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Words to Watch

account, account for State reasons for, report on,
give an account of, narrate a series of events or
transactions.

analyse Interpret data to reach conclusions.
annotate Add brief notes to a diagram or graph.
apply Put to use in a particular situation.

assess Make a judgement about the value of
something.

calculate Find a numerical answer.
clarify Make clear or plain.
classify Arrange into classes, groups or categories.

comment Give a judgement based on a given
statement or result of a calculation.

compare Estimate, measure or note how things are
similar or different.

construct Represent or develop in graphical form.
contrast Show how things are different or opposite.
create Originate or bring into existence.

deduce Reach a conclusion from given information.

define Give the precise meaning of a word, phrase or
physical quantity.

demonstrate Show by example.

derive Manipulate a mathematical relationship(s) to
give a new equation or relationship.

describe Give a detailed account.
design Produce a plan, simulation or model.
determine Find the only possible answer.

discuss Talk or write about a topic, taking into account
different issues or ideas.

distinguish Give differences between two or more
different items.

draw Represent by means of pencil lines.

estimate Find an approximate value for an unknown
quantity.

evaluate Assess the implications and limitations.

Words to Watch

examine Inquire into.

explain Make something clear or easy to understand.
extract Choose relevant and/or appropriate details.
extrapolate Infer from what is known.

hypothesise Suggest an explanation for a group of
facts or phenomena.

identify Recognise and name.
interpret Draw meaning from.

investigate Plan, inquire into and draw conclusions
about.

justify Support an argument or conclusion.

label Add labels to a diagram.

list Give a sequence of names or other brief answers.
measure Find a value for a quantity.

outline Give a brief account or summary.

plan Use strategies to develop a series of steps or
processes.

predict Give an expected result.

propose Put forward a plan or suggestion for
consideration or action.

recall Present remembered ideas, facts or
experiences.

relate Tell or report about happenings, events or
circumstances.

represent Use words, images or symbols to convey
meaning.

select Choose in preference to another or others.
sequence Arrange in order.

show Give the steps in a calculation or derivation.
sketch Make a quick, rough drawing of something.
solve Work out the answer to a problem.

state Give a specific name, value or other brief answer.
suggest Put forward an idea for consideration.
summarise Give a brief statement of the main points.

synthesise Combine various elements to make a
whole.
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Introduction

What the book includes

This book provides questions and answers for each dot point in the NSW Physics Stage 6 Syllabus for each
module in the Year 12 Physics course:

. Module 5 Advanced Mechanics

o Module 6 Electromagnetism

o Module 7 The Nature Of Light

o Module 8 From the Universe To the Atom

Format of the book

The book has been formatted in the following way:
1.1 Subtopic from syllabus.

1.1.1  Assessment statement from syllabus.
1.1.1.1 First question for this assessment statement.
1.1.1.2 Second question for this assessment statement.

The number of lines provided for each answer gives an indication of how many marks the question might be
worth in an examination. As a rough rule, every two lines of answer might be worth 1 mark.

How to use the book

Completing all questions will provide you with a summary of all the work you need to know from the syllabus.
You may have done work in addition to this with your teacher as extension work. Obviously this is not covered,
but you may need to know this additional work for your school exams.

When working through the questions, write the answers you have to look up in a different colour to those you
know without having to research the work. This will provide you with a quick reference for work needing further
revision.
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Module 5 Advanced Mechanics Module 5 Advanced Mechanics

Dot Point Page Dot Point Page

Projectile Motion Motion In Gravitational Fields

INQUIRY QUESTION INQUIRY QUESTION

How can models that are used to explain projectile motion How does the force of gravity determine the motion of
be used to analyse and make predictions? planets and satellites?
5.1 Analyse the motion of projectiles by 3 5.5 Apply qualitatively and quantitatively 15
resolving the motion into horizontal Newton’s law of universal gravitation
and vertical components, making the to determine the force of gravity
following assumptions: a constant vertical between two objects: F = — GMm
acceleration due to gravity and zero air r2
resistance. 5.5.1 Mass and weight. 15
5.1.1 Resolution of vectors — Revision. 3 55.2 Gravitational force 1. 18
51.2 Analysing projectile motion 1. 4 5.5.3 Gravitational force 2. 20
5.1.3 Analysing projectile motion 2. 5 5.5.4 Gravitational force 3. 22
514 Analysing projectile motion 3. 6 5.6 Apply qualitatively and quantitatively 23
: P . Newton’s law of universal gravitation
5.2 Apply the modelling of projectile motion 7 . -
to quantitatively derive the relationships to investigate the factors that affe;\(/:,t the
between the following variables: initial gravitational field strength: g = GM
velocity, launch angle, maximum height, . . . r .
time of flight, final velocity, launch height 5.6.1 Falling objects — Analysing an experiment. 23
and horizontal range. o o
o . 5.7 Apply qualitatively and quantitatively 25
5.2.1 Projectile motion 1. 7 Newton’s law of universal gravitation
52.2 Projectile motion 2. 9 to predict the gravitational field strength
at any point in a gravitational field,
5.3 Solve problems, create models and 11 including at the surface of a planet.
make quantitative predictions by . .
applying the equations of motion 5.7.1 Gravitational field. 25
relgtlonsrllpstfor t:_?lformly att_:celerated 5.8 Investigate the orbital motion of planets 28
and constant rectilinear motion. and artificial satellites when applying the
5.3.1 Solving projectile problems. 11 relationships between the following
quantities: gravitational force, centripetal force,
5.4 Conduct a practical investigation 13 centripetal acceleration, mass, orbital radius,
to collect primary data in order to orbital velocity and orbital period.
validate the relationships derived . .
for projectile motion. 5.8.1 Orbital velocity. 28
5.4.1 Analysing projectile data. 13 59 Predict quantitatively the orbital 30

properties of planets and satellites in a
variety of situations, including near the
Earth and geostationary orbits, and
relate these to their uses.

5.9.1 Types of orbits. 30
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Module 5 Advanced Mechanics

Dot Point Page

5.10

5.10.1
5.10.2

5.11

5.11.1
5.11.2

5.12

5.12.1
5.13

5.13.1
5.14

5.141
5.15

5.15.1

Science Press

Derive quantitatively and apply the concepts 33
of gravitational force and gravitational
potential energy in radial gravitational fields

to the concept of escape velocity: v, = 2GM

r
Escape velocity 1. 33
Escape velocity 2. 35

Derive quantitatively and apply the concepts 37
concepts of gravitational force and

gravitational potential energy in radial
gravitational fields to total potential energy

of a planet or satellite in its orbit: U = — GMm_

r
Gravitational potential energy 1. 37
Gravitational potential energy 2. 38

Derive quantitatively and apply the concepts 40
concepts of gravitational force and
gravitational potential energy in radial
gravitational fields to total energy of
GMm

2r
Total energy of an orbiting object. 40

a planet or satellite in its orbit: E = -

Derive quantitatively and apply the concepts 43
of gravitational force and gravitational

potential energy in radial gravitational

fields to energy changes that occur

when satellites move between orbits.

Changes in gravitational potential energy. 43

Derive quantitatively and apply the concepts 46
of gravitational force and gravitational

potential energy in radial gravitational

fields to Kepler’s laws of planetary motion.

Deriving Kepler’s third law. 46

Investigate the relationship of Kepler’s 48
laws of planetary motion to the forces

acting on, and the total energy of, planets

in circular and non-circular orbits using:

V0 = ﬂ and i = G_M
T T2 A4nm?
Applying Kepler’s third law. 48
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Circular Motion
Why do objects move in circles?
5.16 Conduct investigations to explain and 50
evaluate, for objects executing uniform
circular motion, the relationships that
exist between centripetal force, mass,
speed and radius of turn.
5.16.1 Uniform circular motion. 50
517 Analyse the forces acting on an object 52
executing uniform circular motion for cars
moving around horizontal circular bends.

51741 Forces in circular motion. 52
5.18 Analyse the forces acting on an object 55
executing uniform circular motion for

amass on a string.

5.18.1 Circular motion on a string. 55
5.19 Analyse the forces acting on an object 57
executing uniform circular motion for

objects on banked track.

5.19.1 Circular motion on a banked track. 57
5.20 Solve problems, model and make 59
quantitative predictions about objects
executing uniform circular motion in a

variety of situations, using the relationships:
=V_2and):F=m_V2andw= A0
r r t
5.20.1 Solving circular motion problems. 59
5.21 Investigate the relationship between the 62
total energy and work done on an object
executing uniform circular motion.
5.21.1 Total energy of a satellite and work done. 62
5.22 Investigate the relationship between the 64
rotation of mechanical systems and the
applied torque: 7 =rF | = rF sin 0.
5.22.1 Rotational torque. 64
Answers to Advanced Mechanics 364
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Module 6 Electromagnetism

Dot Point Page

Charged Particles, Conductors and Electric
and Magnetic Fields

INQUIRY QUESTION

What happens to stationary and moving charged particles
when they interact with an electric or magnetic field?

6.1 Investigate and quantitatively derive and 67
analyse the interaction between charged
particles and uniform electric fields,
including the electric field between parallel

charged plates: E = -%.
6.1.1 Electric field between parallel plates. 67

6.2 Investigate and quantitatively derive and 72
analyse the interaction between charged
particles and uniform electric fields,
including acceleration of charged particles
by the electric field: F = ma, F = qE.

6.2.1 Interaction between charged particles 72
and uniform electric fields.

6.3 Investigate and quantitatively derive and 74
analyse the interaction between charged
particles and uniform electric fields,
including the work done on the charge:
W=qV,W=qEd,K=_mv

6.3.1 Work done by electric fields. 74

6.4 Model qualitatively and quantitatively the 79
trajectories of charged particles in electric
fields and compare them with the trajectories
of projectiles in a gravitational field.

6.4.1 Shapes of trajectories. 79

6.5 Analyse the interaction between charged 80
particles and uniform magnetic fields,
including the acceleration, perpendicular
to the field, of charged particles.

6.5.1 Moving charges in a magnetic field 1. 80
6.5.2 Moving charges in a magnetic field 2. 82
6.6 Analyse the interaction between charged 83

particles and uniform magnetic fields,
including the force on the charge:
F =qvB sin 6.

6.6.1 Moving charges in a magnetic field 3. 83
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6.7 Compare the interaction of charged 86
particles moving in magnetic fields
to the interaction of charged particles
with electric fields.

6.7.1 Comparing charges in electric and 86
magnetic fields.

6.8 Compare the interaction of charged 88
particles moving in magnetic fields to
other examples of uniform circular motion.

6.8.1 Other examples of uniform circular motion. 88

The Motor Effect

INQUIRY QUESTION

Under what circumstances is a force produced on a
current carrying conductor in a magnetic field?

6.9 Investigate qualitatively and quantitatively 89
the interaction between a current carrying
conductor and a uniform magnetic field
(F = BIL sin 6) to establish conditions under
which the maximum force is produced, the
relationship between the directions of the
force, magnetic field strength and current,
and conditions under which no force is
produced on the conductor.

6.9.1 The motor effect 1. 89

6.9.2 The motor effect 2. 90

6.9.3 Forces on straight conductors in 92
magnetic fields 1.

6.9.4 Forces on straight conductors in 96
magnetic fields 2.

6.10 Conduct a quantitative investigation to 98

demonstrate the interaction between two
parallel current carrying wires.

6.10.1 Forces between parallel conductors 1. 98

6.11 Analyse the interaction between two parallel 99

current carrying wires (f =Ho i)

L 2=n r
and determine the relationship between the
International System of Units (Sl) definition
of an ampere and Newton'’s third law
of motion.

6.11.1 Forces between parallel conductors 2. 99
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Module 6 Electromagnetism Module 6 Electromagnetism

Dot Point Page Dot Point Page

Electromagnetic Induction Applications Of the Motor Effect

INQUIRY QUESTION INQUIRY QUESTION

How are electric and magnetic fields related? How has knowledge about the motor effect been applied
to technological advances?

6.12 Describe how magnetic flux can change, 103

with reference to the relationship @ = BA. 6.17 Investigate the operation of a simple 129
. . DC motor to analyse the functions of its

6.12.1 Magnetic flux and flux density. 103 components, the production of a torque

6.13 Analyse qualitatively and quantitatively, 108 (z =nBA cos 0) and the effects of back emf.
with reference to energy transfers and 6.17.1 Torque on a coil 1. 129
transformations, examples of Faraday’s law 6.17.2 Torque on a coil 2. 131
and Lenz’s law (¢ = - A? , including but not 6.17.3 Simple DC motors. 133
limited to the generation of an electromotive 6.17.4  Back emfin motors. 134
force (emf) and evidence for Lenz’s law 6.18 Analyse the operation of simple DC and 137

produced by the relative movement between

a magnet, straight conductors, metal plates AC generators and AC induction motors.

and solenoids or changes in current in one 6.18.1 Simple AC motors. 137
solenoid in the vicinity of another solenoid. 6.182  DC generators. 139
6.13.1 Faraday and induction. 108 6.18.3 AC generators. 142
6.13.2 Lenz’s law and straight conductors. 112 6.18.4 Comparing DC and AC generators. 144
6.13.3  Lenz’s law and coils. 114 6.18.5  AC induction motors. 145
6.14 Analyse quantitatively the operation 119 6.19 Relate Lenz’s law to the law of 147
of ideal transformers through the conservation of energy and apply the law

of conservation of energy to DC motors

Vv, N
H : P—_P -
application of VoN andV [ =V]. and magnetic braking.
S

6.14.1 Transformers. 119 6.19.1 Lenz’s law and the conservation 147
of energy.
6.15 Evaluate qualitatively the limitations of 125
the ideal transformer model and the Answers to Electromagnetism 376

strategies used to improve transformer
efficiency, including but not limited to
incomplete flux linkage and resistive
heat production and eddy currents.

6.15.1 Transformers and electricity transmission. 125

6.16 Analyse applications of step-up and 128
step-down transformers, including but
not limited to the distribution of energy
using high voltage transmission lines.

6.16.1 Applications and impacts of transformers. 128
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Module 7 The Nature Of Light Module 7 The Nature Of Light

Dot Point Page Dot Point Page

Electromagnetic Spectrum Light: Wave Model

INQUIRY QUESTION INQUIRY QUESTION

What is light? What evidence supports the classical wave model of light
and what predictions can be made using this model?

71 Investigate Maxwell’s contribution to the 151
classical theory of electromagnetism, 7.7 Conduct investigations to analyse 168
including unification of electricity and qualitatively the diffraction of light.
magnets, prediction of electromagnetic . .
waves and prediction of velocity. 7.7 Diffraction. 168
7.1.1 James Clerk Maxwell (1831-1879). 151 7.8 Conduct investigations to analyse 170
quantitatively the interference of light
7.2 Describe the production and propagation 152 using double slit apparatus and
of electromagnetic waves and relate diffraction gratings: d sin § = mA.
these processes qualitatively to the , . .
predictions made by Maxwell’s 7.8.1 Young’s double slit experiment. 170
electromagnetic theory. 7.8.2 Diffraction supporting the wave model. 173
7.2.1 Transverse electromagnetic waves. 152 7.8.3 Diffraction gratings. 175
7.2.2 Properties of electromagnetic waves. 154 7.9 Analyse the experimental evidence that 177
. L . supported the models of light that were
73 Conduct investigations of historical and 157 proposed by Newton and Huygens.
contemporary methods used to determine . .
the speed of light and its current relationship 7.9.1 Evidence supporting Newton’s model 177
to the measurement of time and distance. of light.
7.3.1 Historical measurements of the speed 157 7.9.2 Ew;lence supporting Huygens’ model 178
of light. of light.
7.9.3 The electromagnetic wave theory of light. 179
74 Conduct an investigation to examine a 158 7.94 The quantum theory of light. 180
variety of spectra produced by discharge
tubes, reflected sunlight or incandescent 7.10 Conduct investigations quantitatively 181
filaments. using the relationship of Malus’ law:
; i I=1_, cos? dfor plane polarisation of
7.41 Comparing spectra from lighting sources. 158 light 3o evaluate the significance of
7.5 Investigate how spectroscopy can be 160 polarisation in developing a model for light.
used to provide information about the 7.10.1 Polarisation. 181
identification of elements. 7.10.2 Types of polarisation. 183
7.5.1 Using spectroscopy to identify elements. 160 7.10.3  Malus’ law. 184

7.6 Investigate how the spectra of stars can 165
provide information on their surface
temperature, rotational and translational
velocity, density, and chemical composition.

7.6.1 Spectra of stars and their properties. 165
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Module 7 The Nature Of Light

Dot Point Page

Light: Quantum Model

INQUIRY QUESTION

What evidence supports the particle model of light
and what are the implications of this evidence for the
development of the quantum model of light?

711 Analyse the experimental evidence gathered
about black body radiation, including Wien’s

law: .., = % related to Planck’s contribution
to a changed model of light.

7111 Max Planck — The beginning of quantum
theory.

7.11.2 Wien’s displacement law.

7.12 Investigate the evidence from photoelectric
effect investigations that demonstrated

inconsistency with the wave model for light.

7121 Albert Einstein and the photoelectric effect.
7.12.2 Quantum theory and the photoelectric effect.
7123 Analysing experimental data 1.

7.12.4 Analysing experimental data 2.

7125 Analysing experimental data 3.

7.12.6 Limits of the wave model.

713 Analyse the photoelectric effect: E, = hf — &
as it occurs in metallic elements by applying
the law of conservation of energy and the
photon model of light.

7.13.1 Solving problems on the photoelectric
effect 1.

7.13.2 Solving problems on the photoelectric
effect 2.

7.13.3 Incident intensity and photoemission.

Light and Special Relativity

INQUIRY QUESTION

186

186

189
191

191
193
195
197
198
202

203

203

204

206

How does the behaviour of light affect concepts of time,

space and matter?

7.14 Analyse and evaluate the evidence
confirming or denying Einstein’s two
postulates: the speed of light in a vacuum
is an absolute constant and all inertial
frames of reference are equivalent.

7.14.1 Frames of reference.
7.14.2 Einstein’s postulates.
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208

208
211
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7.15

7.15.1
7.15.2
7.15.3
7.15.4
7.15.5
7.15.6
7.15.7
7.15.8

7.16

7.16.1
7.16.2

717

7171
717.2
7.17.3

7.18

7.18.1

Investigate the evidence, from
Einstein’s thought experiments and
subsequent experimental validation,

_t
V2
[1‘?]

V2
length contraction: L = L | [1—?].

for time dilation: t = and

Einstein’s first thought experiment.
Einstein’s second thought experiment.
t,ornot t ? That is the question!

Time dilation 1.

Time dilation 2.

Length contraction 1.

Length contraction 2.

Combined relativity questions.

Analyse experimental validation for

Page

213

213
214
217
219
222
223
225
227

231

special relativity, for example observations

of cosmic-origin muons at the Earth’s
surface, atomic clocks (Hafele-Keating
experiment), evidence from particle
accelerators and evidence from
cosmological studies.

Validation of special relativity.
Muons and special relativity.

Describe the consequences and
applications of relativistic momentum

mv
and the
V2
%)
limitation on the maximum velocity of
a particle imposed by special relativity.

with reference top, =

Relativistic mass 1.
Relativistic mass 2.
Relativistic momentum.

Use Einstein’s mass-energy equivalence
relationship: E = mc? to calculate the
energy released by processes in which
mass is converted to energy, including
production of energy by the Sun, particle-
antiparticle interactions, e.g. positron-
electron annihilation and combustion of
conventional fuel.

Mass-energy equivalence.

Answers to The Nature Of Light

231
232

234

234
236
237

239

239
391
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Module 8 From the Universe To the Atom Module 8 From the Universe To the Atom

Dot Point Page Dot Point Page

Origins Of the Elements Structure Of the Atom

INQUIRY QUESTION INQUIRY QUESTION

What evidence is there for the origins of the elements? How is it known that atoms are made up of protons,
neutrons and electrons?

8.1 Investigate the processes that led to the 243
transformation of radiation into matter 8.8 Investigate, assess and model the 274
that followed the ‘Big Bang’. experimental evidence supporting
. the existence and properties of the
8.1.1 The Big Ba!ng the'ory. ) 243 electron, from early experiments
8.1.2 The changing Universe over time. 247 examining the nature of cathode rays.
8.1.3 Evidence for the Big Bang. 249 8.8.1 Cathode rays and discharge tubes 1. 274
8.2 Investigate the evidence that led to 251 8.8.2 Cathode rays and discharge tubes 2. 278
the discovery of the expansion of the .
Universe by Hubble. 8.9 Investigate, assess and model the 279
| ) experimental evidence supporting
8.2.1 Ideas leading to the Big Bang theory. 251 the existence and properties of the
. . L electron, from Thomson’s
8.3 Analyse and apply Einstein’s description 254 charge-to-mass experiment.
of the equivalence of energy and mass )
and relate this to the nuclear reactions 8.9.1 Thomson’s experiment. 279
that occur in stars. .
) 8.10 Investigate, assess and model the 283
8.3.1 The mass-energy equivalence. 254 experimental evidence supporting the
8.3.2 Energy from the Sun. 257 existence and properties of the electron,
from Millikan’s oil drop experiment.
8.4 Account for the production of emission 259 S .
and absorption spectra and compare these 8.10.1 Millikan’s oil drop experiment. 283
with a continuous black body spectrum. 8.1 Investigate, assess and model the 284
8.4.1 Atomic spectra. 259 experimental evidence supporting the
nuclear model of the atom from the
8.5 Investigate the key features of stellar 261 Geiger-Marsden experiment.
spectra and describe how these are . .
uzed to classify stars. 8.11.1 The Geiger-Marsden experiment. 284
8.5.1 Black body radiation and star colours. 261 812 Investigate, assess and model the 285
8.5.2 Wien’s displacement law. 262 experimental evidence supporting
the nuclear model of the atom from
8.6 Investigate the Hertzsprung-Russell 265 Rutherford’s atomic model.
diagram and how it can be used to 8.12.1  Rutherford’s model of the atom. 285
determine the following about a star: its
characteristics and evolutionary stage, 8.13 Assess the limitations of the Rutherford 287
its surface temperature, its colour and atomic model.
its luminosity. o
8.13.1 Limitations of the Rutherford model 287
8.6.1 The Hertzsprung-Russell diagram. 265 of the atom.
8.6.2 Types of stars. 266 .
8.6.3 Th luti f st 267 8.14 Investigate, assess and model the 288
0 € evolution ot stars. experimental evidence supporting
. : the nuclear model of the atom from
8.7 Investigate the types of nucleosynthesis 269 N
reactions involved in main sequence and Chadwick’s discovery of the neutron.
post main sequence stars, including the 8.14.1 The discovery of the neutron. 288

proton-proton chain and the CNO
(carbon-nitrogen-oxygen) cycle.

8.7.1 The proton-proton chain. 269
8.7.2 The CNO cycle. 272

Science Press

Dot Points ] Dot Point NSW Physics Modules 5 To 8




Module 8 From the Universe To the Atom

Dot Point Page

Quantum Mechanical Nature Of the Atom

INQUIRY QUESTION

How is it known that classical physics cannot explain the
properties of the atom?

8.15 Investigate the line emission spectra to 290
examine the Balmer series in hydrogen.

8.15.1 The Bohr atom. 290

8.16 Relate qualitatively and quantitatively the 292

quantised energy levels of the hydrogen
atom and the law of conservation of energy
to the line emission spectrum of hydrogen

using E=hf, E = Zc,and1_=R1_—1_

nz n? '

8.16.1 The atomic spectrum of hydrogen. 292
8.16.2 Analysing spectra. 293
8.17 Assess the limitations of the Bohr 296

atomic model.
8.17.1 Limitations of the Bohr atom. 296
8.18 Investigate de Broglie’s matter waves, 299

and the experimental evidence that

developed the formula 4 = L

myv

8.18.1 De Broglie’s matter waves. 299
8.18.2 Applying de Broglie’s ideas. 300
8.19 Analyse the contribution of Schrédinger 303

to the current model of the atom.
8.19.1 Schrédinger and Heisenberg. 303

Properties Of the Nucleus

INQUIRY QUESTION

How can the energy of the atomic nucleus be harnessed?

8.20 Analyse the spontaneous decay of 304
unstable nuclei, and the properties of the
alpha, beta and gamma radiation emitted.

8.20.1 The strong nuclear force 1. 304
8.20.2 The strong nuclear force 2. 306
8.20.3 Nuclear decay. 306
8.20.4 Why some nuclei decay. 309

8.20.5 Properties of alpha, beta and gammarays. 311

Module 8 From the Universe To the Atom
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8.21 Analyse relationships that represent 314
conservation of mass-energy in alpha
and beta decay.

8.21.1 Alpha, beta and gamma decay. 314

8.22 Examine the model of half-life in 317
radioactive decay and make quantitative
predictions about the activity or amount
of a radioactive sample using the

In (2)

t‘/z

where N, = number of particles at time t,

N, = number of particles present at t = 0,

2 = decay constant, t, = time for half the

Y2
radioactive amount to decay.

relationships: N,=N_ e and 1 =

8.22.1 The half-life of nuclides. 317

8.22.2 Analysing a half-life experiment. 322

8.23 Model and explain controlled and 323
uncontrolled chain reactions.

8.23.1 Fermi’s model of a chain reaction. 323

8.23.2 Controlled and uncontrolled chain 324
reactions.

8.24 Predict quantitatively the energy released 329

in nuclear decays or transmutations,
including nuclear fission and nuclear
fusion, by applying the law of conservation
of energy, mass defect, binding energy
and Einstein’s mass-energy equivalence
relationship: E = mc2.

8.24.1 Binding energy. 329
8.24.2 Nuclear reactions and mass defect 1. 332
8.24.3 Nuclear reactions and mass defect 2. 335
8.24.4 Nuclear reactions and mass defect 3. 336
8.25 Model and explain the processes of 338

nuclear fission and nuclear fusion,
including the concepts of controlled and
uncontrolled chain reactions, and account
for the release of energy in the process.

8.25.1 Nuclear fission and fusion. 338
8.25.2 Neutron induced fission. 340
8.25.3 The uranium decay series. 342
8.26 Analyse relationships that represent 344

conservation of mass-energy in
spontaneous and artificial nuclear
transmutations, including alpha
decay, beta decay, nuclear fission
and nuclear fusion.

8.26.1 Spontaneous and artificial transformations. 344
8.26.2 Nuclear reactors. 345
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Module 8 From The Universe To The Atom

Dot Point Page

Deep Inside the Atom

INQUIRY QUESTION

How is it known that human understanding of matter is
still incomplete?

8.27 Analyse the evidence that suggests 348
that protons and neutrons are not
fundamental particles, and the
existence of subatomic particles
other than protons, neutrons and

electrons.
8.27.1 The standard model. 348
8.28 Investigate the standard model of 349

matter, including quarks, and the
quark composition hadrons, leptons
and the fundamental forces.

8.28.1 Components of the standard model. 349
8.28.2 More about quarks. 350
8.28.3 More about leptons. 352
8.28.4 The four fundamental forces. 353
8.28.5 More about bosons. 354
8.28.6 Summarising the standard model. 355
8.29 Investigate the operation and role of 356

particle accelerators in obtaining
evidence that tests and/or validates
aspects of theories, including the
standard model of matter.

8.29.1 Uncovering matter particles. 356
8.29.2 Nuclear accelerators. 358
8.29.3 The Higgs boson. 362

(Not required by the syllabus)

Answers to From the Universe To the Atom 410
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MODULE @

Advanced Mechanics

In this module you will:

© Describe and analyse qualitatively and quantitatively circular motion
and motion in a gravitational field, in particular, the projectile motion
of particles.

© Explain and analyse motion in one dimension at constant velocity or
constant acceleration.

©® Extend your study of motion into examples involving two or three
dimensions that cause the net force to vary in size or direction.

© Develop an understanding that all forms of complex motion can be
explained by analysing the forces acting on a system, including the
energy transformations taking place within and around the system.

® Apply new mathematical techniques to model and predict the motion
of objects within systems. You will examine two-dimensional motion,
including projectile motion and uniform circular motion, along with
the orbital motion of planets and satellites, which are modelled as an
approximation to uniform circular motion.

® Engage with all the Working Scientifically skills for practical

investigations involving the focus content to examine trends in data
and to solve problems related to advanced mechanics.
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Projectile Motion

5.1 Analyse the motion of projectiles by resolving the motion into horizontal and vertical
components, making the following assumptions: a constant vertical acceleration due
to gravity and zero air resistance.

INQUIRY QUESTION

How can models that are used to explain projectile motion be used to analyse and make predictions?

51.1 Resolution of vectors - Revision.

5.1.1.1 Find the horizontal and vertical components of each of the following vectors. All vectors are drawn to a
scale where 1 cm = 10 m.

(@) (b)

e

(d) )

()

/ (e
@) \ ()

Dot Point NSW Physics Modules 5 To 8 Module 5 Advanced Mechanics
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5.1.2

Analysing projectile motion 1.

Use the following information to answer the next TEN questions.

Some students rolled a ball down a ramp from different heights and then let it roll across a frictionless benchtop
for a distance of 1.0 m. They launched the ball from the end of the bench which was 1.2 m above the floor and the
horizontal range of each ball was measured. The table shows their average results.

Projectile Heriag‘jlr:‘tpu(r:n t)he ;I::)mr: ::)r ;'czlsl) Time (c;f) flight Laun(cr:'l: :ﬁ;ocity R?rrrl‘?e
P 0.30 0..86 w
Q 0.45 0.72 X
R 0.60 0.61 Y
S 0.90 0.45 Z
5.1.21 What is the independent variable? 5.1.2.6 What is the best value for Y?
(A) Horizontal range. (A) 0.74m
(B) Launch velocity. (B) 0.88m
(C) Time to roll over the bench. (C) 1.64m
(D) Time of flight. (D) 2.36m
5.1.2.2 Which statement about the time of flight 5.1.2.7 What is the best value for Z?
for these projectiles is correct? (A) 0.45s
(A) Time for P will be the least. (B) 0.50s
(B) Time for Q will be the least. (C) 0.86s
(C) Time for S will be the least. (D) 2.22s
(D) &%,Wi” all have the same time of 5.1.2.8 What is the range of Z?
(A) 0.2m
5.1.2.3 What will be the launch speed for P? B 1.0m
(A) 0.72ms™ ©) 12m
(B) 0.86ms™ D) 2.67m
(C) 1.16ms™ . _
D) 1.40ms" 5.1.2.9 What is the best estimate for the speed of
R at the bottom of the ramp?
5.1.24 What is the best value for W? (A) 0.98ms™
(A) 0.45s (B) 1.02ms™
(B) 0.86s (C) 1.64ms™
(C) 1.16s D) 1.96ms™
(D) 1.39s 5.1.2.10 The experiment is repeated with a ball
5.1.2.5 What is the best value for X? with twice the mass. How is each range
(A) 0.60ms™ affected?
(B) 0.74ms™ (A) Ranges will be quartered.
(C) 1.39ms™ (B) Ranges will be halved.
(D) 2.70ms™ (C) Ranges will be doubled.
(

Module 5 Advanced Mechanics

)
D) Ranges will be the same.
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513 Analysing projectile motion 2.
Use the following information to answer the next FIVE questions.

A ball was rolled from X, 1.5 m across a horizontal table to the table’s edge. The time and its distance from X as it
rolled across the table were measured. The results are shown in the graph.

2 —
E15-
<
IS
g 1
(0]
-0(7)' 05—
2
0 | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)
5.1.3.1 What was the ball’s speed at the edge of the table?
(A) 0.54ms™
B) 1.50ms™
(C) 1.82ms™
(D) 2.78 ms™
5.1.3.2 If the ball landed 0.75 m out from the edge of the table, what was the time of flight?
(A) 247s
B) 1.0s
(C) 08s
(D) 04s
5.1.3.3 If the ball landed 0.75 m out from the edge of the table, what was the height of the table?
(A) 04m
(B) 0.5m
(G 0.6m
(D) 0.8m

5.1.34 The experiment was repeated on the Moon. How would the range of the projectile compare?
(A) It would be the same on Earth and the Moon.
(B) It would be larger on the Moon.
(C) It would be larger on Earth.
(D) It would still depend on the horizontal speed of the ball.

5.1.3.5 The experiment was repeated using a ball with half the mass of the original ball. Indicate, for each of
the questions above, how the results would be different.

(@) FOF 51,300 et
(b) FOF B.2.3.2 .ottt et
(c) FOF 5.1.3.3 e
(d) FOI 51,304 et
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514 Analysing projectile motion 3.

Use the following information to
answer the next SIX questions.

Students studying projectile motion
fired a tennis ball into the air and
photographed its flight using

a stroboscopic camera which
photographed the position of the
ball every 0.1 s.

They did several runs of the
experiment, launching the ball at
different velocities to determine
the maximum heights reached at
each velocity.

—
c
o)
e
)
Q

o
o

R

?
=

In the photograph, the dotted
horizontal line represents the
surface of the benchtop. One set
of their results are shown in the

photograph.
x-displacement
5.1.4.1 What was the time of flight of the ball? 5.1.44 What is the maximum height of the ball
(A) 0.1s (measured from its bottom) above the
B 1.1s benchtop?
© 12s (A) 1.76m
D) 13s (B) 3.53m
C) 9m
5.1.4.2 What was the frequency of the ED; 10m
stroboscope used to record these results?
(A) 0.1 Hz 5.1.4.5 What is the best estimate of the scale of
B) 1.2Hz the grid in the photograph?
©) 13Hz (A) 1 gridsquare=0.2m
(D) 10 Hz (B) 1 grid square =0.4m
) ) . . (C) 1gridsquare=1.11m
5.1.43  Which choice correctly identifies the (D) 1 grid square = 1.12 m
dependent and independent variables in 9 a T
this experiment? 5.1.4.6 What was the magnitude of the velocity

of the tennis ball at its maximum height

Module 5 Advanced Mechanics

Dependent Independent above the benchtop?
variable variable A 0
(A) | Time torise Launch velocity B) 1.0ms™
. . , , (C) 21ms™
(B) Time to rise Time to rise D) 42ms"
©) Maximum height | Launch velocity
(D) Maximum height | Time to rise
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5.2 Apply the modelling of projectile motion to quantitatively derive the relationships
between the following variables: initial velocity, launch angle, maximum height, time
of flight, final velocity, launch height and horizontal range.

5.2.1 Projectile motion 1.

5.2.1.1 Outline the characteristics of the motion of a Projectile. ...

5.2.1.2 A projectile is launched at 40 m s~ at 75° to the horizontal. Calculate the components of its launch
velocity.

5.2.1.4 A tennis ball is hit into the air and follows the path shown

in the diagram. ° OO Oo o
(@ Which statement regarding the flight of the ball is correct? ®) o
(A) The velocity of the ball at its highest point is zero. 0 o
(B) The velocity of the ball is always changing. @)
(C) The direction of the ball’s acceleration changes when it Ground @)

reaches the highest point.
(D) The acceleration of the ball at its highest point is zero.

(b) The final displacement of this projectile could be described as being negative. Explain this.

5.2.1.5 The diagram shows the paths of the flights of two projectiles,
Xand.
Which of the following is different for X and Y?
(A) Their accelerations.
(B) Their times of flight.
(C) Their maximum y-displacements.
(D) Their initial velocities. X Y

5.2.1.6 A cannonball is fired into the air towards a distant castle. Which graphs below correctly describe the
horizontal and vertical components of the cannonball’s velocity?

(A) B) ©) (D)
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5.2.1.7

5.2.1.8
(@

5.2.1.11
(@)

The diagram shows the path of a projectile. Which choice correctly shows the directions of the velocity
and acceleration of the projectile at points X and Y?

Velocity | Acceleration | Velocity | Acceleration

at X at X atY atY

— —
A ! ! 50004

x @ O

® | T N\ l O P
©| 2 1l \ l O O
o T — 1l —

A projectile is launched into the air at 60° to the horizontal. Which statement about the projectile is true
when it is at its maximum height?

A) a =0 (B) a,=0 C) v,=0 D) Ax=0

At what angle should a projectile be launched so that its range is maximum?

Consider three positions, X, Y and Z in the path of a
projectile as shown by the darkened circles in the diagram.

Which statement about the acceleration of the projectile at

these three positions is correct? OO . O O

(A) The acceleration at Y is less than the acceleration at X. O

(B) The acceleration at X is the same as the acceleration at Z. Y . . z

(C) The acceleration at X is greater than the acceleration at Y.

(D) The acceleration at Y is in the opposite direction to the
acceleration at Z.

Three projectiles are launched at 20°, 40° and 60° to the horizontal at 20, 30 and 40 m s~ (in that
order). Calculate the ratio of their accelerations.

A ball is thrown upwards from point P and follows a parabolic path. Its highest point is point X. Which
statement about the acceleration of the ball is correct?

(A) Itis zero at X. (B) Itis maximum at X.
(C) Itis maximum at P and minimum at X. (D) ItisthesameatXasitisatP.

Which of the following statements was not one of Galileo’s descriptions of projectile motion?

(A) Horizontal motion is constant. (B) Horizontal acceleration is zero.
(C) \Vertical motion is accelerated. (D) Vertical acceleration is negative.
Explain the concept of positive and negative velocCity in PRYSICS. ...

Science Press
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5.2.2
5.2.2.1

@

5.2.2.3

5.2.2.4

5.2.2.5

5.2.2.6

Projectile motion 2.

Consider the path of a projectile as shown in the diagram below.

Which statement about the projectile is correct? §

(A) The speed at X is the same as the speed at Z. OO O O O

(B) The speed at is zero. O O

(C) The velocity at X is equal to the velocity at Z but in the Y O O z
opposite direction. O O

(D) The velocity at X, Y and Z is constant.

Write a question which would make ChOiCe (C) COITECT. ...

Which of the following statements about projectile motion is correct?

(A) The horizontal distance a projectile travels is proportional to the time of travel squared.
(B) The rate at which a projectile rises and falls is proportional to its mass.

(C) The square of the distance a projectile travels is proportional to the time of flight.

(D) The rate at which a projectile rises and falls is independent of its velocity.

Which of the following statements is in agreement with Galileo’s analysis of projectile motion?

(A) The rate at which a projectile falls is proportional to its mass.

(B) The range of the projectile is proportional to the time elapsed.

(C) The range of the projectile is proportional to its initial vertical speed.

(D) The speed of the projectile is the vector sum of the vertical and horizontal components of that speed.

A ball is rolled at different speeds along a horizontal benchtop until it falls over the edge towards the

floor. Which graph best shows the velocity of the ball as it falls to the floor?

(A) (B) ©) (D)
v v v

v

t t t t

Several balls are rolled at different speeds along a benchtop until they fall over the edge towards the
floor. Which statement about these balls is correct?

(A) All four balls will hit the floor at the same time.
(B) The slowest ball will hit the floor first; the fastest will hit it last.
(C) The fastest ball will hit the floor first; the slowest will hit it last.
(D) All balls will land in the same position at the same time.

Four model rockets are launched with the velocity

components shown in the table. Horizontal Vertical

Rocket component component
of velocity (m s™) | of velocity (m s)

Which rocket was launched closest to 30° to the

horizontal?
A) 20 52
............................................................................................................................................. :
What would be the time of flight of rocket (A)? ® 30 38
©) 50 29
(D) 40 21
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5.2.2.7

5.2.2.8

5.2.2.9

5.2.2.10

Which graph best shows the relationship between the time of flight of a projectile (t) and its launch
velocity (u)?

(A) ®) ©) D)

| | u\ |

t(s) t(s) t(s) t(s)

A projectile follows the pathway shown in the diagram.

Which statement about this projectile is correct?

(A) The time of flight from P to R is twice the time from Q
P to Q.
(B) The acceleration of the projectile is independent of
its launch velocity. =
(C) The vertical component of the velocity is the same at
P, QandR. R

(D) The horizontal component of the velocity is greatest
at Q.

A student rolls two balls X and Y, X with mass m and Y with mass 2m across a benchtop so that they
leave the edge at the same time and with the same speed.

Four students made statements about the flight

of the two balls.

o . < Mass m
Jacinta: Y hits the ground before X. X Mass 2m
Chin: Xand Y hit the ground at the same v

time.

Mario: X hits the ground twice as far away
from the table compared to Y.

Pasqual: X hits the ground the same distance
from the table as Y.

Whose statement about the two balls is correct?
(A) Pasqual and Chin.

(B) Pasqual and Jacinta.

(C) Mario and Jacinta.

(D) Mario and Chin.

Which graph best shows the relationship between the horizontal range (Ax) and launch velocity (u)?

Ay B u ©) u \
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5.3

5.3.1
5.3.1.1

5.3.1.2

Solve problems, create models and make quantitative predictions by applying the equations
of motion relationships for uniformly accelerated and constant rectilinear motion.

Solving projectile problems.

The diagram shows the apparatus used to do an experiment where a ball is rolled down the ramp from
point X, across the benchtop to the edge Y, then allowed to fall onto the floor, landing at point Z.

What would the ball do if it was released from point W? W

(A) Take a shorter time to fall from Y to the floor but land X
further out from the table.

(B) Take the same time to fall from Y to the floor but [
land further out from the table.

(C) Take a shorter time to fall from Y to the floor but still
land at Z.

(D) Take alonger time to fall from Y to the floor but land
further out from the table. z

o —

F - - —— - -4 L

Ball X is projected horizontally from a 1.2 m high table at 2.6 m s™'. Ball Y is projected vertically out
from the edge of the table at 1.5 m s™'.

How much further out from the edge of the table does —
ball X land compared to Y?

Ball X

Ball Y

A cannonball is fired at 80 m s™'at an angle of 45° to the horizontal. Calculate the height at which the
ball hits a vertical cliff 150 m away.

A projectile is fired horizontally at 150 m s™' from the top of a 196 m high cliff. Calculate:

S M@ OF FIGNT. .oooooo s
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5.3.1.6 A projectile has a time of flight of 7.5 s and a range of 1200 m. Calculate:

(@) TS NOMZONTAI VEIOCILY. ......oooooee s

The velocity of a projectile 2.0 s after its launch
can be found from the vector diagram shown.
What was the launch velocity of the projectile?

v,=19.6 ms™

-
-
PEae
.-
-
-
.
e
.-
-
-
PR
-

A4

v,=39.2ms™

5.3.1.8 The diagram shows a stroboscopic photograph
of a projectile which has a time of flight of 10.0 s.

(@) What was the initial vertical speed of the projectile? O O O O O

...................................................................................................................................... O O
...................................................................................................................................... O O

...................................................................................................................................... O Ground O

5.3.1.9 A cannon was fired at an elevation of 40°. It was then loaded with an identical charge and ball and fired
again at an elevation of 50°.

(@) Which cannonball will rise to the highest height and how much higher than the other ball is it?
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5.4 Conduct a practical investigation to collect primary data in order to validate the
relationships derived for projectile motion.

5.4.1 Analysing projectile data.

5.4.1.1 The table shows the results of an experiment where a ball was rolled along a smooth, horizontal surface at
15 m s and then over the edge of a 150 m drop. The ball left the surface and started to fall at time zero.

Time (s) Speed of ball (m s™)
1 17.92
2 24.68
3 33.01
4 41.97

Assuming that the horizontal component of the motion of the projectile does not change, show that the
vertical component is uniformly accelerated.

5.4.1.2 Some photographs are taken of a ball moving in a parabolic path in front of a grid. The time interval
between photographs is identical. The diagrams show the first three photographs of the ball’s flight.

Which choice best shows the next photograph in the series?
(A) (B) ©) (D)
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5.4.1.3 The diagram shows a film clip of a ball projected into the air. The camera took the clip at 2.5 frames
per second.

(@) What was the time of flight of the ball? ) What was its initial horizontal velocity?

(b) How long did it take to reach its maximum (9) Using a vector diagram, determine its
height? initial velocity.

(c) What was its initial vertical VEIOCITY? e

......................................................................................................................... (h) From what height was the ball projected?

Science Press

Module 5 Advanced Mechanics Dot Point NSW Physics Modules 5 To 8




DOT POINT

Answers




5.1.1.1

5.1.2.1
5.1.2.2
5.1.2.3
5.1.24
5.1.2.6
5.1.2.6
5.1.2.7
5.1.2.8
5.1.2.9
5.1.2.10
5.1.3.1
5.1.3.2
5.1.3.3
5.1.3.4
5.1.3.5

5.1.4.1
5.1.4.2
5.1.4.3
5.1.4.4
5.1.45
5.1.4.6
5.2.1.1

5.2.1.2

5.2.1.3

5.2.1.4

Answers

Module 5 Advanced Mechanics

Horizontal component Vertical component
= vector cos ¢ = vector sin ¢

(@) 30.6 25.7
(b) 433 25.0
(c) 112.8 41.0
C) 45.1 316
(e) 33.8 72.5
(f) 49.8 41.8
Q) 49.1 34.4
(h) 20.5 56.4

B

D

C

A

C

A

A

B

C

D

C

D

D

B

(@  Answer will be the same.

(b)  Answer will be the same.

(¢) Answer will be the same.

(d) Answer will be the same.

C

D

C

A

A

C

Horizontal component of its motion is constant
velocity (zero acceleration), while the vertical
component is accelerated by gravity.

Horizontal component is 10.35 m s, vertical
component is 38.64 m s,

Horizontal and vertical components of the motion of a
projectile are independent of each other.

Horizontal component of its motion is constant
velocity (zero acceleration).

Vertical component is constantly accelerated (by gravity).

@ B

(b) Taking the upward direction as positive, then
because the ball has landed vertically below its

launch point, its final vertical displacement, and
therefore its overall displacement is negative.

5.2.1.5
5.2.1.6
5.2.1.7
5.2.1.8

5.2.1.9

5.2.1.10
5.2.1.11

5.2.2.1

5.2.2.2
5.2.2.3
5.2.24
5.2.2.5
5.2.2.6

5.2.2.7
5.2.2.8
5.2.2.9
5.2.2.10
5.3.1.1
5.3.1.2
5.3.1.3
5.3.1.4
5.3.1.5

5.3.1.6

5.3.1.7

5.3.1.8

5.3.1.9

D
B
C
@ A
(b) 45°
(@ B

(b) The acceleration of each is the same, equal to
gravitational acceleration directed downwards.
1:1:1)

@ D

(b) Positive and negative velocities refer to
velocities in opposite directions to each other.
Which one is taken as positive is purely up to
the person doing the problem or analysis; there
is no rule which defines this.

@ A

(b)  Which statement about the horizontal velocity of
the projectile is correct?

D

B

C

A

@ C

(b) 5.31s
B

B

A

B

B

54.5cm
1155 m
39.1ms™
@ 6.32s
(b) 948.7m

(c) 162 m s at 22.5° down from the horizontal
(@ 160ms™’

(b) 689m

(¢) Upat164.2 m s at 12.9° to the horizontal
55.4 m s™" at 45° to the horizontal

(@ 49ms™

(b) 1225m

(@ The ball fired at an elevation of 50° will rise
higher but without actual figures, we are unable
to determine by how much.

(b) Neither. They will both have a range of 251.2 m
since the firing angles are complementary.
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