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6.5 Forces

Engineers analyse forces when designing a great variety of machines and instruments, from road
bridges and fairground rides to atomic force microscopes. Anything mechanical can be analysed in
this way. Recent developments in artificial limbs use the analysis of forces to make movement
possible.
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Students should recognise
and be able to use the

symbol for proportionality, oc

The weight of an object can be calculated using the equation: MS 3b, ¢

weight = mass x gravitational field strength Students should be able to
recall and apply this

[ - ] equation.

weight, W, in newtons, N

mass, m, in kilograms, kg

gravitational field strength, g, in newtons per kilogram, N/kg (In any

calculation the value of the gravitational field strength (g) will be

given.)

The weight of an object may be considered to act at a single point

referred to as the object's ‘centre of mass’.

The weight of an object and the mass of an object are directly MS 3a

proportional.

Weight is measured using a calibrated spring-balance (a

newtonmeter).
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WS 1.2




6.5.2 Work done and energy transfer

When a force causes an object to move through a distance work is
done on the object. So a force does work on an object when the
force causes a displacement of the object.

The work done by a force on an object can be calculated using the
equation:

work done =force x distance
(moved along the line of action of the force)

[W=Fs|]
work done, W, in joules, J
force, F, in newtons, N

distance, s, in metres

MS 3b, ¢

Students should be able to
recall and apply this
equation.

One joule of work is done when a force of one newton causes a
displacement of one metre.

1 joule = 1 newton-metre

Students should be able to describe the energy transfer involved
when work is done.

WS 4.5

Students should be able to convert between newton-metres and
joules.

Work done against the frictional forces acting on an object causes a
rise in the temperature of the object.

MS 1c
WS 4.5




MS 3b, c, 4a

[ S | Students should be able to
recall and apply this
force, F, in newtons, N equation.
This relationship also applies to the compression of an elastic MS 3b, c, 4a
object, where ‘e’ would be the compression of the object.
A force that stretches (or compresses) a spring does work and
elastic potential energy is stored in the spring. Provided the spring
is not inelastically deformed, the work done on the spring and the
elastic potential energy stored are equal.
Students should be able to:
+ describe the difference between a linear and non-linear
relationship between force and extension
- calculate a spring constant in linear cases
+ interpret data from an investigation of the relationship WS 35
MS 3c

]

Students should be able to
apply this equation which is
given on the Physics
eguation sheet.

This equation is also given
in Changes in energy (page
122).

MS 3c
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MS 1, 3¢

Throughout this section
(Forces and motion),
students should be able to
use ratios and proportional
reasoning to convert units
and to compute rates.
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MS 3b, 3c

Students should be able to
recall and apply this
equation.
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MS 1d, 3b, 3c

Students should be able to
recall and apply this
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and be able to use the

symbol for proportionality, oc
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MS 3b, ¢
WS 4.2

Students should be able to
recall and apply this
equation.

MS 1d
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WS 3.5, 3.7
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WS 15,2.2
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AT 1

Measure the effect of
distractions on reaction
time.
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6.6 Waves

Wave behaviour is common in both natural and man-made systems. Waves carry energy from one
place to another and can also carry information. Designing comfortable and safe structures such
as bridges, houses and music performance halls requires an understanding of mechanical waves.
Modern technologies such as imaging and communication systems show how we can make the

most of electromagnetic waves.

6.6.1 Waves in air, fluids and solids

6.6.1.1 Transverse and longitudinal waves

Waves may be either transverse or longitudinal.

The ripples on a water surface are an example of a transverse
wave.

Longitudinal waves show areas of compression and rarefaction.
Sound waves travelling through air are longitudinal.

Students should be able to describe the difference between WS 1.2
longitudinal and transverse waves.
Students should be able to describe evidence that, for both ripples |WS 1.2, 2.2

on a water surface and sound waves in air, it is the wave and not
the water or air itself that travels.




6.6.1.2 Properties of waves

Students should be able to describe wave motion in terms of their
amplitude, wavelength, frequency and period.

The amplitude of a wave is the maximum displacement of a point
on a wave away from its undisturbed position.

The wavelength of a wave is the distance from a point on one wave
to the equivalent point on the adjacent wave.

The frequency of a wave is the number of waves passing a point
each second.

MS 1c, 3b, c

period = !
T requency

[ 7=

period, T, in seconds, s
frequency, f, in hertz, Hz

The wave speed is the speed at which the energy is transferred (or
the wave moves) through the medium.

All waves obey the wave equation:

MS 1c, 3b, c

Students should be able to
apply this equation which is
given on the Physics
eguation sheet.

wave speed = frequency x wavelength
[v=1A]

wave speed, v, in metres per second, m/s

MS 1c, 3b, 3c

Students should be able to
recall and apply this

equation.
frequency, f, in hertz, Hz
wavelength, A, in metres, m
Students should be able to:
+ identify amplitude and wavelength from given diagrams
AT1

» describe a method to measure the speed of sound waves in
air

WS 23,24,26,2.7, 3.1,
3.5

+ describe a method to measure the speed of ripples on a water

surface.

AT 1, AT4

WS 2.3,24,26,2.7,3.1,
3.5
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Long wavelength » Short wavelength
Radio . Visible -
waves Microwaves | Infrared light Ultraviolet | X-rays | Gamma rays

Low frequency » High frequency
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6.7 Magnetism and electromagnetism

Electromagnetic effects are used in a wide variety of devices. Engineers make use of the fact that
a magnet moving in a coil can produce electric current and also that when current flows around a
magnet it can produce movement. It means that systems that involve control or communications
can take full advantage of this.
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