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4 A curve has equation y = x2 − 2x − 3. A point is moving along the curve in such a way that at P the
y-coordinate is increasing at 4 units per second and the x-coordinate is increasing at 6 units per second.

Find the x-coordinate of P. [4]
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3

x

x

x

The diagram shows a cubical closed container made of a thin elastic material which is filled with water

and frozen. During the freezing process the length, xcm, of each edge of the container increases at

the constant rate of 0.01cm per minute. The volume of the container at time t minutes is V cm3.

Find the rate of increase of V when x = 20. [3]
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6 A curve is such that
dy

dx
=

6

�3x − 2�3
and A �1, −3� lies on the curve. A point is moving along the curve

and at A the y-coordinate of the point is increasing at 3 units per second.

(a) Find the rate of increase at A of the x-coordinate of the point. [3]
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4

3 A curve has equation y =
1
60
�3x + 1�2 and a point is moving along the curve.

Find the x-coordinate of the point on the curve at which the x- and y-coordinates are increasing at the

same rate. [4]
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6 A point P is moving along a curve in such a way that the x-coordinate of P is increasing at a constant

rate of 2 units per minute. The equation of the curve is y = �5x − 1�
1
2 .

(a) Find the rate at which the y-coordinate is increasing when x = 1. [4]
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(b) Find the value of x when the y-coordinate is increasing at 5
8
units per minute. [3]
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10 The equation of a curve is ( )y x5 2 52
3

= - +  for x 2
51 .

 (a) A point P is moving along the curve in such a way that the y-coordinate of point P is decreasing at 
5 units per second.

  Find the rate at which the x-coordinate of point P is increasing when y 32= . [4]
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4

3 Air is being pumped into a balloon in the shape of a sphere so that its volume is increasing at a constant

rate of 50 cm3 s−1.

Find the rate at which the radius of the balloon is increasing when the radius is 10 cm. [3]
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9 A curve has equation y = 2x
1
2 − 1.

(a) Find the equation of the normal to the curve at the point A �4, 3�, giving your answer in the form
y = mx + c. [3]
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A point is moving along the curve y = 2x
1
2 − 1 in such a way that at A the rate of increase of the

x-coordinate is 3 cms−1.

(b) Find the rate of increase of the y-coordinate at A. [2]
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At A the moving point suddenly changes direction and speed, and moves down the normal in such a

way that the rate of decrease of the y-coordinate is constant at 5 cms−1.

(c) As the point moves down the normal, find the rate of change of its x-coordinate. [3]
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4

3 A weather balloon in the shape of a sphere is being inflated by a pump. The volume of the balloon is

increasing at a constant rate of 600 cm3 per second. The balloon was empty at the start of pumping.

(a) Find the radius of the balloon after 30 seconds. [2]
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(b) Find the rate of increase of the radius after 30 seconds. [3]
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9 The volume V m3 of a large circular mound of iron ore of radius rm is modelled by the equation

V =
3
2

�
r − 1

2

�3
− 1 for r ≥ 2. Iron ore is added to the mound at a constant rate of 1.5m3 per second.

(a) Find the rate at which the radius of the mound is increasing at the instant when the radius is 5.5m.

[3]
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(b) Find the volume of the mound at the instant when the radius is increasing at 0.1m per second.

[3]
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9 Water is poured into a tank at a constant rate of 500cm3 per second. The depth of water in the tank,

t seconds after filling starts, is hcm. When the depth of water in the tank is hcm, the volume, V cm3,

of water in the tank is given by the formula V = 4
3
�25 + h�3 − 62500

3
.

(a) Find the rate at which h is increasing at the instant when h = 10cm. [3]
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(b) At another instant, the rate at which h is increasing is 0.075cm per second.

Find the value of V at this instant. [3]
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5

4 A large industrial water tank is such that, when the depth of the water in the tank is x metres, the

volume Vm3 of water in the tank is given by V = 243 −
1
3
�9 − x�3. Water is being pumped into the

tank at a constant rate of 3.6m3 per hour.

Find the rate of increase of the depth of the water when the depth is 4m, giving your answer in

cm per minute. [5]
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