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1	 The volume, V cubic metres, of water in a reservoir is given by

V h 192
6
-= 3^2+ h ,

where h metres is the depth of the water. Water is flowing into the reservoir at a constant rate of 150 cubic 
metres per hour. Find the rate at which the depth of water is increasing at the instant when the depth is 
1.4 metres. [5]
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The diagram shows the curve y e 6e
3x 2x= - +32.

(i) Find the exact x-coordinate of the minimum point and verify that the y-coordinate of the minimum
point is 0. [4]

(ii) Find the exact area of the region (shaded in the diagram) enclosed by the curve and the axes. [4]

3	 (a)	 The mass, M grams, of a substance at time t years is given by

M 58e
-0.33t= .

Find the rate at which the mass is decreasing at the instant when t = 4. Give your answer correct to 
2 significant figures. [3]

(b) The mass of a second substance is increasing exponentially. The initial mass is 42.0 grams and, 6 years
later, the mass is 51.8 grams. Find the mass at a time 24 years after the initial value. [4]
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The diagram shows a container in the form of a right circular cone. The angle between the axis and the 
2
1a =slant height is a, where tan-1 ( ). Initially the container is empty, and then liquid is added at the rate of 

14 cm3 per minute.  The depth of liquid in the container at time t minutes is x cm.

(i) Show that the volume, V cm3, of liquid in the container when the depth is x cm is given by

V 12
1= rx3 .

3[The volume of a cone is 1rr2h.] [2]

(ii)  Find the rate at which the depth of the liquid is increasing at the instant when the depth is 8 cm. Give
your answer in cm per minute correct to 2 decimal places. [3]

5 The volume, V  m3, of liquid in a container is given by
3
2V = (3h2 + 4)  − 8 ,

where h m is the depth of the liquid.

(i) Find the value of
dV
dh  when h = 0.6 , giving your answer correct to 2 decimal places. [4]

(ii) Liquid is leaking from the container. It is observed that, when the depth of the liquid is 0.6 m, the depth
is decreasing at a rate of 0.015 m per hour. Find the rate at which the volume of liquid in the container
is decreasing at the instant when the depth is 0.6 m. [3]
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6 An experiment involves two substances, Substance 1 and Substance 2, whose masses are changing.

The mass, M
1

grams, of Substance 1 at time t hours is given by

M
1
= 400e−0.014t.

The mass, M
2

grams, of Substance 2 is increasing exponentially and the mass at certain times is

shown in the following table.

t (hours) 0 10 20

M
2

(grams) 75 120 192

A critical stage in the experiment is reached at time T hours when the masses of the two substances

are equal.

(i) Find the rate at which the mass of Substance 1 is decreasing when t =
grams per hour correct to 2 significant figures.

10, giving your answer in

[3]

(ii) Show that T is the root of an equation of the form ekt =
and c are to be stated.

c, where the values of the constants k

[5]

(iii) Hence find the value of T correct to 3 significant figures. [2]

7 It is claimed that the number of plants of a certain species in a particular locality is doubling every
9 years. The number of plants now is 42. The number of plants is treated as a continuous variable and
is denoted by N. The number of years from now is denoted by t.

(i) Two equivalent expressions giving N in terms of t are

N = A × 2kt and N = Aemt.

Determine the value of each of the constants A, k and m. [4]

(ii) Find the value of t for which N = 100, giving your answer correct to 3 significant figures. [2]

(iii) Find the rate at which the number of plants will be increasing at a time 35 years from now. [3]
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