Application of Derivatives

(2025)

Q.1 The values of A so that f(x) = sin x - cos x - Ax + C decreases for all real
values of xx are :

(1 Mark) (CBSE 2025 - 65/4/1)
A1<A<V2
B.A>V2
CA=1
D.A<1
Q.2 If f(x) = 2x + cos x, then f(x) :
(1 Mark) (CBSE 2025 - 65/4/1)
A. is an increasing function
B.hasa minimaatx=m
C.is a decreasing function
D. has a maximaatx=m
Q.3 Let f(x) = |x|, x € R. Then, which of the following statements is incorrect?
(1 Mark) (CBSE 2025 -65/6/1)
A. fhas a minimum value at x = 0.
B. f is differentiable at x = 0.
C. f has no maximum value in R.
D. fis continuous atx = 0.
Q.4 The function f(x) = x2 — 4x + 6 is increasing in the interval
(1 Mark) (CBSE 2025 - 65/2/1)



A. (—oo, 2]
B. [1,2]
C.(0,2)
D. [2, o)

Q.5 A cylindrical tank of radius 10 cm is being filled with sugar at the rate
of 100T cm3/s. The rate, at which the height of the sugar inside the tank is
increasing, is :

(1 Mark) (CBSE 2025 - 65/2/1)
A.1cm/s
B.1.1 cm/s
C.0.5cm/s
D.0.1 cm/s

Q.6 A spherical ball has a variable diameter 5/2(3x + 1). The rate of change of
its volume wirit. x, whenx =1, is :

(1 Mark) (CBSE 2025 -65/7/1)
A.300m
B.375m
C. 1257
D.225m
Q.7 Iff: R—> Ris defined as f(x) = 2x - sin x, then fis:
(1 Mark) (CBSE 2025 - 65/7/1)
A. a decreasing function
B. maximum atx =0
C. an increasing function

D. maximum atx = n/2



Q.8 The slope of the curve y = —x3 + 3x2 + 8x — 20 is maximum at :
(1 Mark) (CBSE 2025 - 65/5/1)
A . (—10,1)
B.(1,-10)
C.(1,10)
D.(10,1)
Q.9 The absolute maximum value of function f(x) =x3 —3x + 2 in [0,2] is :
(1 Mark) (CBSE 2025 - 65/1/1)
A.2
B.4
C.5
D.0

Q.10 Find the least value of 'a’ so that f(x) = 2x2 - ax + 3 is an increasing
function on [2,4].

(2 Mark) (CBSE 2025 - 65/4/1)
Q11

If f(x) =2+ %,m > 1, show that f is an increasing function.

(2 Mark) (CBSE 2025 - 65/4/1)

Q.12 For the curve y = 5x — 2x3, if x increases at the rate of 2 units /s, then how
fast is the slope of the curve changing when x=2 ?

(2 Mark) (CBSE 2025 - 65/4/1)

x4 _
Q.13 Determine the values of x for which f(x) = *+1’ xeq

a decreasing function.

1. : :
1S an 1ncreasing or

(2 Mark) (CBSE 2025 - 65/6/1)



Q.14 Find the values of 'a’ for which f(x) = sin x - ax + b is increasing on R.
(2 Mark) (CBSE 2025 - 65/6/1)

Q.15 Surface area of a balloon (spherical), when air is blown into it, increases at
a rate of 5 mm2/s. When the radius of the balloon is 8 m, find the rate at which
the volume of the balloon is increasing.

(2 Mark) (CBSE 2025 - 65/5/1)
Q.16 Find the intervals in which function /() = 522 — 327 j5 (i) increasing (ii)
decreasing.

(2 Mark) (CBSE 2025 - 65/1/1)

Q.17 Amongst all pairs of positive integers with product as 289, find which of
the two numbers add up to the least.

(3 Mark) (CBSE 2025 - 65/7/1)

Q.18 Find the value of 'a' for which f(x) = V3sin x - cos x — 2ax + 6 is
decreasing in R.

(3 Mark) (CBSE 2025 - 65/5/1)

Q.19 The side of an equilateral triangle is increasing at the rate of 3 cm/s. At
what rate its area increasing when the side of the triangle is 15 cm ?

(3 Mark) (CBSE 2025 - 65/1/1)
Q.20




A small town is analyzing the pattern of a new street light installation. The
lights are set up in such a way that the intensity of light at any point x metres
from the start of the street can be modelled

(4 Mark) (CBSE 2025 - 65/2/1)
by f(x) = ex sin x, where x is in metres.
Based on the above, answer the following :
(i) Find the intervals on which the f(x) is increasing or decreasing, x€[0, m].

(ii) Verify, whether each critical point when x € [0, 1] is a point of local
maximum or local minimum or a point of inflexion.

Q.21

A technical company is designing a rectangular solar panel installation on a roof
using 300 metres of boundary material. The design includes a partition running
parallel to one of the sides dividing the area (roof) into two sections.

(4 Mark) (CBSE 2025 - 65/1/1)

Let the length of the side perpendicular to the partition be x metres and with
parallel to the partition be y metres.

Based on this information, answer the following questions :
(i) Write the equation for the total boundary material used in the boundary
and parallel to the partition in terms of x and y.

(i) Write the area of the solar panel as a function of x.
(iii) (a) Find the critical points of the area function. Use second derivative test
to determine critical points at the maximum area. Also, find the maximum



area.

(iii) (b) Using first derivative test, calculate the maximum area the company
can enclose with the 300 metres of boundary material, considering the
parallel partition.

Q.22 A carpenter needs to make a wooden cuboidal box, closed from all sides,
which has a square base and fixed volume. Since he is short of the paint
required to paint the box on completion, he wants the surface area to be
minimum.

On the basis of the above information, answer the following questions :

(i) Taking length = breadth = xm and height = ym, express the surface area (S)
of the box in terms of x and its volume (V), which is constant.

(4 Mark) (CBSE 2025 - 65/5/1)
(i) Find <2
(iif) (a) Find a relation between x and y such that the surface area (S) is minimum.

(iii) (b) If surface area (.9) is constant, the volume (V) = %(S:r: — 2x3), z being the edge of

base. Show that volume (v) is maximum for z = 1/§.

Q.23

(4 Mark) (CBSE 2025 - 65/6/1)



A ladder of fixed length 'h’' is to be placed along the wall such that it is free to
move along the height of the wall.

Based upon the above information, answer the following questions :

(i) Express the distance (y) between the wall and foot of the ladder in terms of
'h' and height (x) on the wall at a certain instant. Also, write an expression in
terms of h and xx for the area (A) of the right triangle, as seen from the side by
an observer.

(ii) Find the derivative of the area (A) with respect to the height on the wall
(x), and find its critical point.

(i) (@) Show that the area (A) of the right triangle is maximum at the critical
point.

(iii) (b) If the foot of the ladder whose length is 5 m, is being pulled towards
the wall such that the rate of decrease of distance (y) is 2 m/s, then at what
rate is the height on the wall (x) increasing, when the foot of the ladder is 3 m
away from the wall?

Q.24 The relation between the height of the plant (y cm) with respect to

y:&lm—lmz

exposure to sunlight is governed by the equation 2" * where x is the

number of days exposed to sunlight.
(4 Mark) (CBSE 2025 - 65/4/1)
(i) Find the rate of growth of the plant with respect to sunlight.

(i) In how many days will the plant attain its maximum height ? What is the
maximum height?

Q.25 Find the absolute maximum and absolute minimum of function f(x) = 2x3
—15x2+36x + 1 on [1,5].

(5 Mark) (CBSE 2025 - 65/5/1)



Answer
Q1B
Q2A
Q3B
Q4D
Q5A
Q6B
Q7C
Q8B
Q9B

Q.10

flz) =222 —az+3= f'(z) =4z —a
Now2 <zr<4=>8—a<4dzr—a<1l6—a
For f to be an increasing function, f'(xz) > 0
=8-a>0=>a<8

.. Least value of a does not exist.

Q11
2_
fR)=e+i=>f)=1-45="3
Now “’1}1 > 0forallz > 1= f'(x) > 0= fisan increasing function.
Q12
y = 5z — 2x°
dx
Gi — = 2 unit
iven — units /s

dy

525—63}2:771

slope of the curve =



dm dx

dm
tr =2 — = —24(2) = —48
at = (2)

Hence, slope of curve is decreasing at the rate of 48

Q13

r _ rt+l-xz+4 5
f (:B) - (:E—i—l}z _ ($+1}2
Hence f is increasing in its domain.

>0

Q.14

f'(z) =cosz —a

For f(x) to be increasing, f'(z) > 0
ie,cost > a

Since, —1 <cosz <1

= a < —1

Hence, a € (—o0, —1]. (Also, accepta € (—oo, —1))

Q.15
ds , av
R i —7
i 5 mm~/s, (dt )r:S

ds dr dr 5
— Ar? I R Rl
S=dm” = - =8 2 T e
4, dV _, dr 4V 5
Ve=gm' = g =4 5~ % ~2°
é(ﬂ) — 20 mm?/s

& )

Q.16

f(z) = 52%?% — 32°/%2 = f'(z) = %\/E(l — )
For increasing/decreasing, put f’(:c) =0
=>z=0,1



(i) When z € [0,1], f'(x) > 0.So, fis increasing when z € [0, 1]
(The intervals (0, 1), [0, 1) or (0, 1] canalso beconsidered.)

(i) When z € [1,00), f'(z) < 0.So, f is decreasing when z € [1, c0)
(The interval (1, 00) can also be considered.)

Q17
Let numbers be 'z 'and 'y 'such that xy = 289 = y = %9 ' S' be their sum, then
S=z+y=x+ %g
ds 280 dS - L
E@ =1-, 5= 0 = z = 17, a positive integer
as

= 289 (1)] > 0,.". Sisminimumwhenx = 17,y = 17
o’ ]le’? <) xz1r y

Q.18 Since f(x) is a decreasing function

=f'(x) <0
= V3-cosx+sinx —2a <0

1
= 2 (?-cosm+25inm) —2a <0

:cos(m—%)ga

Since,
—1<cos(zr—%)<l=a>1
i.e.a

€[l, 00)

or

(1,00)

Q19

Let'
a

' be the side of the triangle, so

da —3cm/s



Now area of an equilateral triangle,

A:%a-"-

idA_\/E(LXda.
dt 2 dt

dA] - V3x15 y
a=15 cm

5 453
2 2

g cm?/s

Q.20
f'(z) = e*(cosx + sinz)

For critical points,

fi(z)=0
= cosx +sinx =0
= cosSx = —sinx

For x to be a critical point
z € (0,m)

, hence,
3

2724

For all
z e [0,%], f(z) >0

Hence,

f

is increasing in
3m
[0, ]
Note: If a student concludes the answer in any of the following intervals, full
marks may be awarded:



(0,5)
or
[0, %)
or
(0, ]

For all
T € [i—“,ﬂ],f’(m) <0

Hence, f is decreasing in
5 7]
Note: If a student concludes the answer in any of the following intervals, full

marks may be awarded:

3 3 3
(55 m) or (7] or [,m)
_ 37
T ="
is a critical point

f'(z) = e*(cosz — sinz) + €”(cos x + sinz)
= 2e“cosz

g [ 3 -
f (T)_ ve

Hence,
3
4
is a point of local maximum.



Q21
(i) 22 + 3y = 300
(i) A = zy = %(300 — 2z)

(iii) (2 )A = %(300 — 22) = ~(300z — 22?)

3
dA 1
d:z: 3

For critical points, put
4 —0=2="75

—(300 — 4x)

Also,

$2A 4
dz? 3<U

. S0, Ais maximumat
x =175

Also, maximum area is
A=D1 (300 — 150) 3750 m?

(i) (b)
X
(iii) (b)A = ?(300 —2z) = 3 (300& — 2z%)
dA 1
= —— = =(300 - 42)

For critical points, put

dA
4 _0=a2=75



As

dA
dz

changes its sign from positive to negative as
T

passes through

x =175
from left to right, which means
xr =175

is the point of maximum.

Also, maximumarea is
A= ?(300 — 150) — 3750 m?

Q.22
/7
|
1
" y
]
]
]
e mmm e g
I"' X
X

i) V=ay=y=21
Hence,S:2m2+4:cy:2:r:2+%

(ii) 45 :4(}(—%)
iij@PL=0=>V=x=xly=x*=>y=2
%:4(1—%%) > 0= Sisminimumify = .
(iii) (b)
V:%(S:I:—2:c3) =

&l

= 1(s—6a?)

|ta &‘%

oo

Pt &£ =0 =z =

d?v o s . . -
(@)x—\/? = —3\/; < 0 = Volume is maximum for z =
Vs

g

6



dA 1 2 2 . 1 —x dA __
o — 2V h =Xt agx—=s e =0
gives

h
X = —&—

V2
(iii) (a) A"

2 2 —a

1 —4z-v/h?—z?—(h -2 )x/hz—;r:z
-2 h%—zx?
is
<0
at

h
r=—

/2

Hence A is maximum at critical point

(iii)(b) y* = 25 — x* hence y = 3 gives x = 4

dy dx
2 = —2x—
T T "
d
d—f =1.5m/s
Q.24

Ny =4z — 122 ay _ (4 — z)cm/ day
(i) For maximum height, dm_ = 0=z = 4days as —— d2 < 0, number of days = 4
Now, Maximum height = y(4) = 16 — 5{16) = 8 cm



Q.25
f(z) = 22° — 152* + 36z + 1
= f'(z) =6 (2° — 5z +6) = 6(x — 2)(x — 3)
fl(z)=0=2z=2,3<]l,5]
Now
f(1) =24, f(2) = 29, f(3) = 28, f(5) = 56

Hence, the absolute maximum value is 56 and the absolute minimum value is
24.



(2024)
Q.1 The function f(x) =x3 — 3x2+ 12x — 18:
(1 Mark) (CBSE 2025 - 65/2/1)
A. strictly decreasing on (—,0)
B. strictly decreasing on R
C. neither strictly increasing nor strictly decreasing on R
D. strictly increasing on R
Q.2 The function f(x) = kx - sin x is strictly increasing for
(1 Mark) (CBSE 2025 - 65/4/1)
Ak>1
B.k<1
Ck>-1
D.k< -1
Q.3 Let f(x) be a continuous function on [a, b] and differentiable on (a, b).
Then, this function f(x) is strictly increasing in (a,b) if
(1 Mark) (CBSE 2025 -65/1/1)
Af(x)>0,Vx€(ab)
B.f'(x) =0,Vx€(aDb)
C.f(x)>0,Vvx€ (ab)
D.f'(x) <0,Vx€ (a,b)

Q.4 If the sides of a square are decreasing at the rate of 1.5 cm/s, the rate of
decrease of its perimeter is :

(1 Mark) (CBSE 2025 -65/3/1)
A.3cm/s



B.6 cm/s
C.1.5cm/s
D.2.25 cm/s

Q5

The function f(z) = 7 + -

has a local minima at x equal to :

(1 Mark) (CBSE 2025 - 65/5/1)
A.-2
B.0
C.2
D.1

Q.6 Given a curve y = 7x — x3 and xx increases at the rate of 2 units per second.
The rate at which the slope of the curve is changing, when x =5 is:

(1 Mark) (CBSE 2025 -65/5/1)
A. 60 units/sec
B. -60 units/sec
C.-70 units/sec
D. -140 units/sec
Q.7 If M and mm denote the local maximum and local minimum values of the

f(z) =z + 3 (zeq0)

function respectively, find the value of (M - m).

(2 Mark) (CBSE 2024 - 65/2/1)

_ . -1
Q.8 Show that f(z) =€’ —e+a—tan "z strictly increasing in its domain.
(2 Mark) (CBSE 2024 - 65/2/1)

Q.9 Find the interval in which the function f(x) = x* — 4x3 + 10 is strictly
decreasing.



(2 Mark) (CBSE 2024 - 65/4/1)

Q.10 The volume of a cube is increasing at the rate of 6 cm3/s. How fast is the
surface area of cube increasing, when the length of an edge is 8 cm ?

(2 Mark) (CBSE 2024 - 65/4/1)

Q.11 Show that the function f(x) = 4x3 — 18x2 + 27x — 7 has neither maxima
nor minima.

(2 Mark) (CBSE 2024 - 65/1/1)

Q.12 The area of the circle is increasing at a uniform rate of 2 cm?/sec. How fast
is the circumference of the circle increasing when the radiusr=5cm?

(2 Mark) (CBSE 2024 - 65/5/1)

log

Q.13 Find the intervals in which the function flz) == is strictly increasing
or strictly decreasing.

(4 Mark) (CBSE 2024 - 65/3/1)

Q.14 Find the absolute maximum and absolute minimum values of the
function f given by flz)=7%+ 2 on the interval [1, 2].
(3 Mark) (CBSE 2024 - 65/3/1)

Q.15 A store has been selling calculators at X 350 each. A market survey
indicates that a reduction in price (p) of calculator increases the number of
units (x) sold. The relation between the price and quantity sold is given by the

_ _ 1
demand functionp = 450 2T

(4 Mark) (CBSE 2024 - 65/4/1)



e ——— e et e |

Based on the above information, answer the following questions :

(i) Determine the number of units (x) that should be sold to maximise the
revenue R(x) = xp(x). Also, verify the result.
(ii) What rebate in price of calculator should the store give to maximise the

revenue?

Q.16 A rectangular visiting card is to contain 24 sq.cm. of printed matter. The
margins at the top and bottom of the card are to be 1 cm and the margins on the

left and right are to be 11/2 cm as shown below :
(4 Mark) (CBSE 2024 - 65/5/1)

. L ; A1
[ e . P i 1 o~

A e | | em | : il
=M oSS Printed matter s Sy

A S B I

'
b e "",J el -

1
, 4o & i AL C&-l'-.l,,-h-"lu P

On the basis of the above information, answer the following questions :
(i) Write the expression for the area of the visiting card in terms of x.
(ii) Obtain the dimensions of the card of minimum area.



Q.17 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.

(4 Mark) (CBSE 2024 - 65/1/1)

KA SERE L ETECTION

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, Xm 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.

(if) Find d6/dx.

(iii) (a) 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.

(iii) (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 3/101rad/s, then find the
speed of the car.

Q.18 Over speeding increases fuel consumption and decreases fuel economy as
a result of tyre rolling friction and air resistance. While vehicles reach optimal
fuel economy at different speeds, fuel mileage usually decreases rapidly at
speeds above 80 km/h.

(4 Mark) (CBSE 2024 - 65/2/1)



The relation between fuel consumption F(1/100 km) and speed V(km/h) under
some constraints is given as

VOV gy
F=X Vi

On the basis of the above information, answer the following questions :

(i) Find F, when V = 40 km /h.

(ii) Find 4E .

(iii) (@) Find the speed V for which fuel consumption F is minimum.

(iii)(b) Find the quantity of fuel required to travel 600 km at the speed V at which 3—5 = —0.01.

Q.19 It is given that function f(x) = x* — 62x2 + ax + 9 attains local maximum
value at x = 1. Find the value of 'a’, hence obtain all other points where the
given function f(x) attains local maximum or local minimum values.

(5 Mark) (CBSE 2024 - 65/3/1)

Q.20 The perimeter of a rectangular metallic sheet is 300 cm. It is rolled along
one of its sides to form a cylinder. Find the dimensions of the rectangular sheet
so that volume of cylinder so formed is maximum.

(5 Mark) (CBSE 2024 - 65/3/1)



Answer
Q1D
Q2A
Q3A
Q4B
Q5C
Q6B

Q.7
1 2*-1 _ (=+1)E-1)

! _
f(m)_l_mz_ 1?2 x2
fllz)=0=>2z=-1,1

2
f(z) = == f'(-1)=-2<0
|
is a point of local maximum

The local maximum value

The local minimum value
= f(1)=2=m

M—m=—4
Q.8
fllz)=e*+e *+1—

e —

=~ fis strictly increasing over its domain R

1
1+ 22

>0forallz € R




Q9

f'(z) = 42® — 122* = 42*(z — 3)
= dz*(z —3) < Oforz < 3,2 # 0
= f(z) <0foraz <3,z #0

Thus,
f(z) =z — 423 + 10
is strictly decreasing on

(_DO'JU) J (013)

Q10

Given, “g = 6 cm? /sec. Since, V — g3

‘g 3:1:2d‘E = 6= 3:1:2‘1“’ = dt = % cm/sec

Now, Surface Area = S = 622 = %f — 123:% — 3 cm?/sec

Q11

f'(x) = 122% — 36z + 27
=3(2x—3)*>0forallz € R
o

is increasingon R .

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

Q12

Let C = 2«7, be the circumference of the circle,

dC d: 2 2 _
o = 2mg = 1 = fcm/secatr =5cm

Q13

fla)= 5" = f'(2) = 52> 0
for strictly mcreasmgfdecreasmg, put f' () = 0 = z = e for strictlyincreasing, € (0, e) and
for strictly decreasing € (e, 00)




Q.14

f@)= 5+ =zl
Ipy— L 2

} 1] —
for absolute maximum / minimum, put f(2) =0

=22 =4=02=2

Now,
f(1) =3
and
f(2) =2

~ absolute maximum value
=5/2

and absolute minimum value

=2
Q15

(i) Revenue by selling x items = R(xz) = = - p(x) = 450z —
For Maxima or Minima, % =0= x =450

‘fo =—-1<0

(Revenue is maximum when x — 450 units are sold)
(i) Atz = 450, p = 450 — 22* = 225
S0, Rebate = 350 — 225 = Rs. 125 per calculator

Q16



(i) Let A(x) be the area of the visiting card then,

As xy = 24, A(x ) (x+3)(y+2)=2x+3y +xy+6=2x+ 2 30
(i) A'(x) =2 — 2 and A"(x) = 4,

solving A'(z) = 0 = = = 6 is the critical point.

A"(6) = 122 > 0, .. Area of the card is minimum at z = 6,y = 4

The dimension of the card with minimum area is Length = 9 cm, Breadth = 6 cm
Q17

(i)
tanf = % = f =tan! (%)

(i)

df _ _ =5

de — 524z?

(i)

(a)dt jz % N #Ejznz h 20L:50

= ;512?50 or 1_0? rad/s

(iii)(b)

(b)

= =S x5 & 15m/s

Hence the speed is 15m/s

Q18
(i) When
V =40 km/h,F = 36/5£/100 km

(ii)



ar _ V_
dV 250

(i) (a)
dF

av =0
— V=625km/h

—1
4

dF 1
VE 350 © 0
at

V = 62.5 km/h

Hence, F is minimum when
V =62.5 km/h

(i) (b)
dF

— = —0.01
av

vy _r_ -1
250 4 100

= V =60km/h
602 60

F= o5~ +14=626/100 km

Quantity of fuel required for 600 km
=6.2x6=37.2¢

Q.19

flz) =z —6222 +az + 9= f'(z) = 42> — 124z + a
as at

z=1,f

attains local maximum value,

f’(l) =0=a=120

now,
fl(z) =42® — 1242 + 120 = 4(z — 1) (22 + = — 30) = 4(z — 1)(z — 5)(z + 6)



Critical points are
xr=—6,1,5

f'(z) = 122 — 124
f"(—=6) >0, f"(1) <0, f"(5) >0

SO

f

attains local maximum value at
r—=1

and local minimum valueat
r=—6,5
Q20

Let length of rectangle be
T cm

and breadth be

(150 — z)cm

Let

r

be the radius of cylinder
S2Mr=x=1r=--

21
2 2 3

o Ea N 75x oz
V =nr h—ﬂ(4ﬂ2)(150 z) = - e
dv. 150z 322
de 27 47
ﬂ =0=a =100 cm
dz

2
ﬂ = —E < 0 = V is maximum when z = 100 cm
d$2 =100 cm T

Length of rectangle is 100 cm and breadth of rectangle is 50 cm.



6.2 Rate of Change of Quantities
(1 mark)

circleis 2 cm, its area increases at the rate of

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

LY (2 marks)

3. The total

cost Clx) associated with

Clx) = 0.005x% -

&, 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. | 16. Show that the function fix) = x* - 3 + éx - 100

(Delhi 2017) '

The volume of a cube is increasing at the rateof 9emfs.

i

of anedgeis 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 em/fsec. How |
fast is the height on the wall decreasing when the

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

rate of 2 cm/s. At what rate isits area increasing when
(Delhi 2015) (Ev] :

8. The sides of an equilateral triangle are increasing at
the rate of 2 em/fsec. Find the rate at which the area !
(Al 2014C) :

| 20,

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 fix) = 22 + 9«2 + |

12x - 1is decreasing, is

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

(2023)

10. The function flx) = x3 + 3xis increasing in interval
@) (-=00 (b) (0,=) (c) R (d) (0,1)

increasing, is

{E} {-“r_d']"—"':ﬂr"} {h} {-"r_q'}

(A1 2019) :
7. Theside of an equilateral triangle is increasing at the

(d)  (-o0,0)U(4,50)
(Term|, 2021-22)

(c) (-4.0)

1. Theradius of acircle is increasing at the uniformrate | 12- Thefunction (x = sin x) decreases for

of 3 cmfsec. At the instant when the radius of the

i b *
{a) allx (b) x~r:2
(c) OexeX (d) nowvalue of x
3 (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
0.02x2 + 30x + 5000. Find the (2 marks)
marginal cost when 3 units are produced, where by | 44 Fing the interval in which the function flx) = 2x7 - 3x
marginal cost we mean the instantaneous rate of :

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

flx) = 7 = 4% = x2 is strictly increasing. (2020)

is strictly increasing. (2023)
i 15. Show that the function fix) = 4x3 - 18x2 + 27x - 7
is always increasing on R. {Delhi 2017)

is increasing on R. (Al 2017) fﬂ_F;J

Y (4 marics)

How fast is its surface area increasing when the length |

(NCERT, Al 2017) (EV] : 17. Find whether the function flx) = ms[gﬁi]; is

increasing or decreasing in the interval %«: x-:“%[
(2019) (1]
18. Find the intervals in which the function
4
fix)= 5&_-;5 -5x2+24x+12 is
(a) strictly increasing
(b} strictly decreasing (2018) |_ﬂ._pb:
i 19. Find the intervals in which the function
flx)=3x% - 4x3 - 1242+ 51is
(a) strictly increasing
(b) strictly decreasing (Delhi 2014)

Find the valuels) of x for which v = [x (x=2)]2 is an
: increasing function. Al 2014)
{21, Find the intervals in which the function
fl=2x ~dx 452 +51 is

(i) strictly increasing

(ii) strictly decreasing {Foreign 2014) |§

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

11. The interval, in which function y = x3 + 6x% + 6 is

f{x]l--v-x _,...13_3; +~?L;5-x+11 is

(a) strictly increasing

(b) strictly decreasing. (NCERT, Al 2014C) (Ev)



(5/6 marks)

23. Find the

intervals on

(b) strictly decreasing.
24,

fix) = sin x + cos x, 0 < x < 2n is strictly increasing or
(2020) (U]
Find the intervals inwhich flx) =sin3x- cos3x,0<x<m, :

decreasing.

5
is strictly increasing or strictly decreasing.

(0ehi2016) (5] . VTR (3 mar
Prove that the function f defined by fix) =x2 - x + 1 =
is neither increasing nor decreasing in (-1, 1). Hence, : 24. Theabsolute minim Nieaffbd =7 sinxin [EI _]
i thes Inbirvals Tl 0 sl Sirichiyiicradaing | T Tabscluciminimom vallie ob g nZ sinin [ -5

(Delhi 2014C)

26.

{ii} strictly decreasing.
6.4 Maxima and Minima

i la]

27. The value of x for which (x = x2) is maximum, is

(@ ¥ () v2 (© V3 @ v4
(Term1,2021-22) (1]

28, A wire of length 20 cm is bent in the form of a sector
of adircle. The maximum area that can be enclosed by
the wire is
(a) 20sg.cm {b) 25sg.cm
{c) 10sqg.em (d) 30sqg.em

decorative pieces and more.

A group of friends wanted to
make innovative toys and hence
contacted the "youngachievers" to
order them to cast metal into solid
half cylinders with a rectangular
base and semi-circular ends.

Based on the above information, answer the following

questions (29 to 33) :
29, The volume (V) of the casted half cylinder will be
(a) wh ® S
© Lun (d) w2(r+h)
2 (Term I, 2021-22) :
30. The total surface area (S) of the casted half cylinder
will be i
(a) wh+2w?+rh (b) mrh+mr? + 2rh

{c) 2mrh+mr? +2rh (d) mrh+mw?+rh

31. The total surface area 5 can be expressed in terms of
Vandras i

{;} 2nr+ M {h] nr+ E

T nr

{d l'[fz ¥ .EV{TI'I'EJ
nr

(d)  ogty 2Vin+2)

i 32,
which the function
fix) = (x - 1) (x - 22 is (a) strictly increasing :
(2020}
Find the intervals in which the function f defined as

Y (4 maric)

: 36. Case-study : Sooraj's father wants to construct a

(Term I, 2021-23} :
Case study-5Some 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,

| 37.

(5 / 6 marks)

(Term, 2021-22) (Ev) 38. The median of an equilateral triangle is increasing at

39,

mo 4o
(Term I, 2021-22) (Ap]

For the given half-cylinder of volume V, the total
surface area 5 is minimum, when

a) (m+2)V=nr (b} (m+2)V=n2?

e} 2in+2)V=n2 (dl (m+2)V=n?r

{Terml, 2021-22)
i 33, The ratio h: 2r for which 5 to be minimum will be equal
to
(@ 2m:m+2 (b) Zm:m+1
(€} m:im+1 (d) m:m+2

(Term 1, 2021-22) ()

is (2020)

35. Theleast value of the function fix) =ax + E la=0,b>0,

x>0)is % (2020)

rectangular garden using a brick wall on one side of
the garden and wire fencing for the other three sides
as shown in the figure. He has 200 metres of fencing
wire,

Based on the above mfurrr!atmn answer the
following questions :

(i) Let ‘%' 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
and also write Alx), the area of the garden.

(ii) Determine the maximumvalue of Alx). [2023)

An open tank with a square base and vertical sides is
to be constructed from a metal sheet so as to hold a
givenquantity of water. Show that the cost of material
will be least when depth of the tank is half of its width.
If the cost is to be borne by nearby settled lower
income families, for whom water will be provided,
what kind of value is hidden in this question?

(2018) (Ap)

the rate of 243 cm/s. Find the rate at which its side
is increasing. (2023)
Sum of two numbers is 5. If the sum of the cubes
of these numbers is least, then find the sum of the
squares of these numbers. {2023}

Show that the height of the right circular cylinder
of greatest volume which can be inscribed in a right



41.

42,

a4,

47,

48.

49,

52.

53.

54,

circular cone of height h and radius r is one-third of
the height of the cone, and the greatest volume of the |

(2020)

eylinder is % times the volume of the cone.

Find the minimum value of (ax + by), where xy = c2.

{2020, Foreign 2015) :
Amongst all open [from the top) right circular |
cylindrical boxes of volume 125% 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 |
possible, when revolved about one of its side. Also,
(2020) (Ag) |

area.

find the maximum volume.

Prowve that the radius of the right circular cylinder of
greatest curved surface area which can be inscribed 37.
{2020C) :
. Show that the height of the cylinder of maximum
volume that can be inscribed in a sphere of radius R is

(2019) :
. i I i 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, 59
open at the top is to be constructed so that its depth §
is 2 m and volume is 8 m?. 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 i
(NCERT, Delhi 2019) (Tr] :
Find the area of the grgatest rectangle that can be

(A12019)

Show that the right circular cylinder of given surface
area and maximum volume is such that its height is :
: 62
If the sum of lengths of the hypotenuse and a side of a :
right angled triangle is given, show that the area of 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 it is
(A12017) (Ev) |
Show that the altitude of the right circular cone of
maximum volume that can be inscribed in a sphere

in a given cone is half of that of the cone.
2R

—. Also find the maximum volume.
V3

volume, is equal to the radius of its base.

expensive tank?

inscribed in an ellipse *_4 F_fl
a b

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

- Tk
15=.

acube.

of radiusris % Also find maximum volume in terms
(Delhi 2016, A1 2014) fg] | .
Prove that the least perimeter of an isosceles triangle '
in which a circle of radius r can be inscribed is 6./3r. ¢

(Al 2016) | g6,
The sum of the surface areas of a cuboid with sides

and a sphere is given to be constant. 67.

of volume of the sphere.

N
X, 2% and 3

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

un
un

&1

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 %,xand 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) = sin x - cos x, 0 < x < 2n. Also find the
local maximum and local minimum values.

(Delhi 2015)
Find the coordinates of a point of the parabola
¥ = %2 + 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 ‘g’ and ‘b’ from the sides of the triangle.
Show that the minimum length of the hypotenuse is

(a%3+ b23)32, (NCERT, Delhi 2015C)

Of all the closed right circular cylindrical cans of
volume 128 m 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 wvolume and of given slant height is

-1 1 (Delhi 2014) (Ev]
5  —. ¥
V3
Prove that the semi vertical angle of the right circular
cone of given volume and least curved surface areais

cot1.2. (Delhi 2014)

The sum of the perimeters of acircle and a squareis k,
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) (Ap |

Co

. 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)
AB is adiameter of a circle and C is any point on the
circle. Show that the area of AABEC is maximum , when
it is isosceles. (Al 2014C)

Find the point P on the curve y2 = dax which is nearest
to the point (11a,0). (Al 2014C) (Ev)

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

when it is maximum. (NCERT, Al 2014C) (Ap)



W)\ CBSE Sample Questions /B

6.2 Rate of Change of Quantities
X (2 marks)

1. A man Lé m tall walks at the rate of 0.3 m/sec away |
from a street light that is 4 m abowve the ground. At §
what rate is the tip of his shadow moving? At what

(2022-23)

rate is his shadow lengthening?

6.3
MCQ

Increasing and Decreasing Functions

=

flx)= H-dx+éis strictly increasing.
(a) (===, 2)(2, =) (b) (2,==)
() (-=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 strictlyé

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

(c) Strictly decreasing in (-e=, 3) and strictly§

increasing in (3, )
(d) Strictly decreasingin (=es, =2) U (3, =)

(Term 1, 2021-22) :

4. The value of b for which the function fix) =x + cosx + b

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

No value of b exists
b=1

m {3 marks)

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

fix) = tanx - 4x. xe[o.-;-) 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 [0, .;_] is

fa) 2 (b)

n
() 5

g-+ 3

(d) The least value does not exist.

Find the intervals in which the function f given by

(Term 1, 2021-22) (Ag) |

(2020-21) | 10,

(Term |, 2021-22) :

i

=]

[B=Y
[

[
N

The area of a trapezium is defined by function f and
given by f{x}=[1{3+xln,l'1{}ﬂ—x2, then the area when
it is maximised is

(a) 75em? (b)
(c) 7543cm’ (d)

73 cm’
5em?
(Term 1, 2021-22) ()

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

1 1
(a) O (b} 3 e} 1 (d) ﬂﬁ

(Term |, 2021-22)
Case 5tudy : 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 T 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 @3z @

@) 3 3 16

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

(a) = v+ (b) 373 v+
16 v 4 v
(@) 20000 @ 2y 80
16 v 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



(a) ¥ 3750
(c) T 7500

() T750
(d) T 75000
13.
most economical speed is
(a) T 3750
() T7500

(b) T 75000
(d) ¥ 15000

sub parts from question. Each sub-part carrie 1 mark.

14. An architect designs a building for a multi-national :

company. The floor consists of a rectangular region
with semicircular ends having a perimeter of 200 m
as shown below:

Design of Floor

L B

X

B

Building

Based on the above informationanswer the following:

If x and y represents the length and breadth :
of the rectangular region, then the relation :

()

between the variablesis
(b) 2x+my=200
(d) x+y=100

(a)
(o]

(i)

x+my=100
nx+y=50

asafunctionof xis

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

EL9 T
(c) %(1oo-x) (d) ny2+%(100x-x2)
(i) The maximum value of area A is
(a) X2 (b) 3200 o

3200 T
@ 2990 (@) 2990

T "

{iv)

happen the value of x should be

Detailed

1. Letr be the radius and A be the area of circle.

o

Given that %ﬂcm;m i)
We know that, area of circle A = mr2
df dr i
—=2nr—=
= 2nr— =23 [Using (i)]
= &mr

The total cost of the train to travel 500 km at the

(Term1,2021-22) '
Case study based questions are compulsory. Attempt any 4 °

The area of the rectangular region A expressed

The CEO of the multi-national company is |
interested in maximizing the area of the whole :
floor including the semi-circular ends. For thisto :

(a) Om (b) 30m
(c) 50m (d) 80m
(v) The extra area generated if the area of the
whole floor is maximized is
(a) 3000m2 ) SOOOmz
4 x
(c) : :::mz
i —
(d) Nochange, Bothareas areequal (2020-21)(Cr ]

(4 marks)
15. Case-Study : Read the following passage and answer
i the questions given below.

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

2D

a b?

(i) If the length and the breadth of the rectangular
field be 2x and 2y respectively, then find the area
function in terms of x.

(i) Find the critical point of the function.

(111} Use First Derivative Test to find the length 2x
and width 2y of the soccer field (in terms of aand b)
that maximize its area.

OR
Uze Second Derivative Test to find the length 2x

and width 2y of the soccer field (in terms of aand b)
that maximize its area. {2022-23)

SOLUTIONS

[E] = 12mem?/s
dt / r=2em

2. Letrbe the radius and A be the area of circle.
i We know that, area of circle, A = nr2

. dA dA)

ok dr-iz.r = (dr]ﬁ-ﬁnnn

3.  Wehave, Clx) =0.005x3 - 0.02x2 + 30x + 5000
dC

= E=q:-_.::|15x? -0.04x+30



Now, (dﬂ) =0.015%3° =0.04x3+30=30.015
dx ®=3

4. Letr, 5 and V respectively be the radius, surface area

and volume of sphere at any time t.
dv

Given, e Tem’ fsec

We know that, volume of sphere V= Em
3
= il Any? &
dt dt
= g — — Cmyfsec
dt -11I'r.|"z

We knnw that surface area of sphere § = 4mr?

m{ ] ds_6
D‘i‘ 4nrl dt r

-31:m fsec

:}—

[dt | i 2

5. Let|be the length of an edge and V be the volume of
P frix)=6x2+ 18x+ 12

: Fordecreasing, f'(x) <0

a cube respectively.

Given, %= 9cm®/sand 1=10cm
We know that, volume of cube (V) = 2

ﬂ_.‘?_u;ﬂ gz dl
dt dt
dl 3 o :
= e o e “'{I} H
dt P
And, surface area of cube (A) = 612 i
. %’%-i{mﬂ izngl_wx% {From (i)
=58
e
dA] 36
i m'm'g‘km /s

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

dx dy
2y— —=0
X +2¥dt i
Ay it
dt  y dt i -
Whenx=5m,y2=(13)2-(5)2= 169 - 25 = 144
¥=12m

Also, %:2 cmysec [Given]
dy =5 =5
= Tkd=T2 o
FTIE T M e
7. Let'a’ be the side of an equilateral triangle.

Then dEE=ﬂcm.|’ seC

Let'A’ be the area of an equilateral triangie, then

A= JE a2 lilllf!I'=2><—ﬂ--—=—r1
4 dt 4 dt 2 di

i = bx° =350 = x
So, flx) is strictly increasing in x E(-W..

L 15. Wehave, flx)=
f= flx)=12x2-

(ﬂ] =33 202 =20Bem?/sec
dt 2

8 let's be the side of an equilateral triangle.

g Then %:2:"”’5‘3(

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

J_z i u"_ da u"_ da
d't 4 dt 2 dt
[E) =Ex1[}x2=10\-"§cm fsec
a=10 2

Concept Applied {'r_-_:

= vaermlenfderivathe:i-[ﬂ}:nﬂ‘i
9. (bl:Wehave, flx)=2x3 +9x2 + 12x- 1

Gxl+18x+12<0

T x2+3x+2<0 = (x+1)(x+2)<0 = -2exe-1
i 5o, flx} is decreasing, if x e (-2, -1).

{10, (c):fix) =23 +3x

! Forincreasing we must have f1{x) >0

L P9=32+3>0 = 3(x2+1)>0

i = x2+13>0,whichistrue¥ xe R.

11. (a): Gwen.rtxa+6x2+6=3ji ax? +12x

For increasing, %}0 =32+ 12x>0= 3k (x+4) >0

4+ | - L+
I |
— o -1 0 L]

So, y is strictly increasing in (—==, =4) s (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
L h as theo i
[Using Pythagoras theorem] i= 1-cosx<0 =>cosx>1,

P | which is not possible, because maximum value of cosx is 1.

fix) = {x - sinx) doesn't decrease at any value of x.

{13, Lety=flx)=7-dx-x2

Y ag 2
dx

For strictly increasing, jx—!'r:-r;‘r
= -4-2x>0 = x<-2

Required interval is {===, =2).

14 Lety=fl=2-3 . Fogedoz

For strictly increasing, dy bt SN
i dx

2}1

Mz
42 a2 )
4x% - 18x2+ 27x -7

3bx+ 27



Hence, these points divide the whole real line into four

9 9
= 2
12[" '3“1‘2]*2? | disjoint open intervals namely (-==, ~1), (-1, 0), (0, 2) and

342 342 i (2,=).
-12[1-—) -2?+2?=12[x-—) =0vxeR H =
2 2 Interval Sign of f'(x) Mature of function
Hence, f(x) is always increasing on R. i - -
6. Wi s, 100 503 - 2 ¢ o 460 0 (=== =1} [{=}-)(-}=0D Strictly decreasing
Dféferentiatiné (i) wert x, we get - i (10 B0 Strictly increasing
Flx) = 3x2 - bx + 6 (0.2) [(+{+H(-)<0 Strictly decreasing
=3(x?-2x+ 1) +3=3(x - 1}’-; 3>0 2= |0 Strictly increasing
i }{G For all values of x, [x = 1)° is always pnmtwe] : | (a) fix) is strictlyincreasingin (~1,0) U (2, =)
5& fix} is an increasing function on R. (b) fix)is strictly decreasing in (-=, -1) u (0, 2).
w E 20. Here, ¥= [X{R [ 2}]2 = xzi,x I 2}2
dy 2
S Iff’(x) > 0= fis strictly increasing function. e +2x(x-2)

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

17. We have, ﬂx]:c:ﬁ(lx+£] . _dy
4 i For y to be an increasing function, Ezﬂ

f'{x]=-25in[2x+£) f= x(x-1)x-2)=0
4 i Case :When-==<xz0
Given, 3—1{3:5—:! ﬂsﬂ:wisadﬂcreasingﬁmcﬁnn
8 a i odx :
:E—E{EI{E—H n+3_n{zx+r:{5_n+f Case 22WhenD=x=1
4 4 4 4 4 4 4

d_y- =0 =y isanincreasing function.
x4+ o _.E = 5ir{2x+£){ﬂ o
I R | Case3:When1<x<2

*,+ sin functio tive in 11174 and IVth drant] i d
b8l o i nEgative | an e ] i Yoo =y is a decreasing function.

-25|n[ 2:+—J_:r0
i Cased:When2<£x<=
= Flix)>0 dy o .
Fdiic U K crsasing in [%‘l % EEG =y is an increasing function.
¥ is an increasing functionin [0, 1] w [2. =)

4 i
X H

1 - — e 2 iy oz

18. We have, fix) m xt=5xc+24x+12 ki) | 21 Wehave, f{xl=§x4-4xs—45xz+51 0

g:}ﬁbe:ng polynomial function is continuous and derivable fix) being a polynomial function is continuous and

Diff. t' ting {i) " : derivableon R.
TErre ating UAMEEL Y, we gs i Differentiating (i) w.r.t. x, we get

2 L
Fx)= _‘3" Eolse f'[x]:%xnixs-ﬂxz-PDx

"‘3‘3"2‘1“”24 Do f(x) = 6x3— 122 - 90x = bx{x? - 2x - 15)

={x-2)(?-x=-12)= (x=2)(x-4) (x+3) =dx(x-5)(x+3)
{a) Forstrictlyincreasing, f'(x) =0 i (i) Forstrictly increasing, f'(x) > 0
= (x-2){x-4)(x+3) >0 i = 6x(x-5)(x+3)>0
= xe[-3,2)u(4, =) i = xe(-3,00u(5,=)
(b} For strictly decreasing, f'(x) <0 : {ii) For strictly decreasing, f'(x) <0
= (x-2)(x-4) (x+3)<0 =y v - v = Gee-5){x+3)<0
= X& (~=,-3) U (2,4) 3 2 4 (= xel=-3003)
19. Wehave, fix) = 3x* - 4x3 - 12x2+5 M
Flx) = 12x3 - 12x2 - 24x = 12x(x2 - x - 2) = [ f'[x) < 0= fis strictly decreasing function.

= [£f'[0) » D= fis stricthyinereing R tion
= filx)=12x{x+ 1){x - 2) f'(x) » 0= fis strictly increasing function

Now, f'(x) =0 f 22 Here, ﬂx}=_x*'_4x3 32+ 5011
= 12x(x+1)(x-2)=0 B 5 5
= x=-1x=0orx=2 Dnﬁerentuatmgwnt X we get



fix)= —-4x -i-Sx -3 2x+E-1

& X
5{
&

=—=(x=1){x+2)}x=3)

5
flx)=0 =x==-2,1,3.
HEHEE the points divide the real line into four |:||5]u|nl'.
intervals (==, =2),{-2, 1), (1, 3) and (3, ==).

=2x%=5%+6) ——{x—‘l]{x -x=5)

Interval Sign of f*(x) Mature of function
(=5, =2) (=)(=){=}=0 Strictly decreasing
(-2,1) (=)(+) (=) =0 Strictly increasing
(13) (+{+(=)<0 Strictly decreasing
(3,=) (H+H+H =0 Strictly increasing

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

R L sl o
f'lx)=(x=1) dxl[x 21 +(x=2) 1:[M{ﬂr 1)

=(x- 1) {x- 2)[2(x - 1) + 3 (x - 2)]
=[x-12(x-2)2x-2+3x-6&)

= flx)=x-1)2{x-2)(5x-8)
Now put fi(x) =0

= (x-1P2(x-2){5x-8)=0 = x=12 8/5

The points divide the real line into four disjoint intervals

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

Interval Sign of f(x) MNature of function
[===,1) (+)(-)-) =0 Strictly increasing
{1,8/5) (+)(=)(-) >0 Strictly increasing
(8/5,2) (+){-)+) <0 Strictly decreasing

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

{a) fix)is strictly increasing in (==, 1) (1, 8/5) w (2, =)
(b} fix) is strictly decreasing in [% 2].

24, The given function is
fix) = sinx + cosx, 0<x<2n
= [[x) = cosx - sinx
Mow fx) = 0= cosx - sink=0
=stanx=1

T 5n

= ——

4 4
The points x=-§ and x=% divide the interval [0, 2x] into

three disjoint intervals, [0, m/4), (m/4, 5=/4), (%‘ 21{}
MNow () = 0in [11 E—)
fis strictly increasing in [ﬂ' =z ] :

4
<o (3)

A1)

(0, ) into four disjoint intervals,

| {o2){o2e) (Fm e a2,
‘4 a"12 2" 12 P12

Now, f'(x) > Oin (a%]

= fisstrictly increasingin

: Fx)<0in Hﬂ,n]
12

n S5x
s strictly decre [— —)
fis strictly decreasing in 13

and f{x) = 0in (ST“,ZH]

ot 2 e mn
fis strictly increasing in (T 21{[ i

| Thus, the function fis strictly increasing in

[ﬂ‘ Jol5 2“]

i 25. fix)=sin 3x-cos3x
i = f'lx)=3cos 3x+3sin 3x
: Fix)=0 = 3cos3x=-3sin3x

i = cos3x=-sin3x = tan3x=-1

which gives 3;:_"31[-0 33[- or &
: 4 4
S =T or ?_n iir [ Dex<mu]
: 4 12 12
The points x=§.x=iﬂ—“ and x=% divide the interval

11x

= fisstrictly increasing in [ﬂ,%]

rmeom(32)

H : - . s [m TR
= strictly decreasing in -—.r—]
: fis strictly decreasing i T

f"{x)>0in ZEE".)

127 12
T 1ix
2 12

= fisstrictly decreasing in [111; n]

Hence, fis strictly increasing in the intervals

(o3

and f is strictly decreasing in the intervals

T iin
12712

T ?n]u(i_‘m -
417 12’

| 26, Here, fix) =x2-x+ Lixe(-1,1)
i = Fl=2x-1

)OS ie &
f{x]-ﬂ:ax-z

Now f'lx}=2[x-%]}t}fur%<x{1

' = fisstrictly increasingin [%1]



\ 1 1 2

Also F{x]:Z{x—E]::Ofur—i-cx{E - lm-'zh:ﬂ_ — nir2h (n + 2) = 2533
2 n+2 N
= R

=% fiﬁﬁtrictlydecreasingin[-1. %] = hin +2) = 2nr :}E=n+2

Thus fis neither increasing nor decreasing in (-1, 1). i Thus, required ratioie h: 2rism:m+ 2

27. (b):Let fix) =x-x* i 34, Here, f(x) = 2sinx

L Fld=1-2x i = flx)=2Zcosx

For critical point, f'(x)=0 : Puttingf'(x)=0

= 1-Ix=0=x=1/2 = 2cosx=0 = cosx=0

Now, at x = 1/2, f"(x)= =2 < 0 P xs 53-2_“

So, fix) has maximum value at x = 1/2.

- ) min i r
Concept Applied I':__' s e are the critical points
= xwcisapointof local maxima if f (c) = O and f "(c) < O. i

The value of f{c) is local maximum value of f.

| Atx= %,rmnzxiuz

- 3n % n =
28. (b): Let r be the radius, 8 be the central angle and I be ;| Atx= —-, f(x) = 2sin Xt ) =-2sing =-2
the length of the circular sector. i
Given, |+ 2r=20

. Eoo b
=5 10+ 2r=20 (= =) = g= 0= | 35. Wehave,flx) = ax+~
r H
flx)=a - (b/x?)

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

Let A be the area of the circular sector.

e 2 20=2r | Puttingf'(x)=0= a---tf--={!|:m=.!J_-::-:,~:=J-t.r (asx=0)
A= -E =E. = r{lﬂ-—r} § x2 IZ a
r i
dA i The least value of flx) is
= —=10=2r P (b b =
7 f[ J_]ﬂ{yﬁ]hﬁﬂram@:z&
For maximum or minimum value of & we have a a

dA d2A 36. Given, the length of side of garden perpendicular to
e il e . the brick wall is xm.

X

Areaismaximumatr=5 i
Maximum area, A= 5 {10 - 5) = 25 cm? Brrick wall — | ¥

29, (e} Violume of cylinder = nr2h
5 V=Volume of casted half cylinder = (1/2}m2h

X

The length of the side parallel to the brick wall is y m.

30, (b):Totalsurface area, §= 220t Lo E) 2x+y=200
2 ! We know that area of rectangleis=Ix=b
=nr? + arh + 2rh = Alx) = xy=x(200 - 2x) = 200x - 22
WNilm+2 1 2 i (i) Since, Alx) = 200x - 2x2 i)
31. (c):Here,5= nr+ % [ V=§"T2h = ;=m] : Differentiating (i) w.r.t. x, we get
d i)
: 9 A(x)=200-4x
B @) Sanlts 2424 o
nr i . "
dS_z Vn+2) 1 For critical point EMIJ-G
=i AT i = 200-4x=0 = 4x=200 = x=50
i Again differentiating (i) w.r.t. x, we get
For S to be minimum, 93 _g P2
dr i ——Alx)==4<0 le, area Alx) is maximum at x = 50
D odx?
Win+2) i
=2r=——5— == ¥ =V(n+2) i Hence, maximum areais
L i A[50) = 200(50) - 2(50)?
33. (d): e Vagmrth il = 10000 - 5000 = 5000 m?
and Swill be minimum, when (x+2) V= 223 27. Let x be the side of square base and y be the height of
23 the open tank.
i NV T i) i o I=xb=xandh=y
n+2 i where I, b and h be the length, breadth and height of tank

From (i} and {ii), we get ! respectively.



Volume of tank V=x2y = *,.--=12
X

areais least.
Total surface area of tank (5) = x2 + dxy
= 5=x%+ 4:{ i]

x2

2+4_E = ﬁ:h-ﬂ
X

= S=x = .

For maxima or minima, ﬁ:ﬂ
dx
= 2:(-%:{} = =N == 2y
X

ds av
Also, —=2+—2>0
dx” X

%98 X
Cost of material is least. when y = 3

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 @ ..

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

Concept Applied II.EEJ'I

= xm=cisa point of local minima if f '(c) = 0 and f *(c) = 0.
The value of fic) is local maximum value of f.

its median = ﬁx

Let M=+3x = i-m-=-.-"§-d£
dt dt
= 2.\_!5:"5& = di:—Z@:EEWSE{
dt  dt 3
Mow, side of triangle = 2x
= s5=2x

ds _ dx
= E-EI-Zxﬂr_nﬂsec- 4 cm/fsec

5o, side is increasing at the rate of 4 cm/sec.

39, Let the two numbers be x and
According to question, we have
X+y=5 = y=5-x
Let p= x3 + 3
=x3+(5-x)2
=x3+ 125 - x3 - 75x + 152
= p=15x*-75x+125
Differentiating with respect to x, we get

jx—p =30x-75

For minimum, %’:D = Ix=75=0 = x=

b3 W

d*p
Mow, -_ =30>0
dx

So, x2 +v2 is minimum at x=%

5 :5
From {i), y=5-—=2
rom (i), v 55

Ve |

:;. H=—
i 3

-0

¢ P 57
i 50, required value = x“+y° = = + =
The cost of the material will be least if the total surface

_25,25 50 _25
T4 4 472

v 40, Given the right circular cone of fixed height h and
y=—] i
[ 12] i H be the height of the right circular cylinder that can be
i inscribed in the right circular cone.
: Inthe figure, ZGAO =8,0G =Jr“r,DA=h,DE=rRand CE=H

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

-
&
B C T
h H
¥ i
F D E G
-—
{ We have,r/h=tantl
i r=htand {1}
i Since, AADG and ACEG are similar.
i A0 CE  CE
OG EG OG-OE

h H H
R “"[1'3]

i 2

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

For maximum volume, EF,_::_'}

= o) o)

2
B -t NP L E R

hz

A [.- H=h]

i 1
i 50, height of cylinder = 3 of height of cone

Also, maximum volume of cylinder

2
it 2

= % of volume of cone.

41 Let u = ax+ by, where xy = ¢

2 :
i = u=ux+b[r—] (i)
¥ x

Differentiating w.r.t. x, we get

2 2 2

d—u=a—bL and d—:: zb;:

dx xZ dx x
For critical points, ﬂ;ﬂ
; dx

2 2
ﬂx_._____-zhc =0=x?=2
x a



=36cm
; = 2x+2y=34
At x—ch.d—u-ﬂxE[J— ] i = x+y=18 = X >
b c Po y=18-x i)
[ ava| ,a ( 20 Let rectangle be revolved about its length x.
i Then volume of resultant cylinder (V) = nxly
= Ve=axH{18-x) (from (i)
= uisminimumat x= c\f— P Ve n18x2 - x3] i)
¢ Ondifferentiating (i) w.rt. 'x, we get

1 i
.ﬁt H=-\(7C1?_-2bc2[ JE)('E]"I:B’ E g=m{36x_3x2: ...[il‘l‘]

JE : Given, perimeter of rectangle
=t

—=<—

¥

dv
= uismaximumatxw-\/E: i Put E:O:}Sﬂ-ﬂﬁ::ﬂ
a X
m = 3x(x-12)=0
The minimum value of u at x=J:c is = x=012 . ox=17 (x#0)
Again differentiating (i) wer. t ', we get
u=a +b|:2[J_ —] =cab +bac=2c /ab 42
[J_ ] ; d 4 =n({36-6x) = [ =nl36=6x12)==36n=0
42. We have, volume of cylinder = mr2h Lo =12
mrih= 1250 (given} : ! At x = 12, volume of resultant cylinder is the maximum
= 2h=175 i therefore the length and breadth of rectangle are 12 cm
195 i and & cm respectively.
= h=—- (1) { Hence, maximum volume of resultant cylinder,
r 5 V), - 12=m(122x 6) = %144 x & = BE4 mem?
Futace Mewy) = Juh tn { 44. Let'r and'h’ be the radius and height of right circular
2 _125+m1 | cylinder and 'R’ and ‘H’ be the radius and height of cone.
The curved surface area of cylinder, 5 = 2mrh
2501 i Since, AAOC and AFEC are similar.
S=——+nr (2. OC_AO R H . _ (R—r}_' i
r ol ——i— -—= = s
- e . . H EC FE R—r h
On differentiating (2) w.r. to 'r, we get : S —R THEE S
- a{zson) e S= 2nr(-—R-—r-)H [From (i)]
xr H
—=—L L = 250mr 2 +2 ]
ar- dr dr a4 L g 2nHRr-r?) i)
R ’
s -2 d’S 500 s R
i—= r520:t and ;r-z-- 3 +2n : Ondifferentiating (i) w.r.t. 'F, we have
For maximum or minimum value of surface area, we have %- @(R-m i)
to put §=0 For r:gx:mum and minimum value, A 2
ds . -250n | put ===0, 5 H
= =0= —3 ——+2nr=0 F
2aH _
_250n »_ 250m Rl o 1
- =rrE—a i=> R-2r=0 o
= r?=125 = r=5cm ==z
d*s ] 5007
Now, | — - +2r=6n>0 i 2
[dr2 besem: 325 o d 2s :—r[an(R'ZI)]
Hence, the surface area is minimum atr=5cm
Putr =5 in equation (1), we get P = —(0-2)=_._<o
no125_125 i R R
i T G N _—4zH
r i —_— = <
Hence, the radius and height of the right circular : dr? Jegpy R

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

43. Letlength and breadth of rectangle be xand y
respectively.

: Hence for r=§,surface areais maximum, i.e., surface area

is maximum when radius of cylinder is half of that of cone.



45. Letrand h be the base radius and height of cylinder ;

respectively.

hY? :

[—] +.r2=R2 g ﬁ:l

2 £

Mowe, V' = Volume of the cylinder inscribed in a sphere
=nrih
h
h? o
- V= ‘H’.h[ﬂz T ] [Using (i)]

= V:ﬂ[ th-h—:]

Mow differentiating w.r.t. h, we get

dv 3 3h2] d2v [ 3 ]
—= -— —=n|0=—=2h
dh 4 Jand g "\ 2
For maximum or minimum,
dv 2 3.3 4 2R
—=0=R-Zhi'=0 = h'=—R? =
dh 2 ciite .
dv 3 2R
For this value of h, —_—— ==3nR<0
dh? . T
= Vis maximum
Also maximum value of V
=% R® -—-—R2]=1'[ =R = R2 cu.units
:fi( 23 :E 3 -E:l_;,. Cu.um

Hey Points | Y,
= Volume of cylinder m nréh

46, Let r be the radius of base of circular cylinder and h

X ey poins ()

be its height. Let V be the volume and 5 be total surface
area.

Smmr?

2ar

S=mari+2narh = h=

R
1|.|"=m-'2!1=J:r.r'z[52—“Ir [from ()]
mr

dv

V=1|:5r-m3} = d—=1{5-3rrr2'!

put 4V _ —[5 3mr2)=0 = r= |5

V3n

d*v
MNow, 7_ —{ﬂ—ﬁm]-—Sﬂr

-

==3n Ji ==/315 <0

(5
Van

2
For r= id'—"

' dr?

Yolume is greatest when r=

! = C=280+180a+—
H a

A

T
b 3 jjlz r
{ LetAB=2q,DA= 2p.

i Then coordinates of A are (p, q). Ie] il
: AsAlies on the ellipse so

Fi 2 2
ip g 2 2, P

P —tr+—=1=q =h [1-—]
iat b 7 a’

| Now area A of the rectangle ABCD = 2p-2q = 4pg
i = Al=16pig?

2 4
=1&p2~b2{1-p—2]=1ﬁh2[p2—p—2]
[ a da

5 25 .
5T _= ? E bl =J—?—=
:Fruml:'] ‘;Ii'gi'& 2—@— 3 J_ 3 r
Vir 3

i Hence, proved.

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

2
b
* a *
Volume of tank = 2ab=8 [Given]
S e i)
a

If Cis the total cost in rupees, then

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

= C=?ﬂ{ﬂ{%)+1&0{u+%] [Using i}]

720 i}

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

o ~180- 722 ana £C_720x2

a  da® a°

! For maximum or minimum cost,

dc
| — =0 =
: da

19:3-%2';0 = at=4 = a=2

Fnrn:iﬁpﬂ = Cisleast
: da®

© Using(i),a=2and b=2
! Hencecost of least expensive tank is

C=280+360+ 3460=7% 1000

= Remember %[ %] = —%

48, Let ABCD be a rectangle inscribed in the ellipse,

2 g2 VA

=1

2




& 16672022 Jana

2 a2
Eal) 16!:?[2-12” ]
&

For A to be max. or min.

dA? ap® 2 a

P O, R I e (-p=0)
dp a* =p’ 2

For this value of p2,

d*a? A’

=16b2[2-12x= } 16b2(=4) <0

Hence, A2 is max. :>A is max.

= The area of the greatest rectangle inscribed in the | =
% . : Differentiating Q w.r.t. x, we get

ellipse =4pg=4- Jaz hz[ 1—--] 2ab sq.units

49, Let'r and 'h' be the radius and height of right circular

cylinder.
Surface area of cylinder is given by
S=2mr? + 2arh
= 2arh=5§-2ur
_5 -2ar?
T 2w
Volume of cylinder is given by

V=nrh I (1)}
On substituting the value of h from (i) into (i), we get

i
ar —_—

i)

Vit Aiii)

On differentiating (iii) with respect to 'r} we get
. S dVv

For maximum and minimum value, put 'rTr'=n

= %—31:!‘2 =0

= 5=émur
, S G
or rf=—=r=, |—
bon

Again differentiating (iv) wer.t. r, we have

2
dv--ﬁ-n:r
dr?

2
dre /|5 o
Vén

Volume is maximum when

2 =iur5 = bmr®

Gmr?—2nr?

From (i) h=
rom (i) o

= h=2r

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

LetQ=Fie. Q=

Then.‘u'=x2y' =% ].r=1

i = Tyl =79y
Hence volume is maximumwhen height is twice the radius, | and 5 =2(x* + xy + xy) = 2x° + 4xy

= §=2x7 +4x{%]

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

i Let 8 be the angle between the base and the hypotenuse.

i Let P be the area of the triangle.

H 2
P=%xBCxAB=%xx\|'yz-x2 = P2=£-{;.r2-xz:|
o2 A
D= P e lk=x =x?)
4 v
2.2 3
L
4
K22 =2k I =—oh

4
P is maximum when Q is maximum.

dQ_2k*x—6kc 0
dlx 4
i For maximum or minimum area,
ﬂ:ﬂ = k=3 =0 = x=£
elx 3

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

dzq 2k2-12.lm

[

Thus, Qis maximum when M=E

= Pis maximum at x=%

_ Base
use

= FREemember cosfi=

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

Concept Applied | [EE’

= Aresotiriande =~;-xBasexHEight

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

= i)
i)
[Fromi (i)]



4V d5s 4
5=2}.’2 = =i ——
= fp— 5 7

g ds

For maximum or minimum of 5, d_=D
X
b ﬁ:ﬂ = 4;_&:[} — V“Ia
dx _)[2
= = [
= xX=¥

Differentiating (iii) with respect to x, we get
d’s _ 8v 8xly . By

—=4+—==4+ =4+—
dx? x® X X

2
= [E] =12>0.
dxz

Thus, 5 is minimum when x = y.

52. Let ABC be a cone of maximum volume inscribed in :
! Inright triangle ABD, BD = AD tanx

the sphere.
Let OD = x

.. BD=vri=x2
and AD = AO + 0D

=1+ ¥ = altitude of cone.
Let V be the volume of cone.

V:%nfBDJZMD:I =%n{r2—xz'][r+x]

= ﬂ=lm{{;2_;¢1:+{r+ﬂ:—2x:] =g—[rz—312-2m]

and ‘FV——[ 6x-2r]
dx?

. L. dv
For maximum or minimum value E=D

r2-3x2-2rx=0
rf=3rx+rx-3x%=0
(r=3x){r+x)=0

r
X=—

() 45

=§|—2r- Irl= ?mqﬁ

LI

. . r
= Vis maximum when x=§

and altitude of cone = AD =r + =r+%=_

. r
Also, maximum volume of cone when x=—=

-2

_8 ]
= E{ 5 (Volume of sphere) cube units.

(%)

r=3x Ex

(i) { 53. Let AMABC be the given triangle and
i : AD is the altitude of the isosceles
i triangle ABC.

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

: 50, 0D = OFE = OF = r, where O is the
: centreof the inscribed circle.

V=xyl |

For maximum or minimum perimeter,

AB and AC are the equal sides.

i BD=DC i)

i BD=BEandCD=CF i)

From {i) and {ii), BD = BE= DC = CF P (111

Similarly, AE = AF i)

Perimeter of the triangle ABC = AB + BC + AC

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

I =2AE+4BD (Using (iii) and (iv))

{ Inright triangle OEA A= -5 =" and AD=—1
tanx ftanx sinx

= (A0 + OD)tanx =(‘L+r]tanx
sinx

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

2 +4 —.r +r]tamt
tanx Sinx

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

dPi{x)
-—=0
dpm i

Zcosec?x + 4 secx tanx + 4 secix) =0

:r{ 45mx ] 0
S A e

'{-Ecuszx+4sm x+4sin x]
= =0
sin? x cos? x

i = -2(1-sin’x) +4sin®x+4sin’x=0
! = 2sinx+3sin’x-1=0
r+x=0] ; ; " y
i = (sinx+ 1) (2sinx +sinx- 1)=0
sinx cannot be -1 because "x’ cannot be more than %0°
| So,2sin2x+sink-1=0
i = (2sinx-1) {sinx+ 1) =0
Again, sinx cannot be - 1.
| S02sinx-1=0

1

i = SinX= Z—x=30°
! 2

&)

-r[4{usec xcotx+4secxtan® x+4sec’x

de® +8secy tany]
b (i

So it is a point of minima for P(x)
i Hence, least perimeter = [P(x)], - 3¢ = r{2cot30° + 4sec 30°

+ 4tan30°)

2 1 18
P =l 243 +4x——+4 —]= [—]=6J§r
r[ + x\.'3+ = 5 r G

M



Licey Points (3]

2 Iff(c)=0andf"(c) > 0. then x = cis a point of local minima.
54. Surface area of cuboid = 2(Ib + bh + hl)
2 2
2o 22,2 "_)= 2
-2(2x + 3 + 3 6x

Let radius of the sphere ber.
Surface area of sphere = 4ar2

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

Now, sum of volumes of cuboid and sphere is

V= -2-x3 +ixr3
3 3

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

2332
=gx3+-4—lt(k-6x ]
3 4n

Differentiating (iii) w.r.t. 'x, we get

Vs A (AN o
E-zxz«r—x(—) E(k-f»‘() (-12x)

3 \4n
For minimum or maximum value, ;jﬂ=°
X
a2
= ﬂsthiu(i) Sk-6x2)"2(-12x)=0
dx 3 \4r 2

= 2x2=(4ix)m(k-6x2)”2(6x)

172
2_(1 2172
= 2= ant e

= Xx=3r
Differentiating (iv) wor.t. X, we get

d2v [{6][&-6121”2 & }—m&-‘ mi ]
__4 —{4“] +{6x 6]
[d?v 24mr? + 32407
Now, |—| =————>0
x a=3F e

Thus, Vis minimum at x = 3r.
Further, minimum walue of sum of their volume

234”,_ 34 ] [F_]
3
) =31 35)
"189
_2,5233_466
3 189 567

55. We have, flx) = sinx - cosx
= [’[x}=cosx+sinx

For maxima or minima. f'(x} =0
= cosx+sinx=0= tanx=-1

==X +—1t——g 3(
3 3 27

. 3n 7n
~ 44
)= -sinx +cosx
Atx= E.Tﬂ )= —sm:%I +r|:ra:|53TTE
1 1 =2 3
e i T . 2w
V2 2 42

Atx=

Since (f"(x)) < Owhen x=

R
i i

L(iv)

[From (i)] . .
: 56. Let P (h, k) be the coordinates of the point on given

N 0
a

7—“ f”(x)—-sin7—!+cos7—n
BN 4 4

1 1 2
=— = = 2
AR A
31!

fix) has local maxima at x= ?'45

fix) has local minima at x=—

’ 3r .
Local maximum value at x=7 is

¢ fl)= sm3—’t cos3—n——1—+i—i_q’§
E 4 4 V{E \5 \5

Local minimum value at x=-7f- is
7n ] . =D =
i flx)= sm——-cos—_- S =_____=_~,2
4 T 2

Concept Applied @

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

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

parabola.
i k=h2+7h+2 i)
The distance 5of P from the straight line - 3x+ v+ 3=0is
5_|-3h+k+3|_|4h+ h? +7he2+3| [From {i}]
S TR V10 |

_|n?+4h+s _ flh)

T| Jio “Jio

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

! Since, flh) = h2+4h+5

i flhl=2h+4

For maxima or minima, f'(h)=0 = 2h+4=0=h=-2

! Also, f"(h)=2>0whenh=-2

{ Sis minimumath=-2

i Putting this value in (i}, we get

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

57. Letam and bm be the sides of the base of the tank.

b

a
Volume of the tank = a-b-3 = 75 m3(given)
25 i)



If C is the total cost in rupees, then
C=axbx100+2=x3xax50+2x3xhx50

=100 ab+ 300(o+ b)= 100x25+30(}[a+§

= C= 2500+1!]G[ a+-=-

Duﬁerentuat;ng w.rt. a, we get

€ o012 an

dzc [ zsxz] :m:::so
=300 0+

da® 3 a

For maximum or minimum cost,

E=IZII =3 1-E=ﬂ=m=5m

da a2

andfrom(ijb=5m

At a=5; ﬂ}ﬂ:}{: is minimum.
dﬂj

Hence, the least cost of the tank is
c.[25m+mc{5+E]} = [2500 + 3000] = T5500.
5
= Volume of Cuboid = xbxh

58. Let P be any point on the hypotenuse of the gf".rerl

right triangle.
LetPL=a,PM=b

and AM = x. Bfa—L . " )
Substituting — = for critical points, we get

Clearly, ACPL and
APAM are similar b
PL AM PL.PM ab

—_—— Cl=———=—o

CL PM AM x

m

ab
MowAB=x+a andBC=b+(CL =b+T'

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

2 2
I={x+a}2+[b+ﬁ] ={x+ﬂ]rz+b2(1+§]
X

Differentiating w.r.t. x, we get
%=2x+al+b2%1+ E].-.;

Eu.hzx!x+a] T J[i-T]
and $= Z-L[l—abz]+2'{x+a:| Bfiz

For maximum and minimum value of |,

=2{x+al-

ab?
—=0=x+a=00or 1-?-=CI

Asx=AM =0 . Rejectx+a=0
x¥=ab? = x=al/3p23

For this value of x, clearly i::a 0
dx

i 4=

{ 40, Let 8 be the semi-vertical angle of
! the cone, V its volume, b its height, r
i base radius and slant height I,

: Then from AOAP,

ir=IsinB, h=lcosB

1 1
i Now, V=—-nr*h ==nl*
3 3

| and consequently the hypotenuse AC is minimum

(l=ast).
i Hence, the least value of AC is given by

z
AC=J{x+rJ}2+h2[1+%] where x=g3p%/3

2 || 2
= Jh+a]2 +b—[x +a)? =(x+a), 1+ EE'
2 Vox

_(x+u] (b2 4 a =[amhm+a]\‘|’bz+aygbm
X U3b1||'3
i B T fc S
_a {bm +a™ ") b3, 23 g2 (a2 + b3

5%. Let rand h be the radius and height of the cylindrical
i can respectively.

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

i §=2nrh + 2nr® = 2nr(r + h)

: Given volume of the can = 128nem?
{ Also volume (V) = =rth

i w2h=128n1 o p=120

i)

i)

125 i)

F

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

5=2m{r+1fz—a =

Differentiating (iv) w.r.t. r, we get
[ g T, =

2m2+ﬁm -}
r

..':'_"-61'[

ar 2
ds

wlv)

dr
256n

I,.E

=0 = =64 = r=4cm

Differentiating (v) w.r.t.r, we get
d15

=4n- 2561{-2:‘3]_4r:+5-1§2-1:

| d%s 0
b "dr"""z""

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

128 128

From (iii), we have h--;j--w---
Thus radius = 4 cm and height = 8 cm.

Commaonly Made Mistake

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

maxima and local minima.

sin® 6-lcos@

= %‘Iﬂs sin’8-cos@



%--—ﬂsﬁsmﬁ cosd - cos - sinZf - sinf)

=§:1:135inﬂ{2m528 —sinzﬂ]l

dv 1
and e 5“‘3 [cos B(2c0s20 - sinZa)

+sinB{-4cosBsinB-2sinBeosB)] :
= Eﬂs{ccsﬁzcmzﬁ —sin? ) —6sin®Beos)

For maximum or minimum value of V,

ik =0 = sin 6(2 cos?2 6 - sin?8) = 0

= sinB=00or2cos?h - Slnzﬁ 0
= 2cos?@-(1-cos2B)=0 [Mote:sin8+0as8=0] !

1 1

2

= 0% B=—=2cCosB= = H=cos

3 :.-I'S [33]

1 2
For cosi=— = sinfi=—
J3 V3

v_1 3 21
“": [T '5'?5]
=§nﬁ{-ﬁ]fu

Vis maximum for B:::c:s'l[—]_
]

61 Letr, h I, Vand 5 be respectively the base radius, E
height, slant height, volume and curved surface area of the i

cone. Then,
[2=r2+h2, r
I
= h

V= -mih ()
and S=mrl=mrdri+h?
= S=ni?+h) i

e %m?] [Using (i)]

= Efr'l.-"[--—u +h]
For 5 to be least, 52is also least.

2

ﬂ_g i ﬂ+ 1] and
dh nh®
d?5? [-av] -3 54v2
an? W K
For maximum or minimum 5 (and so 53),
4% o, 6v=mhd
dh
113
h=[ ﬂ] i)
n
2 2

For this value of h, @ s* _4v

=
dh?  h*
= 52 and therefore §is least.

h h no A
i cotb=— =——=,1—-h
L =T T Avinh \(;

||'.r: &V
P = cotB=,|— —=v.|"§_
Wi

= Thesemivertical angle, g=cot™ 1.2

G

P= S=—+
i r

: Ondifferentiating w.rt. r both sides, ;E
i r

[From (i}]

[From {ii}]

Base

2 cotls———
€ Perpendicular

62, Let a be the side of the given square and r be the
¢ radius of the circle.

By hypothesis
i ida+2nr=k
_k=2ar i)
P = as 2
Let A= Sum of areas of the circle and the square
E =g A-mﬂ+aﬂ=m2+fz:k-znr:2 [Using ()]
= %: Enr-r%d{k - 2ar)-(=2r)

- Zu.r—i{k-hrl

i 2 2o
i and i;‘;-in--rm =2n)= 2:|'E+-Er

FDT ITLEK'IITIE or ITHI'III'I"IE.
9 0 omr— R k—2r)=0
:odr 4 K
i= Br-k+2wr=0=(B+2njr=k = r=
2n+8
2 2
. For this value of r, g= 21”“?;..:.

A is minimum (least), when r=

n+8
; o L
¢ From (i), g=— 20+8
£ 4
_k(2n+B-2m)y 2k
"4\ 2n+8 ) 2n+8

Areais least, whena=2r.

&3. Let r and h be the base radius and height of the
cylinder respectively and volume of cylinder, V = wh

> =y 00

: Total surface area of the cylinder, § = 2nrh + mr?

= 5=2m{$]+w2 [By using (i)]
2v

=—¥+ 2nr
r



P fagr ; d¥s 4v
Again differentiating w.r.t. r both sides, F_T 2

For maxima or minima, ﬁﬂj

dr

= —Ei-Emr-D =5 EM-E
re re

173
= mwis=V = r=(£]
T
dv =4V[£]+2::=6:r:-{]
dh? F[v]""" v
x
13
S0, Sis minimum at r=[—]
n

MNow,mri=V=mnri=nrth==r=h

Hence, the cylinder of a given volume which is open at = 28=F_.g_ %
2 4

the top has minimum total surface area, when its height is :

equal to the radius of its base.

64, Let ABCD be a rectangle and let the semi-circle is 2

described on the side AB as its diameter.

LetAB = 2x and AD = 2y. Let P= 10 m be the given perimeter Hence, area of AABC is maximum when

£CAB=0=2=ZABC

of window.

Therefore, 10 = 2x + 4y + mx

= dy=10-2x - nx i)

Area of the window,

A=(2x)(2y)+ 1.8 A
2 2y

A

2

= A=4xr+%r|:x

= A=10x=2x% —mx? +%m{2 [using (1]

=% A:iﬂx-Exl-%uz

On differentiating w.rt. x, i':'_"i.= 10 =4 x —mx
dx

2
Again differentiating wort. x, ﬂ =={4+m)
For maxima or minima, dx?
i BT UL~ ... 8
dx d+7
2
H =={4+m)<0
dx? |,_10
T
5o, A is maximum at x=[-—-1—nu)m
4+m

2y= L ]m.
a4+m

Concept Applied ((@ U,I

= Areaof rectangle = length x breadth
Area of semicircle = %nﬂ

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

D ¢ |
i &6, The given parabolais

E'pzwfmx

! LetQ(11a,0).
¢ Any point on (i) is Plat?, 2at)

i let ZCAB=0
| Also ZACB=3

| Now AC = AB cosfl = 2r cos®
: BC=AB sinf = 2rsing A B

1

- Let Areaof AABC=—-AC-BC

=%~2r cos8-2rsinf=r2 sin2e

45 _ 2 5c0s2p and ‘llz&=_rz.45inza
da di?

i For maxima or minima,

P OA 6 cos28=0
: do

I

2
nd Eﬁ l=—4rzsin%=-4r2-:ﬂ
4

= AMABC is isosceles.

R osvcrvios (7]

= Chain rule of derivative ;

&|&
%J&
gle

A0

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

' Letl=PQ?=a2t* - 18.0%42 + 121a°
= :‘ = 4% -36¢%t and
For maximum or minimum waiue ofl,

%:0:4«2:{11_9}:&:,:-0.3.-3

“"d’ =12¢%t? -36a°

Eor t=0_:?2'=-345a2 <0

: This corresponds to a maximum value of L.

: Bothfor t=3and-3,

-
. 20 -3 9l o 1242.9-36a2 2724250
Now, length of the window is 2x =[ 4—]!11 and width is : dt?

+0 H

This corresponds to a minimum value of | i.e, of i'-‘Q2

. and therefore of PQ.
Thus, there are two such points P with coordinates,
¢ (%a, ba)and (%a, - a) nearest to the given point Q.

i 47. Let ABCD be the given trapezium.
D

C
ih hy
i i
1 I

- i
A P Q B




ThenAD=DC=CB=10cm
In AAPD and ABQC
DP=CQ=h
AD=BC=10ecm
£DPA= 2COB=90°
S AAPD=ABQC
= AP=0QB=xcm(Say)
o AB=AP+PQ+QB
=x+ 10+ x=(2x+ 10)cm
Also from AAPD, APZ + PD2 = AD?
= x2+h?=102

=  h=+100-x2
Mow, area A of this trapezium is given by

1
A:E{AE+ DC)h = %{21 +10+10)h

=(x+10)+100-x2
Differentiating wr.t. x, we get

dA 3 1
E(-—Lu'im— x° +{x+ 1ﬂ',|--—1.===2--{-2;:]

i)

2100=-x
_100-x%-x%-10x _=2{x*+5x-50)
T V100-2 J100-42
g =Hx+10)(x=5)
100-x

For maximum or minimum value of A, £=ﬂ
dx

= (x+10){x-5)=0

= X=3

dA

For this value of x,
negative.
S Als maximum at x = 5.

From (ii), the maximum value of A =(5+10).+/100=52
=15,75=75.3 sq.cm.

[Key Points (1]

= Areaof Trapezium =%{a+b}h Jwherea and b are parallel
side and his the height of the trapezium.

T\ CBSE Sample Questions _/§

1. Let PQ represent the height of the street light from
the ground. At any time t seconds, let theman representas |

ST of height 1.6 m be at a distance of x m from PQ and the -

length of his shadow TR be ¥y m. :
Using similarity of triangles, we have % =Y )
= 3y=2x 4
aQ
5
R

i)

[Using (] | -

decreasing in (-2, 3).
[Rejectx=- 10asx=0)

changes sign from positive to

wyye

i = filx)=sec’x-4
{ (a)

==

i=

=

- (b)

i =

i = f"(x)=-2cosx
i For critical points, f'(x) =0
| =

é : 1 ‘:{“]
P = sSINX=—=5 -
2 &

| Differentiating both sides w.rt. £, we get 3%: '%‘

: dy 2 dy
——m =03 = —==0.7 1/2
dt 3 b v

i Atany time t seconds, the tip of his shadow is at a distance

{by RH.S. congruency) | ot (x +y) mfrom PQ.

The rate at which the tip of his shadow moving

dx dy

={E+E m/s=0.5m/s (1/2)
The rate at which his shadow is lengthening
=%ma’5=ﬂ.2m.ﬁ5 (1/2)
(b): We have, flx) =x2-dx+ &
frix)=2x-4
fix) is strictly increasing.
fix}=0
2x=-4*>0=x>2
xe (2,) (1)
(b): We have, f(x) = 2x% - 3x2 - 36x+ 7
frlx) = éaZ-bx - 36=6(x2-x-58)
=4{x - 3)(x + 2)
fix}=0 = (x=3)ix+2)=0,x==2.3
He . o—ye L e
< 1 T r 4
=l _2 3 (o)

flx) is strictly increasing in (-==, -2) U (3, ==) and strictly
(1)

(b): We have, fix) = x+cosx+b
fiix)=1-sinx = fxjz0vxe R
Mo such value of b exists

We have, fix) = tanx = 4x

(1)

(1)
For f{x) to be strictly increasing, f(x) > 0
secix-4=0 = secix>4

2
cos?x -:1 = cuszx-:[l)
4 2

—1{12051{1 = E{I{E [‘.' HE[G E]]

2 3 2 "2
For flx) to be strictly decreasing, f*(x) < 0
seclx-4<0 = seclx<4

(1)

1 2
CD'SIH :J-E = EﬂSEI}{E]

msx::-% [ JIE{G.. g]] = 0-::-:% (1)

6. [c):We have, fix) = 2cosx + %
f{x) = -2sinx + 1

~Zsink+1=0

o]



n
== M=—
&

f”{x][atx:%):-ﬂcus%:- 3<0

S0, x=% is the point of maxima -
MNow, fi0) = 2 and f[£]=£=1_5?

2! 2
= Least value of flx) = 1.57 i.e., %

7. lc):We have, f{x)=(10+ x),100 - x>
Which will give some real area if -10<x< 10

= Pl=0E X2 Bag 2 x1
2,/100-x*

-2x% =10x+100

= fx)=

J100-x2
For critical points, put f(x) =0
= x2+5x-50=0
= (xk+10)x-5)=0
= x=-100r5 = x=5 [
Now, f{x)

1 [-2x)

(100-x* H4x-1u:+m1+1ﬂx-m;x§m

(100=x2)
_ 2x* -300x-1000 -39,
(100 - x2)¥* J75
Maximum area of trapezium

=(10+5)(+v75)=75.3 cm?

=f{"[5)=

B (c):Letfix)=[xx-1)+1]Y2 0ex<1

= f"{x]:L
3{12-x+112"'3

For critical points. put f(x) =0
=3 x=%e[ﬂ,1]

Now, f(0)=1, f[ %]=( %]m andf(1)=1

Maximum value of fix) is 1. (1) ;

2. [d): Let F be the fuel cost per hour and v be the speed
: Thus, Ais maximum at x = 50.

of train in km/hr.
According to question, we have,
F == v? = F = kw2, where k is proportionality constant

= 48=k(16)2 g (1)

16
10. [B) : Let total cost of running the train be C.

Then, C= %v2t+ 1200t

Mow, distance covered = 500 km = Time= @hrs
v

Total cost of running the train for 500 km

PutE=ﬂﬁV2=

f 12,
PEFTEY
i 14 v

L 375 375

‘_1{]{!{10] =3?5KEG &00000

) :

i = 100-2x=0 = x=50

H )
hbwi[ﬂ] =—i <0
x=50

i 3 V2[_=.c:u-:|]+m:’c{ffnnzu]
1A v v

00000 (1)

= C=—vw+

v

{11, (c):We have, 9C_375 _ 600000

dv_ 4 v2
£00000x 4
—5e—=6400

dC

(1) = v=80km/h

d’C _ 2x 600000
P
Most economical speed is 80 km/h. (1)
(] : Fuel cost for running the train for 500 km

=0, for v= 80

_375 g0 (1)
) v 3 x B0=F 7500

13. (d): Total cost for running the train for 500 km
i 375

&00000
v+
4 v

=Z15000 (1)

4 ' 80

14, (I} 1b] : We have, perimeter of floor = 200m
o 2x+2n[%]=2m

i = 2x+my=200 A0 (1)
i (1} [a) : Area of rectangular region (A) = xy

[Using (i)]

==

T

=§{100;-:—le (1)

i (i) e) - Wehave, A=3:1mx-x?}
H T

dd 2

—=={100=2x
_3: dx n{ )

: For maximum or minimum, 94 _ 4

dx

dx? T

! Thus,maximum value of A= 2{5000-2500)
E "

SCIJsz

(1)

(iv) [a):Let P be the area of the whole floor.

£ 2
Then, P= J[y+)|:{£] =x}r+—:—y2 =F[x+§l"]

2

_[ 200-2xl?ﬂﬂ+21]
T n 4

[Using (i}]



 40000-4x> 10000-x?
- 4n - 14

For maximum or minimum, %,:0 = x=0
2
Now, Q_-_Z 0

dx? m

So, Pismaximumatx=0m. (1) § ¢ the eritical point x=%~ y
: 2

d 1)
W @ B : Since there is only one critical point, therefore, the area of

. i) Givenellipseis _+Y2
a b’

Y
A

(x.y)

[ " =t
r
>

Y (172)

Let (x,y)= (x —Ja?=x ] be the upper right vertex of the :

rectangle.
The area function A=2x ngdaz -
a

=%x\‘az-x2.xe(0.a)

(il The first derivative of function is
———I:X)(?—+ ﬂz xz}
ab a*-2x* _ 4b_ [*T]{ T]

=
a ;a -m"2 @ -.'[a —x2
To find the critical point, put ;ﬂ=n
X
L
J2
So, x=;—5 is the critical point. (1/2)

(/2 |

{1""2]' ! Hence, by the second derivative test, there is a local

maximum value of Z at the critical point x= -‘:%.

{iii) For the values of x less than 702— and close to

a dA

B d—>0 and for the values of x greater than \?5 and

close to & .-—-<0. 1
32" dx )

Hence, by the first derivative test, there isalocal maximum

the soccer field is maximum at this critical point x=:%.

(1)

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

OR

A=2xx29- a®-x?,xe(0,a)
: a
¢ Squaring both sides, we get

Z=A2=-1%b2—x2(az-x2) 160 (x%a?-x%).xe(0.0) (1/2)
A is maximum when Zis maximum
To find the critical point, put %:o (1/2)
- dz_16p? 5
e (2xa®-4x3%)= a2 x(a+v2x)(a J2x)
o 5 dzZ a
: To find the critical point, put ——=0 = x=—
dx 2

The second derivative is ; ﬁ-—nb (a* -6x7)
: d? &

[ {az -3a%)=—-64b% <0 (1/2)

(1/2)

Since there is only one critical point, therefore, 7 is

i " a i " a
: maximum at x=:|- ,hence, A is maximum at x=T.
i 2

Thus, for maximum area of the soccer feld, its length
 should be av2 and its width should be b2 .
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