Solution
APPLICATION OF DERIVATIVES WS 1

Class 12 - Mathematics

Section A
1.0.4
Explanation:

Let AB be the height of pole, Suppose at time t, the man CD is at a distance x meters from the lamp-post and y meters be the

dx
length of his shadow CE, then o 1.1m/sec

AB  AE
CD ~ CE
600 x+y
60y
15 x+y
4Ty
15y = 4x + 4y
11y = 4x

dy dx
]1;245
dy 4
i H(l'l)
dy
— = 0.4 m/sec
dt
Rate of increasing of shadow = 0.4 m/sec.

2.37.68

Explanation:

Let height of the cone is x cm and radius of sphere is r cm.
here given,

X=2r

h=x+r

h=2r+r

h=3r

v = Volume of cone + Volume of hemisphere

1 2

— 2 3
—_— +_
37U‘X 3nr

3

1 ) 2
- 4o
3 (2r) + gnr
2 2 3
== + =
v=gmrt s
4
— 3
= -nr
3

4 h\3
373
4
_ .3
\% 81nh
dv

4
 _ 2
= X
an - gt x3h

1/24



(dv ) 4 3
= = 577(9)
dn ), g 27

(dv)
dh h=9

121=12 x 3.14 =37.68 cm?

Volume is increasing at rate of 37.68 cm? with respect to total height.

. 66
Explanation:
By definition of marginal revenue we have,
marginal revenue (MR) = ™
d
= E(3x2+36x+5) = 6x +36

When x =5, then
MR =6(5) + 36 =30 + 36 = 66
Hence, the required marginal revenue is Rs. 66.

More amount of money spent for the welfare of the employees with the increase in marginal revenue show affinity and care for

employees.
. 1256

Explanation:
4

Since, V = 37X

dv d (4 3
I @ 37‘[1‘

4
= 5n.3r2 = 4mr?

3

Atx =10 cm
av 5
=> ol 4n(10)< = 400m =400 x 3.14 = 1256

Therefore, the volume is increasing at the rate of 1256 cm?/sec.
.10

Explanation:
Let r be the radius and V be the volume of the sphere at any t then,
4
— =3
V= 37
Differentiating both sides with respect to t,
dv 2dr
= a - 4mr dt
dr 1 av
T 4nr? dt
dr 25
:> -_——
dt 4n(5)>?
dr 1
= 3 = z.Cm/sec

Now, let S be the surface area of the sphere area at any t then
S = 4yr?
Differentiating both sides with respect to t,

ds dr
> = 8nra
das 1
=> i 8m(5) x ™
das ’
=> T 10cm</sec
.188.4
Explanation:

Let r cm be the radius and A be the area of the circle at any time t.

Rate of increase of radius of circle = 3 cm/sec
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dr
= 7, is positive and = 3 cm/sec

dr .
i 3....(0)
Now, A = nr?
dA dr
*. Rate of change of area of circle = o ey

= n2r(3) = 6rrcm?/sec (from (i)
putting r = 10 cm (given),
dA

= 61(10) = 60 =60 x 3.14
dA

Since —- is positive, therefore surface area is increasing at the rate of 188.4 cm?/sec.

dt
. 2.5

Explanation:
AB is lamp post DC is man

e

—X— bl— 3—|

——Skm/h ——.

ADEC ~ ABEA
2 y

6 x+y
X +y=3y

Explanation:

Let A be the area of the circle of radius r.

Then, A = nr?

Therefore, the rate of change of area A with respect to time 't' is

dA d ) d 5 dr dr
i E(m ) o (nr ) T 2nr— ..(By Chain Rule)

dr
Given that o 4cm/s

dA
Therefore, when r = 10, - 2 x 10 x 4=80mr =80 x 3.14 =251.2

Thus, the enclosed area is increasing at a rate of 251.2 cm?/s, when r = 10 cm.

. 1368

Explanation:

Given, C(x) = 0.005x> - 0.02x% + 30x + 50
On differentiating both sides w.r.t. X, we get
dc

— =0.005(3x) - 0.02( 2x) + 30

=0.015x? - 0.04x + 30

On putting x = 300, we get

dc

—=0.015 (300)? - 0.04 (300) + 30
=1350- 12 + 30 = 1368
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10.

11.

12.

13.

14.

Therefore,the marginal cost of food for 300 students is Rs 1368.

By providing free mid-day meals to the students of primary classes, care and concern is shown towards their health and nutritional

status.
208

Explanation:
dR
Marginal Revenue (MR) = T

_ 4 2

== (13x° + 26x + 15)

=26x + 26

Now, whenx =7, MR =26 x 7+ 26 =208
Therefore, the required marginal revenue is Rs 208

0.5
Explanation:

Let AB be the height of light source, Suppose at time t, the man CD is at a distance of x meters from the lamp- post and y meters

be the length of his shadow CE, then

dx 5

— =9m
o /sec
AB AE
CD ~ CE
9 x+y
1.8y
Sy=x+y
4y =x
dy
45 =2
dy
dt_2
dy 2

dt 4

1
)

dy
i 0.5 m/sec

So, rate of increase of shadow is 0.5 m / sec

Since Marginal Revenue is the rate of change of total revenue with respect to the number of units sold, we have

dR
Marginal Revenue (MR) = o 6x + 36

When x =5, MR = 6(5) + 36 = 66
Hence, the required marginal revenue is ¥ 66.

Let x cm be the radius and y be the circumference of the circle at any time t.

Rate of increase of radius of circle = 0.7 cm/sec

dx
= 7 is positive and = 0.7 cm/sec
dx
> %= 0.7 cm / sec ...(1)
=y = 2nx
dy
.. Rate of change of circumference of circle = @

- ZH%X = 2m1(0.7) (from (i))

= 1.4mcm/sec

Let AB be the tower. Let at time t, the man be at a distance of x metres from the tower AB and let 0 be the angle of elevation at

that time. Then,

BC
tanf = PC
40
= tanf = PR @)
= x = 40 cot 0
dx 5 db
> 5= — 40 cosec“0 &
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15.

16.

17.

18.

dx
We are given that 7 = 2m/sec
3 do
.. 2 = —40cosec 80—
dt

do 1
=>E—

20cosec’

When x = 30, cot 6 =

5 ) 9 25

. = + = 4+ — = —

s cosec0 =1+ cot0 =1 %- 16
5 25

Substituting cosec” 6 = T

do 1 4 ]

= - = — —— radians/sec

dt 25 125
20 x I

in (ii), we get

4
Thus, the angle of elevation of the top of the tower is decreasing at the rate of = radians/sec.

d
MR = E((R(x)) = 26x + 26
MR], 7, =25x17 + 26

=425+ 26

=451

Area of a circle of radius r is given by A = rr?
Now, A = nr? — =2nr

dr
dA
= |3 = (21 x 5)em? = 107cm?
r r=5

Also, 6r =(5.1-5)cm =0.1 cm
dA
O6A = o 8r = (107 x 0.1)em? = 7em?

Hence, the increase in area of the given circle is cm?.

We have, R(x) = 3x% + 40x + 10

dR
= MR=—
dx

d
= —(3x* + 40x + 10) = 6x + 40
= [MR],_5=(6 x 5+40)=70

Hence, the required marginal revenue is ¥70.

Let AB be the height of light source, Suppose at time t, the man CD is at a distance of x meters from the lamp- post and y meters

be the length of his shadow CE, then

dx

T = 2m/sec
AB  AE
CD = CE

9 x+y

18 y
Sy=x+y
4y = x

dy

dt =2

dy
4— =2

dt

dy 2
a4

1

T2

dy

i = 0.5m/sec

So, rate of increase of shadow is 0.5 m / sec
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19.

20.

21.

22.

23.

dR

Marginal Revenue (MR) = I

d 2
= — (13x% + 26x + 15)
= 26x + 26

Now, whenx =7, MR =26 x 7+ 26 =208
Thus, the required marginal revenue is Rs 208.
Given, C(x) = 0.005x° - 0.02x2 + 30x + 50

On differentiating both sides w.r.t. x, we get

dc
— = 0.005(3x2) ~ 0.02(2x) + 30

=0.015x2 - 0.04x + 30

On putting x = 300, we get

dc

— = 0.015(300)* - 0.04(300) + 30
=1350 - 12 + 30 = 1368

Therefore,the marginal cost of food for 300 students is Rs 1368.

By providing free mid-day meals to the students of primary classes, care and concern is shown towards their health and nutritional

status.

4

Since, V = 37X

av d (4 3
c i alzm

4
= 571.3r2 = dnr?

3

Atx=10cm

av 5
= — = 41(10) = 4007

Therefore, the volume is increasing at the rate of 400 cm?/sec.

Let V be the volume of sphere

4
V=—-nr
3

3

dv 3
i 900cm>/s (given)
dv

4
Now , il 5.n.3r .

dr
= 900 = 4nr2. -

dr
= 900 = 4r x (15)%. — [r=15cm]

900 dr

? <225 dt
1 dr
R ncm/s =%

Let r be the radius, V be the volume and S be the surface area of sphere

dv

Then, we have o 8 cm3/ s
ds
To find @ whenr =12 cm
4 3
Since, V = 3
dv 4 2dr 4 2dr
— - — — A x F2—
T 3713r T > 8 Xt
dr 2 .
= - ch/s ......... @)

Now, S = Anr?

ds d ” dr
T dt(4nr )—4n><2r~ T

2
= 8nr x — [ From Eq(i)]
T
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el =

ds 16 4 5
=> & =1; = 3m /s
r=1

24. Let x cm be the edge and y be the volume of the variable cube at any time t.

Rate of increase of edge = 3 cm/sec
dx

= 7, is positive and = 3 cm/sec

dx .
i 3cm/sec...(i)
=>y= x3

dy d

.. Rate of change of volume of cube = it

P 2
=3 =3 (3) [from (1)]
= 9x%cm>/sec
Putting x = 10cm (given),

& 2 3
T 9(10)° = 900cm”/sec

dy
Since = is positive, therefore volume of cube is increasing at the rate of 900 cm?/sec.
25. Let x cm be the radius of the air bubble at time t.
dx 1
According to question, @ is positive = 3 cm/sec .......... @)

4 3
Volume of air bubble (z) = —x

dz an d

a3 a

an dx

a2
3 .3x 0

1
_ 21 Z
= 4nx (2)

dz 3 5
> %" 21x
= 2n(1)? = 2
Therefore, required rate of increase of volume of air bubble is 2rcm?3/sec
2

3

26. Since, x and y are the sides of two squares such that y = x - x

.. Area of the first square (A1) = x2

2
And area of the second square (Az) = y2 = (x - x2)

dA, d

dx dx
. _ 2,2\ 2= -
" T (x X ) 2(x X )(dt 2X. dt)

dx 2
= E(l - 2x)2(x =X )
da,

d
. _ 2
and = T - @ =2

dx

X.E
dx )
L dAyd E.(l—Zx)(Zx—Zx)

“dA,  dA/dt dx
2. g

dA

(1-2x)2x(1-x)

—
(1-2x)(1-x)

=1-x-2x+2x?
=2 -3x+1

27. We have, C(x) = 0.005x3 - 0.02x? + 30x + 5000

d
The marginal cost, MC(x) = EC(X)

d
Now, (;(0.005)(3 - 0.02x2 + 30x + 5000)
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=0.005 x 3x%2-0.02 x2x +30+0

=0.015 x2 - 0.04x + 30

Marginal cost when 3 units are produced is
MC(3) = 0.015(9) - 0.04(3) + 30
=0.135-0.12 + 30 = 30.015

28. Given: cost of producing: C(x) = 0.005x3 - 0.02x? + 30x + 6000
dC

=> MCZE

d
= —(0.005x> - 0.02x? + 30x + 6000)

=[(0.005 x 3x%)-(0.02 x 2x) + 30]

= [MC],_,={(0.005 x 3 x 4%)-(0.02 x 2 x 4)+ 30}
=(0.24 - 0.16 + 30) = 30.08

Hence, the required marginal cost is ¥30.08

29. At any instant t, let the length of each edge of the cube be x, V be its volume and S be its surface area. Then,
dv
— =7cm3/sec... (given) ... (i)

dt
3 dv  dV  dx
Now, V =x° => T @
d dx
_2(3). = v =3
=> 7 dx(x) dt""[' V =x7]
dx
2 -_=
= 3x i
dx 7
e t 32
2 dS dS dx
S=6" = TS

ds 28 9 1 )
=> | = = | — | cm* /sec = 2= cm*“/sec
t | _1o 12 3

1
Hence, the surface area of the cube is increasing at the rate of 23 cm?/sec at the instant when its edge is 12 cm.
30. Let x cm be the edge of the cube and y be the surface area of the cube at any time t

Given: Rate of increase of volume of cube = 8cm?/sec
d
2(.3) =
a (x ) 8

) dx
=> 3x i 8

dx 8 )
> %" 32 ()
y= 6x2

dy
. Rate of change of surface area of the cube = — = 6—x2

dt dt
dx
=6 2XE

= 12x(% ) [from (1)]

8 2,
=4| - | = —cm“/sec
X X

Putting x = 12 cm (given),
dy 32 8

a1z 3cm secC
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dy 8
Since 7 is positive, therefore surface area is increasing at the rate of Ecmz/ sec

31. A soap bubble is in the form of a sphere. At an instant t, let its radius be r and surface area S. Then,
dr
s 0.02 cm /sec ... (given) ... (i)

Now, S = 4nr?
ds dr

T = 8nr. e (8 x 3.14 x r x 0.02) cm?/sec

ds
= [E] =(8 x 3.14 x 5 x 0.02)cm%/sec = 2.512 cm%/sec
r=5

Hence, the surface area of the bubble is increasing at the rate of 2.512 cm?/sec at the instance when its radius is 5 cm.
32. Let A be the area of the circle of radius r.
Then, A = nr?

Therefore, the rate of change of area A with respect to time 't' is

dA d 9 d ) dr dr )
T E(nr ) = E(nr ) i ana ...(By Chain Rule)

Given that o 4cm/s
dA
Therefore, when r = 10, T 2m % 10 x 4 = 80

Thus, the enclosed area is increasing at a rate of 807 cm?/s , whenr =10 cm.

i L ¢ _Kite.

33. 120m

Here,
AB® + BC? = AC?
= x? + (120)% = y?
Differentiating both sides with respect to t,

dx dy
=> ZXE = 2y;t
dy x dx
=& yd
= % = 15—:0 x 52[ . x = /(130)% - (120)? = 50]
dy
> 5= 20m/sec
34. At any instant t, let r be the radius, V the volume and S the surface area of the balloon. Then,
(;—‘: = 20cm? /sec ... (given) ... (i)
_ 4 3 av 3 dv dr
Now, V = Enr > P
d (4 3 dr
> 20=d—r(§nr )'E
4 dr dr
=> 20=§7I><3r2X T =4nr2-z
dr 5
> - RS (i)
2 dSs dS dr
v S=4nrt = P

d ) 5
= (4nr ) g
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ds 40 ) )
=> | = = | = |cm” /sec =5 cm* /sec
dat | _ 8
r==8cm

Hence, the rate of change of surface area at the instant when r =8 cm is 5 cm?/sec.
B

35, sm

im

al + E
x c v

Let AB be the lamp-post. Let at any time t, the man CD be at a distance x metres from the lamp-post and let the length of his
shadow be y metres. Then,

dx
i 6 metres/minute
Clearly, triangles ABE and CDE are similar.
AB AE
o>~ cE
5 x+y
> 3=
= D5Sy=2x +2
= 3y=2
dy dx
=> 35 ZE
dy
=> i 2(6)
Ly
=> i 4 Thus, the shadow increases at a rate of 4 metres/minute.

36. Let at any time t, V be the volume of the water in the cone i.e., the volume of the water-cone VA' B/, and let I be the slant height.
Then,
’ V3l ' !
AO = Isin60° = - and VO = Icos60° = 3

1 \/51 201 i3
)

dv 3m?dl
> %" 8 @
dv 3
Given that 7 = -4cm’sec (negative sign due to decrease)
3m ,dl
4= —]2=
4 8 I dt
dl 32
= dt 3nl?
dl 32 32
Friai W = - ﬁcm/sec

32
Thus, the slant height of the water - cone is decreasing at the rate of 7——cm/sec

37. Marginal cost = e
d 3 2
= ‘;(0.007x —0.003x2 + 15x + 4000)

=0.021x2 - 0.006x + 15
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38.

39.

40.

41.

Now, when x =17, MC

=0.021(17)% - 0.006 x 17 + 15
=0.069 - 0.102 + 15 = 20.967
Therefore, required Marginal cost is Rs 20.97

We have, rate of decrease of the volume of spherical ball of salt at any instant is proportional to surface area. Let the radius of the

spherical ball of the salt be r.

4
. Volume of the ball (V) = 5nr

and surface area (s) = 4nr?

dv
Vogp xS
= dit(;lm’?’) « 4nr?
=> gn3r2% o 4mr?
dr 4gr?
=> E x m
dr
>3- k.1 [where, k is the proportionality constant]
dr
=> 5 -k

Hence, the radius of ball is decreasing at a constant rate.
Let x cm be the radius and y be the enclosed area of the circular wave at any time t.

Rate of increase of radius of circular wave = 5 cm/sec

dx

= 7 is positive and = 5 cm/sec

dx
= = Scm/sec ()
y = nx?
dy d

.. Rate of change of area = T = TgX

2

dx
= n.2xz = 2mx(5)(from (i)
= 10mxcm?/sec

Putting x = 8cm(given),
dy )
o 107(8) = 80mcm</sec

dy
Since — is positive, therefore area of circular wave is increasing at the rate of 80mcm?/sec.

AB is lamp post DC is man
A

6cm
2em

—x—ib—y—
dx dy
i 5km/h, i ?
ADEC ~ ABEA
2 y

6 x+y
x+y=23y

5 dy

Ekm/ h = o

Given, P(x) = 0.005x3 + 0.02x2 + 30x

On differentiating both sides w.r.t. X, we get

P'(x) = 3 x 0.005x2 + 2 x 0.02x + 30



On putting x = 3 we get

P'(3) =3 x0.005x 9 +2 x0.02 x 3+ 30

=0.135+0.12 + 30

=30.255

Therefore, the marginal increase in pollution content when 3 diesel vehicles are added is 30.255.
Pollution content in the city increases with the increase in number of diesel vehicles.

42. Given: The rate of change of volume of a sphere is equal to the rate of change of its radius

av dr
X @
We know that,
4
— —3
V= 37
dv zdr
i L
dr 2dr
dt Anr dt
anr? =1
1
r = ——
\/471

1
Radius of sphere = m units

43. Here,
2
y= EXB +1
Differentiating both sides with respect to t,
dy 2dx
> a - Xy
dx dx dy dx
b Sl I A
=2 = dt[ T @ 2dt]
>x= =1

2
Substituting the value of x =1 and x=-1iny = §x3 + 1, we get

5 1
=>y=§andy=§

5 1
So, the points are (1, 3 )and( -1, 3 )
Section B

44. Suppose AB be the lamp post, the lamp being at B. Then, AB = a metres. At any instant t, suppose CD be the position of the boy
and CE be his shadow.
Then, CD = b metres.

Let AC = x metres and CD = y metres.
dx
Given that 21— C metres /min

B
| T~
a
|
A ® ©C ¥ E
Clearly, ABAE ~ ADCE
AB AE
"CD ~ CE
a Xty
3"
= (a-b)y =bx
dy dx dx
=>(a—b)z =b- @ = bc a =c
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45.

46.

47.

dy bc

i mmetres/mm

metres/min

bc
Therefore ,the shadow is increasing at the rate of @b

Given curve is 6y = x3 + 2 ...(i)

dy 3 2dx

SO,GE = 3x T

dx dx dy dx
:'GXSE:?’XzE [—t ZSZ:I
= 16 = x°
=>x= x4
Put the value of x in equation (1)
When x =4
6y =(4)3+2
= 6y=64+2
= 6y =66

66
Sy = ri 11

So, point is (4, 11)
Now, When x = - 4

by =(-4}°+2
=-64+2
-62 -31
Y=7% T3

-31
So the point is | -4, =

Let the required point be (x , y). Then,

dy dx

T T @ (6]

Given curve is 16x2 + 9y2 = 400 ... (ii)

On differentiating both sides of (ii) w.r.t. t, we get

dx dy
32x- o +18y- 2 =0
dx dx
=>32x-5+18y-(—E):O[using(i)]
16
=> (32x-18y)=0 > y=3gX

16
Substituting y = S Xin (ii), we obtain

16x \2
16x2 +9 x - =400 => x2=9 = x=43
16 16
Now,x=3 = y= EXS ==,
16
=3 = y=|gx(=3)=75

16 -16
We get, the required points are (3, 3 ) and ( -3, T)

Given: Rate of decrease of length x of rectangle is 5 cm/minute.

dx
> % is negative = -5 cm/minute
dx ) .
ad ik 5 cm/minute ....(1)
Also, Rate of increase of width y of rectangle is 4 cm/minute
o :
= g 1 positive= 4 cm/minute
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dy

= 7, = 4 cm/minute ....(>ii)
let z denotes the perimeter of rectangle at any time t
Sx=2x+ 2y

dz dx dy
- 2% t2% (from (i) and (ii) )

= 2(-5) + 2(4) = — 2 which is negative.

.. Perimeter of the rectangle is decreasing at the rate of 2 cm/min.
(b) Let z denotes the area of rectangle at any time t

=

=>zZ=Xy
dz dy dx
@ " Xa TV

= 8(4) + 6(—5) = 2 which is positive. (from (i) and (ii))

.. Area of the rectangle is increasing at the rate of 2 cm?/min

da
48. Let 'a’ be the side of an equilateral triangle and 'A’ be the area of an equilateral triangle. Then, e 2 cm/s

V3
We know that, area of an equilateral triangle, A = " a?
On differentiating both sides w.r.t. t, we get
da V3 da
@ T T KAy
a V3
> G- 7 x 2 x 20 x 2[given, a = 20]

dA EY)
= = 20y/3cms

Thus, the rate of area increasing is 20\/§ cm?/s

- & em
i.““—— - c '—m___,_.: 4l

SEN. S—

Pery==T

49. 10 em

h

\ L
o

Now, at any instant t, suppose r be the radius of the water level, h the height of the water level and V the volume of the water in

the conical funnel. Then,

av . ;
7 = 5. (given) ... ()

From similar /AAs OAB and OCD, we have
AB CD ro5 1 1

0A~ OC hTT0 2> 3h

1 1 1 \2 1
Now,V=§n2h=—n>< -h| xh=—=mh?

3 2 12
dv dv  dh d (1 S\ dn w? dh
. T = - X — :——T[h T = .
dt dh dt dh \ 12 t 4 dt
nh?  dh
> ST
dh -20
dt B nhZ
dh -20 [ b (10 ) 1
= | = =——— ..~ h=(0-25)cm=75cm
d h=75cm T~ (7.5)
-16
= 5, cm/sec
-16
= Therefore, the rate of change of water level ath = 7.5 cm is 25, Cm/sec

50. Given: Equation of the curve 6y = x3 + 2....(i)
Let (X, y) be the required point on curve (i)
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51.

52.

since y-coordinate is changing 8 times as fast as the x-coordinate
dy dx
@ = XL (i)
.. From eq. (i), 6y = x3+2
dy 9 dx
6% =%

dy
now from (ii) we subsitute the value of =

dx 2dx
=>6 BE _3X'E

dx
= 6 x 8 = 3x%(we cancel @ from both side )
6x8
> x% = 3
>x= x4
Taking x =4, 6y = 64 + 2
>y=11

.. Required point is (4, 11).

Takingx = — 4,6y = —64+2
-31
=>y="3

-31
.. Required point is (—4, =5 )

so the required points are (— 4, 5 )and 4, 11).

dx
T 2cm/s
dx
T 0.02m/sec
X2 +y? =52

dx dy
2XE + ZyE =0
When x =4

y=4/52-42=3

dy
2% 4(0.02)+2x3- =0
dy  2x4x0.02

dt ~  2x3
0.08 100
= — — X
3

8

= - gcm/sec

/

r
Let radius of the cone =r
Height of the cone = h

1
Volume of the cone = Enrzh

dv

i 12cm®/s (Given)
1

h = or (Given)

1

_ -2
v—3nrh
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1 2 1
v=§.n.(6h) Lhi hZEr

1
> Vv-= 5.71.36. h3

= v = 121h3
dh

dv )
Now T 12m1.3h°. I

) dh
12 = 12m.3(4)“. P [h =4cm]

12 dh

= 12316  dt
1

& 28aMS

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

AABC.
A

V3 2h
Then, h = S Xorx= 7 ..(i)

dh —
It is given that o 24/3 So, by (i) we have

dx 2 dh dx
> 3—4

T Fa
Thus, the side of /AABC is increasing at the rate of 4 cm/sec.

54. Let x be the side, V be the volume and S be the surface area of cube
dv

—_ = 3
o 9cm*>/s
V:X3
dv 2dx
=> m = 3x P
de
=9 =3x P
3 dx
=> 2 @

ds dx
dt 12x dt
3
=12x x —
2
ds 36
dt x
ds ] 36
dt *=10 10
= 3.6 cm? /sec
A
X X
55.
B 5 C
—b
dx
i 3cm/s
Let A be area of A
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el
ADZ\/XZ—ZZ >
) N
=g xbx—
dA 1 2 dx
i 'Z\/TTZJZBX'E

ay b _
( )x:b_ \/mxb(—?:)[x-b]

Suppose be the semi vertical angle of the cone CAB whose height CO is half of r

OB

tana = E

OB

~ 20B
1
tana = 7
Suppose V be the volume of the sand in the cone

1

- 2
V=g h
1 h\2
=37z ) h
Y
- —13
12h
dv 3n ,dh
- _ _h2_
dt 127 dt
3nh2dh
0= 5%
dh 200
dt 2
200
~n(5)?
dh 8
- 3_14(1rn/rn1n
8
Therefore,rate of increasing of height is = 31 C/min
dx . dx .
57. i 3cm/min, i 2cm/min

a. Let P be the perimeter
P=2x+y)
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dP dx dy
— =2 — + =
dt de  dt

=2(-3+2)
= —2cm/min

A

dA dy dx
" Xa TV
= 10(2) + 6(-3)

=20-18
= 2¢m?/min
A
i & i
40 |384
1 '8 c
———— a°
¥ 30m -
dx
i -2cm/ s
38.4
tan Q = ~
_,384
Q =tan N
dQ 1 1
T wa |~ X—z .38.4
1+ -
2 < ") 384
dt  Xx2+147456 P
dQ 1 dx
&t = 302147856 0% @
dQ 1
— = - ———384x2
dt 302 +1474.56
aQ
ik 0.032 radian /sec therefore

Angle of elevation is decreasing at the rate 0.032 degree /sec.

!

B
T

Suppose AB be the position of the ladder, at time t such that OA = x and OB =y
By triangle law,

OA? + OB? = AB?

X +y? = (13)°

x%2+y% =169 ....(>1)

dx

And i 1.5m/sec

y
From figure, tanf = ;....(ii)
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60.

Differentiating equation (i) with respect to t,
dx dy
2XE + ZyE =0

dy
2(1.5)x + Zyz =

3 2dy 0
=+ _—=
X ydt
dy 3x
E__E"'

differentiating equation (ii) with respect to t
dy dx
) o  Xa Ya
sec HE =

XZ

3x
X% (—5)—y(15)

x2

- 1.5x%- 1.5y2
= o
~15 (x2+y?)
do (x Y
de x%ysec? 0
-1.5 (x2 +y? )

xzy(lﬂan2 9)

B 2, 2
do 1.5(X +y )

2
y
2 _
xy(l+x2)

dt
—1.5(x2+y2) xx2

Xzy(xz +y2)
-15

Y
-15

V1692
-15
T Jieo-14
-15
T s
= 0.3 radian/sec

Therefore, angle between ladder and ground is decresasing at the rate of 0.3 radian/sec

Let S be the position of source of light.

5

A x B v C
ra

A — e e e

Let BD be the position of the man at time t.

Let AB = x and BC = length of the shadow =y

dx
Now, o 140
Here, AASC ~ ABDC
AS AC

"BD _ BC
40 x+y

4
|
I

5 y
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=> 8y=x+y

=> 7y=Xx
Differentiating both sides w.r.t. 't', we get

dy dx
Ta T @

dy 1

3 = 7(140) = 20ft/min
Therefore, the shadow of the man is lengthening at the rate of 20 ft/min.
The tip of the shadow is at C. Let AC=Z

AS AC
Also, BD - BC [ AASC ~ ABDC]

40 z

=> 8(z-x)=1z
= 7z =8x
Differentiating both sides w.r.t. 't', we get

dz 8
=>dt—7><140

=160 ft/min
Therefore, the tip of the shadow is moving at the rate 160 ft/min.

dv
61. Given that i 1cm3/s where v is the volume of water in the conical vessel.

b3 V3 b 1
From the Fig, | = 4cm, h = Icosg = ?l andr = lsing =3
1 5 12 \/§ \/§ 3
Therefore, v = 3T h= 5271 = zl
dv V3n o dl
d ~ 8 ' dt
= —f
h 4
]
Li}
\/§7'[ dl
Therefore, Rate of decrease of slant height, when slant height is 4 units. = TlG'E
dl 1 /
— = —=—cm/s
= 24/3n
1
Therefore, the rate of decrease of slant height = fcm/ s.
7T
De

B

B
>
62.
¥ N
C

- X —————— = \\

Suppose ,CD be the wall and AB is the ladder

dx
here, AB = 6 meter and (E ) =0.5m/ sec.
X
AB2 = x2 +y2
(6)% = x*+y?
36 = x? +y2

Differentiating it with respect to t,
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63.

dx dy
0=2x +2y-

dy x dx
@ yd
dy 4(0.5)
(E)x—zt_\/m
2
BT
2
Y
1
= —Em/sec

1
Therefore, ladder top is sliding at the rate of \/—_rn/ sec

dx dy

Now, to find x when - @

dy x dx
d ~  yadt
dx x dx

Tdt T yde
X=y

Now,
36=x2+y2
36 = x> + x°
2x? =36
x?=18

x = 3y/2m

When foot and top are moving at the same rate, foot of wall is 3\/5 meters away from the wall

We have, height (h) = 151.5m/s, speed of kite (v) = 10m/s
Let CD be the height of kite and AB be the height of boy.

Let DB = xm = EA and AC = 250m

dx
ST 10m/s
c__
250m
151.5m
A
E
1.5m
B D

From the figure, we see that
EC =151.5-1.5 = 150m
And AE = x
Also, AC = 250m
In right angles /\CEA,
AE? + EC? = AC?
= x?2 + (150)% = y? ..(i)
= x? + (150)% = (250)?
= x% = (250)2 - (150)2
= (250 + 150)(250 — 150)
=400 x 100
Sox=20x%10 =200

From Eq. (i), on differentiating w.r.t t, we get
dx dy
2X. i 0= ZyE
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64.

65.

66.

67.

68.

69.

70.

dy dx
> 2yz = ZXE
dy x dx

Tdt oy dt

200 dx
= ﬁ.lo =8m/s| . i 10m/s

So, the required rate at which the string is being let out is 8 m/s.

Given, increasing rate of volume of cube,

\%
i 9 cubic inches/s

Since, Volume of a cube, V = a3

Differentiating both sides w.r.t 't', we get
dv 2da
@ -8
da
. g=12,22
5.9=3a o
da 3 )
il = ..()
Now, surface area of cube, S = 6a2
ds da
*. Rate of change of surface area, — = 12a—;

> dt
ds 3 '
ST 1200—2 [from (i)]

ds 36 )
> 5" 3 inches “/s [Given a = 12 inches]
Section C
1

1
V= Eanh = Errr?’ [as 6 = 45° gives r = h]

dv 5 dr
— =qrl—
dt dt

dr 1
=> | = — — cm/sec
dt r=2\/2 4

C = mrl = ir/2r = /2 r?

dC — dr
I—\/ZHZra

dC
m _=-2 cm?/sec
r=24/2

12=h? +r?
I=4 = r=h=2\2
dh dr 1

Section D

600 — 27t \ 2
(b)S=mr?+ "

Explanation: Let the radius of circular garden be r (in meters) and the side of the square garden be x (in meters). Then, 600 = 2

600 — 2nr

m+4x = xX= 2 (i)
The sum of the areas, S = e + x2
600 — 27

= S=mr?+( 2 )2

300
@r=3

ds an T

Explanation: = o 2mr - 1—6(600 -2m) = E(4r - 300 + nr)

das T
For local points of maxima and/or minima, = 5(4r -300+nr)=0
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= mr =300 - 4r

300
= I = | =, |metres.

n+4
d?s
71.  (d) 0 >0
. d3s T
Explanation: Also ﬁ = 5(4 + 1)

d?s
dr?

300

atr= 7

+4

T
—Z(4+7T)>0

72. (@) x=2r

Explanation: x = 2r

1
73 (b) 3

1

Explanation: 3

74. Let the rate at which the water is running out be given by — T

Given L =200 (10 - t)2

Now differentiating the above equation with respect to t, we get

—_ )2
a d (200(10 t) )
- s
Taking out the constant term, we get
i d((lo—oz)
= "% - 200 - m
Applying the power rule of differentiating, we get
dL d(10-t)
= -3 = —200210-1) - —4
dL
> "% " -400(10-t)- (- 1)
dL
= — 5 =400 (10-1)...(3)

Now we need to find how fast is the water running out at the end of 5 sec, so finding the value of equation (i) at t = 5, we get the

answer
dL
adl By
dL
adl By
dL
adl BT
dL
=\~ dt

Hence the rate at which the water is running out of the pool at the end of 5s is 2000 L/s
Now to find the initial rate we will substitute t = 0 in equation (i), we get

=>

dL
dt

dL
dt

dL
dt

t=5

t=5

t=5

t=5

t=0

t=0

t=0

= (400 (10 - D), - 5
= 400 (10 - 5)
= 400 (5)

L
= 20007 ...(ii)

= (400 (10 - ), ¢
= 400 (10 - 0)

= 4000 L/s ...(iii)
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75.

So equation (ii) is the final rate and equation (iii) is the initial rate
Hence the average rate during 5s is
initial rate + final rate
2

Substituting the corresponding values, we get
4000 + 2000

2
Hence , the average rate at which the water flows out during the first 5s is 3000 L/s .

=3000 L/s

Let two men start from the point C with velocity v each at the same time.
Also, «BCA = 45°

Since, A and B are moving with same velocity v, so they will cover same distance in same time.

Therefore, /AABC is an isosceles triangle with AC = BC.
Now, draw CD1AB
Let at any instant t, the distance between them is AB

Let AC=BC=xand AB=y
In /AACD and /ADCB,
£2CAD = £CBD| " AC = BC]
ZCDA = «CDB = 90°

.. 2ZACD = «DCB

1 1
or £ACD = EXAACB = £ACD = EX450

s
= ZACD =

b4 AD
=>sm8 = ac
nyl/2 y
= sing = — - AD = >
y L
= B —x51n8
. T
=>y=2xsm§

Now, differentiating both sides w.r.t t, we get

dy m dx

= 2.51n§. I

m dx
—2.sm8.v SvE

= 2v.

> . Slng = 5

\/T[ . vm]

=2- \/Evunit Is

which is the rate at which A and B are being separated.
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