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4 A curve has equation y = x> — 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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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 0.01 cm per minute. The volume of the container at time # minutes is Vcm®.

Find the rate of increase of V when x = 20. [3]
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. d 6 . . .
6 A curve is such that ay = W and A (1, —3) lies on the curve. A point is moving along the curve
x fa—
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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5. . :
11 (¢) A point P is moving along the curve y = 18 — %xZ in such a way that the x-coordinate of P is
increasing at a constant rate of 2 units per second.

Find the rate at which the y-coordinate of P is changing when x = 4. [3]
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3 A curve has equation y = %(3)6 +1)? 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

1
rate of 2 units per minute. The equation of the curve is y = (5x — 1)2.

(a) Find the rate at which the y-coordinate is increasing when x = 1. [4]
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in e value of x when the y-coordinate is increasing at 3 units per minute.
(b) Find the value of x when the y dinat g at 3 units p t [3]
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The point (4, 7) lies on the curve y = f(x) and it is given that f'(x) = 6x

[
|

(a) A point moves along the curve in such a way that the x-coordinate is increasing at a constant rate
of 0.12 units per second.

Find the rate of increase of the y-coordinate when x = 4. [3]
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10 The equation of a curve is y = (5 —2x)% +5 for x < %

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

rate of 50 cm®s!.
Find the rate at which the radius of the balloon is increasing when the radius is 10 cm. [3]
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1
9 A curve has equation y = 2x2 — 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]

1 . .
A point is moving along the curve y = 2x2 — 1 in such a way that at A the rate of increase of the

x-coordinate is 3cms™!.

(b) Find the rate of increase of the y-coordinate at A. [2]

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 5cms™!.

(¢) As the point moves down the normal, find the rate of change of its x-coordinate. [3]
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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 cm? per second. The balloon was empty at the start of pumping.

(a) Find the radius of the balloon after 30 seconds. [2]
(b) Find the rate of increase of the radius after 30 seconds. [3]
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9  The volume V m? of a large circular mound of iron ore of radius 7 m is modelled by the equation

3 .
V= %(r - %) — 1 for r > 2. Tron ore is added to the mound at a constant rate of 1.5 m? per second.

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

[3]

© UCLES 2021 9709/12/0/N/21

www.pastpaperpenguin.com



13

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

[3]
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10 The function f is defined by f(x) = (4x + 2)~2 for x > —%.

A point is moving along the curve y = f(x) in such a way that, as it passes through the point A, its
y-coordinate is decreasing at the rate of k units per second and its x-coordinate is increasing at the
rate of k units per second.

(b) Find the coordinates of A. [6]
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9  Water is poured into a tank at a constant rate of 500 cm? per second. The depth of water in the tank,
t seconds after filling starts, is Acm. When the depth of water in the tank is #cm, the volume, Vem?,

of water in the tank is given by the formula V = %(25 +h)3 - @.

(a) Find the rate at which 4 is increasing at the instant when 2 = 10cm. [3]
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(b) At another instant, the rate at which /4 is increasing is 0.075 cm per second.

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

© UCLES 2023 9709/11/M/J/23 [Turn over

www.pastpaperpenguin.com



5

4 A large industrial water tank is such that, when the depth of the water in the tank is x metres, the
volume Vm? of water in the tank is given by V = 243 — %(9 —x)3. Water is being pumped into the
tank at a constant rate of 3.6 m?> 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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