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Application of Derivatives

Multiple Choice Questions

Choose and write the correct option in the following questions.

The interval in which the functions f given by f(x) = »* ¢ is strictly increasing, is
[CBSE 2020 (65/2/1)]
(@) (-, =) (b) (== 0) (0) 2, ) () (0,2)
The intervals in which the function f given by flx) = x* — 4x + 6 is strictly increasing in
[CBSE Sainple Paper 2022 (Term-1)]

@ (2,2)U@2 =) (b) (2 ) (€) (== 2) d) (==, 2]U (2 o)
flx) = x* has a stationary point at
@ x=e ®x=1 ©x=1 @ x=ye
The maximum value of (%) is [CBSE 2021-22 (65/2/4) (Term-1)]
1 \e
@ e ®) ¢ (© e @ (¥)
1
The maximum value of [x(x-1)+1]3,0<x <1 is [CBSE Sample Paper 2022 (Term-1)]
1 1
@ 0 ® 5 ©1 @ V3
The area of a trapezium is defined by function f and given by f(x) = (10 + x) v'100 - x%, then the
area when it is maximised is [CBSE Sample Paper 2022 (Term-1)]
(a) 75cm? (b) 743 cm?® (c) 753 cm? (d) 5cm®

A ladder, 5 meter long, standing on a horizontal floor, leans against a vertical wall. If the top of
the ladder slides downwards at the rate of 10 cm/sec, then the rate at which the angle between
the floor and the ladder is decreasing when lower end of ladder is 2 metres from the wall is

[NCERT Exemplar]
1 1
(a) T radian/sec (b) 20 radian/sec (c) 20 radian/sec (d) 10 radian/sec
The rate of change of the area of a circle with respect to its radius ratr=6 cm is
(a) 10m (b) 12n (c) 8n (d) 11n

The total revenue in rupees received from the sale of x units of a product is given by
R(x) = 3% + 36x + 5. The marginal revenue, when x = 15 is

(a) 116 (b) 96 {c) 90 (d) 126

If ¥ is real, the minimum value of ¥* - 8x + 17 is [NCERT Exemplar]
(@) -1 ®0 (c) 1 @ 2

The function flx) = 2x° — 152" + 36x + 6 is increasing in the interval [CBSE 2021-22 (65/2/4) (Term-1)]
@ (=,2)u@E=x) (b) (-=2) (0) =, 2] [3,%)  (d) [3,=)

In a sphere of radius r, a right circular cone of height h having maximum curved surface area is
inscribed. The expression for the square of curved surface of cone is

[CBSE 2021-22 (65/2/4) (Term-1)]
(a) 2 th(2rh + W) (b) 2hr(2rh + 1) (c) 27%r(2ri? - 1) (d) 2nPQ2rh-hY)
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I 13. The interval, in which function y = ¥* + 6x* + 6 is increasing, is: [CBSE 2021-22 (65/1/4) (Term-1)]
@ (-=,-4(0,x) (b) (-4 (c) (=4,0) (d) (=, 0) L (4, =)
I 14. The value of x for which (x — %) is maximum, is: [CBSE 2021-22 (65/1/4) (Term-1)]
) 1 1 1
| @ 3 ® 3 © 3 @ 3
I 15. A wire of length 20 cm is bent in the form of a sector of a circle. The maximum area that can be
I enclosed by the wire is: [CBSE 2021-22 (65/1/4) (Term-1)]
(@) 20sqcm (b) 25sqcm (c) 10 sq cm (d) 30sqcm
I 16. The least value of the function f(x) = ax+ %(a >0,b>0,x>0) is
I (a) % (b) 24/ab (0 (d) none of these
I 17. The real function f(x) = 2x° - 32 - 36x + 7 is [CBSE Sample Paper 2022 (Term-1)]
I (a) Strictly increasing in (-oe, — 2) and strictly decreasing in (-2, %)
(b) Strictly decreasing in (-2, 3)
I (c) Strictly decreasing in (—oe, 3) and strictly increasing in (3, &)
I (d) Strictly decreasing in (- o0, -2) U (3, o)
I 18. Letf(x) =2sin®x-3sin*x+12sinx+5 0<x < % Then flx) is
I (a) decreasing in [0, %]
I (b) increasing in 0,3
I (c) increasing in [U, %] and decreasing in [%, %]
I (d) none of these
I 19. The value of b for which the function f{x) = x + cos x + b is strictly decreasing over R is
[CBSE Sample Paper 2022 (Term-1)]
| @ b<1 (b) No value of bexists () b<1 @ b=1
I 20. The global minimum value of f(x) = xt—x?-2x+6is
(a) 6 ) 8 (c) 4 (d) does not exist
I 21. The interval in which the function f(x) = 2¢° + 95 + 12x — 1 is decreasing is [CBSE 2023 (65/5/1)]
| (@) (=1, ) ®) =2,-1) (€} (-,-2) (@) [-1,1]
22. If f(x) = a(x - cos x) is strictly decreasing in R, then ‘a’ belongs to [CBSE 2023 (65/1/1)]
I (o) {0} (b) (0, ) (¢} (==, 0) (d) (=0, )
l Answers
J 1L (d) 2. () 3. (b) 4. 5 () 6. (©) 7. (b)
| 8. (b) 9. (d) 10. (c) 11. () 12. (o) 13. (@) 14. (b)
15. (b) 16. (b) 17. (b) 18. (b) 19. (b) 20. () 21. (b)
I 22. (¢)
J Solutions of Selected Multiple Choice Questions
I 1. Wehave, flx)=x"¢™
| = flx) = e +2xeF=xe(2-x)
for f{x) to be strictly increasing, f'(x) > 0 . = " +
I = X6 (2-1)>0 = x(2-%)>0 0 2



=5 x(x-2)<0 = O=<x<2
xe(0,2)
. Option (d) is correct.
. Asfl)=F-4x+6 = flx)=2x-4=2(x-2)
Letf'(x) =0 = x=2 }
- =) 2 +) ©
asf'(x) >0V x e (2, o).
= flx) is strictly increasing in (2, o).
. Option (b) is correct.
. Wehave, f(x)=x"

Let y=x*
and log y = xlog x

d

%% = x % +logx.1 [Differentiate both sides]

d
= %=(1+log1) 3

d

=0 =  (1+logx).¥=0
= logx=-1 = logx = loge™
= x=¢'! = x= 1

e

; ; _1
=  fi(x) has a stationary pointat x = .

. Option (b) is correct.

L _(l)” 1 =x.1 L
. Let ¥=i; = OEN T X085
LA L(_L' LYW L ; - i
= ¥ x—x.l. Jt2)+logx.1——'£+lc)gx [Differentiate both sides]
i3
Wit Y
= E_(logx_l)'(x)
dy _ 1. I
Now, a'__D = log;—l—loge =1 ot
1
x=—
e

1
= The maximum value of f(;) =(e)".

*. Option (¢) is correct.

. Let f(1)=[x(x—l}+1]%, 0=<x<1

2 -1
2
3P -x+1)3

f@=

Let f/(1)=0 = x=2¢[0,1]
1
1N (3
£0 =1, f7)=(5) and f) =1
= Maximum value of f{x) is 1.
Option (c) is correct.



227 _10x+100 _ -2(x*+5x - 50)

& F@- 4100 - x? V100 - 22
_ 2(*+10x-5x-50)  2[x(x+10)-5(x+10)}
- J100 - «* h J100 - 2
“2(x+10)(x - 5)

f(x)=0 = x=-10o0r5butx>0 = x=5
2x* — 300x — 1000

R 3
(100 - x)2

e ey =30
= [ =7F <0
= Maximum area of trapezium is 75,/3 cm? when x=5.
Option (¢) is correct.
11. Given fix) = 2x° = 15x% + 36x + 6
F(x) = 627 - 30x + 36 = 6(x" — 5x + 6)
= 6(x% = 2x = 3x + 6) = 6{x(x - 2) = 3(x - 2)}
=6(x=2) (x=3)

flx)>0ifx € (==, 2] U [3, )
.. Option (c) is correct.

12. Letr; be the radius and lateral height [ of the cone of maximum curved surface area be drawn.

*. Curved surface area of cone = nr/ ...()
In AOBC
ri=rP—(h-r=rF =1+ 2hr -1
= nl=2hr-i* = n=y2hr-1? (i)
Also in AABC,
Pt erl= B+(J2hr 1) =K+ 2hr— 12 = 2hr
=% 1=y2hr ...(id)

Using (i) and (#if) in (1), we get
S=mny/2hr — W2 2hr
5% =% (2hr — K2) x 2hr = 21 hr (2hy — B%) = 202%r(2h%r — 1)
. Option (c) is correct.
13. Given function, y = > + 6x° + 6

d
= Ey=312+12x
dy 5
For y to be increasing, —>0 =3x"+12x>0
dx - * L — 1 * >
=5 3x(x +4)>0 =x(x+4)>0 =i 0
= x<=4orx>0
= xe(—o,-4)u(0,x)

Option (a) is correct.



4. Lety=x-%°
For y to be maximum or minimum.
dy d(x - «%)
7=0 2y =

dx dx
1
= 1-2x=0 = x=_
i
dZ
Now, % -2<0
dx

ik
= ywill be maximum at x= 3

Option (b) is correct.

15. Let r be the radius of circle and ! be the arc length of the sector of the circle.
». Perimeter of the sector =2r + [

20=2r+1 = [=20-2r

Now, area of sector, A= %lr

= A=%X(20—2r)xr = A=10r-7*

For area to be maximum or minimum we have

dA
—=0 =10-2r=0 =r=5
dr
2
Now, g ’24 =-2<0
dr

= Area will be maximum atr=5
pa= Area:10x5—(5)2=50—25=255q.cm
- Option (b) is correct.

16. f(x)=ax+%,(a>0,b>0,x>0)
s b
=5 _]i"(x)=z;1—f2
x
For maxima/minima put f'(x)=0.
b b 2_b /b
= a——2=0=>a=—2=>x =E='I=t\fz
x

X

iy 2B
o=

f(\% )= 26 2ba®?  24%7?

3 32 T >0
(ve) ’

/b,
y

A

is pomt of minima.

h_.—.,ab-*-\,ab Zvab

‘\-‘ a



So, 2y/ab is the minimum value of f.
. Option (b) is correct.
17. fix) =6(x*—x—6) = 6(x - 3) (x + 2)
Asfi(x)<0Vxe(-23) —o + t L
= fix) is strictly decreasing in (=2, 3). IR *
Option (b) is correct.
18.  f(x)=2sin*x-3sin’x+12sinx+5

f’(x]=6sin2xcosx765i.nxcosx+12cosx

= 6cosx{sin2x—sin x+2}

1.5 .1
=6cosx{simzx—Zs'mxxE-g-I_zq.g}

=6cosx{(sinx_l)z+z}20‘v’xe D,El
2 4 2
. f(x) is increasing in [0,%].
. Option (b) is correct.
19. f'(x)=1-sinx, f'(x)20%¥xe R
= No value of b exists.
. Option (b) is correct.
20. flx)=x'-x*-2x+6 = f(x)=4x*-2x-2
f(x)=0 = Dy Y]
= 27-x-1=0 = P24 ex-1=0
= 2°-27+27-2x+x-1=0
= 2x-D+2x(x-1)+1(x-1)=0
= (x-1)@2x°+2x+1)=0
= x=1552x2+2:t+1%0fDranyrealx.

fri=1222-2
f)=12-2=10>0

x =1 is the point of minima.

U

Global minimum value of f(x)
=1'-1?-2x1+6=4.
.. Option (c) is correct.
2. flx)=2+9x% + 12x -1
fix)=6x" +18x + 12 = 6(x" + 3x + 2) < t }
=6(x% + x + 2% + 2) = 6{x(x + 1) + 2(x + 1)}
= fx)=6(x+1)x+2)
fix)<0Vxe(=2-1)
. Option (b) is correct.

22. Given function,

flx) = a(x - cos x) =% fi(x) =a(l +sinx)



For f(x) to be decreasing

= fx)<0 = a(l +sinx) <0
= a<0 (-l=sin=1=0=<1+sinx =2)
= ae(—o0, 0)

. Option (c) is correct.

Assertion-Reason Questions

The following questions consist of two statements—Assertion(A) and Reason(R). Answer these
questions selecting the appropriate option given below:

(a) Both A and R are true and R is the correct explanation for A.
(b) Both A and R are true but R is not the correct explanation for A.
(¢) A is true but R is false.
(d) A is false but R is true.
1. Assertion(A) : The rate of change of area of a circle with respect to its radius r when r = 6 cm is
127 em?®/em.
Reason (R) : Rate of change of area of a circle with respect to its radius r is Ig: -, where A is the
area of the circle.
. Assertion(A) : f{x) =tan x - x always increases.
: o Lo dy
Reason (R) : Any functiony = f(x) is increasing if T >0.
3. Assertion(A) : flx)= 1is decreasing in the interval (0, ).
dl
Reason (R) : Any function y = f{x) is decreasing if % <0.
: ; logx . o
4. Assertion(A) : The maximum value of ¥ i [2, ) is =
d
Reason (R) : For any function y = f(x) to be increasing, % >0.
if
5. Assertion(A) : The function f(x) = 2* - x is increasing in the interval (E’ oo) :
di
Reason (R) : For any function y = f(x) to be maximum or minimum we do % =0.
Answers
1. (a) 2. (@) 3. (d) 4. (b) 5. (b)
Solutions of Assertion-Reason Questions
2
1. We have, % = dg: =nx2r=2nr
4 2
. =21 x 6 =121 cm”/cm

Clearly, both Assertion(A) and Reason(R) are true and Reason(R) is the correct explanation of
Assertion(A).
. Option (a) is correct.



2. Wehave, f(x) = tanx - x
= f'lx)=sec’x-l=tan’x>0 vxeR
fix) is increasing function.
Clearly, both Assertion(A) and Reason (R) are true and Reason (R) is the correct explanation of
Assertion (A).
.. Option (a) is correct.
3. =2 = fx)=4"
For decreasing function
i) <0 = 4*<0
= ¥©<0 = x<0
= xe(-m0)
Clearly, Assertion (A) is false and Reason (R) is true.
. Option (d) is correct.

! d 1 1 1-1
x e BT, g -0

¥ dx ~ 27 2 2
; o dy
For maxima and minima of y, T 0.
1-logx
I—Zg =0 = 1-logx=0

= logx=1=loge

= x=e¢, stationary point.

1
2 o _
ﬂ=x(0_x)_(l logx)xzx=fxfzx(l—logx)

dx* i i
d2y —e—-2¢(1-loge) e 1
e e B e i
7ol W e 4 e
. . . ; . _loge 1
= x = ¢ is the point of maxima and maximum value is = =

S0 (A) is correct statement.
Also statement R is correct but does not give the correct explanation of statement A.
. Option (b) is correct.

5. ¢ fl)=x"-x

f=2x-1 « 7

(]

=t

=) =) = x=;—

is the critical point.

M| =

= F=
flx)>0vxe (%, oo)

1
= fix)is increasing in (E’ oo)

So statement A is correct. Also, statement R is correct but does not give correct explanation of
statement A.

. Option (b) is correct.



Case-based/Data-based Questions

Each of the following questions are of 4 marks.
1. Read the following passage and answer the following questions. [CBSE 2023 (65/1/1)]

A tank, as shown in the figure below, formed using a combination of a cylinder and a cone, offers
better drainage as compared to a flat bottomed tank.

A tap is connected to such a tank whose conical part is full of water. Water is dripping out from a
tap at the bottom at the uniform rate of 2 cm®/s. The semi-vertical angle of the conical tank is 45°.

(i) Find the volume of water in the tank in terms of its radius 7.
(#i) Find rate of change of radius at an instant when r= Zv’i cm.
(iti) (a) Find the rate at which the wet surface of the conical tank is decreasing at an instant
when radius =242 cm.
OR
(iii) (b) Find the rate of change of height ‘h’ at an instant when slant height is 4 cm.

Sol. (i) We have,

tndso= L =l1=
h=r (i) = =427
1
. Volume of cone, V=§1rr2.k=§m‘2xr (from (i)
1
=§TI:?’3
(ii) We have,
dv 5
T—Zcm / sec
1
d(—mj)
A3 i 1 2 dr
= T, =2 = 31tx3r I =2
dr dr 2
L L
— r it 2 = &
dr 2 =
= EZ%Z,W}IEDT:ZV‘Z
ITX(ZV'Q)
dr. 2 1
= = — ¢m/sec.

dt "8t 4n



(ilf) (1) Wehave, S=mrl=nrx2r = y2nr
Rate of change of surface area,

ds _dy2nr’
dt ~ dt
dr
—v27cx2rd —2\27'U‘>(47t

2/2nx2y2 8n
S EER SR whenr=2y2 cm

4ar Tan’
=2 cm?/sec.
OR
1.4 1 .3
(7ii) (b) We have, volume of cone = 37 h= 3 mth (h=r1)
1
V= 5 ‘J[h3
av 1 » dh 2 dh
A gy
dh _ 2 iven = fay= Jah= ot g A0
=t it = (Givenl=4 = 2r=y2h=4 :h_v& =:~h—2—8)
a2 1
= @16 4m T/
xS
2. Read the following passage and answer the following questions. [CBSE 2023 (65/2/1)]

Engine displacement is the measure of the cylinder volume swept by all the pistons of a piston
engine. The piston moves inside the cylinder bore.

Combustion -~
chamber

o
Eﬁ Aluminium
= cylinder head

Cylinder head
surface that is

P Q\\machmed flat
Piston

gHE !J

One compleie c cle ofa fou!-cyllnder four e \
Stroke engine. The volume displaced is marked Engine block L i
e s

The cylinder bore in the form of circular cylinder open at the top is to be made from a metal sheet
of area 75 cm’ .

(i) If the radius of cylinder is r cm and height is k cm, then write the volume V of cylinder in
terms of radius r.

dv
(ii) Find A
(iii) (a) Find the radius of cylinder when its volume is maximum.
OR
(iii) (b) For maximum volume, h > r. State true or false and justify.

Sol. (i) We have,
2nrh + nr® = 75n
== 2th+17 =75 =2th=75-1



75-12
T2
(75-1%)

Volume of cylinder V = mrih=nrix-——"
2F

T —%) om
=r(%r)=ix(75r—r3)

if d_V_Ei =T 2 _3_7[ 2
() =5 (75r=1") =5 x(75-3r") =5 (25-1")
(#ii) (a) For volume to be maximum,

3n
2

o

= (25-r)=0 =25-+=0

==25 = r=5em
2
£, ‘;=—3m’
dr
d*v
dr?

L =-3ntx5 =-15n<0
=5

Volume is maximum when r =5 cm
OR

(iii) (b) Volume V is maximum when r =5cm

r
I |
I |
I |
l |
I |
I |
I |
l |
I |
I |
I |
l |
I |
I |
I |
l 75-r2 75-(5F _75-25 50 |
| b= ="3x5 - M "0 |
| =  h=5em |
I |
l |
l |
I |
I |
l |
l |
I |
I |
l |
I |
I |
I |
I |
I |
I |

Here, h=r
h > ris false.
3. Read the following passage and answer the following questions. [CBSE 2023 (65/2/1)]

The use of electric vehicles will curb air pollution in the long run.
A— " P

The use of electric vehicles is increasing every year and estimated electric vehicles in use at any
time £ is given by the function V.

1 5
Vit)==rP -2+ =
(1) B t 2 t 2582
Where f represents thetimeand t=1, 2, 3 .... corresponds to year 2001, 2002, 2003, ....... respectively.

(i) Can the above function be used to estimate number of vehicles in the year 2000? Justify.

(ii) Prove that the function V(f) is an increasing function.



Sol. (i) Given, estimated electric vehicles in use at any time ¢ is given by
1 5
Vit)y= gts - 332 +25t -2, where t represents time and t = 1, 2, 3, ... corresponds to the year
2001, 2002, 2003, ... respectively.
t = 0 corresponds to the year 2000
1 5
V(U)=§x([l)s—?x(ﬂ)2+25x0—2=—2

Here, estimated electric vehicles in use in the year 2000 is — 2.
50, it is not possible to calculate the estimated electric vehicles in use in the year 2000.

(ii) We have,
1 5,
vte SE s e anE-2
1
= V'(f)=%t2—5t+25=§(312—251+125)
1
= V'(:)=g(3t2,253+125)

Now, discriminant of quadratic expression
3t% - 25t + 125 is given by
D=(-257-4x3x125
== D =625-1500 = - 875 = D=-875<0
We know that the quadratic expression
p(x) =ax* +bx +cis+veifa>0and D= b -4dac < 0
3t -25t+125>0 (As3>0)

= % (3t - 25¢ +125) > 0 (for all feR)

— V'(t)» 0 (forall teR)
& V(t) is an increasing function.  (Proved)

4. Read the following passage and answer the following questions. [CBSE 2023 (65/3/2)]
In order to set up a rain water harvesting system, a tank to collect rain water is to be dug. The tank
should have a square base and a capacity of 250 m®. The cost of land is T 5,000 per square metre
and cost of digging increases with depth and for the whole tank, it is T 40,000 h?, where h is the
depth of the tank in metres. x is the side of the square base of the tank in metres.

ELEMENTS OF A TYPICAL RAIN WATER HARVESTING SYSTEM

Catchement

Conduit

Storage
Facility
Recharge

Facility



(i) Find the total cost C of digging the tank in terms of x.
dC
(i) Find e
(##1) (a) Find the value of x for which cost C is minimum
OR

(iii) (b) Check whether the cost function C(x) expressed in terms of x is increasing or not, where
x>0.
Sol. (i) We have, volume of the tank = 250 m®
= x> xh=250m®

250
= h=—"%5
X

Now, total cost of digging tank = 40,000 h* + 5000x>

250 ¥ 5

= C(x) = 40000 x (?) +5000x

62500 .

= C(x) = 40000 x ——— +5000x
x
dc 4

i) 22 40,000 x 62500 (—5) +10000:x
dx x

—-4x X
_-4 40,0050 62500 10,000
X

(i#i) (a) For maximum/minimum cost C(x)

dC(x) — 4 40,000 X 62500
=0 »

+10,000x = 0
dx x
4 % 40,000 X 62500
= 10,000 x = % x® = 10,00,000
X
= F=(10f = x=10m
d’ 20 X 40,000 % 6250
Now, —C(x) = 10,000 + #
dx *
d*C(x)
= 5 >0
dx® ax=10

C(x) is minimum at x = 10 m.

OR
2,50,00,00,000
(i) (b) C(x) = 5000 x* + %
X
(10)10
C'(x) = 10,000 x - —
X
. _ (10"
For increasing C'(x) >0  =10,000 x — s >0
X
10)*°
=% 10,000 x > { 5)1
X
= > 10° = (-0 >0
= @ -10%03+10%) >0



= (¥ -10%>0 (Asx>0 = ¥ +10°>0)
= (x = 10)(x* + 10x + 100) > 0

= x-10>0 (As x > 0 a real number)
= x>10

So, for C(x) to be increasing x > 10.

. C(x) is not increasing for x > 0.
5. Read the following passage and answer the following questions. [CBSE 2023 (65/3/2)]
A volleyball player serves the ball which takes a parabolic path given by the equation

h(t)= —% 2+ %t +1, where h(t) is the height of ball at any time ¢ (in seconds), (t 2 0).

(i) 1Is h(t) a continuous functions ? Justify.
(i) Find the time at which the height of the ball is maximum.
Sol. (i) Given,
7 5. 13
= —— "+ —t+ >
hit)= —S 4+ -t+1,620
7, 13 i L Py !
Here —Et +Tf +1 is a polynomial in t, where ¢ is time (in seconds).
It is a continuous function.
Since every polynomial function is continuous function.
. 7.5 13
= —tr+—t+
(if) h(t) 3 t ) t+1

For height to be maximum or minimum

dh(t) -7 13 13
T =0 = 7><2£+?—0 :>77t+?—0
=% -14t+13=0 = 14t=13
13
= 5
42 13
=3 F(h(f))——;"(D att—ﬁ

13
h(t) is maximum at f = 1 seconds.



CONCEPTUAL QUESTIONS

1. Find the interval in which the function f given by filx) = 7 - 4x — x* is strictly increasing.
[CBSE 2020 (65/3/1)]
Sol. f'(x)=-4-2x %
= f(x)1s increasing on (-, =2) %
[CBSE Marking Scheme 2020 (65/3/1)]
2. An edge of a variable cube is increasing at the rate of 5 cm per second. How fast is the volume
increasing when the side is 15 cm?
Sol. Let x be the edge of the cube and V be the volume of the cube at any time .
dx
Given, —-=5cm/s, x=15¢m
Since we know the volume of cube = (side)® i.e., V = x°.
dv 5 dx
= ——=3x"—
- g
dv
= ;- =3-(157x5=3375cem’/sec
3. If the radius of circle increasing at the rate of 0.5 cm/s, then find the rate of increase of
circumference.
. dr
Sol. Given, s 0.5cm/s
dC _ d2nr _ nd_r
dt ~ dt ~ Tt
=2nx05cm/s
=mcm/sec.
4. Find the values of a for which the function flx) = sin x - ax + b increases on .
Sol. flx)=sinx-ax+b
fix)=cosx-a>0
ifa <cosx
ie., ae(—oo,-1)
5. Find the rate of change of volume of sphere with respect to its surface area, when radius is 2 em.
Sol. Let r be the radius of sphere, V be the volume and 5 be the surface area of sphere.

4

V=§m'3 and S = 4nr?
v _ ds _
F—4TU‘ and ?—8‘&?
v _an? 1

ds  sur 2

av

o =%=1<:rn‘7'/lc:n~l2

Ir=2ecm



:
Sol.

Very Short Answer Questions

Find the values of x for which the function flx) = 2 + 3x - x” is decreasing. [CBSE 2020 (65/1/2)]
A= 4BxenE
SR B sl
= g(1-2)
=3 (0 (W)
_Bov decveas Yl

2'N<o
: éﬁ—ﬂm e- wm9~~m-—~‘> :

oG

9000 wnen e oo, Julie0)
_ R‘\@O Ru) QWMLM o aed 1
" Toe funciien 0§ checreasing

Sol.

Sol.

(’ 0 Fg] UD D(D [Topper sAnswerZOZﬂ]

2. A ladder 5 m long is leaning against a wall. The bottom of the ladder is pulled along the

ground, away from the wall, at the rate of 2 em/s. How fast is its height on the wall decreasing
when the foot of the ladder is 4 m away from the wall? [NCERTIICBSE (AI) 2012]

Let x, y be the distance of the bottom and top of the ladder respectively from the edge of the wall.

Here, fi—f =2cm/s

From figure, 4+ y2 =05

When x=4m, y 5m
@2+ =25

= V¥=25-16=9 = y=3m

Now, x*+17=25

Differentiating with respect to {, we have

dx dy dx  dy

== zxdt+2ydt_0 d+ydf =0
dy _ dy 8
= EREFIN SH = oEn

8
Hence, the rate of decrease of its height = gcm /s

Sand is pouring from a pipe at the rate of 12 cm*/s. The falling sand forms a cone on the ground
in such a way that the height of the cone is always one-sixth of the radius of the base. How fast
is the height of the sand cone increasing when the height is 4 em?

[NCERT] [CBSE Delhi 2011]

1
Let 7 be the radius and h be the height of the cone so that V = Sfcrzh.



Sol.

Sol.

Sol.

LA ail g} ;
We have, i 12em* /s = dt(Bm h)—lz <oskd)
As h =%r = r=6h
Putting in (i), we get

AL o) e

dt(srt(éh) Xh)— 2 = o (121k%) = 12

rx 3 o1 s

= AR - it

L S
df 3n(4)? T 48m

Find the values of x for which y = [x(x - 2)I* is an increasing function. [INCERTICBSE (AI) 2014]
Given, y =[x (x-2)J

when h=4em, cm/s

%=2[x(x—2)]x(2x—2)=4x(x—1)(x—2)

d
For increasing function, Ti >0 —ve +ve  —ve +ve

dx(x-1)(x-2)>0 = zx-1)@x-2)>0 -, i =

From sign rule,

d
For %>D valueofx=0<x<landx>2

Therefore, y is increasing vV x & (0, 1) U (2, =).

Fiwe that gm0 g e i fuaciion i D i [ T
Tove Wt ¥ =10 4 reaB) is an increasing function of 8 in |0, --|.
[NCERT] [CBSE (AI) 2011; (North) 2016]
= _ 4sinf
e VT v cosh

dy (2+cosB)4cosb-4sinb.(0-5inb) i

- S 5 o

dx (2+cos0)

2
_ Bcosf+ 4cos?f + 4sin”B - (2 + cosh) _ 8cosf+4-4—cos’0—4cosh
(2+|:059)2 (2+|:osaEl)2

dy _ 4cosB-cos’® _ cosf(4-cosh)

= T g o 7
(2+cosB) (2+cos )

ﬂg.{.wx(.{.w) ~-08e[0,n1/2] = cosB >0
= dx - ‘tue 4-cosfis +veas-1<cosfB=1

dy
= el

4sin 0

ie., y= % -8 is increasing function in [0, %]
A particle moves along the curve 3y = ax® + 1 such that at a point with x-coordinate 1, y-coordinate
is changing twice as fast at x-coordinate. Find the value of a. [CBSE 2023 (65/2/1)]
Given curve, 3y = ax> + 1 (1)

Al d_y_zd_x ii
80, 7 =274 ..(11)



Sol.

Sol.

Whenx=1
Differentiate (i) w.r.t (f), we get
dy _ o dx dy 5 dx
SI—aXBx ar = gp = gy
dei— 28
at ="
= 2=ax®
= axf=2
= ax(1)=2
=T s

The amount of pollution content added in air in a city due to x-diesel vehicles is given by
P(x) = 0.005x° + 0.02x* + 30x. Find the marginal increase in pollution content when 3 diesel
vehicles are added. [CBSE Delhi 2013]

We have to find [P'(x)], -3

Now, P(x)=0.005x" + 0.02x* + 30x
P’(x) = 0.015x% + 0.04x + 30

= [P'(x)],.5 =0.015x 9 + 0.04 x 3 + 30

=0.135+0.12+ 30
=30.255
. _ lésinx . ! N (E )
Show that the function f(x)_74+cosx x, is strictly decreasing in ‘2,7':..
[CBSE 2023 (65/1/1)]

Given function,

l6sinx

X)s——
K 4+cosx x
d . . d

(4+Cosx)d—lésmx—1651nxd—(4+cnsx)

= flx)= = —A =
(4 +cosx)
) (4 +cosx)x16cosx — 16sinx x (- sinx)
= flo= 5 =)
(4+ cosx)
“ Fln= 64cosx + 16 (cos’x + sin’x) i
(4+cos x)
! 6dcosx+16 64cosx + 16— (4+cosx)

= f(x): 5-=1=

(4 +cosx) {4+ cosx)

: 64cosx +16 —16 — cos’x —8cosx 56 cosx — cos’x
=5 flx)= 5 = 5
(4+cosx) (4+cosx)
Ascnsx<0'mxe(£,n)
“ )_cosx(56—cosx) : (E ) 2

AN o R i (56 - cosx) > 0 for all x

and (4 + cosx)* > 0 for all x

b8
Hence, f{(x) is decreasing in (E’ 1()



9. Find whether the function f(x) =cos(2x+%); is increasing or decreasing in the interval

(3::, %t) [CBSE 2019 (65/5/3)]
T
Sol. f(x)= cos(lx + Z) = fix)=-2 sin(lx + %) i
3n 5r 3n 51
As ?<x 4? = T<Zx<T
n_3n
=% T<2x+ 2 ot 5 %

== sin2x+£<0=> ‘(x)>0
(2c+5) f@

3n 57{)
. 1

flx) is increasing in ( 88
[CBSE Marking Scheme 2019 (65/5/3)]
10. The volume of a cube is increasing at the rate of 9 cm®/s. How fast is its surface area increasing

when the length of an edge is 10 cm? [CBSE (AI) 2017]

Sol. Let V and S be the volume and surface area of a cube of side x cm respectively.

Given A =9 em®/sec

dt
ds
We require ——~
1 dt lx=10cm
Now V =2
dv 9 dx 2 dx
SO [ 9= oy
= it 3x ot = 3x a
5 Mg E LB
at - 3¢ 7
Again, ** §=6x" [By formula for surface area of a cube]
LA S )
= it =12.x. T 12x. o
ds 36 2
=5 T =-—=3.6 cm"/sec.
dt x=10cm 10
11. Ifx and y are the sides of two squares such that y = x —x%, then find the rate of change of the area
of second square with respect to the area of first square. [NCERT Exemplar]

Sol. Since, x and y are the sides of two squares such thaty = x - 1%
. Area of the first square (4,) = x*

and area of the second square (A,) = yz =(x- 12)2

_dAZ-i 22_2 Z(dizdi)_d_xlzz 2
B = g ) g e | e R )
dA d dx
S (AR et v S o
and e dxx =2x. at
dx 5
dA, dAyjat gy (1-2)@x-2x)
dA, T dA /dt dx
p i 1 A
2w

= % = (1-20)(1-%)= 1-x—2x+2¥%= 22— 3x +1



12. Show that the function f defined by f(x) = (x — 1)¢* + 1is an increasing function for all x > 0.

[CBSE 2020 (65/4/1)]
Sol. fx)=(x-1)'+1
= f'(x)=xe* 1
Now x >0 and ¢ > 0 forall x
s ffx)>0 = fisincreasing function. 1

[CBSE Marking Scheme 2020 (65/4/1)]

13. Show that the function f(x) = §+% decreases in the intervals (- 3, 0) U (D, 3).

[CBSE 2020 (65/4/3)]
oy 3
Sol. Jif(:rc)—‘?’—:’c2 %)
For decreasing,
. 1 3
f(x)=<0 ::>3—x2<0 Y2

- en s der oo

Since f(x) is not defined at x = 0.

So f(x) decreasing in (—3,0)U(0,3). 1
[CBSE Marking Scheme 2020 (65/4/3)]

b
14. Consider the statement “There exists at least one value of b € R for which f(x)= i b#0 is

strictly increasing in R - {0}.” State True or False. Justify. [CBSE 2023 (65/3/2)]

Sol. Given, f(x)= %, b#0

-b

=5 fx)=—,x#0asx e R-{0}
¥

for increasing f'(x) > 0
;f>0 = =-b>0
x

= b<0 = be(-«0)

.. Statement is true.

Short Answer Questions

1. Find the intervals in which the function f given by
)
flx)=tanx-4x, x€ (ﬂ, 7) is
(a) strictly increasing (b) strictly decreasing [CBSE Sample Paper 2021]
Sol. f(x)=tanx-4dxr = [ (x)=sec’x-4
(a) For f(x) to be strictly increasing
x>0

= sec’x-43>0 = sec’x>4



2

= 2 <l = 2 <(l) <l
cos’x < cos"x <[] | cosx | 5
= l< <l = Lol = E(UEJ
T g Mg wEEig
(b) For f(x) to be strictly decreasing
fx=<0
=sec’x-4<0 = sec’x < 4
R
cos'x > cos x>(3

= >l g E(OE] =0< <E
Cos X 5 o 5 5 X 3

2. Find the intervals in which f(x) =sin3x -cos3x,0 <x <7, is strictly increasing or strictly
decreasing. [CBSE Delhi 2016]

Sol. Given function is
f(x) = sin3x — cos 3x
f'(x) =3cos3x +3sin3x

For critical points of function f(x)

fx=0
= 3cos3x+3sin3x=0 =5 cos3x +sin3x =0
= sin3x =-cos3x = AT
cos 3x
- &, - il
=5 tarl3x——tar|4 =3 tanSx—tan(n 4)
= tan3x= tanSTn
3n
= 3x:mt+T, where n=0,+£1,+2, ...
Putting n=0,%+1,£2, ..., we get
K 7n 1in
=y <00

A TR Ay (m 7ny(7n limy o (1ix
Hence, required possible intervals are (0, 1 ),(4, 12 ),( 2 12 )and( X ?I)

For (0, %),f(x) =+ve

For (%, i—;{), [ x)=-ve

7n 1in ,
For (12, f)’f (x) =+ve

11m ;
For (F’ ﬂ:),f (x) =—ve

n 7n 1lm)
Hence, given function f(x) is strictly increasing in (0, Z) U ( T f) and strictly decreasing in

(+ 2)v (5 =)




Sol.

Sol.

Find the intervals in which the function fix) = -3 log (1 + x) + 4 log(2 + x) - is strictly

increasing or strictly decreasing. [CBSE Samzp;exPaper 2018]
Given f(x)=-3log(l+x)+4log(2+x)- 231
= fix)= 1_+3x = 2ix + ! 3 o= _3(2+I)2+4(1 +x)(2+2x)+4(l+x)
(2+x) (1+x}2+x)
_=3(4+dr+x")+4(2+x+2r+x") +4+4dx
1+ 02 +x)’
_S12-12x -3 +8+12x +4x" + 4 +4x
) (1+x)2+x)
‘(x)= x(x+4) _
{1+x)(2+x)
Now, f‘(x)=0
= LL“Z = e x(x+4)=0
(1+x)(2+x)
= x=0 [ x#-4asf(x)is defined on (-1, =) ]
Hence, required intervals are (-1, 0) and (0, =).
For (-1, 0)
f@)= % =—ve = f(x) is strictly decreasing in (-1, 0).
For (0, =)
fx)= % =+ve — f(x) is strictly increasing in (0, «0).

ie., f(x) is strictly decreasing on (-1, 0) and strictly increasing on (0, «).
Find the intervals in which the function f(x) = %x" —4x*— 45x* +51is
(a) strictly increasing  (b) strictly decreasing,. [CBSE (F) 2014]

Here, f(x)= %x" —ax® - 45x% + 51
= f¥)=6-12%-90x =  f'(x)=6x(x’-2x-15) =6x(x +3) (x-5)
Now for critical point f'(x) = 0

6x(x +3)(x-5)=0 = x=0,-3,5

ie., -3, 0, 5 are critical points which divides domain R of given function into four disjoint sub
intervals (- ¢, =3), (-3, 0), (0, 5), (5, =0).

For (- =, -3) -ve +ve -ve +ve

G -3 0 5 @©
f'(x) = +ve x (-ve) x (-ve) x (-ve) = —ve
ie., fx)is decreasing in (- @, -3).
For (-3, 0)
f'(x) = +ve x (—ve) x (+ve) x (-ve) = +ve

ie., f(x)isincreasingin (- 3,0).



Sol.

Sol.

For (0, 5)
f(x) = +ve x (+ve) x (+ve) x (-ve) = -ve
e., f(x)is decreasing in (0, 5).
For (5, =)
f(x) = +ve x (+ve) x (+ve) x (+ve) = +ve
e., f(x)is increasing in (5, ).
Hence, f(x) is (a) strictly increasing in (=3, 0) w (5, =)
(b) strictly decreasing in (-0, =3) W (0, 5).

Show thaty = log(1+x) - %,x >=1 is an increasing function of x throughout its domain.

[CBSE (F) 2012]
Here, f(x)=log(1+x)—22fx [where y = fix)]
, 1 (2+x).1-x
MR ey
1 22+x-x_ 1 4
1+ @2+%7 THx (24
4+ +dx-4-4x x?

(x+1)x+2)°  (x+1)(x+2)
For f(x) being increasing function

flx)>0
x? 1 x2
= ————50 = :
(x+1)x+2)* x+1 7 (x+2)?
1 2
= >0 =
x+1 (x+2)

= x+1>0 or x>-1

fix)=y=log(1+x)- is increasing function in its domain x > - 1 i.e,, (-1, ).

Show that f(x) = 2x + cot™ Tx+ lug (x-‘ 1+x%- x) is increasing in R. [NCERT Exemplar]
Wehave, f(x)=2x+cot'x+log(y1+2?—x)

-1 1
f‘(x)=2+(1+x2)+(y'1+xz—x)( AT 2x-1
. g (—\.1+x2) I .
1422 (Vi+22-x)  J1+2 1+x2 J1+x?
=2+2xz—1-vf1+x2=1+2x—v'1+x
1+x2 1+x2

For increasing function, ' (x) 20
1+2x%- y1+22
=y

= 1+2¢2 =1+
1+x° - =

= (L+221+4° = T+dr' 442144
= 4x' + 3% 20 = 24t +3)20

It is true for any real value of x.
Hence, f(x) is increasing in R.



Long Answer Questions

1. Find the minimum value of (ax + by), where xy = & [CBSE Delhi 2015, 2020 (65/5/1)]
e bc®
Sol. LetS=ax+by, where y=— SSAE 1
as_ w2 b .
P x2 “ 2
ds _ _b? _ /b
= E_O = xZ—T or x—\fz.c 1%
4’s _ 20’ _ 2[ ilr _ /B
=2 Fv&.c— = :‘;’E,E_Zbc ‘/;C >0 fora,b,c>0and x=4/.c 1%
- @
B g
Minimum value = a\/%.c%b.%\/%:m/&.c 1
[CBSE Marking Scheme 2020 (65/1/1)]
Detailed Solution:
Letz =ax + by (D)
2 02
Givenxy=c = |

2
4 . s p
Putting y = — in equation (i), we have

—
Z=4ax X

For z to be maximum or minimum

d_ W b
s o 57
o _ b /b
= XFg =1 x=xc\ o
d’z _ 2bc?
Now, ——=
dx? P
bl 2
atx = c\;‘% dz i = 722’.6 7>0
dx ( /b

- zwill be minimum at x = ¢4/ &

= = = ."l"-tI
¥V=F= 5%
“a
s Minimum value of z = ax + by

i

=ax cf% +hXc = cab+cyab = 2cy/ab

= |=)

2. Show that the height of the right circular cylinder of greatest volume which can be inscribed
in a right circular cone of height k and radius r is one-third of the height of the cone, and the

greatest volume of the cylinder is % times the volume of the cone. [CBSE 2020 (65/1/1)]



Sol.
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3.

Sol.

Sol.

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. [CBSE 2023 (65/5/1)]

Let x and y are the numbers.

From question

x+y=5 ..(1)
Let 2+ = C (say) (i)
and P+P=5 (say) (i)

From (i), y=5-x,

Using in (if), we get
C=xX+1=x"+(5-2¢

= C=x+125-75x + 152" - 2

= C = 15x% - 75x + 125

d(€)
e =30x-75=15(2x-5)
d(C)

e =0 = 15(2x-5)=0

= x= % is the critical point.

2

d ((2:) -0

dx

dZ(C)L

2 =30>0
dx =3

. 5
Sum of cubes is minimum when x = 0

5 5.5
Ifx—i,y:S—x=5—E—§

Sum of the squares of the numbers 5 = 2+ yz

2 2 =
=(5)+(5) 25 25 _50 _25

2 2 4 4 4 2
The median of an equilateral triangle is increasing at the rate of 23 cm/s. Find the rate at
which its side is increasing,. [CBSE 2023 (65/5/1)]
In an equilateral triangle, median = height.
Let AB=BC=CA=a. A
Let AD be the median of AABC.

-Bp=2 i
= BD=5

o P2 ! 2
¥ AP T — .‘I a
And AD= AB*-BD" =/ a’ 7(5] =y -
B2 D a2z ©

——



AD = %a
v Fe)- 3G
L e
= %*2{3X%—4 cm/s

5. Show that the altitude of the right circular cone of maximum volume that can be inscribed in a
4
sphere of radius # is Tr Also find the maximum volume of cone. [INCERTI[CBSE 2019 (65/1/2)]

Sol. I B
| T Coiiidese radl e
: / /;!\ \r o s ORGP Luuq‘.r& 9«!/ wwe = FE A =Y
} /cil\ \ o ?\mh\w.at wue = Ty b= R
LA ny |
' A
\%:f' li A/‘ Noluwame o} (ove =N = J.,'{S?_\Eﬂ
s~ e :
VB= )T (r x) (r+x}
e -17‘(\'..'(1 aor m=2b)
| - EA s L ——
Ll A = (—2m+r 31) T —
B S ————————
A e el b AN =g e TR
dx
| {» _ B )% o 2 M S P e
I : e R Mo s, T
& R, Sy - |
| s : =% v \Aﬁw-TﬂulE .
ShEt :
dry = | [-2r-bun) SR i I o
du> =~
iy =K [_ay—2¢] = -trp <0
Oxr faey 3L =
Udng Smond o [Xe v | 0 g sy E,ufnir sk warlwa
; va.ﬁue T
T R B =l ot e |
 Weeew !
m _Heuee Yo ved s,
L i . N
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Sol.

Sol.

= &3 "W’” LAl 1‘

1

81/ . o o [Tﬂr.rp.izr"s Answer 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 m®. If building of tank costs 70 per square metre for the base
and 745 per square metre for the sides, what is the cost of least expensive tank?

[NCERTI [CBSE 2019 (65/1/1)]

Let/, b and h metre be the length, breadth and height of the tank respectively.
Givenh=2m

and volume of tank =1 xb xh

= B=Ixbx2 = lh=4 = b=$

Now, area of thebase, [b=4m?
and, area of four walls, A=2(+b)xh hm
=21+ P)x2 = a=a(1+]) '
Im

For minimum cost

dA 4
=0 = 4(1712)_0
4 2
= 7= 1 = I"=4 = I=2m
: 4 4
[=2m (' length cannot be negative) and b=T=E:2m
A 32 3
Now, .~ =rears o
Z 4 8>0

*. Area will be minimum when [=2m, b=2m, h=2m

*. Cost of building of tank =70 x (I x b) =70 x 2 x2 =% 280

and cost of building the walls =45 x 2h (I + b)) =90 x 2 (2 +2) = T 720
~. Total cost for building the tank = 280 + 720 = ¥ 1,000

Show that the height of the cylinder of maximum volume that can be inscribed in a sphere of

[NCERT] [CBSE 2019 (65/2/1)]

V
Let x be radius and (y + R) be the height of cylinder given radius of sphere be R.
In AOAB, we have,
OB” = 0A” + AR’
=5 Ri=y’+x* = P?+y'=R* = =R~y (1)
Now, volume of cylinder = & ¥ % 2y
= V=n(R?-y?)x2y




Sol.

Sol.

i—E:o = 2n{(R2= y?) xT+y x(2y) } =0
= R -y’ -2y =0 = RP-3’=0 =  R'=3/
2
= y2=R— = y_i
3 V3
AV o o
dy‘ 'ZK(R -3y )
i
4 ‘: =2n(-6y)=-12ny = ~IoRR 0
dy 2R V3
(aty"vﬁ)

R
. Volume will be maximum when y = Wi
¥

: : 2R
~. Height of cylinder = 2y = 5
i

and maximum volume = 7 (jRz - yz) x 2y

RZ) 2R 2R* 2R 4nR®

=R k== x —x— = e

(R 3 V3 3 V3 33

Find the maximum and minimum values of f(x) = sec x + log cos’ x, 0 < x <2m. [CBSE (South) 2016]
We have f{x) = sec x +log cos™x

f'(x)=secx.tanx + 2cosx(—sinx) =secx.tan x—2 tan x = tan x (sec x - 2)

2

cos"x

For critical point
flx)=0
= tanx (secx-2)=0 = tanx=0 or secx-2=0
= X=HT Or secx=2 = X =nm or cosx:%
= X=HNT or casx=cos£ = X=HnT or x=2m’[t£,n=0,tl,i2 .......
3 3
n_5n
Thus possible value of x in interval 0 < x < 21 arex=§,:rt,T
Now f(E)— e E-f-lo 0 2£—2+10 (l)z
. g R g RRE =S
=2+2(logl-log2)=2-2log2=2(1-log2) [ log1=0]

fin)=sect+logcos’m=—1+1log (-1)*=-1

f(%t) = sec%{ +2log Cns53l= sec (21{ —%)-leog ms(gn _%)

= sec% +2log cos% =2+ Zlog%
=2+2(logl-log2)=2-2log2=2(1-log?2)
Hence, maximum value of f (x) =2(1 - log 2) and minimum value of f (x) =- 1.
Find the absolute maximum and absolute minimum values of the function f given by
f(x) =sin®*x - cos x, x [0, n]. [CBSE Panchkula 2015]
Here, flx)= sin® x - cos x
f'(x) = 2sin x.cos x + sin x

=  f'(x)=sinx(2cosx+1)



For eritical point: f '(x) =

= sinx(2cosx+1)=0

; 1
= sinx=0 or cosx=-

10.

Sol.

pu

Sol.

2
2n 2n
= x=0 or cosx=cosT =5 x=0 or x=2nmit— 3 ,wheren =0, 41,42 ..
= x=0orx= ZT‘K other values does not belong to [0, n].

For absolute maximum or minimum values:
f0)=sin®0-cos0=0-1=-1

f(Z_T[) 22_“' 2_7? (\";3'2 ( l)ki.'.lgi

3 —s1n3—cns3 2)__2‘4 21
fimy=sin"n-cosm=0-(-1)=1

Hence, absolute maximum value = % and absclute:mihimum vatue=-<1;

2% — 9ma® + 12m%x + 1, where m > 0 attains its maximum and minimum at
[CBSE Patna 2015]

1f the function flx) =
p and g respectively such that p* = g, then find the value of m.

Given, f{x)=2x"-9mx®+ 12m’x + 1
= f(x) = 627 = 18mx + 12m?*
For extremum value of f{x), f "(x) =
= 6x" —18mx + 12m°= 0

= ¥ =3mx +2m?=0

= ¥ = 2mx —mx +2m°=0 =4 x(x - 2m) —m(x - 2m) =0
= (x-m)(x-2m)=0 = x=m or x=2m

Now, f"(x)=12x-18m

= f(x)at[x=m]=f"(m)=12m-18m=-6m <0
And, f'(x)at[x=2m] =f"(2m) = 24m - 18m = 6m >0
Hence, f{x) attains maximum and minimum value at m and 2m respectively.

= m=pand 2m=gq
But, p’=g [Given]
= 2m =1 m*-2m=0
= m(m - 2) =1 m=0or m=2
=5 m=2asm:>0

The sum of the surface areas of a cuboid with sides x, 2x and % and a sphere is given to be

constant. Prove that the sum of their volumes is minimum, if x is equal to three times the

radius of sphere. Also find the minimum value of the sum of their volumes. [CBSE (F) 2016]
Let 7 be the radius of sphere and 5, V be the sum of surface area and volume of cuboid and sphere.
Now y= (x 2x. )+ ~nr
2 2 03 3 i, B
= PRy mﬁ V=30 t2wr) [-- s=2 x‘2x+x‘?+§.2x]+41trz
18+
2 V%{(S 4mr” |2 HM] = §="tan =62+ dn’
5. S=a4m? s S-4nr2)m
= X = —6 = x = (T

1
dav_2]3(s-4n?\2 1 .
= dr3{2( 3 ) 6.(8nr}+6nr}
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Sol.

For maximum or minimum value

dav _
ar =0
1 1
2 S—dnr’ )2 el (5—4m2 2 en’”
= 3 l ZJU’( 3 +6nr-r=0 = 6 B s
1 L
§—dnr?\2 1 (5-4nr*\2
T =3r = = g T
viously, i ,_1{5“1“’1}3 =+ve
"3\ 6
1
1(5-4m’\?
V is minimum when r = 7(57%?‘)
3 6
=
S—4nr’\z , [ S—4nr? ) )
= 3r= . = 9= % | [Squaring both sides]
= 5477 = 5 — dnr” = 5477 = 627 + A — dmr [ §=6x"+4nr
= =97 = x=3r
ie., x is equal to three times the radius of sphere.
2 3
Now, minimum value of V (sum of volume) = E{xs + 21((%) }
2( 5. 21 3} - - N
== £ Wl == +
3 {x 27 X 81 x° (27 + 21) cubic unit.
Prove that the surface area of a solid cuboid, of square base and given volume, is minimum
when it is a cube. [CBSE (AI) 2017: (F) 2009; CBSE 2005]

Let x be the side of square base of cuboid and other side be y.
Then volume of cuboid with square base, V=x.x. y=x%
As volume of cuboid is given so volume is taken constant throughout the question, therefore,
|4 .
V= ()
In order to show that surface area is minimum when the given cuboid is cube, we have to show
§5">0andx=y.

Let S be the surface area of cuboid, then

S=x?+xy+xy+xy +xy + 1 = 2% + 4xy )
=27+ 4x.£2 = 5=2x2 W (i)
X
ds 4v .
= E:M_F -..(tv)

For maximum /minimum value of 5, we have g—i =0
4v

= dx-—0=0 = 4V=41" = Vi=a? (2)
X
Putting V = x7 in (i), we have
43
=" =y
y o

Here, y=x = cuboid is a cube.
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Sol.

14.

Sol.

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

d’s 8v

— =4+ —) >0

dx® ( 22
Hence, surface area is minimum when given cuboid is a cube.
Of all the closed right circular cylindrical cans of volume 1287 cm®, find the dimensions of the
can which has minimum surface area. [CBSE Delhi 2014]
Let 7, h be radius and height of closed right circular cylinder having volume 128r cm®.
If 5 be the surface area then

S=2nrh+ 217 = S=2n(th + 1)
V=n'h
128
=21t(r.—2+r2J = 1287 = nr’h
¥ po128
2
=2n(ﬁ+ ) = §=2ﬁ(—g+2
r dr r
For extreme value of § e s
d—S—U = 2 E+2 =0
dar :rt(.— i )_
12
7—28+2r=0
¥ h
_ 128 ,_ 128
2?’—?’72 =5 T _T
= =64 = r=4 -
o d’s (128x2+2) dzs] _
ain —5 = == =+ve
& dr? 7 drt |y

Hence, for r =4 ¢m, S (surface area) is minimum.

Therefore, dimensions for minimum surface area of cylindrical can are radius » = 4 cm and
_ 128 128
7’_2 ETS cm.
If the sum of hypotenuse and a side of a right angled triangle is given, show that the area of
T
the triangle is maximum when the angle between them is >

[CBSE Delhi 2017; (AI) 2009, 2014; (Central) 2016]
Leth and x be the length of hypotenuse and one side of a right triangle and y is length of the third side.
If A be the area of triangle, then

A T e also given
A=gRi=gik = h+x =k (constant)
Soh=k-x

’1 ——% ‘1 i g ————
A= Exv"(k - 1)2 —xl= Exysz Dk + oo

2
= A= (-2 = A2=i(k2 2 2k

Differentiating with respect to x, we get

.
d(i ) 2%(2kzx—6kx2) )]
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For maxima or minima of A’

d(A%)
dx

0 = %mﬁx —6kx?)=0 8=1n2

= 21%x - 6kx? =0 = 2kx (k-3x)=0
= k-3x=0; 2kx=0 = x=%
Differentiating (i) again with respect to x, we get
£AhH 1
2 T3 (2% — 12kx)
kY. 3

(52 K. K
—4(2k 712k.3)-72<0

42 (AY
dx’

r=k/3

k
Hence, A? is maximum when x = 3 andh=k-

, i . k 2k
ie., A is maximum when x=§,h=?
x k& 3 1 1 b4
2 COSB—K—gxﬁ—E = COSB—E = 9—3

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

height is cos™ La [CBSE Delhi 2014; (North) 2016]
N

W =

&
-2

Let ABC be cone having slant height / and semi-vertical angle 6. A

If V be the volume of cone then
V= %J{XDCz X AD = %x 25in?0 x lcos O
3
= V=%sin29cosﬁ
av _nP

= ——=—[-sin’f+2sinB.cos’f]
e S ——
3 v B i c

For maximum value of V., — =0

7[13 de
g —sin®0 +2sinB.cos?0]. = 0
-sin® 0 + 2sin B.cos’H=0 = - sin B (sin” B - 2cos? B) = 0
sinB=0 or 1-cos’0 =2cos’H=0
6=0 or1-3cos’8=0

b uuu

1
8=0 0=—=
or cos A

d’v
462
a2v aP -t

= W=T{—7Siﬂ29':059+2':0538} = Ele=o=+ve
dzv]

dez c058=:—3

13
= %{—3sin28. cosB - 4sin”0. cos 0 + 2 cos®0)

and = -ve

1 1
Hence, for cosf = 73 orf =cos™ (‘—3), V is maximum.
v v



16.

Sol.

7.

Sol.

An open box with a square base is to be made out of a given quantity of cardboard of area

¢? square units. Show that the maximum velume of the box is cubic units.

y
[NCERT Exemplar; CBSE (AI) 2012]
Let the length, breadth and height of open box with square be x, x and h unit respectively.

If V be the volume of box then V =x.x. h = V=xh sseell)
s .
Also A =x?+4xh = hp==2
4x
Putting it in (i), we get
V:xz(cz—xz) - V=c2_x_x_3 h
4x 4 4 X
Differentiating with respect to x, we get
w e s
de ~ 47 4
i s AV
Now for maxima or minima e 0.
B W G
4 4 4 4
& ¢
= x: B T = e
v3
AV éx 3 d*V 3¢
Now, g e e i g =-—==-ve
dx 4 2 dx X=t/v'3 243
Hence, for x= \f—3 volume of box is maximum.
2 e )
gaf=B g 38 {8 &
_4"‘_4L_3 4 2,3
V3
¢ ¢ a¢
Therefore maximum volume = x* . h = 3 273 = m cubic units

Show that the volume of the greatest cylinder that can be inscribed in a cone of height ‘4" and

semi-vertical angle ‘o’ is Enha tan®ot . [CBSE (AI) 2010, (East) 2016]

Let a cylinder of base radius r and height hy is included in a cone of height  and semi-vertical
angle a.

Then AB =r, OA = (h - hy). In right angle triangle OAB,

a_ :
0A ~ " =3 g

© V=n[(h-h)tano]’.h; (. Volume of cylinder = nr’h)
=ntan’a . hy (h- }11)2 ..(1) A B T

h

=tana = r=(h-h)tana

Differentiating with respect to h;, we get

dv
% ntanZa[h, 2(k - hy)(-1) + (b — 1) 1]

=ntan® o (h = k) [-2h, + h=h,]
=ntan®a (h-hy) (h-3h)
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Sol.

19,

Sol.

For maximum volume V,gTV =0
1

1
= h-h =0 or h-3h,=0 = h=h or h1=§h
1
=% b= Eh (* h = h, is not possible)
Again differentiating with respect to h;, we get
2

%: rtanlaf( - h,)(-3) + (1 — 3k )(~1)]
1

2

(R
Ath = 3h, Gz =wten’a h-5)(-3)+0| =27 tan’a < 0

3
Volume is maximum for h, = —h.

3
o G L 1.¥ S
V, .. =Ttan a.( 3:‘1)(}1 — h) [Using (i)]
e B 8
= 277’01 tan‘a

The sum of the perimeter of a circle and a square is k, where k is some constant. Prove that the

sum of their areas is least when the side of the square is double the radius of the circle.
[CBSE (F) 2010, 2014]

Let side of square be a units and radius of circle be r units.

Itis given that 4a + 2nr = k, where k is a constant.

_k-da

T on

= r

2
k—ékz] =a2+41—n(k—4ﬂ)2

Sumof areas, A=a’ + > =a’+7

Differentiating with respect to a, we get

dA 1 2(k - 4a) ;
E=2ﬂ+a.2(}(—4ﬁ).(—4)=2a—T (]
For minimum area, di= 0
da
= 2ﬂ_2(k—4a) - Za:z(k—!lu)
n b
2(2
= 2q = % [As k = 4a + 2nr given]
= a=2r

Now, again differentiating equation (i) with respect to a, we get
‘;27‘3=27%(7 4)=2+% ata=2m, %=2+%>u
For ax = 2r, sum of areas is least.
Hence, sum of areas is least when side of the square is double the radius of the circle.
Tangent to the circle ¥ + y* = 4 at any point on it in the first quadrant makes intercepts OA and
OB on x and y axes respectively, O being the centre of the circle. Find the minimum value of
(OA + OB). [CBSE Ajmer 2015]
Let AB be the tangent in the first quadrant to the circle x* + 3* = 4 which make intercepts OA and
OB on x and y axis respectively. Let § = OA + OB.
S=0A+OB i)
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Let 8 be the angle made by OP with positive direction of x-axis.
. Coordinates of P = (2 cos 0, 2 sin @)

=

Coordinates of A =(2sec6,0) ~
Coordinates of B = (0, 2 cosec 6)

B (0, 2 cosec 8)
()= S=2secO+2cosec P (2 cos6, 2 sinB)
= %=2{sec9tan9—cosec9cot9} 2

For extremum value of V

= g%ﬂ] = 2{secBtanf-cosecBcotB} =0

X
0 "\ A (2 sech, 0)

= secBtan 0 - cosecBcotB=0

1 sinB " cos 0 sin - cosf
cosB cos® sinB sinB cos’®  sin’f
= sin’0=cos’0 = sin@=cosH

= b= %['.'Blies in first quadrant = 0<8 < %]

d’s
Now, 202 =2{(sec® + tan? B sec B) + (cosec> B + cosec Acot?0)}
2
et d_S =+ye = S§is minimum when 0= z
do? g = 4

4
Minimum value of § = QA + OB is ZSQC% +2 COSQC% =242+2,/2 =42 units.

Prove that the least perimeter of an isosceles triangle in which a circle of radius r can be

inscribed is 63 r. [CBSE (Central) 2016]

Let AABC be isosceles triangle having AB = AC in which a circle with centre O and radius r is
inscribed touching sides AB, BC and AC at E, D and F respectively.

Let AE=AF=x,BE=BD=y
Obviously, CF=CD =y
Let P be the perimeter of AABC.

4yr2 .
. P=2x+4y = P=-—"—+4y (From (1))
y -r
Differentiating w.r.t. y, we get s T o
dpP _ 0P = )4 — 4P 2y - 0) v ar (AABC) = ar (ABOC) +ar(AAOC) +ar(AAOB)
2 _ply2 i 1 1 1
* o* =) = 5 AD.BC =7 .BC.OD+ 5. ACOF +5 . AB.OE
dP 4y2rz—4r478y2r2 i =
= B gy O S 2. (r+Vr 4 a) =2y @ y)r+ (xy)r
P =2+ V) =2y 2 +y)r
T e = yreyy/rxd = yrear+yr
G g B Syl =artyr
For critical point @ =0 - yz(?’z e xz) i y2r2+ 2:(_1,!r2
—42(2+ ) =127+ 222 = 2R+ 2yt
= 5 e ol W T
(2-12) XY =Xt + 2ayr
g B 2
= -4+ P+ -A =0 =y =xrt+ 2y
2
= -yt et -2 =0 — 2yr @
-
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Sol.

22,

Sol.

= y'-3"7=0
= -3 =0
= y=43r [vy#0]

2z

Also —| =+ve
dr” 13,
= when y =37, the value of P is minimum.

42 LY _ 4./33 _
ry e E 4/ \—3;=6V‘3runits

Least perimeter = 4y + =4,/3r+ =4,3r+
P 4 P : 3?77 ! 2r
A window has the shape of a rectangle surmounted by an equilateral triangle. If the perimeter
of the window is 12 m, find the dimensions of the rectangle that will produce the largest area
of the window. [CBSE (AI) 2011]

Let x and y be the dimensions of rectangular part of window and x be side of equilateral part.

/3
If A be the total area of window, then A = x.y + ‘TxQ (i)
Also, x+2y+2x=12
_ A 2=5r
5 3x+2y=12 =1 y=""3
12-3x) 3 x 2
A= x.(z—)+ ‘sz [From (1)]
3 3
= A=bHxr~ T+ \'sz
- ¥ ¥
=] A'=6-3x+ %x [Differentiating with respect to x]
X
Now, for maxima or minima
/3 12
A= s e P gan = x=—
2 6-v3
Again, A"=-3+ % <0 (for any value of x) = A"] 12 <0 ie., is maximum if
x= P
12- 3(L)
x= 12‘- and y = =
6-4y3 2

ie., for largest area of window, dimensions of rectangle are

o BB 18-6+3

e
2
Find the area of the greatest rectangle that can be inscribed in an ellipse —2+? =1.
a
[CBSE (AI) 2013]

Let ABCD be rectangle having area A inscribed in an ellipse

2 p

—g Fe=] ]

a b ®

Let the coordinate of A be (a, B).
. Coordinate of B= (o, - B), C= (-0, -B), D=(-«, B)



23.

Sol.

Now A = Length x Breadth = 2a x 2B = 4af3
_ “- (a,B) lies on ellipse (1)

7 2
/ o ——
=da. f'bz(l——) a? B? / o?
/ 2 o +—=1lie,B= ,-'bz(l——)
\r a R B y e
b 2
160 Yi
= A2=1éuz{b2(1—a—2)] = A’=—(a’-a?)
a a
da(A?) 1ek*,_, 73 (o B)D Ao, B)
= da 2 (24 a - 4a?)
For maximum or minimum value
d(AZ)_U o %
da
= 2a-4a’=0 = 20@E@ -20)=0 o =P € B (o ~B)
=0a=12
= a=0a N
(4% 1eb”
Again B (247 - 120%)
& da? a®
4*(A%) _16172(2“2 12x£) .
= da? ‘_‘;_ a - 2 <

V2

a . . s
= Fora= T AZie, A is maximum.
y

b

ie., for greatest area A, a = ?—2 andp = 77 (Using (1))
v v
. Greatestarea =4a.B=4-%x iﬁ = 2ab
V2 y2

8
Prove that the volume of the largest cone that can be inscribed in a sphere of radius a is 27 of
the volume of the sphere. [CBSE Delhi 2016; (AI) 2014; (F) 2013]

Consider a sphere of radius @ with centre at O such that OD =xand DC =r.
Let 1 be the height of the cone.

Then h=AD=A0+ OD=a+x iy A
(OA = OC = radius)
In the right angle AODC,
Z=r+a (By Pythagoras theorem) ..(i) o A

1
Let V be the volume the cone, then V' = Em'zh

= Vix)= %n(gz —x*)a+x) [From (i) and (ii)]
= V‘(x)=%1{ (a®- xz)%(a+x)+(a+:r)%(azfx2)

= 3l - ) (1) + (@ + ) (- 20)]

= %‘m[(a+x)(a—x—2x)] = %n(a+x)(a—3x)
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Sol.

Also, V'(x)= %TE (a+ x)%(a —3x)+(a- 3x);7(a +x)

1

= V=g nllra) 3+ E-3HD]
For maximum or minimum value, we have V'(x) = 0.

i a

5H(ﬂ+x)(a—3x)—0 = x=-gorx =
Neglecting x = —a [ x>0]

S T a ay_ —4ma
V(E)-5“[(“5)(*3)*(“*3(5))]- g e

a
Volume is maximum when x = 3

Putting x =% in equation (i) and (ii), we get

a 4a at  8a®

h—a+§—? and r“=a 7?—7
1o 1 (ﬁ)ﬂ_ii 3)
Noh,volumeofcone—Srrrh—an 9 3)—27(3m

8
Thus, volume of the cone = 27 (volume of the sphere).
Show that the right-circular cone of least curved surface and given volume has an altitude
equal to \-"‘2 times the radius of the base. [CBSE (AD) 2011] [HOTS]

Let ABC be right-circular cone having radius ‘7" and height ‘#". If V and § are its volume and
surface area (curved) respectively, then

S=nrl
S=mryhl+s? <40
1 v
Also, V=—m’h = h= 3—2
3 nr

Putting the value of 1 in (i), we get

g [ov? 2
o9 i 4
Ve
2 2 9WVEnrt . oo .
= S —— [Maxima or Minima is same for S or 57]
mTr
ov?
= §t=—+n'rt
r

Differentiating with respect to ‘', we get

-18v2
-

= (s?) = +4r°r? ..
Now, for max. or min. (5%’ =0

VZ
= ~18—+ar'P=0 = an’r® = 18V
T
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Sol.

Putting value of V

1
= i’ =18x —n’r'n? = 27 =0 = r=%
9 /2
Differentiating (if) with respect to ‘7', again
54V°
(%) =——+12n77
r
= (8)",.>0 (For any value of 7)
72

Hence, §7 i.e., § is minimum for r = f_z—_z.m h=4y2r
y
i.e., for least curved surface, altitude is equal to V2 times the radius of the base.
C

X
Find the maximum area of the isosceles triangle inscribed in the ellipse —z+% =1 with its
a

vertex at one end of major axis. [CBSE Bhubaneshwar 2015, (AI) 2008]

Let AABC be an isosceles triangle inscribed in the ellipse.
4 el

x—z +¥ o4

a* b
Such that ‘C” lies on end of major axis and AC = BC.
Let coordinates of A and B be (a cos 8, b sin 8) and (a cos 6, =b sin 8) respectively.
If “A” be the area of inscribed triangle then

A=2x ABXCD =1 x2bsin8x(a-acosh)

=absin B (1 -cos 8)

y-axis

Differentiating with respect to 6, we get
A (acos®, bhsing)

cé—‘g = ab[sinB.sin B +(1 - cos8).cos 8]

= ab(sin” 0 + cos 6 - cos” )

dA x-axis
For maxima and minima F e 0
= ab(sin® 0 +cos B —cos?0) =0
= cosB-cos20=0 B (acos®, - bsing)
= cos20=cosB
= 20=2nm+0 [ cosB=cosa; 8=2nn+a]
= 9=nn+%0rm’t—%, wheren=0,+1,%2, ...
= 0= ZTT{ e(0,m)
d*A . ) ) ; :
10 =ab(2sin0.cos B —sin 6+ 2cos B.sin 0) = ab(2sin26 — sin B)
d’A
l e’ l ' 50
b=
2 . ;
Hence, for 8 = 3 A is maximum.
y i o P 2n V3 il 343 ;
Hence, maximum area of triangle A =ab Sm?.(l - COS?) = abT(l + E) = 1 ab sq units.



Questions for Practice

B Objective Type Questions

1. Choose and write the correct option in each of the following questions.
1
(i) The rate of change in volume of sphare wrt » when radius is (E) is
(a) & (b) 2n (c) 4n (d) none of these

(i) The sides of an equilateral triangle are increasing at the rate of 2 cm/sec. The rate at which
the area increases, when side is 10 cm is

(a) 10em®/s (&) V3 em?/s (c) 103 cm’/s (d) % cm’/s
(ii) The maximum value of slope of the curve y = - x* + 3x* + 12x~5is  [CBSE 2020 (65/3/1)]
(a) 15 (B) 12 © 9 @0

(iv) If the function f(x) = 2> —kx + 5 is increasing on [1, 2], then k lies in the interval

(@) (-, 4) (b) (4, ) (c) (==, 8) (d) (8, )
(v) The function f(x) = &

(7) has no maximum value (b) has a maximum value

(c) has a stationary point (d) None of these

(vi) The stationary points of sin x in [0, n] is

(@) 0 (b) % ©n (d) none of these

(vii) For which value of a is the function f(x) = ax” + 2 decreasing in [1, 2]?

(@) (1,2) (b) [1,2] (€) (—=0,0) (d) none of these
(viti) The rate of change in area of square w.r.t. side when side is 1/]*3 unit is
= . 1 . ’
(a) E unit?/sec (b) 75 unit?/sec (c) 2 unit?/sec (d) none of these

B Conceptual Questions

2. If the rate of change of volume of a sphere is equal to the rate of change of its radius, find the
radius of the sphere.

3. Find the interval in which the function f given by f(x) = 7 - 4x - x” is strictly increasing.
[CBSE 2020 (65/3/1)]

4. Ttis given that at x = 1 the function x* - 62x* + ax + 9 attains the maximum value on the interval

[0, 2]. Find the value of a.

B Very Short Answer Questions
5. The contentment obtained after eating x-units of a new dish at a trial function is given by the
function C(x) = x* + 6x” + 5x + 3. If the marginal contentment is defined as rate of change of C(x)

with respect to the number of units consumed at an instant, then find the marginal contentment
when three units of dish are consumed. [CBSE (F) 2013]



6. Prove that the function f{x) = tan x - 4x is strictly decreasing on (—%,%) :

7. Prove thatf(x) =sinx + /3 cos x has maximum value at x = %

8. Show that the function f defined by f(x) = (x - 1) &* + 1 is an increasing function for all x > 0.
[CBSE 2020 (65/4/1)]

8 Short Answer Questions

3
9. Let‘a be a real number such that the function f{x) = ax’+6x-15, xR is increasing in (—oo, I)

i
and decreasing in (Z’ oo). Find the point where the function g(x) = ax* - 6x + 15, xeR has local

maxima.

10. Find the intervals in which the function f(x) = 3x* -4 - 122 + 5 is
(a) strictly increasing (b) strictly decreasing. [CBSE Delhi 2014]

11. Prove that the semi-vertical angle of the right circular cone of given volume and least curved
surface area is cot™ \fr2 = [CBSE Delhi 2014]

12. Find all the points of local maxima and local minima of the function
4
fix) = —%I4 —8y 75.1:2 +105
B Long Answer Questions

13. 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, find the maximum volume.
[CBSE 2020 (65/4/1)]

14. Show that a right circular cylinder of the given volume open at the top has minimum total surface
area, provided its height is equal to the radius of the base. [CBSE (F) 2014]
15. The volume 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. [CBSE Delhi 2017]

16. Find the local maxima and local minima, of the function f(x) = sin x - cos x, 0 < x < 2x, Also find
the local maximum and local minimum values. [CBSE Delhi 2015]

17. Find the absolute maximum and absolute minimum values of the function f given by
fx) = cos’ x +sin x, x e [0, 7). [CBSE Guwahati 2015]

18. Determine the intervals in which the function f(x) = x* - 82® + 2247 - 24x + 21 is strictly increasing
or strictly decreasing. [CBSE (South) 2016]

x
19. A manufacturer can sell x items at a price of T (5*@) each. The cost price of x items is

T (% T 500). Find the number of items he should sell to earn maximum profit. [CBSE (AD) 2009]

20. A wire of length 34 m is to be cut into two pieces. One of the pieces is to be made into a square
and the other into a rectangle whose length is twice its breadth. What should be the lengths of the
two pieces, so that the combined area of the square and the rectangle is minimum?

[CBSE (F) 2017]



21. Show that the rectangle of maximum perimeter which can be inscribed in a circle of radius r is the
square of side ry2. [CBSE Delhi 2011]

22. Show that the rectangle of maximum area that can be inscribed in a circle is a square.

[CBSE Delhi 2008, 2011]
Answers
1. (i) (@) (i) () (i) (a) () (a) (@) (a) (vi) (b)
(vii) (c)  (viii) (a)
1 : ’ -3 69)
2. —— units 3. (-, -2) 4. a=120 5. 68 units 9. (—, —)
2yn 47 4
10. (a) (=1, 0) U (2, ) (b) (=00, -1) (0, 2) 12. Local maxima at 0, -5; and local minima at -3
13. Length = 12 cm, breadth = 6 cm and maximum volume = znﬁ em® 15. 3 cm’/sec
16. Local maximum value = ;5, local minimum value = - /2
. 5 _x 5n . n
17. Absolute maximum value = " at x= 6 and - absolute minimum value=1atx =0, 3 and
18. (1,2) U (3, ); (-0, 1) W (2,3) 19. 240 items  20. 16 m, 18 m
1Ll



