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6. Application of Derivative
(Class X1l CBSE Board Exam Models from 2022-2025 with solutions)

6.1 Rate of change :

a. Algebraic :
1.

Find the points on the curve 6y = x® + 2 at which ordinate is changing
8 times as fast as abscissa.

Sol.

Differentiating both sides w.r.to t, we get 6% = 3x* Z—f

dx dx
6.8— = 3xX’—=x=14
dt dt

Points are (4,11) and (- 4, —3—31)

| prepared by : BALAJI KANCHI |

2.

Find the point on the curve y? = 8x for which the abscissa and ordinate
change at the same rate.

Sol.

dx d
Here, ==X
dt

dt

Given y? =8x gives 2y. % = 8%
= 2y=8ory=4
Also, y =4 gives x = 2.

Thus, the point (2, 4)
|prepuredb¥: BALAJI KANCHI |
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3.
A particle moves along the curve 3y = ax? + 1 such that at a point with
x—coordinate 1, y—coordinate i1s changing twice as fast at x—coordinate.
Find the value of a.

Sol.
[l 3
Differentiating equation 3y =ax’ +1 with respect to x’, 3 d—‘ = 3ax’
X
: dy 2
Taking x=1, —=2, 3(2)=3a(1) =>a=2
=
4.

For the curve y = bx — 2x3, if x increases at the rate of 2 units/s, then how

fast is the slope of the curve changing when x = 2 ?

Sol.
P=5x—2%
Given@ = 2units/s
dt
dy 2
slopeof thecurve=—-=5—-6x"=m
dx
ST A O W
dr dt
dm
atx=2,—=-24(2)=-48
dt

Hence.slopeof curveisdecreasingat therateof 48
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b. Area/perimeter/circumference of circle:

1.
If the circumference of circle is increasing at the constant rate, prove that

rate of change of area of circle 1s directly proportional to its radius.

Sol.
Let ‘r’ be the radius, C the circumference and A the area of the circle.
Then, ac =k (Constant), also C=2ntr = £ = 2:r|:E — o = X
dt dt dt dt 2=n
A=mr'= g = 21|:E =2nr- 1] =kr, .. the rate of change of area is directly
dt dt 2n

proportional to its radius

2.
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 radius r =5 cm ?

Sol.
Let C= 2nr, be the circumference of the circle,
d( nr’ d
u= Zﬁ—r=—cmlsec
dt dt mr
dC dr 2 2
i T cm/sec at r =Scm preparsaby - BALAJI KANCHI |




@kanchibalaji7
+91-8099454846

@ikbmaths7

c. Area/perimeter/diagonal/sides of a rectangle :
1.

The area of an expanding rectangle is increasing at the rate of 48 cm?%/s.
The length of the rectangle is always square of its breadth. At what rate
the length of rectangle increasing at an instant, when breadth =4.5cm ?

Sol.

Let the length and breadth of the expanding rectangle at any time be ‘X’ and ‘y’
respectively.

3

Thena X= yz ’ A(Al‘ea) =Xxy= xi

dd _3 r—dx
dt 2 dr
g (4.5)2§=~£=ﬁcmfs
2 dt  dt 9

d. Area/perimeter/median/altitude/sides of a triangle :
1.

A ladder 13 m long is leaning against a vertical wall. The bottom of the
ladder is dragged away from the wall along the ground at the rate of

2 cm/sec. How fast is the height on the wall decreasing when the foot of
the ladder is 5 m away from the wall ?

Sol.
x%+y? =169
Differentiate both sides w.r.t. t
dx dy 13
ZxE + 2y Ed— 0 y
= 12(2) + 5 (d—i") = Qi =129 ¥ =5l
dy 24 &
= —_—= ——
dt 5

24
Hence, the height decreases at the rate of < m /s
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2.
If equal sides of an 1sosceles triangle with fixed base 10 cm are increasing
at the rate of 4 cm/sec, how fast is the area of triangle increasing at an
mstant when all sides become equal ?

Sol.
. dx
/N Let the equal side be °x’, then —=4cm/s

2;,/ '\‘\ dt

/ “‘-\,..\x A=5Vx"-25 = da = — %

Y dt x> =25 dt

@} it
* dt =10 \/i
| preparsd by : BALAJI KANCHI
3.

The median of an equilateral triangle is increasing at the rate of

2+/3 cm/s. Find the rate at which its side is increasing.

Sol.

In an equilateral triangle, median 1s same as altitude. Let ‘h’ denote
the length of the median (or altitude) and °x’ be the side of

A ABC.
A
B c
A3 2h .
Then,h= —x or x=— 1
2 NE) — O

i dh :
It 1s given that a =23 80, by (1) we have

[ prepared by : BALAJI KANCHI
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4,

The side of an equilateral triangle i1s increasing at the rate of 3 cm/s. At

what rate its area increasing when the side of the triangle is 15 ¢cm ?
Sol.

d
Let'a'bethe sideofthetriangle,so—a=3 cm/s

’ . . 3
Now areaof anequilateral tr1angle,A=%u2

_dA_ J3a da
dt 2 dt
dA J3x15 . 453
. .E =TX3= 2 cm /S |prapuredb)r= BALAIJI KANCHI |
a=15¢m

e. Cube volume/surface area changing:
1.

The volume of a cube is increasing at the rate of 6 cm3s. How fast is the
surface area of cube increasing, when the length of an edge is 8 cm ?

Sol.

Gd\-'en,T =6 cm’ /sec. Since. ) = x*
t

dv 5 E ,dx  dx

e R S ST = cm/ st

dt dt dt dt x

Now, Surface Area =S = 6x° = ﬁ = 12.\”ﬁ =3 cm’/sec

dt dt
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2.
The surface area of a cube increases at the rate of 72 cm?/sec. Find the

rate of change of its volume, when the edge of the cube measures 3 cm.

Sol.
Let edge of cube be ‘x cm’

S= 6x2,§ =72cm’/sec = 123{E == dx_6
dt dt

dt x

Volume, V=x'= Y 3x’ o Ixx’ xE = 18x, dy = 54cm’ /sec
t dt X dt | _,

.. Volume is increasing at the rate of 54 cm?/sec

|prepured by: BALAJI KANCHI |

f. Volume/Surface Area of Sphere :

1.
The radius of an air bubble is increasing at the rate of 0-5 cm/s.
At what rate is the surface area of the bubble increasing when

the radiusis 1'5cm ?

Sol.

e 0.5cm/s (given)

dt
Now, S =471

ds dr
=—=8zr.—
dt dt

—Cis—} :8;1'(1.5)(0.5):677ch/3
df r=1.5cm

[ prepared by: BALAJI KANCHI
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2.
Surface area of a balloon (spherical), when air is blown into it, increases

at a rate of 5 mm?%/s. When the radius of the balloon is 8 mm, find the

rate at which the volume of the balloon is increasing.
Sol.

ds av
— = 5 mm?/s, (—) =3
r=8

dt de
ds dr dr 5
S=4mr? 2> —=8nr.— > — = —
dt dt dt 8nr
4 dv dr v 5
Vemr® =2 —=4m?— =5 —=r
3 dt dt at 2

=3 (i—‘:)rza =20 mm3/s

3.
Let the volume of a metallic hollow sphere be constant. If the inner

radius increases at the rate of 2 cm/s, find the rate of increase of the

outer radius when the radii are 2 cm and 4 ¢m respectively.

Sol.
dr d_R =
dt 2cm /S” (dt)R=4,r=2 5
r_4 3 .3 av _ 4 2 AR, o dr
\—3Tr(R r):>dt 311:(3R = 31 ar)
When R=4cmand r=2 cm,
. 2 4R 2
g = 311'[3 (4) ¢ e 3(2)° ()]
drR 1
E — E Cm/s |prepuradh)r: BALAIJI KANCHI |
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5.

A spherical medicine ball when dropped in water dissolves in such a way
that the rate of decrease of volume at any instant is proportional to its
surface area. Calculate the rate of decrease of its radius.

Sol.

Let ‘V” and ‘S’ be the volume and surface area of the spherical medicine ball with
radius ‘r’.

d—V =—kS, k>0
dt
V=i7rr3 =>ﬁ=47n'2 ﬁﬁ—kls'=47rr2d—y
3 dt dt
=> —k(4:rr2 ) =47xr’ d_r =5 ﬁ ==k
dt dt
.. Radius decreases at a constant rate. prepared by : BALAJI KANCHI

g. Volume/Surface Area of cylinder :
1.

The radius of a cylinder is decreasing at a rate of 2 cm/s and the altitude
is increasing at the rate of 3 cm/s. Find the rate of change of volume of

this cylinder when its radius is 4 cm and altitude is 6 cm.

Sol.
dr dh dv
—=—-2cm/s, —=3cm/s (—) =7
dt /s, dt /s dt/y=4h=6

dv dr dh
V=arth=> —=2nr.— h+ m?*—

di dt dt

When r=4 ¢cm and h=6 cm,

= = 2m(4)(-2)(6) + 1 (4 (3) = - 48 w cm/s

Volume is decreasing at the rate of 48 7 cm’/s
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2

A cylindrical water container has developed a leak at the bottom. The water

is leaking at the rate of 5 cm3/s from the leak. If the radius of the container

is 15 cm, find the rate at which the height of water is decreasing inside the
container, when the height of water is 2 metres.

Sol.
LetV.r.,h bethe volume,radiusand heightof cylindrical container.
Glven® = e s
dt
V=rr’h=r(15)" h=2257h
ﬂ = 22575@ =-5 :225;7ﬁ
dt dt dt
dh 5 1
—5 e A s

dr 2257 457

: . . 1
.Height of the waterisdecreasingat therate Of4T cn/s
57
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h. Volume/Surface Area of cone :
1.
Sand is pouring from a pipe at the rate of 15 cm3/minute. The falling sand
forms a cone on the ground such that the height of the cone is always one-

third of the radius of the base. How fast is the height of the sand cone
increasing at the instant when the height is4 cm ?

Sol.
Let °V’ be the volume, ‘h’ and ‘r’ be the height and radius of the cone,
=5, ¥ _ 15 cm® jmin
3 dt

¥ =%11:r2h =3rh’

d(n’
::»i T h =15=>31’|:(—)=15:>ﬂ =i, =icm/min
de{ 3 dt dt |,_, 3mh”|,_, 48=n

| prepared by : BALAJI KANCHI |
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6.2.Increasing/decreasing :
Show that/Prove that function increasing/decreasing :

a. Algebraic quadratic/cubic polynomial :

1.
Consider the statement “There exists at least one value of b € R for

which f(x)= %, b # 0 is strictly increasing in R — {0}.”

State True or False. Justify.

Sol.

The given statement is “True”.

: b
P = =—
(%) 7

forb<0, {'(x) >0 1n (—,0) and (0, o)

- f(x) 1s strictly increasing in both these intervals.

| prepared by : BALAJI KANCHI

2.

If fix)=x+ % , X > 1, show that fis an increasing function.
X

— > Oforallx=>1
2

= f'(x)=0= fisanincreasing function.

Now
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b. Trigonometric:

1.
Prove that y = REg f is an increasing function of 6 on [O,E].
Y 2+ cosl 2
Sol.
; 4sin x - cosx(4—cosx)
Jx)=———x= f(x)= :
2+cosx (2+cosx)
s x(4 —cos >
when x €0, E], cosx>0= 2 i COS, 5 >0
2 (2+cosx)
Thus, /' 1s increasing on [0, g]. [breparedby: BALAJI KANCHI |
2.
Show that the function f(x) = Ll X, 1s strictly decreasing in (E, n] :
4 +cos x 2
Ans o 16[4 + cos x] cos X + 16 sin % x
ks = = 1
(4 +cos x)~
_ cos X (56 — cos X)
(4 +cos X)2
= prepared by : BALAJI KANCHI |
in(;, n),cosx<0=1"(x)<0
T o O
2 (%) 1n strietly decreasing in (; , )
3.
Show that the function f given by f(x) = sin x + cos x, is strictly decreasing
in the interval E, 5—“]
4 4
Sol.

f(x)=sinx+cosx= f'(x)=cosx—sinx
T Sw : . T 5w
'(x)=0= x=—,— Thus,in the interval, —,— | f'(x) <0
£ e 227w

: . A T 5w
- f 1s strictly decreasing function on (I—

1 ) [ prepareany: BALAJI KANCHI |
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4,

Show that f(x) =tan™! (sin x + cos X) is an increasing function in [0, ﬂ

Sol.

I 1 -
f'(x) = TR (cos x — sinx)

m .
Forx € [O’Z]’ €COS X = sin X

= f'(x) =0, fis an increasing function in [ 0,%]

5.
If fix) = a(tan x — cot x), where a > 0, then find whether f(x) is increasing

or decreasing function in its domain.

Sol.
2

f'(x) =a(secs x + cosec2 X)

2

Asa>0 and sec? x , cosec” x are squares, f'(x)>0

. f(x) 1s an increasing function in its domain.

|prspuredh¥: BALAIJI KANCHI |
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c. Exponential:
1.

Show that filx) =eX—e* + x — tan~! x is strictly increasing in its domain.

Sol.
ffx)=e*+*+1— .
1 +x?
—e% £ — 4 x22>0foralleR
e¥ " 1+x

- ['1s strictly increasing over its domain R [prepared by : BALAII KANCHI |

Finding increasing/decreasing intervals :

a. Algebraic quadratic/cubic/biquadratic polynomial

function :
1.

Determine whether the function fix) = x? — 6x + 3 is increasing or

decreasing in [4, 6].

Sol.

fx)=x2 — 6x + 3, x € [4,6]

We have f'(x)=2x—6

For all x such that 4 <x € 06, 2<2r—6 <6

= f'(x) > 0 forall x € (4,6)

Hence, f 1s increasing over [4, 6].  [preparsaby: BALAJI KANCHI |




B @kanchibalaji7
/i

A8 (9 +91-8099454846

(@) @ikbmaths?

2.

Find the interval in which the function fix) = 2x3 — 3x is strictly
ncreasing.

Sol.

Here, f(x) = 2x3 - 3x

(%) = 6% =3 =32~ 1)

Now, f'(x) = 0= x:J_rj—E

; ; " e 1 1
f(x) is strictly increasing in (— 00, — &) U (ﬁ, 00)
| prepared by : BALAJI KANCHI |

3.
Find the interval in which the function x3 — 12x? + 36x + 17 is strictly

increasing.

Sol. f(x)=3x"—24x+36=3(x—2)(x-6)
f isstrictlyincreasing, £ /(x)> 0
3(..\"—2](1'—6) > 0:"1‘6(—0012)U(6,':0)

[preparedby : BALAJI KANCHI |

4,
Find the intervals in which the function f(x) = x* — 4x3 + 4x2 + 15,

is strictly increasing.
Sol.

£(x)=4x" 120" + 8y =4x (v —1) (x-2)
f I(x) — Ogi\»’es X = 031': 2
for strictly increasing, /' ( \) >0

xe(0,1)U(2,) [repared by - BALAJI KANCHI |
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5.

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

Sol.

f'(x)=4x" -12x* =4x*(x-3)

= 4x*(x—3)<0forx<3,x#0

= f{(xX)<0forx<3,x#0

Thus, f(x) =x"—4x" +10 is strictly decreasing on (—0,0)w(0,3)
OR

Thus, f(x)=x"—4x" +10 is strictly decreasing on (=0, 0]w[0.3]

6.
Find the interval in which the function f(x) = x> + id , x # 0 is decreasing.
X
Sol.
fl(x)=3 -
6 e 3
£ (x)zo::,Lx:l) P _i)4(" )
=sp==11 (oxzl)

~. f(x)isdecreasing when x e[-1,1]-{0}

| prepared by : BALAJI KANCHI
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6.
Determine those values of x for which f(x) = 2 _ 5, x # 0 is increasing or
X

decreasing.
Sol.

p -2

f'(= — <0
X

Hence f is decreasing in its domain.

7.

Find the interval in which f(x) = x + — is always increasing, x # 0.
X

Sol.

f’(x)=1—L7 = -
X %

f‘x)=0givesx=1, -1

f1s decreasing in (-1, 0) U (0, 1)as f “(x) <0

fismmcreasmgmm R - (-1, 1)as ' (x) >0

2

8.

3 5
Find the intervals in which function f(x) = 5x2 — 3x2 is (1) increasing (i1)

decreasing.
Sol.

f (x)=5x3’2—3x5’2:>.f'(x)=%\/; (1-x)

Forincreasing/ decreasing,put f'(x)=0

=>x=0,1

(/)Whenxe[0,1], f'(x)=0.So, f isincreasing when x € [0,1]
(Theintervals(0,1),[0,1)or (0,1]canalsobeconsidered.)
(ii)Whenxe[1,0), f'(x)<0.So, fisdecreasing when x € [1,00)

(Theinterval(1,c0)canalsobeconsidered.)

|prepareﬁhv= BALAJI KANCHI |
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9.
Determine the values of x for which f(x) =

-4 ) ) )
, X # —1 1s an increasing
x+1

or a decreasing function.

Sol.
f'(x) =

x+1-x+4 5
(x+1)2 (x+1)2

Hence f 1s increasing in its domain.
10.

Find the values of ‘a’ for which f(x) = x2 — 2ax + b is an increasing function

for x > 0.

Sol.

f'(x)= 2x—2a
0<x<o=>-2a<2x-2a<o=>-2a< f'(x)<w
£ (x) is increasing iff '(x) >0

= -2a €[0,0) = a € (—,0] or (—x,0)

11.
Find the least value of ‘a’ so that f(x) = 2x2 — ax + 3 is an increasing

function on [2, 4].

Sol.
f'(x)=2x2 —ax+ 3:>_]‘"(X)=4x—a

Now2<x<4—=8—-a<d4x—a<lb-a

For f tobeanincreasing function, f'(x) > 0
—>8—a=20=>a<8

.. Least valueof ¢ doesnot exist.
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b.Trigonometric function:

1.

Find the intervals in which the function given by

f(x) =sin 3x, X € [0, g] 1s (a) increasing (b) decreasing.

Sol.

l‘( )—qux:}f (1() 0:>3c0s3x—0:>x_%

&
2
f!(x) =20,Vxe| 0, %] = f(x) is increasing on [0,%

f'(X)SO,Vxe z ;]:>f(x) is decreasing on [ }

2.
Find the interval/intervals in which the function f(x) = sin 3x — cos 3x,

0<x< % is strictly increasing.
Sol.
f'(x) = 3 cos 3x + 3 sin 3x

f’(x) =0=>sin3x=—c053x=;.x=g

Forx € (O,E), 3cos3x+3sin3x> 0

= f'(x)> 0, fis strictly increasing function in (0, E) or (0, |
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==

3.
Find the values of ‘@’ for which f(x) = J3 sin x — cos x — 2ax + b is

decreasing on [R.

Sol.
‘f * is a decreasing function iff f'(x) <0=> \Ecosx+sinx——2a <0
:‘»sin[x+§]$a
Weknow that for all x eR,—lSsin(x+§)Sl

=ael, oo) 01'(1,00)

OR
f'(x) = 3 cos 3x + 3 sin 3x
f'(x) = 0= sin 3x=— cos 3x:>x=§
Forx € (O,E), 3cos3x+3sin3x> 0 [ preparedby: BALAJI KANCHI

= f'(x) > 0, fis strictly increasing function in (0, 5 or (0, z
4 4

4,

Find the values of ‘a’ for which f(x) = sin x — ax + b is increasing on R.

Sol.
f'(x) =cosx —a

For f(x) to be increasing, f'(x) = 0
[.e.,c0SX = a
Since, —1 < cosx <1

s>a<-1

Hence, a € (—o0, —1]. (Also, accept @ € (—00, —1))  [preparedby: BALAJI KANCHI |
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d. Logarithmic function:
1.

Find the sub-intervals in which flx) = log (2 + x) — , X>=2 1is

2+x

increasing or decreasing.

Sol.

, I
= =

Sign of f'(x) ~ 4

I
-2 0

A4

f(x) is decreasing in (— 2, 0)
and increasing in (0, =)

Find the intervals in which the function f{x) = Ioix is strictly

increasing or strictly decreasing.

Sol.
flx)==]

forstrictlyincreasing/decreasing, put /' (x) =0=x=e¢

log x _1-logx

ﬁtf’(X) T;x>0

for strictlyincreasing, x € (0, ¢) and forstrictly decreasing xe(e, )
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6.3 Maximum/minimum value :

a. Polynomial/algebraic/log function :

If Intervals are not given :
1.
Show that the function fix) = 4x3 — 18x2 + 27x — 7 has neither maxima

nor minima.

Sol.

f' (x) =12x* — 36x + 27
=3(2x-3)2=0forallx €R
~ fisincreasingonR.

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

2.
Find the local maxima and local minima of the function

fix) = gx:’ —12x2 + 18x + 5.

Sol.
8 7, ]
f(x):gx‘ —12x* +18x+5
= f'(x)=8x*-24x+18
=2(4x* ~12x+9)=2(2x-3)’
For critical points, Put f(x)=0

=2(2x-3)" = 0:>x=%

; , : 3 .
since /”(x)doesnot change thesign ascrosses x:E fromleft toright,

/ hasnolocalmaxima or local minima.
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3.

; ; 3 2
Find the maximum slope of the curve y =—x" + 3x~ + 9x — 30.
Sol.

y==x+3x"+9x-30

Slopeof the curve, m = -@:—sz +6x+9

dx
dm
—=>—=—06x+6
dx
: 2 4 dm
For maximum/ minimum slope, put —=0
X
=a=1
d’m : :
As———=—06<0 ..mismaximumat x=1
2

Maximumslope=-3(1)"+6(1)+9=12

4.,
If M and m denote the local maximum and local minimum values of the
function f(x) = x + 2 (x # 0) respectively, find the value of (M — m).
- .
Sol.

o 1 =1 (e+Lx—1)
f(x)_l_ﬁ_ x2 X

F)=8=%=-1.1

frE)===f"(-1)=-2<0

. -1 1s a point of local maximum

The local maximum value = f(—-1) =-2=M
Fr(a) =2 ped

- 1 1s point of local minimum

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

M—m=—4 | prepared by : BALAJI KANCHI |
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5.

Find local maximum value and local minimum value (whichever exists)

1
for the function f(x) = 4x2 + . (x#0).

Sol.
fx)=4 x% + i (x #0)

; (X)ZSX—%ZO
=2 X = =
2

1 x) = R, —
ffx) =8+ =>0 atx=-

- 1
~ Local minmimum value = f )=3 | prepared by : BALAJI KANCHI

The relation between the height of the plant (y cm) with respect to
exposure to sunlight is governed by the equation y = 4x - %xz, where x is
the number of days exposed to sunlight,

(1) Find the rate of growth of the plant with respect to sunlight.

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

Sol.

(i)y=4x- %xz % =(4—x)cm/day

(z’z’)Formaximumheight,% = 0=x=4days

as d_{” < 0,numberof days=4
dx”

Now, Maximum height=y(4)=16 - %(l 6)=8cm
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7.

It is given that function flx) = x* — 62x% + ax + 9 attains local
maximum value at x = 1. Find the value of ‘a’, hence obtain all

other points where the given function fx) attains local maximum
or local minimum values.
Sol.

f(x)=x*-62x" +ax+9= f'(x)=4x" -124x+a

asatx =1, f attains local maximumvalue, f'(1)=0=a=120

now, f”(x)=4x’ —124x+120=4(x—I)(Jr2 +,\'—30)=4(x—l)(x—5)[x+6)
Critical pointsare x=—6,1, 5

S (x)=12x* —124

£7(=6)>0, /"(1)<0., 17(5)>0

so f attamns local maximum value at x = 1 and local mmmum valueat x =—6, 5

8.

log x

Given that f(x)= , find the point of local maximum of f(x).

Sol.
f'(x)= l—l?gx 5 & f'(x)=0:>10gx=1:> x=e
i 2xlog x —3x » 1 ; X " ;
f (x)=—4=>f (e):——3<0 i.e. X = e is a point of local maximum.

X e
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If Intervals are given :
1.
Find the absolute maximum and absolute minimum of

function f(x) = 2x% — 15x% + 36x + 1 on [1, 5].

Sol
f(x)=2x"-15x" +36x+1

= f'(x)=6(x" —5x+6)=6(x-2)(x-3)
F'lz)=0=>x=23¢[15]
Now f(1)=24,1(2)=29,1(3)=28, f(5)=56

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

2.
Find the absolute maximum and minimum values of the function

fix) = 12x*3 - 6}(1!3, x € [0, 1].
Sol.
3
f'x)= 16 x5 — =

x3

For critical points, f'(x) =0

1.
S IBx=2= X = E
f(x)
0
1 _Tg (Absolute minimum)
8
1 6 (Absolute maximum)

| prepared by: BALAJI KANCHI
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3.
Find the absolute maximum and absolute minimum values of the

function f given by f{x) = % + %, on-the interval [1, 2].

Sol.
7”(7c)=i-|-E : re[l,2]
X
I(y=1_2
:>f ("Y)_2 x:

for absolute maximum /minimum, put /'(x) =0

=y =4=x=2

Now,f(l)zgandf(.?)zz

. 5 .
- absolute maximum value = E and absolute minimum value=2

| preparedby: BALAJI KANCHI |

b. Trigonometric function: o
1.
Prove that fix) = sin x + +/3 cos x has maximum value at

X=_.
6

Sol.
£7(x) =cosx - V3 sinx
v TN
Clearly f (E) =0
£7(x) = -sinx - V3 cos
- a1 T
Clearly f () < 0
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2.
Find the maximum and minimum values of the function given by
f{x) = 5 + sin 2x.
Sol.
We know that - 1<sin2x<1

=>4<sin2x+5<1+5
=>4<sin2x+5<6

So, maximum value is 6 and minimum value is 4

c. Max/min/least - Area/perimeter:
1.

Show that of all the rectangles with a fixed perimeter, the square has the
greatest area.

Sol.

Let P be the perimeter of the rectangle, which is a constant. Also assume ‘x’ and ‘y’
be the length and breadth of the rectangle, then

2(x+ y) =P and A(Area) =Xy = %(P—Zx): %(Px— 2x3)

4

A(x)=5(P-4x), - A(x)=0=x="y=1

L
A"(x) =-2<0atx= 1’ . Area of the rectangle is max. if it is a square.
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2.

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

Sol.

Let the rectangle with sides X and y has maximum -
area

A = x.y where x%+y?%=4r%r being the

radius

A = xvV4r? - x?
orZ = x?2(4r? — x?) = 4r’x? — x* , where Z = A?

L _gr2x—4x3, L=0 = x=+7r
dx dx

ny =+V4r2 — 2r? = \2r

g =BF*— 12%% < 0 fir * = ¢

.°.x:y:\/§r

Therefore, of all the rectangles mscribed 1n a given circle, the square
has the maximum area.

[ prepared by : BALAJI KANCHI |
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d. Sum/product of two numbers max/min :

1.

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.

Sol.

Let the two numbers be X and y. Then, x +ty=50ry =5 —x
Let S denote the sum of the cubes of these numbers. Then
S=x>+y*=x*+(5-x)*

% = 3x2—3(5 —x)% = 15(2x — 5)

S :
Now — =0, gives x = 2
dx 2

B |t

Showing S 1s minimum at x =

. 5 5
So, the two numbers are = and =

2 L ,2_25,25_125
:>x+y—4+42
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2.

If the product of two positive numbers is 9, find the numbers so that the
sum of their squares is minimum.

Sol.
9 . 2 8]
Let numbers be x and; & required sum = x- + — = f(x) say
"
162
f(x) = 2% — —2
XJ
f(x)=0 =>x=3 prepared by : BALAJI KANCHI

showing f(x) is minimum at x =3
. sum is minimum when both numbers are 3

2.

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

Sol.
289 ,
Let numbers be ‘x” and “y’ such that xy =289 = y=——, ‘S’ be their sum, then
X
289
S=x+y=x+——
X
45 =1- i? ,E =0= x=17, a positive integer
dx x° dx
d’s

X

—2i| = 289[%}} >0, .. S is minimum when x=17,y =17
dx =17 : x=17
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f. maximu/minimum/greatest/largest/least Volume :
1.

The perimeter of a rectangular metallic sheet is 300 em. 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.

Sol.
Let length of rectangle be ¥ cmand breadth be (150 — x) em.

; . s x
Letrbe theradiusof cylinder=2zr=x=>r=—

27
2 2 3

V=nrh=r Y— (150-;;):75"( X

dr- p% .Y, 4
dV _150x 3 3x?
dx 27 4r
4l =0—23x=100em
dx
1217
d E =—E<0:>V 1s maximum when x=100cm.
dx- =100 cm T

Length of rectangle1s100 cmand breadth of rectangle1s 50cm.

| prepared by : BALAJI KANCHI |
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2.

Find dimensions of a rectangle of perimeter 12 cm which will generate
maximum volume when swept along a circular rotation keeping the
shorter side fixed as the axis.

Sol.

Let Length and Breadth of the rectangle be ‘x” and “y’ respectively. Also ‘r’ be the
radius of the cylinder then,

2(X+y)=l2zx+y=6, 2pr=x

i o 2 _ X : _ 1 2 3
V(Volume of cylinder)=mr'y = V= n(ﬂ) (6-x)= E(ﬁx -X )

: 1 2
Vi(x)=0=>_—(12x-3x') = 0= x=4, (vx=0)

V”(x)=4in(12—6x)=> V"(4)=—%<0

The volume of the cylinder obtained by the rotation will be maximum if the
dimensions of the rectangle are x=4 cm,y =2 cm.
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Case study :

1.

A factory makes an open cardboard box for a jewellery shop from a square sheet of side
18 em by cutting off squares from each corner and folding up the flaps.

R AR

b oy P

Based on the above information, answer any four of the following five questions, if x is

the length of each square cut from corners : 4x1=4
(1) The volume of the open box is :

(A)  4x (x2-18x + 81)

(B)  2x(2x2 + 36x + 162)

(©)  2x(2x2 + 36x—162)

(D)  4x(x2+18x + 81)

(11) The condition for the volume (V) to be maximum is :
2
Ty R A e B
dx dx?
2
(B) ﬂ =0 and H >0
dx dx?
2
(C) ﬂ>0and deO
dx dx?
T 2
(D) db <0 and iy =0
dx dx?
(111) What should be the side of square to be cut off so that the volume is maximum ?
(A) 6 cm
(B) 9cm
(C) 3 cm
(D) 4 cm
(iv) Maximum volume of the open box is :
(A) 423 em?
(B) 432 cm?

(C) 400 ¢m3
(D) 216 ¢m3
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The equation of the path traced by a roller-coaster is given by the
polynomial fix) = a(x + 9) (x + 1) (x = 3). If the roller-coaster crosses y-axis

at a point (0, — 1), answer the following :

TV,

(1) Find the value of ‘a’.

(ii) Findf"(x)atx=1.

Sol.

(ir-1=a(-27) = a= %

o ]
Y = r ( r -_q
(1)f(x) - x+9x+1)(Ex-3)

- x3+7x2 - 21x - 27)
27

i

f'(x)= L3 (3x2 + 14x — 21)
il e

6x + 14
27

20
(1) = = propared by : BALAJI KANCHI

f“(X) )
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3.

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 em?/s. The semi-vertical angle of the conical tank is 45°.

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

(1) Find the volume of water in the tank in terms of its radius r.
(ii)  Find rate of change of radius at an instant when r = 2+/2 em.

(111) (a) Find the rate at which the wet surface of the conical tank is
decreasing at an instant when radius r = 2+/2 cm.

OR

(iii) (b) Find the rate of change of height ‘h’ at an instant when slant
height is 4 cm.
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Sol.
: I .5 : .
(= g i = 3 wh [ as 6 = 45° gives r = h]
_dv ,dr
o r —
(11)3 T r

[dr J 1 .
= | — = — — cm/sec
dt J, =22 AL

Y C = nil =T 1= 3 o

dt
(%) 2

— =—2 cm-/sec

dt/y =22
OR
(ifi)(b) 17 = h% + 17
=4 =>r=h=242
h=r =>&-3__ 1 em/sec

dt dt a1 prepared by : BALAJI KANCHI

4,
Engine displacement 1s the measure of the cylinder volume swept by all

the pistons of a piston engine. The piston moves inside the cylinder bore

" Alumimium
N ? /_ oyhinder head
e
(_'ombusuon\j Iy
chamhbeor Jﬁ-d' Cylinder hoad
Fi 73 \

surfaee Lhat i=
i- uyﬁ muarhined dat
o § Piston

Fngine blnri{-—"'; )

A &
Cine complete epele of o Dnge-cylmdar four-
atrole angine. The volume dirplaced is markad

The cylinder bore in the form of circular cylinder open at the top 1s to be

made from a metal sheet of area 757 cm?.

Based on the above information, answer the following questions :
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(1) If the radius of cyh'nder 1s r cm and height 1s h cm, then write the

volume V of cylinder in terms of radius r.

dVv
dr

(11) Find
(1) (a) Find the radius of cylinder when its volume 1s maximum.

OR

(b) For maximum volume, h > r. State true or false and justify.

Sol.

75-r’ T
’ 3 e _ S S T L .3
(i) o+ 2mrh =75m = h=— ,..V—nrh—z('?Sr r')
.. dV 1w 2
1) —=—(75-3r
() dr 2( )

dv d’v
(iii) d_ mf)=r=5, :| = g(—ﬁr) < 0 . volume is maximum when r=5
r &5 P

dr’
Or
False,
dv d’Vv
(l_ m=br=3, a5 j| = §(~6r) < 0 . .volume is maximum when r=5
r )
755

=8=h=r

As volume is maximum at r=5=>h=

2(5)
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5.

The use of electric vehicles i1s increasing every year and estimated electric

vehicles in use at any time t is given by the function V :

t2+ 25t — 2

o |on

1
Vit) =5 t9—
where t represents the time and t = 1, 2, 3.... corresponds to year 2001,
2002, 2003, ....... respectively.
Based on the above information, answer the following questions :

(1) Can the above function be used to estimate number of vehicles in the

year 2000 ? Justify.
(11) Prove that the function V(t) is an increasing function.

Sol.

(i) For the year 2000, t=0& V({]) = —2 and the number of vehicles cannot be negative
.. the given function V(t) cannot be used.

D

3 5) 875
(ii) V'(t) = gl“" ~5t+25= é[(t —Z—;J + 8376"] >0, .. V(t) is an increasing function.
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6.
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 ¥ 5,000 per square metre and cost of digging
increases with depth and for the whole tank, it is ¥ 40,000 hz, 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

CATCHMENT

CONDUIT —

: RECHARGE STORAGE
FACILITY FACILITY

T

Based on the above information, answer the following questions :

(i)  Find the total cost C of digging the tank in terms of x.

G} Find o2,
dx

(i11) (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.
Ans(1)

Ans(11)

Ans(iii)

Ans(ii1)
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(i) C = 40000h2 + 5000x2

as xzh =250

40000 (250)?
x‘!-

= € + 5000x?

.. dC _ - 160000 (250)2
(11) T + 10000x
(111)(a) For minimum cost % =0
= 10000x° = 250 %250 x 160000

%= 10

s Z>Oatx=10
dx

showing

.. cost 1s minimum when x =10

[ prepared by : BALAJI KANCHI

OR
(i) = ‘—'GOO‘EQWJQ + 10000x

X _0 gives x = 10

dx

£ > 0in (10, 00) and d—C< 0 1n (0, 10).
dx dx

Hence, cost function is neither increasing nor decreasing for x > 0
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7.

A volleyball player serves the ball which takes a parabolic path given by

the equation h(t)= —% £2 12—3 t+1, where h(t) is the height of ball at any

time t (in seconds), (t = 0).

e L)
A V8% T
{( €. } |

-
- e
-~

—9'm

Based on the above information, answer the following questions :

(i)  Is h(t) a continuous function ? Justify.

(11) Find the time at which the height of the ball is maximum.



Sol.

Ans(1) X
Oh=-2¢2 + 2¢ + 1
2 2
Clearly h(t) 1s a polynomual function, hence continuous.
Hence h(t) 1s a continuous function.
Ans(11)
(1)For maximum height ,
Z-0=-Tt+==0
at 2
13
=l =
14
2
f W2 & height is maximum at t = =
dt2 14
[prepareay: BALAJI KANCHI |
8.

Sooraj’s father wants to construct a 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.

o — 4+ 4% 5 & § 1 L [ [ iy
———— g — 1
=i i
= . + ; 1111418
- ¥ il i
——— s i !
= - e = i it
— s v 4 { 1
HH '
- 1 i |
Hi !
il |
i ¥
|
\
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Based on the above information, answer the following questions :

(1) Let ‘X’ metres denote the length of the side of the garden
perpendicular to the brick wall and ‘y’ 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 A(x),

the area of the garden.

(ii)  Determine the maximum value of A(x).
Sol.
(1) (@) 2x+y =200
(b) A(x) = xy=x(200-x)

S
>

Xm
Xm

Brick

Wall

(ii) From (a) and (b) of (1) we have
A(x) =x(200 - 2x)
=200x - 2x*
From max./min of A(x)

L-9p i.e.200-4x=0
dx

=% =50
d?A

dx?

dZA
(dxz)x=50 < 0

Hence, A(x) is maximum atx = 50
Thus, Max A(x) = 200(50) - 2(50)?
= 10000 - 5000
= 5000 sgm.

[ prepared by : BALAJI KANCHI
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9.

A housing society wants to commission a swimming pool for its residents.
For this, they have to purchase a square piece of land and dig this to such
a depth that its capacity is 250 cubic metres. Cost of land is T 500 per

square metre. The cost of digging increases with the depth and cost for
the whole pool is ¥ 4000 (depth)2.

Suppose the side of the square plot is x metres and depth is h metres.

On the basis of the above information, answer the following questions :
(1)
(i1)  Find eritical point.

(i) (a)

Write cost C(h) as a function in terms of h.

Use second derivative test to find the value of h for which cost

of constructing the pool is minimum. What is the minimum
cost of construction of the pool ?

OR

(b) Use first derivative test to find the depth of the pool so that

cost of construction is minimum. Also, find relation between x
and h for minimum cost.

(1ii)
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Sol.

(1) Capacity = areaxdepth=x’h = 250=x° = %

C (cost)=500x> + 4000/

= C=500(? ) + 40001 = 125;000 +4000%
1
(ﬁ)dC __ 125000 oo
" an i
dC

—:0:>h:£mor2.5m
dh 2

d’C 2

(ii)(a) o =—125000(_—J+8000=250000

7
3

h

+8000

=
ba |

#C
dh’

>(0= Costis mmmimum when =2.5m

h=2.5m

125000
o
2
dC

iii )( b )wealreadv have found above that 1= E mwhen— =0
4 dl
1

+ 4000(%} =Rs.75,000

Minimumecost=C'=

OR

for the values of /2 1ess than E and close to é - £ <0
2 2 dh

and, for the values of /s more than % and close to g ; % >0
|

5 - : . 5
By first derivative test, thereisa minimumat /=—

Now, x° :@:n‘2 :@ =100=x=10m

G

also,x=4h prepared by: BALAJI KANCHI |
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10.

In an agricultural institute, scientists do experiments with varieties of

seeds to grow them in different environments to produce healthy plants
and get more yield.

A scientist observed that a particular seed grew very fast after
germination. He had recorded growth of plant since germination and he
said that its growth can be defined by the function

f(x)=%x3—4x2+15x+2, 0<x<10

where x is the number of days the plant is exposed to sunlight.

On the basis of the above information, answer the following questions :
(i) What are the critical points of the function f(x) ?

(ii)  Using second derivative test, find the minimum value of the
function.
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Sol. (i) f'(x)=2"-8x+15=(x-3)(x-5)
/' (x)=0=>x=3,5arethecritical points.
Now /" (x)=2x-8

{fl

(i1)
77 (3)<0and £ " (5)>0
so, mimimum valueof f (r) isaty=5.
min-value=f(5)=%—4(s)2+15(5)+ 2-%

| prepared by : BALAJI KANCHI |

11.

Read the following passage and answer the questions given below:

The relation between the height of the plant (" y' inem) with respect to its exposure to the sunlight

is governed by the following equation y=4x— %xl . where 'x' is the number of days exposed to the

sunlight, for x < 3.

(1) Find the rate of growth of the plant with respect to the number of days exposed to the sunlight.

(11)  Does the rate of growth of the plant increase or decrease in the first three days?

‘What will be the height of the plant after 2 days?
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Sol.

=4x——x’
=
(1) The rate of growth of the plant with respect to the number of days exposed to sunlight

s d
is given by ay=4—x.

(i1) Let rate of growth be represented by the function g(x) = %
d (dy
Now, g'(x)=—| — |=-1<0
g'(x) dx[ {,_x)

|:> g(x) decreases.

So the rate of growth of the plant decreases for the first three day

Height of the plant after 2 days is y =4x2 —%(2)2 =6cm.



B @kanchibalaji7
(% +91-8099454846
(@) @ikbmaths?

12.

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

RADAR SPEED DETECTION

2 Distance RADAR measures the ehange in

pedl =2 ———— %
POINT A I /EOIN’T B o Time B — Time A the frequency of returned radio

(=) HG ™ waves to precisely measure the
S .speed of vehicles (the Doppler

-1 . J) )=
Radio waves emitted
by the RADAR bounece
back to confirm an

(/- object was detected
S

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

AVERAGE SPEED DETECTION
| R

I

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

) Express 0 in terms of height of the camera installed on the pole

and x. 1
(ii)  Find @ 1
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. 2
OR

(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 % rad/s, then find the speed of the car. 2



Sol.

®
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de -5

(n) dx 52412

do_ do  dx _ -5
(iit) (@) dt  dx X dt 52+ x2 Xzo]x=50
-100

= orm rad/s
OR

() 0_d8 dx_ 3 _ -5 dx

dx ~ dt 101 52+x2]x=50 dt

3 -5 _ d d
= =" x=Z= Z= —15m/s
101 2525 dt dt
Hence the speed is 15 m/s

| prepared by : BALAJI KANCHI
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13.

Overspeeding 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.

)
]

B

1

Fuel (/100 km)
.
4

o

0 20 40 60 20 100 120 140 160
Speed (km/h)

The relation between fuel consumption F (/100 km) and speed V (km/h)
N v ¥
1der some constraintsis givenas F= — - — + 14.
under some constraints is given as 00

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

(1) Find F, when V = 40 km/h. i
4 5. 5 BH
(11) F —_ 1
i1 ind v
(iii) (a)  Find the speed V for which fuel consumption F is minimum. 2
OR

(i1)  (b) Find the quantity of fuel required to travel 600 km at the
x dF
d V at which — =-0-01. 2
spee at which v
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Sol.
(1) When V =40 knmvh, F = 36/5 £/100km

(11)
dF V1

dv ~ 250 4
(111)(a)

dF _

av

=V =625 km/h

GF 2 s 0al'V =825 ki
dyz 250

Hence, F 1s minimum when V = 62.5 km/h

(111) (b)
= 0.01
W ==L
¥ 1 =1

= = —
250 4 100
= V = 60 km/h

L T——
=EEg g+ a2 100km

Quantity of fuel required for 600 km
=82 X6 =372¢



B @kanchibalaji7
(% +91-8099454846

(@) @ikbmaths?

14.
A store has been selling calculators at ¥ 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 demand function p = 450 — zx

Based on the above information, answer the following questions :

(1) Determine the number of units (x) that should be sold to maximise
the revenue R(x) = xp(x). Also, verify the result.

(11) What rebate in price of calculator should the store give to maximise

the revenue ?

Sol.

(1) Revenue by selling x items = R(x) = x.p(x) =450x —%

an =450-x
dx
\ : . dR
For Maxima or Minima, — = =2 =450
k-
IR el
dx”
(Revenue i1s maximum when x = 450 units are sold)
450

(i) Atx =450, p = 450—7 =225
So, Rebate = 350 — 225 = Rs.125 per calculator

[ prepared by: BALAJI KANCHI
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15. 2024

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 1% cm as shown below :

MDT S e TG Seapeens :

! %
L S '3/ 1% //// ¢1/

P Y S Yo camiht =] [ Pnnted matter/// v/ en

1em \1 cm

On the basis of the above information, answer the following questions :
(1) Write the expression for the area of the visiting card in terms of x.

(11) Obtain the dimensions of the card of minimum area.

Sol.

(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+7—2+30

X
2 144
(i) A'(x)= 2—7—, and A" (x)=—,
X X
solving A'(x) =0 = x=01is the critical point.
144
A" (6) =——>0, .. Area of the card is minimum at x =6,y =4

The dimension of the car d with minimum area is Length=9 cm, Breadth=6 cm

[preparedby: BALAJI KANCHI |
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16.

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.

(i1) Worite the area of the solar panel as a function of x.

(i) (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.

OR ,

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

(1)2x+3y=300
(ii) A=xp=" (300-2x)

(i) (a) A= %(300— 2-\‘)=§(300x— 2x2)
=>Z—A=%(300—4x)
X

For critical points, put ‘;—A =0=>x=7§
Y

A]so,f;:—i1 :—i<0. So, Aismaximum at x =75
=

5 :
Also,maximum areais A= 7?(300 - 150) =3750m"

e -'t" l ,
(7if) (b) A= (300 2x)=—(300x - 2x )

=4 _1(300-4x)
i 3

=0=x=7§

For critical points, put
X

dA
As—changes its sign from positive to negative as x passes through
54

x =75 from left to right, which means x=75 is the point of maximum.

. ) 75 "
Also, maximum areais A= ?( 300- lS[l) =3750m

Note : Full credit to be givenif thestudent takes equation as
2x +2y =300 or 2x +4y =300 or 4x+4y =300 or 4x+ 3y = 300

Thesolutions of sub-parts will differ and marks may be given accordingly.
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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 by f(x) = e* 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, «].
(i) Verify, whether each critical point when x € [0, n] is a point of local

maximum or local minimum or a point of inflexion.

Sol.
f'(x) = e*(cosx + sinx)
For critical points, f'(x) = 0
= cosx + sinx = 0

= cOoSX = —Sinx

For x to be a critical point x € (0, ), hence, x = %ﬂ
For all x € [0,%"] () =0

G 3 5 : 3w
Hence, f1s increasing in [0, T]
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Note: If a student concludes the answer 1 any of the following mntervals,
full marks may be awarded:

(0.5) or [0.57) or 0,5
Forall x € [, 7|, f'(x) < 0

- o
Hence, f 1s decreasing in [T,ﬂ,']

Note: If a student concludes the answer in any of the following intervals,
full marks may be awarded:

am 3T 3T
( m)or (o, m]or [, 7)

18.
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 = x m and height = y m, express the surface
area (S) of the box in terms of x and its volume (V), which is

constant.

G) Find g .

iii) (a) Find a relation between x and y such that the surface area (S)
is minimum.
OR
1
Giii) (b) If surface area (S) is constant, the volume (V) = Z(Sx — 2x9),

x being the edge of base. Show that volume (V) is maximum

S
forx=\fg.
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Sol.

I
]
]
I
I
I
(]
I
=

-~

L X
X

i) V=xly sy=—s. . . ......>0

x2’

Hence, S = 2x* + 4xy = 2x? + =

@S-

@ @IT=0=V=x> xly=x* = y=x

2
§:4(1+i—:) > 0> Sis minimumify = x.

OR

(iiliy (b) V= i(SX —2x3) = % = i(s — 6x2)

dv S
Put;—ﬂ = = 7

d*v

__a ]S N s
(@)F\E— 3J;<0:>Volumels manmumImX—J;_
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19.

A ladder of fixed length W’ 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 x for the area (A) of the right
triangle, as seen from the side by an observer.,

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

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

OR

(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 ?
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Sol.

1
11) dx 2 X% + ZX\}hZ X2

dA
—=0givesx = —

dx J_
—4x.Jh* - x2—(h? - 2x )/7
- = h
(iii)(a) A7 == s 0atx =
g h? - x2 V2

Hence A is maximum at critical point

OR
(iii) (b) y2 =25- x2hence y = 3 givesx = 4

5 dy_ 5 dx
P TART:
dx
— = 15m/s

dt
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20.

A sandbag is dropped from a balloon at a height of 60 metres.

7 Sun rays
1R
60 m
y
30° v !
P = Q

Shadow path —

When the angle of elevation of the sun is 30°, the position of the sandbag is given
by the equation y = 60 — 4.9 {2, where y 18 the height of the sandbag above the

ground and t is the time in seconds.
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On the basis of the above information, answer the following questions :

(1) Find the relation between x and y, where x is the distance of the shadow at

P from the point Q and y is the height of the sandbag above the ground.
(1)  After how much time will the sandbag be 35 metres above the ground ?

(11)  (a) Find the rate at which the shadow of the sandbag is travelling along

the ground when the sandbag is at a height of 35 metres.
OR
(ii1)) (b) How fast is the height of the sandbag decreasing when 2 seconds

have elapsed ?

Sol.

Ly X
(i) 2 =tan30°=> y = —— or x =13y
X

B

(ii) Using y =35m = 60—4.9t* =35 = 4.9t =25=> t = seconds.

510
7

, dx
(iii) (a) x= \/gy =>xm 60\/3— 4.9\/§t‘ =5 d_t:|l:5J1_o = —4.9\/5(2t)1=@ = —7\/3_0 m/s

(iii) (b) (:l—: =—98t=-9.8x2=-19.6 m/s

Height of the sandbag is decreasing at the rate of 19.6 m/s [prepared by : BALAJI KANCHI
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An architect designs a building for a Company. The design of
window on the ground floor is proposed to be different than at the
other floors. The window is in the shape of a rectangle whose top
length 1s surmounted by a semi-circular opening. This window has

a perimeter of 10 m.

Based on the above information, answer the following :

(1)

If 2x and 2y represent the length and breadth of the

rectangular portion of the window, then establish a relation

between x and y.
(11)
(111) (a)
window.

(i11)  (b)

OR
If x and y represent the length and breadth of the

Find the total area of the window in terms of x.
Find the values of x and y for the maximum area of the

rectangle, then establish the expression for the area of

the window in terms of x only.

Sol.

(i) 2x+4y+nx =10

(iir)
A=02x)(12y) + %nxz
10 — 2x —nix
Y= 4
A= 4x (10 —Zx —52) +11rx2

4

! 1
A=10%—2%* — Enxz

2

A

' X

2x
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(m)(a)z—j=10—4x—nx=o
=10 = (1 + 4)x

" 10

X =—
w+ 4

2

- 4-m<0

X

1 10 10
=>y=Z[10_2(r{+4)_"'T(:rr+4-)]

_ 1[107 +40 — 20 — 107]

:}y—
4 T+ 4
_1[ 20 ]_ 5
Y= ilntal " w4

(iii) ()4 = xy + 5 (5)2

x+2y+1r(;) =10

- _20—2x—1rrx
y= )
_ (20—2x—nx | .
= 7 )+§nx
T
A=5x——x*——x*
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22.

A window is in the form of a rectangle surmounted by an equilateral
triangle on its length. Let the rectangular part have length and breadth x
and v metres respectively.

Based on the given information, answer the following questions :

(i) If the perimeter of the window is 12 m, find the relation between
x and y.

(ii)  Using the expression obtained in (i), write an expression for the
area of the window as a function of x only.

(i11) (a) Find the dimensions of the rectangle that will allow maximum
light through the window. (use expression obtained in (ii))

OR

(iii) (b) If it is given that the area of the window is 50 m?, find an
expression for its perimeter in terms of x.

(7)Perimeter (P)=3x+2y =12
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For maximum light, Z—A =0
X

12

3
=6—3x+—x=0=x=

2 63

m

: 3 ) )
Also,d 1,4:—3+£<0.‘.Als maximumwhen x= 12 m
dx” 2 6—+/3
12— 3x 3( 12 18— 643
Now, y=——=6—~— = m
2 2l6-8B) 63

OR

(iii)(b)xy + ? %" =50

50 3
=S y=—-x X
’ ¥ 4

Now,P=3x+2y

—3x+2(50—fx]m

X
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A fighter-jet of the enemy 1is flying along the parabolic path
4y = x2. A soldier is located at the point (0, 5) and is aiming to
shoot down the jet when it is nearest to him.

Based on the above, answer the following questions :

(1)

(11)

(111)

(ii1)

Let (x, y) be the position of the jet at any instant. Express
the distance between the soldier and the jet as the
function fix).

Taking S = [f(x)]°, find E
dx

(a) What will be the position of the jet when the soldier
shoots it down ?
OR

(b)  What will be the distance between the soldier and
the jet at the instant when he shoots it down ?
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Sol.

(1‘}Distance—\f(x—0): +{":—5T =7 (x)

(i7)S =[f(x)]2 =x’ +{§—5J_
:‘j—S :2x+2{§—5J(’—;]:ix(x3 -12)

ax

(r'z'r'](a)? == =0,i2ﬁ

x
Showing (Z\ﬁ y 3) and (—zﬁ ; 3) are the point of mimima.
.Required positionis ( +24/3, %)

OR

(b)gettingx== 24/3 asa point of minima,

Distance=\/(-4_-2\/§)2 +(3-5)" =4units [prepored by : BALAJI KANCHI |



