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ABOUT THIS BOOK

ABOUT THIS BOOK

This book is written for students following the Pearson Edexcel International Advanced Level (IAL) Physics

vi

specification. This book covers the second year of the International A Level course.

The book contains full coverage of IAL units (or exam papers) 4 and 5. Unit 4 in the specification has th
areas; Unit 5 has four topic areas. The topics in this book, and their contents, fully match the specificati

Practical Skills Paper (Unit 6) with the support of the IAL Physics Lab Book (see pages viii

Exam hints
Tips on how to answ;

Specification reference
The exact specification
references covered in the
section are listed.

Learning objectives
Each chapter starts with
a list of key learning
objectives.

is indicated
XES.

Worked examples

These show you how to
work through questions
and set out calculations.

SPECIFIL HOBING MATTER

45113 45117

7A 2 ELECTRONS FROM ATOMS

WORKED EXA"

right, and up and down, by passing g through horizontal

EARNING OBJECTIVES

W Explain that electrons are released in thermionic
emission.

W Describe how electrons can be accelerated by electric
and magnetic fields.

W Explain why high energies are required to investigate
the structure of nucleons.

Noh _ ee3x103
™ 511 x 107 x 265 x 107
A=275%x10"m

Many standard values, like the charge and mass of an electron and
the Planck constant,are given in the data sheet in the exam.
ELECTRON BEAMS C
Free conduction electrons in metals need a particular amount of
energy if they are to escape from the surface of the metal. This
energy can be supplied by a beam of photons, as seen in the
photoelectric effect. The electrons can also gain enough energy
through heating of the metal. The release of electrons from the
surface of a metal as it is heated is known as thermionic emission.

LEARNING TIP

Students often confuse thermionic emission and

louis de Broglie. Light could be
iimes, and at other times as

Investigating electron diffraction
You may have the equipment to observe electron diffraction. By
measuring the radius of the circular pattern for each accelerating
voltage, you can perform a calculation to confirm de Broglie’s
hypothesis.

mer experiment proved that the diffraction
Jren a cathode ray hit a crystal could only

PRACTICAL SKILLS

fig B Measuring electron difaction caused by a very thin piece of carbon.

TA.2 ELECTRONS FROM ATOMS

depends on the ratio of the size of the gap to the wavelength of
the wave. If abeam of electrons is aimed at a crystal, the gaps
between atoms in the crystal can act as a diffraction grating and
the electron waves produce a diffraction pattern on a screen.
Measuring the patiern allows the spacings between the atoms to
be calculated.

Electron diffraction and alpha particle scattering both show the
idea that we can study the structure of matter by probing it with
beams of high energy particles. The more detail (or smaller scale)
the structure to be investigated has, the higher energy the beam
of particles needs to be. This means that very high energies are
needed to investigate the structure of nucleons, as they are very,
very small. Accelerating larger and larger particles to higher and
higher energies has been the aim of particle physicists ever since
‘Thomson discovered the electron in 1897

m SELF-DIRECTION, ADAPTIVE LEARNING, INTERPRETATION,
COMMUNICATION, ADAPTABILITY
. Calculate the de Broglie wavelengths for the following:
(a) an electron travelling at 2% of the speed of light
(b) an electron which has been accelerated through 1200V
(¢) aproton with amomentum of 5 x 102 kgms!
(d) yourunningat Sms-!

2. Why would de Broglie not have been awarded the Nobel Prize
before the Davisson-Germer experiment?
3. Calculate the speed at which an electron must travel if it is to be

used to probe the structure of the nucleus. (It would need a de
Broglie wavelength of about the size of the nucleus
X=5% 10 m.) Comment on your answer.

4.]p Carry out some research to find out how the direction of the
electron beam in a cathode ray oscilloscope (CRO) can be
changed in order to make any point on the screen light up.
Show this in a diagram. Explain how suich a CRO could be set
upin a hospital to display the electrical impulses of a patient's
heart.

Safety Note: The power supplies can give a severe electric shock
and should be used with shrouded connectors. Do not remove or
attach connectors with the power switched on.

How fast would an electron be.
thro of 25007

SUBJECT VOCABULARY

The idea of electrons acting as waves has enabled scientists to
study the structure of crystals, the same way they do in X-ray
crystallography. When waves pass through a gap which is about
the same size as their wavelength, they are diffracted. In other
words, they spread out. The degree of diffraction spreading
ce electrons, and applying
‘we can generate a beam of
‘cathode ray. If this beam of
't electric field or magnetic field,
beam of electrons wil cause it to
ctron hits a screen that is painted with
the screen will fluoresce — it will emit light

ric field to accelerate.
fast-moving electrons, knowg

a particular o

These are the principles by which cathode ray oscilloscopes
(CROs) operate. The electron beam in a CRO is moved left and

effe from a metal surface
because the metal is hit by electromagnetic radiation
ioni the release of
the metal

i metal surface
caused by heating of
cathode ray a beam of electrons

Learning tips
These help you to focus your
learning and avoid common errors.

Subject vocabulary

Key terms are highlighted in blue in the
text. Clear definitions are provided at the
end of each section for easy reference,
and are also collated in the glossary at
the back of the book.

Checkpoint

Questions at the end of each section check
understanding of the key learning points.
Certain questions allow you to develop
skills which will be valuable for further
study and in the workplace.



You should be able to put every
stage of your learning in context,
chapter by chapter.

e Links to other areas of Physics
include previous knowledge
that is built on in the chapter,
and areas of knowledge and
application that you will cover
later in your course.

® Maths knowledge required is
detailed in a handy checklist. If
you need to practise the maths
you need, you can use the
Maths Skills reference at the
back of the book as a starting
point.

6C THINKING BIGGER

METAL DETECTIVES

Using a process involving electromagnetic induction to detect
" oy Al Bell, aso
ed

CRTICAL THNKI, PROBLEI SOLVIG INTERPRETATON,
KORPTIVE (EARAING, COMTIUGUS LEARUING, PRODUCTVTY

old metal abjects.

METAL DETECTORS: BASICS AND THEORY

ABOUT THIS BOOK

THERMODYNAMICS

8A HEAT AND TEMPERATURE

way up. Thi

their I his b ey
vy to irin thei i i ricul:
their lungs, i niemal organs, particligy
extrem y getlarg Y
“This chapter i d hor i
ponsi y i gas on a diver's lungs. We wil learn
s 5 pcliert 6

ture, volume and
I

quantity.
1

and the transfer of heat energy.

MATHS SKILLS FOR THIS CHAPTER

converting

- Use of ratios (eg.illustrating the gas laws)

- Estimating results (e predicting the outcome on a gas of changes n its propertes)

calculations using

ELECTROMAGNETIC EFFECTS THINKING BIGGER
SCIENCE COMMUNICATION
consists of information from a technical paper written for a metal detector
er's customers.
1 Why is there no obvious comme
2 Disc ic detailincluded in the extract, and the level of language used
ati intended audience.

s inthe text?

Thinking Bigger

At the end of each topic, there
is an opportunity to read and
work with real-life research and
writing about science.

PHYSICS IN DETAIL

ook at the physics in detail. Some of these questions willink to topics elsewhere
50 you may need to combine conceps from ket areas of physics to work out

R Explain why
PPl nugget of a

The activities help you to read
authentic material that’s relevant
to your course, analyse how

Imagine you work for Minelab,

Do notattempt 1o teach

com_tes i I4SIMETAL DETECTOR BASICS AND THEORY pdf

to the Pearson
allow for practice
and development ot exam writing
technique. They also allow for practice
responding to the “command words” used
in the exams (see the command words
glossary at the back of this book).

The Preparing for your exams section
at the end of the book includes sample
answers for different question types,
with comments about the strengths and
weaknesses of the answers.

the treasure hurters.Your
presentation hould expsin

scientists write, think critically
and consider how different
aspects of your learning piece
together.

presentation which
o hape, proximiy

objects are more

Disgrams sould
—— ‘overcomplicated detail.

These Thinking Bigger activities
focus on key transferable skills,
which are an important basis for
key academic qualities.

HEAT AND TEMPERATURE EXAM PRACTICE

8A EXAM PRACTICE

(b) He wites the following plan:

dair s forced

e L]

I R T -
Length o trapped a/cm

(a) Statethe variables that should be controled in this

1
(Total for Question 2 = 1 mark)

3 The molar mass of oxygen molecules is 16 g, Assuming oxygen
behae: deal gas, what s E

ls i a sample kept at 15 °C?

B 150
€ 67ms When fully infiated the volume of 655 I
D 440000ms [0l e exerted by the air in

(Total for Question 3 = 1 mark)

i molecules in cach
4 (@) Atypical aer TP
N

xists @
what happens when such an aer w the pressure
1900K. [t}

(Total for Question 4 = 5 marks)

4

(a) Dranw the electrical ircut he should use. 8 = 9 marks)

m




viii PRACTICAL SKILLS

PRACTICAL SKILLS

Practical work is central to the study of physics. The second year of the Pearson Edexcel International Advanced Level
(IAL) Physics course includes eight Core Practicals that link theoretical knowledge and understanding to practical
scenarios.

Your knowledge and understanding of practical skills and activities will be assessed in all exam papers fogthe
IAL Physics qualification.

e Papers 4 and 5 will include questions based on practical activities, including novel scenarios
e Paper 6 will test your ability to plan practical work, including risk management and seleg

In order to develop practical skills, you should carry out a range of practical experiments re
your course. Further suggestions in addition to the Core Practicals are included belg

0 the topics covered in

STUDENT BOOK TOPIC | IAL CORE PRACTICALS

TOPIC 5 Investigate the relationship between UNIT 4 (Tur.Co 5 TO 7)
FURTHER MECHANICS the force exerted on an object and its FURTH(- MECHANICS, FIELDS AND PARTICLES
change of momentum i i
urther practicals include:
L. vestigating the effect of mass, velocity and
CP10 Use ICT to analyse collis between radius of orbit on centripetal force
small spheres
e using a coulomb meter to measure charge stored
TOPIC 6 CP11 e using an electranic balance to measure the force
ELECTRIC AND MAGNETIC between two charges
FIELDS
UNIT 5 (TOPICS 8 TO 11)
e THERMODYNAMICS, RADIATION, OSCILLATIONS
THERMODYNAMICS AND GOSMOLOGY
Possible further practicals include:
* investigating the relationship between the volume
and temperature of a fixed mass of gas
e measuring the half-life of a radioactive material,
measuring gravitational field strength using
CP Investigate the relationship between a simple pendulum and measuring a spring
pressure and volume of a gas at fixed constant from simple harmonic motion
temperature
TOPIC 9 CP15 Investigate the absorption of gamma
NUCLEAR D radiation by lead
TOPIC 10 CP16 Determine the value of an unknown
OSCILLATIONS mass using the resonant frequencies of

the oscillation of known masses



PRACTICAL SKILLS

seeomcaron In the Student Book, the

5A 2 MORE COLLISIONS 4381 4382 4383 4384 CP9  CPI0 Core Practical specification
CP9 LAB BOOK PAGE 36  CP10 LAB BOOK PAGE 41 and Lab Book references

are supplied in the relevant

S sections.

‘The product of a force applied for a known time (F x A¢)is known

W Apply the conservation of linear momentum to as the impulse, and this is equal to the change in momentum:

situations in two dimensions. impulse (Ns) = force (N) x time (s)
B Analyse collisions in two dimensions. = change in momentum (kgms)
W Calculate impulses and changes in momentum. impulse = FxAt=ap

“To stop something moving, we need to remove all of its

So far, we have only considered the conservation of linear momentum. This idea allows us to calculate the impulse needed
momenturn in one-dimensional collsions, where all objects move o stop an object moving, If we know how long a force is applied.
forwards and/or backwards along the same straight line. Thisis ~ we could work out the size of that force.

an unusual situation, and we need to be zble to work with more

complex movements. Helpfully, momentum is conserved in each WORKED EXAMPLE 1

dimension separately. So, we resolve vector movements entering whatis the impulse needed to accelerate a 1000 kg car from restto
a collision into components in each dimension and then calculate 25 ms-17

following the conservation of momentum in each dimension. o

P w v v
ractical Skills After this, we can recombine component vectors to give us an Atthe start, the car is at rest, so has no momentun. Therefore the.
overall vector after a collision. A real world example, as in fig B,
change in momentum will equal its final momentum:

Practical skills boxes explain il st i st

0 x 25
. PRACTICAL SKILLS
techniques or apparatus used @ [T = S
in the Core PraCtiCaIS‘ and motion sensor :;:\; :‘:;ﬂp;@:}@d to stop in 3.8 seconds, what force would the brakes

Atthe end, the car s at rest, so has no momentum. Therefore the.
change in momentum wil equal its initial momenturm:

also detail useful skills and

knowledge gained in other et
related investigations. Cotontr omy

£ 25000
figA Measuring how impuse changes the momentum of a roley N ara—
In Book 1, Section 1C.1, we saw how you can investigate the change
in momentum over time for a trolley that is subject to a constant

tus, ldagainrecord  COLLISION VECTORS
how diferent forces acting over different time periods cause the
trolley to accelerate to different velocities. From these results, you
can calculate the impulse applied in each case. As [ = FAt = 3p = can add components together in two dimensions to find an
Amv.a graph of impulse on the y-axis against change in velocity on .
the x-axis should give a straight best fitine through the origin. This ~ VeCtor A spacecraftis moving through empty space at 8ms
straight line verifies the impulse equation, and the gradient of it will A meteoroid, travelling at 15ms ™, c
gve the mass of the accelerating trolley and weights. angle of 45° to the line of movem,

Mormentum is a vector quantity. As with all vectors, we cat
momentum into a right-angle pair of vector components.

0kg. We can calculate the
he collision.

Safety Note: Put a ‘catch box full of soft material under the velocity of the rocket (fig B
hanging masses to stop them falling on to feet and use an end stop
t0 prevent the troley falling off the runway.

EXAM HINT

Mal your
P y

Your exams.

CORE PRACTICAL 9: SPECIFICATION “PRACTICAL 8: ‘SPECIFICATION
ReFEREICE .

INVESTIGATE THE RELATIONSHIP BETWEEN THE FORCE EXERTED ON AN OBJECT "ATE THE RELATIONSHIP BETWEEN Ti- -G EXERTED ON AN OBJECT i

AND ITS CHANGE OF MOMENTUM 382 TANGE OF MOMENTUM 382
Procedure m ent of your line of best g Yompare it with your value for g

Secure the bench pulley to one end of the runway. This end of the runway

should project over the end of a bench, so that the string connecting the

mass hanger and the trolley passes over the pulley. The mass hanger will

fall to the floor as the trolley moves along the runway. The runway should

be tilted to compensate for friction.

Place the slotted mass hanger on the floor and move the trolley backwards | Equipment

® To determine the momentum
change of a trolley when a
force acts ont, as a fung

along the runway until  with the

floor.Place the light gate soit i positioned in the middle of the interrupt
card on the trolley. There should be enough space on the ramp to allow the
trolley it clears the light ge g the pulley.

You can take the uncertainty in Tand t as half the range of repeated readings. You need not work out the
uncertainty for every value of Tand t, but take typical values, neither the largest nor the smallest.
Move the trolley further backwards until the mass hanger s touching the

a Calculate v the actual uncertainty in v, from the equation av = v ). Use a mid-range value for v i i
pulley. Put the five 10g masses on the trolley so that they will not slide off. ¢ This Student Book is

This i the sart osion forth experment e accompanied by a Lab Book,

4 Record the total hanging mass, m. Release the trolley and use the stop ) . B : .
lockto measre thetime, .t akes for th trolle to move from the L‘::zvp::;:" which includes instructions
hits th floor. Record the time reading, £, on the igh gate. Reped 4 and Writing frames for the Core
twice more and calculate Tandt. .

I T b Calclte nD) by multiping a mic-ange vluefo m for exampl, 30g)by T Practicals for students to record
fove one 10g mass from the trolley t the hanger and repeat step 4. ' ) A
e e et A s o i e their results and reflect on their

Tand ¢, until all of the masses are on the hang
6 Measure the combined mass, M, of the trolg o S work.
anger: :
7 Measure the distance, , ravelled by the trol h i i i
as the distance fallen by the mass hanger. ‘e loose PraCtIcal SkI”S CheCk“StS,
: :e‘”"‘:'“l"g":r""mhf‘ﬁ:"' - ¢ Use these actual uncertainties to draw error bars in both directions to form error boxes on your graph practice questions and answers
(LI L R T LML L Draw one line that is steeper than the line of best it (LoBF) and one line that is less steep than the LoBF. Both H
" I v P P
adding an additional mass for example, 200g, to 2 Lmbo"fizf::;zd".f:‘:hl of these lines should pass through the error boxes. Find the gradient of each new line. are also prOVlded-

Learning tip drop zone to keep feet clear.

P, The Lab Book records can be
hae used as preparation and revision
for the Practical Skills Papers.

The difference between the two gradients of the lines gives you the uncertainty in your gradient and this,
uncertainty is based on your readings.

Your value mg should lie between these two values if Newton's second law is operating.




ASSESSMENT OVERVIEW

ASSESSMENT OVERVIEW

The following tables give an overview of the assessment for the second year of the Pearson Edexcel International
Advanced Level course in Physics. You should study this information closely to help ensure that you are fully prepared
for this course and know exactly what to expect in each part of the exam. More information about this qualification, and
about the question types in the different papers, can be found on page 210 of this book.

PERCENTAGE | PERCENTAGE
PAPER / UNIT 4 OF 1A2 OF IAL m

FURTHER MECHANICS, FIELDS AND 40% 20%
PARTICLES

Written exam paper

une and October

sessment: January 2020

Paper code
WPH14/01

Externally set and marked by Pearson
Edexcel

Single tier of entry

PAPER / UNIT 5 SIEIT‘C\ENTAGE Y S AVAILABILITY

THERMODYNAMICS, RADIATION, 40%
OSCILLATIONS AND COSMOLOGY

Written exam paper

1 hour January, June and October

45 minutes g oosessment: June 2020

Paper code
WPH15/01

Externally set and marked by Pearson
Edexcel

Single tier of entry

PAPER / UNIT 6 l gﬁgENTAGE m TIME AVAILABILITY

PRACTICAL SKILLS IN PHYSIC 10% 1 hour January, June and October
Written exam pap A g e First assessment: June 2020
Paper code

WPH16/0

set and marked by Pearson



ASSESSMENT OVERVIEW

ASSESSMENT OBJECTIVES AND WEIGHTINGS

ASSESSMENT OBJECTIVE | DESCRIPTION %INIAS | % INIA2 | % IN IAL

Demonstrate knowledge and understanding of science 34-36 29-31 32-34
(a) Application of knowledge and understanding of science in 34-36 33-3 34-36
A02 familiar and unfamiliar contexts 9-11 14-1 11-14
(b) Analysis and evaluation of scientific information to make
judgments and reach conclusions
A03 Experimental skills in science, including analysis and evaluation 20 0

of data and methods

UNIT NUMBER

UNIT 1 17-18 w 4.5-5.5 0
UNIT 2 17- 8 4.5-5.5 0

UNIT 3
TOTAL FOR INTERNATIONAL ADVANCED SUBSIDIARY

UNIT NUMBER
s | wew e

8.5-9.0 8.5-9.0 2.25-2.75 0

8.5-9.0 8.5-9.0 2.25-2.75 0

0 0 0 10

7.3-7.8 8.4-8.9 3.6-4.0 0

7.3-7.8 8.4-8.9 3.6-4.0 0

6 0 0 0 10

TQIAL FO NATIONAL ADVANCED LEVEL 32-34 34-36 11-14 20



TOPIC 5 FURTHER MECHANICS

CHAPTER

A FURTHER MOMENTU!A

basic calculations such as calculating the changing speed of a car.

Curling is a game which originated in Scotland. It is now an established sport Which i ar in Canada and
Japan. The sport uses the ideas of conservation of momentum and elasti i : deliberately collide
the stones to deflect their opponents’ stones, and to ensure their ow

the friction with the ice causes a change in momentum to slow the

In this chapter, you will learn about the way forces can change the m
chapter will also cover how kinetic energy changes in diff
conserved. All of this will be extended to events happeni




What prior knowledge do | need?
Topic 1A (Book 1: IAS)
- How to add forces as vectors

What will | study in this chapter?

- The impulse equation and its connection with
Newton's second law of motion

» The relationship between the force on an object
and its change in momentum

» How to resolve vectors

» Newton's laws of motion
Topic 1B (Book 1: IAS) ' ’
» How to calculate kinetic energy r

- Conservation of energy

Topic 1C (Book 1: IAS)

» How to calculate the momentum of an object

« Conservation of linear momentum in two
dimensions

How to analyse collisions in 2D

- The difference between an elastic and an inelastic
collision

» The equation for the kinetic energy of a
non-relativistic particle, in terms of its momentum

« Conservation of linear momentum in collisions

What wili | study later?
Topics 6A and 6B

« How electrical and magnetic fields affect the
momentum of charged particles
‘opic J
« The de Broglie wavelength for a particle and its
connection with the momentum of the particle
Large-angle alpha particle scattering indicating the

structure of the atom, with the scattering
dependent on momentum conservation

Topic 7B
«  How the momentum affects the size of a circle in

which a charged particle is trapped by a magnetic
field

»  How conservation of momentum affects the
creation and detection of new particles



oA 1 ENERGY IN COLLISIONS

LEARNING OBJECTIVES

B Explain the difference between elastic and inelastic collisions.
B Make calculations based on the conservation of linear momentum to determine energy changes in col
B Derive and use the equation for the kinetic energy of a non-relativistic particle.

We have seen in Book 1, Chapter 1C that linear momentum

is always conserved in any collision between objects, and this is
responsible for Newton’s third law of motion. We also learned
that Newton’s second law of motion expresses the concept that a
force is equivalent to the rate of change of momentum. Book 1,
Chapter 1A explained how forces can do work, which results in
energy transfer So, does the kinetic energy change in a collision?

‘ * /
==/

%&;

fig A Damaging a car uses energy. What can we say about
conservation of kinetic energy in a car crash?

ELASTIC COLLISIONS

In a collision between one pool ball and anot
often stops completely and the second
collision. As both pool balls have the sa
conservation of momentum tellg us that t
ball must be identical to the ini i
that the kinetic energy of this sys
the collision must be
conserved is called an
A Newton’s cradle is an

ay from the
kinciple of

ich kinetic energy is
general, these are rare.

heat and sound). A collision caused
alpha particles being scattered by a
erfectly elastic.

fig B Newton's cradle maintains kinetic energy, as well as conserving
momentum in its collisions.

INELASTIC COLLISIONS

In a crash between two bumper cars, the total momentum after
the collision must be identical to the total momentum before

SPECIFICATION
REFERENCE

4.3.85 4.3.86

ced by the collision.
to other forms such

m, =300kg —»
u = 1ms’

m, =300 kg —
v,=2ms’

m, =300 kg —
v, =4ms™’

fig C The fun of inelastic collisions.

If you calculate the total momentum before and after the collision
in fig C, you will see that it is conserved. However, what happens
to the kinetic energy?

Before collision:
E = % rr'hu]2 = % X (300) x12= 150)
Ep = % myu,? = % (300) x 52 = 3750

Total kinetic energy = 3900

After collision:
E =3 mvy? = 1 x (300) x 42= 2400
1% (300) x 22= 600}
Total kinetic energy = 3000

-1 2
Eo=3myv, =

Loss in kinetic energy = 900 J. This is an inelastic collision.

This ‘lost’ energy has been transferred to heat and sound energy.

When you are deciding whether a collision is elastic or inelastic, you
must only consider the conservation of kinetic energy. Total energy in
all forms must always be conserved.



FURTHER MOMENTUM

PRACTICAL SKILLS

Investigating elastic and inelastic collisions

0.3 m/S/

fig D Crash testing the elasticity of collisions.

You can investigate elastic and inelastic collisions in the school
laboratory. If you cause head-on collisions, and record the mass and
velocity of each trolley before and after the collisions, you then
calculate the momentum at each stage. This should be conserved.
You can also then calculate kinetic energy before and after the
collisions. Real cars are designed with crumple zones to absorb as
much kinetic energy as possible when they crash. This reduces the
energy available to cause injury to the passengers. What is the best
design for a crumple zone on your experimental trolleys which will
absorb kinetic energy?

Safety Note: Carry and place heavy runways so they cannot fall.
Use end-stops to prevent the trolleys falling off the ends of the
runway.

PARTICLE MOMENTUM

We know that the formula for calculating kinetic e
E. = %va and that the formula for momentum is p
can combine these to get an equation that gi

terms of the momentum and mass.

E=2mv’ and v=_
&=%mﬁ
2
£i-3m(7)
pZ
Ek = % E
pZ
Ek = T
This for useful for calculations involving the
kinetic ic particles travelling at non-relativistic

r than the speed of light.

etermine the nature of fundamental particles,
physicists detect the movements of many unknown particles. The
Large Hadron Collider experiment at CERN, underground near
Geneva in Switzerland, produces 600 million particle interactions in
its detector every second. The conservation of momentum allows
the mass of these particles to be calculated, which helps to identify
them. This can be done by colliding the particles produced in the
experiment with known particles in the detector.

5A.1 ENERGY IN COLLISIONS

For example, the detector registers an elastic collision with
one of its neutrons which changes the neutron’s velocity from
stationary to 3.4 x 105ms~!. The collision was ‘head-on’ with
an unknown particle, which was initially moving at 10% of the
speed of light, and leaves the collision in the opposite direction
at 1.09 x 103ms~!. What is the mass of the mystery particle?
The mass of a neutron is 1.67 x 107%"kg.

before
—ofQ) o
u =3.0x 10"ms™
mystery
v = -1.09 x 10° ms™!

mystery
fig E Discovering mystery pa
Before collision:

pmystery =m

After collision:

Protal after = (m

)+ (1.67 x 1077 x 3.4 x 106) = My giory x 3 % 107
. 6) = (mmystery x 3 x 107) - (mmystery x =1.09 x 103)
5.678 x 1072 = (M stery ¥ 30001 090)

So:
_5.678x 107
MY 30001 090
s is approximately 207 times the mass of an electron, and so

is can be identified as a particle called a muon, which is known
to have this mass.

CHECKPOINT
ANALYSIS

1. Analpha particle consists of two protons and two neutrons.
Calculate the kinetic energy of an alpha particle which has a
momentum of 1.08 x 10" kg ms™:

(@) in joules  (b)in electron volts  (c) in MeV.
(mass of neutron = mass of proton = 1.67 x 10-?" kg)

=1.89 x 1028 kg

A bowling ball travelling at 5 m s~ strikes the only standing pin
straight on. The pin flies backward at 7 ms™. Calculate:

(a) the velocity of the bowling ball after the collision

(b) the loss of kinetic energy in this collision.

(mass of bowling ball = 6.35 kg; mass of pin = 1kg)

3. In a particle collision experiment, a mystery particle collides
with a stationary neutron and sets the neutron into motion
with a velocity of 1.5 x 107 ms™'. The mystery particle arrived at
a velocity of 1% of the speed of light, and recoiled after collision
with a velocity of 7.5 x 10° ms™! in the opposite direction.
Calculate the mass of the mystery particle, and identify it.

SUBJECT VOCABULARY

elastic collision a collision in which total kinetic energy is conserved
inelastic collision a collision in which total kinetic energy is not conserved




SPECIFICATION
REFERENCE

5A 2 M 0 R E co LL I SI O N s 4381 4382 4383 4384 CP9 CP10

CP9 LAB BOOK PAGE 36 CP10 LAB BOOK PAGE 41

LEARNING OBJECTIVES IMPULSE

The product of a force applied for a known time (F X A¢) is known

B Apply the conservation of linear momentum to as the impulse, and this is equal to the change i
situations in two dimensions. impulse (Ns) = force (N) x time (s)

B Analyse collisions in two dimensions. = change in momentum (kg m s’

B Calculate impulses and changes in momentum.

impulse =FxAt=Ap

To stop something moving, we neeg
So far, we have only considered the conservation of linear momentum. This idea allows u
momentum in one-dimensional collisions, where all objects move  to stop an object moving. If we K ong a force is applied,
forwards and/or backwards along the same straight line. This is we could work out the size@
an unusual situation, and we need to be able to work with more
complex movements. Helpfully, momentum is conserved in each
dimension separately. So, we resolve vector movements entering
a collision into components in each dimension and then calculate
following the conservation of momentum in each dimension.
After this, we can recombine component vectors to give us an
overall vector after a collision. A real world example, as in fig B,
will illustrate this best.

PRACTICAL SKILLS

Investigating impulse

t, so has no momentum. Therefore the
equal its final momentum:

impulse = F x At = Ap
I=25000kgms!

motion sensor

end, the car is at rest, so has no momentum. Therefore the
ch#hge in momentum will equal its initial momentum:

Ft = mAv
mAv = 25000kgms™

F:LAV

3.8
F = 6600 N to 2 significant figures (sf)

COLLISION VECTORS

Momentum is a vector quantity. As with all vectors, we can resolve
momentum into a right-angle pair of vector components. And we
can add components together in two dimensions to find an overall
best fit line through the origin. This vector. A spacecraft'is moving thfough empty space at 8ms.

ulde equation, and the gradient of it will A meteoroid, travelling at 15ms™!, comes from behind and at an
ating trolley and weights. angle of 45° to the line of movement of the rocket, crashes into
the rocket and becomes embedded in it. The rocket has a mass

of 350 kg and the meteorite mass is 20kg. We can calculate the
Safety Note: Put a ‘catch box’ full of soft material under the velocity of the rocket (fig B) after the collision.

hanging masses to stop them falling on to feet and use an end stop
to prevent the trolley falling off the runway.

give the mass of the acc

EXAM HINT

Make sure you have a good understanding of this practical as your
understanding of the experimental method may be assessed in
your exams.



FURTHER MOMENTUM 5A.2 MORE COLLISIONS

rocket Before collision:
—— > 8ms’ Parallel to rocket motion:
Vineteorite = 15€0545°=10.6ms™
15ms™! Preteorie = 20 x 10.6 =212kgms™

Procket = 350 x 8 = 2800 kg ms™!

Perpendicular to rocket motion:

Vimeteorite =

meteoroid

fig B A collision in two dimensions. Pperpendicular = 0+ 212 =212

After collision:
Vector sum of momenta (fig C):

=212kgms™!

p perpendicular

P total

15sin45°=10.6ms’
Pmeteorite = 20x10.6 =212 kg ms!
Procket = 350x0=0 kgm 57!

\ 4

=3012kgms™!

p parallel

fig C Vector sum of total momentum in two dimensions.

Pow = 1(30122+2122) =3019kgms™

v _ ptotal _ 301 9
after (350 + 20)

(m rocket T 1M meteorite)

=816m

Angle of momentum (i.e. direction of veloci

_ A 212)= o
0 tan (—3012 4.0

So, the spacecraft with embedded
original direction of motion.

PRACTICAL SKILLS

You can investigate two-dimensional collisions in
the school laboratory. We saw in Book 1, Section
TA.2 that by analysing video footage of an object’s
movement, frame by frame, we can calculate any
changes in velocity. With measurement scales in
two dimensions, the components of velocity in
each dimension can be isolated. This means that
separate calculations can be made in each
dimension, in order to verify the conservation of
momentum in 2D.

Safety Note: Use a heavy stand and a clamp to
secure the camera so that it cannot fall over.

fig D Video analysis of collisions in 2D.

Pparatier = 2800 + 212 =3012kgms™!

1

EXAM HINT

Collision and momentum exam
questions often ask Show that
... In‘show that’ questions, you
must state the equations you
use. Then substitute in values
and calculate a final answer that
rounds to the approximate value
in the question. Give the answer
to 1 significant figure more than
given in the question to prove
you have calculated it yourself,
and that it matches with the
number in the question.

For example, for the calculation
on the left, an exam question
could be ‘Show that the total
momentum after the collision is
3020kgms™'.’ Our calculations
would show:

momentum = 3019kgms™’

We should then conclude the
answer with:

Protal = 3019 = 3020 kg ms™' (3sf)

EXAM HINT

Make sure you have a good
understanding of this practical
as your understanding of the
experimental method may be
assessed in your exams.



8 5A.2 MORE COLLISIONS

fig E The comet Tempel 1
was hit by NASAs Deep
Impact probe.

FURTHER MOMENTUM

DEEP SPACE COLLISION

On 4 July 2005, NASA's Deep Impact mission succeeded in crashing a spacecraft into a comet
called Tempel 1 (fig E). For that mission, the impactor spacecraft had a mass of 370 kg compared
with the comet’s mass of 7.2 x 10*3kg, so there would have been an insignificant change in the
comet’s trajectory. Deep Impact was purely intended to study the comet’s composition. However,
there is an asteroid named Apophis which has a small chance of colliding with Earth in 2035, 2036,
or maybe 2037, and there have been some calls for a mission to crash a spacecraft into Apophis in
order to move it out of the crash line. The mass of this asteroid is 6.1 x 10%° kg and flis travelling
at 12.6kms™L. It has been claimed that a collision by a 4000 kg impactor craft travell
could change the path of this asteroid enough to ensure it would not hit Eart
collided with Apophis at right angles, we can calculate the change in angle 0

before after

u = 6.0kms™

i

u, = 12.6kms”

fig F Could we hit an asteroid hard enough to sav,

Before collision:
Past = Mol = 6.1 x 100 % 12.6 x 103 = 7.6

7.69 x 10™
(6.1x101°+ 4 x 10%)

irection?

Angle of momentum after:
2.4 x 107

7.69 x 10™

Although less than two microdegrees sounds like an insignificantly small angle, this would represent
a change in position of nearly 30 km as Apophis crosses the Earth’s orbit from one side of the Sun
to the other. This might be just enough to prevent a collision with Earth that would have a hundred
times more energy than all the explosives used in the Second World War.

0L=tan‘1( )=1.79><1O‘6°

DID YOU KNOW?

Archer fish catch insect prey by squirting water droplets into the air to knock the insects off leaves
above the surface.

Calculations of the mass and velocity of the water droplet, and its impact time, show that the impact
force can be ten times stronger than the insect’s grip on the leaf.




FURTHER MOMENTUM 5A.2 MORE COLLISIONS

CHECKPOINT

1. (a) Whatis the impulse needed to stop a car that has a momentum of 22 000 kg ms™'?
(b) If the car brakes could apply a force of 6800 N, how long would it take to bring the car to a stop?

2. In a pool shot, the cue ball has a mass of 0.17 kg. It travels at 6.00 m s™" and hits the stationary black (S{INK3 CRITICAL THINKING
ball in the middle of one end of the table. The black ball, also of mass 0.17 kg, travels away at 45° and
4.24ms™", ending up in the corner pocket.

(a) By resolving the components of the black ball's momentum, find out what happens to the cue ball.
(b) Is this an elastic or inelastic collision?

A

o)

0.59 m

Y (|13 INNOVATION




oA THINKING BIGGER

A T E R I D SKILLS CRITICAL THINKING, PROBLEM SOLVING, ANALYSIS,
INTERPRETATION, ADAPTIVE LEARNING

This poster from the Planetary Society explains the preparations needed for an asteroid impact with the Earth.

PUBLIC INFORMATION POSTER

'DEFENDING EARTH

With advanced planning and preparation, we could prevent a disastrous impact from an asteroid
or comet. The Planetary Society breaks it down into these five steps for saving the world.

4_Deflect

There is a variety of possiblé@i€chniques } P
for deflecting a potential act, butall
need more deye -

Y\ 5_Coordinate and Educate

2. Track
e ® . ) An asteroid impact is a worldwide
= If we find a near-Earth object, how do we . -
s e issue that requires immense
® ® know if it will hit Earth? We need to map b .
Vg B B = . advance coordination and
— e its orbit by taking repeated observations. e, T Ellmein
v e . ® A number of missions, observatories, and X¢ o ry
= s 0 - 2 Society is taking an active
‘e e systems track the orbits of NEOs, and more i )
e ° . 1o = role by working with
e 0 are in development. o
PY . . A 7, (&) governments around
’ P ® o0 S o\’ . A the world, hosting
"> ‘@ . L 4 ’. ey — == eo ot)«" conferences,
* . * A 8 ~ ’ % doing public
i i 4 Kinetic impactor: A swarm of spacecraft outreach, and
ps S slam into the object to knock it off course. i
1. Find - i
o 1 volunteer
1 SN ) Laser ablation: A spacecraft uses lasers to T
Astronomers use ground- and space- R IS ) a[acte"ze vaporize rock on the object, creating jets
based telescopes to spot NEOs and have b : » . » that push it off course. The Planetary
found 90% of the largest ones. Infrared By characte.nzmg the spin rate, compf)sﬂ'lon, STRES resejarching this What
imaging also helps find objects that are and physical properties of potentially tegrt‘m?rl.le[ v:ttt\r:he Urr:i;/;r.slly of / about the
rathclyde through their :
too dark to see from their reflected light. ; hazardous NEOs, we can better know Laser%ees ro'g o nuclear option?
< how to deflect them. Awardees of The [ { Detonating nuclear
P Planetary Society’s Shoemaker NEO 3 devices f:j" o b:S'd:
Grant Program are making tremendous ’ anes Bt e
S g e only viable technique we
SIS contributions in this area. 4 have today for deflecting

an asteroid. But this comes
with challenges, including
political opposition and the
danger of fragment impacts.

%NECARY 1

Find out moge
planetary.org

From the Planetary Society http://www.planetary.org/explore/projects/planetary-defense/
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SCIENCE COMMUNICATION

The poster was produced by the Planetary Society. It aims to explain the issues connected with
a possible asteroid collision with the Earth.

1 (a) Discuss the tone and level of vocabulary and level of scientific detail in the poster. Who is
the intended audience?

(b) Discuss which of the images are the most useful to support the text, and which do not Consider which sections of the
add so much. poster descgibe science that has

: . ' . . NP h t. Which
2 Explain which of the five sections on the poster explains the most scientific ideas. Why do o -

ell understood?
you think this section has the most scientific ideas? ore research?

PHYSICS IN DETAIL

Now we will look at the physics in detail. Some of these questions will link to topics else
in this book, so you may need to combine concepts from different areas of physics t
the answers.

3 (a) Look at section 1. Find in the poster. What is a NEO?
(b) Explain two of the difficulties in finding NEOs.

4 Consider an asteroid 1000 km in diameter, with a structure of iron andffock. The oygrall
density of such asteroids is about 2000kgm™>.

(a) Estimate the volume of the asteroid. Why is your answer an estimat no exact
answer?

(b) Calculate an estimate for its mass.

(c) Imagine the asteroid travelled directly towards the
embedded into the surface of the Earth. Calculate th
mass of the Earth is 5.97 x 10%*kg.

5 A Planetary Society scientist suggests we t apart with a nuclear
explosion (as in 4. Deflect) before it hitg . can be set off 24 hours before Think about what would
collision with the Earth, and can sp idi equal pieces, calculate the force Setirm'”,e the '"Tf‘tOt'o: of the
that the nuclear explosion, lasting 8 e;;:s'?opr:eéisniide;rt €
off course enough to save the )

conservation of momentum.
ACTIVITY

Write a short talk
the physics of the 'k
5. Coordi d Ed

rth/s'radius is 6400 km.

' ' 4 o You may need to do some
Planetary Society to give to a school age audience explaining further research about the

eflection method. This talk could be a part of the activities in ‘kinetic impactor’ idea.
Concentrate on the
conservation of momentum
and the vector additions
involved.



oA EXAM PRACTICE

[Note: In questions marked with an asterisk (*), marks will be awarded
for your ability to structure your answer logically, showing how the
points that you make are related or follow on from each other,]

1 Aninelastic collision:
A conserves momentum but not kinetic energy
B conserves momentum and kinetic energy
C need not conserve energy
D need not conserve momentum. [1]

(Total for Question 1 = 1 mark)

2 A tennis ball travelling with the momentum of 4.2kgm s is hit
by a tennis racquet. The force of 56 N from the racquet causes
the tennis ball to travel back in the opposite direction with the
momentum of 5.8kgms~!. How long is the ball in contact with
the racquet?

A 0.029s

B 0.10s

C 0.18s

D 56s

(Total for Question 2 = 1 mar

3 In order to calculate the kinetic energy of a non-refaiyistic
particle, we would need to know its:
A mass only
B mass and momentum

C acceleration and momentum
D velocity and acceleration.

acceleration test and it

t percentage error for this set of

A 0.12%
B 0.15%
C 15%
D 30% [1]
(Total for Question 4 = 1 mark)

5 A spacecraft called Deep Space 1, mass 486 kg, uses an
‘lon-drive” engine. This type of engine is designed to be used
in deep space.

The following statement appeared in a websit

The ion propulsion system on Deep

the spacecraft is predicted tg
8ms! each day.

prediction made in this

Use a calculation t
statement.

4]

1 for Question 5 = 4 marks)

e principle of conservation

(2]

A student carries out an experiment to find the speed of a
pellet fired from an air rifle. The pellet is fired horizontally
into the modelling clay. The pellet remains in the modelling
clay as the car moves forward. The motion of the car is
filmed for analysis.

The car travels a distance of 69 cm before coming to rest
after a time of 1.3s.
(i) Show that the speed of the car immediately after

being struck by the pellet was about 1 ms™. [2]
(i) State an assumption you made in order to apply the
equation you used. [1]

(iii) Show that the speed of the pellet just before it collides
with the car is about 120ms™!
mass of car and modelling clay = 97.31¢g
mass of pellet =0.84¢g [3]

—
(@)
-

The modelling clay is removed and is replaced by a metal
plate of the same mass. The metal plate is fixed to the back
of the car. The experiment is repeated but this time the
pellet bounces backwards.
*(i) Explain why the speed of the toy car will now be
greater than in the original experiment. [3]
(i) The film of this experiment shows that the pellet
bounces back at an angle of 72° to the horizontal.
Explain why the car would move even faster if
the pellet bounced directly backwards at the
same speed. [1]




FURTHER MOMENTUM

(d) The student tests the result of the first experiment by
firing a pellet into a pendulum with a bob made of
modelling clay. They calculate the energy transferred.

Ll Lzl

string

@— pendulum bob

The student’s data and calculations are shown:

Data:

mass of pellet =0.84¢g

mass of pendulum and pellet = 71.6 g

change in vertical height of pendulum = 22.6 cm

Calculations:

change in gravitational potential energy of pendulum

and pellet

=716 x103kg x 9.81 Nkg! x 0.226m = 0.16 J
therefore kinetic energy of pendulum and pellet immediately
after collision = 0.16 J

therefore kinetic energy of pellet immediately before collision
=0.16J

therefore speed of pellet before collision = 19.5ms™!

There are no mathematical errors but the student’
answer for the speed is too small.

Explain which of the statements in the calculations are
correct and which are not.

(Total for Q mar
7 James Chadwick is credited with ‘di e neut
in 1932.
Beryllium was bombarded with es, knocking

neutrons out of the beryllium at

EXAM PRACTICE

(b) The mass of a neutron is Nu (where N is the relative
mass of the neutron) and its initial velocity is x. The
nitrogen atom, mass 14, is initially stationary and is
then knocked out of the target with a velocity, y, by a
collision with a neutron.

sy
O O
neutron stationary

nitrogen atom

(i) Show that the velocity, z, on after the

collision can be writte

neutron and the nitrogen
eant by an elastic

i)

The maximum velocity of hydrogen atoms
displaced by neutrons in the same experiment
was 3.0 X 10"ms. The mass of a hydrogen
atom is 1u. Show that the relative mass N of the
neutron is 1. [3]
This equation cannot be applied to all collisions
in this experiment. Explain why.

(1]

(Total for Question 7 = 13 marks)
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