-x2.xe(0,a)
(ii) The first derivative of function is

dd  4b —ni+m]

-

PR e )

=
l‘l[ﬂ -J[

el e
da

a“=x

Tao find the critical point, put d_=u
x

= x==

2

a . . ;
%0, x=— is the critical point.
2 o

y (1/2) :
Let (x,y)=(x.§-\fa2 -2 ) be the upper right vertex of the :

(2) |

(1/2) Hence, by the second derivative test, there is a local

maximum value of Z at the critical point x= :5,'5.

fres

i a dA a
i —,—=>0 and for the values of x greater than — and
P V2dx ’ V2
close to 705,%:;<0. (1)

. Hence, by the first derivative test, there is alocal maximum
(1) at the critical point N
(1) : V2

: Since there is only one critical point, therefore, the area of

the soccer field is maximum at this critical point x=702, :

(1)

Thus, for maximum area of the soccer field, its length
¢ should be ay2 and its width should be by2.

OR

A=2xx22Ja? -x2,xe(0,a)
: a
: Squaring both sides, we get

16b?

Z=A2 =—-5—16b2 x2(a2-x2) = —3—()(202 -x*),xe(0,a) (1/2)
H a
A is maximum when Z is maximum
To find the critical point, put %:o (1/2)
dZ 16b? 3 32b% = .
E;-—;_;—-(Zxaz-4x J==—xla+2x)a-y2x)
o g dz a
¢ To find the critical point, put ——=0 = x=—
dx V2
i 2 2
! The second derivativeis: 2= 32"’ 2
i di?
2
[d S {a2 -3a?)==64b% <0 (1/2)
ﬂ

(1/2)

Since there i1s only one critical point, therefore, £ is

: . a . ’ a
{ maximum at x=:§  hence, 4 is maximum at x=:5.

(1/2) Thus, for maximum area of the soccer field, its length
: shouldbe ay2 and its width should be by2 .

c=x
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