Forces and matter

In this chapter, you will find out:

o that forces change the shape and size of a body
how to carry out experiments to pro
© o how to interpret extension—load graphs
© + about Hooke’s law and how to apply it
« what factors affect pressure
« how to calculate pressure.

duce extension—load graphs

5.1 Forces acting on solids

Forces can change the size and shape of an object. They
can stretch, squash, bend or twist it. Figure 5.1 shows
the forces needed for these different ways of deforming
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n change the size and shape of a solid object.
f deforming a solid object.

an object. You could imagine holding a cylinder of foa

rubber, which is easy to deform, and changing its shap
in each of these ways.

Foam rubber is good for investigating how things
deform, because, when the forces are removed, it
springs back to its original shape. Here are two more
examples of materials that deform in this way:

o When a football is kicked, it is compressed for a
short while (see Figure 5.2). Then it springs back
to its original shape as it pushes itself off the foot «
the player who has kicked it. The same is true for
tennis ball when struck by a racket.

2 This remarkable X-ray image shows how a foot!
ed. It returns to its original sha
e of an elas!

Figure 5.
is compressed when it is kick:
as it leaves the player's boot. (This is an exampl
deformation.) The boot is also compressed slightly but, bec
is stiffer than the ball, the effectis less noticeable.



¢ Bungee jumpers rely on the springiness of the
rubber rope, which breaks their fall when they
jump from a height. If the rope became
permanently stretched, they would stop
suddenly at the bottom of their fall, rather than
bouncing up and down and gradually coming
to a halt.

Some materials are less springy. They become

permanently deformed when forces act on them.

¢ When two cars collide, the metal panels of their
bodywork are bent. In a serious crash, the solid
metal sections of the car’s chassis are also bent.

¢ Gold and silver are metals that can be deformed
by hammering them (see Figure 5.3). People
have known for thousands of years how to
shape rings and other ornaments from these
precious metals.

5.2 Stretching springs

To investigate how objects deform, it is simplest to start
with a spring. Springs are designed to stretch a long way
when a small force is applied, so it is easy to measure
how their length changes.

Figure 5.4 shows how to carry out an investigation
on stretching a spring. The spring is hung from a rigid
clamp, so that its top end is fixed. Weights are hung on
the end of the spring - these are referred to as the load.
As the load is increased, the spring stretches and its
length increases.

Figure 5.5 shows the pattern observed as the load
is increased in regular steps. The length of the spring
increases (also in regular steps). At this stage the
spring will return to its original length if the load is
removed. However, if the load is increased too far, the
spring becomes permanently stretched and will not

Figure 5.4 Investigating the stretching of a spring.

Figure 5.3 A Tibetan silversmith making a wrist band. Silver is a
relatively soft metal at room temperature, so it can be hammered
into shape without the need for heating.

Figure 5.5  Stretching a spring. At first, the spring deforms elastically.
It will return to its original length when the load is removed.
Eventually, however, the load is so great that the spring is damaged.
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return to its original length. It has been inelastically
deformed.

Extension of a spring

As the force stretching the spring increases, it gets
longer. It is important to consider the increase in
length of the spring. This quantity is known as the
extension.

length of stretched spring
= original length + extension

Table 5.1 shows how to use a table with three

columns to record the results of an experiment to

stretch a spring. The third column is used to record

the value of the extension, calculated by subtracting

the original length from the value irr the second

column.

To see how the extension depends on the load, we
draw an extension-load graph (Figure 5.6). You can see
that the graph is in two parts.

o At first, the graph slopes up steadily. This shows that
the extension increases in equal steps as the load
increases.

o Then the graph bends. This happens when
the load is so great that the spring has become
permanently damaged. It will not return to its
original length.

(You can see the same features in Table 5.1. Look at the

third column. At first, the numbers go up in equal steps.

The last two steps are bigger.)

oad eng ensio
0.0 24.0 0.0
1.0 24.6 0.6
2.0 25.2 1.2
3.0 25.8 1.8
4.0 26.4 2.4
5.0 27.0 3.0
6.0 27.6 3.6
7.0 28.6 4.6
8.0 29.5 5.6

Table 5.1 Results from an experiment to find out how
a spring stretches as the load on it is increased.
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Figure 5.6 An extension-load graph for a spring, based on the

data in Table 5.1.
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Activity 5.1
Investigating springs

Skills

A03.1 Demonstrate knowledge of how to safely use
techniques, apparatus and materials (including
following a sequence of instructions where appropriate)

A03.3 Make and record observations, measurements and

estimates

A03.4 Interpret and evaluate experimental observations

and data

Select a spring.

Fix the upper end of the spring rigidly in a clamp.
Position a ruler next to the spring so that you
can measure the complete length of the spring,

Use weights to stretch a spring, and then plot a
graph to show the pattern of your results.

as shown in Figure 5.4.

Measure the unextended length of the spring.
Prepare a table for your results, similar to Table 5.1.
Record your results in your table as you go along.
Attach a weight hanger to the lower end of the

spring. Measure its new length.

Carefully add weights to the hanger, one at a time,
measuring the length of the spring each time.
Once you have a complete set of results, calculate
the values of the extension of the spring.

Plot a graph of extension (y-axis) against load

(x-axis) and comment on its shape.
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