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(b)  An object’s velocity can be modelled by the equation v(1) =
where vis the velocity ofthe object in km hr, and ¢ is the time in hours from the start o timing

Initially the object was 3 km from a point P

Find the distance of this object from the point P after % hours.

You must use calculus and show the results of any integration needed to solve the problem
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(d)  Anobject’s acceleration can be modelled by the equation a

4673
where t> 0 and a is the acceleration of the object in m s*
and ¢ s the time, in seconds, from the start of timing.

At =0 seconds, the object had a velocity of S m s

Find the object’s velocity when 1 = 4 seconds.
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(d) An object’s acceleration can be modelled by the equation a(t) = 0.9¢*

where a is the acceleration of the object in m s, and 7 is the time in seconds from the start of
timing.

The object had a velocity of 10 m s after 2 seconds.

How far did the object travel during the 5th second of its motion?

You must use calculus and show the results of any integration needed to solve the problem.
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(d) A water tank developed a leak.
6 hours after the tank started to leak, the volume of water in the tank was 400 litres.
10 hours after the tank started to leak, the volume of water in the tank was 256 litres.
The rate at which the water leaks out of the tank at any instant is proportional to the square root of
the volume of the water in the tank at that instant.
How much water was in the tank at the instant it started to leak?

You must use calculus and show the results of any integration needed to solve the problem.
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For > 0, the velocity of an object is given by v(¢)= 0.6\/;

where v is the velocity of the object in cm s7!
and 7 is time in seconds from the start of the object’s motion.

The object has a displacement of 5 cm at 7= 0.

‘What will be the displacement of the object after 16 seconds?
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An object originally moving at a constant velocity suddenly starts to accelerate. From the
start of the object’s acceleration the motion of the object can be modelled by the differential
equation

d—v:t+c°'2' for0<r<15
dt

where v is the velocity of the object inm s™!
and 7 is the time in seconds after the object starts to accelerate.

When ¢ = 0, the velocity of the object was 8 m s,

Find the velocity of the object when 7 = 10.

You must use calculus and give the results of any integration needed to solve this problem.
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(d) Inradioactive decay, the rate at which the radioactive substance decays at any instant is
proportional to the number of radioactive atoms present at that instant.

This can be modelled by the differential equation

iy
where N is the number of radioactive atoms present and 7 is the time in days.
A quantity of manganese-52 is produced.

Manganese-52 is a radioactive isotope of manganese.

Manganese-52 has a half-life of 5.6 days (i.e. after 5.6 days, half of any atoms of
manganese-52 would have decayed).

How long would it take for 95% of the manganese-52 to decay?

You must use calculus and give the results of any integration needed to solve this problem.




image10.png
(e) Aninverted right pyramid has a square base and a height of 1.5 m.
The pyramid is initially filled with water to a depth of 1 m, as shown.
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The energy required to pump water out of a tank of height / is given by:
H

E=9800 | (H-h)A(h)dh

H-d

where E is the energy in joules
d is the initial depth of the water in the tank
h is the depth of the water in the tank at any instant
A(h) is the area of the surface of the water at this instant.

Find the energy required to pump the water out of the tank shown.

You must use calculus and show the results of any integration needed to solve the problem.
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An object’s acceleration can be modelled by the equation a(?) = ,where 7 > 0.

2
Ni+1
where a is the acceleration of the object in m s2
and 7 is the time in seconds from the start of timing.

The object has a velocity of 9 m s™! when 7= 3.

How far did the object travel in the first 8 seconds of its timed motion?

You must use calculus and show the results of any integration needed to solve the problem.
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The mass, m grams, of a burning candle 7 hours after it was first lit can be modelled by the
differential equation

i—rf:—k(m—IO)whcrck>Oandm210.

The initial mass of the candle was 140 grams.

3 hours later the mass of the candle had halved.

Find the length of time it will take for the mass of the candle to reduce to 50 grams.

You must use calculus and show the results of any integration needed to solve the problem.
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An object’s acceleration is modelled by the function
a(t)=121

where a is the acceleration of the object, in m s
and 7 is the time in seconds since the start of the object’s motion.
If the object had a velocity of 7 m s! after 4 seconds, how far did it travel in the first

9 seconds of motion?

You must use calculus and show the results of any integration needed to solve the problem.
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(¢) The mean value of a function y =f(x) from x=a to x=1> is given by

_b[f(x)dx

Mean value = £
—a

Find the mean value of y = sin?x between x =0 and x = .
Part of the graph of y = sin?x is shown below.

y

14+

You must use calculus and show the results of any integration needed to solve the problem.
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The acceleration of an object is modelled by the function a(?) =

where a is the acceleration of the object in m s~

and 7 is the time in seconds since the start of the object’s motion.
The object was moving with a velocity of 12 m s™! when ¢ = 4.

Find the velocity of the object after 10 seconds.

You must use calculus and show the results of any integration needed to solve the problem.
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Mr Newton has a container of oil and places it in the garage. Unfortunately, he puts the
container on top of a sharp nail and it begins to leak.

The rate of decrease of the volume of oil in the container is given by the differential equation

LA
dr

where 7 is the volume of o0il remaining in the container 7 hours after the container was put in
the garage.

The volume of oil in the container when it was placed in the garage was 3000 mL.

After 20 hours, the volume of oil in the container was 2400 mL.

How much, if any, of the oil will remain in the container 96 hours after it was placed in the
garage?

You must use calculus and give the results of any integration needed to solve this problem.
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The acceleration of an object is given by a(?)=0.2t+ 031 for 0<7<10.

where a is the acceleration of the object in m s2

and 7 is the time in seconds from when the object started to move.
The object was moving with a velocity of 5 m s~! when 7 = 4.

How far was the object from its starting point after 9 seconds?

You must use calculus and give the results of any integration needed to solve this problem.
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(¢) An object originally moving at a constant velocity suddenly starts to accelerate. From the
start of the object’s acceleration the motion of the object can be modelled by the differential

equation
2
dv_ 502 - 80Vt for 0<1<20
dr N

where v is the velocity of the object in m s!

and 7 is the time in seconds after the object starts to accelerate.

If the original velocity of the object was 6 m s, find the velocity of the object when t = 4.

You must use calculus and give the results of any integration needed to solve this problem.
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An object starts from rest.

2
The object’s acceleration is given by the formula a = B(eh)
where a is the acceleration of the object in m s~

and 7 is the time, in seconds, from when the object started moving.

Show that the time that it takes the object to reach velocity v, is

1 (2v0k+B)
t=—In| 22
2k B

You must use calculus and give the results of any integration needed to solve this problem.
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(c) The velocity of an object is given by v(7) = 5(4 — 3¢~ 02
where 7 is the time in seconds since the timing started

and v is the velocity inm s7L.

‘What distance did the object move in the first 10 seconds of its timed motion?

Give the result of any integration needed to solve this problem.
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(d)

A tank holds 2500 litres of water. The tank develops a small hole in its base, and water leaks
out at a rate proportional to the square root of the volume of water remaining in the tank at
any instant.

2 days after the leak started, 475 litres of water have leaked out of the tank.

How long will it take the tank to empty completely?

Give the result of any integration needed to solve this problem.
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The centre of mass of an object is called the centroid. For a uniformly thin object, the centroid
is at ()?,i) where

X

= ij:xf(x)dx and 7= ij:ﬂd

A = area of object
a and b are the lower and upper limits of x respectively.

The shape shown shaded in the diagram below is bounded by part of the curve y = \/)_c +1
and the linesx=0,x=4,and y = 0.

Find the coordinates ()? ,f) of the centroid of the shape.
Yy

-1 1 2 3 4 5
-1

You must use calculus and give the results of any integration needed to solve this problem.
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If a plant is grown at a constant temperature in a glasshouse, then the rate of growth of the
plant depends on the length of the day.

The rate of growth is given by the equation

%:k 12+3cos 2nt
dr 365

where 7 is the time measured from the longest day of the year in days
h is the height of the plant, in cm
and £ is the growth constant, which is different for each plant.

On the longest day of a particular year, a plant has a height of 84 cm.
75 days later the plant has a height of 91 cm.

‘What will the height of the plant be on the longest day of the next year?
Assume the length of a year is 365 days.

Give the result of any integration needed to solve this problem.
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(c) An object is moving in a straight line.
The velocity of the object is given by v=6— % , where ¢ is the time measured in seconds
+

from when the object started moving, and v is the velocity measured in metres per second.

How far does the object travel in its 4th second of motion?

Give the result of any integration needed to solve this problem.
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The energy required to pump water out of a tank with a circular cross-section and height H is
given by:
H
E= jo k(H — h) A(h)dh
where k  isaconstant
h  is the height of the water in the tank at any instant

r is the radius of the water surface at this instant
A(h) is the area of the surface of water at this instant.

A cylindrical tank and a conical tank are both full of water.
Both have height H, and the radius at the top of both tanks is R.
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Show that the energy required to empty the conical tank is one sixth the energy required to
empty the cylindrical tank.

Give the results of any integration needed to solve this problem.
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(d)

A large tank initially contains 20 litres of diesel.

400
The tank is being filled at a rate of 7.2 2y litres per minute, where 7 is the time in minutes

since the filling started.

How much diesel will be in the tank 6 minutes after filling started?

Give the result of any integration needed to solve this problem.
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The motion of an object is described by the equation % =—kv?, where v is the velocity of the

object in metres per second, 7 is the time in seconds, and k is a constant.

The intial velocity of the object is # metres per second.

Show that, after one second, the velocity of the object is v =

ku+1’
Give the result of any integration needed to solve this problem.
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