
4 lntroducing moments of forces 
4.1 Turning moment of a tom 
In Block l you saw that the position of an object in a plane was measured 
by the position of a specified point on the object, plus the angular position 

wncumnt forccs balance to hold an object in translational equilibrium; 
I have deliberately left the rotational etect that forces can have until now. 
A static body must have zero velocity and zero acakration. But in order 

e of the object. So lar in this Unit you have been dealing with the way that 
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to be static it must not rotate. It must have zero angular velocity and zero 101 
angular acceleration. If a body has zero angular acceleration it is in 
rotational equilibrium. In Statics, of course, the bodies studied have no 
angular velocity either. Even if the forces acting on a body are balanced in 

W 
the x and y directions, they may cause angular acceleration if they are not 
concurrent. An additional relationship between the forces is required if a Ib) 
body is to be in rotational equilibrium. In order to establish what this 
relationship is, I am now going to look at the turning effects of forces. 

If you have ever wielded a spanner you will realise that a turning effect on 
a nut can be achieved by applying only one force (Figure 55). How can the lol 
turning effect be measured? It certainly seems to depend upon the force, 
and also on the length of the spanner. 

Figure 5qa) shows a simple balance - a pivoted at the centre so that it 
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has no particular tendency to fall either way. If we also have some (d) 
standard 'weights', confumed as being of equal weight on a spring balance, 
then some simple experiments soon suggest a measure of the turning effect 
of a force. 

One weight causes the bar to faU on that side (Figure 56b). The balance is ,Q, 
restored if an equal weight acts on the other side at the same distance from 
the pivot (564, but the balance is lost again if the weight on the left-hand 
side is closer than the weight on the right-hand side (56d). If the weight on 
the right-hand side is doubled and its distance from the pivot is equal to 

dbiE3 
exactly half the distance ofthe other weight from the pivot balance is again (1) 
restored (56e). Balance can also be maintained by three times the weight 
acting at one third of the distance (56f). These simple experiments suggest 
two rules which an confirmed by more detailed tests. 

* 
Figure 56 

1 The turning effect ofa force is proportional to the force and also to the 
perpendicular distance from the pivot to the line of action of the 
forces. This is called the moment of the force, usually represented by M ,  m m a @  
so 

M = F l  

where l  is called the moment arm. 

2 If the body does not rotate then the moments are in balance. If we 
standardize on measuring moments as positive clockwise (3) and 
negative anticlockwise (3) then the equilibrium rule for rotation is: 
In rotational equilibrium the algebraic sum of the moments is zero. 

The second rule suggests an extension of Newton's First Law of Motion 
which could take the following form: 

, , , ., . , .  8 iili 
h b ~ d y  b s  at rest or to t o ~ t e  -',a constau, 
lsgular velocity il there is DO unbakwd m-t Wing on it. 



This extension is quite valid and is an important part of Statics analysis. If 
you compare it with the presentation of Newton's First Law in Section 1.1 
you will sec the parallels. Balanced forces give translational equilibrium 
and balanced moments give rotational equilibrium. Both are necessary for 
completo, static equilibrium. In Block 4, you will see how Newton's 
Second Law of Motion also has a parallel, relating angular aoctleration 
and moments. 

Note that the positin clockwise convention is the reverse of the one 
adopted in Unit 2 for angular displacement. In fact one cm use whatever is 
most convenient. 

In Section 4.2 you will learn how to calculate moments in more 
complicated cases. In Section 5.1 you will be applying rotational equilib- 
rium to find otherwise unknown forces and in Sffition 5.2 working at some 
practical examples of the usc of moments. 

1 SA0 I 
F What must be the S1 units of the moment of a force? (M = FI) 

h o . s m i ; ~ !  Figure 57 shows a pivoted bar of mass 200 kg supported at the other end 

by a wire in tension, pulling up with a force F 
(a) What is the moment of W about A (expressed numerically)? 
(b) For equilibrium, what must be the moment of F about A? 

FIgrae S7 (c) Knowing the distance from F to A, what value must F have? 

In the previous examples the forces acted in a b t i o n  perpendicular to 
the body they were d n g  on, so that the moment arm lay along the line of 
the body concerned. This is not always the case. 
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Figure 58 

Figure 58 shows your hand pushing on a spanner to try to tighten a nut. 
The moment arm of the force has been reduced, because the force is not 
acting along a line perpendicular to the radius line from the pivot. (The 
radius line is the line from the pivot point to the force application point.) 
The moment of the force is correspondingly reduced. In this case you can 
see that the moment arm is not l but l cos 8 so the moment is M = F X 

I cos 8. Remember that the moment arm is perpendicular to the line of 
action of the force. If you were anxious to exert maximum turning moment 
on the nut or bolt you would, of course, try to apply the force in the 
optimum direction, with 0 = 0". For 0 = 90" the moment is zero; you 
would be exerting a force with a h e  of action straight through the pivot 
axis of the nut (Figure 59). 



Calculate the moment about 0 of each of the forces shown in Figure 60. 

Figure 60 

There is another way to look at the problem of the inclined force. We oan 
break the force up into perpendicular components and find the moment of 
the components instead. For example, if I choose components along the 
perpendicular to the radius tine, they are F w s ( W  - 0) and F cos 0 
respectively (Figure 61). The 6rst of these acts through the pivot and has 
zero moment. The F cos 0 component has a moment arm equal to l so 
M = F cos B X l = F l cos 0, which is in agreement with the result found by 
the other method. Actually my pair of rectangular components has the 90' 8  

same moment as the original force (about any given point). This can often 
be used to advantage to find moments. Consider the force exerted on the 
plate in the top part of Figure 62, which is held by the bolt at P. How big a 
moment must the bolt resist? With the information given here it is not very 
convenient to 6nd the actual moment m of the force. However, if the 
force is broken down into the two rectangular components shown as F, 
and F,, you will sec immediately that the moment about P is given by 

where both moments are clockwise and hence positive. So / \FWS(W-BI  
P 

M=(150N)cos70°x2m+(1S0N)cos200x1m=244Nm f w a e  

Figure 61 
F - l W N  
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Figure 62 
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Now that you have the moment, you can easily find the moment arm of the 
original force. What is it? 

U a force is already known in components then, of course, those 
components can be used to find the moment. You can do whatever is most 
convenient. Go through the following SAQs to ensure that you are really 
practised in finding moments. Remember that in plane statics, when I write 
'the moment about a point', I mean the moment about an axis per- 
pendicular to the plane through that point, strictly speaking. 

Calculate the moment about 0 of each of the forces shown in Figure 60, 
but this time break each of the forces into perpendicular components. 

You can use either of the two methods illustrated by SAQs 47 and 48 to 
find the moment of an inclined force. Sometimes one is more convenient 
than the other. I often find it more convenient to resolve the force into 
components. Even if you find the same you should make sure you are 
familiar with the 'line of action' method and can use it accurately. It is 
sometimes easier to use. 

Calculate the moment of each of the forces in Figure 63 about point D. 
Find the total moment. 

Number 1 2 3 4 5 6 7 8 9 10 
Force/N 10 50 8 100 100 400 6.3 200 90 150 
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Calculate the moment of the force in Figure 64 about each of the lettered 
points. 
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Calculate the total moment of the forces in Figure 65 about: 
(a) point A, (b) point B, (c) point C, (d) point D. 

SA0 65 
Calculate the moment of the two forces F, and F, in Figure 66 about: 
(a) point A, (b) point B, (c) point C, (d) point D. 

In the last SAQ you should have found that the moment was the same 
about each point. Did you notia anything interesting about the two 
form? They are equal in magnitude but opposite in direction, acting on 
parallel lines. In terms of a translating force their vector sum is zero, but 
because they are not on the same line of action they do have a resultant 
moment. Its value is M = F1 where F is the magnitude of either force and I 
is the perpendicular spacing. A pair of forces like this is called a couple. The 
resultant of a couple is a pure moment, that is a moment which is the same 
about any point on the body. Two forces applied to an object in the form 
of a couple tend to make it rotate without translation. To bring a couple 
into equilibrium it must be opposed by an equal and opposite couple - a 
single force cannot do it because a translating effect would be introduced. 

U you try to tighten a nut on top of a light object, the object tends to slide 
about on the table or bench. Pulling on the spanner applies the required 
moment to the nut, but also applies a force which tends to cause sliding 
translation (Figure 67a). Pushing back on the pivot point does not change 
the moment, but eliminates the translational effects because there is then a 
pure couple resultant (Figure 67h). 

This leads us to an interesting new way to think about the efiect of the 
original force at the end of the spanner (Figure 68). 

U we imagine two equal and opposite forces F, and F, at the pivot (equal 
to the original force F,) their resultant is zcro and they will make no 
difference. The two forces F, and F, are a couple with moment F,I 
(=F,/). The couple can be replaced by its moment - which is the same 
value everywhere, so we can put it at the pivot point (Figure 6&). Figures 
68 (a), (b), and (c) are equivalent in their effect on the nut. A force plus a 
couple is equivalent to a force acting along a parallel line but moved 
sideways by distance I = M/F (using M = FI). Of course the line of action 
of the force must be moved in the appropriate direction to cornspond to 
the sense of the moment. 

20 kN 26 kN 

Figure 65 

Figure 66 
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Which of the fora and moment pairs (a and b) in Figure 69 could be 
equivalent? 

SA0 66 

Convert the foras (Figure 70). acting on a via handle, to a force plus a 
moment acting at the pivot. (Zero is a possible answer.) Use the sign 
convention t positive fora, 3 positive moment. 

Figure 70 

Convert the combiiations of force plus moment (Figure 71) to a force 
only; i.e. find the line of action of the single resultant force. 

A load hangs from a beam prot~dillg from a waU (Figure 72). A beam 
Axed at one end like this is called a cantilever. Calculate the moment of the 
weight fora about: 

(a) h (b) B, (C) C. 

Sketch a graph of the moment all the way along the beam. 
Figure 72 



4.3 Torque and moments 
Some moments do not arise from the application of a single force, but are 
exerted as p m  'twisting e W .  You will probably have sbgglcd at some 
time to undo a stitT- by turning a screwdriver. A 'twisting force' such 
as this is known as a torque, As you gripped the -driver handle, you 
wm not applying a force at a single point because force was distributed by 
your hand around the contours of the screwdriver handle. Torque is 
measured in newton-metres (N m) and can be wmbiicd with other 
moments to determine equilibrium, even though there is no single force or 
distance associated with it. You can think of a torque as a 'ready-made' 
moment whose magnitude and direction arc given directly. It d o e  not 
have to be made up from a force and a distance. 

4.4 Revlslon exemlse 
Comct the following statements wherc necessary. 
1 A force has zero moment about any point on its line of action. 
2 A moment can only nsult from two forces. 
3 Moments can be added by adding their magnitudcs. 
4 A wuple comprises two forces on the same line of action but opposite 

diitions. 
5 The moment of a force depends only upon its magnitude, direction 

and line of action. 
6 A force alone can be equivalent to a force plus wuplc, if the wmct  

Linc of action is chosen. 
7 A wuple can be replaced by a single force acting through an 

appropriate point. 
8 A torque can be balanced by a force acting at its point of application. 

Answers to mvlslon exorclre 
1 True. 

2 No. A moment can mult from one force. 
3 No. Sign must be considered (clockwii positive). 
4 No. A wuple is two equal and opposite foras on dilkmt lines of 

action 
5 No. Tbe point about which moments are taken also matters. 
6 True. 
7 No. A wuple can never be replaced by a single force. 
8 No. A torque can only be balanced by another moment or toque. A 

force acting at the point of application of the torque could exert no 
balancing moment. 




