[image: ]
Calculus Collated Past Papers – Rates of Change
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(@ A chemical is slowly leaking onto a floor.

The chemical spreads out from the point where it lands in a shape that can be modelled by a
circle of radius 7 cm.

Ata time f seconds after the chemical leak is noticed, 7 is given by 0.17 +2.

Use calculus to find the rate of change of area of the circle, with respect to time, when its
radius is 10 cm.

(Area of circle = w?)
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(c) Calculate the rate at which the volume of a cube is changing with respect to its length, at the
instant when the length of each edge of the cube is 5 cm_
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(c) Sione claims that the resale value of a car, 7 years after it is sold. can be modelled by the
fanction

R =150~ 2250¢ + 38000, where R is the resale value in dollars.

‘How long after it is sold wil the car’s value be changing at a rate of -$150 per year?
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(®) A swimming pool is being filled.
At the deepest point, the depth of the water in the pool at any instant is ; m.
‘The volume of water in the pool ¥ m’ is given by
V() =201 +40h

Find the rate at which the volume of water is changing with respect to the depth when the
water in the pool is 0.75 m deep.
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(©)  Aballoon is being inflated with helium.
The volume ¥ cm? of helium in the balloon is given by ¥ = %+, where 7 cm is the radius of
the balloon. 3

Find the rate at which the volume of gas in the balloon is changing with respect to the radius
when the volume is 2887 cm’.
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An aircraft is travelling at 70 m s when it lands.
Its speed changes at a constant rate of 3.3 m 52

Use calculus to find how far the aircraft will travel from where it lands to where it has a speed
of4msl
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(d) The distance around a tree (its girth) g metres, at a time # years after it is planted, is modelled
by the function

0.00512+0.15¢+03 0=t=15

g

“When will the rate of growth of the tree’s girth be 0.04 metres per year?
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(b) Atank is being filled with milk. The depth of the milk d cm, at a time # minutes after pouring
started is given by

-

Lat

1

A

Find the rate at which the depth of the milk is changing 5 minutes afier the pouring started.
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(c)  Astone is dropped into a pool.
This makes circular ripples on the surface of the water.
The area 4 of a circular ripple, in square metres, is given by
A=nr?
where the radius is r metres.

Find the rate of change of the area of the ripple, with respect to the radius, when the area is
49mm?.
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(c) The distance, s, of a tractor from a gate-post, in metres, is modelled by
s=018+51
where ¢ is the time in seconds since the tractor passed the gate-post and 0 < f < 20.

Give the equation for the velocity of the tractor, and use this to find when the velocity of the

tractor is 8 m 57!
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(b)  The volume, . of a cube changes as the length x of the sides changes.
=y

Find the rate of change of the volume, with respect to the length of the side, when the side is
Sem.
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(&) Achemical is dropped into the water in a rectangular
swimming pool at a point half-way along its length.
After 0.1 minutes, the chemical spreads in a semi-circular
shape with radius 7 metres, where

L

r=1+2t
and ¢ is the time in minutes since the chemical was added to the water.

‘When the chemical first reaches the far side of the pool, the area of the semi-circle is

increasing at the rate of 60 m? min™.

Find the width of the pool. (Area of a circle = w?)





image1.png
(b) A whale surfaces on a still sea. As the whale surfaces, a circular ripple expands outwards at
2 constant speed, so that the radius of the circle is given by 7 = 0.7 metres f seconds after the
whale surfaces.

At what rate is the area of water within the circular ripple increasing, 20 seconds afier the
whale surfaces?
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() Sophie s blowing up a balloon. The volume of the balloon is given by V" = 7r°

where ¥ is the volume of the balloon in cm’, and 7 is the radius in cm.

Find the radius of the balloon when the rate of change of the volume with respect to the radius
is 257 cm? /em.
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(b)  Arectangle is expanding in area so that at all times its length is three times its width.

Find the rate of change of the arca of the rectangle with respect to its width when the area of
the rectangle is 75 cm®.
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(b)  Suppose that, at the start of a particular day, 1000 people were trading in a market, and that #
days after the start of that day, the number of traders, J, can be modelled by

N() =1000 + 400¢ + 1002

‘How many days will it take for the rate of change of the number of traders to be 14400 per
day?
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