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Introduction
Explains the layout of each chapter, helps 
with navigation through the book and 
gives a reminder of what is important 
about each topic.

7Deformation of Solids

Introduction
The application of a pair of squeezing or stretching 
forces to a solid will cause a change in the shape 
of a solid. This chapter will deal only with solids, 
because for liquids and gases, changes in shape are 
dependent on the container holding them.

Tension and compression

When a solid rod has two forces applied to it in 
the way shown in Figure 7.1(a), its length increases 
by a small amount and the rod is said to undergo 
tensile deformation. If the forces are reversed and 
the rod is squeezed, as shown in Figure 7.1(b), its 
length decreases a little and it is said to undergo 
compressive deformation.

Figure 7.1

Rod in tension
(a)

Rod in compression

(b)

The fact that the rod can be deformed in these 
ways implies two things for the rod:

●  separation of molecules in the rod can be 
affected by external forces applied to it, and

●  percentage changes in the separation of 
molecules are usually very small.

In everyday life, the changes in shapes of most 
solids are not noticed. When you put your dinner 
plate down on a table you do not notice that the table 
has sagged a little under the weight; when you sit on 
a swing you do not notice that the steel chain holding 
the seat has stretched as a result. As you drive a car 
over a suspension bridge you are not aware that the 
chains supporting the bridge have become longer, or 

that when you reach the other side of the bridge, the 
chains go back to their original length.

Changes in the separation distance between 
molecules in the examples quoted above are small 
and reversible. Any change in the shape of a solid 
as a result of forces being applied to it and which 
returns to its original shape when the forces are 
removed is said to be an elastic deformation. Elastic 
deformation is very common with most objects we 
use daily and is usually so small that it is not noticed.

Springs 

The effects described in the previous section can 
be exaggerated if the solid is not a straight rod 
but is coiled into a spring. It then becomes easier 
to measure any extension or compression that 
takes place. Figure 7.2 shows on the left-hand 
side a spring without any load on it attached to a 
horizontal support. The right-hand side shows the 
effect of attaching a load to the spring.

Extension

LOAD

Figure 7.2

As a result of placing the load on the spring, a pair 
of forces causes the extension to occur. The first of 
these forces is the downward force the load exerts 
on the spring. This will be equal to the weight of the 
load provided the load is at rest. The second force is 
the upward force the support exerts on the spring. 
Once the spring is at rest these two forces are equal.

When an experiment is carried out, a graph 
of extension against load might be as shown in 
Figure 7.3. Note that when a pair of forces, each of 
magnitude F, stretches a spring, the tension in the 
spring is said to be F and not 2F.

Temperature 125

 18.1  Convert the following Celsius temperatures to kelvin.
 (a)  0 °C (b) 37.4 °C (c) 100 °C

(d) 440 °C (e) –80 °C (f) −273.15 °C
(g) 5600 °C

 18.2  Convert the following kelvin temperatures to Celsius.
 (a) 0 K (b) 220 K
 (c) 280 K (d) 450 K

 18.3  Temperatures at the centre of stars are very large. 
Explain why it is unnecessary to know whether kelvin 
or Celsius temperatures are used in these cases.

 18.4  Make estimates of the following temperatures, using 
the Celsius scale. The temperature of

 (a) dry ice,
 (b) body temperature,
 (c) hot water for a shower,
 (d) hot water in a room radiator
 (e) hot water in a pressure cooker,
 (f) a hot oven cooking a cake,
 (g) a red hot ring on an electric stove,
 (h) a filament in a lamp.

Progress Check

Chapter Summary 

 ✓ Thermal energy is transferred from a region of higher 
temperature to a region of lower temperature.

 ✓ The thermodynamic scale of temperature uses two 
fixed points. One is 0 K at absolute zero and the other 
is 273.16 K at the triple point of water.

 ✓ The Celsius scale of temperature is based on the 
thermodynamic scale. It is defined by the equation

 q/°C = T/K − 273.15 exactly.
 (This is not a mistake. It makes the temperature of 

the triple point of water just 0.01K higher than the 
ice point.)

temperature at which ice, water and water vapour 
co-exist (in the absence of air). By choosing this 
temperature as 273.16 K, the size of one degree is 
almost identical to the size of the old centigrade 
degree. The discrepancy between 273.15 and 273.16 
is because the triple point temperature of water is 
one hundredth of a degree higher than the ice point.

Teacher’s Tip

Be careful when subtracting temperatures. 
A temperature change from 6 °C to 80 °C is 
obviously 74 °C. This could have been written 
353 K − 279 K = 74 K. The temperature interval 
between two temperatures must be the same 
whether the Celsius scale or the Kelvin scale are 
used. You must not add on 273 when considering 
temperature intervals.

Teacher’s tips
Quick suggestions to remind you about 
key facts and highlight important points.
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Before collision

A
B

A�er collision

u
m

U
M

VM
v

m

Figure 4.8

Equating total momentum before the collision 
with momentum after gives 

mu + MU = mv + MV
The corresponding equation for kinetic energy 

will be 
1
2 mu2 + 12 MU 2 = 12 mv2 + 12 MV 2

To simplify these two equations is not as easy as 
it might seem. It can be made easier by putting all 
the terms with an m in them on the left-hand side of 
the equations and all the terms with M in them on 
the right. The 12 may be cancelled from the kinetic 
energy equation giving

 mu − mv = MV − MU or
 m(u − v) = M(V − U) and Equation I
 mu2 − mv2 = MV 2 − MU 2 or

 m(u2 − v2) = M(V 2 − U 2) Equation II
Now divide the Equation II by Equation I to get

=−
−

−
−

( )
( )

( )
( )

2 2 2 2m u v
m u v

M V U
M V U

Both m and M cancel out and both top lines are 
differences of two squares so

=+ −
−

+ −
−

( )( )
( )

( )( )
( )

u v u v
u v

U V U V
U V

giving
     
or 

( ) ( )
( ) ( )

u v U V
u U V v

+ = +
− = −

The term on the left is the relative velocity of 
approach, i.e. how fast mass m is catching up mass 
M. The term on the right is the relative velocity of 
separation, i.e. how fast M is moving away from 
mass m.

For elastic collisions only, the velocity of approach 
equals the velocity of separation.

Example 2
On a linear air track, a mass of 120 g is travelling 
to the right with a velocity of 83 cm s−1. It collides 
elastically with a mass of 200 g travelling with 
velocity 47 cm s−1 in the opposite direction, as shown 
in Figure 4.9.

Figure 4.9

A
120 g

= 0.12 kg
200 g

= 0.20 kg

B

Velocity U

83 cm s−1

= 0.83 m s−1
47 cm s−1

= 0.47 m s−1

A�er
Velocity V

With what velocity do the masses travel after the 
collision?

Answer  Before collision total momentum to right 
= (0.12 × 0.83) − (0.20 × 0.47)

     After the collision total momentum to 
right = (0.12 × U ) + (0.20 × V )

 These two terms are equal by the principle of 
conservation of energy, so

(0.0996 − 0.0940) = 0.0056 = 0.12U + 0.20V
Sometimes it is worthwhile multiplying both sides 
of an equation by a large number to get rid of all the 
zeroes. Multiplying through by 100 gives

(9.96 − 9.40) = 0.56 = 12U + 20V
Neither U nor V can be obtained from this equation 
but using the fact that the velocity of approach 
equals the velocity of separation gives 

(0.83 + 0.47) = V − U
By substituting into the first equation we get

12U + 20(1.30 + U ) = 0.56
12U + 26 + 20U = 0.56     so    32U = −25.44 and
U = −0.795 m s−1 = −80 cm s−1 to 2 sig figs. and
V = 0.505 m s−1 = 51 cm s−1 to 2 sig figs.

Examples
A step by step approach to answering 
questions, guiding you through from start 
to fi nish.

http://www.cambridge.org/9781107616844
http://www.cambridge.org
http://www.cambridge.org


Cambridge University Press
978-1-107-61684-4 – Cambridge International AS and A Level Physics
Robert Hutchings
Frontmatter
More information

© in this web service Cambridge University Press www.cambridge.org

How to use this Book
20 Cambridge International AS and A Level Physics Revision Guide

Progress Check 

 3.1 A car travels a distance of 720 km in moving 480 km 
south and 370 km west as shown in Figure 3.11. What is 
the displacement of the car from its starting point after 
completing the journey?

Figure 3.11

Route distance
720 km

Finishing
point

Starting
point

480 km

370 km

 3.2 A plane travels 2000 km east and 150 km south on a flight. 
What is the displacement of the plane from its starting 
point at the end of the journey?

 3.3 When travelling in a straight line, a train increases its 
velocity from 3 m s−1 to 50 m s−1 in a time of 107 s. What is 
its average acceleration during this time?

 3.4 In an X-ray tube an electron has acceleration of 
8.4 × 1016 m s−2 from rest to a velocity of 3.8 × 107 m s−1. 
How long does the acceleration take?

 3.5 What is the minimum time it will take for a racing 
car to increase its speed from 28 m s−1 to 75 m s−1 if the 
maximum grip between the car and the racetrack enables 
a maximum acceleration of 17 m s−2 ?

 3.6 In a sprint, an athlete maintains a constant acceleration of 
7.8 m s−2 for the first 1.5 s of the race. Calculate:
 (a) the velocity of the athlete after 1.5 s,
 (b) the displacement of the athlete after the 1.5 s.

 3.7 In an old castle there is a well that is so deep that when a 
bucketful of water is dropped down the well it takes 4.0 s 
before the dropped water hits the water in the well. The 
acceleration due to gravity is 9.8 m s−2.

  Estimate:
 (a) the speed of the dropped water when it hits the 

water in the well,
 (b) the depth of the well.

  Explain two factors that make your answers unreliable.

 3.8 A railway company is asked to allow a high-speed train 
to make a stop at a station where it had previously not 

stopped. Two minutes must be allowed for the train to  
be stationary. Consider a train travelling at 60 m s−1 
before braking with a deceleration of 2.0 m s−2. 
(Deceleration is negative acceleration.) After stopping it 
can accelerate at a rate of 1.2 m s−2. Calculate
 (a)  the time taken for the train to stop,
 (b)  the time taken for the train to accelerate back to 

top speed,
 (c)  the distances the train takes to stop and to speed up,
 (d)  the delay time of the train as a result of stopping at 

the station.
 3.9 A motorist travelling at 25 m s−1 is 40 m behind another 

motorist also travelling at 25 m s−1. The first motorist 
accelerates in 6.0 s to 30 m s−1 and maintains this speed 
difference until he is 50 m in front of the other motorist, 
who keeps to his original speed. Deduce
 (a) the total time this takes,
 (b)  the distance the overtaking motorist has travelled.

 3.10 A steel ball bearing is dropped from above gate 1 and is 
timed as it passes through the three light gates shown in 
Figure 3.12.

Figure 3.12

Gate 1

Gate 2

Gate 3

Lamp 1

Lamp 2

Lamp 3

Path of ball between
three light gates

53 cm

53 cm

  The separation between each pair of light gates is 53.0 cm. 
The time interval between gates 1 and 2 is 0.197 46 s and 
between gates 2 and 3 is 0.124 34 s.

 (a)  Write equations using s = ut + 
1
2  at2 for

    (i) the time between gates 1 and 2,
  (ii) the total time between gates 1 and 3.

 (b)   Eliminate u, the speed of the ball at gate 1 and 
solve the equation to find g.

Chapter summary
At the end of each chapter so you can 
check off  the topics as you revise them.

Progress check questions
Check your own knowledge and see how 
well you are getting on by answering 
regular questions. Sample answers for 
these are provided at the back of the book.

Examination questions
Help prepare for examination by completing the questions 
taken from Cambridge past-examination papers.
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Progress Check 

 4.1 (a)  Calculate the weight of a new-born baby of mass 
3.72 kg.

 (b) Calculate the mass and the weight on the Earth of 
a satellite that has a weight on the Moon of 1130 N. 
The gravitational field of the Moon at its surface is  
1.62 N kg−1.

 4.2 For each of the following situations, which quantity, mass 
or weight, is mainly involved? Give reasons for your 
answers.
 (a) Buying a loaf of bread
 (b) Lifting a group of people in a lift
 (c) Starting a Grand Prix racing car in a race
 (d) Posting a parcel
 (e) Hitting a wall in an accident in a car
 (f) Checking the load in a helicopter
 (g) Rock climbing

 4.3 In using the equation F = kma, what value will k have 
if the mass is measured in grams, the acceleration is 
measured in cm s−2 and F is to be found and measured 
in newtons?

 4.4 Draw free-body force diagrams for
 (a) a person standing on level ground and a case held 

in their hand,
 (b) a person driving a car and the car accelerating in a 

straight line,
 (c) a car and a caravan, with the car accelerating.

 4.5 A cannonball has mass 25 kg and it is fired horizontally 
with velocity 75 m s−1 from a cannon of mass 320 kg. 
Calculate the initial velocity of recoil of the cannon.

 4.6 A head-on elastic collision takes place between a 
stationary nucleus of uranium, mass 235 u, and a neutron, 
mass 1.00 u. The neutron was travelling with velocity  
4.70 × 106 m s−1. Calculate the speed of the two particles 
after the collision.

  [Note: Provided all the mass units are the same in the 
conservation of momentum equation, there is no need 
to convert masses in u to masses in kilograms because 
the conversion factor would cancel out throughout your 
equation.]

Chapter Summary

 ✓ Newton’s first law. Every object continues in its state 
of rest or state of uniform motion in a straight line 
unless acted upon by a resultant external force.

 ✓ Newton’s second law. The rate of change of 
momentum of a body is proportional to the resultant 
force acting on it.

 ✓ Newton’s third law. If body A exerts a force on body 
B then body B exerts an equal and opposite force on 
body A.

 ✓ Mass is a measure of how difficult it is to accelerate a 
body. It is measured in kilograms.

 ✓ Weight is the force of gravitational attraction acting 
on a body. It is measured in newtons.

 ✓ Momentum is the product of an object’s mass and 
velocity. It is measured in N s. To determine the time 
t an object takes to stop when a force F is applied, use 
its momentum in the equation mv = Ft.

 ✓ The principle of conservation of momentum states 
that in all collisions the total momentum is constant 
provided that there is no resultant external force 
acting.
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Progress Check

 1. (a)    Define gravitational potential at a point. [1]
 (b) The gravitational potential f at distance r from point mass M is given by the expression

Gm
rφ = −

  where G is the gravitational constant.
  Explain the significance of the negative sign in this expression. [2]

 (c) A spherical planet may be assumed to be an isolated point mass with its mass concentrated at its centre. A small mass m is 
moving near to, and normal to, the surface of the planet. The mass moves away from the planet through a short distance h.

  State and explain why the change in gravitational potential energy ΔEP of the mass is given by the expression

ΔEP = mgh

  where g is the acceleration of free fall. [4]
 (d) The planet in (c) has mass M and diameter 6.8 × 103 km. The product GM for this planet is 4.3 × 1013 N m2 kg−1.
  A rock, initially at rest a long distance from the planet, accelerates towards the planet. Assuming that the planet has 

negligible atmosphere, calculate the speed of the rock, in m s−1 as it hits the surface of the planet. [3]
(Cambridge International AS and A Level Physics 9702  

Paper 41 Question 1 May/June 2012)

Examination Questions VIII

 16.1 (a)    Draw a diagram showing the gravitational 
field between the pair of binary stars drawn in 
Figure 16.5. 

Figure 16.5

 (b) How would your diagram change if the star on the 
left was 20 times more massive than the star on the 
right?

 16.2 The radius of the Earth is 6370 km and g at its surface 
is 9.83 N kg−1. Calculate the value of the acceleration 
due to gravity
 (a) at a distance of 12 740 km from the centre of the 

Earth,
 (b) at a height of 500 km above the Earth’s surface.

 16.3 The distance from the centre of the Earth to the centre 
of the Moon is 3.844 × 108 m. The radius of the Earth 
is 6.371 × 106 m. Assuming that Moon travels on a 
circular path, calculate
 (a) the centripetal acceleration of the Moon,
 (b) the angular velocity of the Moon,
 (c) the period of the Moon’s rotation around the Earth.

 16.4 Calculate the gravitational field strength at the surface 
of Jupiter. Jupiter has a radius of 7.14 × 107 m and a 
mass of 1.90 × 1027 kg.

 16.5 Show that on a trip to the Moon, astronauts pass a point 
where the gravitational field strength of the Earth–Moon 
system is zero at a distance when the astronauts have 
travelled 90% of the distance to the Moon.

     Mass of Earth  = 5.98 × 1024 kg,
     Mass of Moon = 7.35 × 1022 kg.

 16.6 Using data from the text on space travel, calculate the 
speed required shortly after the launch of a rocket to be 
travelling at 5.0 km s−1 when far out in space.

 16.7 The distance of the Earth from the Sun is 1.50 × 1011 m. 
Use the value of G and the period of rotation of the Earth 
around the Sun to calculate the mass of the Sun.

 16.8 Explain why a geostationary satellite
 (a) has to move from west to east,
 (b) must be directly over the equator,
 (c) can have its rocket motors switched off.

  Explain also how a satellite with a period of one day 
would appear to move to an observer on the ground if it 
was travelling with the centre of its path at the centre of 
the Earth but was not travelling along the Equator.

 16.9 Calculate, from g = 9.83 N kg−1 and the radius of the Earth 
= 6.371 × 106 m, the period of a satellite in a circular orbit 
around the Earth, and hence its speed, when it is at an 
altitude of 500 km.
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