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Related Rates 

When we talk of acceleration we mean the rate at which velocity is changing.  If the 

acceleration is large then, for example, we might say Òthe velocity is changing 

quicklyÓ.  This refers to Òhow the velocity changes as time changesÓ and is written 

dv
dt

. 

Similarly we may talk of how quickly the angle of the sun changes during the day.  

This could be written as 
d
dt
!

 where !  is the angle of elevation of the sun. 

When a ladder slides down a wall as shown in the diagram: 

 

then 
dh

dt
 and 

dx

dt
 represent how quickly the height is changing and how quickly the 

distance of the base of the ladder from the wall is changing.   

Each of these is an example of what we call related rates.  Related rate problems all 

have the common characteristic that variables are differentiated with respect to TIME. 
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The expression Òhow quicklyÓ, Òat what rateÓ, Òhow fast is the É  changingÓ, Òrates 

of changeÓ all suggest rates. 

 

Remember that the rate at which a variable is increasing also can well be a variable.  

For example, when a child blows up a balloon, presumably puffing at a constant rate, 

the rate at which the radius of the balloon increases is much greater when the child 

first starts puffing than later on at the point when the balloon is about to burst. 

 

The basic approach for solving related rate problems is to write a general equation 

relating the variables and then differentiate with respect to time.  Only then are 

specific values for the variables substituted. 

 

Example 

Question: The volume of a cube is changing at the constant rate of  

   75 cubic cm/m in. 

a)  Find the rate of change of an edge of the cube when the length of    

     the edge is 5 cm. 

b)  Find also the rate of change of the surface area when the surface  

     area is 24 square cm. 

Answer: a)  Let V  and A represent the volume and surface area of the cube  

 respectively. 
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 We know that 75
dv

dt
=  since this is a constant rate.  We are trying  

  to find 
dx

dt
 at the instant when 5x = .  

  3V x=   (1) 

 Differentiate with respect to time  

  23
dV dx

x
dt dt

=  (1)' 

 At the particular instant when 5x =  we have 

  ( )275 3 5
dx
dt

=  

 i.e. 1
dx
dt

=  

 This means that, at the instant when the length of the edge of the  

  cube is 5 cm, the edge is increasing at a rate of 1 cm/sec. 

b)    2
6A x=   (2) 

 ! 12
dA dx

x
dt dt

=  (2)' 

 We need to determine the length of the edge of the cube at the  

  instant when the surface area = 24 square cm. 

 i.e. 2
24 6x=  

  2 x=  
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It is NOT valid to substitute in 1 for 
dx
dt

 in (2)' from part a)  because 

dx

dt
 is only equal to 1 at the instant when 5x = . 

 We need to determine 
dx

dt
 at the instant when 2x =  from (1)'. 

 i.e. ( )275 3 2
dx
dt

=  

 i.e. 
25

4

dx
dt

=  

 Substituting for x  and 
dx

dt
 in (2)' we have: 

  ( )
25

12 2 150
4

dA

dt

! "
= =# $

% &
 square cm/m inute. 

 Note, as already mentioned, that it is only valid to substitute in  

  (given) special values of variables AFTER differentiating.  This is  

  analogous to finding the equation of the tangent to 2
y x=  at ( 2,4 ).   

 To find the slope one may only substitute in 2 for x  after  

 differentiating. 
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Example 

Question: The edges of a right-angled triangle are changing but the perimeter is  

fixed at 40 cm.  When the hypotenuse is changing at a rate  

of 7 cm/m in and the edges are 8 cm, 15 cm, 17 cm, find the rates of 

change of the other two edges at this instant. 

Answer: Let the edges be x , y , z  cm then 

   2 2 2x y z+ =    (1) 

  and  40x y z+ + =    (2) 

  It is easier to differentiate both equations (1) and (2) with respect to  

TIME.  

i.e. 2 2 2
dx dy dz
x y z
dt dt dt

+ =  (1)' 

and 0
dx dy dz
dt dt dt

+ + =   (2)' 

Substituting x , y , z  and 
dz
dt

 at the special instant we have: 

 ( )16 30 34 7
dx dy
dt dt

+ =   (1)' 

and 7 0
dx dy

dt dt
+ + =   (2)'  

Solving (1)' and (2)' yields 32
dx

dt
= !  cm/m in and 25

dy
dt

=  cm/m in. 

This means that the shorter edge of the right angled triangle is  

decreasing at 32 cm/m in and the longer edge is increasing at 25 

cm/m in. 
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Let the radius of the 

top of the water be r  

cm and let the waterÕs 

depth be h  cm as 

shown. 

Example 

Question: A basin has the shape of an inverted cone with altitude 100 cm and  

radius at the top of 50 cm.  Water is poured into the basin at the 

constant rate of 40 cubic cm/m inute.  At the instant when the volume 

of water in the basin is 486!  cubic centimetres, find the rate at which 

the level of water is rising.  ( 21
3

V r h!= ) 

Answer:  

 

  Let V  be the volume of the water. 

  We know 40
dV

dt
= .  We wish to find 

dh

dt
 at the instant when  

   486V !=  cubic cm. 
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21
3

V r h!=   (1) 

   
50

100

r

h
=   (2) similar triangles 

  i.e. 
2
h

r =    (2). 

  In the previous example we differentiated BOTH equations with respect  

   to time.  Here, it is recommended (but not required) that we substitute  

r , in terms of h , from (2) into (1). 

We do this for 2 reasons: 

a) it avoids using the Product Rule when differentiating (1) and 

b) we wish to find 
dh

dt
 only. 

Note that it is valid to substitute for r  before differentiating here 

because r  is always equal to 
2

h
.  
2

h
 is not a special instant value for r .  

 
2 3

21 1

3 3 2 12

h h
V r h h

!
! ! " #= = =$ %

& '
 (1) 

Note that at the instant when 486V !=  

 
3

486
12

h!
!=  

i.e. 3
5832h =  

i.e. 18h =  
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Differentiate (1) with respect to time: 

 
2

4
dV h dh
dt dt

!
=  

i.e. 
( )

2
18

40
4

dh
dt

!
=
i

 

 
40

81
dh

dt!
=  

i.e. 0.1572
dh

dt
=  cm/m in 

This means that the level of water is rising at a rate of 0.1572 cm per 

minute. 

 

Example 

Question: A northbound ship leaves harbour at 12 noon with a speed of  

7.5 knots and a westbound ship leaves the same harbour at 2 p.m. with 

a speed of 8 knots.  How fast are the ships separating at 4 p.m.? 

Answer:  

      Let x  nautical miles and y  nautical 

miles be the distances from the 

harbour of the westbound and 

northbound ships respectively.  Let 

s  nautical miles be the distance 

separating the two ships at an  

      arbitrary time t  hours after noon. 
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 We wish to find 
ds
dt

 at 4 p.m.  i.e.  when 4t = . 

  2 2 2
s x y= +   (1) 

 Differentiate with respect to time and cancel by 2 then: 

  
ds dx dy

s x y
dt dt dt

= +  (1)' 

 At 4 p.m. 16x =  and 30y =  and 34s =  (Pythagoras). 

  8
dx
dt

=  and 7.5
dy

dt
= . 

 Substituting in (1)' we have 

  ( ) ( )34 16 8 30 7.5
ds

dt
= +  

 i.e. 
353

10.38
34

ds

dt
= =  nautical miles per hour. 

 i.e. At 4 p.m. the distance separating the ships is increasing at  

  approximately 10.38 nautical miles per hour. 

Worksheet 1 

1. If 2
A r!= , find 

dA

dt
 when 2r =  and 3

dr
dt

= . 

2. If 2A rh!= , find 
dr

dt
 when 2r = , 4h = , 16

dA
dt

!=  and 2
dh

dt
= . 

3. If 
4

3
r h

h

!
= , find 

dh

dt
 when 2r = , 12h = , and 

1

2

dr

dt
= . 

4. If 2 2
A r h r!= + , find 

dA
dt

 when 3r = , 4h = , 
1

5

dr

dt
= , and 

1
2

dh

dt
= . 
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5. A particle moves along the curve 2
1y x= +  in such a way that 4

dx

dt
= .   

Find 
dy

dt
 when 3x = . 

6. Two automobiles start from a point A at the same time.  One travels west at 

80 miles per hour; the other travels north at 45 miles per hour.  How fast is 

the distance between them increasing 3 hours later? 

7. A spherical balloon is being inflated at the rate of 312 in /sec .  How fast is the 

radius r  changing at the moment when 2r =  inches? 

8. A particle is moving along the curve 2
y x=  in such a way that when 

1
2

x = , 

2
dx
dt

=  ft/sec.  Determine 
dy
dt

 at that moment. 

9. A ladder 15 feet tall leans against a vertical wall of a house.  If the bottom of 

the ladder is pulled away horizontally from the house at constant speed of  

4 ft/sec, how fast is the top of the ladder sliding down the wall when the 

bottom of the ladder is 9 feet from the wall? 

10. A cone (point down) with a height of 10 inches and a radius of 2 inches is 

being filled with water at a constant rate of 2 in3/sec.  Determine how fast 

the water surface is rising when the water depth is 6 inches. 

11. A particle is moving along the graph of y x= .  At what point on the curve 

are the x -coordinate and the y -coordinate of the particle changing at the 

same rate? 
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12. A winch at the end of a dock is 10 feet above the level of the deck of a boat.  

A rope attached to the deck of the boat is being pulled in using the winch at 

a rate of 5 ft/sec.  How fast is the boat being pulled toward the dock when 

26 feet of rope are out? 

13. The cross-section of a trough 6 feet long is an equilateral triangle with one 

vertex pointing down.  

a)  Define a function which relates the volume of water in the trough to the  

     depth of the water. 

b)  If water is flowing into the trough at a rate of 10 ft3/sec, find the rate at  

     which the depth of the water is increasing when the depth is 2.5 feet. 

14. A streetlight is 15 feet above the sidewalk.  A man 6 feet tall walks away 

from the light at a rate of 5 ft/sec.   

a)  Determine a function relating the length of the manÕs shadow to his  

     distance from the base of the streetlight. 

b)  Determine the rate at which the manÕs shadow is lengthening at the  

     moment that he is 20 feet from the base of the light. 

 

Answers to Worksheet 1 

1. 12!    2. 1     3. 6      4.  
64
25

!     5.  
6 10

5
   6.  91.79 7.  

3
4!

 in/sec 

8. 2 ft/sec        9.  3 ft/sec 10.  
25

18!
 in/sec 11.  

1 1
,
4 2

! "
# $
% &

  12.   
65

12
 ft/sec 

13. a)  ( ) 22 3v h h=    b)  
1

3
 ft/sec 14.  a)  

2

3
s d=   b)  

10

3
 ft/sec 
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Worksheet 2 

RELATED RATES 

1. A ladder 10 metres long is leaning against a wall when it begins to slide down 

the wall at a constant rate of 2 metres per second.  Find the rate which the 

base of the ladder moves away from the wall when the top of the ladder is 6 

metres above the ground. 

2. At the instant when the radius of a cone is 3 inches the volume of the cone is 

changing at the rate of 9!  cubic inches per minute.  If the height is always 3 

times the radius find the rate of change of the radius at that instant. 

3. The volume of a cube is changing at the rate of 300 cubic inches per minute.  

Find the rate of change of the edge of the cube when the length of the edge is 

10 inches.  Find also the rate of change of the surface area of the cube when 

the surface area is a 150 square inches. 

4. For each of the functions below find the rate at which y  is increasing when 

4x =  if x  is increasing at a constant rate of 3 units per second. 

a)  
2 2

3
x x

y
x
! !

=
!

 b)  2 1
4

2
y x

x
= +  c)  3 2

3y x x= !         d) 2
1

2y x
x

= +  

5. Sand is being poured onto a conical pile whose diameter is always twice its 

height.  When the height is 10 metres its height is observed to be increasing at 

a rate of 
1

4
 metre per minute.  What is the rate of the flow of the sand? 
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6. The volume of a cylinder is increasing at the rate of 4!  cubic cm per second.  

The radius of the base is increasing at the rate of 2 cm/sec.  How fast is the 

height of the cylinder changing when the volume is 36!  cubic cm and the 

radius of the base is 3 cm?  Is the height increasing or decreasing? 

7. Two parallel sides of a rectangle are being increased at a rate of 2 cm per 

second while the other 2 sides are being shortened so that the area remains 

constant at 50 square cm.   

a)  What is the rate of change of the perimeter when the length of an  

     increasing side is 5 cm?   

b) What are the dimensions at the instant when the perimeter stops  

     decreasing? 

 

Answers to Worksheet 2 

1. 
1

1
2

 

2. 
1
3

 

3. 1 inch/m in, 240 square inches/m in 

4. a)  -9  b)  95.9 c)  72  d)  5.9 

5. 25!  cubic metres per minute 

6. 
44
9

! , decreasing 

7. a) -4  b) 5 2  by 5 2  
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Worksheet 3 

1. If a , b  and c  are sides of a right triangle, where c  is the hypotenuse and c  is 

constant at 13 cm, given that a  is increasing at a rate of 3 cm/s, find the rate 

of change of b  in cm/s when 5b =  cm. 

(A) -20 cm/s  (B) 20 cm/s  (C) -1.25 cm/s  

(D) -7.2 cm/s  (E) 7.2 cm/s 

 

2. A child is rolling some clay in the form of a cylinder.  The radius of the 

cylinder decreases at a constant rate of 4 cm/m in.  At a certain instant when 

the radius is 8 cm, the height is 10 cm.  The rate at which the height is 

increasing, in cm/m in is:    (A) -10     (B) 10     (C) 0     (D) 10!      (E) 5 

 

3. The sides of this rectangle increase in such a 

way that 1.9
dz
dt

=  and 4
dx dy

dt dt
= .  At the instant 

when 8x =  and 6y = , what is the value of 
dx

dt
? 

(A) 
1

3
   (B) 1    (C) 2        (D) 5   (E) 5 
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4. A spherical balloon with radius r  

inches is being inflated.  The 

function V  whose graph is sketched 

in the figure gives the volume of the 

balloon, ( )V t , measured in cubic 

inches after t  seconds.  At what 

approximate rate is the radius of the 

balloon changing after 4 seconds?   

 (A) 5!      (B) .15536     (C) .0495     (D) 4.817     (E) .488 

 

5. Children are rolling a ball of snow to form a snowman. The radius of the ball 

is changing according to the law 
2

2

2

1

t
r

t

=

+

, where t  is in minutes and r  is in 

metres. 

a)   
dV

dt
 after 1 minute is:  

 (A) 
4!
3

     (B) 8!      (C) 4!      (D) 
8

25
     (E) 1 

     b)  What is the limit to the volume of snow as time goes on indefinitely? 

  (A) 16!      (B) 
8!
3

   (C) 
4!
3

   (D) 
32!

3
    (E) 32!   
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6. Sand is dumped on a pile in such a way 

that it forms a cone whose base radius 

is always 3 times its height.  The 

function V  whose graph is sketched in 

the figure gives the volume of the 

conical sand pile, ( )V t .  

At what approximate rate is the radius of the base changing after 3 minutes? 

(A) .0438     (B) .167     (C) .0146     (D) .046     (E) 
1

87!
 

7. The function V  whose graph is sketched below gives the volume of air ( )V t  

that a man has blown into a sperical balloon after t  seconds.  Approximately 

how rapidly is the radius changing after 6 seconds?  

(A) 
1

5
     (B) 

!
5

     (C) 3     (D) 
3

!     (E) 2.813 
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Answers to Worksheet 3 

1. D 

2. B 

3. C 

4. B 

5. a)  C 

b) D 

6. B 

7. A 
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Example (in 3-dimensional space) 

Question: A man is running over a bridge at a rate of 5 metres per second while a  

boat passes under the bridge and immediately below him at a rate of  

1 metre per second.  The boatÕs course is at right angles to the manÕs 

and 6 metres below it.  How fast is the distance the between the man 

and the boat separating 2 seconds later? 

Answer:  

 

In the diagram let M be the position of the man, let B be the position 

of the boat.  OM  represents the distance the man runs.   

WB  represents the distance the boat goes along the river.   

OW  is 6 m i.e. the height of the bridge above the water. 

Let OM  be x , let WB be y  and let MB  be s , the distance separating 

the man and the boat. 

 2 2 2 26s x y= + +  (1) 

After two seconds, 10x = m, 2y = m, and hence 140s = . 



 236 

 

Differentiate (1) with respect to time and cancel by 2. 

Then  
ds dx dy

s x y
dt dt dt

= +  

After 2 seconds we have 

 ( ) ( )140 10 5 2 1
ds

dt
= +  

! 
52

4.395
140

ds
dt

= =  (approx.) 

! The distance between the man and the boat is increasing by  

  4.395 m/sec. 
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Example 

Question: In the diagram shown the corridors are 4 m and 5 m wide.  A cat C is 

moving to the right at 10 m/sec.  At the instant when a dog D is  

12 metres from A, how fast must the dog run in order to keep the cat 

in sight? 

 

Answer: Let AD y=  and AC x= .  We wish to find 
 

dy
dt

 when 12y =   

and 10
dx

dt
= . 

  

In the diagram,  

DAC BEC! !!  

!    
DA AC
BE EC

=  

!   
4 5

y x

x
=

!
. 

        !    
4

5

x
y

x
=

!
 (1) 
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Differentiate (1) with respect to time: 

 

  

dy

dt
=

x ! 5( )4 dx

dt
! 4x

dx

dt

x ! 5( )2
 

At the special instant when 12y = , 7.5x =  from (1) 

and  10
dx

dt
= .  We have: 

 
2)5)5.7((

)10)(5.7(4)10(4)55.7(

!

!!
=

dt

dy
 

 32= !  m/sec 

!  The dog must move at 32 m/sec to keep the cat in sight. (The  

  dog is going to be disappointed.) 

 

Worksheet 4 

RELATED RATES 

1. Sand is being dropped on the ground at a steady rate of 9!  cubic cm per 

second and forms a conical pile whose height remains equal to the radius of 

the base.  At what rate is the height increasing after 8 seconds? 

 

2. The area of a circular ink blot starts from zero and grows at a constant rate of 

4!  square cm per minute.  Find the rate at which the radius is increasing: 

a)  after 3 minutes. b) when the radius is 1 cm. 
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3. A basin has the shape of an inverted cone with altitude 6 cm and radius at the 

top of 9 cm.  Water runs in at the constant rate of 3 cubic cm per second.  At 

the instant when the water is 4 cm deep find: 

a)  the rate at which the level of water is rising. 

b)  the rate of increase of the exposed surface area of the water. 

4. A barge whose deck is 5 metres below the level of a dock is being drawn in by 

means of a cable attached to the dock and passing through a ring on the dock.  

When the barge is 12 metres away and approaching the dock at 
3
4

 metre per 

minute, how fast is the cable being pulled in? 

5. Two aeroplanes fly eastwards on parallel courses 12 miles apart.  One flies at 

240 m.p.h. and the other at 300 m.p.h.  How fast is the distance between them 

changing when the slower plane is 5 miles farther east than the faster plane? 

6. A ladder rests against a vertical pole.  The foot of the ladder is sliding away 

from the pole along horizontal ground.  Find the inclination of the ladder to 

the horizontal at the instant when the top of the ladder is moving 3 times as 

fast as the foot of the ladder. 

7. A cone of fixed height 12 inches is changing in shape through the change in 

the radius of the base.  What rate of increase of the radius will make the lateral 

surface area of the cone increase at the rate of 10!  square inches per minute 

when the radius of the base is 5 inches? 
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8. A northbound ship leaves harbour at 10 a.m. with a speed of 12 knots.  A 

westbound ship leaves harbour at 10:30 a.m. with a speed of 16 knots.  How 

fast are the ships separating at 11:30 a.m.? 

 

9. At a certain instant, Submarine A is on the surface of the ocean and 

submarine B is 700 m due north of A and 100 m below the surface of the 

water.  B is descending vertically at a constant rate of 2 m/s and A is moving 

north at a constant speed of 6 m/s.   

a)  At what rate is the distance between A and B changing at this instant? 

b)  At what rate will the distance between them change when A is directly  

     above B? 

c)  Where will A be when they are closest together? 

 

Answers to Worksheet 4 

1. 
1
4

 cm per second   7.   0.67 

2. a)  
1

3
  b)  2   8.   19.6 knots 

3. a)  
1

12!
 b)  

3
2

   9.  a)  4 2!  m/sec b)  2  m/sec 

4. 
9

13
         c)  100 m from being directly above B 

5. -23.08 

6. 18.4¡ 
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Worksheet 5 

REVIEW OF RELATED RATES 

1. A balloon is being filled with air at a rate of 3 cubic metres per minute.  Find 

the rate at which the radius is increasing when the volume is 36!  cubic 

metres. 

2. The slant height of a cone remains constant at 6 metres.  If the radius is 

increasing at 5 metres per second how is the volume changing when the radius 

is 3 metres?  What is the maximum volume? 

3. At 12 noon ship A is 60 miles west of point P steaming east at 15 knots and 

ship B is 36 miles south of P steaming north at 10 knots.  If the ships continue 

their courses and speeds, 

a)  how is the distance between them changing at 2 p.m.? 

b)  at what time are the ships closest? 

4. Plaster is being applied uniformly to a cannon-ball at the rate of 24!  cubic 

inches per minute.  When the radius of the ball and plaster is 6 inches at what 

rate is the surface area increasing? 

5. Two points, A and B, are 275 ft apart.  At a given instant, a balloon is released 

at B and rises vertically at a constant rate of 2.5 ft/sec, and, at the same 

instant, a cat starts running from A to B at a constant rate of 5 ft/sec. 

a)  After 40 seconds, is the distance between the cat and the balloon  

     decreasing or increasing?  At what rate? 
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b)  Describe what is happening to the distance and the balloon at 50t =   

     seconds. 

6. The cross section of a trough is a trapezoid with the lower base 1 metre, the 

upper base 2 metres and the depth 1 metre.  The length of the trough is 6 

metres.  If water is poured in at the rate of 12 cubic metres per minute, at 

what rate is the water rising when the depth of water is 
1

3
 metre? 

 

                   the diagram shown above is not to scale 

 

Answers to Worksheet 5 

1. 
1

12!
 

2. a)  25 3 !   b)  16 3 !  

3. a)  17.94 m.p.h.  b) 3:53 p.m. 

4. 8!  square inches per minute 

5. a)  decreasing at 1 ft/sec b)  increasing at 1.471 ft/sec 

6. 1.5 metres per minute 
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Worksheet 6 

RELATED RATES 

1. A light is at the top of a pole 80 feet high.  A ball is dropped at the same 

height from a point 20 feet away from the light.  A wall 80 feet high, 60 feet 

away from the light is built.  Assuming the ball falls according to the 

Newtonian Law 216s t=  where s  is the distance in feet and t  is the time in 

seconds, find:  

a)  how fast the shadow of the ball is moving on the wall after 1 second. 

b)  how fast the shadow is moving along the ground after 2 seconds. 

2. Two poles are 24 metres and 30 metres high and 20 metres apart.  A slack 

wire joins the tops of the poles and is 32 metres long.  A cable car is moving 

along the wire at 5 metres per second away from the shorter pole.  When the 

car is 12 metres horizontally from the shorter pole, it is 15 metres high and the 

length of the wire to the shorter pole is 15 metres.  At this instant, find: 

a)  how fast the car is moving horizontally. 

b)  how fast the car is moving vertically. 

3. An isosceles triangle is inscribed inside a circle of radius 12 metres.  Its height 

is increasing at a rate of 2 m/ sec.  At the instant when the height of the 

triangle is 18 m, at what rate is: 

 a) its area changing? 

 b) its perimeter changing? 
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4. Water is being withdrawn from a conical reservoir, 3 metres radius and 10 

metres deep at 4 cubic metres per minute.  a)  How fast is the surface of the 

water falling when the depth of water is 6  metres? 

b)  How fast is the radius of this surface diminishing at this instant? 

5. The upper chamber of an hour-glass is a cone of radius 3 inches and height 10 

inches and, if full, it requires exactly one hour to empty.  Assuming that the 

sand falls through the aperture at a constant rate, how fast is the level falling 

when: 

a)  the depth of the sand is 6 inches? 

b)  
1

52
2

 minutes have elapsed from the time when the hour-glass was full in  

     the upper chamber? 

6. A man 6 feet tall walks along a walkway which is 30 feet from a the base of a 

lamp which is 126 feet tall.  The man walks at a constant rate of 3 feet per 

second.  How fast is the length of his shadow 

changing when he is 40 feet along the walkway past 

the closest point to the lamp? 

Answers to Worksheet 6 

1. a)  96  b) 25         2. a)  7.5    b)  
 

5

3
       3. a)  0 b)  0 

4. a)  0.393 b)  0.118   5. a) 9.26 inches/h our b) 13.33 inches/h our  

6.  
3

25
 feet/second 



 245 

Worksheet 7 

1. A tank is leaking water.  ( )V t  represents the number of gallons of water in the 

tank after t  minutes and ( ) ( )
220 30V t t= ! . 

a)  Find how fast the water is leaking from the tank after 10 minutes? 

b)  Find the specific time  t = k  if the average rate at which the water leaks 

from the tank between  t = k  and   t = 2k  is 280 gallons per minute. 

2. A conical shape funnel 8 cm across at the top and 12 cm deep is leaking water 

at the rate of 2 cubic cm per minute.   

a)  At what rate is the water level dropping at the instant when the water is 6  

     cm deep? 

b)  At what rate is the water level dropping at the instant when the funnel is  

     half full (by volume)?  

 

3. A southbound ship leaves harbour at 12 noon with a speed of 10 knots.  A 

westbound ship leaves harbour at 1 p.m. with a speed of 20 knots.  How fast 

are the ships separating at 2 p.m.? 

 

4. The slant height of a cone remains fixed at 10 metres.  If the height of the 

cone is changing at a rate of 2 metres per minute, how fast is the volume 

changing at the instant when the radius of the base of the cone is 8 metres? 
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5. A cylinder of circular cross-section, initially has a base radius of 6 cm and a 

height of 10 cm.  The radius is increasing at a constant rate of 1 cm/sec and 

the height is decreasing at a constant rate of 2 cm/sec.   

a)  Find the initial rate of change of the volume of the cylinder. 

b)  Find the rate of change of the volume of the cylinder after 1 second. 

c)  After how many seconds does the volume of the cylinder achieve its  

    maximum value.  What is that maximum volume? 

 

 

Answers to Worksheet 7 

1. a)  800 gallons/m inute 

b) 24
2
3

seconds 

2. a) 
1

2!
  b) 0.063 

3. 15 2  (21.21) 

4. Volume is decreasing at 
16

3
!

 metres/m in 

5. a) Volume is increasing at 48!  cm/sec 

b) Volume is increasing at 14!  cm/sec 

c)  After 
4
3

 seconds.  Max volume = 1238.95 
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Worksheet 8 

1. The length L  of a rectangle is decreasing at the rate of 2 cm/sec while the 

width W  is increasing at the rate of 2 cm/sec.  When 12L =  and 2W = , find 

the rate of change of : 

a)  the area 

b)  the perimeter 

c)  the lengths of the diagonals 

 

2. An aircraft is 100 km east of a radar beacon and is travelling west at  

600 km/h .  At the same instant, a helicopter flying at the same altitude is  

48 km south of the radar beacon and is travelling south at 300 km/h .  How 

fast is the distance between the aircraft and the helicopter changing after one 

minute. 

 

3. The cross section of a water trough is an equilateral triangle.  The trough is 5 

metres long and 25 cm deep. The water is flowing in at a rate of 0.25 cubic 

metres per minute.  How fast is the water level rising when the water level is 

10 cm deep? 
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4. A light is at the top of a 30 m pole.  A ball is dropped from the same height 

from a point 10 m from the light.  The height of the ball (in metres) t  seconds 

after it has been dropped is given by the formula 230 5h t= ! .  How fast is the 

shadow of the ball moving along the ground after 1 second? 

 

Answers to Worksheet 8 

1. a) increasing at 20 cm/sec 

b) 0 

c) decreasing at 1.644 cm/sec 

2. The distance is decreasing at 364.94 km/h  

3. The water level is rising at 0.433 m/m in 

4. 120 m/sec 


