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Derivatives as a Rate Measurer Ex 13.1 Q1

Let total suface area of the cylinder be A
A=2ar(h+r)

Differentiating it with respect to r as r varies
A
— =2ar [0+ 1)+ [h+F)2
o 1)+ (h+r)2n

= 28F + 20k + 2ar

A _ 4ar + 200
ar

Derivatives as a Rate Measurer Ex 13.1 Q2

Let & be the diatmeter and r be the radius of sphere,

So, valume of sphere = %m’z

v = — D3
24

Differentiating it with respect to O,
qv 12

e
an w4
G"V_J]'Dz
e

Derivatives as a Rate Measurer Ex 13.1 Q3
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Given, radius of sphere(r] = 2om.
We know that,

and A= dgr?

Dividing equation (i) by (i),
Qv
£= dar?
d_A B
ar

v

_ s
aq 2
o
i) I
@A), o
Derivatives as a Rate Measurer Ex 13.1 Q4
Letr be two radius of drcular disc.
We know that,
Area d = ar®

= -2 — i)

Circum ference © = 2ar
ac .
— =& -—{ii
ar (i

Dividing equation (i} by (i},

A

ar _ 2

dc o 2x

ar

dA

= =r

dc

)
ac),_

Derivatives as a Rate Measurer Ex 13.1 Q5

Letr be the radius, v be the volume of cone and h be height

v=lm’2h
3

dy 2

— = —mh.

ar BX

Derivatives as a Rate Measurer Ex 13.1 Q6
Letr beradius and A be area of cirde, so

(), ¥ o
¥=3
Derivatives as a Rate Measurer Ex 13.1 Q7 Q KQ
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Here, r=2cCm
Vo= i:rrS
3
al’
L = 4ar?

[G‘_VJ = 1ox
ar J,_s

Derivatives as a Rate Measurer Ex 13.1 Q8
Marginal costis the rate of change of total cost with respect to output.

~Marginal cost (MC)= % =0.007(3x" ) - 0.003(2x) +15

=0.021x" ~ 0.006x +15

Whenx =17, MC =0.021 (17)— 0.006 (17) + 15

=0.021(289) —0.006(17)+ 15

=6.069 -0.102+ 15

=20.967

Hence, when 17 units are produced, the marginal cost is Rs. 20.967

Derivatives as a Rate Measurer Ex 13.1 Q9
Marginal revenue is the rate of change of total revenue with respect to the number of units sold.

~Marginal Revenue (MR) = £= 13(2x) + 26 = 26x + 26
d

Whenx=7,
MR =26{7T)+26=182+26=208

Hence, the required marginal revenue is Rs 208,

Derivatives as a Rate Measurer Ex 13.1 Q10

Rx)=3x7+36x+5

AR

—— =6x+ 36

g = oX T

d—R =6x5+ 36

dxf,s

=30+ 36

= B6

This, as per the question, indicates the money to be spent @

on the welfare of the employess, when the number of employees is 5. E 0 . O
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Derivatives as a Rate Measurer Ex 13.2 Q1
Let x be the side of square.

Given, %: 4 cm/min, ¥ = 2 om

We know that
Area [A) = xZ
A [=2's

LI, PVl
ar N ar

(2] -2x@ @

d—’q=64 cm? fmin
at

Area increases at a rate of 64 om? Jmin,

Derivatives as a Rate Measurer Ex 13.2 Q2
Let edge of the cube is x cm.

lel's
— =3 cmyisec, x =10 cm
gt /

Let v be volume of cube,
Vo=x?
d_ll/: 3X2d_X
at dt

= 2(10)% x(2)
=900 cm® /sec
So,
volume increases at a rate of 900 cm? / saec.

Derivatives as a Rate Measurer Ex 13.2 Q3
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Letx be the side of the square.

a.
Here, % oz cm fsec.

ar

P o= dx

ar _  adx

gt gt
= 4x(0.2)

ae

— =0.8 cm/sec
at

So, perimeter increases at the rate of 0.8 cm /sec.

Derivatives as a Rate Measurer Ex 13.2 Q4

The circumference of a circle (C) with radius (#) is given by
C=2mr
Therefore, the rate of change of circumference (C) with respect to time (¢} is given by,

dC  dC dr .
— = .= (Bvchain rul
di " dr Y e
-4 2nr dr
dr di

dr

=21 .—
dt

Itis given tha.t% =0.7 em/s.
1

Hence, therate of increase of the circumference is2n (U,’J‘ ) =14 cm/s.
Derivatives as a Rate Measurer Ex 13.2 Q5
Let r be the radius of the spherical soap bubble.
Here, d_r =0.2 cmfsec, r =7 cm
at

Surface Area (4] = A
A ar
E =45 (2:”) E

d—A = 45 |:2 ® ?) =0,
dt ), 7

=11.2x szfsec.
So, area of bubhble increases at the rate of 11.2r om®/sec.
Derivatives as a Rate Measurer Ex 13.2 Q6

The volume of a sphere (V) with radius () is given by,

V:im‘j
3

~Rate of change of volume (I} with respect totime (2 is given by,

dv _dv dr 60 ’\Q

dt drdt By chain rule] 74)

al4 .Y dr 6
A \’b& %

Itis given that i’r_V =900 cm’ /s - .\‘\\O @@
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2900 = 4xr° dr
dt

dr_ o0 _2s
dt 4w

Therefore, when radius = 15 cm,

dr 225
dt w(1sy

1
n

Hence, therate at which the radius of the balloon increases when the radiusis 13 cm is l cm/s.
n

Derivatives as a Rate Measurer Ex 13.2 Q7
Letr be the radius of the air bubble,

ar
Here, i 0.5 cm/fsec, r =1 cm

Volume (V)= %mj

av 4 Sy ar
E 3}?{3."

) at

= 4!1'."2£
ar

= 4 (1)% x (0.5)

o‘_'.f =27 Cmafsec.
at

So,volume of air bubble increases at the rate of 27 cm®/sec,

Derivatives as a Rate Measurer Ex 13.2 Q8

2]
L

Let A8 be the lamp-post. Suppose at time ¥, the man C0 is at 2 distance of x meters from
the lamp-post and v meters be the length of his shadow C5.

Here, d_x =5 km/hr
fris

CD=2m,A8=6m

Here, AEE and ACDE are similar, so

A8 At
co o CE
6 x4y

9 5 kmnr & Q@
dr 2 &
. ) ] \
Sao, the length of his shadow increases at the rate of 7 krm fhr.

Derivatives as a Rate Measurer Ex 13.2 Q9 Q KQ
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The area of a circle (4) withradius (») is given byA =

Therefore, the rate of change of area (4) with respect to time (¢/ is given by,

A _d NS _ o '
E_a’r{w) a‘r(“r)d: zwds[BymnmEE]

Itis given that ? =4 cm's .
i

Thus, when » = 10cm,
dA
—=2m(10(a) =805
U n(ai(a)
Hence, when the radius of the circular wawve is & cm, the enclosed area is increasing at the rate of
80m cm?’s

Derivatives as a Rate Measurer Ex 13.2 Q10

2]
L

Let AB be the height of pole. Suppose at time &, the man <0 15 at a distance of x meters
from the lamp-post and ¥ meters be the length of his shadow CE, then

[el's
1.1
ar m/sec

AAEBE is similar to ACDE,

4 _ AE
Zh CE
600 X +y
160 ¥
15 _ x+y
4y
15y = d4x + 4y
11y = 4x
113 4
ax at
ay 4
Y1
adt 11( j
G"—’V=El4m,f’sec
at

R ate of increasing of shadow = 0.4 m/sec.

Derivatives as a Rate Measurer Ex 13.2 Q11
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Let A8 be the height of source of light. Suppose at time ¢, the man <D
at a distance of ¥ meters from the lamp-post and v meters be the length
of his shadow CE, then

[el's
=9
a7 m/sec

AABE is similar to ACDE,

A8 _ AE

oo CE

200 X+

180 ¥

Sy =xw+y

4y = X

dy _ar
ar gt

ar _2

ar 4
1
Tz

ay

2 -p.E

s m/fsec

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

The diagram of the problem is shown below

=1
L

O
0 s\\
Derivatives as a Rate Measurer Ex 13.2 Q12 O
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b

o A
¥

Let A8 be the position of the ladder, at time ¢, such that A =x and 08 =y

Here,

0A% +08% = A87

xi4ypEa (13)2

x2+y? =169 —i)
and S%: 1.5 m/sec
From figure, tan9=£

Differentiating equation (i) with respect to ¢,

i dy
2 — 42y =10
Ta T ar

ay
2[1.58)x + 2y — =10

(to)xv 2y o2
dy

I +2y—=0
eV G
dy _ 3
at 2y

Differentiating equation (i) with respect to ¢,

ol o
secz.‘_%'ﬁ = 70.0‘_};_}{&
it x2
3x
x x[—gJ—y(l.Sj
o

_-1.5x% -1.57
= T

dg —1.5[X2+y2)
at x2y59c28

—1.5(X2+y2:]

i} xzy {1 + tanzs)

G-Q_—l.S[x2+y2)
at xzy[1+é]
X

_1.5{x2+y2}xxz

-1.5 @

= O A°
-1.5 \\'

A o °°’Q

= -0.3 radian/sec Q KQ

*
Derivatives as a Rate Measurer Ex 13.2 Q13 @ \/®
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Here, curve is

y=x2+2x

dy _ax

snd == = - i
"oar T ar (i
Y= X% 2x
ay ax ax
o Ty
T @ Tatta
= d—y=di(2x+2)
gt dt
Using equation (i},
2rv+2=1
2y =-1
1
o= -
2
So, y=x2+2x
2
(444
z 2
1y
4
-2
Y=o
. . . 1 3
So, required pointsis [-=,-Z= |,
quired p -L-2]

Derivatives as a Rate Measurer Ex 13.2 Q14
Herge,

[el's :
— = 4 Units/sec, and x = 2
at /

and, yo=7x-x7

dy

Slope of the curve(S) = —
g =7-3x?
o g o
qr qt

= —48 units/sec

So, slope is decreasing at the rate of 48 units/sec.

Derivatives as a Rate Measurer Ex 13.2 Q15
Herge,
Y-t (]
dt at
and, y=x7

ay 5 dx
b YON il
ar 7 ar

Bz;it= 3){22'._); [Using equation ()] 60 (;\\,0

= = ® N O ‘2}
Putx =1=vw [1) 1
0\\\ @

Putx = -1=y=(-1) = -13 Q\ \/
b

S0, the required points are [1,1) and [-1,-1). ’\Q
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Derivatives as a Rate Measurer Ex 13.2 Q16(i)
Here,
dis
5 [SmS) _ ﬁ
ot at
2 xcosd d_&? = d_&
gr  at
Zcosg=1
cosd = l
2
a==I,
3

e —2d—(cosej
de . de
YE L o(—sing=®
g~ 2l g
1=2sing
sir'|6=l
g= "

)

Derivatives as a Rate Measurer Ex 13.2 Q17

D

c A
Let CO be the wall and A& is the ladder

Here, 48 = 6 meter and o‘_x = 0.5 m/sec.
at =g

From figure,
ABZ = x? +y2
(6)2 =xZ 4yt

36:)(2+;,r2

Differentiating it with respect to ¢,

0= 2xd—x+2yd—y

ar at
ay __xax — (i)
at =iy

TTaE (%)
— m/sec K
N \‘b
. - 1
So, ladder top is sliding at the rate of — m/sec. Q Q
i : E L
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Mow, to find x when d_X=_d_y
ar ar

From equation [i)J
ay __xax
ait vt
Jgx XX

at v oat
M=y
O,
36 = x2+y2
36 = x2+ 57
2x% = 36
x% =18

X=3«f2_m

When foot and top are moaoving at the same rate, foot of wall is 3@ meters away from the

weal |

Derivatives as a Rate Measurer Ex 13.2 Q18

Let height of the cone is » om. and radius of sphere isr om.

Here given,
X =2r -—=Ii)
h=x+r
h=2r+r
ho=3r - i}

v = volume of cone + volume of hemisphere

Loz B0
3
= Zar? [2r) +Zar® [Using equation [ii)]
e Zarig S gl
3
4
=—ar
3
4 _(hY
= —r|—
3 3
W= iﬂha
: o
dv 4
dh Bl

%
Co.
%

(&), =0 %Q)
[ﬁj eren \'(& Q

volume is changing at the rate 127 cm? with respect to total height, %

Derivatives as a Rate Measurer Ex 13.2 Q19 N O @
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Let @ be the semi vertical angle of the cone CA8 whose height €0 is 10 m
and radius 08 =5 m.

ooy,
OB
tane = ——
[ale}
5
10
tan o« =l

Let v be the volume of the water in the cone, then

v=%x[o'5')2[co')

=%:r(h tane:)? (K]

1
v==rhitan®e
3

v =" h? {-.-tana:l]
12 2
dv _# h2@
gt 12 dt
kg 2dh G“V el .
=2 pEE i,
i@ { ar m”m'”}
dh _ 4
at  R*
[ﬁ} -t [+h=10-7.5-2.5m]
tlas (2.5)
4
T 8.25
=0.64 m/min

So, water level iz rising at the rate of 0.64 m/min.

Derivatives as a Rate Measurer Ex 13.2 Q20
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Let A8 be the lamp-post. Suppose at time ¢, the man <0 is at a dista
x m. from the lamp-post and v m be the length of the shadow CE.

Here, _t= 6 km/shr

CD=2m,AB=6m

Here, AABE and ACDE are similar

A8 AE
S0, — =
ch CE
E=X+y
2y
v =x+y
2y = x
zdy_dx
ErT
Ed—y=5
at
z,—i:Ekm/hr

So, length of his shadow increases at the rate of 3 km/hr.

The diagram of the problem is shown below

2]
L

Derivatives as a Rate Measurer Ex 13.2 Q21

a4
Here, i 2 cm?/sac

To find d_V atr =6 cm

A = dgr?
A a ra‘r
o agr o
at at
2= Elm’ﬂ

qt
ar 1
_=_"_ om/fsec
at 4mr

Mow, W = %ﬂ."a @
Y. e}\} ;\\O
oo ) %) @O
L (b{a \\
—=6om *sec %\ %_

So, volume of bubhble is increasing at therate of 6 om 3 /sec, Q Q
O o
Derivatives as a Rate Measurer Ex 13.2 Q22 ‘\\\ @fb
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ar ah
Here, — =2 cm/sec, — = -3 cm/fsec
¥ ! at !

To find Gd.—l';whenr=30m,h=50m

Mow, V =wolume of cylinder

V = ar?h

c"_V= X{Erﬂxh +r2@}

Jt ot [}
- (2@ @6+ @ 2]
= a[60-27]

av

2~ 335 ocm®/sec
fris

So, volume of cylinder is increasing at the rate of 33x cma,/sec.

Derivatives as a Rate Measurer Ex 13.2 Q23
Let V¥ be volume of sphere with miner radius r and onter radius &, then

v =§H{R3—Fa)

av _ 4 [322d_R— ar? d_rJ

— =

3 at at
D:%g{gzz_i_rzg] [Since valume V' is constant]
ar ar
gz R _ 20r
ar - ar
2 dR 2
87— =471
EFR - 42y
gr 16
gt 64
a8 1
— == om/sec
at 4

Rate of increasing of onter radius = % cm/sec.

Derivatives as a Rate Measurer Ex 13.2 Q24
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Mo,

[ co=208]

1
V= Zarh
3

Lo 2kl i cma;’mini|
at

% . 38-14 crm /min

Rate of increasing of height = 2 cir /min
u T

-

Derivatives as a Rate Measurer Ex 13.2 Q25
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120 m

A
Let ¢ be the position of kite and AC be the string.

Here, y¥=x"+ (120)2 =i}
v - % (s2) (il P52 m/SBu::|

From equation (i},
wi=xy (120)2
(130)° = x4+ (120)°
x% = 16900 - 14400

x% =2500
x =50

Using equation (i),
dy X
— = —[52
ar =, 152

50
=~ (g2
130[ j
20 mfsec

So, string is being paid out at the rate of 20 m/sec.

Derivatives as a Rate Measurer Ex 13.2 Q26

Here,
ay o _—
gt at
and = E)(3+1
¥ =13
o _2)( ZC‘.X
dt 3 gt
e 2 G . ) .
2l =Rt Uzing equation |i
— — [Using eq (]
2 = 2x®
= N ==%1
2) =
== 1
¥ (BJX +
2 3
Putx =1, =Z41=2
LIT & ¥ 3+ 3 @
2 1
Putx = -1, =—(-1]+1==
yezlirt=3

So, raquired point Lg and -1,%. (b
o &R

Derivatives as a Rate Measurer Ex 13.2 Q27 ,@
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Here,

& _ay -

gt gt
and curve is

yz = Bx
d ax
¥t
2y =8 [using equation (l)]
¥o=4
= (4)2 = Bx
2

= X =

So, required point = (2,4,

Derivatives as a Rate Measurer Ex 13.2 Q28
Let edge of cube be x cm
Here,

e

Y g om¥/sec
at

To find d—A when x =10 cm
at

We know that

Vo=x?
d_l'/=3 2@
ar ar
9-3(10)2 %
ot
o‘_x_ 3 om/sec
gt 100
O, A =6x”
A ax
A T PP il
ar N ar
3
=12 (10| —
2) 35}
—=3.6
a7 cm<fsec

Derivatives as a Rate Measurer Ex 13.2 Q29

Given, o‘_'.f =25 o stec
at

To find d—A when r=5 cm
at

We know that,

W= iﬂra
3

C;_j _ gﬂ {arz}g

25 = 4 (5)° ar

at @

Z,—; = % cm/sec 0 ’\0

Mow, A= drr? @b é\'
. aﬂ(sj[ij %\(b Q

—_= z i
= 10 em</sec ‘\’\\O @@
Derivatives as a Rate Measurer Ex 13.2 Q30 \&\ \/
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Given,
d—x =-5 cm/min
feka
3% .
g
e cm Amin

(il To find Z‘.—'z when x = 8 cm,y =6 cm

P=2{x+y)

dp [, dr

E'z[dtertJ
= 2(-5+4)

ae .
-z
o o Amin

iy To find % whenx =8 om and v =6 cm

A= xy

a4 ay ax

@ Yartar

(8) (%) + (B] [-5)

32 - 30

o2 ommin.
at /

Derivatives as a Rate Measurer Ex 13.2 Q31
Let r be the radius of the given disc and A& be its area

Then, A= art

= = Zar — [by chain rule]

. . . dr
Mow, the approximate increase ofradius = dr=EM = 0.05cm /sec

- the approximate rate of increase in areais given by

da =i]_’:[atj= 2nr (%ﬁt) - 22 (3.2)(0.05) = 0.320ncm? /5
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