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Question 1 (**)

The radiusy cm, of a circle is.increasing at the constant rat8 oms 1

Find the rate at which the area of the circle seasing when its radius 18.5 cm.

81p» 254 cnt &t

Question 2 (**)

The side lengthx cm, of a cube is increasing at the constant rate®tms *.

Find the rate at which the volume of the cube ¢seasing when its side Bcm.

{162 cnt st
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Question 3 (**)

The volumeV cm®, of a sphere is given by
_4,.3
V r 3pr )

wherer is its radius.

The radius of a sphere is increasing at the constsa of 2.5 cmsl.

Find the rate at which the volume of the spheradseasing when its radius &cm.

]

640 » 2011 cm s
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Question 4 (**)

The surface areds cm?; of a sphere is increasing at the constant rafelafcnt st
The surface area of a sphere is given by

S=4p r,
wherer cm is its radius.

Find the rate at which the radiusof the sphere is increasing, when the sphere’s
radius has reachegicm.

l:l , §» 2.55 cms!

e
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Question 5 (**+)

The volumeV cm®, of a metallic cube of side lengthcm, is increasing at the
constant rate 0f0.10&cm’s .

a) Determine the rate at which the side of the cub@deseasing when the side
length reache8 cm.

b) Find the rate at which the surface area of the cabem?, is increasing when
the side length reachéscm.

L— &l 1_8: &l
[ ] |25=0.004 cms!, |£5.=0.144 cnf &

© g 4t s

Question 6  (***)

The area,A cm?, of a circle is increasing at the constant ratedent s 1.

Find the rate at which the radiusgm, of the circle is increasing, when the circle’s
area has reachesl/ go cm?.

], 4i »0.0796 cms®

0
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Question 7 (***)
X=4sing + 7cogy .

The value ofg is increasing at the constant rate0db, in suitable units.

Find the rate at whiclx is changing, whe =

NS

i

Question 8 (***)

Fine sand is dropping on a horizontal floor at¢bhastant rate ofl cm’s ! and forms
a pile whose volumey cm’, and heighth cm, are connected by the formula

V =-8+ vh'+ 64.

Find the rate at which the height of the pile isr@asing, when the height of the pile
has reache@ cm.

[ ] WB»224cmst
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Question 9 (***)

An oil spillage on the surface of the sea remairautar at all times.

The radius of the spillage, km, is increasing at the constant rateDds km hi.

a) Find the rate at which the area of the spillatgkmz, is increasing, when the
circle’s radius has reachd® km.

A different oil spillage on the surface of the s#s0 remains circular at all times.

The area of this spillagel km? ,is increasing at the rate 65 km?h L.

b) Show that when the area of the spillage has reatBdal?, the rate at which
the radiusr of the spillage is increasing is

1
41

kmht.

10p » 31.4 knf Kt
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Question 10 (***)

Liquid dye is poured onto a large flat cloth andnis a circular stain, the area of
which grows at a steady rate hb cm’s 1.

Calculate, correct to three significant figures, ...

a) ... the radius, incm, of the staird seconds after it started forming.

b) ... the rate, incms I, of increase of the radius of the stain afteseconds.

[ ], r:\/§»1.38crr, I3 50173 cms!
p 320

Question 11 (***)

The variablesy, x and t are related by the equations

27

=15 4-
T ey

and In(x+3) :%t, x> -3.

Find the value of% ,whenx=9.
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Question 12 (***)

Fine sand is dropping on a horizontal floor at¢bastant rate 0% cm®s ! and forms
a pile whose volumey cm®, and heighth cm, are connected by the formula

= -2+ \/2h%+ 3+ 8.

Find the rate at which the height of the pile isr@asing, when the height of the pile
has reached1cm.

[ ] [»0.713cmst
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Question 13 (***+)
Two variablesx and y are related by

y:%rpx2(4- X).
The variabley is changing with time, at the constant rate 62, in suitable units.

Find the rate at whiclx is changing with respect tg whenx=2.
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Question 14 (***+)
The variablesy, x and t are related by the equations

1y
y=10&" ' and X=46t+1, t3 0.

Find the value 0%, whent =4.
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Question 15 (****)

Liguid is pouring into a container at the constaté rof 30 cm’s 1,

The container is initially empty and when the heighthe liquid in the container is
h cm the volume of the liquidy cm’,is given by

V =361,

a) Find the rate at which the height of the liquidtie container is rising when
the height of the liquid reaché&scm.

b) Determine the rate at which the height of the tigun the container is rising
12.5 minutes after the liquid started pouring in.

i: &l L: &l
|:|, 36 0.139 cmsT|, 80 0.0167 cms

I ® (] 3o “‘ s G &
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Question 16 (****)
The radiusR of a circle, incm, at timet seconds is given by

R=10(1- &"),
wherek is a positive constant arid>0.

Show that if A is the area of the circle, itr:mz, then

2= 20Qpk

(;f\ (e-kt_ -e2kt).
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Question 17 (****)

The volume of watery em®, in a container is given by the formula

V =43 + 253,

where x is the depth of the water icm.
a) Find the value ot‘i—v when x=11.
X

It is further given that the volume of the watertie container is increasing at the
constant rate of4.4cm’s

b) Determine the rate at which the depth of the waerthe container is
increasing when the depth has reach&dm.

[ 1].|7.2cn? sy, |2cms?
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Question 18 (****)

Qil leaking from a damaged tanker is forming au&c oil spillage on the surface of
the sea, whose area is increasing at the consti@ntd¥360 m?s 1.

We may assume that the spillage is of negligibiektiess.

a) Find the rate at which the radius of the oil sg#dlais increasing when the
radius of the spillage reach&80m.

b) Determine the rate at which the radius of the gillage is increasind
minute after it started forming.

1|2 »0573msY, | |2 »0.691 ms!
5 2p

0
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Question 19 (****)
1

A bubble is formed and its volume is increasinthatconstant rate o800cm’s L.

The shape of the bubble remains spherical ataédi
Find the rate at which the radius of the bubbledseasing ...

a) ... when the radius of the bubble reactiéscm.

b) ... ten seconds after the bubble was first formed.

volume of a sphere of radius is given%);or3

1 f/ 1
3p 12p

»0.298 cmsa?t

[ ], ]==»0.106 cms?

| e 21z [ae]
o
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Question 20  (****)
The shape of a bubble remains spherical at allstime

A bubble is formed and its radius is increasinthatconstant rate d.2 cms .

a) Find the rate at which the volume of the bubblangseasing when the radius
of the bubble reachecm.

b) Determine the rate at which the volume of the bebslincreasing when the
surface area of the bubble reactédsn? .

c) Calculate the rate at which the surface area ofbilfgble is increasin§0
seconds after the bubble was first formed.

surface area of a sphere of radius is given,duf4

volume of a sphere of radius is givenéxpr3

25560 »161cnP st 6—54 =12.8 cr? §1, 42" »30.16 cnf &'
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A bubble is formed and its volume is increasinghatconstant rate 20 cm’s 1,

The shape of the bubble remains spherical atraédi

Find the rate at which the radius of the bubbledseasing ...

a) ... when the radius of the bubble reaclesm.

b) ... when the volume of the bubble reacBe®cm’.

c) ... ten seconds after the bubble was first formed.

volume of a sphere of radius is givenaé);or3

s, |

o0

X 50,0637 cmst

N
4050

»0.0923 cms!
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Question 22 (****)

A cube has side lengthicm, surface area cm? and volumev cm®.

a) Show clearly that

o>
Nl

The surface area of the cube is increasing atdhstant rate 00.25 cm?s L.

b) Find, in terms of surds, the rate at which the m@wf the cube is increasing
when its surface area has reaché¢m?.
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Question 23 (****)

Air-is pumped into a balloon at the constant rdtéscm®s L.

The shape of the balloon remains spherical ainaéid.

a) Find the rate at which the radius of the balloom@easing when its radius
has reached0 cm.

b) If the balloon is initially empty, find the rate &hich its radius is increasing
minutes after the air started being pumped in.

volume of a sphere of radius is givené);pr3

S 500119 cmsl|, »0.0114 cmgt

1
80p 603p
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Question 24 (****)
The radiusr of a circle is changing so that

1

r2

ar
dt
Show that the rate at which the area of the cilehanges satisfies the equation
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Question 25  (****)
A particle is moving on the curve with equation

x=y +y+l, yl
The particle has coordinat¢g, y) at timet.

When they coordinate of the particle iS the rate at which thg coordinate is
changing with respect to timeis %

Find the rate at which thg coordinate of the particle changes with time, hett
instant.

v SIS

dt

45 _THE ATl 15 G A 1 =E0) , DFagAT 02T 3
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Question 26 (***¥)

gas \

A piston can slide inside a combustion cylinderaeihis closed at one end.
The cylinder is filled with gas whose pressiite in suitable units, is given by

P:@, x10
X

where x is the distance, itm, of the piston from the closed end.

At a given instant

the distance of the piston from the closed el ¢s.

its speed i4d5 cms moving away from the closed end.

Determine the rate at which the pressure of théggelsanging at that given instant.

1,|%=-36

dt
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Question 27 (****)

The volume of the watel/ m®, in a container satisfies the equation
2
V=xeX,
where x m is the depth of the water in the container.

Find the rate of increase of the volume of the wit¢he container when its depth is
0.5m and is rising at the rate 601ms .

AN
[ ] €45 000487 M s
160
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Question 28  (****)

A\ T72cm
h

Flowers at a florists’ are stored in vases whioh iarthe shape of hollow inverted
right circular cones with height2 cm and radiusl8 cm.

One such vase is initially empty and placed, wishaixis vertical, under a tap where
the water is flowing into the vase at the constate of 6p cm®s L,

a) Show that the volume/ cm®, of the water in the vase is given by
_d B
V=48,
where, h cm, is the height of the water in the vase.

b) Find the rate at whicl is rising whenh =4 cm.

c) Determine the rate at which is rising 12.5 minutes after the vase was
placed under the tap.

volume of a cone of radius and height is givyer%tmrzh

[ [.]6cms?|,|%>»0.0267 cms'

$ n 8
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Question 29  (****)
The surface ared, of a metallic cube of side length, is increasing at the constant
rate of 0.45cm?s 1.

Find the rate at which the volume of the cube dasing, when the cube’s side
length is8 cm.

[ 1], /09 cnts?
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Question 30  (****)

After a road accident, fuel is leaking from a tanémeto a flat section of the motorway
forming a circle of thicknes8 mm.

Petrol is leaking at a steady rate@m000¢ m3s 1

Find, in terms ofp, the rate at which the radius of the circle ofglas increasing at
the instant when the radius has reached.
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Question 31 (****)

A particle is moving on the curve with equation
y=2arcsin¥X, - e x¢

The particle has coordinatég, y) at timet.

When they coordinate of the particle %p the rate at which thg coordinate is
changing with timet is'2.

Find the rate at which thg coordinate of the particle changes with time, hatt t
instant.
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Question 32 (****)

A tank for storing water is in the shape of a helloverted hemisphere with a radius
of one metre.

It can be shown by calculus that when the deptth@fwater in the tank iB m, its
volume,V m®, is given by the formula

V=§ph2(3- h).

a) Find the volume of the water in the tank whenr 0.5.

The tank is initially empty and water then begiaspbur in at the constant rate of

L m> per hour.
24

b) Determine the rate at which the height of the westémcreasings hours later.

_50 31 1 _ 1
[ ].v=2(m  [5=0.0556 mfi
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Question 33 (****+)
The variablesy, x and t are related by the equations

x2+2xy+2y2=10 and y2=4t, t3 0.

D=
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Question 34 (****+)

\ /|

e ||

A container, in the shape of a hollow inverted casdilled up the water.

The height of the container #5 cm and the angle between the sides of the cone,
when viewed as a cross section6® .

a) Show that the volume/ cm®, of the water in the container is given by

1 .3
V ==ph®,
9/?
whereh cm is the height of the water in the container.

The container is filled up with water to the rimdatien the water is allowed to leak
from a small hole at the bottom of the cone, atcthestantrate of80 cm’s 2.

b) Determine the rate at which the height of the westelecreasing ...
I. ... when the height of the water 20 cm.

ii. ... five minutes after the leaking started.

1. 51» - 0.191 cms?, [» - 0.0962 cms!
0
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Question 35  (****+)

/4x/

A metal bolt is in the shape of a right circulatigler, with radiusx cm and length
4x cm.

The bolt is heated so that the area of its circatass section is expanding at the
constant rate 0f0.036cm? s 1.

Find the rate at which the volume of the bolt isr@asing, when the radius of the bolt
has reached.25 cm.

(You may assume that the bolt is expanding unifowhisn heatedl

[ ] [0.27cn? st
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Question 36 (****+)

A solid right circular cone has radiuscm and perpendicular heigiétx cm.

The cone is heated so that the area of its cir@a#ae is expanding at the constant rate
of 0.25cm?st.

Find the rate at which the volume of the cone @daasing, when the radius of the
base of the cone has reachz8 cm.

(You may assume that the bolt is expanding unifowhisn heated

volume of a cone of radius and height is givyer%tmrzh

[ ] h.875cni st
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Question 37  (****+)

Liquid is pouring into a container at the constaté of12p cm’s 1,

The container is initially empty and when the heighthe liquid in the container is
h cm the volume of the liquidy cm®, is given by

V =ph(h+20).

Determine the rate at which the height of the bigin the container is rising
seconds after the liquid started pouring in.

[ 1. |3=0.429 cms
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Question 38 (****+)

Liquid is pouring into a container at the constaté of 20 cm’s 1,

The container initially contains some liquid andemnhthe height of the liquid in the
container ish cm the volume of the liquidy cm’, is given by

Vv :p(h2+5h- 16), h3 6.

Determine the rate at which the height of the ligin the container is risin§0
seconds after the liquid started pouring in.

M | | 5=0087cms!
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Question 39  (****+)

The surface are& of a sphere is increasing at the constant ratomm? s 1.

Find the rate at which the volunvwe of the sphere is increasing, when the sphere’s
surface area i$250 cm?.

surface area of a sphere of radius is given,dnf4

volume of a sphere of radius is given%xpr3

[ | 100 cntst

Question 40  (****+)

The surface area of a sphere is decreasing abtbef6 cm? s 1 at the instant when
its radius isl2cm.

Find the rate at which the volume of the sphedeixeasing at that instant.

surface area of a sphere of radius is given,duf4

volume of a sphere of radius is givené);pr3

[ ] |36cnfst
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Question 41 (****+)
The variablesx, y, z and t are related by the equations

7=\ B +82 +1 y= ! In(x+3)3:%z,

(x+3)°

where x> -3 and x3 0.

Find the value ofz, whent =4 and hence determine the valuegd%, wheny = e?.

50
|- » - 0.0834
81¢
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Question 42 (****+)

The variablesx, y andt satisfy

dx _ 2.2\ _
a—kx and 2(x +y)—5xy,

wherek is a non zero constant.

Find, in terms ofk , the possible values (%%/ whenx=2.

[ Yek

dt

=4k
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Question 43 (*¥***¥)

Fine sand starts falling onto a horizontal flootheg constant rate &0 cm’s L.
A heap is formed in the shape of a right circutamec of heighth cm.

The angleg, wheretang = 3, is formed between the vertical height and thetsla
height of the cone, as shown in the figure above.

Show that whert =60

dh 1

dt 18

-1
3

wheret is the time in seconds since the sand startaddall

volume of a cone of radius and height is givyer%twrzh
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Question 44 (****¥)

P(0,5)

B(0,y)

v

© A(x0)
Two particles, A and B, can move on the positive axis and positivey axis
respectively. They are connected with a rope whechains taut at all times.

Particle A has coordinateéx, O) metres, wherex3 0 and particleB has coordinates
(0,y) metres, wher®£ y£5 .

The rope connecting the two particles has a leofthb metres and passes over a
small fixed pulley located a®(0,5) metres.

a) Show that

[ continues overleaf |
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[ continued from overleaf ]

At a given instant the particlé is at the point with coordinate(&Z,O) metres and
moving away fromO with a speed 0f6.5 metres per second.

b) Find the rate at which the partic is rising at that instant.

[ ] |ems!
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Question 45  (*¥***¥)

An air bubble, rising in a water tank, increasesaiume as the pressure of the fluid
around it decreases. It is assumed that the sHape bubble remains spherical at all
times.

It is further assumed the volurvecm® of an air bubble satisfies the equation

whereh cm is the height of the bubble from the bottom of thaek, D cm is the
depth of the water in the tank, akdis a positive constant.

The tank is filled up with water to a depth&@3»0cm.

A bubble with a volume 08 cm® is created in the water tank at a height380cm
from the bottom of the tank.

[ continues overleaf |
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[ continued from overleaf ]

Show that by the time the bubble has riserbbym, ...
a) ... the volume of the bubble increasesotom’

b) ... the volume of the bubble increases at the rarg%?{ cm® per cm risen.

c) ... the rate at which the radius of the bubble isaasing is

1

4008 40

cm per cm risen.

D, proof
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Question 46 (*****)

A metallic component is in the shape of a rightwiar cone, with radiugx cm and
height 3x cm.

The metallic component is heated so that the afréa ourved face is expanding at a
rate inversely proportional t®.

a) Show that volume of the metallic component is iasreg at a constant rate.

b) Find the percentage rate of increase of the baseratative to the curved face
area of the metallic component.

(You may assume that the metallic component is ekpguniformly when heated

[surface area of the curved face of a cone of radargd slant height , is given lpyl ]

volume of a cone of radius and heigh%przh

|, [80%

Created by T. Madas



Created by T. Madas

Question 47  (*****)

<\

Fine sand starts falling onto a horizontal floothe constant rate &&.2 cm’s L.

A heap is formed in the shape of a right circulame of heighty cm, wheret is the
time in seconds since the sand started falling.drigde g between the vertical height

and the slant height of the cone is such souzmd]:%, as shown in the figure.

a) Show clearly that

5 144
50

[ continues overleaf ]
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[ continued from overleaf ]

The curved surface area of the hea¢\ism2.

b) Show further that wheh=60, ...

Wl

: dy 1 -
o ===
dt 15'0

1
ii %21_6 3,

“dt 15

You may assume that the voluiMeand curved surface are® of a right circular
cone of radiug and heighth are given by

V:%przh and A=pr\/r2+h2.
1. [proof
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Question 48 (*¥****)

/GX/

A solid machine component, made of metal, is insin@pe of a right circular cylinder,
with radius x cm and length6x cm.

The component is heated so that it is expanditigeatonstant rate o%p cm®s L.

Given that the initial volume of the component V&g cm®, find the rate at which
the surface area of the component is increas#g) after the heating started.

You may assume that the shape of the component ashematically similar to its
original shape at all times.

] %p »2.09 cnf &1
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Question 49  (*¥***¥)

Y 72cm

A container is in the shape of hollow inverted tighicular cone of height2 cm and
radius18 cm.

The container, which is initially empty, is placedith its axis vertical, under a tap
where water is flowing in at the constant ratekafm® s 1.

The rate at which the height of the water in thetaimer is risingl2.5 minutes after
it was placed under the tap% cms 1,

Determine the value df .

volume of a cone of radius and height is givyer%twrzh

| | [k=6p]|
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Question 50  (*¥***¥)

An extended laddeAB, of length20 m, has one endA on level horizontal ground
and the other en® resting against a vertical wall.

The endA begins to slip away from the wall with constanéeg0.3 ms !, and the
end B slips down the wall.

Determine the speed of the eBd when B has reached a height a2 m above the
ground.

[ ] |0.4ms?
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Question 51 (*¥***¥)

[_shadow )

The light bulb in a lamp-post stan@sm high.

A boy, of heightl.5m, is walking in a straight line away from the lampst at
constant speed df5ms ®.

Determine the rate at which the length of its skadoincreasing.

', 0.5 ms?t

Created by T. Madas



Created by T. Madas

Question 52 (*****)
The variablesx, y andw are related by the equations

y=xy+l and w= X + WX.

At a certain instant the rate of change yofwith respect ta is increasing at the
constant rate o2, in suitable units.

At the same instant the rate of changewofvith respect ta is decreasing at the
constant rate 08, also in suitable units.

Determine the value ofv at that instant.

]:|, X=2
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Question 53 (*****)
Liquid is pouring into a container which initialbontains8.1 litres of liquid.

When the height of the liquid in the containerhiem, the volume of the liquid,
V cmd, is given by

V =36h°.

The rate at which the water is pouring into thetaorer is2t cm’s 1, wheret s is the
time since the liquid started pouring in.

Determine the rate at which the height of the biqin the container is risin@
minutes after the liquid started pouring in.

1 litre = 1000cni

l: &l
[ 1, £ =0.133cms
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Question 54 (*¥***¥)

A container is in the shape of a hollow invertaghticircular cone, whose ratio of its
base radius to its height 5 : 1.

The container is initially empty when water is begio flow in at the constant rake
At time t, the area of the circular surface of the wateéhecone isA.

Show that at timé =T , the rate at whiclA is changing is

2p 3 f(k,T),

where f (k,T) is an expression to be found.
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Question 55 (*****)

Fine magnetised iron fillings are falling onto arikontal surface forming a heap in
the shape of a right circular cone of heigixtcm and radiusx cm.

The area of the curved surface of the conical heapreasing at the constant rate of
kem?s !, k>0.

Determine the value df, given further that whex =5 the volume of the heap is
increasing at the rate @4.5 cm’s L.

You may assume that the volureand curved surface are® of a right circular
cone of radiug and heighth are given by

V:%przh and A=pr\/r2+h2.

[, k=742
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Question 56 (****¥)
The pointP lies on the curve given parametrically as

x=t2, y=t?-t, ti

The tangent to the curve Bt meets they axis at the pointA and the straight line
with equationy = x at the pointB .

P is moving along the curve so that itscoordinate is increasing at the constant rate
of 15 units of distance per unit time.

Determine the rate at which the area of the tre@AB is increasing at the instant
when the coordinates d? are (36,30 .

[ 1[4
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