In this chapter you will learn how to:
• resolve forces in two dimensions
• find resultants of more than one force in two dimensions
• use F = ma in two directions
• find directions of motion and accelerations.
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PREREQUISITE KNOWLEDGE

Where it comes from

What you should be able to do

Check your skills

IGCSE I 0 Level
Mathematics
IGCSE I 0 Level
Mathematics

Use Pythagoras' theorem.

1 Find the hypotenuse of a right-angled triangle
with short sides of length 5 m and 12 m.

Use trigonometry for right-angled
triangles.

2

IGCSE I 0 Level
Mathematics

Use the sine rule and the cosine
rule.

3 A triangle, ABC, has length AC 6m, LBAC
40° and length BC 7 m. Find LABC and

A triangle, ABC, has a right angle at B.
Length AC is 8 m and LEA C is 40°. Find
lengths AB and BC.

length AB.
Pure Mathematics 1
Pure Mathematics 1

Use the trigonometry identity
sin 2 e + cos 2 e = 1
Use the trigonometry identity
sine
e
- - =tan

4 If sine=%' find cos e.
5 If sine=

5
13

, find tan e.

cose

How do you combine forces that are not acting in the same line?

•

Imagine two children are playing with a toy. They both pull it with a force of 10 N.
What would be the net force? Before you can answer this question, you need to know the
directions in which the forces are acting. If both children want to take the toy to the same
place and their forces act in the same direction, the net force would be 20 N. If they are
trying to take the toy away from each other and their forces act in opposite directions,
there would be no net force . But what if the forces are not parallel? For example, one could
be to the north and one to the east.
This chapter covers how to solve problems with forces in two dimensions.

3.1 Resolving forces in horizontal and vertical directions in equilibrium
problems
A force is a vector quantity. When vectors are added it is the equivalent of joining one
vector on to the end of the other.
This property can be used in reverse by splitting a vector into the sum of two others called
components. You choose the two vectors to be in perpendicular directions to make it
possible to set up equations. The components and the original vector will then always form
a right-angled triangle, so you can find the values of each component using trigonometry
for right-angled triangles or Pythagoras' theorem.
opposite an d cos e = ---"--adjacent
hypotenuse
hypotenuse
to find how the components of a force relate to the original force. In the diagram:
v
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·
. re lat10ns
.
h 1ps
' sm
. e=
ou can use t h e tngonometnc

I
I
I
I
I

:Fy
I

f,

=

Fcose

Fy = Fsine
Note that if you knew the other angle in this triangle, you would have to use sin to find Fx
and cos to find Fy.

I

-------------------·
Fx
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KEY POINT 3.1

The components of a force are at right angles to each other. The original force is the hypotenuse of
the triangle.

Components are not extra forces. They are the parts of a force already given, which act in
certain directions.
Equations are formed by finding the net component horizontally and the net component
vertically. This is called resolving the forces in each direction.

0

When drawing force
diagrams, you can
draw the triangles
to help work out the
components, but it
is best not to mark
the components as
separate forces or you
may count the force
twice.

DID YOU KNOW?

The shape that a chain, wire or rope makes when it hangs between two points has a mathematical
formula. It is called the catenary curve after the Latin word for chain . You can resolve for each link
in the chain, or particle on a wire or rope, to form differential equations. You can then solve them
to get the equation of the curve. The formula for the curve is a hyperbolic function (derived from
the exponential function), but a small part of the curve looks very similar to a parabolic curve, like
those for quadratic graphs.

In equilibrium the net force in both perpendicular directions will be zero.

WORKED EXAMPLE 3.1

A particle of mass 4 kg is held in place by a force of magnitude 100 N acting at an angle e above the horizontal and
a horizontal force of F N. Find the values of e and F .

Answer
lOON

~ ------·

F::

The dashed lines show the horizontal and
vertical directions to allow calculation of the
components of the 100 N force.

'

4gN

IOOsine = 4g

e=

Resolving vertically.

23 .6°

F = lOOcose
= 91.7

Resolving horizontally.
There are no units as this is the value of F

•

I
'
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WORKED EXAMPLE 3.2

A boat is held in place by a force of 5 N due east, a force of 10 N due south and a force F N , on a bearing of e. Find
the values of F and e.
Answer
north

•

To be in equilibrium F must have a component
to the west to cancel out the 5 N force and a
component to the north to cancel out the 10 N force .

I

F

-----.:
I

I
I
I

A triangle is drawn to make it easier to work out the
components, but the components are not marked.

a•

---,•5N

Bearings are always measured clockwise from
north. If the bearing is not acute it is often easier to
mark an acute angle, here a, relative to one of the
four basic. Here the bearing =360° - a.

'

e

ION

•

F sin a = 5

Resolving east-west.

F cos a = 10

Resolving north-south.

1

tana =

Dividing the equations.

2

a= 26.6°

Therefore

e = 333.4°.

p 2 = 52 + 102

By Pythagoras' theorem.

F = 11.2

EXERCISE 3A

1

Find the components of the forces in the diagrams:
a

horizontally, specifying whether it is left or right

b vertically, specifying whether it is upwards or downwards.
15N

iii
SN

~

ii

12N

iv

21N
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v; ~

13N

v

~

650

80 N

I

vii

,~-- r --·

s.s N

viii 120N

~

\

175°

2 a

_ 110°

U _____ _

A force, F, has a horizontal component, Fx, of 10 N and acts at 20° above the rightwards
horizontal, as shown in the diagram. Find F and the vertical component, Fy.

b A force, F, has a vertical component, Fy, of 8 N and acts at 25° to the right of the upwards vertical. Find F
and the horizontal component, F,,.

c

A force , F, has a vertical component, Fy , of 8 Nanda horizontal component, F,,, of 10 N. Find F and the
angle, e, that the force makes with the rightwards horizontal.

d A force of 25 N has a horizontal component, F,., of 17 N and acts above the horizontal. Find the vertical
component, Fy, and the angle, (), above the rightwards horizontal at which the force acts.

e A force of 3.8 N has a vertical component, f';,, of 3 N and acts to the left of the vertical. Find the horizontal
component, Fx , and the angle,

e, above the leftwards horizontal at which the force acts.

3 A particle in equilibrium has three forces of magnitudes 5 N, 6 N and F N acting on it in the horizontal plane
in the directions shown. Find the values of F and

e.
F

5N

6N

4

A lightshade of mass 2 kg is hung from the ceiling by two strings. One is fixed with tension 8 N at 20° to the
vertical. The other is fixed with tension T N at an angle e to the vertical.

a By modelling the lightshade as a particle, draw a force diagram for this situation.
b Resolve horizontally to find a value for T sine and resolve vertically to find a value for T cos e.

c
5

Hence, find the values of Tande.

A ship is being blown by a breeze with a force of 100 N on a bearing of 280° , as
shown in the diagram. It is pulled by a rope attached to the shore with force 50 N
on a bearing of 170°. A tugboat holds it in place. Find the size and bearing of the

north

•

F

force F applied by the tugboat.

SON

•

I
'
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30N

6 A wooden block of weight 20 N is at rest on a horizontal surface. It is pulled by a
force of 30 N acting at 10° above the horizontal, as shown in the diagram , and
remains at rest because of a horizontal frictional force, F.
a

777

Draw the force diagram for this situation.

r

b Find the size of F and the size of the normal contact force.

7

A winch is dragging a caravan along a horizontal road at constant velocity. The
caravan has mass 750 kg. The winch provides a force of 850 N and acts at angle
e above the horizontal, as shown in the diagram. There is friction of 700 N.
a

Draw the force diagram for this situation.

b Find the value of e and size of the normal contact force .

8

A box of weight 50 N is being dragged at constant velocity along a horizontal road by a force, F , acting at 15°
above the horizontal. It experiences friction of 10 N .
a

Draw the force diagram for this situation.

b Find F and the normal contact force.

9

•

•

A small aeroplane of mass 5000 kg is towed along a runway at constant speed by a rope acting at 20° below
the horizontal. There is friction and air resistance horizontally with total force 4000 N. Find the tension in the
rope and the normal contact force.

10 A wooden block is held in position by three horizontal forces, as shown in the
diagram. One acts to the left with force 56 N . One acts with force Fat an angle

F

e,

where sine=%• above the rightwards horizontal. One acts with force G at an
angle <p , where sincp

56N . - --

= ~. below the rightwards horizontal. Find F and G .
17

G

11 A block with weight 44 N is held in equilibrium by two ropes, one with tension,
Tj, acting at angle sin- 1

acting at angle sin- 1

~~

to the upwards vertical and the other with tension, T2 ,

5
to the upwards vertical. Find Ti and T2 .
13

12 A box with weight 400 N is at rest on a horizontal surface. A man is pulling on a rope to try to get the box to

move. The force he can exert depends on the angle at which he holds the rope, so that when the rope is at an
angle e above the horizontal, the force he exerts is 1600 sin e N . He starts by holding the rope horizontally and
gradually increases the angle, thereby increasing the force. Another man tries to prevent this motion of the
box, by pulling horizontally. He can exert a maximum force of 700 N. Find the angle at which the box can no
longer remain on the ground. Hence, determine whether the box lifts off the ground first or slides along the
ground first.
13 A particle has three forces acting on it, as shown in the diagram, where

sine=~.

Show that F + G = 150.}3 by resolving horizontally, and write down another
equation by resolving vertically. Hence, show that G = 75.}3 + 100 and find F.

5

G
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0

14 A particle has three horizontal forces acting on it, as shown in the diagram .
. 1or
c
.
Sh ow t h at cos a = 14 - 13 cos f3 an d fi n d an expression
sm
a. u se
15
cos 2 a + sin 2 a = 1 to get an equation in /3. Hence, find a and f3.

!SN

13N

3.2 Resolving forces at other angles in equilibrium problems
Try resolving horizontally and vertically for the forces in equilibrium in this diagram.
You should get the two equations:

R

R cos 65° = T cos 25°
R sin 65° + T sin 25° = 10

ION

If there are two unknown forces and neither of them is vertical or horizontal, resolving
horizontally and vertically will lead to two equations, both of which involve two unknowns .
You can solve these equations simultaneously, but it could be challenging. It would be
easier if one equation involved only one unknown.
Sometimes it is easier to resolve forces in directions other than horizontal and vertical.
A force has no component in the direction perpendicular to its line of action. This means
th at if you resolve perpendicular to an unknown force , the unknown force will not appea r
in the equation.
If you resolve in a d irection perpendicular to R in the example illustrated, R will not
appear in the equation so you can so lve directly for T. You will need to find the component
of the 10 N force in this direction.
As an a lternative to drawing a right-angled triangle, it may be easier to consider the angle
between the force and the direction in which you are resolving. When resolving parallel to
a certain direction , as marked by p in the following diagram, the component of the force F
in that direction will be adjacent to the angle e between the force and the direction p .
Therefore, the component FP is found using the cosine of the angle .

The component of a force, F , parallel to a given direction, p , can be found by FP = F cos e,
where e is the angle between the force and the direction p.

In pro blems that
involve a slope,
you should resolve
forces parallel and
perpendicular to the
slope. In other cases,
choose directions
perpendicular to an
unknown force. Choose
the directions carefully
so there are as few
unknowns as possible
in each direction ,
to make solving thej
equations easier.

--- --- ---

--~ P

•

•

Cambridge International AS &A Level Mathematics: Mechanics

WORKED EXAMPLE 3.3

A boat is held in equilibrium by three forces of 10 N , F N and 20 N, as shown in the diagram. Find the values
of F and e.
20N

Resolving horizontally and vertically will leave
awkward simultaneous equations in F and e.
Since F is an unknown force , we resolve
perpendicular to F so it does not appear in
the equations, to find e.

F

Then you can find F .

ION

Answer
20N

F

To help, dashed lines are added to the force
diagram to create right-angled triangles, with
the forces as the hypotenuses and the other
two sides parallel and perpendicular to F .
Mark the angle a to compare the 20 N force
with the direction of F.

ION

You can find e from a because they add up to 80°.
20 sin a = 10 sin 80°
a= 29.S

Resolve perpendicular to F.

0

Therefore

e = 80° -

a= SO .S0

F + 10 cos80° = 20 cos a
F = lS .7

Notice F does not appear in this equation.
Resolve parallel to F .

WORKED EXAMPLE 3.4

A block of mass 10 kg is held in equilibrium on a slope at an angle of 20° to the horizontal
by a force, F , acting at l S0 above the slope. Find F and the normal contact force.
Answer

The normal contact (reaction) force is
perpendicular to the slope.
If you draw the weight arrow down to the

horizontal line from the bottom of the slope,
it may make it easier to find missing angles.

lOgN

You will be resolving perpendicular and parallel
to the slope, so add dotted lines to form the
right-angled triangles, making sure the forces
are the hypotenuses of the triangles. This allows
you to find components in the directions of the
dotted lines.

! J TIP
When you draw a
diagram involving a
slope, make sure the
slope does not look
like it is at 45°, as it
will make it clearer if
angles at other points
in the diagram are the
same as the angle of
the slope or not.
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...,,,
~~

F cos 15° = I 0 g sin 20°

...

Resolve parallel to slope.

R+Fsinl 5° = 10 gcos20°

WEB LINK

You may want to
have a go at the
Make it equal
resource at the Vector
Geometry station on
the Underground
Mathematics website.

Notice R does not appear in this equation.

F = 35.4N

....

Resolve perpendicular to slope.

R = 84.8N

Note that you do not
need to be able to use
i - j vector notation
for this Mechanics
syllabus.

1

Find the components of the following forces in the direction of the dashed arrow. Although it might seem
clear from the diagram, make sure you specify whether the component is in the given direction or in the
opposite direction.

a

!SON

b

14N

~-

c

6.s~'~

d

•

---- -

-16 1°

3.8 ~ -~

2 Find the components of the following forces perpendicular to the direction of the dashed arrow. Make
it clear whether the component is in the perpendicular direction clockwise or anticlockwise from the
direction given.

a

42N

12.3N

b

________ .,...

c

___

0.4N
......,,___--,..

!~-....

12 1°

d
4.5 N
..,.._

,..,

~
,,-''

__..(____/

3 A particle has three force s acting on it, as shown in the diagram. By resolving
perpendicular to and parallel to F , find F and 8.
4

A boat is held in equilibrium by two tugboats. One pulls with a force of 100 N on
a bearing of 190°. One pulls on a bearing of 340° with tension T . The wind blows
with a force on the boat of Fon a bearing of 50°. By resolving perpendicular to T ,
find T . Find also F.

i:i

I
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5

A book of mass 3 kg is prevented from sliding down a slope at 15° to the horizontal by friction acting up the
slope and parallel to it. Find the force of friction and the normal contact force.

6

A wooden block of mass 4 kg is held at rest on a slope at angle e to the horizontal by a force of 12 N acting
up the slope and parallel to it. Find the slope's angle and the normal contact force.

7

A particle of mass 2 kg is held in equilibrium on a slope at 13° to the horizontal by a force F acting at 10° to
the slope above it. Find F and the normal contact force .

8 A box of mass 12 kg is held in equilibrium on a slope at 18° to the horizontal by a force of size 50 N acting at an
angle e above the slope. Find e and the normal contact force.
9

A boy is dragging a bag of mass 8 kg up a slope at an angle of 17° to the horizontal and exerts a force of 50 N
parallel to the slope to do this. Air resistance, F, parallel to the slope prevents the boy from increasing his
speed, so he maintains a constant speed. Find the magnitude of the air resistance and the normal contact force.

e

10 A girl is dragging a sled of mass 20 kg up a slope at angle 14° to the horizontal. She pulls at an angle of
above the slope with a force of 70 N. She maintains a constant speed despite friction of 10 N parallel to the

slope. Find e and the normal contact force.
11 A particle of mass 4 kg is at rest on a slope at an angle of 49° to the horizontal. There is a frictional force of
10 N acting up the slope and a force F going up the slope acting at 9° above the slope. Find F and the normal

contact force.

•

~

12 A heavy box of mass 50 kg is on a slope at angle 25° to the horizontal. There is no friction to prevent it sliding
down the slope, but there are three rods attached, at 40°, 50° and 60° above the slope, for people to drag it. A
man and two boys hold the rods to keep the box in equilibrium.
a

Show that, if the man pulls with a force of 170 N and each boy can pull with a force of up to 90 N, they can
hold the box in equilibrium.

b If instead the man pulls with force 180 N and each boy can pull with a force up to 70 N, determine whether
or not they can hold the box in equilibrium and state which rod each should hold.

~

13 A box of mass 20 kg is on a horizontal surface. There are three rods attached on one side, at 10°, 25° and
35° above the horizontal, for people to drag it. Three people are available to pull on these rods and they are
capable of providing forces of 150 N, 200 N and 250 N.

a

The box is being pulled in the opposite direction by a horizontal force of 425 N. Show that only two of the
people are required to keep the box in equilibrium. State which of the rods each person holds.

b The horizontal force is increased to 550N. Show that ifthe box is to be prevented from moving

horizontally, it cannot remain on the ground.

3.3 The triangle of forces and La mi's theorem for three-force
equilibrium problems
The methods in this section are not required by the syllabus. However, they provide neat
and efficient methods for solving some problems. Although the questions can all be solved
using the methods from the previous sections, they may be solved more quickly using
alternative methods involving the triangle of forces or Lami's theorem.
If three forces act on an object to keep it in equilibrium, they will have no resultant. This

means that we can draw them end to end and they will finish where they started and form a
triangle. We can then use trigonometry to solve the problem.
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KEY POINT 3.4

By drawing a triangle of forces, we can use the sine rule or cosine rule directly without resolving
components. The lengths of the sides will be the magnitudes of the forces.

First, draw the fo rce diagram as a triangle of forces.
A

The fo rces can be
drawn in a triangle of
fo rces in any order.
Choose an order where
it is easiest to work out
the angles.

B

You can add angles to the diagrams. You should extend the straight lines in the triangle,
as shown in the diagram.
A

B

Applying the sine rule to the t riangle gives
Since sin e = sin(l 80° - e), this leads to

sin(l80° - a)

A
sin a

c

B

A

sin(l 80° -

B

C

sin/3

siny

/3)

sin(l 80° - y) ·

KEY POINT 3.5

Lami 's theorem states that for a particle in equilibrium with three forces on it, the ratio of the
magnitude of the force with the sine of the angle between the other two forces is the same for
each force.
A
B
C
sin a sin f3 sin r

EXPLORE 3.1

Forces of size 5 N, 6 N and 12 N act on an object. Can the object be in equilibrium?
Here are the opinions of two students.
Student A

Student B

T here is no way of making two of them equal
to the third, so they cannot cancel out, and
the object cannot be in equilibrium.

If the forces were at different angles, it might

be possible for it to be in equilibrium.

Is one of the students correct? If the forces were of different sizes, in which
circumstances would each student be correct?

.

•
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WORKED EXAMPLE 3.5

IO N

An object is in equilibrium by the action of forces oflO N, 8 N and 9N, as shown in
the diagram. Find the values of e and <p.

9N

Answer

Redraw the diagram as a triangle of forces .

IO N

<p

cos(l800 -

) = g2 +1 02 - 92
2x8x l0
<p = 121.2°

<p

•

cos(l80o -

) = 92 +102 - 32
2x9xl0
<p = 130.5°

<p

Use the cosine rule to find the angle between
the 8 N and 10 N forces.
Use the cosine rule to find the angle between
the 10 N and 9 N forces , and use the alternate
angles theorem using the parallel 'north' lines.

WORKED EXAMPLE 3.6

A ship is held in equilibrium by ropes on bearings of 120° and 220°. The wind is blowing due north and exerting a
force of 90 N on the ship. Find the tensions in the two ropes.
Answer
90N

90
sin I 00°

11
sin 140°

71=58.7N
90
T2
sin l 00° sinl20°

T2 = 79 .1 N

Use Lami's theorem.

Use Lami's theorem again.
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WORKED EXAMPLE 3.7

A particle is held in equilibrium by three fo rces, as shown in the diagram.
F ind the size s of F and a .

40 N

120°

Answer
Using the method of resolving forces:

Resolving perpendicular to F followed by
resolving parallel to F

50sin(l 80° - a) = 40 sin 60°

Note that a must be bigger than 60° or there
would be no component of the forces to the left
of the 40 N force so the particle could not be in
equilibrium.

a = 43.9° or 136. 1°
Here a= 136. 1°.
F = 50 cos(l 80° - a)

40
sin a

+ 40 cos 60° = 56.1

50
sin 120°

Using Lami's theorem.

a = 43.9° or 136. 1°

Here a= 136 .1°.
F

sin(360° - 120° - a)
=:::}

•

50
sin 120°

F = 56. 1

Using the method of th e triangle of forces:

-40
sin( 180° - a)

50
sin( 180° - 120°)

- - - - - = - - - -- -

Using the sine rule.

a = 43.9° or 136.1°

Here a = 136. 1°.

f3 = 76.1°
F 2 = 40 2 + 50 2 F = 56. 1

2 x 40 x 50 x cos f3

Using the cosine rule.

8N

1

A particle is held in place by forces of 8 N , 11Nand12 N, as shown in the
diagram. Find the values of e and <p.

2

A mass of 5 kg is held in equilibrium by two ropes with tensions of 30 N and 40 N .
Find the angles that the ropes make with the vertical.
12N
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3

A mass of 7 kg is held in equilibrium by two ropes. One has tension 20 N and acts at 40° to the upwards
vertical. Find the tension in the other rope and the angle that it makes with the upwards vertical.

4

A ship is held in place by two ropes with forces 40 N and 35 N, as shown in the diagram, which prevent the wind
blowing it away. The wind has force F and acts at an angle e to the 35 N force, as shown. Find the sizes of e and F.
40N

F

~

•

5

Three ropes pull a boat, which remains in equilibrium. The ropes act due north and on bearings of 100°
and 210°. The one acting north has tension 25 N . Find the tensions in the other ropes .

6

A box has two ropes holding it in place. It is pushed by a force of I 0 N. The angles between the force and the
ropes are 120° and 150°. Find the tensions in the ropes.

7

An 8 N force, a 9 N force and a 10 N force on an object result in no net force. Find the angle between the 8 N and
the 9 N forces.

8

A land yacht is a vehicle with a sail that gets blown by the wind, but it moves on solid ground. An adult and
a child are holding ropes attached to the land yacht. The adult is capable of pulling with a force of 300 N.
The child is capable of pulling with a force of 80 N. T hey cannot pull in the same direction or they get in each
other's way, so there needs to be an angle of at least 20° between their ropes .

a For what strength of wind can the two of them work together to prevent the yacht from moving?
b For what strength of wind can the adult prevent the child from moving the boat?

c When the wind is blowing with a force of 130 N, the adult pulls the land yacht directly against the wind.
The child can cause the path of the yacht to deviate from the direction in which the adult pulls. Find the
maximum angle of deviation the child can cause.

0
0

9 A particle is held in equilibrium by three forces. Two of the forces have the same size, F N. Prove that the
third force acts along the line of the angle bisector of the lines of action of the other two forces.
10 Four forces on an object, A, B, C and D , result in no net force. If the angle between forces A and Bis
the angle between forces C and Dis y, show that A 2 + B 2 + 2AB cos a= C 2 + D 2 + 2CD cosy.

a and

3.4 Non-equilibrium problems for objects on slopes and known
directions of acceleration
When forces are not in equilibrium, the net force will not be zero, so we can apply Newton's
second law. The object will accelerate.

You used Newton's
second law in
Chapter 2, Section 2.1.

We calculate the acceleration using F = ma , but we need to resolve the forces into components in a
relevant direction and find the net force in that direction.
We need to choose carefully which directions to resolve in. When an object is on a slope it is clear the
object is not going to fly off the slope or go into the slope, so any acceleration will be parallel to the
slope, either up it or down it. In this situation there will be no net force in the direction perpendicular
to the slope, so we should resolve in directions perpendicular and parallel to the slope.
Alternatively, if a ship is being towed in a straight line by two tugboats, you may be able to see the
direction of motion from the bearing of the ship. There will be no acceleration perpendicular to the
direction of motion, so we should resolve in directions perpendicular and parallel to the motion.

a

~
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In some situations, as well as the acceleration being unknown, one of the forces or an angle
is also unknown. For example, suppose two people are pul ling a car with ropes at known angles.
The force from person A is known, but person B is pull ing with enough force to keep the car
following the path marked by the dotted line. Without knowing the size of the force, it is impossible

A

to work out the acceleration from one equation.
In this case, we must resolve forces in the perpendicular direction to get a second equation. We
know that there is no acceleration in this direction, so this equation is set up in the same way as
with equil ibrium problems.

The net force in the direction perpendicular to the acceleration is zero.

MODELLING ASSUMPTIONS

The scenarios in these questions involve net forces that cause acceleration. Did the forces
instantly appear at those sizes? Forces like gravity will always be there, but someone
pulling on a rope may have to increase the force from zero.
If that happens, why was there not a smaller acceleration while the force was
increasing to the size given? There are different assumptions that may have been made
to model the situation more easily, without significantly affecting the values calculated.
In some cases, the object is said to be held in place. That means there is initially some
other force keeping the object in equilibrium. That force is instantaneously removed so
the forces under consideration are already at the values given. In other cases, the time
taken to reach the given force values is considered negligible, and it is modelled as if the
forces are instantly at the values given.
We have also noted earlier that we are ignoring the shape of objects and considering
them all to be particles. In many cases this does not have an impact because the
object slides along a surface like a particle does . However, round objects like balls,
wheels or cylinders can roll. This has an impact on the motion , but at this stage we
will treat them as if they are particles, just sliding.

WORKED EXAMPLE 3.8

A box of mass 25 kg is dragged along the floor by a force of 30 N acting at 20° above the horizontal. Find the
acceleration and the normal contact force .

Answer
R

30N

25gN

F=ma
30 cos 20° = 25a
a= 1.13 ms-2

Resolving horizontally.

•
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R

+ 30sin20° = 25g
R = 240N

Resolving vertically, there must be no resultant
force , otherwise the box would leave the floor or
sink into the floor.

WORKED EXAMPLE 3.9

A boat of mass 40 kg has an engine providing a driving force of 30 Nin an easterly direction. It is also being blown
by the wind with a force T to the north. The boat moves on a bearing of 60°. Find T and the acceleration of the boat.
Answer
T
,~

60°

,,'

direction of
motion

, ... ' '
_ ,,_ _ _ _-.,.30N

T sin 60° = 30 sin 30°

Resolve perpendicular to the direction of motion first
because there will be no net force in this direction.

T = 17.3N

F = ma
T cos 60° + 30 cos 30° = 40a

•

a

Resolve in the direction of motion.

= 0.866 m s- 2

WORKED EXAMPLE 3.10

A table is sliding down a slope at an angle 20° to the horizontal. There is resistance of
10 N acting up the slope parallel to it. The table takes 5 s to slide 10 m down the slope
from rest. Find the mass of the table.
Answer
R

The table is modelled as a particle, so we do
not worry about its shape for the diagram.
REWIND

Look back to Chapter 1,
Section 1.3, if you
need a reminder of the
equations of constant
acceleration.

mg

s = ut + _!_ at 2
2

Use information given to find the acceleration
first.

10 = _!_a x 52
2
a= 0.8m s- 2

F = ma
mg sin20° -10 = m x 0.8
m=3 .82kg

....
,....
.,
;(~~

.

..

Resolve parallel to the slope.
Here F is the net force and, since we are
taking the direction of motion as positive, the
10 N force is negative.

WEB LINK

You may want to have
a go at the Make it stop
resource at the Vector
Ge ometry station on
the Underground
Mathematics website.
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1 A wooden block of mass 5 kg is on a horizontal surface. It is dragged by a force of 20 N acting at 14° above the
horizontal, as shown in the following diagram. Find the acceleration of the block and the normal contact force.
R

20N

SgN

2

A book of mass 2 kg is dragged along a horizontal surface by a rope at 6° above the horizontal. It accelerates
at 0.3ms-2 .
a

Draw the force diagram for this situation.

b Find the tension in the rope and the normal contact force.
3 A box of mass 10 kg is pulled along a horizontal surface by a rope with tension 20 N at an angle () above the
horizontal. The box accelerates at 1.2 m s- 2 . Find () and the normal contact force.
4

A car of mass 1000 kg is being towed by two people holding ropes. One pulls with a tension of 80 Nat an
angle of 18° to the direction of motion. The other pulls at an angle of 25° to the direction of motion, as
shown in the diagram. Find the tension, T, in the second rope and the acceleration of the car.
80N

<

• direction
of motion
T

5

A box of mass 20 kg is dragged by a force of 40 N at an angle of 15° to the direction of motion, and a force of
30 N at an angle of() to the direction of motion. Find the value of() and the acceleration of the box.

6

A truck of mass 15 OOO kg is being towed by two ropes. One pulls with a tension of 3000 Nat an angle of 20° to
the direction of motion. The other pulls with a tension, T, at an angle of 10° to the direction of motion. There
is resistance of 500 N against the motion, in the same line as the motion.
a

Draw the force diagram for this situation.

b Find T and the acceleration of the truck.

7 A ship of mass 10 OOO kg is being towed due north by two tugboats with acceleration 0.1 m s- 2. One pulls
with a tension of 2000 Non a bearing of 330°. The other pulls with a tension, T, on a bearing of e. There is
resistance against the motion of 1000 N. Find T and ().
8 A train of mass 230 tonnes provides a driving force of 300 OOO N to accelerate up a slope at an angle of 5° to
the horizontal. The force diagram is shown. Find the acceleration of the train.

~
230000gN

•
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9 A log of mass 200 kg is dragged up a slope at an angle of 13° to the horizontal by a rope attached to a truck.
The rope is at an angle of 20° above the slope.

a Draw the force diagram for this situation.
b The log accelerates at 0.3 m s-2 . Find the tension in the rope.
10 A windsurfer and his board have a total mass of 80 kg. They are being pushed by the water with a force
of 20 N westwards. The wind is pushing them northwards with a force F. The windsurfer accelerates on a
bearing of 340°. Find the force F and the acceleration of the windsurfer.

11 A buoy of mass 12 kg is on the surface of a lake. The tide pushes it with a force of 25 N and the wind pushes
it with a force of 15 N, as shown in the diagram. The buoy moves in the direction shown. Find the value

of e and the acceleration.
25 N

direction
of motion

~
!SN

12 A girl pulls a toy car of mass 0.8 kg by a string along a horizontal path. The tension in the string is 3 N and
the string is held at an angle of 40° above the horizontal. There is air resistance of 2 N. Find the time taken to
reach a speed of 2 m s- 1 from rest.

•

13 A shopper drags a trolley of mass 25 kg from rest along horizontal ground. The shopper is pulling the trolley
by a force of 30 N with his arm, which is at 15° above the horizontal. There is friction of 10 N. Find the speed

of the trolley after being pulled a distance of 6 m.

G)

14 A ball of mass 3 kg is rolled with initial speed 4 m s- 1 up a slope at an angle 10° to the horizontal.

a Find the maximum distance up the slope the ball reaches.
b What assumptions have been made to answer the question?
15 A cyclist of mass 70 kg (including her bicycle) arrives at an uphill stretch of road of length 30 m with an angle
9° to the horizontal, travelling at 10 m s- 1• She exerts a force of 15 N parallel to the slope and there is wind

resistance of 5 N against her. Find the time taken to reach the top of the slope.

fcD

16 A ball of mass m kg is rolled up a slope at an angle

e to the horizontal, where

sine=%· The ball passes a

point A with speed 7 m s-1. A point B is 5 m further up the slope than point A. Find the time between passing
B on the way up and returning to B on the way down.
17 A van of mass 2000 kg is towed from rest by two ropes. One pulls with a tension of 130 Nat 10° to the

direction of motion and the other acts at 15° to the direction of motion. Find the distance covered in 10 s.
18 A ship of mass 15 OOO kg is moving due east at 2 m s- 1 when it starts being towed by a tugboat. The wind is
blowing it on a bearing of 60°, so the tugboat exerts a force of 5000 Non a bearing of 100° to make the ship

continue to go east. Find the speed of the ship after 5 s.
19 A box of mass 9 kg is dragged along horizontal ground by a force F acting at 30° above the horizontal. There
is friction of 5 N. The box starts at rest and reaches a speed of 4 m s- 1 in 10 m. Find the size of the force F.

Chapter 3: Forces in two dimensions
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20 A car of mass 1200kg arrives at a steep upwards slope of length 130m at 34° to the horizontal. It is travelling
at 12 m s- 1 and there is air resistance of 100 N. Find the minimum force , assumed constant, the engine must
provide for the car to reach the top of the slope.

3.5 Non-equilibrium problems and finding resultant forces and
directions of acceleration
In the previous section, the direction of acceleration was known or could be worked out
from the situation. In the situation here, with forces A and B, the direction of acceleration
is unknown.
A

In situations like this , we can work out the single force equivalent to the combination of the
other forces by drawing the vectors end to end, as in the following diagram. This is called
the resultant of the other forces. If these are the only forces in the situation, the resultant is
the net force for use in Newton's second law.
A

•

B
I
I
I

I
I

,' F
I
I

I
I
I

I

We can then use the diagram and trigonometry to work out the magnitude and direction of
the resultant of the forces A and B, which is shown by F .
In the following situation with forces A, Band C, the direction of acceleration is again
unknown.
A

B

----~ B

When there are three forces, if we draw the
vectors end to end we will get a quadrilateral.
It may not be easy to calculate the resultant
from this diagram.

c
So, when there are more than two forces , we find the components of
the net force by resolving horizontally and vertically. By adding these
horizontal and vertical components, we can find the horizontal and
vertical components, F,'( and Fy, of the resultant force, F. We can
use the components of the resultant to calculate the magnitude and
direction of the resultant force.

A

I
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KEY POINT 3.7

The magnitude of the resultant force, F , with components Fx horizontally and Fy vertically, can be
calculated using Pythagoras' theorem as F = ~ F} + F] .
The direction of the resultant force, F , with components Fx horizontally and Fy vertically, can be
calculated using trigonometry as tan e = Fy, where
Fx

e is the angle with the x-direction.

Do not show the resultant force on the force diagram because it is easy to confuse it with a separate force.
Instead, to show the resultant force, draw a second diagram alongside the force diagram.
A

•

EXPLORE 3.2

Two students are discussi ng the following situation. A heavy stone has three ropes
attached. They are pulled on bearings of 010°, 020° and 060°. Three people can pull
with force s of 200 N, 150 N and 100 N. Which person should pull on which rope to
maximise the net force if the direction is unimportant?
Student A

StudentB

The total net force will be the same whoever
pulls each rope, but the direction may
change.

Who pulls each rope will affect both the net
force and direction. We will need to work out
each case to decide which gives the largest
net force.

Which one of the students is correct?
If student A is correct, what effect does the arrangement of the people pulling the
ropes have on the direction of motion and why?
If student B is correct, is there a general rule as to who should pull each rope to
maximise the net force and why does it work?
If instead the direction is more important than net force , how can you decide
who should pull each rope so that the net force is as close as possible to a given
direction?
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WORKED EXAMPLE 3.11

A boat of mass 100 kg experiences a force of 30 N eastward from the wind and a force of
40 N from the tide on a bearing of 35°, as shown in the diagram . Find the direction of the
subsequent motion and the acceleration.

30 N

Answer
direction of motion

,

,'

,,~

,,'

,-'

Draw a diagram with the resultant force to
show where the angle is being measured from.

,'

, ,'

//s,
,'

motio~ ,,'

direction of

,
,,
, , ''

,-'
,,

, ,-'

,,

,

Adding vectors is equivalent to drawing them
end to end.
Do not draw the resultant as a separate force
on the force diagram.

,,''
f}

30N

R 2 = 30 2 + 40 2

-

2 x 30 x 40cosl25°

Use the cosine rule to find the resultant.

R = 62.3N
F = ma

R = l OOa

0.623 m s- 2
40
R
sine sin 125°

Use Newton's second law in the direction of
acceleration.

a =

e = 31.8°
So the direction of motion is on a beari ng of 58°.

Use the sine rule to fi nd the angle.

•
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WORKED EXAMPLE 3.12

A particle of mass 3 kg is attached to three ropes in the horizontal plane with forces
of 2 N, 4 N and 3 N, as shown in the diagram.

2N
j~

Find the direction of the subsequent motion and the acceleration.

e::---,---,,.. 4 N
~,

Answer

3N

direction of motion
F ,,

,,

,,--,.;

,,

Draw a separate diagram showing the
resultant force.

I
I

oF

. ,.:::}?_- - - -- _!

y

Fx

Do not draw it on the force diagram.

FT = 4 + 3cos30° = 6.60
E;. = 2 - 3sin30° = 0.50

Find the components of the resultant
horizontally and vertically.

F
tane = --1'..
Fr
e = 4.33°

Use trigonometry to find

so the direction is 4.33° above the positive x -direction.
F 2 = F} + F}

•

e.

Use Pythagoras' theorem to find the resultant.

F = 6.62N

F = ma
F = 3a
a=

1

Use Newton's second law in the direction of
acceleration.

2.2lms- 2

A particle of mass 3 kg is at rest and has two forces acting on it. One has magnitude 5 N and the other bas
magnitude 3 N . They act in the directions shown. Find the magnitude and direction of acceleration of the
resulting motion.
SN

2

A mass of 4 kg is held above the ground and released from rest. There is wind blowing it with a force of 20 N
horizontally. Find the angle from the downward vertical at which it initially falls.

3

A boat has its motor running, creating a force of 500 N. The wind is blowing it with a force of 200 N. The
directions of the forces are shown on the diagram. Find the direction of the subsequent motion.
SOON

I

~200N

Chapter 3: Forces in two dimensions

20N

4

A particle of mass 25 kg has two forces acting on it, one of 20 N and one of 35 N, in
the directions shown. Find the magnitude and direction of the resulting acceleration.

5

Three coplanar forces act on a particle, as shown in the following diagram. X has
components 0 Nin the x-direction and 20 Nin the y-direction. Y has components 25 Nin
the x-direction and -10 Nin the y-direction. Z has components - 10 Nin the x-direction
and -15 Nin they-direction. Find the magnitude and direction of the resultant of the
three forces.

x

y

z

40N

6

Three coplanar forces act on a particle, as shown in the diagram.
a

Force F has components of -30 N in the x-direction and -40 Nin the
y-direction. Find the value of a.

b Find the magnitude and direction of the resultant of the three forces.
F

7

Three coplanar forces act on a particle, as shown in the following diagram. Show that the x component and
y component of the resultant are equal. Hence, determine the direction of the resultant force.
40N

20N

8

Three people drag a bag of sand of mass 150 kg, labelled A in the diagram. They pull in the horizontal plane
with forces 40 N, 25 N and 35 N in the directions shown, compared to the direction AB.
a

Find the magnitude and direction of acceleration of the resultant motion.

b What assumptions have been made to answer the question?
B

40N

A

9

A boat of mass 1000 kg is pulled by three tugboats . One pulls due north with force 500 N , one pulls due east
with force 350 N and one pulls on a bearing of 040° with a force of 250 N. Find the bearing and acceleration of
the resultant motion.

•
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10 In a competition of strength, four people pull a mass with ropes at different angles.
The direction in which the mass moves determines the winner. Arjun wants the mass
to go north, Bob wants it to go east, Chen wants it to go south and David wants it to
go west. The men pull with the forces in the directions shown in the diagram. Find
the direction of the resultant motion and determine who wins.
11 A rowing boat of mass 120 kg is being pulled from rest by three boats. One pulls north
with a force of 100 N, the second pulls on a bearing of 020° with a force of 80 N and the
third pulls on a bearing of 045° with a force of 90 N. There is resistance from the water
of 200 N directly against the motion. Find the bearing and acceleration of the resultant

Arjun 330N
I

Chen

300N

motion.
12 A hovercraft has an engine providing a force of 150 N on a bearing of 340°. The wind blows on a bearing of
310°, which means the hovercraft accelerates from rest on a bearing of 320°. Find the force of the wind on the

hovercraft.

0

13 The wind is blowing a boat with force F. The motor of the boat can exert a driving force of D N , where D <F.

Show with a diagram that, whatever direction the wind is taking the boat with the motor switched off, the motor
is capable of deflecting the direction by a maximum of sin- 1 ~.
14 A building is unstable after a natural disaster. A car is stuck under the building and needs to be dragged out

as quickly as possible, although the exact direction is less important. Three people can pull ropes, one due
north, one at a bearing of 010° and one at a bearing of 030°. Akhil can pull with a force of 300 N , Ben can
pull with a force of 240 N and Khadijah can pull with a force of 210 N. Find who should pull each rope to
maximise the acceleration and what the net force will be.

•
•

A force can be split into components using the idea that force is a vector and can be written as
the sum of other vectors.

•

The components are usually found in two perpendicular directions with the force as the
hypotenuse of a right-angled triangle and the other two sides as components.

•

Directions chosen are usually horizontally and vertically, parallel and perpendicular to a slope,
or parallel and perpendicular to the direction of motion.

•

Resolving perpendicular to an unknown force means the unknown will not appear in the
equation.

•

When the direction of acceleration is unknown it is normally best to find components of a
resultant force and use them to find the direction and magnitude of the resultant.
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1H
111
• ·

#i M4i!i1i!i' ifii'!MM11

1

1

1

Three forces act on a particle in equilibrium in the horizontal plane, as shown in the diagram. Find the size of
the unknown force F and the angle e.
!SN

F

2

Three forces act on a particle in equilibrium in the horizontal plane, as shown in the diagram. By resolving in a
direction perpendicular to F , show that e = 47.2° and find F.
44N

F

•

30N

3

A girl is dragging a suitcase of mass 18 kg on horizontal ground, using a strap. The strap is at 40° to the
horizontal. She pulls with a force of 15 N. There is air resistance of 5 N.
a

Find the magnitude of the normal contact force from the ground on the suitcase.

b

Find the acceleration of the suitcase.

4

Two people drag a car of mass 1200 kg forward with ropes. One pulls with force 400 N on a bearing of 005°. One
pulls with force 360 Non a bearing of 352° . Find magnitude of the acceleration and its direction to the nearest 0.1°.

5

A boat is in equilibrium held by a rope to the shore. The rope exerts a force T at
an angle e from north. The wind blows the boat with force 40 N in a northwest
direction. The current pushes it south with a force of 50 N. Show that
T sine = 20.J'I and find an expression for T cos e. Hence, show that
tan e = S + IO.J'I and find
17

6

~

7

T

e and T.

A car of mass 300 kg is on a slope, which is at an angle of 5° to the horizontal.
When it is pulled down the slope by a rope parallel to the slope with a force of T, it
accelerates at 2 m s-2. Find the acceleration of the car when it is pulled up the slope
by a rope parallel to the slope with a force of T.

SON

Three boys are having a strength competition. They hold ropes attached to the same object of mass 10 kg. One
pulls due north with force 32 N and another pulls on a bearing of 200° with force 45 N . The third wants to
make the object accelerate due east and pulls with a force of 24 N.
a

Find the bearing at which the third boy should pull.

b

Find the resultant acceleration.
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8

A girl can drag a stone block of mass 18 kg up a slope at an angle of 13° to the horizontal with an acceleration
of 0.7 m s-2 . Assuming this is the maximum force she can exert to drag the block, find the mass of the heaviest
stone block she would be able to drag up the slope.

9

A box of mass 8 kg is held at rest at the top of a slope 6 m long at an angle of 12° to the horizontal. Assume air
resistance and friction are negligible.

a

The box is released. Find the time taken for the box to reach the bottom of the slope.

b

Instead, a boy pushes the box downwards with a force of 20 N parallel to the slope. Find how much
sooner the box reaches the bottom of the slope than under gravity alone.

10 A girl is sitting on a sledge, which her friend drags across the horizontal surface of a frozen lake. The sledge is

initially at rest and then the friend pulls on a rope at an angle of 35° above the horizontal with a force of 8 N for
2 m before releasing the rope. The total mass of the girl and the sledge is 50 kg. There is air resistance of 2.4 N.

a

Find the speed of the sledge when the friend releases the rope.

b

What assumptions have been made to answer the question?

c

After the rope is released, air resistance causes the sledge to slow down until coming to rest. Find the
total distance before the sledge comes to rest.

11 In a test of strength competition, a competitor must get a 10 kg stone as far as they can up a slope. The slope is

at 10° to the horizontal. The competitor can drag the stone for 5 m from rest up the slope and then must release
it. Frictional forces are to be considered negligible .

•

a

A competitor drags the stone with a rope at an angle of 16° above the slope and a force of 65 N. Find the
speed at which the stone is released.

b Find how far the stone travels after being released before coming to rest.
12 The four athletes in a bobsleigh team start the race by running along the ice. They push for 40 m on a horizontal
track, providing an average horizontal force of 180 N each. The total mass of the bobsleigh and the four athletes
is 600 kg.
a

Find the speed at the end of the horizontal stretch of track.

The athletes then get into the bobsleigh. The track continues with a downhill stretch oflength 1300 m on a
slope at an angle of 5° to the horizontal. There is air resistance ofl 75 N.
b

0

Find the total time to complete the entire track.

13 A ball of mass m kg slides down a slope, which is at an angle of (} 0 to the horizontal. It passes two light

gates x m apart. At the first gate, the speed of the ball is measured as um s-', and at the second its speed
is measured as v m s- 1• Assuming the resistance is constant, show the resistance force has a total size of
!!!__ (2xg sin(}+ u 2 - v2 ).

2x

0

14 A car of mass m kg is rolling down a slope of length x m, which is at an angle of 30° to the horizontal. It has a

booster that provides a force of mg N over a distance of 1 m , which the driver sets off at a distances m after the
car starts moving. Assuming the booster is used before the end of the slope, show that the speed at the bottom
of the slope is given by v2 = g(x + 2) and deduce that the final speed is independent of when the booster is
applied. (Note that if the booster were applied for a fixed time rather than a fixed distance this would not be
true.)
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58N

Coplanar forces of magnitudes 58 N, 31 N and 26 N act at a point in the directions shown in the diagram.
5
[6)
Given that tan a = , find the magnitude and direction of the resultant of the three forces.
12
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A particle P of mass 1.05 kg is attached to one end of each of two light inextensible strings, of lengths 2.6 m
and 1.25 m. The other ends of the strings are attached to fixed points A and B , which are at the same
horizontal level. P hangs in equilibrium at a point 1m below the level of A and B (see diagram). Find
the tensions in the strings.
[6)
Cambridge International AS & A Level Mathematics 9709 Paper 43 Q3 November 2013
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-

8.5 ms- 1
A

SON

~

-

3.5 ms- 1
B

A block of mass 60 kg is pulled up a hill in the line of greatest slope by a force of magnitude 50 N acting
at an angle 0: 0 above the hill. The block passes through points A and B with speeds 8.5 m s- 1 and 3.5 m s- 1
respectively (see diagram). The distance AB is 250 m and Bis 17.5 m above the level of A. The resistance
to motion of the block is 6 N . Find the value of a.

[11)
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RE\l EW EXERCISE 1

1

2

3

A car of mass 1500 kg is on a straight horizontal road. The car accelerates from 20 m s- 1 to 24 m s- 1 in 10 s.
The car has a constant driving force and there is resistance of 100 N . Find the size of the driving force.

A particle starts from rest at a point X and moves in a straight line until 40 s later it reaches a point Y , which
is 145 m from X. For 0 s < t < 5 s the particle accelerates at 0.8 m s- 2 . For 5 s < t < 30 s it remains at constant
velocity. For 30 s < t < 40 s it decelerates at a constant rate, but does not come to rest.

a Find the velocity at time t = 5 s and t = 40 s.

[5]

b Sketch the velocity-time graph.

[2]

A particle P is released from rest down a slope, which is at an angle of 20° to the horizontal. There is no
friction between the particle and the slope.

a Find the particle's speed after 0. 7 s.

[2]

b Find the speed when the particle has travelled 1.2 m.

[2]

4

A crate of weight 400 N is lifted by a forklift truck. The truck lifts the crate from rest to a height of 2 m in 5 s.
Assuming constant acceleration, find the normal contact force from the truck on the crate.
[4]

5

A force F acts in a horizontal plane and has components 25 N in the x-direction and -17 Nin the y-direction
relative to a set of axes. The force acts at an angle a below the x-axis.
a Find the sizes of F and a.

•

[4]

[4]

b Another force has magnitude 29 N and acts at an angle of 70° above the positive x-axis. The resultant of

these two forces has magnitude RN and makes an angle of 8 with the positive x -axis. Find the values
~Rmd8.

6

~

The graph shows the velocity of a parachutist as she falls from an aircraft
until she hits the ground 50 s later.

v(ms-1)

There are four stages to the motion: falling freely under gravity with the
parachute closed; decelerating with the parachute open; falling at constant
speed with the parachute open; and coming to rest instantaneously on hitting
the ground.

a Find the total distance fallen .

[2]

b The parachutist has mass 70 kg. Show that the upward force on the parachutist

due to the parachute during the second stage is 1148 N.
7

A particle of mass 6.3 kg is attached to one end of a light inextensible string.
x
The other end of the string is attached to a fixed point X . It is held in equilibrium
by a horizontal force F when the string is at an angle a to the vertical,
where tana =

8

[5]

~~ . Find the tension in the string and the size of F.

[4]

Two forces, each of size 8 N, have a resultant of 13 N .

a Find the angle between the forces.

[2]

b The two given forces of magnitude 8 N act on a particle of mass m kg, which remains at rest on a

horizontal surface with no friction . The normal contact force between the surface and the particle has
magnitude 7 N . Find m and the acute angle that one of the 8 N forces makes with the surface.

[3]

Cross-topic review exercise 1

9

Three coplanar forces of magnitudes 7 N, 10 N and 12 N act at a point A,
as shown in the diagram.

7N

a Find the component of the resultant of the three forces in the direction
AB and perpendicular to the direction AB.

[3)

b Hence, find the magnitude and direction of the resultant of the three forces.
10

[3]

a A cyclist lets her bike accelerate down a slope with constant gradient, at constant
acceleration. She passes a point A, then 4 s later passes a point B 32 m away. Another 2 s later she
passes a point Ca further 19 m away. Find the acceleration of the cyclist.

ION

[5)

b Assuming there is no friction or resistance and the cyclist is not pedalling, find the angle that the slope

makes with the horizontal, giving your answer to the nearest 0.1°.

@

11

[3)

A particle P is in equilibrium on a smooth horizontal table under the action
of four horizontal forces of magnitudes 6 N, 5 N, F N and F N acting in the
directions shown. Find the values of a and F.

(6)
SN

FN
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A cyclist starts from rest at point A and moves in a straight line with acceleration 0.5 m s- 2 for a distance of 36 m .
The cyclist then travels at constant speed for 25 s before slowing down, with constant deceleration, to come to rest
at point B. The distance AB is 210 m.
i Find the total time that the cyclist takes to travel from A to B.

[5]

•

24s after the cyclist leaves point A, a car starts from rest from point A, with constant acceleration 4 m s-2 ,
towards B. It is given that the car overtakes the cyclist while the cyclist is moving with constant speed.

(5)

ii Find the time that it takes from when the cyclist starts until the car overtakes her.
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A small bead Q can move freely along a smooth horizontal straight
wire AB of length 3 m. Three horizontal forces of magnitudes F N, 10 N
and 20 N act on the bead in the directions shown in the diagram. The
magnitude of the resultant of the three forces is RN in the direction
shown in the diagram.

20N

ION

[5)

Find the values of F and R.
ii Initially the bead is at rest at A. It reaches B with a speed of 11.7 m s- 1. Find the mass of the bead.

[3)

Cambridge International AS & A Level Mathematics 9709 Paper 41 Q5 November 2015

@

14

A particle P of weight 21 N is attached to one end of each of two
light inextensible strings, S 1 and S2 , of lengths 0.52 m and 0.25 m
respectively. The other end of S 1 is attached to a fixed point A, and the
other end of S2 is attached to a fixed point B at the same horizontal
level as A. The particle P hangs in equilibrium at a point 0.2 m below
the level of AB with both strings taut (see diagram). Find the tension in
S 1 and the tension in S2 •

------------- , ---- B --

A

: S2
I
I

[6)
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