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Moments of forces

➜ The photograph shows a mobile tower crane, consisting of the main vertical 
section housing the engine, winding gear and controls and the boom which 
supports the load and the counterweight. The counterweight is at a fi xed 
distance from the centre line and the load is at a variable distance from the 
centre line. Why is the counterweight needed?

A system is in 
equilibrium when the 
forces constituting it are 
arranged in such a way 
as to compensate each 
other, like two weights 
pulling at the arms of a 
pair of scales.

Rudolf arnheim

4
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1 Introduction to moments
The operation of the crane depends on turning effects or moments of forces. To 
understand these you might find it helpful to look at a simpler situation.

Two children sit on a simple see-saw, made of a plank balanced on a fulcrum as 
in Figure 4.1. Will the see-saw balance?

fulcrum

Figure 4.1 

If both children have the same mass and sit the same distance from the fulcrum, 
then you expect to see the see-saw balance.

Now consider possible changes to this situation:

(i) If one child is heavier than the other, then you expect the heavier one to go 
down.

(ii) If one child moves nearer to the centre, you expect that child to go up.

You can see that both the weights of the children and their distances from the 
fulcrum are important.

What about this case? Both children now sit on one side of the seesaw and their 
father is on the other side. The father has a mass of 84 kg and sits 1.25 m from 
the fulcrum. The children of mass 25 kg and 35 kg sit 2.1 m and 1.5 m from the 
fulcrum on the other side.

84 g 35 g 25 g

1.25 m 1.5 m

2.1 m

Figure 4.2 

Taking the products of their weights and their distances from the fulcrum, gives 

Father: 84 g × 1.25 = 105 g

Child A: 25 g × 2.1 = 52.5 g

Child B: 35 g × 1.5 = 52.5 g

Both children: 52.5 g + 52.5 g = 105 g

So you might expect the see-saw to balance, and this indeed is what would 
happen.
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Rigid bodies
Until now the particle model has provided a reasonable basis for the analysis 
of the situations you have met. In an example like the see-saw, however, where 
turning is important, this model is inadequate because the forces do not all act 
through the same point.

In such cases you need the rigid body model in which an object, or body, is recognised 
as having size and shape, but is assumed not to be deformed when forces act on it.

Suppose that you push a tray lying on a smooth table with one finger so that the 
force acts parallel to one edge and through the centre of mass (Figure 4.3).

F

Figure 4.3 

The particle model is adequate here: the tray travels in a straight line in the 
direction of the applied force.

If you push the tray equally hard with two fingers, as in Figure 4.4, symmetrically 
either side of the centre of mass, the particle model is still adequate.

F

F

2F

Figure 4.4 

However, if the two forces are not equal or are not symmetrically placed, or, as 
in Figure 4.5, are in different directions, the particle model cannot be used.

F

G

F

G

Figure 4.5

The resultant force in Figure 4.5 is zero, since the individual forces are equal in 
magnitude but opposite in direction. What happens to the tray? Experience tells 
you that it starts to rotate about G. How fast it starts to rotate depends, among 
other things, on the magnitude of the forces and the width of the tray. The rigid 
body model allows you to analyse the situation.

Moments
The example of the see-saw involved the product of each force and its distance 
from a fixed point. This product is called the moment of the force about the point.

The see-saw balances because the moments of the forces on either side of the 
fulcrum are of the same magnitude and act in opposite directions. One would 
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tend to make the see-saw turn clockwise, the other anticlockwise. By contrast, 
the moments about G of the forces on the tray in the last situation do not 
balance. They both tend to turn it anticlockwise, so rotation occurs.

Conventions and units
The moment of a force F about a point O is defi ned by

 moment = Fd

where d is the perpendicular distance from the point O 
to the line of action of the force (Figure 4.6).

In two dimensions, the sense of a moment is described 
as either positive (anticlockwise) or negative (clockwise),
as shown in Figure 4.7.

F

O

(i) (ii) F

O

clockwise movement
(negative)

anticlockwise movement
(positive)

Figure 4.7

If you imagine putting a pin at O and pushing along the line of F, your page 
would turn clockwise for (i) and anticlockwise for (ii).

In the S.I. system, the unit for moment is the newton metre (N m), because a 
moment is the product of a force, the unit of which is the newton, and distance, 
the unit of which is the metre. Remember that moments are always taken about 
a point and you must always specify which point. A force acting through the 
point will have no moment about that point because in that case d = 0.

couples
Whenever two forces of the same magnitude act in opposite directions along 
diff erent lines, they have a zero resultant force, but do have a turning eff ect. 
In fact, the moment will be Fd about any point, where d is the perpendicular 
distance between the forces. This is demonstrated in Figure 4.9.

F

F

O

A

B

d

a

F

F

O

A

B

d

a

Figure 4.9 

F

d
O

Figure 4.6

Hint
The line of the force and 
its perpendicular make 
a T (for ‘turning’)

Discussion point
Figure 4.8 shows 
two tools used for 
tightening nuts. Discuss 
the advantages and 
disadvantages of each.

Figure 4.8
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In each of these situations:

Moment about O F F Fdd d
2 2

+ =

Moment about A 0 + Fd = Fd

Moment about B -aF + (a + d )F = Fd

Any set of forces like these with a zero resultant force but a non-zero total moment 
is known as a couple. The eff ect of a couple on a rigid body is to cause rotation.

equilibrium revisited
In Chapter 2 you saw that an object is in equilibrium if the resultant force on 
the object is zero. This defi nition is adequate provided all the forces act through 
the same point on the object. However, when the forces act at diff erent points, 
there may be an overall moment even though their resultant is zero. Figure 4.10 
shows a tray on a smooth surface being pushed equally hard at opposite corners. 

The resultant force on the tray is clearly zero, but the resultant moment about its 
centre point, G, is

 
a a

a× + × =
2 2

P P P

The tray will start to rotate about its centre and so it is clearly not in equilibrium.

So you now need to tighten the mathematical defi nition of equilibrium to 
include moments. For an object to remain at rest (or moving at constant 
velocity) when a system of forces is applied, both the resultant force and the total 
moment must be zero.

To check that an object is in equilibrium under the action of a system of forces, 
you need to check two things:

(i) that the resultant force is zero

(ii) that the resultant moment about any point is zero. (You only need to check 
one point.)

A three metre uniform rod AB of mass 10 kg is hinged at one end to a 
vertical wall. The other end is attached to a vertical cable. A block of mass 
15 kg is resting on the rod 2 m from the wall.

2 m

3 m

A
B

Figure 4.11

(i) Find the tension in the cable.

(ii) Find the magnitude and direction of the force exerted by the hinge on the rod.

Anticlockwise is positive.

Figure 4.10

P

PD

G

C

A B

a
2

a
2

Another way of saying 
the resultant moment 
is zero is 
clockwise moments = 
anticlockwise moments.

Example 4.1

note
You could have taken 
moments about any of 
the corners, A, B, C or 
D, or any other point in 
the plane of the paper 
and the answer would 
have been the same, Pa 
anticlockwise.
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Solution
(i) The forces acting on the rod are shown in Figure 4.12.

 

A B

10g
15g

F
T

 Figure 4.12

The rod is in equilibrium, so the total moment about any point is zero.

Take moments about A.

F × 0 + 10g × 1.5 + 15g × 2 - T × 3 = 0

This gives

 15g + 30g - 3T = 0

⇒ T = 15g = 147 N

 The tension in the cable is 147 N.

(ii) The rod is in equilibrium so the resultant of the forces acting on it is 
zero. This means that the force exerted by the hinge must be vertically 
upwards.

 F + T - 10g - 15g = 0

  F = 25g - T

 Substituting for T now gives

 F = 25g - 15g = 10g

  = 98 N

The force at the hinge has magnitude 98 N and is in same direction as T.

The force exerted by the 
hinge, could be in any 
direction.

Choose A to eliminate 
F from the moment 
equation.

The rod is uniform 
so the mass is at the 
centre of the rod.

As F goes through A

note
The reaction force at a hinge may act in any direction, according to the forces 
elsewhere in the system. A hinge can be visualised in cross-section, as shown 
in Figure 4.13. If the hinge is well oiled, and the friction between the inner and 
outer parts is negligible, the hinge cannot exert any moment. In this situation the 
rod is said to be ‘freely hinged’.

Figure 4.13

Contact may occur 
anywhere inside this circle.
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A uniform plank AB of length 1.2 m and mass 5 kg carries 2 particles. One is of 
mass 2 kg and lies at C, 40 cm from A. The other is at B and is of mass 1 kg. 

The plank is supported at A and at a point D, 20 cm from B.

1.2 m

0.2 m0.4 m
A C D B

Figure 4.14

Find the reaction forces acting on the plank.

Example 4.2

Solution
Figure 4.15 shows the forces acting on the plank.

0.2 m0.4 m0.2 m0.4 m

A C D B

2g 5g g

R1 R2

Figure 4.15

For the plank to be in equilibrium, both the resultant force and the total 
moment about any point must be zero.

All the forces act vertically.

 R R g8 01 2+ − =  ①

Taking moments about the point A gives

 R g g R g0 2 0.4 5 0.6 1 1.2 01 2× + × + × − × + × =  ②

② reduces to g g R g0.8 3 1.2 02+ − + =

⇒ R g= =5 49N2

Substitute in ① to give

 R g R g8 31 2= − =

 = 29.4N

The reaction forces on the plank at A and D are 29.4 N and 49 N.

2g + 5g + g
A is chosen so that the 
number of unknowns in 
the equation is minimised.

R1 passes through A.

The plank is uniform so 
the mass is at its centre.

note
1 You cannot solve 

this problem without 
taking moments.

2 You can take 
moments about any 
point and can, for 
example, show that 
by taking moments 
about B you get the 
same answer.

3 The whole weight of 
the plank is being 
considered to act at 
its centre.

4 When a force 
acts through the 
point about which 
moments are being 
taken, its moment 
about that point 
is zero.
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levers
A lever can be used to lift or move a heavy object using a relatively small force. 
Levers depend on moments for their action.

Two common lever confi gurations are shown in Figures 4.16 and 4.17. In both 
cases, a load W is being lifted by an applied force F, using a lever of length l. The 
calculations assume equilibrium. 

Case 1
The fulcrum is within the lever, Figure 4.16. 

l

F W

R

load

fulcrum
a

Applied
force

Figure 4.16

Taking moments about the fulcrum: 

 

0F l Wa a( )× − − × =

F W l
a

a= × −

Provided that the fulcrum is nearer the end with the load, the applied force is 
less than the load.

Examples of class 1 levers are see-saws, crowbars and scissors.

Case 2
The fulcrum is at one end of the lever, Figure 4.17. 

a

l

RF

W

load

fulcrum

Applied
force

Figure 4.17

Taking moments about the fulcrum:

 

0F l W a× − × =
aF W
l

= ×

Since a is much smaller than l, the applied force F is much smaller than the load W.

Examples of class 2 levers include wheelbarrows, nutcrackers or bottle openers.

These examples also indicate how to fi nd a single force equivalent to two 
parallel forces. The force equivalent to F and W should be equal and opposite to 
R and with the same line of action.

note
This is a class 1 lever.

note
This is a class 2 lever.
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Example 4.3

Solution
(i) 

 
O

QP

ba

 Figure 4.19

 The single force equivalent to P and Q is shown in Figure 4.20.

 

O

P + Q

x =
Pa + Q(a + b)

P + Q

 Figure 4.20

(ii) 

 

O

Q

P

ba

 Figure 4.21

The single force equivalent to P and Q is the force P - Q pointing 

upwards and distance Pa Q a b
P Q

( )− +
−  from O.

 

O

P − Q

Pa − Q(a + b)
P − Q

x =

 Figure 4.22

The resultant of the two 
forces P and Q is a force 
of magnitude P + Q 
pointing upwards.

The total moment about 
O of P and Q is equal to 

( )P a Q a b× + × + .

Replacing P and Q by 
a single force (P + Q) 
requires placing it at a 
distance x from O, such 
that ( ) ( )P Q x Pa a bQ+ = + +   
leading to ( )ax Pa Q b

P Q
= +

+
+ .

The resultant of the two 
forces P and Q; (P > Q) 
is the force of magnitude 
(P – Q) pointing upwards. 

The total moment of 
the forces P and Q is 

( )P a Q a b× − × +

Replacing P and Q by 
a single force P − Q 
requires placing it at 
distance y from O such 
that P− = − +P Q y a Q a b( ) ( )

Notice that in Figure 4.22 if 
P < Q, the single force P − Q 
is negative and so acts 
downwards. Notice also that in 
this case y > 0; if y < 0, the line 
of action of the single force is to 
the left of O.

Describe the single force equivalent to P and Q in each of these cases. 

O

QP

ba

O

Q

P

ba

(i) (ii)

Figure 4.18

In each case state its magnitude and line of action.
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①	 In each of the situations shown here, find the moment of the force about 
the point and state whether it is positive (anticlockwise) or negative 
(clockwise). 

	

 

 

 

 

1.2 m

2.3 m

2.5 m

0.35 m

21 N

5.1 N

4 N

2.7 N

O

O

O O

(i) (ii) 

(iii) (iv) 

 Figure 4.24

Discussion point
The stays on a sailing boat are taut wires fastened to the top of the mast(s) and 
the hull of the boat. Why are they needed?

Figure 4.23

Exercise 4.1
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②	 The situations below involve several forces acting on each object. For each 
one, find the total moment.

0.4 m

0.5 m

1.2 m

0.8 m

1.4 m

2.1 m

0.6 m

0.1 m

0.5 m

0.2 m

1 m 1.2 N

6 N

8 N

2 N

3 N

2 N 4 N

5 N

3 N

1.2 N
0.8 N

O

O

O

O

(i) (ii) 

(iii) (iv) 

Figure 4.25

③	 Each situation shows a uniform beam, of weight 50 N and length 4 m, held 
in equilibrium by two light inextensible strings. Find the tension in each 
string.

	

1 m

(i) 

1 m

40 N

(ii) 

1 m 1 m

40 N20 N

(iii) 

 Figure 4.26

④	 A uniform plank has length 6 m and mass 40 kg. It is placed on horizontal 
ground at the edge of a vertical river bank, so that 1.5 m of the plank is 
projecting over the edge, as shown in Figure 4.26.
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1.5 m

6 m

 Figure 4.27

	 How far can a man of mass 70 kg walk along the plank without tipping it?

⑤	 Two young children of mass 30 kg and 35 kg sit at the ends of a see-saw. 
Each child is 2.5 m from the fulcrum. Their father whose mass is 75 kg joins 
them. Where must he sit in order for the see-saw to balance?

⑥	 A light rod, 2 m long, is hanging horizontally supported by vertical strings at 
each end. The maximum tension which the strings can exert is 80 N. 

	 Along what range of positions on the rod is it safe to hang a 10 kg mass?

⑦	 A sign consists of a uniform rectangular lamina of weight 50 N. It is 
suspended in equilibrium in a vertical plane by vertical light chains attached 
to the sign at the points A and B as shown in Figure 4.28.

	

0.45 m 0.15 m

BA

 Figure 4.28

(i) Draw a diagram showing all the forces acting on the sign.

(ii) Find the tensions in the chains.

⑧	 A non-uniform beam AB of length 1.6 m and weight 20 N has its centre of 
mass at a point 0.6 m from A. The rod is suspended by two light inextensible 
strings, one attached to A and the other to B. The rod is in equilibrium in a 
horizontal position with the strings vertical. Find the tensions in the strings.

⑨	 AB represents a uniform shelf of weight 30 N which is supported at X and 
Y. Blocks are placed along the shelf as shown in Figure 4.29.

	

30 cm

A B

30 cm

2 kg 3 kg 5 kg

120 cm

135 cm YX45 cm

60 cm

 Figure 4.29

(i) Find the reaction forces of the supports on the shelf at X and Y.

(ii) What is the greatest mass of an object which can be placed at B 
without the shelf tipping?
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⑩	 A uniform plank 9 m long of mass 80 kg is horizontal. It is supported by 
vertical strings attached at 1 m and 8 m from one end.

	 What is the mass of an object which should be placed on one end, so that

(i) the tension in one string just vanishes

(ii) the tension in one string is double the tension in the other?

⑪	 In Figure 4.30, Y is the resultant force of the 2 forces X N and 4 N acting at 
P and Q respectively. Find X and Y. 

	 2 m

P Q

4 m

X N

Y N

4 N

 Figure 4.30

⑫	 A sign consists of a uniform rectangular lamina ABCD of mass 30 kg. It is 
freely hinged to a sloping wall at A and kept in equilibrium in a vertical 
plane by a horizontal rod at B, as shown in the diagram.

	

A D

B C
1.2 m

0.8 m

Figure 4.31

(i) Find the tension in the rod.

(ii) A basket of flowers of mass 5 kg is hung vertically from the sign at D. 
Find the new value of the tension in the rod.

⑬	 Find the magnitude, direction and line of action of the resultant of this 
system of forces.

	

1 N

A B

2 N 5 N

2 m2 m 1 m1 m

4 N

 Figure 4.32

⑭	 A rigid rod AB, of mass 10 kg and length 3 m, whose centre of mass is 125 cm 
from A, is suspended horizontally by two vertical strings attached to points C 
and D, 50 cm from each end. Each string could just support the weight of the 
rod. Particles of mass m

1
 kg and m

2
 kg are placed at A and B respectively. 

(i) Show that the tension in one of the strings is

 m m
g

(15 5 )41 2− +  and find the tension in the other string. 

(ii) Find the values of m
1
 and m

2
 when both the strings are on the point of 

breaking.
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From the experiment, you will have seen that the moment of a force about the 

pivot depends on the perpendicular distance   from the pivot to the line of the force.

ExpErImEnt
Set up the apparatus shown in Figure 4.33 and experiment with two or more 
weights in different positions. Record your results in a table showing weights, 
distances from O and moments about O.

mass, M2mass, M1

movable hanger
metre rule

smooth pivot
at centre
of rule

O

clamp stand

Figure 4.33

Two masses are suspended from the rule in such a way that the rule balances 
in a horizontal position. What happens when the rule is then moved to an incline 
position and released?

Now attach a pulley, as in Figure 4.34. Start with equal weights and measured d 
and l. Then try different weights and pulley positions. 

mass, M1

pulley

mass, M2

d

l

Figure 4.34

2  The moment of a force which acts 
at an angle
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20 N
36 cm

25 N

O

45 cm 45 cm

Figure 4.35

In Figure 4.35, where the system remains at rest, the moment about O of the 
20 N force is 20 0.45 9× = N m. The moment about O of the 25 N force is 

25 0.36 9− × = − N m. The system is in equilibrium even though unequal forces 
act at equal distances from the pivot.

The magnitude of the moment of the force F about O in Figure 4.36 is given by 

 α× = sinF l Fd

F

d

l

A
α

O

Figure 4.36

Alternatively, the moment can be found by noting that the force F can be 
resolved into components F cos  α  parallel to AO and F sinα perpendicular to 
AO, both acting through A (Figure 4.37). The moment of each component can 
be found and then summed to give the total moment.

F sin α

F cos αd A
α

O

Figure 4.37

The moment of the component along AO is zero because it acts through O. The 
magnitude of the moment of the perpendicular component is F dsinα ×  so the 
total moment is Fd sinα, as expected.
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A force of 40 N is exerted on a rod as shown. Find the moment of the force 
about the point marked O.

50°

40 N

1.5 m

O

Figure 4.38

Example 4.4

Solution
In order to calculate the moment, the perpendicular distance between O and 
the line of action of the force must be found. This is shown on Figure 4.39.

50°

l

O

1.5 m

A
40 N

Note the T shape
(for 'turning').

Figure 4.39

Here l 1.5 sin50= × °.

So the moment about O is

 

F l 40 (1.5 sin50 )× = × × °

= 46.0Nm

Alternatively, you can resolve the 40 N force into components as in 
Figure 4.40.

The component of the force parallel to AO is 40cos50° N. The 
component perpendicular to AO is N (or 40 cos 40° N).

So the moment about O is

 

40 sin50 1.5 60 sin50° × = °

= 46.0Nm

50°

O

A

40 sin 50° N

40 cos 50° N

Figure 4.40
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A uniform ladder is standing on rough ground and leaning against a smooth 
wall at an angle of 60° to the ground. The ladder has length 4 m and mass 
15 kg. Find the normal contact forces at the wall and ground and the friction 
force at the ground.

Example 4.6

Solution
(i)  Figure 4.42 shows the forces acting on the rod OA, where R

H
 and 

R
V
 are the magnitudes of the horizontal and vertical components of 

the reaction R on the rod at the wall.

 Taking moments about O:

 R R g TV H× + × − × + ° × =0 0 10 0.5 sin25 1 0

 ⇒ sin 25 5° =T g

 116=T (to 3 s.f.)

 The tension is 116 N.

(ii) You can resolve to find the reaction at the wall.

 Horizontally: cos 25= °R TH

 ⇒ 105=RH

 Vertically: sin 25 10+ ° =R T gV

 ⇒ = − =R g gV 10 5 49

  

= +R 105 492 2

= 116

 
θ =tan 49

105

θ = °25  (to the nearest degree)

  The reaction at the hinge has  
magnitude 116 N and acts at  
25° above the horizontal. 

10g 

0.5 m A

25°

0.5 mO

RV

RH

T

Figure 4.42

105
θ

R
49

Figure 4.43

Example 4.5 A sign is attached to a light rod of length 1 m which is freely hinged to the 
wall and supported in a vertical plane by a light string, as in Figure 4.41.

The sign is assumed to be a uniform rectangle of mass 10 kg. The angle of the 
string to the horizontal is 25°.

(i) Find the tension in the string.

(ii)  Find the magnitude and direction of the reaction force of the hinge 
on the sign.

Figure 4.41

Discussion point
In Figure 4.42 the 
vertical component of 
the force at O has been 
marked as upwards. 
Why has this been done?

Discussion point
Is it by chance that R and T 
have the same magnitude 
and act at the same angle 
to the horizontal?

You can see that R
H
 

must point to the right by 
considering horizontal 
components of force, and 
you can see that R

V
 must 

be upwards by considering 
moments about A. However, 
if you get the direction 
wrong, it does not greatly 
matter – you will simply 
get a negative answer.
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Solution
Figure 4.44 shows the forces acting on the ladder. The forces are in newtons.

60°

15g 
2 m

A

B
C

2 m

S

R

F

d

d = AB = 4 sin 60° m
BC = 4 cos 60° m
BC = 2 cos 60° m

2
1

Figure 4.44

The diagram shows that there are three unknown forces S, R and F so you 
need three equations from which to find them. If the ladder remains at rest (in 
equilibrium), then the resultant force is zero and the resultant moment is zero. 

These two conditions provide the three necessary equations.

Equilibrium of horizontal components: − =S F 0  ①

Equilibrium of vertical components: − =R g15 0  ②

Moments about the foot of the ladder:

× + × + × ° − × ° =R F g S0 0 15 2cos60 4 sin60 0

− ° =S147 4 sin60 0⇒

⇒ = =°S 42.4147
4 sin60  (to 3 s.f.)

From ① = =F S 42.4

From ② R = 147

The force at the wall is 42.4 N, and those at the ground are 42.4 N 
horizontally and 147 N vertically.

Taking moments about 
the foot of the ladder 
means that there are 
only two moments to 
consider because the 
forces F and R both act 
through the foot of the 
ladder and so have zero 
moment.

①	 Find the moment about O of each of the forces illustrated below.

	

4 N
P

O

30°

3 m

2 m
50°

O

P

7 N

O

P
3 m

10 N

130°

O

45°

2 m

P

3 N
3 N

45°

2 m

P

O

O

1.6 m
P

9 N

(i) 

(iv) (v) (vi) 

(ii) (iii) 

 Figure 4.45

Exercise 4.2
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② Figure 4.46 shows three children pushing a playground roundabout. 
Hannah and David want it to go one way but Rabina wants it to go the 
other way. Who wins?

	

51 N

115 N

77°

Rabina

65 N

70°

David

Hannah

 Figure 4.46

③ The operating instructions for a small crane specify that when the jib is 
at an angle of 25° above the horizontal, the maximum safe load for the 
crane is 5000 kg. Assuming that this maximum load is determined by the 
maximum moment that the pivot can support, what is the maximum safe 
load when the angle between the jib and the horizontal is

(i) 40°

(ii) an angle θ ?

	

θ

load

 Figure 4.47

④ In each of these diagrams within Figure 4.48, a uniform beam of mass 5 kg 
and length 4 m, freely hinged at one end, A, is in equilibrium. Find the 
magnitude of the force T in each case.

(i) (ii) (iii) 

	

30°

5g N

T

A

30°2 m

30°

5g N

10 N

T

1 m 1 m

20°

50°

5g N

T

2 m

AA

 Figure 4.48
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⑤ Figure 4.49 shows a uniform rectangular sign ABCD, 3 m × 2 m, of weight 
20 N. It is freely hinged at A and supported by the string CE, which makes 
an angle of 30° with the horizontal. The tension in the string is T (in N).

(i) Resolve the tension T into horizontal and vertical components.

(ii) Hence show that the moment of the tension in the string about A is 
given by 2T cos 30° + 3T sin 30°.

(iii) Write down the moment of the sign’s weight about A.

(iv) Hence show that T = 9.28. 

(v) Hence find the horizontal and vertical components of the reaction on 
the sign at the hinge, A.

	

30° C

E

BA

D

 Figure 4.49

	 You can also find the moment of the tension in the string about A as d × T, 
where d is the length of AF as shown in Figure 4.50.

(vi) Find

(a) the angle ACD

(b) the length d.

(vii) Show that you get the same  
value for T when it is calculated  
in this way.

⑥ Figure 4.51 shows a simple crane supporting a 50 kg mass. The weight of 
the jib (AB) may be ignored.  The crane is in equilibrium in the position 
shown.

55°

70°

pivot

A 3 m

1.2 m

B

T

50 kg

Figure 4.51

(i) By taking moments about the pivot, find the magnitude of the tension 
T (in N).

(ii) Find the reaction of the pivot on the jib in the form of components 
parallel and perpendicular to the jib.

	

30° C

F

E

T

d

BA

D

 Figure 4.50
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(iii) Show that the total moment about the end A of the forces acting on 
the jib is zero.

(iv) What would happen if

(a) the rope holding the 50 kg mass snapped?

(b) the rope with tension T snapped?

⑦ A uniform plank, AB, of mass 50 kg and length 6 m is in equilibrium leaning 
against a smooth wall at an angle of 60° to the horizontal. The lower end, A, 
is on rough horizontal ground.

(i) Draw a diagram showing all the forces acting on the plank.

(ii) Write down the total moment about A of all the forces acting on the 
plank.

(iii) Find the normal contact force of the wall on the plank at point B.

(iv) Find the frictional force on the foot of the plank. What can you 
deduce about the coefficient of friction between the ground and the 
plank?

(v) Show that the total moment about B of all the forces acting on the 
plank is zero.

⑧ A uniform ladder of mass 20 kg and length 2l rests in equilibrium with 
its upper end against a smooth vertical wall and its lower end on a rough 
horizontal floor. The coefficient of friction between the ladder and the 
floor is µ. The normal contact force at the wall is S, the frictional force at 
the ground is F and the normal contact force at the ground is R. The ladder 
makes an angle α with the horizontal.

(i) Draw a diagram showing the forces acting on the ladder.

For each of the cases

(a) α = 60° (b) α = 45°

(ii) find the magnitudes of S, F and R

(iii) find the least possible value of µ.

⑨ Figure 4.52 shows a car’s hand brake. The force F is exerted by the hand 
in operating the brake, and this creates a tension T in the brake cable. The 
hand brake is freely pivoted at point B and is assumed to be light.

F

T
C

AB  350 mm
BC  60 mm

B

35°

10°A

40°

Figure 4.52

(i) Draw a diagram showing all the forces acting on the hand brake.

(ii) What is the required magnitude of force F if the tension in the brake 
cable is to be 1000 N?

(iii) A child applies the hand brake with a force of 10 N. What is the 
tension in the brake cable?
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⑩ Figure 4.53 shows four tugs manoeuvring a ship. A and C are pushing it, 
B and D are pulling it.

0

45°

B

C

A
8000 N

20 m50 m

O

70 m

3000 N

10 000 N

14 000 N

D

60°

30 m

N

Figure 4.53

(i) Show that the resultant force on the ship is less than 100 N.

(ii) Find the overall turning moment on the ship about its centre point, O.

	 A breeze starts to blow from the south, causing a total force of 2000 N to act 
uniformly along the length of the ship, at right angles to it.

(iii) Assuming B and D continue to apply the same forces, how tugs A and C 
counteract the sideways force on the ship by altering the forces with which 
they are pushing, while maintaining the same overall moment about the 
centre of the ship?

⑪	 Jules is cleaning windows. Her ladder is uniform and stands on rough 
ground at an angle of 60° to the horizontal and with the top resting on the 
edge of a smooth window sill. The ladder has a mass 12 kg and length 2.8 m 
and Jules has mass 56 kg.

(i) Draw a diagram to show the forces on the ladder when nobody is 
standing on it. Show that the reaction at the sill is then 3g N.

(ii) Find the friction and normal contact forces at the foot of the ladder.

	 Jules needs to be sure that the ladder will not slip however high she climbs.

(iii) Find the least possible value of µ for the ladder to be safe at 60° to the 
horizontal.

(iv) The value of µ is in fact 0.4. How far up the ladder can Jules stand 
before it begins to slip?

⑫ Overhead cables for a tramway are supported by uniform, rigid, horizontal 
beams of weight 1500 N and length 5 m. Each beam, AB, is freely pivoted 
at one end A and supports two cables which may be modelled by vertical 
loads, each of 1000 N, one 1.5 m from A and the other at 1 m from B. 

1000N load

A B

1000 Nload

1.5 m 2.5 m

3 m

beam

support

1 m

1000 N load

BA

C

(b)(a)

wire

1000 N load

beam

Figure 4.54
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	 In one situation, the beam is held in equilibrium by resting on a small 
horizontal support at B, as shown in Figure 4.54 (a).

(i) Draw a diagram showing all the forces acting on the beam AB. Show 
that the vertical force acting on the beam at B is 1850 N.

	 In another situation, the beam is supported by a wire, instead of the support 
at B. The wire is light, attached at one end to the beam at B and at the 
other to the point at C which is 3 m vertically above A, as shown in 
Figure 4.54 (b).

(ii) Calculate the tension in the wire.

(iii) Find the magnitude and direction of the force on the beam at A. 

⑬	 A non-uniform rod AB of length 1.6 m and weight 20 N has its centre of 
mass at a point 0.6 m from A. It rests in equilibrium in a horizontal position 
with end A against a rough vertical wall. It is kept in equilibrium by a light 
inextensible string attached to B which makes an angle of 30° with the 
horizontal, as shown in Figure 4.55.

	

30°A
B

Figure 4.55

(i) Find the tension in the string.

(ii) Find the minimum value of the coefficient of friction between the rod 
and the wall for equilibrium to be possible.

⑭ A uniform rod AB of length 6 m and weight 2000 N is hung from a point 
O by two light wires, each of length 5 m, attached to each end of the rod. A 
weight of 500 N is placed at a point C, 2 m from B. The tension in wire AO is 
T

1
 and that in wire BO is T

2
. The rod rests in equilibrium at an angle θ to the 

horizontal. The point X is directly below O and M is the midpoint of the rod.

M

A

T1

T2

C

500 N2000 N

B
X

O

θ

Figure 4.56

(i) By taking moments about O, find the distances MX and XC.

(ii) Find the angle θ.

(iii) By taking moments about each end of the rod, show that the ratio of 
the tensions in the wires is T

1
:T

2
 = 7:8 and use this to find T

1
 and T

2
.
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⑮ Figure 4.57 shows a uniform ladder AB of mass m and length 2l resting in 
equilibrium with its upper end A against a smooth vertical wall and its lower 
end B on a smooth inclined plane. The inclined plane makes an angle θ with 
the horizontal and the ladder makes an angle φ with the wall. What is the 
relationship between θ and φ ?

A

B

θ

φ

Figure 4.57

⑯ A uniform ladder of length 8 m and weight 180 N rests against a smooth, 
vertical wall and stands on a rough, horizontal surface. A woman of 
weight 720 N stands on the ladder so that her weight acts at a distance x m 
from its lower end as shown in Figure 4.58. The system is in equilibrium 
with the ladder at 20° to the vertical.

(i) Show that the frictional force between 
the ladder and the horizontal surface is 
F N, where

 ( )= + °F x90 1 tan20

(ii) Deduce that F increases as x increases 
and hence find the values of the 
coefficient of friction between the ladder 
and the surface for which the woman 
can stand anywhere on the ladder 
without it slipping.

8 m

720 N

20°

180 N

x

Figure 4.58

Key poInTs
1 The moment of a force F about a point O is given by the product Fd where d is 

the perpendicular distance from O to the line of action of the force.

Moment about O
is F × a sin α or

F sin α × a + F cos α × 0

F

d

a

α

O O F cos α 

F sin α

Figure 4.59

2 The S.I. unit for moment is the newton metre (N m).
3 Anticlockwise moments are usually called positive, clockwise negative.
4 If a body is in equilibrium the resultant force is zero and the sum of the 

moments of the forces acting on it, about any point, is zero.
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leaRnIng ouTcoMes
When you have completed this chapter, you should
➤ be able to calculate the moment about a fixed point O of a force acting on a 

body as the product of the force and the perpendicular distance of O from the 
line of action of the force or by first resolving the force into components and 
then finding the product of that component which does not go through O and 
its distance from O

➤ be able to find the resultant of a set of parallel forces
➤ know how different types of lever work
➤ know the meaning of the word couple
➤ know that an object is in equilibrium if the resultant of all the applied forces 

acting on it is zero and the sum of their moments about any point is also zero.
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