Provisioned to Campion Education (.

s

Q —= Y A W

;\
N5 NEW CENTURY

YHYS

- aTTRA . TR we—




Provisioned to Campion Education (Aust) Pty Ltd on 02/08/2024 under licence.

This work must not be reproduced, stored, transmitted or circulated in any other form.



NEW CENTURY

FOR QUEENSLAND
UNITS

384

RICHARD WALDING

wew ceurumy
PHYSICS
FOR QUEENSLAND.
324

o o

OXFORD

UNIVERSITY PRESS
AUSTRALIA & NEW ZEALAND




Provisioned to Campion Education (Aust) Pty Ltd on 02/08/2024 under licence.

OXFORD

UNIVERSITY PRESS

Oxford University Press is a department of the University of Oxford.

It furthers the University’s objective of excellence in research, scholarship,
and education by publishing worldwide. Oxford is a registered

trademark of Oxford University Press in the UK and in certain other countries.

Published in Australia by

Oxford University Press

Level 8, 737 Bourke Street, Docklands, Victoria 3008, Australia.
© Richard Walding 2019

The moral rights of the author have been asserted.

First published 1999
3rd Edition

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted,
in any form or by any means, without the prior permission in writing of Oxford University Press, or as expressly
permitted by law, by licence, or under terms agreed with the reprographics rights organisation. Enquiries
concerning reproduction outside the scope of the above should be sent to the Rights Department, Oxford
University Press, at the address above.

You must not circulate this work in any other form and you must impose this same condition on any acquirer.

Im”!”l!ll A catalogue record for this
L4 v

NATIONAT book is available from the
LIBRARY National Library of Australia

OF AUSTRALIA

ISBN 9780190313647

Reproduction and communication for educational purposes

The Australian Copyright Act 1968 (the Act) allows educational institutions
that are covered by remuneration arrangements with Copyright Agency
to reproduce and communicate certain material for educational purposes.
For more information, see copyright.com.au.

Mlustrated by Guy Holt

Edited by Marta Veroni

Typeset by Newgen KnowledgeWorks Pvt. Ltd., Chennai, India
Proofread by Marcia Bascombe

Indexed by Max McMaster, Master Indexing

Printed in Malaysia by Vivar Printing

Disclaimer

Indigenous Australians and Torres Strait Islanders are advised that this publication may include images or names
of people now deceased.

Links to third party websites are provided by Oxford in good faith and for information only.

Oxford disclaims any responsibility for the materials contained in any third party website referenced in this work.

This work must not be reproduced, stored, transmitted or circulated in any other form.



Using New Century Physics
for Queensland Units 3 & 4

Acknowledgements

Chapter 0 The physics toolkit

0.1 Understanding the QCAA Senior
Physics course

0.2 The data test

0.3 The student experiment
0.4 The research investigation
0.5 External assessment

0.6 Data collection and analysis
0.7 Graphical analysis

Chapter 0 Review

Unit 3
Gravity and
electromagnetism

Chapter 1 Vectors and
projectile motion

1.1 Vectors and gravity
1.2 Horizontal projection
1.3 Projection at an angle

Chapter 1 Review

Chapter 2 Inclined planes

2.1 Forces due to gravity

2.2 Applied forces: friction and tension
2.3 Forces acting on an inclined plane

Chapter 2 Review

Chapter 3 Circular motion

3.1 Uniform circular motion?.....ccoceeeeveeeenne. 94

3.2 Objects undergoing
uniform circular motion

3.3 Centripetal acceleration
and force

Chapter 3 Review

Chapter 4 Gravitational
force and fields

4.1 What is gravity?....vrereerereneereeenene 116

4.2 Newton’s law of
universal gravitation

4.3 Gravitational fields

Chapter 4 Review

Chapter 5 Orbits

5.1 Kepler’s laws of planetary motion

5.2 Science as a human endeavour:
Gravitational waves

5.3 Science as a human endeavour:
Artificial satellites

Chapter 5 Review




Chapter 6 Electrostatics

6.1 Coulomb’s law
6.2 Electric fields and field strength
6.3 Electric potential and energy

Chapter 6 Review

Chapter 7 Magnetic fields

180

7.1 What is a magnetic field?........cccccovnenee. 182

7.2 Defining magnetic field strength

7.3 Solenoids

7.4 Magnetic forces on a moving charge...195

7.5 Science as a human endeavour:

The Square Kilometre Array (SKA)

Chapter 7 Review

Chapter 8 Electromagnetic
induction and radiation

8.1 Magnetic flux

8.2 Electromagnetic induction
8.3 Lenz's law

8.4 Transformers

8.5 Electromagnetic radiation

8.6 Science as a human endeavour:
Mabile phone radiation

Chapter 8 Review

Unit 3
Practice exam questions

202

IV NEW.CENTURY PHYSICS FOR QUEENSLAND UNITS 3.8 4 2
3 , :

Unit 4
Revolutions in modern
physics

Chapter 9 Special relativity:
time and motion

9.1 Special relativity
9.2 Relative motion
9.3 Simultaneity

9.4 Relativity of time
Chapter 9 Review

Chapter 10 Special relativity:
length, momentum and energy

10.1 Length contraction

10.2 Rest mass and
relativistic momentum

10.3 Science as a human endeavour:
Mass to energy

10.4 Paradoxical scenarios

10.5 Science as a human endeavour:
Relativity and global positioning
satellites

Chapter 10 Review

Chapter 11 Quantum theory
and light

11.1 Wave model for light

11.2 Black-body radiation

OXFORD'UNIVERSITY PRESS y '




11.3 Science as a human endeavour: Chapter 14 Particle interactions ...372
Black-body radiation and the
greenhouse effect

14.1 Conservation in interactions
) 14.2 Feynman diagrams
11.4 What is a photon?......cevveicveneeenes 310

_ 14.3 Symmetry in particle interactions
11.5 The photoelectric effect

14.4 Science as a human endeavour:
11.6 The Compton effect

and momentum

Particle accelerators -
the synchrotron

Chapter 11 Review Chapter 14 Review

Chapter 12 Quantum theory

Unit 4
and matter n

Practice exam questions
12.1 Rutherford’s model of the atom

12.2 Bohr model of the atom ]
Chapter 15 Practical manual

12.3 Wave-particle dualit
ave-particle duality 1.1 Angled projection and distance

Chapter 12 Review
7.2 Strength of a magnet at

various distances

Chapter 13 The Standard
7.4 Force on a current-carrying wire
in a magnetic field

13.2 Gauge bosons - the force carriers 12.1 The photoelectric effect

13.3 Science as a human endeavour:
The Big Bang theory

Chapter 13 Review

F OXFOR'D UNIVERSITY PRESS




The phsics toolkit

oy . . orld. Many of the

- . hout analysis and further work.

toolkit. It docs not necd 1o be
hat you can sefer o throughout
on making accurate and precise

“This chapter should be us
tudied in one siting, but s som:
our Units 3 & 4 course, Tthas 2
‘measurements of physical quantities
Tt also has guidance for key asscssmen that you

how you can report these resuls

and what they imply:
‘will come across over your course.
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Physics toolkit

The Student book
begins with a stand-
alone reference
chapter that includes:

 assessment advice Unit openers

a step-by-step guide Each unit begins with
to preparing for your a unit opener that
exam includes:

methods for
presenting and
analysing physics
data.

.

* an overview of
topics in the unit

* unit objectives
from the syllabus.

What is gravity?

0 this section, you wil earn abous:
* what gravityis
* gravitationsi forces between masses

Up until 1687, the Latin word gravias or
quality of an object that meant it was hard

Section-based
approach inahoun 330 i i

vty was used to mean ‘heary”, It referred to 8
01t No one thought that objcts were being pulled

put forward b Greek hilosopher Aristorke (3$4-322 BCE)

Content is presented
in clearly structured
sections. Each section

is clearly labelled and = e o v
numbered to help I b o G
navigation.

ful in the phys

pplying mathemarics t
pel et
h balls olling down inclines and found that

ed quite a sensation in scientific circles, :

h
727) united th

f the astronomers
es. Newton used the word ‘gravity’ 1o

s, and exten

t was a subtle change,
e of gravity. He extended this idea i late propositions to

describe the force between the Sun and the

that pulled objects towards Earth o amean that gravity vas

ator
o ut now it meant a “force’ —
force between all bodics

FioURE 1
ToN

o sracied 0 the dve

NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4

New Century Physics for Queensland Units 3 & 4 has been purpose-written to meet the
requirements of the QCAA Physics General Senior Syllabus. The second of a two-volume
series, New Century Physics for Queensland Units 3 & 4 offers complete support for teachers and

students of Units 3 & 4 Physics, providing unparalleled depth and comprehensive
syllabus coverage.

Chapter openers

) Each chapter begins
[AKESNOUMONZE with a chapter opener
that includes:

—

measurements and interpret these.

o i the ‘measurements, and answer questions

history of physi
thermody

* subject matter from
the syllabus

modynamics had
sed and named, but — Da modern physicists get things
e fundamental and named after them, or i it just those:
wer number - 7cro from olden days?

e (vt (i * alist of the
the different ways. ke - What expet s mean?

mandatory

and suggested
practicals from the
syllabus

key questions to get
students thinking
about the content
covered in the
chapter.

inUrit 2, motion was exemined in one dimension; bov tld theory has enabled physicsts to explar

dinone di Fietd theory has enabled physicists t ,
ton was axarmined in one dimension: ; o e
oo pthlookatmotion @ vastartay ofnaturalphery onasuch s vt
i Unit 3 you il take amore -

and consi - rotion Rechnologies that have changed

5 of pro
 mation, You wil see that

ot panes and il e ot incugingelectrical power generation and
inclined planes and cict .

miects e the physica field on which they e modeled,
{cal field on which they aré mot
; ; J an abject’ i .

e o s 0 v saved i thery

ing atconstantspeed TS (TR s s quite conceptual; but the abidy

thelaws of
a distance.

ight,
ccelerating wihie travel

s with lines.
Jector fields helps considerably.
The vast nurber of

o of phenomen.
fon, motors and
e, medical
reated areas

’ S0 far, this s seemingly about the laws
e oS o
s h oncnt i
e gy s o 0
T it roduces e scond
o biokiel

5 of motion.

practicalappications include GPS pavigat
generators, elctric cars, synchrotron scie

Ormssement parks,balstics, forensics,black holes and

RAVITY AND .
ELECTROMAGNETISM e [
¥ R | 4 Urit objectives Eealuate processes, laims and conclusions about
f Y & »

O et an gty e mtin, 08
cvomagpetim, | :
e ‘and conclusions about gravity 2nd motion, and
e, electromagnetism.
e sbout gty and e, ond
Secvanagnetan

ity and motion and electromagretis™.
g ding,findings, arguments

d

r sylabus

. prysics 2019012 Gonert e
Mool At Authority

d
electromagretism

_, nvestigate phenomena associte:

motion, and electromagnetis.

A with gravity a0

uted laws of nature. That was until Alber "

i e theory of ki i 1915 e st i
el opicai e o o

tests of carefully c i

ime’ s Einstein called
i Special Relatiity
that Newton's model
inating in the detection
validity is no longer in

i
e e
Could ot Again, experimental st conome s pregenns o
of gravitational waves in 2015.In ac, it s 50 well confirmed tha e
RTINS

her grasity is duc to the presence of mass o s a distortion of space—

i Graviy s
ne another. s i

 craLLence 414 |

Is Earth pulling on the Sun?

‘Which i greater, Earth's pull on the Sun, or the Sun's pull on Earch

 crawLeNo 4.1a |

Flat Earth gravity

How would gravity be different if Earth was flat instead of round?

CHECK YOUR LEARNING 4.1

Describe and explain

ttractionbetwesn
Sbiects witnmass

Check your learning

Each section ends with
questions that revise
{rte ot i > the content covered in
e G B the section and allow
e e ] students to practise
using cognitive verbs.

force only. Deduce how this differs rom

1 Explain how Aristotle’ explanation for the electrostatic and magnetic forces

motion of heavy objects was discredited.
2 Deseribe how the word ‘gravity’ changed
meanings in Newton's writings.

Apply, analyse and interpret

» — B
Investigate, evaluate and communicate

3 Inhis treatise on motion, Nerwton compared the
gravitational force 1o clectrostatic and magnetic

forces. He said that gravity was an attractive were discovered in 2015,

ir gbook gssess for F
S

=

Gy 1

» Chllngovworhest » weink A
a8ttty

» Challenge worksheet
414 s Earth puling on

Pt Gravity and Earth's
orbit

CHAPTER & GRAVTATIONAL FORCE AND FiELDS
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Study tips
Practical advice
helps students
improve their
performance in
assessment tasks.

Margin glossary
Key terms and
definitions are
highlighted to
help students
recall important
information.

Rest mass and relativistic

momentum

he Sanod Linear Acclroe GLAG
@ Calculate the Newtonian momentum o e

KEY IDEAS and the relativistic momentum of the

ST ' 0.999 The rest mass of an clec
Inthis section you il learn about: ‘ TN " fondecronis
* rest mass b Determine b i
ow many times greater the relativistic value s than the N,
e an the Newtonian

* mass-energy equivalence relationship.

soLuTIoN
* hy o obect can travel at the speedof light n a vacuum.

= | :

I + relativistic momentum

Study tip

Newtonian momenturn

[ p=mo
songwihopartcla  Einstcin deined rest =910

org vihoparic ed st mass s the mass of an object when measured at res 0999 x3.0x 108
¥ e . rdatrest that i, i che =273x10 kg mys!

s the observer, He used the symbol s, but others have added the

P

Relativistic momentum:

: y b et Qs s o ot
stationary or moving e )
‘this mass should be 19451

Ttis bestto think of the tern

s with velocity and that

instcin forcefuly warned

increasing with velocity, Unfortunately

» ncressin with velocity. Unfortunaely this warning was gnored.
as meaning ‘rest mass’ with cither symbol 1 or

ed as relativistic mass. However,in 1945

Study tip

0547
6.106 % 10 kg m -
fan world we defined momentum as the product of mass and velocity

Know that time and dist
n? Physicists have derived an

relativistc speeds, so what about

Calculate the speed of a 1.00 g copy

per target travelling at relativisic speed witl
amomentum of 500 000 kg m s el SR

would messure s
st momentum.

Worked examples
Detailed worked
examples take
students through
how to solve
different problems.

v 201

retativistic where , s the mou . SoLes
laivisic . momentum, m isthe est mas, s the velociy of the b
& emomemimora AN Cis the spe ht. The subscript i p, inlic object,
joct as s m,ssuﬁﬂ momentum. ot P, indicates that it is the relativistic version of -—
oyt
f Not that o - _1o
ormgrseimetothe mentum and vloct ar vector quanti 5000002190
o e 1t e vector quantiie andare showin bold. The ¢ trm in w000
s nota vector quantity though (1w vectors mttiplied = x 1001
uantiesthogh (v vectors mulpled = ot a veetor) S e b sides)
2500 100x (1
20x100x (1
2s0x10
FIGUREL Wi e e
ks s e 250x10
ety
- 250x
- 0870 @25
280 NEWCENTURY PHYSICS FOR QUEENSLAND UNITS 32 4 y
e e
CASE STUDY 9.2
" 3 ysics o
i Addition of velocities flght i a vacuurn has the same value Cofirmation of NewtoriZnNPIVSES | sootisrs
study tip R e cluion: ll obervers ot srmont o s hconteln L8 S

& . ntre and give off pulses of light um‘».' .,mhmc :.m_

 and sometimes receding

e estoe s o
st around a commor
‘o e dath, Because
e they arc appIos
300 ! out 107 0
e ot st .
T 1974 th US asronomers o
apirand Russe Holbe messured
T s of gt emanating
e pfsar and found the specd
el 0 b the same

" ¢ or not will measure the same St
e e ae movig
e ares o s ving

(moving away) ~and at 8

lling along & road at a leisurely

Car shooting tennis balls :
connis ball forwards at

g an cbserver who s watching

carthatis 6

Frmionh on the roof t
B g that th car s

Lom s rlative o the car. The ©

1 the velocity of the ball

jve 0 Barth
i the the car reative to Earth

e ——
o receding from . :
confismations of relativity,
asvarded the Nobel Prize in 1993

These burnt-out stas provides an

-os7c

Full-colour
diagrams and
photos

Rich visual material
illustrates concepts
and engages
students.

Science as a
human endeavour
Real-world contexts
promote curiosity
and can be used

as a starting

point for research
investigations.

OXFORD UNIVERSITY PRESS

example of the confirmation of the

unchanging speed of ight

CHALLENGE 9:28

Rl
B e iy we s e

Study tip

FIGURE3 Newonian addiion

at 1.0 (Figure 4.
aving the carin @

Car with lamp
e e e elative 1o the car. In Newtonian
N citat 106

o d the light le
ey o e st

cond postulte of

ation of the set
Chis means that o anot be 21,06 10 aveid ik
ata velocity oy, = +0.60¢ when it

reetion at a velocity of +0.6¢ Flatve 10

relacivity. )

Rocket B was travelling ava
Isunched rocket A forwards in the
= +0560.

 from Earth

itself Gy

1 the velocity of the light re o
o i the velocity of the car e

a0 e
= 40600, Rocke A eving 30

0,600 tnches o

| is not +1.6¢ (as this would

et B to Earth ()
ket is only +0.88¢

elocity of s
Show that the velocity e

contradict Binstein's second postul

. TE AND
© SPECIAL RELATWITY
FIGURE 4 cHaPTER

- udy confirms the unchanging speed of e
“The following case stud

Lo oo o UNTS 384

SCIENCE AS A HUMAN ENDEAVOUR

Relativity and global positioning
satellites

KEY IDEAS

Inthis section, you willearn about:
. . accuracy,and

time diation.

Relativiy is notjust an abstract mathematical theory. Our g

CHECK YOUR LEARNING 10.5

Describe and explain where the gravitational constant
- % 107, the mass of the Earth

4 % 10% ke the Barth radius,

357000 mi and ¢ = 2.998 x 10° m .

] ltes Jritude of 20 184 000 m,

making their orbital radius R, = 26 541 000 m.

1 Deseribe how a difference in time signals can be
used to caleulate a position on Eart

2 Explain which theory of rlatvity, special or Ry
1, bas th pact on the calculation

of position

Substitute these values into the equation to show
ApPly, analyse and interpret that this works out t0 45,850 s per day

3 AGPS satclite makes two orbts in 24 hours,

Investigats

5 1fthe satelltes orbited in the opposite dircetion
would the calculations change?
Investigate and assess the following caims in
briefessay for cach:

surface of the Earth. Hint: you wil need to
use formulas from Ct

wapter 4. (Radius of
m; mass of the Earth,

& GPS isless accurate in the vertical dircction
than i the

b Without special relativistc correction, the
navigational error of a GPS system wauld be
much greater than 15 m.

Earth o the satelite.

4 “The ratioof relatvistic time t propertme,

s been shown to cqua

» Student book » Weblink » Weblink
questions Uses of satelites Global Positioning
Check your learning Satelites

105

Case studies
Real-life examples
illustrate theoretical
points being
explained in the
text.

Challenges
Scenarios and
questions encourage
critical thinking.

woTion 255

obook assess
Every section
includes links to
a range of digital
resources that
support student
learning and
assessment.

USING NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4 VIl




Chapter reviews
Each chapter review

includes:

¢ a summary of key
learning in each chapter

* revision questions
written to target
assessment through
multiple-choice and
short-answer questions

* key terms introduced
throughout the chapter

¢ key formulas used in
the chapter.

£ Practice exam q
5

1 A projectle s fired st an angle and its
horizontal range is measured., Seect the
oprion that states the clevation engle

Review

Summary

FEB - nitorm cncae mosion s the st ofa s hat s on n i<t &

perpendicular direction t the velociy of the object.
£EP - Thetime forone revolution of n abject in i
period, T

form circular motion i called the

o o
o
s i pr i ()

8

+ The centripetal force i the et force dirccted towards ¢
fa )
. Acecleration i often cxpressed in multiples ofg 98 m 5°-

Key terms
m " oy
Key formulas

tions

S Select the statement that best simplifics
Kepler's third law of motion.
A The greater the distance of
planct from the Sun, the shorer

B The greater e
‘planet from the Sun, the longer its A

 constant specd has an acceleration, called
nds the centre of the circular path and.

he centre of acircular

+ uniform circular

these two magnees, a shown in Figure 3. Selec the
statement below that best describes what happens to
the proton while travelingin berween the magncts

—
[ ]

point B
LN

foree

Revision questions

The relative difficuly of these questions i
indicated by the mumber of stars beside each

= lows = medium; horizo
question number; + = low;

1 A ballis being whirled in @ horizontal ircle of
radius rat constant speed. Th
ol at positions A and B s shown in Figure 1

change in velo

2 As part of a centipetal motion experiment,
udent swung a rubber stopper around in an
oxehead horizontl crcle at constant speed.
‘one particular trial she counts 20 revolutions
i 10 seconds, Seeet the expression that best

ahows the velocity of the stopper

biect being whisled in a horizontal circl ot

FIGURE2 Gt

e velocity of the

ity of the bal from point A to

sn o, DBy S

A
B
c
D

Determine the EMF produced.
Aoy
B 006V
caov
Doy

Shert:answer

11 A javelin thrower can achicve a horizontal
distance of 40.8 m when she throws her javelin

period of revolution. magnet
© Allplanes have the same period

Pk astraigh line.
D All planers are ¢

sometimes uphill escape ramps for

B The proton continues to move to the right in

2

from the Sun.

properly. Consider a simple 15°

Q,and 0, s Fin

' straight line.
Figure 1. Determine the magaicude °
nQ,

Funaway wuck travelling at 60 km b '
(167 m ), Determine the minimum

stopping length,

Alizm
2 uem founer
Csm At
b tom B
3 A car of mass 1000 kg moves on i
acirculr soad witha specd of o
20 m s, When the car had travelled D F pae

628 m along the road, ts direction
has changed by 90°, Determine the
centripetal foree acting on the car.

A 500N
B 1000N
C 1500
D 20008

between therm,
AN
B 12N
caN
D 5N

242 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3.6.4

Practical manual

Each mandatory
practical from the

syllabus has suggested
methodologies and

materials included in

the practical manual, and
suggested practicals are
included via obook assess.
Each practical is flagged in
the relevant section of the
Student book.

Towo masses have a gravitational force
between them of 24 N, The distance  FIoURE2
between the masses i then doubled,

Determine the new gravitationsl force

(Figure 4)

7 Acircular loop of wire hs an
anticlockwise current running through

it (Figure 2). Determine the direction A 2o
of the magnetic field inside of the oop. B B2mcost
€ Brrising
D Brricow

D The proton stops and moves to the left in s

Aloop of adius is placed in  magnetic field 5
that makes an angle of 8 to the plane of the loop

Determine the formula that best describes the
amount of lux inside the loop.

10 The magnetic flux threading a solenoid with
1000 turns changes as shown in Figure 5.

A norih

O

of the box.

13 A length of fishing linc i rated as having
breaking strain of 55 N. A student spins a rubber
stopper of mass 34 g on the fishing line in a
horizontalcircle o radius 85 cm at  constant
specd. The stopper makes 10 revolutions in 1.25
a Determine the magnicude of the velocity of

the stopper.

b Predict the speed necessary to break the

fishing lne.

© Calulate the mass the fishing line would

Supportif hung verticaly

14 A deuterium atom consists of s nucleus made
up of a proton and a neutcon, and an orbital
electron about 15 um from the nucleus,
Determine which is greater; the gravitational
force of atraction between the electron and
the nucleus, or the Coulomb clectrostaic force

between them,

15 A distant star has a planet in a circular orbit of
Fadivs 5.0 % 10" m with a period of 50 days.

& Determine the mass of the star.

© into the page

D out of the page

b

8 Two idenical bar magncesare fied

in place. A proton moving to the right =
is about t enter the region between o
s noues

Practical manual

This chapter s a guide to all of the mandatory practicals included in
the QCAA Senior Physics Syllsbus. Please refer o your obook assess
for access to the suggested practicals from the syllabus. These practials
are not prescriptive and schools may complete the practicals to their

The practials in this chapter have ben trialed, and safety
instructions are provided: however, it is the legal abligation of the
teacher to per it own sk assessments prior o partcipating in
any practical activity.

‘While completing the practicals specifc safery hazards will be
highlighted at the top of the practical. This page provides general safety
hen i by

This chapter wil highlight key safety
concerns for each practical on the.

= If ever in doubt, ask your teacher
before proceeding
- Always be an

sour peers in the

pract schoal's

» Tie back long hair

responsibility to conduct a risk assessment
prior to any practical covered in this book
cither online or printed).

~» Familisrse sourself with your school’s
safety procedures and the locations of
safety ks

NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4

16 Three point charges are asranged in a right-
angled triangle, as shown in Figure 6. The size
of the charge and the distances between the

charges are also shown.

UNIT3 GRATY AD ELE

" atan angle of 45", She
believes she can throw faster and further at an
angle of 30°. Determine the velocity required at
this angle to exceed a distance of 408 m.

angle o 25° 10

the horizontal. A box placed on the incline
experiences a frictional force of 20 N and slides
down at a constant speed. Detcrmine the mass|

possible o detcrmine the
mass of this planet from the data above, Give

* Projectile launcher and
* Data logger (optional)

4 Astudentis inve
whitling arubber

best deseribes what he can do to keep the
radius constant.

S A rubber stopper is moving in an
anticlockwis
spe
“hows the direction of the velocity and
acceleration at point X.

ontalcircle

1 the mass () of the rubber
onstant, but increases the hanging
ed masses (A1), Seect the statement that

increase n or decrease ©
decrease m or increase ©
decrease mor e

rizontalcircl at constant
L the diagram in Figure 4 that

"CHAPTER 3 CROULAR HOTION. 111

Practice exam

questions

Each unit includes a set

of practice questions to

prepare students for their

end-of-year external
examination. Questions
include:

* multiple-choice
questions to consolidate
learning

* short-answer
questions with
additional guidance on
how long students should
spend on each question.

m Angled projection and distance

A SAUTION: Be careful luncring projecties, bo ot

standinthe projectie’spath,

O, Topic 1 Conduct

determine the horizontal di S0
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Student workbooks

New Century Physics for Queensland Units 3 & 4 and Units 1 & 2 are supported by two Student

workbooks that follow the same structure as the Student books, ensuring that students are consolidating

relevant topic knowledge and developing key assessment skills. The workbooks include:

* atoolkit chapter that explains each key internal assessment

* Data drill activities that allow students to practise analysis and interpretation skills for the Data test

+ Experiment explorer features to support the modification of a practical as required in the Student
experiment

* Research review activities to help students
develop skills in evaluating a claim and E 7 Electromagnetism
conducting research

+ Exam excellence questions that include
multiple choice and short answer questions to

prepare students for the external assessment

* practice internal assessments (Data test,
Student experiment and Research investigation)

* write-in worksheets for all mandatory and
suggested practicals

« answers to all activities and practice
assessments.

obook assess

New Century Physics for Queensland Units 3 & 4

is supported by a range of engaging and relevant digital

resources via obook assess.

Students receive:

* a complete digital version of the Student book with
notetaking and bookmarking functionality

» video tutorials demonstrating key skills

» write-in worksheets to accompany all mandatory
and suggested practicals

* interactive auto-correcting multiple-choice quizzes
» arange of engaging weblinks to support understanding

» access to work assigned by their teacher: reading, homework, tests, assignments.

In addition to the student resources, teachers also receive:

» detailed planning resources

» Student book answers

» printable (and editable) sample assessments, including data tests and exams with answers

» the ability to set up classes, set assignments, monitor progress and graph results, and to view all available
content and resources in one place.
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The physics toolkit

The natural world is an intriguing and exciting place. Physicists,

like other scientists, try to explain the natural world. Many of the
greatest theories that physicists have developed have come from asking
‘why’, ‘what’, ‘how’ and ‘when’. These questions are key to being a
scientist. Physicists then try to solve these by conducting research and
experiments, which collect data that they then analyse using a variety of
methods.

Humans have made measurements since they began questioning.
These measurements mean very little without analysis and further work.
Throughout your Senior Physics course you will be exposed to data
collection and analysis, practical work, investigating science through
research and designing your own experiment.

This chapter should be used as a toolkit. It does not need to be
studied in one sitting, but is something that you can refer to throughout
your Units 3 & 4 course. It has guidance on making accurate and precise
measurements of physical quantities, how you can report these results
and what they imply. It also has guidance for key assessment that you
will come across over your course.

% T2 £

such as voltmeters, to measure naturgl ﬁﬁ‘enomer},




MAKES YOU WONDER

This chapter is called the zeroth chapter
to commemorate a highpoint in the
history of physics. The zeroth law of
thermodynamics is called the ‘zeroth’ law
because it was developed after the first
and second laws of thermodynamics had
already been proposed and named, but
was considered more fundamental and
thus was given a lower number — zero.
Just like this chapter.

In this chapter you will learn about
the different ways physicists make

measurements and interpret these

measurements, and answer questions

such as:

— Is there more to a career in physics
than just looking for relationships
between physical quantities?

— Do modern physicists get things
named after them, or is it just those
from olden days?

— If you can’t linearise your data does
this mean it’s wrong?

— What do errors in experiments mean?
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Understanding the QCAA Senior

Physics course

KEY IDEAS
In this section, you will learn about:

+ course structure
+ key dates and assessments in Senior Physics
+ QCAA Senior Physics internal and external assessment.

The requirements of the QCAA Senior Physics course are set out in the syllabus document.
You can find a link to this via your obook assess. This section outlines key topics and
assessments throughout Units 3 & 4 Physics.

Structure of Units 3 & 4 Physics

Physics Units 3 & 4 includes the following units and topics:

TABLE 1 Unit 3 Gravity and electromagnetism

1  Gravity and motion Chapter 1 Vectors and projectile motion
Chapter 2 Inclined planes
Chapter 3 Circular motion
Chapter 4 Gravitational force and fields
Chapter 5 Orbits

2 Electromagnetism Chapter 6 Electrostatics
Chapter 7 Magnetic fields

Chapter 8 Electromagnetic induction and radiation

TABLE 2 Unit 4 Revolutions in modern physics
1  Special relativity Chapter 9 Special relativity: time and motion
Chapter 10 Special relativity: length, momentum and energy
2 Quantum theory Chapter 11 Quantum theory and light
Chapter 12 Quantum theory and matter
3  The Standard Model  Chapter 13 The Standard Model

Chapter 14 Particle interactions

Assessment

The QCAA has outlined three internal assessments; the data test, the student experiment and
the research investigation. At the end of Unit 4, students will also sit an external examination.

Throughout the year you will complete these internal assessment as part of your

4 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3& 4 OXFORD UNIVERSITY PRESS
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coursework. Section 0.2, 0.3 and 0.4 provide guidance about each of these tasks. Before
completing any of these, you should consult your teacher for their advice and if they have
any preferred presentation styles. You should also familiarise yourself with the QCAA Senior
Physics Syllabus, which includes ISMGs (Instrument Specific Marking Guides). When you
read through each of the internal assessments you should ensure that you understand the key
requirements of each.

Section 0.5 in this chapter provides guidance on exam preparation. Part of this is
familiarising yourself with the syllabus, and ensuring that you follow guidance from your
teacher for the exam structure.

Internal External
assessment assessment
Data test
(10%)
Unit 3
Student External
experiment ———— examination
209 509
Assessment (20%) (50%)
Research
Unit 4 ——— investigation ——
(20%)

FIGURE 1 Differentiation between Internal Assessments (IA) and end of year assessment

Cognitive verbs

During your assessment tasks and examinations, questions will be presented to you as a
command using cognitive verbs. Cognitive verbs are task words that provide information cognitive verb
task word that

el . . . provides information
It is important that you understand the difference between different cognitive verbs about what an answer

about what an answer requires.

and the level of response they require. For example, a question that asks you to compare requires
is different from one that asks you to contrast. One requires you to show similarities and
differences, while the other is only asking you to show the differences.
Understanding exactly what a cognitive verb is asking means that you will be prepared to
write exactly what your teacher, or an examiner, is looking for. Examiners want to give you
marks, but this can only be done if you provide the right information and make it easy to
see. For example, if you describe data when the question wanted it analysed, you will not be
eligible for full marks.
Table 3 on the next page provides a sample of cognitive verbs used throughout this book
and in your assessments. A full list of QCAA cognitive verbs is provided on your obook assess.
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TABLE 3 Cognitive verbs

Assess

Calculate

Classify

Compare

Consider

Construct

Deduce

Describe

Design

Determine

Differentiate

Distinguish

Evaluate

Explain

Measure, determine, evaluate, estimate or make a judgment
about the value, quality, outcomes, results, size, significance,
nature or extent of something

Determine or find (e.g. a number, answer) by using
mathematical processes; obtain a numerical answer showing
the relevant stages in the working; ascertain/determine from
given facts, figures or information

Arrange, distribute or order in classes or categories according
to shared qualities or characteristics

Display recognition of similarities and differences and
recognise the significance of these similarities and
differences

Think deliberately or carefully about something, typically
before making a decision; take something into account when
making a judgment; view attentively or scrutinise; reflect on
Create or put together (e.g. an argument) by arranging ideas
or items; display information in a diagrammatic or logical
form, make; build

Reach a conclusion that is necessarily true, provided a given
set of assumptions is true; arrive at, reach or draw a logical
conclusion from reasoning and the information given

Give an account (written or spoken) of a situation, event,
pattern or process, or of the characteristics or features of
something

Produce a plan, simulation, model or similar; plan, form or
conceive in the mind

Establish, conclude or ascertain after consideration,
observation, investigation or calculation; decide or come to a
resolution

Identify the difference/s in or between two or more things;
distinguish, discriminate; recognise or ascertain what makes
something distinct from similar things;

In mathematics, obtain the derivative of the function
Recognise as distinct or different; note points of difference
between; discriminate; discern; make clear a difference/s
between two or more concepts or items

Make an appraisal by weighing up or assessing strengths,
implications and limitations; make judgments about ideas,
works, solutions or methods in relation to selected criteria;
examine and determine the merit, value or significance of
something, based on criteria

Make an idea or situation plain or clear by describing it

in more detail or revealing relevant facts; give an account;
provide additional information

6 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4
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Assess the effect on their experiment if
students noticed that some of the loops in
the coil were touching each other.
Calculate the resistance of a 50 m length
of silver wire of cross-sectional area of
0.50 mm? at 20°C.

Classify the following units as SI or non-
SI: metres, kilograms, pounds, kelvin.
Compare free convection and forced
convection.

Consider what the forces would be if a
very large mass of 500 kg was placed on the
table.

Construct a force—displacement graph
of a school bag of mass 10 kg being raised
vertically at constant speed to a height of
2.0 m.

Deduce how much heat transfer occurs
from a system if its internal energy
decreased by 350 ] while it was doing 50 J
of work.

Describe the type of decay when there is a
surplus of protons.

Design an experiment to investigate the
intensity of light through a pair of polarisers
as one of the polarisers is rotated through
180°.

Determine the amount of C-14 as a
percentage of the C-14 in living tissue if the
plant was living 2000 years ago.
Differentiate between the scale reading
uncertainty for an analogue (printed) scale
and a digital scale.

Distinguish between the nuclear strong
force and the electrostatic (Coulomb) force.

Evaluate this statement: ‘beta positive
decay and electron capture are the same
thing’.

Explain what it means to have a fission
chain reaction.
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Identify

Interpret

Investigate

Justify

Modify

Predict

Propose

Sketch

Distinguish; locate, recognise and name; establish or indicate
who or what someone or something is; provide an answer from
a number of possibilities; recognise and state a distinguishing
factor or feature

Use knowledge and understanding to recognise trends and
draw conclusions from given information; make clear or
explicit; elucidate or understand in a particular way;

Identify or draw meaning from, or give meaning to,
information presented in various forms, such as words,
symbols, pictures or graphs

Carry out an examination or formal inquiry in order to
establish or obtain facts and reach new conclusions; search,
inquire into, interpret and draw conclusions about data and
information

Give reasons or evidence to support an answer, response or
conclusion; show or prove how an argument, statement or
conclusion is right or reasonable

Change the form or qualities of; make partial or minor
changes to something

Give an expected result of an upcoming action or event;
suggest what may happen based on available information
Put forward (e.g. a point of view, idea, argument, suggestion)
for consideration or action

Execute a drawing or painting in simple form, giving
essential features but not necessarily with detail or accuracy;
In mathematics, represent by means of a diagram or a graph;
the sketch should give a general idea of the required shape or
relationship and should include features

CHECK YOUR LEARNING 0.1

Identify the formula that links the quantity
symbols s, v, z and a.

Interpret the data and construct a force
versus displacement graph for the spring.

Investigate the following question: Was the
strong nuclear force ‘invented’ in the 1970s
or was it ‘discovered’?

Justify the conclusion that the collision was
elastic.

Modify the following conclusion to make

it more acceptable: ‘Because IV = IR, the
resistor must be ohmic’.

Predict the shape of the spring when two
pulses interact.

Propose a reason for why many people die
in intense bushfires even though they have
not been touched by the flames.

Sketch the following vector quantities on a
directed number line: 30 m E and 100 m W.

Describe and explain 3 Identify the topics that appeal most to you, and

1 Identify the three internal assessments.

2 Recall the topics covered in Unit 3 and those
covered in Unit 4.

Check your obook assess for these additional resources and more:

» Student book
questions
Check your learning 0.1

» Increase your » Weblink

those that you think you might find challenging.

knowledge QCAA General Senior
QCAA cognitive verb Physics syllabus
list

OXFORD UNIVERSITY PRESS
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Study tip

In your data test, you
may find it useful to
sketch a new graph
to help you interpret
data. However,
always remember
that graphs are not
required, so any
graphs you draw will
not be assessed.

8 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4

The data test

KEY IDEAS

In this section, you will learn about:
+ the data test assessment task
+ how to prepare for a data test.

The data test is the first of the four mandatory assessment tasks you will undertake in your
course of study, and is worth 10% of your final grade. It is a one-hour test with 10 minute
perusal time at the start that asks you, individually, to respond to questions about case
studies, activities or the mandatory and suggested practical work you have done. You will be
asked to provide answers to short-response items requiring single-word, sentence or short
paragraph responses, and others that will require calculating using algorithms (formulas)
and interpreting datasets. You will not be expected to describe and explain facts, theories
and physics principles, only to apply them. It should be noted that the test is made up by your
teacher and approved (endorsed) beforehand.

Preparing for a data test

The key to doing well on a data test is to make sure you do all of the practical work well.

It is no good just standing back watching others do it. There is an old saying, ‘I see, and

I remember; I do, and I understand’, which sums up the best approach to data tests. But it
has to go further than just doing. During a practical or activity, you need to manipulate the
equipment, collect data and analyse it to get meaning from it.

Datasets

The data test will provide you with three or more sets of data drawn from your experiments,
and you will have to show that you can understand, analyse and interpret the data. It is highly
likely that the datasets will be of two types: graphs and data tables.

Graphical datasets

When you look at a graph, consider the following:

¢ What quantities are being plotted? (What quantities and units are shown on the x-axis
and y-axis? For example, x-axis is force, F, and y-axis is velocity squared, 2°.)

* What formula links these variables (check your data booklet)? F, = my?
A(v?)
AF,

. . . . A .
e Is the graph linear, if so, what is does the gradient represent <A—i)" Gradient =
e If the graph is linear, state the relationship in the form y = mx + ¢, where m is

the gradient, and c is the intercept on the y-axis (e.g. F, = 1.25¢° + 0.06).
¢ Rearrange tlzle formula to show what the gradient represents:
v r

gradient = =

e Ifthe gradie;rt value is given, use the value to solve the equation for the unknown. If the
gradient is not given, determine its value. For example, once you know the gradient, and
the value of say r, you can solve for .

e Use error bars (if shown on the graph) to determine the gradients for the maximum
and minimum linear lines of best fit, and hence calculate the uncertainty of the
gradient: F, = (1.25 £ 0.11)2” + 0.06.

OXFORD UNIVERSITY PRESS
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e Does the trendline pass through the origin? If not, it may indicate a systematic error.
Propose causes and solutions.

* Does the trendline pass through many of the scattered points? If not, it indicates
random error (lack of precision and high uncertainty). Propose causes and solutions.

e Predict values by interpolation or extrapolation.

¢ Determine the impact on the data of changes to the experiment, such as
changing the mass, temperature, force, distance and so on.

» State whether a given relationship is supported by the data.

Tabular datasets (tables)

Typically, determine:
e the average

g > .
e the uncertainty of repeated results } /
e any missing values 7
e trends — check to see whether the dependent variable is doubled when the R

independent variable is doubled. If so, the trend is likely to be linear; if not it may be

some power relationship, but you wouldn’t be expected to determine the relationship
FIGURE 1 A student

* the values of the dependent variable when independent value is halved, doubled and so on.  y5ins 4 data test

If you do the mandatory and suggested experiments as provided in your Student book and
obook assess, and answer the questions as written, you will be well prepared for any question
on a data test. But you need to do them yourself and not just read through the solutions of
other students or provided by your teacher.

Summary

The data test expects you to apply understanding, and analyse and interpret evidence.
Although questions are set by teachers in schools, they generally prescribe the following
cognitions. These examples follow a sequence used in practical reports.

Apply understanding (calculate, determine, identify, recognise)

e Calculate the average from a set of data.

¢ Determine missing values from a data table by working backwards from the average.
e Determine absolute and/or percentage uncertainty from set of data.

e Identify an anomaly or outlier.

Analyse evidence (categorise, classify, contrast, distinguish, organise, sequence, identify
trends, patterns, relationships limitations or uncertainty)

* Identify/recognise the relationship between two variables in a data table and use evidence
to support the claim.

e Identify the relationship from a graph and justify by use of evidence.

* Identify factors affecting shape of graph.

* Analyse the data to test a claim.

Interpret evidence (compare, deduce, extrapolate, infer, justify, predict, draw conclusions)

e Predict/infer the shape of graph if variables change.

* Compare the gradient of a line of best fit for a linear or linearised graph with maximum
and minimum gradients and their y-intercepts.

¢ Deduce absolute and/or percentage uncertainty in gradient and/or y-intercept.

e Predict values by extrapolation or interpolation.

e Propose the meaning of the gradient in terms of a physical quantity.

e Determine percentage and absolute uncertainty in physical quantity derived from graph.

OXFORD UNIVERSITY PRESS CHAPTER 0 THE PHYSICS TOOLKIT 9
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Data test example

The following is an example and its worked solution.

A student set up the apparatus shown in Figure 2 to investigate the force acting on a
conductor in a magnetic field. The current-carrying wire was fixed in a clamp and the
magnets were placed on an electronic balance. The student varied the current through the
conductor and measured the tared mass reading on the mass balance. The data was processed
and plotted in Figure 3.

The effective length of the wire in the magnetic field was 2.0 cm and the wire was
orientated at 90° to the magnetic field.

current-carrying wire

direction of current

force on wire

/

direction
of magnetic
field

\ force on magnets /

FIGURE 2 Apparatus to measure the force on a current-carrying conductor in a magnetic field

Current versus force

12.0

Maximum trendline:

y=12.5x-0.5 . .
Linear trendline:
10.0 13 =-938x+039

A
~ 8.0 “
2 Es e
5 |
i
x 6.0
3 Minimum trendline:
E y=7.0x+2.0 |
4.0 s
¢
2.0 =
P
0.0 /
0.0 0.2 0.4 0.6 0.8 1 1.2

Current (A)

FIGURE 3 A graph of current versus force for the experiment

1 Analyse evidence

Identify a mathematical relationship between the force acting on the conductor
and the current passing through the conductor, including the uncertainty of
the gradient and the y-intercept. [3 marks]
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Worked solution

xmax_xmin

2
_125x103-7.0%x 1073
B 2

=2.75%x 102 N A!

Uncertainty in gradient: x =

Percentage uncertainty: 6 % = % x 100
0

_2.75x 107
9.38 x 107

=29.3%
F=(938x107%+275x102)I+0.39x 10> N

x 100

2 Interpret evidence

Draw a conclusion that quantifies the magnitude of the magnetic field through
which the wire is passing, including the absolute or percentage uncertainty in the

value you determine. Show your reasoning.

Worked solution
F = BILsin0

__Fr : o _

B= Tx L (sin90° =1)
_gradient . F _ .
=7 [as T= gradient]
_9.38x 1073
- 0.020

=0.469T % 29.3%

=0.4710.14T (2 sf)
The magnetic field strength is 0.49 £ 0.14 T.

CHECK YOUR LEARNING 0.2

Describe and explain

1 Explain the cognitive verbs that are
associated with the assessment objective ‘apply
understanding’.

2 You have been asked to ‘draw a conclusion based
on analyses’. Explain if this is associated with
‘analysing evidence’ or ‘interpreting evidence’.

Investigate, evaluate and communicate

3 The cognitive verb ‘identify’ is often used when
requiring a response about uncertainty in the

Check your obook assess for these additional resources and more:

» Video
The Data Test

» Student book
questions
Check your learning 0.2

OXFORD UNIVERSITY PRESS

[4 marks]

data. Explain if this means that you will need to
calculate absolute or percentage error.

4 A particular data test item includes a table of data
and you have been asked to ‘identify whether
a relationship is present’. Decide if you would
be expected to draw a graph to determine the
relationship by visual inspection.

5 A data test item asks you to justify’ your
conclusion. Determine if it is better to support
it with examples from the data or to refer to
theory that you have learnt.

» Increase your

knowledge
Interpreting different
types of graphs
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The student experiment

KEY IDEAS
In this section, you will learn about:

+ the student experiment assessment
+ modifying an experiment.

The student experiment is part of the assessment for Senior Physics in Queensland that
you will undertake in Unit 3. It is worth 20% of your final grade and involves selecting an
experiment that has already been completed in class and modifying it in order to address a
hypothesis or research question.

Developing a research question

The purpose of the research question is to guide the direction of the research and analysis.
The research question can be developed using five steps:

¢ Identify the independent variable to be investigated.

¢ Identify the dependent variable.

¢ Identify the methodology to be used.

¢ Draft several research questions.

¢ Refine and focus one research question.

The statement of the research question will have to be specific and relevant, and should
mention the dependent and independent variables. It must show the relationship with the
original experiment. For example, consider Mandatory practical 7.2 ‘Strength of a magnet
at various distances’. The original research question might have been: What is the relationship
berween the force exerted by a bar magnet on another identical bar magnet when separated by
distances between 0.5 cm and 10 cm? This will be used as an example throughout this section.

Based on your results when completing this mandatory practical, you may pose a research
question to address an error in the practical or a curious result.

Developing a rationale for the experiment

The rationale is the purpose of the experiment — that is, what the experiment aims to achieve

and the reasons for conducting the experiment. The reasons for modifying an experiment

should include one of:

e arefinement because the original experiment wasn’t accurate or precise enough. It is known
that the length of a permanent magnet is important because the poles on the opposite
ends of the magnets interact. In fact, depending on the length, the relationship could vary
between F = % and F = #, with a typical value for school magnets of F = d%_g). Similarly,
background fields from Earth, wires in the room, and nearby steel in the bench, sink and
taps are environmental factors that need to be controlled. A refined research question
could be: What effects do the lengths of permanent magnets have on the force berween them as a
Sfunction of separation distance?

e an extension in which a relationship between two variables was observed but the data didn’t
extend beyond that range of parameters. There is a problem with keeping magnets perfectly
aligned, particularly in the repulsive case where the magnets tend to push to one side.
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The repulsive and attractive conditions produce different results unless strict controls are
imposed. An extension research question could be: Does the force between two permanent
magnets vary with distance identically for both repulsion and attraction?

e a redirection because a certain natural factor affected results and its relationship to the
original variables needs to be assessed. The temperature of a magnet is known to affect its
field strength, so an investigation of this variable is warranted. Using two solenoids as the
source of the magnetic field may allow for greater control of the variables. A redirected
research question could be: How does magnetic field strength of a permanent magnet vary with
temperature?

It is a simple step to develop a hypothesis from a
research question. For example, the research question
‘How does magnetic field strength of a permanent
magnet vary with temperature?’ could become ‘As
the temperature of a permanent magnet is increased,
the field strength will decrease’. In this hypothesis, the
independent variable is the temperature of a permanent
magnet and the dependent variable is the field strength.
If you haven’t yet researched the theoretical side of
magnetism and do not know the direction of any
change in your dependent variable, you could just say
‘... the magnetic field strength will change’.

The rationale needs to describe and explain
theoretical relationships for the variables under

consideration. FIGURE 1 Arduino boards can use sensors such as magnetometers
to collect field strength data. It is essential that all aspects of your

experiment are ‘hands-on’ for all group members.
Method

The method must justify how the modifications will refine, extend or redirect the original
experiment. It needs to show how the variables will be manipulated and measured, and the
others controlled.

Manipulating the independent variable

The independent variable can be manipulated by trials and repetitions. Trials are
variations of the independent variable. Five trials should be conducted if the relationship is
expected to be linear. If the relationship is expected to be non-linear, further trials should
be conducted. Repetitions are additional test measurements made under exactly the same
methodology, conditions and materials.

Measuring variables

Gather information about how the variables are to be measured. This includes what instrument is
to be used, how it works, how it is connected, and what the techniques are for using it and reading
it accurately. Uncertainties involved in the measuring process should also be acknowledged. The
only variables that should be listed are those that will have an effect on the experiment.

Using a logbook

Using a logbook, electronic or otherwise, will help you to record your data accurately as you
conduct the experiment. This will make it easier to interpret your results. See your obook
assess for help in setting up a logbook.
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Study tip

If a table and graph
represent the same
data, they should
share the same name.

Study tip

An appendix can be
included to show
anything that does
not fit into a data
table. If you choose to
include an appendix,
you must reference it
in your results.

FIGURE 2 While
conducting your
experiment, record
results in a table in
your logbook and look
for possible anomalies
and outliers so that
you can identify any
problematic parts for
retrials.

-
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Communicating your findings

After you complete your experiment, you need to present these findings. Typically, scientific
results are presented in a report, but there is also opportunity to present your results as a
poster presentation or journal article.

Regardless of the medium you choose to present your findings in, you will need to include
the following information.

Introduction

The introduction must address the research question and hypothesis, and explain the rationale
for the experiment. Start with a statement of the research question, then the rationale. In your
introduction you should discuss and explain theoretical relationships, as well as explaining

the original experiment and why any modifications were required. You should address the
relationship between the independent and dependent variables, and explain any theory behind
this. This should include detailing any assumptions that are made about the use of formulas,
and predict any expectations about the outcome. At the end of your introduction you should
have a summary statement that ties everything together.

Method

The method needs to address the method used in the original experiment and how this
has been modified in the student experiment. Your method also needs to include a risk
assessment. This is to manage risks that may be associated with the experiment, so that
anyone who repeats the experiment can avoid harm.

The method should include exact measurements that were made, equipment used and
timing of measurement. This will aid anyone who repeats the experiment.

Results

The results of the experiment should be presented, but not analysed or discussed, in this section.
Results should be presented using data tables and graphs. A data table should state what has been
measured and show raw data that is displayed in forms appropriate for the data. For example, if
data about temperature was recorded in Celsius, it should be displayed in Celsius, not kelvin.
Any sample calculations that were conducted should also be represented here. This includes
any manipulation of the data, including calculating the average and calculations
of quantities.

Analysis of evidence

Any trends in the data should be apparent after the results section.
This is usually done using graphical analysis, including the
addition of error bars. A relationship between the variables that
is applicable to the research question should be identified.
The relationship should not be superficial or partial. If the
*’% relationship is non-linear, then a relationship should be

/ suggested and linearising attempted.
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Any limitations of the evidence should also be described here. This will also include an error
analysis of the data in terms of precision (uncertainty) and accuracy. Your findings and comparison
with theoretical expectations must only be considered within the parameters of the experiment. That
is, if there is no known accepted value then you would not be able to determine accuracy.

Discussion

The discussion is where you interpret the experimental evidence. A justified conclusion can
be provided that links to the research question. In this section, the research question should
be restated, as well as stating whether the hypothesis, if proposed, was supported or not.

A summary of the results should be presented to state whether the research question was
supported or not. Any evidence or examples used should be specific and relevant. Each piece
of evidence that you reference to support your conclusion needs to be explained.

Conclusion

The experiment should be summarised and given closure. It should be clear that a logical
and reasonable argument has been made from valid and accurate data that is supported by
trustworthy and relevant theory to generate logical conclusions.

CHECK YOUR LEARNING 0.3

Describe and explain

1 Explain the five steps in developing a research
question.

2 Identify the three ways a practical can be
modified for use in a student experiment.

3 Recall whether a hypothesis is mandatory. 6

Study tip

See Section 0.7 of
New Century Physics
for Queensland Units
1 & 2forexamples

of how to add

custom error bars
and maximum and
minimum gradient
linear lines of best fit.

Study tip

If linearising is
achieved, lines of best
fit can be added that
have the maximum
and minimum
gradients within the
error bars. From this,
the uncertainty in

the gradient can be
expressed.

Investigate, evaluate and communicate

5 Decide whether you would include suggestions
for overcoming ‘mistakes’ in the evaluation
section of your report. Justify whether they fit the
definition of improvements or extensions.

You used a ping-pong gun to investigate the

effect of angle of elevation on horizontal range.

Apply, analyse and interpret

4 Deduce which one of the three ways a practical
can be modified that you identified in Question 2
applies to the following scenario: ‘Air resistance experiment.

unexpectedly affected your earlier results and its

relationship to the original variables needs to be

assessed’.

Check your obook assess for these additional resources and more:

» Student book » Video » Increase your
questions The Student knowledge
Check your learning 0.3 Experiment Further information

on the student
experiment
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However, you now realise that air resistance may
have been significant. Propose a new research
question that allows you to modify your original
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The research investigation

KEY IDEAS
In this section, you will learn about:

+ tackling the research investigation.

The research investigation is an assessment task that you will undertake in Unit 4. The
research investigation will contribute to 20% of your final grade. It is a non-experimental task
that requires you to evaluate a claim about a significant issue from your study of physics.
Your teacher will provide you with a list of claims. Select a claim from this list, and
develop a research question based on the claim. There are essentially two parts to the research
secondary investigation. First, you need to obtain secondary evidence for your research question
evidence
data that has been
compiled from
records of primary
sources by someone

not directly involved
in the primary event

through scientifically credible sources. Then, based on the research you have conducted, you
will have to reach a justified conclusion about the truthfulness of the claim.

This assessment requires individual research and writing, and can be conducted both
during class time and in your own time, to develop your response.

Selecting and researching a claim

When choosing the claim for the foundation of your research question, you should consider
the following points:

¢ Does this topic interest me?

¢ Have I learnt about this during my Senior Physics study?

¢ Do I understand this claim and topic?

If you select a claim that meets the above criteria, it will be easier for you to research
this topic.

Once you have selected a claim, you need to identify the key terms and to question these
so that you can determine the relationship that exists between the variables. It can help if you
identify the independent and dependent variables in
your research question. After you have selected the
claim, you need to ensure that you read broadly to
see if the scientific literature provides evidence that
supports or refutes the claim.

For example, consider the claim, ‘space goes
on forever’. The key terms in this claim would be
‘space’ and ‘forever’. The relationships between
these should link the cause and effect. For example,
space is being created (cause) and thus we’ll never
reach the end of it (effect).

You will also need to consider if you are
dealing with a measurable variable. In the above

example, ‘space goes on forever’, you would need to

FIGURE 1 The research investigation is a key part of your assessment in determine how to measure the end of space and if

Unit 4. It requires you to work individually throughout the task.
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Credible sources for research

When conducting scientific research it is important to use credible sources. This ensures the

reliability and validity of any results and studies that you may choose to read. Some good

starting points are:

* Google scholar Study tip

* Physics journals such as You can use your
—  The Physics Teacher ﬁ:ﬁgtffj:‘:;gﬂnd
—  The American Journal of Physics databases.
—  Physics Today

¢ Physics databases such as The AAPT ComPADRE Digital Library

¢ library and university searches

* government sources.

Gathering scientific evidence

When researching, try to approach the scientific literature without a preconceived idea. As
you read through the literature, you may find evidence that both supports and refutes your
claim. A research investigation must consider the claim as a whole — this means considering
and including evidence that both supports and refutes the claim. A good argument considers
both sides.

Interpreting scientific evidence

You should interpret the evidence presented in the literature by drawing upon your scientific
understanding. This will include separating the evidence that supports your argument and the
evidence that contradicts your argument. You will then be able to use the scientific literature to
construct an argument. The argument needs to directly answer your research question.

You should look at the results, the method used, and the way that the data was collected
and analysed across all sources.

Presenting your findings

Once you have conducted the research, you need to present your findings. The research
investigation can be presented as a report, journal article, essay, poster or presentation. You
should consult with your teacher to see if there is a preferred option. Regardless of the way
your report will be presented, you will need to address the following areas.

Research question

You need to state the claim and provide a rationale for how you developed the research
question. This will involve explaining any critical thinking processes that were used during
your research and analysis of the research.

Provide an overview of the evidence

You must also present your argument and discuss both sides with supporting and refuting
evidence. You should also explain the physics behind the claim and any cause-and-effect
relationships. Using the example of space, you may need to explain how space is being created
by expansion, the relevant properties of the expansion of space and movement within space,
how light travels and how the expansion of the universe can be faster than the speed of light.
Explain this using evidence from the literature.
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Analysis and interpretation

There are two parts to each argument: analysing data and interpreting the data.

When providing the analysis of data, provide a clear topic sentence that contains sufficient
and directly relevant scientific evidence presented in a systematic and accurate way. Any
patterns, trends and relationships in the data that support the argument should also be
identified. Examine the evidence thoroughly to identify any limitations such as data that is

reliable out of date, data that may not be reliable and valid, or data outside of the range of the

constant and physical conditions specified in the question.

dependable, or

consistent and To interpret the data, a topic sentence should include evidence that shows direct links to

repeatable the claim and the research question. The argument must critically evaluate the validity and
reliability of the claim showing how evidence supports the answer to the research question.

Conclusion and evaluation

Your conclusion must consider the limitations identified in the analysis of the data and how
these affect the use of evidence to evaluate the claim. These limitations may include evidence
of other studies, or your own investigation. The evaluation of the claim should support or
refute the claim within the limitations of the evidence identified in the analysis. It should be
easily understood and avoid unnecessary repetition.

Any improvements to the investigation should be presented, including limitations of the
evidence. Any extensions that would complement the findings of the investigations should
also be provided.

Your research investigation should finish with a strong statement explaining how you have
used sound reasoning and valid and reliable evidence to support conclusions that directly
respond to the claim.

CHECK YOUR LEARNING 0.4

Describe and explain Investigate, evaluate and communicate
1 Explain whether you have to choose a claim 4 Generate a research question from the claim
from a list of suggestions or if you can negotiate ‘you can’t travel faster than light’.
another. 5 Generate a relevant research question from the
2 Define ‘limitations’ of the evidence and provide claim that ‘the dream of almost limitless clean
an example. energy from nuclear power is close to being
3 Clarify whether the claim you have selected has realised’.
to be true.

Check your obook assess for these additional resources and more:

» Student book » Video » Increase your » Weblink
questions The Research knowledge Research databases
Check your learning 0.4 Investigation Conducting scientific
research
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Study tip

Remember, each
multiple-choice
question (or ‘item’)
is worth 1 mark. If
you are finding any
difficult you can
leave these and
come back to them
later. It is not worth
using 10 minutes on a
1 mark question.

OXFORD UNIVERSITY PRESS

External assessment

KEY IDEAS
In this section, you will learn about:

+ an overview of the external assessment
+ the structure of the external examination.

Your final assessment is the external examination, which accounts for 50% of your final
Physics grade. The external examination will cover information from both Units 3 and 4,
so it is important that you are continuously revising throughout the year. All Senior Physics
students studying Units 3 and 4 will sit the same exam, at the same time, on the same day.
Being able to understand physics concepts is important — but being able to show it in exams
requires different skills. Here we’ve collected together our best advice.

What does the external assessment look like?

The external assessment will consist of two papers, each of 90 minutes plus 10 minute perusal
time. Paper 1 will have about 20-25 multiple-choice questions of one mark each. They will
vary in difficulty from the simple ‘describe and explain’ to more complex ‘apply, analyse and
interpret’ questions. Allow, on average, 2 minutes per question. Paper 1 will also include

6—8 short-answer questions of 3—6 marks each. Some of these will have multiple parts to
answer such as (a), (b) and so on. The remainder will be single questions. These short-answer
questions will range in difficulty, as well as including a range of questions that target retrieval
and comprehension, and analytical processes.

Paper 2 will also include short-answer questions, with 5—8 questions worth 5—6 marks
each. As with Paper 1, the questions will be multi-part or single question, and range from
easy to difficult. Paper 2 may also include stimulus-response items that will require paragraph
responses.

The overall difficulty of each paper will be the same. In general, you should allow two
minutes per mark. For example, if a question is worth 5 marks, you should allocate
10 minutes to this question.

During both Paper 1 and Paper 2 you will be permitted to bring in a QCAA approved
graphics calculator. You will also be provided with a formula and data booklet for reference.

The assessment
Multiple-choice questions

Paper 1 includes multiple-choice questions. They are usually in a form that starts with a
cognitive verb, such as ‘select’, ‘determine’ and so on. For example, ‘Select the option that
best describes ..." Typically, multiple-choice questions follow a structure in which one answer
is definitely wrong, one is partially correct but has a word that makes it incorrect, one that
may be true but irrelevant to the question, and one correct answer.

Although a pattern may exist, there is no guarantee that this will be followed. It is
important that you always read each option carefully to determine the correct answer.
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Study tip Short-answer questions

I(;\uzk;c;ir;—nasnswer Both Paper 1 and Paper 2 include short-answer questions. When approaching short-answer
1 mark = 2 minutes questions, you should consider the number of marks available and then determine your

of time! If a question time from there. Short-answer questions typically require a more thought-out response,

is worth 3 marks,
allocate 6 minutes of
time.

but you should be careful to make sure you answer the question.

Stimulus questions

These will be short-answer questions that provide you with a stimulus. For example, a question
may give the stimulus: ‘A meteor is heading directly towards the surface of a planet at a constant
speed of 0.8¢. Observers on the surface of the planet observe it at a time when it is a distance

H above the surface in their reference frame. The observers calculate the time that the meteor
will take to reach the surface of the planet as 784 us.” You may then be required to ‘Determine
distance H’.

Developing automaticity

Expert problem-solvers often have an automatic approach to the first stages of a problem. By
practising with lots of simpler one-concept and one-star questions throughout this
text, you are developing an automatic approach to dealing with concepts and
formulas. For example, if you see a mass resting on an inclined plane, the

automatic approach would immediately think ‘force down the incline,
F, = mgsin ¢, and you would calculate the force. If you have already
thought of this at the beginning of a question, you will have more time
to focus on the more difficult aspects.

The 7F approach to problem-solving

1 Focus

It is important to have your mind focused on the right topic. For
example, you may need to determine if you are working on circular
motion or orbits — both of these topics have velocity, radius and time.
To determine which topic you are working in, look for key words and then

narrow down your thinking.
FIGURE 1
Examinations include 2 Facts

different types of R . . R
b You should look for any numerical data in the question and for any non-numerical data

questions.
in the question, such as ‘above the surface of Earth’, ‘frictionless pulley’ or ‘relativistic speed’.
These terms will provide information about the topic — circle these words and annotate what
they mean. Finally, look for key words that express the limitations of the data, such as ‘non-
relativistic’, “‘uniform’ or ‘constant’.
3 Find
Locate the part of the question that says what you have to find. Note exactly what the physical
quantity is and any units it has to be expressed in.
4 Figure
Drawing a figure can help you sort out the data. If you draw a figure, make sure it is clear so
that you can sort the data easily.
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5 Formula

Start by identifying the formulas you think may be appropriate. Think about what symbols are
in the data and match them with the symbols from the formula. For simpler questions there
may be one unknown, so you will need to find a formula that has data for everything except
one. Irrelevant information is also added into questions to force you evaluate what is needed.

For harder questions, you may need two or more formulas. For example, to calculate centripetal
2nr

2
force you can use F = @, but first you may have to calculate the velocity: v = T

6 Figure it out

*  Work as neatly as you can — this makes it easy to check your equations and formulas as you
work through the problem.

¢ Rearrange the formula to have the unknown as the subject of the equation.

*  Work in symbols for as long as you can — this makes calculation and transcription errors
less likely.

* Keep symbols clear. For example, write # and v neatly, don’t confuse m and M, and don’t
confuse rand T.

e Make sure your calculator is in the right setting — degrees or radians.

* Try to work in scientific notation — long lists of zeros after the decimal point can lead to scientific
notation
a shorthand way of
* Don’t skip steps — write each step down so it is easier to check later and, if needed, find your  expressing very large
error. or very small numbers
in terms of a decimal
number between 1
answer will be positive. and 10 multiplied by a
power of 10

€rrors.

¢ Remember mathematics rules; for example, if you multiply a negative by a negative, the

7 Finish

* Check your arithmetic.

e Check if your answer should be negative or positive.

* To check your answer, put it back into the original equation.

* Have you answered the question? For example, if the question asks for the magnetic field
strength, don’t leave the answer as B = 10.0 mT; finish your answer by writing ‘into the page’.

* Check that you have expressed the answer in the correct units.

CHECK YOUR LEARNING 0.5

Describe and explain 3 Identify what distracts you. Write these down
1 Create a study timetable for yourself, including s0 you can create an environment free from
any other commitments such as sport, work, distraction.
volunteering and social activities. 4 Explain the 7Fs of problem-solving.

2 Identify a list of things that you need to study.

Check your obook assess for these additional resources and more:

» Student book » Video » Increase your » Weblink
questions Preparing for exams knowledge QCAA Syllabus
Check your learning 0.5 Creating your study assessment
timetable requirements
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Data collection and analysis

KEY IDEAS
In this section, you will learn about:

+ uncertainty
+ types of experimental errors including random and systematic errors.

A part of any physics experiment is to record and analyse your measurements for quality.

error analysis This is called an error analysis. The word ‘error’ is a rather vague term about the
a calculation of
the precision

and accuracy of

experimental results Precision and accuracy mean different things, and it is important that they are used
precision correctly. For a set of measurements:

‘goodness’ of your observations, but specifically it refers to the precision and accuracy of
your results.

the uncertainty of the  «  precision is the range of values found; that is, the uncertainty of the measurement
measurement . .
e accuracy is the difference between the measured value and the true or accepted value of

accuracy the observed quantity.
the difference
between the

measured value and Uncertainty

the true or accepted

value of the observed  Experiments can include some uncertainty. Three readings of the time taken for a ball to

quantity drop from a certain height will give slight variations. This variation is the uncertainty of the

average result.

Uncertainties are also called errors. These words can be used interchangeably, which is
a problem. People tend to think of errors as mistakes, but they are not — particularly in error
analysis. Errors are variations or fluctuations in the data. These errors are always due to either
the person taking the measurement or the instrument being used.

Systematic errors

systematic error Systematic errors can occur in a measurement because of problems with the measuring
an error that is due
to the accuracy

of a measurement e A zero error occurs when the instrument has not been correctly set to zero before
process that causes commencing the measuring procedure.

readings to deviate
from the accepted
value by a consistent
amount each time a
measurement is made

instrument or the conditions under which the measurement was made.

,.ﬁwith parallax error

.
.

...... §>no parallax error

N

~'§>With parallax error

HH‘HH‘HH‘\H\‘HH‘M'\:\\{‘HH‘HH‘HH‘HH‘

FIGURE 1 The diameter of a steel guitar string ——
is measured with a micrometer as part of an FIGURE 2 When a scale is read from the
electromagnetism experiment. wrong angle it results in a parallax error.

22 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4 OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/08/2024 under licence.

e A calibration error occurs when there is a difference between the value indicated by an
instrument and the actual value.

e A parallax error occurs when the scale of a measuring instrument is viewed at an
angle rather than from directly in front of it (perpendicular to it), therefore using the
instrument wrongly on a consistent basis (Figure 2).

¢ Reaction time is the time taken for a person or a system to respond to a certain event.

* Environmental causes include temperature effects, air resistance, background radiation,
corrosion and so on.

Random errors

Random errors are those that tend to fluctuate above and below the true value. A common
source of these errors is when you try to estimate a quantity that lies between the graduations
(the lines) on an instrument such as a metre ruler, thermometer or voltmeter.

These random errors are said to be due to scale reading limitations. There are simple
rules for reporting scale reading uncertainty:

1 Uncertainty in a printed scale (or scale measuring device) is equal to a half-scale division.
2 Uncertainty in a digital measuring device is equal to the smallest increment.

Other fluctuations come from the normal functioning of measuring devices. There is
nothing you can do to prevent them. However, the best way to handle random errors is to
make several repeat readings and then average them.

CHECK YOUR LEARNING 0.6

random error
error due to the
uncertainty of

the measurement
equipment and

the uncontrollable
effects of procedure
and environment on a
measurement result

scale reading
limitation

the inability of an
instrument to resolve
small measurement
differences

Describe and explain Apply, analyse and interpret
1 Explain the meaning of the following: 4 A student said, “You can’t have a parallax error
systematic error, random error, scale reading with a digital stopwatch’.
uncertainty, zero error, calibration error, Determine if this is true.
parallax error. 5 Deduce which of the following voltage
2 Explain how the scale reading uncertainty for measurements is the more precise:
an analogue (printed) scale is different from that V,=055£0.01VorV,=64%+01V.

for a digital scale.

3 Some voltmeters in a class had zero error
problems. It seemed to be random as to which
voltmeters had this error and which didn’t.

Investigate, evaluate and communicate

6 A voltmeter kept giving readings 0.5 V higher
than expected. Evaluate this situation and state

what sort of error this would be and how it could

Explain why zero error is considered a

. be fixed.
systematic error rather than a random error.

Check your obook assess for these additional resources and more:

» Student book » Video » Increase your » Increase your
questions Error analysis knowledge knowledge
Check your learning 0.6 Other types of errors Worked examples
in science
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independent
variable

a variable (often
denoted by x) whose
variation does not
depend on that of
another variable

dependent
variable

the variable (often
denoted by y) that
responds to the
independent variable;
it ‘depends’ on the
independent variable
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Graphical analysis

KEY IDEAS
In this section, you will learn about:

+ common graphs used in physics
+ showing a relationship with a graph.

Graphs are a useful way of showing how one quantity depends on another. On a graph, the
horizontal axis is usually where the independent variable (or the cause) is plotted. This also
includes variables that progress regardless of the experiment. An example is time elapsed, as
time continues on regardless of whether any experiment is being carried out. The effect of that
cause is called the dependent variable and plotted on the vertical axis. Graphs are designed
to show relationships and tell a story about the data. Sometimes this is simplified by having the
dependent variable on the horizontal axis. As long as it is clearly stated there is no problem.
There are several common relationships you should be aware of for your studies in
Units 3 and 4.

Linear relationships

Linear and directly proportional

A linear relationship is a straight line when graphed. A directly proportional relationship is
also linear, but it is a special case that goes through the origin (0, 0).

Linear but not directly proportional
The graph of the rubber band stretching (Figure 1) is both linear and directly proportional.

The graph in Figure 2 is linear but not directly proportional as it does not go through (0, 0).

Stretch vs mass added Distance vs time elapsed

45 60

®
40
35 / 50
= 30 Line of best fit rg Line of best fit
g 3 : 40 /
S o5 Q
5 £ 30 =
g 20 2
4 b
10
10
5
0 0
0 20 40 60 80 100 0 5 10 15 20 25

Mass added (g)
FIGURE 1 Graph of directly proportional data

Time (s)

FIGURE 2 Graph of data that is linear, but not
directly proportional
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Non-linear relationships
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A non-linear relationship is not a straight line when graphed. The most common non-linear
relationships you will meet in physics are power, exponential and logarithmic relationships, as

outlined in Table 1.

TABLE 1 Examples of common non-linear relationships (a is the ‘power’ or ‘exponent’ of the relationship.)

Power Y x x4
Exponential y=a*
Logarithmic y=log, x

Power relationships

Parabolic relationship: y « x* where the
power ais 2.

Distance vs time elapsed

120
_ 100
\E/ 80
[} /
g 60
8
@ 40
4 y
=]

p _A/f'

06

0 1 2 3 4 5 6

Time (s)

FIGURE 3 Parabolic graph (a parabola)

Inverse-square relationship: y « % where
the power a is —2.

Force vs distance
45

40 1—¢
35 |

30

|
sl
\
\

20
15

Force (N)

10

5 ~

o I\’;
0 1 2 3 4 5 6
Distance (cm)

FIGURE 5 Inverse-square graph
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parabolic (a = 2): y « x?

inverse (a=—-1): yxxlory oc%
inverse-square (@ = —2) : y x x 2 0r y « %

square root (a = %), yxxtoryxx
natural exponential vy o e*

log y to base 10 =log, vy = x

. . _ 1
. 1
Inverse relationship: y oc x™' or y oc 4
where the power a is —1.

Volume vs pressure

250
~ 200 -\
& 150
v
g 100
(=]
> 50
’\-ﬁ\“
0
0 50 100 150 200 250 300
Pressure (kPa)
FIGURE 4 Inverse graph
. . 1
Square root relationship: y « x2
1
where a = =
2
It is also written as ¥ « VX Or y & VX.
Speed vs height
25
/.
20 / -
® 15
E y
Mol /
§ 10
n
5
0
0 10 20 30 40 50 60 70

Height of ramp (cm)
FIGURE 6 Square root graph
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Study tip

Outliers and
anomalies are
generally regarded
as the same thing
but there are subtle
differences.

Outlier: a value that
‘lies outside’ most
of the other values
in a set of data. It

is a long way from
other results. It is

a legitimate data
point originated from
areal observation.
You should note

it and repeat the
measurement to see
if itis true.

Anomaly: something
that deviates from
what is standard,
normal, or expected.
Itis a false data point,
often the result of a
faulty observation or
equipment. You can
discount this point,
but make a note of its
existence and track
down its source.

25
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Study tip

A summary of some
common graph
shapes can be found

on your obook assess.

linearising

a process of
transforming
non-linear data

by applying a
mathematical
function to one of the
variables so that the
relationship between
the variables
becomes closer to a
straight line

Study tip

Linearising your data
is the most powerful
way of confirming

a suspected
relationship. Make
every attempt

to linearise your
data when you do
any experiment,
particularly the
Student Experiment.
It is also highly likely
to appear as part of
your data test.

Exponential relationships
Exponential relationship: y = a*

The natural exponential function is
kt — kt
yoxetory=y e

In y = y e, yis the final amount of the
quantity being measured, and y, is the
starting amount of the same quantity.

Activity vs time elapsed

14000

12000

10000

8000

6000 N

Activity (cpm)

'\
4000 ‘“\‘
b

2000 —~—
3

0

0 1 2 3 4 5 6
Time (days)

FIGURE 7 Natural exponential decay where y is
proportional to e raised to the power —kz: y = y e™

Linearising graphs

Logarithmic relationships
Logarithmic relationship: y = log _x

There is an inverse relationship between
logarithmic and exponential functions; i.e. if
y = a’, theny = log x.

If x raised to power a is y, then the logarithm
to base a of y is x.

Decibels vs intensity

102.0

100.0

/

0
®
=}

©
o
=]

o

=

o
N

Decibel level (dB)

©
g
=}

/
/

0 2 4 6 8 10 12
Sound intensity (mW)

FIGURE 8 Logarithmic graph

o
<
=}

88.0

Even though a graph looks like it has a particular shape, its relationship cannot be known for
sure. For example, y « % and vy « % are very similar and are hard to tell apart. The only way

to tell is to plot them in the form of y = mx. If the graph is linear, then you have confirmed the
suspected relationship. This is called linearising a graph.

For example, consider the relationship between pressure and volume of a gas. As you

increase the pressure the volume decreases. It is an inverse relationship in the form y « %

You can try to linearise the graph by calculating % (that is,

1

. 1 1r:
F) and plotting IV versus 7 Ifit

is a straight line, then you have confirmed the relationship y « % (which is V Lin this case).

P

If the vy % graph is still curved, then it may be a y « % relationship.

yVsx

3.5

3.0

2.5 \
2.0

1.5

Volume (mL)

'\0

0.5

0.0

0 1 2 3 4 5
Pressure (kPPa)

FIGURE 9 A pressure versus volume graph of the data

is not linear — it appears inverse.
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3.5

3.0

2.5 /

2.0

Volume (mL)
&

0.5
0.0
0.00 0.25 0.50 0.75 1.00 1.25
[ ——— -1
Pressure(kPa )
FIGURE 10 A V' versus & graph of the data gives a

P
. . .. 1 . .
straight line, so it is a y & 4 relationship.
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CHECK YOUR LEARNING 0.7

Describe and explain 6 a A particular relationship is W= kV.

1 Recall whether it is usual to plot the independent
variable on the vertical or the horizontal axis.

N

Explain the meaning of ‘linearising’ a
relationship.

w

Students obtained a relationship y « x. Explain
whether there is any need to linearise it.

N

Construct a graph of the data in Table 2 and
draw the line of best fit. (Note: the independent
variable is listed first.)

TABLE 2

Diameter of
) 0.0 4.0 8.0 12.0
circle (cm)
Circumference

. 0.0 125 254 37.3
of circle (cm)

Apply, analyse and interpret

5 Classify each graph shown in Figure 11 by the
following relationships:
A yis proportional to x

B v is inversely proportional to x

Determine the effect on W of:
i tripling V
ii halving V.
b Deduce what a graph of W as a function of I/
looks like.

7 A plot of the variables F (vertical axis) and v

(horizontal axis) gave a curve in the shape of
y x x2. Deduce what you would need to plot to
linearise it.

Investigate, evaluate and communicate

8 Table 4 gives data from an experiment in which

F and r are two related variables.

TABLE 4

Bl 2 48 24 18

2368

The data were plotted to give the graph shown in

Figure 13.

a Comment on the mathematical relationship
suggested by this graph.

C yisindependent of x b Construct another graph to confirm your

D 1y is proportional to x? prediction.
F
a b c . VS r
y v v
5 -
; \
6 \
: AN
K,
X e " 4 \
3 \a
d f 5 S~ L
y y

(S
v

1

0

0 10 20 30 40 50 60 70 80
\ r
FIGURE 13 Graph of Fvs r
5 5

FIGURE 11 Graphs with different relationships

Check your obook assess for these additional resources and more:

» Student book » Video » Weblink
questions Linearising a graph Using Excel for
Check your learning 0.7 graphing

OXFORD UNIVERSITY PRESS CHAPTER 0 THE PHYSICS TOOLKIT 27

This work must not be reproduced, stored, transmitted or circulated in any other form.



CHAPTER

Provisioned to Campion Education (Aust) Pty Ltd on 02/08/2024 under licence.

Review

Summary

During Units 3 and 4 you will complete three internal assessments and one
external assessment.

The data test requires students to respond to questions about the mandatory

or suggested practicals, activities or case studies from the unit being studied.

It requires students to provide answers to short-response items requiring
single-word, sentence or short paragraph responses, or others that will require
calculating using algorithms (formulas) and interpreting.

The student experiment involves selecting an experiment or simulation that

has already been completed in class and modifying it in order to address a
hypothesis or research question. It includes a research question, rationale, data
collection and analysis, discussion of relationships and limitations, suggestions
for improvements and a conclusion.

The research investigation is a non-experimental task that requires you to
evaluate a claim about a significant issue from your study of physics.
Examinations are included in the assessment program to test a student’s ability to
describe and explain, apply understanding, analyse and interpret evidence under
supervised conditions. They are the only task that explicitly tests a student’s
ability to describe and explain various physics concepts.

Data collection for experiments can be analysed for relationships and assessment
of accuracy and precision.

All measurements include errors or uncertainties, either systematic or random.
Accuracy is a measure of the discrepancy of experimental results when compared
to accepted values.

Graphing is a powerful means of determining relationships between the
dependent and independent variable in an experiment or dataset.

The line of best fit for a graph should pass through as many points as possible.
For the points that are off the line, there should be an equal number of points
above the line as below it.

Points a long way from the line of best fit are called anomalies or outliers.
Common terms associated with graphs are linear, non-linear, inverse, power,
exponential, logarithmic.

Graphs of the following relationships have characteristic shapes that have been
detailed in this chapter: y o< x, y = mx, y = mx + ¢, y o x%, y %, Y x %, Y x%,
Y=y

Relationships between variables can be proven by plotting the predicted function
of x on the x-axis and examining to see whether the graph is a straight line. This
is called linearising.
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Key terms

* accuracy e linearising

* cognitive verb e precision

* dependent variable e random error

* error analysis » reliable

* independent variable » scale reading limitation

Key formulas

Determining the slope of a graph Slope (m) =
Percentage uncertainty 0% = 2—? x 100%
Absolute error E =|x,—x,]|

Revision questions

+ scientific notation
+ secondary evidence

e systematic error

changeiny Ay Y,—JY,

changeinx = Ax ~ X, — X

The relative difficulty of these questions is
indicated by the number of stars beside each
question number: * = low; ** = medium;
*** = high.

Multiple choice

1 For practical work, you will be asked to draw
a conclusion. This is not a cognitive verb, but
the syllabus states that it means ‘to make a
judgement based on reasoning and evidence’.
Which of the following would satisfy the
definition?

A drawing a graph that shows the
relationships of the two variables

B interpretation of research evidence
demonstrated by justified conclusions
linked to the research question

C evaluation of the research processes,
claims and conclusions about the research

D analysis of data by thorough identification
of relevant trends, patterns or
relationships

2 A student carried out an experiment about
the force acting on a current-carrying wire.
She plotted force vs current with custom error
bars to show uncertainty. The linear trendline

was y = 9.0x — 0.1, whereas the maximum
trendline was y = 12.0x + 0.02, and the
minimum trendline was y = 6.0x + 0.1.

Determine the uncertainty in the gradient.

A spo+120-6.0
)

B 5x:i‘6.0—212.0‘

C 6x=+(12.0-6.0)

12.0 - 6.0
+
D 6x = =950

A graph in a data test includes error bars in

the vertical direction. What do error bars

show?

A the absolute uncertainty of the data point
on the vertical scale

B the percentage uncertainty of the data
point on the y-axis

C the accuracy of the data point

D the maximum and minimum gradients

A student investigated the time of flight of

a tennis ball as a function of initial speed.

Which of the following could be classed as a

‘refinement’?

A Use higher speeds than in the original.

B Measure time as a function of angle
rather than initial speed.

OXFORD UNIVERSITY PRESS
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C Record a video of the motion to analyse Propose what they should plot on the
it more accurately. vertical axis and horizontal axis respectively
D Use a marble to reduce air resistance. to linearise the data.
5 In an experiment to measure the force A F &
between two charged objects, the task B F, #
sheet specified triplicate measurements be C »,d
performed in each trial. What is the purpose D F,Vd

of doing multiple measurements for each

] 9 The graph in Figure 2 shows the
trial?

relationship between distance and time for a

A to reduce random error box sliding down an inclined plane. Which

B to reduce systematic error one of the following is the correct equation
C to improve accuracy for the line?
D to decrease the precision Distance vs time elapsed

60

6 Sclect the option that states two processes in

a research investigation in the correct order. 50
Line of best fit

A claim, rationale g 40
B overview of evidence, research question g 0 /i/
C analysis, interpretation _‘E .
D conclusion, evaluation B 20 [~
7 Only one of the following statements is 10
correct about external assessment. Select o
the correct option. 0 5 10 ) \15 20
A Marks are deducted for wrong multiple- FIGURE 2 "
choice answers. A y=17x+16
B Both exam papers contain short-answer B y=17x—16

questions. C y=50x+16

D y=20x-16
10 A student weighed a rubber stopper on an

C For stimulus-response questions, a
stimulus will be provided ahead of time.

D Paper 2 is more difficult than Paper 1. electronic balance and recorded it as 35.53 g

instead of the correct value of 33.53 g. What
kind of error is this?

8 Students investigated magnetic force as a
function of distance and constructed the
graph in Figure 1.

) A systematic
Force vs distance

45 B random
40 T C mistake
210 D outlier
30 \
Zo, 25 \ Short answer
9]
g% \ Describe and explain
15
0 1 Recall five types of non-linear graphs.
5 2 Explain what you would plot to linearise
\‘ . .
0 e data if a graph showed a possible
0 ! 2 ¥ 4 > 6 lationship of y « %
Distance (cm) re p Y&
FIGURE 1
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Apply, analyse and interpret

3 Determine the reading and uncertainty of
the measurement on the ruler in Figure 3.
The numbers are centimetres and the small
divisions are millimetres.

N

o 0 v o @
Illll.l.l

FIGURE 3

4 An analogue voltmeter with a scale division
of 0.1 V reads 2.4 V when placed across a
resistor of 47 Q *5%.

a Determine the absolute and percentage
uncertainty in the voltage reading.

2
b A calculation of % was then made.
Determine the percentage uncertainty
in the result.

Investigate, evaluate and communicate

5 a Construct a graph of the data given in
Table 1 and draw a line of best fit. (Note:
the independent variable is listed first.)

TABLE 1

0.0 20 40 60

For the line plotted on the graph:

i calculate the gradient
ii extrapolate to 8.0 s
iii interpolate for 3.0 s.
6 The electrostatic force between two charged
objects was measured as a function of

separation distance. The results are in Table 2.
TABLE 2

Force, F (N) 90 23 10 6 4

a Construct a graph to show the
relationship between force, F, in newtons,
as a function of separation distance, , in
metres.

Describe the relationship between F and r.

¢ Construct a linearised graph to confirm
the relationship between F and r.

7 The following sets of data represent common
relationships in Unit 3 and 4 Physics.
Predict the relationship by graphical means
for each and confirm it where necessary by

linearising.
a 1 2 3 5 6
200 110 067 041 0.33

* I 2 4 6 8

3.00 075 019 0.08 0.05

Check your obook assess for these additional resources and more:

» Student book
questions

» Revision notes

Chapter 0
Chapter 0O revision
questions

OXFORD UNIVERSITY PRESS

» assess quiz » Flashcard glossary m
Auto-correcting Chapter 0

multiple-choice quiz
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GRAVITY AND
ELECTROMAGNETISM

ST

/ \

: wv

1 International Space Station (ISS) orbiting Earth. Gravitational and
electromagnetic fields extend throughout space. The field of gravity keeps the
ISS orbiting Earth.
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In Unit 2, motion was examined in one dimension; now
in Unit 3 you will take a more in-depth look at motion
and consider it in two dimensions. You will develop an
understanding of the contexts of projectile motion,
inclined planes and circular motion. You will see that
the horizontal and vertical motions of projectiles
are independent, that acceleration down an incline
depends on the parallel component of an object’s
weight, and that objects moving in a circle can be
accelerating while travelling at constant speed. This
last context takes us into the history of the laws of
planetary motion and how gravity acts at a distance.
So far, this is seemingly about the laws of motion,
but it is much more than that. Unit 3 is really concerned
with fields. The concept of fields was devised in the
1820s by Michael Faraday and was soon applied to
electromagnetism. This then introduces the second
topic of the unit: magnetism, electromagnetism and
the production of electromagnetic waves.

Unit 3 topics

Topic 1 - Gravity and motion Chapters 1-5

Topic 2 - Electromagnetism Chapters 6-8

Unit objectives

— Describe and explain gravity and motion, and
electromagnetism.

— Apply understanding of gravity and motion, and
electromagnetism.

— Analyse evidence about gravity and motion, and
electromagnetism.

— Interpret evidence about gravity and motion, and
electromagnetism.

— Investigate phenomena associated with gravity and
motion, and electromagnetism.

Field theory has enabled physicists to explain
a vast array of natural phenomena such as gravity
and electromagnetism, and has contributed to the
development of technologies that have changed
the world, including electrical power generation and
distribution systems, artificial satellites and modern
communication systems. The problem with fields,
unlike the physical field on which they are modelled,
is that they are not visible and can’t be touched.
Thus, it makes sense to have saved field theory
for Unit 3, as it is quite conceptual; but the ability
to represent fields with lines of force representing
vector fields helps considerably.

The vast number of practical applications makes field
theory very useful in modelling a number of phenomena.
Practical applications include GPS navigation, motors and
generators, electric cars, synchrotron science, medical
imaging and astronomical telescopes, and related areas
of science and engineering such as sports science,
amusement parks, ballistics, forensics, black holes and
dark matter.

— Evaluate processes, claims and conclusions about
gravity and motion and electromagnetism.

— Communicate understanding, findings, arguments
and conclusions about gravity and motion, and
electromagnetism.

Source: Physics 2019 v1.2 General Senior Syllabus
© Queensland Curriculum & Assessment Authority
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Vectors and
projectile motion

<

CHAPTER

Projectiles are objects thrown forwards. The word comes from the Latin
Jacere meaning ‘to throw’ and pro meaning ‘forwards’. Golf, javelin,
archery and rifle shooting all involve projectiles. So does a motorcyclist
jumping a row of cars, a ballet dancer leaping across the stage, and
throwing a rock off a cliff.

OBJECTIVES

— Use vector analysis to resolve a vector into two perpendicular components.

— Solve vector problems by resolving vectors into components, adding or subtracting
the components and recombining them to determine the resultant vector.

— Recall that the horizontal and vertical components of a velocity vector are
independent of each other.

— Apply vector analysis to determine horizontal and vertical components of projectile
motion.

— Solve problems involving projectile motion.
Source: Physics 2019 v1.2 General Senior Syllabus © Queensland Curriculum & Assessment Authority
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MAKES YOU WONDER

In this chapter you will be examining — In the Olympic hammer throw, does
some aspects of projectile motion that will the hammer continue in a circular
help to answer questions such as these: path for a fraction of a second after it
— Before Galileo, universities taught is let go?
that when a cannon ball ran out of — Do bombs and bullets fired at 45°
impetus it would stop in its path and have the greatest range?
fall vertically to Earth. Were they — Is it really true that the javelin design
correct? changed in 1998 so that it couldn’t be
Soldiers in war have often reported thrown as far?
that enemy bullets fired from miles — Did Apollo 14 astronaut Alan Shepard
away fell vertically into their trenches. play golf on the Moon in 1971 and
Could this be true? leave three golf balls there?

PRACTICALS

| MANDATORY 1.3 Angled projection and distance
| PRACTICAL

’ l |
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vector

a variable quantity,
such as force, that
has magnitude and
direction

36 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4

Vectors and gravity

KEY IDEAS
In this section, you will learn about:

+ resolving a vector into two perpendicular components
+ adding and subtracting vector components
+ recombining vectors.

Gravity is a force that acts down towards the centre of Earth and is responsible for
the acceleration of objects in free-fall. But not all motion is straight down. A projectile
such as a basketball in flight or a box sliding down an incline has both vertical and
horizontal motion.

To completely specify the motion of a projectile you need to give more than just
the magnitude of the motion, such as 20 m s}; you also need to specify its direction;
for example, 20 m s7! at 45°. In other words, you need to specify its velocity (a vector
quantity), rather than just its speed (a scalar quantity). Force and acceleration need a
direction too. They are also called vector quantities.

Vector analysis in two dimensions is hugely important in this unit and the groundwork
begins here. Some of the questions that puzzle students about vectors are:
¢ How can something at constant speed be accelerating?
¢ Can a vector have zero magnitude if one of its components is not zero?

Representation of vectors

We’ll do a short revision on the main points of vectors that you studied in Unit 2, which
dealt with linear (one-dimensional) motion.

A vector is a quantity that has both magnitude and direction. A vector quantity can be

represented graphically by an arrowed line segment, or symbolically by accents such as a
bold typeface, tildes or overhead arrows.

For example, Table 1 shows four different ways of representing a vector quantity, in
this case velocity. In this book the first and third methods will be used.

TABLE 1 Different ways of representing vector quantities

Arrowed line segment Bold (accent) Tilde (accent)

v=5ms"! v = 5m s 'to the right 7 = 5m s~'to the right 2 = 5m s 'to the right

What does an odometer measure?

Does the odometer of a car measure a scalar quantity or a vector quantity? Make a
similar statement for the car’s speedometer.

This work must not be reproduced, stored, transmitted or circulated in any other form.
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When vectors do not lie along the compass points (N, E, S, W), or are not horizontal or
vertical, angles need to be specified. Figure 1 shows how the direction is indicated.

30°

g=9.8ms2down 30° to the horizontal
(or g=-9.8 ms2)

FIGURE 1 Vector direction can be represented in a number of ways.

Combining vectors

Two or more vector quantities can be combined to produce a single resultant vector. They resultant vector

a single vector that is
a combination of two
or more other vectors

can be combined in a straight line or at an angle to each other.

Combining vectors in a line (one-dimension)

Case 1: Vectors in the same direction

Consider a boat that is rowed at 5 m s! east in water that is also moving east at 1 m s~!. Your
actual velocity is 6 m s7! east and is found by placing the two vector arrows head-to-tail.
The resultant is a line drawn from the tail of the first arrow to the head of the second arrow
(Figure 2). A double arrow head is usually shown on the resultant.

v (boat v (river 1
#» + L>) = —>—> StUdy tlp
The resultant vector
is always drawn from
N the tail of the first
v (resultant) vector (arrow) to the
head of the second.

or

FIGURE 2 Add vectors by placing them head-to-tail.

Case 2: Vectors in opposite directions

Consider the same boat being rowed against the current. In this case the velocity of the river
is 1 m s7! west, which is in the direction opposite to that of the boat, and hence will slow the
boat down (Figure 3).

v (boat) v (river)
—_—, + - = —
-

or

—>

v (resultant)

FIGURE 3 Subtract vectors by adding the negative.

The resultant velocity is 4 m s~! east. Note that when two vectors in the same line are
added, the direction of resultant is the same as the direction of the larger vector.
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Study tip

It is useful to
remember that
Pythagoras’ theorem
states that

c?=a+ b? where cis
the hypotenuse, and
aand b are the other
sides of the right-
angled triangle.

Study tip

During assessments
(particularly the data
test and external
exam) always check
that your calculator
is in degrees not
radians! This can

be the difference
between a correct
and an incorrect
answer.

Combining vectors in two dimensions (horizontal plane)

In Unit 2 you dealt with vectors in a line, but here you will extend that to vectors at right

angles. First, a reminder of the trigonometric ratios (Figure 4).

opposite side length

sinf =
hypOtenuse hypotenuse
adjacent side length opposite
cosf =
hypotenuse
opposite side length
tan § = 2PPOSCE g 6 O
adjacent adjacent

FIGURE 4 The resultant of adding vectors at right

angles is the hypotenuse.

Imagine a motor boat travelling east at 4 m s™! across a river whose current is flowing
south at 3 m s7!, as shown in Figure 5a. The boat would be dragged off course by the current
and its resultant velocity would be 5 m s™! at an angle down the river. Note that the two
vectors are added head-to-tail and the resultant is a line drawn from the tail of the first arrow

to the head of the second arrow (Figure 5b).

@) (b)

vboal

(== >

boat

resultant
Sms™!
angle 6 = 53° to the river

river 1

FIGURE 5 A practical example of adding vectors at right angles

V.
river

3ms?'S

The solution to this problem is in two parts — a magnitude component (5 ms™') and a
direction component (53° to river). This is achieved in the following manner:

1 Magnitude. Because the starting vectors for the boat and river are at right angles

(E and S), Pythagoras’ theorem can be used:

resultant = V42 + 32
=25

=5ms’!

2 Direction. Because the two vectors and the resultant form a right-angled triangle,

trigonometry can be used:
opposite side length

tané = adjacent
_4
3
hence 0 = tan‘lg
= 53°

If you disagree with the values of # shown in the solutions, check that your calculator
is in degrees (shown by a small DEG in the display). A common mistake for students (and
teachers) occurs when the calculator is in radians (RAD). To avoid this mistake, change the

calculator to degrees.

This vector analysis technique can be applied in the vertical plane as well.
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Combining vectors in two dimensions (vertical plane)

Imagine a golf ball that is struck (Figure 6) and eventually lands back on the ground. Its
velocity as it strikes the ground is called its impact velocity. Upon impact, it has two
velocity vectors, v_(in the horizontal or x-direction) and v, (in the vertical or y-direction).
The two vectors are combined (added) to get a resultant velocity (Figure 7).

impact
velocity

FIGURE 7 A projectile strikes the ground at an

: L da angle of impact. Its resultant impact velocity is
FIGURE 6 A golf ball is hit off the tee with driver. It has vertical a combination of the horizontal (v ) and vertical
and horizontal motion when it is hit and also when it lands. (vy) impact velocities.

A ball makes impact with the ground with a horizontal velocity of 3 m s™! and a vertical
velocity of 4 m s7!. Calculate its resultant (impact) velocity.

SOLUTION
Step 1 Draw a vector diagram of the information, remembering that when vectors are
added they are placed head-to-tail.

Step 2 Draw the resultant (Figure 8). This is a line drawn from the tail of the first
arrow to the head of the second arrow.

resultant is the
vector sum

il ? Sms!

FIGURE 8 Vectors are added to give a resultant.

Step 3 Calculate the magnitude. The resultant magnitude of the impact velocity
vector can be found using Pythagoras’ theorem:

ct=a%+ b?
o=aTr b7
Resultant (impact) velocity = V32 + 42
=25
=5

The magnitude of the resultant vector = 5 m s

impact velocity
the velocity of a
projectile immediately
before striking

the ground; the
magnitude of impact
velocity is impact
speed

Study tip

Horizontal velocities
are labelled as u, and
v,. Vertical velocities
are labelled as u,
and v,
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resolution
determining the
components of a
vector, usually at
right angles to each
other

components

(of avector) a
depiction of the
influence of a vector
in a given direction

elevation angle
the angle at which a
projectile is launched
with respect to the
horizontal

Step 4 Calculate the direction. This is given by the angle (theta, #) that the resultant

vector makes with the ground. Use trigonometric ratios to do this:

cand = opposite
adjacent
_4
3
0= tan‘lg

= 53°(to the horizontal)

If you were asked to find the angle with respect to the vertical, it would just

be 90°— 6; that is, 90° — 53°, which gives you 37° to the vertical.

what you are asked in the question.

CHALLENGE 1.1B

As the crow flies

Take note of

You go from one town to another ‘as the crow flies’. Is that always the quickest way there?

Resolving a vector into components

So far you have seen how two vectors can be added together to give a resultant third vector.

The reverse process is called resolution (Latin re = ‘back’) — the vector is resolved into its

components.

Why bother? In many cases it is convenient to ‘break up’ a vector into two components at
right angles such as vertically and horizontally. It is then sometimes easier to apply the laws

of physics to the components. In maths, you may use ¢, j and 4 components, but it is the same

idea.

Consider an arrow being launched upwards at an angle of 30° to the horizontal. This is
called the elevation angle and can be represented by a vector diagram. If the initial launch

velocity is u, and the angle 6, the vector diagram is shown in Figure 9.

vertical

Uy = u sin@

Uy = u cosf

FIGURE 9 Vertical and horizontal components of the initial velocity of a projectile
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The launch velocity can be resolved into two components at right angles to each other
(Figure 9). It is simple to make the two components in the vertical and horizontal directions
that are automatically at right angles (perpendicular) to each other. The initial velocity u is
resolved into a vertical (y-axis) component u, and a horizontal (x-axis) component «_. All you
need to do is make a rectangle with the initial vector as the diagonal. Using the trigonometric
formulas you get:

opposite
hypotenuse
“,
u

sind =

oru = usin@
adjacent
cosf =——m—
hypotenuse
u

X

~u
oru = u cosf

A bullet is fired at a speed of 660 m s~! at an angle of 36.0° to the horizontal. Calculate
the horizontal and vertical components. Solve to 3 significant figures.
SOLUTION

Step 1 Prepare a vector diagram by drawing the vector arrow and then draw a
rectangle around it using the vector as the diagonal (Figure 10).

uy, = usin @
vertical component

u, = u cos 6

horizontal component
FIGURE 10 The launch velocity is resolved into its components.

Step 2 Label the horizontal and vertical components as «_and u, respectively.
Step 3 Calculate the magnitudes of these two components:
Horizontal component:

ux:ucosﬁ

= 660 x cos 36°
=534 ms™!(to 3 sf)

Vertical component:
u = usin@
v

=660 X sin 36°
=388 ms~! (to 3 sf)

OXFORD UNIVERSITY PRESS CHAPTER 1 VECTORS AND PROJECTILE MOTION 41

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/08/2024 under licence.

CHECK YOUR LEARNING 1.1

Describe and explain 8 A football is kicked to the right at a speed of
26.6 m s7! and the horizontal component is
measured as 25.0 m s~!. Determine the vertical

1 Define the term ‘vector’.

2 Recall the head and tail rule for adding vectors. )
component and the angle of elevation.

3 Calculate the resultant velocity for a ball with
a horizontal component of 20.0 m s! to the
right and a vertical component of 40.0 m s™!

downwards.

4 An arrow is fired to the left at an angle of elevation
of 25.0° and a speed of 46.0 m s~! (Figure 11).
Calculate its horizontal and vertical components.

FIGURE 12 A football kick can be broken down into vertical and
horizontal components.

9 Deduce the angle of elevation that would
produce a vertical component of velocity that is
twice its horizontal component.

FIGURE 11 An archer can change the vertical and horizontal Investigate, evaluate and communicate
speed of an arrow by careful use of elevation (the angle) and P . . °
T e 10 ‘It is said that at an angle of elevation of 45° the

horizontal and vertical components are equal.’

5 Clarify how the magnitude of a vector quantity Evaluate this statement.
is shown graphically (with an arrow). 11 Assess whether the following statement is
Apply, analyse and interpret true: “When the angle of elevation is doubled, the

. . . ertical component of velocity is doubled.’
6 A 10.0 m s! horizontal velocity vector is v P Ve EE

e b s s 12 Prove that the magnitude of a component of a

vector cannot be bigger than the magnitude of

Determine the vector that would represent a
the vector.

ball projected vertically upwards at 5.0 m s

7 A ball strikes the ground with a resultant velocity
of 150 m s7!. It is known that the horizontal
component of the velocity is 62 m s™! to the right.
Determine the vertical component and the
angle of impact relative to the ground.

Check your obook assess for these additional resources and more:

» Student book » Challenge worksheet » Challenge worksheet
questions 1.1A What does an 1.1B As the crow flies
Check your odometer measure?
learning 1.1
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Horizontal projection

KEY IDEAS
In this section, you will learn about:

+ projectile motion
+ combining (adding) vectors.

Projectile motion can be divided into two types: horizontal projection and projection at an
angle, as shown in Figure 1. You can see the projectiles have different paths. (The path of
trajectory a projectile is called a trajectory from the Latin trajectus meaning ‘crossing’ or ‘passage’).
;?gj.g?;?et; kﬁ;ﬁ{ @ In both cases air resistance is assumed to be negligible. Air can have a dramatic effect on
the trajectory of projectiles, however you will consider projection without air first and then
discuss the effect of projection through a fluid (such as air) later.

FIGURE 1 Horizontal projection, and projection at an angle

FIGURE 2 The iconic closing scene from Thelma and Louise
shows a car as a horizontal projectile. Which will reach the
ground first, and why — the car or a detatched hubcap?
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free-fall
acceleration

the acceleration of

a body falling freely

in a vacuum near

the surface of an
astronomical body in
the local gravitational
field

range
the horizontal
displacement of
a projectile upon
impact

Free-fall acceleration

If you drop a rock, it will accelerate downwards at 9.8 m s~2 provided that no other external
forces interfere with its motion. This is called its free-fall acceleration.

On Earth, g (the acceleration due to gravity force) is equal to 9.8 m s~2, but it does vary
from location to location. The value of acceleration due to gravity on other astronomical
bodies depends largely on the mass of the body, and is shown in Table 1.

TABLE 1 Mass and free-fall acceleration

Astronomical body | Free-fall acceleration (m s=2)
at the surface

Moon 1.6
Mars 3.7
Earth 9.8
Jupiter 24.8
Sun 274.4

Analysing motion

Horizontal projection is the simplest trajectory and an example is a rock thrown straight
out off a cliff. Before you analyse the motion, you need to specify the symbols for various
quantities. You will use the convention that the upwards direction is positive (+) and
downwards is negative (—), and in the horizontal direction to the right is positive (+) and to
the left is negative (-).

* u_is the starting velocity in the horizontal (or x) direction.

* v _is the final velocity in the horizontal (or x) direction.

*ou, is the starting velocity in the vertical (or y) direction.

N is the final velocity in the vertical (or y) direction.

e gis the acceleration due to gravity (—9.8 m s72).

* s is the displacement in the horizontal (x) direction (also called the ‘range’).

: s, is the displacement in the vertical (y) direction.

In this case of horizontal projection, there is no net force on the rock in the horizontal (x)
direction to cause acceleration, so the final velocity equals the starting velocity (v, = u_). In the
vertical direction, the initial vertical velocity equals zero («, = 0) but increases as time passes.

A graph of height (s,) versus horizontal range (s,) of two balls in free-fall shows this
clearly (Figure 3). The graph depicts the balls at equal time intervals of 0.1 s and shows that
the balls fall a greater distance each time interval. It also shows that the balls fall at the same
rate whether they are dropped (red ball) or projected horizontally (blue ball). Note that the
blue ball moves horizontally the same distance every time interval because it is moving at
constant speed in that direction.

We can represent the vertical and horizontal components of the motion of the blue ball
by using vector arrows, as shown in Figure 4.
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FIGURE 3 Two balls in free-fall fall at the same rate. FIGURE 4 Changes in vertical and horizontal

components of velocity during free-fall

Horizontal motion

In the horizontal direction, the acceleration (a) is zero, so the appropriate formulas will be:

i v =u_+ ar (let acceleration = zero)

V. =Uu

X x

i s =uz+ % at? (let acceleration = zero)

S =ut
x

x

A golf ball is projected horizontally off a cliff at 20.0 m s~! and it takes 4.0 s to reach
the ground. Calculate how far out from the base of the cliff the ball will land.

SOLUTION
Facts (given): u_= 20.0 m st (= v);1=4.0s
Find (the answer): s_
Formula (to use):
s.=ut
=20.0x4.0
=80.0 m

Finish (it off): The ball will land 80 m out from the base (2 sf).

Vertical motion

In the vertical direction an object will accelerate downwards. If it is given no initial
downwards velocity, then it will start at rest in the vertical direction (uy = 0), and its
acceleration (g) will be —9.8 m s™!. The appropriate formulas will be:

v, = U+ gl
— 2
=u’+ ngy

_ 1 o
s, = Ut + 5t

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.

Study tip

It may help you
comprehend

that the vertical
and horizontal
components of the
velocity vectors are
independent of each
other by making a
video of two balls
being released
simultaneously: one
free-falling
vertically, and the
other projected
horizontally. Most
physics departments
have a small device
that projects the balls
in this way. Analysis
of the projectiles

in slow motion is
revealing.
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It is important not to overlook the fact that the time taken in the vertical direction is the
same as the time taken in the horizontal direction. The object doesn’t split in two and have
two different times. That’s why you can just use ¢ for time in both directions.

WORKED EXAMPLE 1.2B

For the golf ball in Worked example 1.2A, calculate:
a the impact velocity in the vertical direction
b the height of the cliff.

SOLUTION
Facts (grven): u,=0m s,t=4.0s,g=-9.8ms™
Find (the answer): v, 8,
a Formula (to use):
v, =u, + gl
=0+-9.8x4.0
=-392ms™!

Impact velocity is 39 m s™! in the downwards direction (2 sf).

b Formula (to use):

_ 1,
s, = u,t+>gt

:O><4.0+%x—9.8><4.02

=-78.4m (78 m to 2 sf)
The displacement is =78 m (to 2 significant figures), therefore the cliff is 78 m high.
Note: you need to state the height of the cliff, which is a scalar quantity and has
no direction, rather than the displacement, which is a vector quantity and has
direction (+/-).

FIGURE 5 The impact velocity of a long jumper is the combination of the vertical and horizontal components of
motion.
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Combining vectors

So far you have calculated the vertical and horizontal components of the velocity of a golf ball

on impact. Now you need to combine these vectors to determine the resultant vector. combine (vectors)
add two or more

vectors to determine
the resultant vector

In Worked examples 1.2A and 1.2B, the golf ball had an impact velocity in the vertical
direction of 39.2 m s™! downwards (before rounding to 2 significant figures), and an
impact velocity of 20.0 m s~! in the horizontal direction to the right. Calculate the
resultant impact velocity.

SOLUTION

Facts (given): v, = 20.0 m s™', v,=-39.2m st

Find (the answer): the resultant velocity (magnitude and direction)

Figure (it out): (see Figure 6)

Magnitude:
=Tt &
resultant = V39.22 + 20.0?
=+1937
=44.0

resultant is the
vector sum

39.2ms™! A i 6

FIGURE 6 Combining vector quantities to form a resultant

The magnitude of the resultant vector = 44.0 m s (3 sf).

Direction:
_...-139.2

J=E S
=tan~'1.96

= 63.0°(to the horizontal)
Finush (it off): The impact velocity is 44 m s7! at 63° (to the horizontal) (2 sf).

Putting it all together

Projectile questions will not always be straightforward. You will be given different quantities
and it will require critical thinking to solve problems with the data. Worked example 1.2D is

on the next page.
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A rock is thrown horizontally at a speed of 35 m s™! off a cliff 75 m high.

Determine the impact velocity.

SOLUTION

Facts: u,=35ms™, u,= Oms? g=-9.8ms™>? s, = —75 m (Note: this is often left

as 75 m, which is incorrect. The vertical displacement of the rock when it hits the
ground is in the negative (downwards) direction, so the displacement, which is a vector
quantity, is written as —75 m. You will get a wrong answer if you just use 75 m.)

Find: Vympact
Formula:
Horizontal Vertical
U =20 vi=u?+ 2gs
y y y y y
=35ms! vy2202+2 x —9.8 x =75
v?2 = 1470
y
v, =V 1470
=138.34 ms™!

(Recall that the square root of a number can be either positive or negative.)

You can discard the positive value, as you know the rock is heading downwards and
thus in the negative direction.

Addition of vectors: (see Figure 7)

Formula:

Magnitude

resultant is the
vector sum

52.0ms™

FIGURE 7 Combining vectors to form the resultant
c=Va*+ b?
resultant = V38.342% + 35?2

=2695
=318

The magnitude of the resultant vector = 51.9 m s

Direction (angle)

_ _138.34
0 =tan 35
=tan11.095

= 47.6°(to the horizontal)
Finish (it off): The impact velocity is 52 m s™! at 48° (to the horizontal) (2 sf).
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CHECK YOUR LEARNING 1.2

Describe and explain

1 Explain whether the
projectile’s velocity is

Determine the:

horizontal component of a a height of the mountaintop
independent of the vertical b distance out from the base of the

component. mountaintop that the skier lands
2 The acceleration of a projectile is usually stated c impact velocity.
as —9.8 m s2. Explain how it can be negative 6 A rock is thrown horizontally at 8.0 m s~! off a

when it gets faster and faster as it falls.

3 A dropped ball and a
from the same height

Explain how this can be when the projected ball
has to travel a longer path.

4 Clarify whether the initial and final components

of horizontal velocity

Apply, analyse and interpret

5 A skier jumps off a mountaintop at a horizontal

100.0 m high cliff. Determine:

ball projected horizontally a how long it takes the rock to hit the ground
both land at the same time. b the impact velocity of the rock

are related.

¢ how far out from the cliff the rock lands.

7 A ball is thrown horizontally from the top of
a cliff and hits the ground 6.0 seconds later at
30 degrees to the vertical, moving at 67.9 m s
Determine:

a the initial velocity of the projectile

velocity of 25 m s and takes 5.0 s to reach the b its initial horizontal and vertical velocity
¢ therange

ground.

W >
- ,.,_'.‘, SN
W - %'». e,
FIGURE 8 A skier jumps.

d the final horizontal and vertical velocity.

Investigate, evaluate and communicate

8 You can throw a ball horizontally on Earth at a
speed of 50 m s~!. Now imagine you threw it in
the same way on the Moon. Predict and justify
how the range and impact velocity would be
different.

An astronaut on the surface of Mars decides to
emulate the golf stroke of Apollo 14 astronaut
Alan Shepard who hit some golf balls on the

Moon while visiting in 1971. The Mars astronaut

stood on the edge of the Endeavour Crater and
hit a golf ball horizontally. It landed off in the

distance. Evaluate, with reasoned evidence, this

statement: ‘Under exactly the same conditions,

Check your obook assess for these additional resources and more:

» Student book
questions
Check your learning 1.2

OXFORD UNIVERSITY PRESS
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Projection at an angle

KEY IDEAS
In this section, you will learn about:

+ the horizontal and vertical components of a velocity vector
+ the independence of horizontal and vertical components of a velocity vector.

Not all projectiles are launched in the horizontal direction. Arrows, cannonballs, footballs
and netballs, for example, are usually projected upwards at an angle.

You can then resolve (break up) the launch velocity into horizontal and vertical
components. This is the opposite of combining vectors into a resultant vector.

Motion of object projected at an angle

parabola The motion of the projectile is a parabola because the vertical displacement varies as
?ui?t?:no:oar ‘jvuhai‘cd;atic a function of #* (i.e. s, = ut + 5 g1?), as it is uniformly accelerated motion; however, the

the power ais 2, e.g. horizontal displacement varies with just z (i.e. s_ = u 1), as it is constant velocity. Recall that
y=x? the horizontal displacement is called the range.

Case 1: Landing at the same height as at launch

For the simplest case of projection at an angle, the object will land at the same vertical
displacement from which it was launched, as in Figure 1. These statements can be made:

impact speed ¢ The impact speed will be equal to the launch speed. Recall from earlier in this chapter
the speed at which

eed that for purely vertical motion, initial speed equals final speed.
an object impacts a

surface ¢ The impact velocity will have the same magnitude and angle to the ground as the launch
velocity, but it will be in a general downwards direction, not upwards, as at launch

launch velocity (Figure 1)
the velocity at g ’
which a projectile is ¢ The horizontal component of velocity remains constant for the duration of the flight,
launcl'_led; is a vector hence v = u .
quantity that has oF . . .
both magnitude and ¢ The vertical component of velocity at launch equals the vertical component of velocity
direction, usually at impact but in the opposite direction: v_ . =—u .

v (impact) 'y (launch)

specified as an angle
of elevation to the
horizontal

maximum height

horizontal
component

the resolution of a
projectile’s velocity
in the horizontal

direction

vertical =

component X
the_res_olL’Jtlon of_a ' U |/ launch impact\ v,
projectile’s velocity in > .
the vertical direction U range Yy

FIGURE 1 Horizontal and vertical components of velocity for the flight of a projectile
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1.3 Angled projection and distance

MANDATORY
ytSaiyoll Co topage 404>

A bullet was fired from a rifle at 200.0 m s~ at an angle of 40.0° to the ground.
Ignoring air resistance, calculate the:

a initial vertical and horizontal components of the velocity

b maximum height reached

c time of flight (total time taken from start to finish)

d horizontal range.

SOLUTION
Facts: u=200.0 m s, 8 = 40.0° g = — 9.8 m s~ (the upwards direction is positive)

a Vertical: Horizontal:
uy:usine u =ucosf
= 200.0 x sin 40.0° = 200.0 x cos 40.0°
=+128.6 =153.2
=+129ms! =153 ms™!

in the positive direction (up)
b At maximum height the vertical velocity v,=0m sl

2= 2
vi=u?+2g
v y 5

hence:
p2_y?
y y
Syzz—g
02— (+129)?
T 2x(-9.8)
= +844 m (3 sf)

¢ Time of flight can be calculated by:
i determining the time taken to reach maximum height (vy = 0) and doubling
1t; or
ii determining time taken until the final vertical velocity is equal and opposite to
initial vertical velocity; or
iii determining the time until the vertical displacement (sy) is zero again.

Using method i: v, =u, + g Using method ii: v, =u, + gt
hence: ¢ = 5~ 5% hence: ¢ = 5%
’ g ’ g
_0-(+129) =129 - (+129)
=~ —9g - -98
=13.12s =26.24s
1

Using method iii: s, Ful+y gr?
hence: 0 = +128.6¢ + —4.9¢2
49t =128.6

t1=26.24s
Total time = 26.24 s
d Horizontal range = horizontal component of initial velocity x time of flight.
s.=u Xt
=153.2 x 26.24
=4020 m (3 sf)
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Case 2: Landing at a lower height than at launch

Landing at a lower height than at launch is similar to a person launching a shot-put at

shoulder height and it hitting the ground at foot level, or a skier launching upwards off a ramp

and landing further down the mountain (as in Figure 2). The main difference between this

and Case 1, landing at the same height as at launch, is that the vertical displacement at impact

is no longer zero but some negative quantity.

A cannon is fired from the edge of a
cliff, which is 60.0 m above the sea
(Figure 3).
The initial velocity of the cannonball
is 88.3 m s~! and it is fired at an
upwards angle of 34.5° to the
horizontal. Determine:
a the time the ball is in the air
b the impact velocity
¢ the horizontal distance from
the base of the cliff that the ball
strikes the water.
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cannon

60.0 m

FIGURE 3 The projectile lands lower than launch.
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SOLUTION

Vertical component of initial velocity
u,=u sin 6

=88.3 sin 34.5°

= +50.0m s! (positive is up)
Horizontal component of initial velocity

u = ucosf

= 88.3 cos 34.5°

=72.8ms!
The final vertical displacement
s, = -60.0 m
Vertical acceleration
g=-9.8ms>

You can calculate time of flight directly, but it would involve solving a quadratic equation
(and all the possibility for errors this method seems to attract). To avoid this, calculate the

vertical impact velocity first:

a v’i=u’+2gs
Y Y y

= +50%+ 2 x (9.8 x (—60.0))
= 2500+ 1176
=3676

v,=\3676

= +60.6m s~! (discard the positive value as the ball is moving down)

To calculate the time of flight:
v, =u, + gl
D —u
Y y
g
_ —60.6 — (+50)
N -9.8
=11.3 seconds (3 sf)

hence: t =

The impact velocity is calculated by

the vector addition of the final vertical
velocity and the final horizontal velocity
(Figure 4).

Vector sum:

v=+(—60.6)2 + 72.82

=94.7ms!
_ _160.6
IS

= 39.8°to the horizontal

v, =72.8ms’

6

7)impac[
v, =60.6 ms™

FIGURE 4 Recombining vectors for a resultant

Horizontal distance (s ) = horizontal component of velocity (v) x time of flight ().

s, = 72.8x11.3

= 823 m out from the base of the cliff (3 sf)
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Study tip

This type of question
is a favourite for

external assessment.

Pay particular
attention to
whether the final
displacement is
positive or negative.

FIGURE 5 When shooting for the basket, the velocity, angle and height of release have to be just right.

Case 3: Landing at higher than launch height

The final variation on projectile trajectory is where it lands higher than at launch height.
A good example of this is a basketball player shooting a ball into a hoop.

For example, in Figure 6 the ball leaves the player’s hand at an initial vertical displacement
of +1.9 m and lands in the hoop at a final vertical displacement of +3.1 m. You can simplify
this by saying the initial vertical displacement is 0 m (where it leaves the player’s hands),
and the final vertical displacement at the hoop is +1.2 m (higher than at the start). For this
example, s, = +1.2m, 5s_(range) = 4.0 m, & = 60° upwards, g = — 9.8 m s™.

There is a question like this in Check your learning 1.3.

——————— 40m —————

FIGURE 6 Schematic for a ball landing higher than at launch
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Cricket

Which hits the ground faster: a cricket ball thrown horizontally at 10 m s~! or one
thrown at 10 m s™! but at 45°?

CHALLENGE 1.3B

Cannonball horizontal distance

A cannonball is fired and, after travelling 5 m horizontally, reaches half its maximum
height (% __ ). At what horizontal distance will it land?
(Beware, this is difficult and the solution for this challenge is at least three pages long!)

max [~--=--=-=-=-°2

NS

‘max

(Ol | e ey pep———
v

0 5, (m)

FIGURE 7 Trajectory of a cannonball

How far will a flea go?
A flea can jump 18.4 cm high when jumping at 45°. How far horizontally will it go?

Archery world speed record

The world speed record for an archery arrow shot over 100 m is 1.64 seconds (220 km
h1). Calculate the elevation angle of the arrow so that it hits the bullseye at the same
height from which it was fired (shoulder height).
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Complementary angles of elevation

If you’ve ever hosed the garden, you would know that you can direct the water to fall on a
particular plant by either using a high angle of elevation for the stream of water or a low
angle. In both cases, the range is the same. The two angles that give the same range are
complements of each other. This means they add up to 90°. For example 60° and 30° give
complementary the same range and they add up to 90°. Figure 8 shows a variety of complementary angles

angles and the ‘trajectory’ of the projectile (including a stream of water). Mandatory practical 1.3
angles that add to

90°; for example, 60°
is the complementary You can explore this further. Imagine hitting two baseballs with the same force so they
angle (complement)
of 30°and 75°is the

‘Angled projection and distance’ investigates this.

both have the same starting speed but one is at 60° and the other at 30°. The following

complement of 15°. Worked example shows how this can be approached.
y
10
75°

= 8
g
5} 60°
9
=)
8 6
'(IJ
< 45°
g
2 4
o 30°
>

2

15°
0 X

2 4 6 8 10 12 14 16 18 20

Range (horizontal distance, m)

FIGURE 8 Complementary angles give the same range in the absence of air.

A baseball is struck with an initial speed of 20 m s™! at angles of elevation of 60° and
30°. Assume air resistance to be negligible. Determine the following for each angle:
a the time of flight

b the horizontal range, and how they compare.

SOLUTION
a First, calculate the components of the velocity.
For 60°:
u,= 20 sin 60°
=173ms™!
u_= 20 cos 60°
=10m s!

Determine the time of flight.

_ 1,2
s, = ut+ 5t

hence 0 = +17.3¢t + —4.97
0=1:(17.3 —4.91)
0 = ¢ (which we already knew) or 0 = 17.3 — 4.9¢
0=17.3-49¢
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49t=173
_173
4.9
t=35s
For 30°:
u,= 20 sin 30°
=10ms!
u_= 20 cos 30°
=173ms!
1

_ 1l -
s, =u,t+5 gt

hence 0 = +10z + —4.97

0 =1(10 — 4.9¢)
0 = ¢ (which we already knew) or 0 =10 — 4.9¢
0=10 - 4.9¢
49:=10
t=20s

b To calculate the range, let s, = 0, as you want to see how long it takes to get back to
the starting height.

For 60°: For 30°:

s.=ut s.=ut
=10x 3.5 =173x2.0
=35m =35m

A comparison of the ranges shows that they are equal (35 m), as expected for
complementary angles.

Note that for the higher angle of elevation, the ball is in the air for 3.5 s compared to 2.0 s
for the lower angle. You can decide which would be better in a baseball game: more time in the
air means more time to run but also more time to get in position for a catch.

FIGURE 9 A firefighter uses a water cannon to fight
a fire. There are two complementary angles that
will make the water land on the same spot. Why
don’t firefighters use the higher angle?

other form. |
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|
CASE STUDY 1.3
The effect of air on projectiles

Aristotle argued that once a projectile ran out of impetus it would fall vertically from
the sky. Galileo argued that this was wrong, and that the trajectory would be parabolic.
Galileo was right — or was he?

In the discussion so far air resistance has been ignored. When air resistance is taken
into account, the trajectory is different. Aristotle is almost right but for the wrong reasons.
At low speeds air resistance is negligible, but at greater speeds it becomes considerable.

For instance, a fly-ball hit at an angle of elevation of 60° at 45 m s~! will have
different trajectories in air compared with those in a vacuum.

TABLE 1 Computer model of the trajectory of a
ball through air and a vacuum

Path A | Path B (in
(in air) | a vacuum)

Range 100 m 177 m
Maximum height 53 m 77 m
Time of flight 6.6 s 7.9 s

FIGURE 10 The path of the projectile according to
Aristotelian physics, later contradicted by Galileo

Figure 11a shows the difference between the trajectory of a ball as predicted by a
computer model, and Figure 11b shows that of a bullet as tracked by ballistics experts
on a rifle range.

The differences come about because bullets have more complicated motions than a
round ball in flight.

Trial-and-error has shown that the maximum range for a bullet fired in air is
achieved at an elevation of 33°, a rough rule-of-thumb that works for most guns. As

a crude approximation, the angle of descent at maximum range is about 80°, or very
nearly vertical. Any greater elevation of the gun merely means that the bullet will
actually drop vertically and the last part of the flight will add nothing to the range. So
the war veterans were probably right — bullets did fall on them vertically from the sky
(and were just as lethal).

Earlier, the question of why firefighters don’t use the bigger of the two complementary
angles when fighting a fire was asked. Jets of water tend to break up the further they
travel. Using a higher angle makes it harder to direct the water to the right spot.

(a (b)

in vacuum S~ in vacuum
S ~
N

X

FIGURE 11 The trajectories of a ball and a bullet in air and in a vacuum
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CHECK YOUR LEARNING 1.3

Describe and explain Investigate, evaluate and communicate

1 Explain how initial velocity and final velocity 7 Propose how you would prove that the range for

are related for an object projected upwards at

an angle and returning to the same height as at
launch.

Describe the relationship between
complementary angles of elevation and range for
a projectile in the absence of air.

Explain how and why air resistance affects the
range of a projectile.

Apply, analyse and interpret
4 A tennis ball close to the ground is hit by a

racquet with a velocity of 30.0 m s~! at an angle

of 25.0° to the horizontal. Determine:

a the initial vertical and horizontal components
of the velocity

b the maximum height reached by the ball

¢ the time of flight

d the horizontal range.

A football is kicked off the ground at an angle

of 30.0° to the horizontal. It moves away at

23.0 m s7!. Determine:

the vertical velocity after 1.00 s
the velocity of the ball after 1.00 s
the maximum height reached

the time of flight

o 60 o e

e the range of the ball.

A rock is thrown off a 100.0 m cliff upwards at

an angle of 20.0° to the horizontal with an initial

velocity of 15.0 m s~! and strikes the rocks below.

Determine:

a the time of flight

b the impact velocity

¢ how far out from the base of the cliff the rock
strikes the ground.

a projectile falling back to the same height is a

maximum when the elevation angle is 45°.

On the Moon in February 1971, an astronaut

hit a golf ball a distance of 180 m. Evaluate

the claim that ‘if the astronaut hit the same

ball on Earth with the same speed and angle

(assumed to be 30°), it wouldn’t go as far’. Note

Eroon = 1.62 m 572,

The graphs in Figure 12 show how the range

and altitude of a projectile change with elevation

angle in the presence of air.

a Evaluate the relationship between
maximum altitude and elevation angle by
graphical means.

b Predict the maximum altitude for an angle
of 90°.

¢ Predict, with reasons, whether the graph
would pass through the origin (0, 0).

d Describe the shape of a graph of range
versus angle and draw a justified conclusion
about the best angle for maximum range.

3

Altitude (km)

30°

60°
/\ B

(=]
—_

2 3 4 5
Range (km)

FIGURE 12 Range of a projectile as affected by the air at
different altitudes

Check your obook assess for these additional resources and more:

» Student book » Mandatory practical » Video » Challenge worksheet
questions worksheet Calculating projection 1.3A Cricket
Check your learning 1.3 1.3 Angled projection at an angle

and distance
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Review

Summary

o
L
[
o
<
L
&)

* A vector is a quantity that has both magnitude and direction. A vector quantity
can be represented graphically by an arrowed line segment, or symbolically by a
bold typeface.

* Vectors are added by placing the arrowed line segments head-to-tail.

For a projectile, the vertical and horizontal components of the velocity vector are
independent.

» The angle at which the object is thrown relative to the horizontal is called the
elevation angle.

* The motion of the projectile is a parabola because the vertical displacement
varies as a function #2.

* The impact velocity will have the same magnitude as the launch velocity if
returning to the same vertical displacement, but be directed down not up.

* The horizontal component of velocity is constant: v_= u._.

» The resultant (impact) velocity is the vector sum of the final horizontal and
vertical components of velocity.

* The horizontal displacement is called the range.

» The range of a projectile will be the same for elevation angles of 8 and 90° — 6.
These are called complementary angles.

+ The maximum range for a projectile returning to the same vertical displacement

and in the absence of air resistance can be calculated by letting 6 = 45°.

» Air resistance affects the trajectory of a projectile by reducing its range, lowering
its maximum height and making the flight path non-symmetrical.

Key terms

* combine * elevation angle * impact velocity * resultant vector
(vectors) + free-fall » launch velocity + trajectory

* complementary acceleration + parabola ¢ vector
angles * horizontal + range » vertical

* components component o resolution component
(of a vector) e impact speed

Key formulas

Constancy of horizontal velocity
Horizontal displacement (range)

Initial velocity: vertical component

Initial velocity: horizontal component
Vertical velocity as function of time
Vertical velocity as function of (vertical)

Vertical displacement as a function of time
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The relative difficulty of these questions is
indicated by the number of stars beside each
question number: * = low;

= high.

= medium;

Multiple choice

1 Figure 1 shows the vertical velocity of a
projectile (a ball) with time.
Which one of the following is the best
description of the ball’s initial motion?
v, (ms™)

+20

1(s)

FIGURE 1
A thrown vertically upwards
B thrown vertically down
C dropped from rest
D projected horizontally off a cliff

2 A ballis fired horizontally off a cliff at
different heights (#). Determine which one
of the following best shows the relationship
between time of fall (z) and height.

A txVh

B txh

C rxh?

D rx %

3 A golf ball is hit into the air at an angle,
reaches maximum height and falls back to
the ground. Take the upwards direction
as positive. Determine which one of
the following best describes its vertical
acceleration at maximum height.

A +9.8ms™?
B -9.8ms™2
C Oms™

D -9.8°ms™?

4 An arrow is fired with the same initial speed
at angles of elevation ranging from 0° to 90°.
Determine which one of the following will
increase with increasing angle.

time of flight
range

impact speed

cCowe

impact velocity

Figure 2 shows a ball being launched
horizontally off a cliff at a speed of v,

which gives the ball a horizontal range R

at the ground below and a time of flight ¢

to get there. If the speed is increased to 2v,
determine which one of the following best
describes the new time of flight and the new
range respectively.

FIGURE 2

A R

B 7, 2R
C 2,R
D 24 2R

Short answer

Describe and explain

6

A projectile is launched at an angle.
Recall the magnitude and direction of the
acceleration at the top of its flight.
Explain whether or not the horizontal
and vertical components of a projectile are
dependent on each other.

A projectile launched at an angle follows

a parabolic path. Explain what parabolic
means for projectile motion.

Apply, analyse and interpret

9

A projectile is fired horizontally. Determine
the part of its trajectory for which it has the:
a highest speed

b lowest speed.
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10 When a wedding ring is thrown horizontally
out of a fifth floor window that is 15 m off
the ground, it lands 7.5 m out from the base
of the building. Determine the:

a throwing speed
b impact velocity.

11 A boy sitting in a train carriage moving at
constant velocity throws a ball straight up in
the air. Determine:

a whether the ball will fall behind him, in
front of him or into his hands

b what will happen if the train accelerates
while the ball is in the air
¢ what will happen if the train turns a corner
while the ball is in the air.
12 A golf ball is hit by a club and moves off with
a velocity of 30 m s™! at an angle of 55° to the
horizontal. Determine the:

a initial vertical and horizontal components
of the velocity

b maximum height reached
¢ time of flight
d horizontal range
e impact velocity.
13 A soccer ball is kicked off the ground at an

angle of 20° to the horizontal. It moves away
at 30.0 m s7!. Determine the:

vertical velocity after 0.5 s
velocity of the ball after 1.0 s

maximum height reached

a6 o p

time of flight
e range of the ball.

14 The world record for throwing an uncooked
hen’s egg is 96.90 m, set in 1981. The egg
was thrown at an angle of elevation of 45°
and negligible air resistance. Determine
what would have been the:

a throwing speed

b maximum height above the ground
c time of flight

d impact velocity.

15 A dart is thrown horizontally towards
the bullseye of a dartboard, but it strikes
the 3 on the bottom of the board directly
underneath the bullseye 0.19 s after it left

the player’s hand (shown by the red arrow in
Figure 3). Determine the distance from the
bullseye to the 3.

FIGURE 3

16 A boy kicks a football off the ground and it
lands on the roof of his home 57.3 m away at
a height of 3.8 m. The time of flight was 3.0
seconds. Determine:

a its launch speed

b its initial elevation angle

¢ the maximum height reached

d the time of flight if he kicked the ball at the
complementary angle.

17 A plane diving at an angle of 53.0° to the
vertical releases a rescue kit at an altitude of
730 m. This projectile hits the water 4.50 s
after being released (Figure 4).

53°

730 m

FIGURE 4

Determine:

a the speed of the plane

b how far the projectile travelled horizontally
during its flight

¢ the impact velocity of the projectile.

18 A difficult one! A basketball player shoots a
ball at an angle of 55° into a hoop on a post
4.3 m away (Figure 5). The ball is released
from a height of 2.1 m and goes through
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the hoop, which is 3.0 m off the ground. b Interpret the evidence to assess if range
Determine the initial speed of the ball for is proportional to horizontal velocity.

this foul shot to be successful. ¢ Deduce the time of flight from the graph.

d Calculate the acceleration due to gravity
from the data.

e Calculate the absolute and percentage
error given g (accepted) = -9.8 m s2.

***21 Data were collected in an experiment to
investigate the effect of launch angle on
range and listed in Table 2.

TABLE 2 Effect of launch angle on range

. Launch Range (m)
FIGURE 5 angle (°)

***19 Emmanuel Zacchini was a famous American Test 1 Test 2 Test 3
‘human cannonball’. In 1940 he attempted 15 1.30 1.06 1.31
to clear a Ferris wheel 18 m high after being 30 2.11 2.15 2.11
launched from a cannon at an elevation angle 45 2.39 2.50 2.47
of 53° and a muzzle velocity of 26.5 m s™'. His 60 2.11 2.15 2.11
initial point of projection from the cannon 75 1.30 1.06 1.31
was 3.0 m above the ground. Determine,
with reasons and a labelled diagram: Analyse evidence in the dataset to:
a whether he cleared the Ferris wheel a identify trends in the relationship
b how far away from the cannon the net b justify a conclusion about the effect of

would have been placed. angle on range.
***20 An experiment was done to investigate the Investigate, evaluate and communicate

range of a steel ball launched horizontally * %% 22 Tn the 1968 Olympics in Mexico City, Bob
off a bench top 0.76 m from the floor. The

horizontal velocity and range were measured
and shown in Table 1.

Beamon shattered the world long jump record
with a jump of 8.90 m. His speed on take-
off was measured at 9.5 m s™!, about equal

TABLE 1 Data for horizontal projectile experiment to that of a sprinter. At the time, newspapers
Il 0.30 053 099 1.34 1.50 questioned how close he came to achieving
maximum range for this speed in the absence
T orerantil 0.12 022 040 0.53 0.59 of air resistance (assuming maximum range
is at an initial elevation of 45°). The value
of g in Mexico City is 9.78 m s™2. Propose
a Construct a graph of range (vertical axis) an answer to their question and justify your
versus horizontal velocity (horizontal axis). response.
Check your obook assess for these additional resources and more: E
» Student book » Revision notes » assess quiz » Flashcard glossary
questions Chapter 1 Auto-correcting Chapter1
Chapter 1 revision multiple-choice quiz
questions
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Inclined planes

An inclined plane or ramp is a flat surface raised at one end, used as an

aid for raising or lowering a load. Moving an object up an inclined plane
requires less force than lifting it straight up, although it has to be moved

through a longer distance. The incline used by the Ancient Egyptians
for building pyramids and the sloping roads built by the Romans are
examples of early inclined planes. It shows that they understood the
value of this technology for moving things uphill.

ey OBJECTIVES

S —

— -

— Solve problems involving force due to gravity (weight) and mass using the
mathematical relationship between them.

— Define the term ‘normal force’.

— Describe and represent the forces acting on an object on an inclined plane through
the use of free-body diagrams.

— Calculate the net force acting on an object on an inclined plane through vector

analysis.
Source: Physics 2019 v1.2 General Senior Syllabus © Queensland Curriculum & Assessment Authority

ey

-

S
”"’_"_??n‘?,‘._

- FIGURE 1 Ancient Egyptlan workers built the Great P‘yramlds by draggmg blocks of llmestone up. 1nchned plan:g;rhat wound
“around the outside. =" -

I o e
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In this chapter you will be examining

some aspects of inclined planes that will

help to answer questions such as these:

— Wouldn’t you need a very long incline
to get to the top of a pyramid?

— Is there a maximum legal angle for
wheelchair ramps?

— Would inclined planes be any use in
space?

' PRACTICALS

— Would you still call it an inclined
plane if the angle was 90°?

— Could you have a road incline so steep
that a car’s brakes wouldn’t hold it?

— Does friction always act up an incline,
slowing an object down?

é SUGGESTED 2.3 Parallel component on an inclined plane

PRACTICAL
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force

a push or pull
between objects,
which may cause

one or both objects
to change speed
and/or the direction
of their motion (i.e.
accelerate) or change
their shape

weight
ameasure of the
force of gravity
acting on an object
(symbol: F; SI

unit: newton; unit
symbol: N)

mass
an object’s resistance
to a change in motion;
also commonly
stated as the amount
of ma in an

66 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4

This work must not be reproduced, stored, transmitted or circulated in any other form.

Forces due to gravity

KEY IDEAS
In this section, you will learn about:
+ weight, normal force, applied force, friction and tension.

Scientists have identified four fundamental types of force: gravitational, electromagnetic
(involving both electrostatic and magnetic forces), weak nuclear forces and strong nuclear
forces. All interactions between matter can be explained as the action of one or a combination
of these four fundamental forces. There are other forces you will come across such as weight,
the normal force, tension and friction. Depending how they are used, these forces can also be
labelled as the applied force or net force.

Weight and mass

Weight is different from mass. Mass is a measure of an object’s resistance to motion (or
inertia) and doesn’t vary no matter where the object might be taken to in the universe.
Weight is a force that depends on nearby astronomical bodies.

Objects near or on the surface of Earth experience a gravitational attraction towards
Earth’s centre by a pulling force called the force of gravity. This pulling force causes freely
falling objects to move downwards with an acceleration of 9.8 m s=2. This is called its free-fall
acceleration, g.

On Earth, g = 9.8 m s, but on other planets and satellites it depends largely on the mass
of the planet and is shown in Table 1.

FIGURE 1 Your weight depends on the local
gravitational attraction, not what you are
doing — even when free-falling. Your mass is
independent of local gravity.
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TABLE 1 Free-fall acceleration on selected astronomical bodies

Celestial body Free-fall acceleration (m s2)

Jupiter 317.8 24.8
Earth (average) 1.00 9.8
Mars 0.11 3.71
Moon 0.0123 1.62

Weight, being the force due to gravity, is given the symbol F,. For an object of mass m in a

place where free-fall acceleration is g:
Fg = mg
For example, the weight of a 10 kg object on the surface of Earth, where free-fall
acceleration g is 9.8 m s72, is given by:
Fg =mg
=10 x 9.8
=98 N.
On the surface of the Moon, this object of mass 10 kg would have a weight of 16 N. On
Jupiter it would be nearly 250 N.

WORKED EXAMPLE 2.1A

A man has a mass of 85.0 kg. Using the information in Table 1, calculate his weight on:
a Earth
b the Moon
¢ Jupiter (g = 24.8 m s72).
SOLUTION
a Fg =mg
=85.0x9.8
=833 N (833 N to 3 sf)

b F,=mg
=85.0x1.62
=137.7 N (138 N to 3 sf)
c F,=mg
=85.0 x 24.8
=2108 N (2110 N to 3 sf)

The greater weight

Which one of each pair has the greater weight?

a akilogram of lead or a kilogram of feathers

b 1 cm’® of lead or of feathers

¢ 1 tonne of lead or a tonne of feathers (both in free-fall)
d aman and a child both floating in a swimming pool
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normal force

the force acting along
an imaginary line
drawn perpendicular
to the surface.

FIGURE 3 When the pull
stronger than the supporting surface can push back
up, the inevitable happens.

CHALLENGE 2.1B

Cork
Cork is a very lightweight substance, as you’d know if you’ve ever put a cork in water.

Imagine a 1.5 m diameter ball of cork. What is its weight? You’ll be surprised.

Hint: density of cork =240kgm>; I/ = =4,

sphere 3

Normal force

When a box is resting on a table, gravity pulls the box towards Earth with a force F, called its
weight. The table pushes back with an equal and opposite force that is at right angles to the
tabletop (Figure 2). A right angle is also called a perpendicular or ‘normal’, so it is called the
normal force (F).

normal force

F
box T Fy
F
g
graivity
i r normal weight
EB force

free-body diagram

ground

FIGURE 2 The normal force, F,;, is perpendicular to the surface.

Students often assume these two forces make up an action—reaction (or agent-receiver)
pair consistent with Newton’s third law. Even though these two forces are equal and
opposite they are not a third law ‘pair’. There are two third law pairs in the situation of the
box on the table:

1 The force on the box due to Earth (F,;) is also known as the
weight of the box (Fg). The paired force is the pulling force on
Earth due to the box (F

).
EB
2 The downwards force on the table due to the box (F.;) is paired

with the upward force on the box due to the table (F

sr) — also

known as the normal force (F,)).

One from each pair make up the action-reaction pair. The
magnitudes are equal: I F This can be wrltten in vector notation

-
showing they are also in opposue directions: F Fg.

You could apply this to the situation in which you are standing on
the ground. The gravitational attraction between you and Earth pulls
you straight down towards the centre of Earth and this is called your
weight, Fg. The surface of Earth pushes back on your feet and this is
of gravity downwards is your normal force FN.

68 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4 OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/08/2024 under licence.

A 2.00 kg box rests on a horizontal table. There are no applied forces. Calculate the
normal force.

SOLUTION
o
F =mg N
=2x9.8 I2 kg
=19.6 N down (3 sf) 77
- - ng =mg
F =-F,
=19.6 N up (3 sf) FIGURE 4 Forces acting on a box
CHECK YOUR LEARNING 2.1
Describe and explain Apply, analyse and interpret
1 Define the terms ‘weight’ and ‘normal force’. 8 Distinguish between weight and mass.
2 Explain how the mass and weight of an object 9 A bag of apples with a mass of 3.0 kg rests
differ on the surface of the Moon compared to on a table. Determine is the magnitude and
the surface of Earth. direction of the normal force.

3 Construct a labelled vector diagram to show the 10 Imagine you could take a 1 kg rock to the centre
relationship between the normal force and weight of Earth. Deduce what its weight would be.

of an object when it is: . .
Investigate, evaluate and communicate

a resting on the ground )
11 A student of mass 65 kg was standing on the

ground barefoot and said ‘T am pulling Earth
towards me with a force of 637 N’. A friend said,
‘No, Earth is pulling on you with a force of 637

b resting on a table.

4 Explain whether this statement is true: ‘For an
object at rest on a horizontal surface and with no
other forces acting, the weight and the normal

] ) X N’. Evaluate both statements and determine

force are equal in magnitude. DT —

S Explain why the weight of an object on the
surface of Mars would be less than the weight on

the surface of Earth even though the mass would

12 A girl is standing barefoot on the ground and
says ‘Earth is providing the normal force to
my weight’. She then puts shoes on and says,

not change. ‘Now my shoes are providing the normal force

6 Calculate the weight of a 30 kg box of
vegetables on Earth.

7 A parent said their child had a weight of 36 N at
birth. Calculate the child’s mass.

and Earth is having a rest’. Evaluate these
statements for accuracy.

Check your obook assess for these additional resources and more: g
» Student book » Video » Challenge worksheet » Challenge worksheet
questions Calculating weight and 2.1A The greater 2.1B Cork
Check your learning 2.1 mass weight
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inclined plane
a flat surface raised

at one end, used as
an aid for raising or
lowering a load

friction

the resistance to
motion of a surface
moving relative to
another

Applied forces: friction and tension

KEY IDEAS
In this section, you will learn about:

+ applied force, friction and tension being forces that can act on an object on an inclined
plane.

In this section you will look at two different types of applied forces — friction and tension —
and how these forces can act on an object that is positioned on an inclined plane.

Friction

You may have measured frictional force by dragging an object across a desk at constant speed
and noting the reading (in newtons) on a spring balance (Figure 1).

spring balance

i

F

table

FIGURE 1 A laboratory spring balance is calibrated in both grams (g) and newton (N). A reading of 100 g (0.1 kg)
corresponds to a reading of about 1.0 N. You can use the formula Fg = mgto show this is true.

Friction is the resistance to motion of two surfaces moving relative to another. It is the
result of the electromagnetic attraction between the charged particles in two touching surfaces.

Unit 2 discussed what life would be like without friction — it would be impossible. Friction
is absolutely necessary, but it is also a hindrance. The search for ways of altering it has gone
on for thousands of years. The search to understand it has only gone on for a few hundred
years — only since the birth of physics.

The properties of friction

In Unit 2, you also saw that friction has several properties, and these are worth reviewing:
e Friction is a force between two surfaces and it opposes motion.
* Friction has the symbol F, and is measured in units of newton, with the unit symbol N.

¢« When there is no acceleration along the surfaces, the frictional force equals the
horizontal force.

FIGURE 2 Rubber tyres have good friction with a dry road surface but less so on a wet road. The grooves in a tyre
are to get rid of water between the tyre and road, but when the tyre is worn it can’t do this effectively.
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For this section on inclined planes, one of the most important features of friction is its
relationship to net forces and acceleration (the last dot point above). If an object is being dragged
along a horizontal surface by an applied force (F,;) at constant speed, there is no acceleration so
the net force (F_ ) is zero. The applied force (£7;) must then be equal to the frictional force (F),
as shown in Figure 3a. In contrast, when the horizontal force is greater than the frictional
force (Figure 3b), the object will accelerate in the direction of the larger force.

@ (b)

constant speed _v» acceleration _a»
- - - —
F;=20N Fy=20N F;=10N Fy=20N

FIGURE 3 The effect of friction on the net force and acceleration

In this first worked example you will consider the effect of friction on acceleration.

In Figure 3b, the horizontal force is 20 N (2.0 x 10!) to the right and the frictional
force is 10 N (1.0 x 10") to the left. The mass m of the block is 3.00 kg.

Determine the weight of the block.

Determine the normal force acting on the block.

a
b
¢ Determine the net force acting on the block in the horizontal direction.
d Calculate the acceleration of the block in the horizontal direction.

e

Determine the net force acting on the block in the vertical direction.

SOLUTION
a Fg: mg

=3.0x9.8

=29.4 N down (29.4 N to 3 sf)
b K =-F

=29.4 N up (29.4 N to 3 sf)
¢ F.=F-k
=20-10
=10 N to the right
Alternatively, using vector notation:
F _=F +F,
=20+ (-10)
=+10 N (to right)
d F__ = ma, therefore:
F

net

m
__10
~3.00

= 3.3ms™2 to the right (2 sf)
e 'There is no movement in the vertical direction, so vertical acceleration is zero and
thus F_(vertical) is zero.

a=
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Increasing friction

Sometimes you want to increase friction, such as for tyres on a road. At other times you want
to reduce friction and this is done with a lubricant such as solid graphite, a liquid such as oil
or glycerine, or a gas such as air.

Tension
tension Tension is the pulling force transmitted along a rope, string, cable or chain on an object. The
the pulling force symbol F,.is used to show that it is a force, with the subscript T to signify that it is ‘tension’ —

transmitted along a
rope, string, cable or
chain on an object

a pulling force and not compression or any other sort of force.

Case 1: Object hanging at rest ,
F  force of scaffold pulling

Consider a mass, , that is suspended at rest from scaffold up on rope

a scaffold such as an overhead beam. Gravity pulls

downwards on the mass with a force Fg called the F,. tension in rope pulling
weight of the object (Figure 4). To support this down on scaffold
weight, the rope has to pull upwards with an equal
and opposite force. These two forces (the upwards
pull of the rope and the weight) make up the action— o )
reaction pair (or agent—receiver pair) you learnt about fr tenmoﬁ;i;ﬁifﬁ ting
in the chapter on Newton’s laws in Unit 2. As the
object is not accelerating, the net force must be zero,
so you can confidently say that the weight force and
the tension force are equal and opposite and their net
sum is also zero. This would also apply to the object
moving at constant speed (zero acceleration).

. F,_ weight of block pulling

Note: assume for all examples that the rope is ¢ down on rope

massless, or so small compared to the mass of the
object that it can be neglected, and that the string is
inextensible; that is, not able to be stretched.

FIGURE 4 The rope is under tension from
the force of gravity on a hanging object.

In Figure 4, you can see that at the top end the rope is pulling down on the scaffold with
a force F.. that is the same magnitude as the tension in the rope pulling up at the lower end.

These two tension forces have the same magnitude (F,, ). At a microscopic

(upper) F T(lower)
level there are billions of these tension pairs acting on molecules in the rope for its entire
length. Because they are all equal and opposite, you can just represent the ones at the ends.
The scaffold has to pull upwards on the rope with a force equal to this tension. The
ultimate purpose of the rope is to transmit the weight of the block to the scaffold.
Of course, if the scaffold was accelerating upwards the tension in the rope would increase,
but when it is at rest or moving at a constant speed the tension in the rope equals the weight

of the object.

FIGURE 5 The rope is under tension from
pulling forces. The tension is zero if it is pushed.

N
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Calculate the tension in a vertical rope A

il

needed to support a freely hanging

12.0 kg mass. 12k

SOLUTION
Facts: m=12.0kg, g = 9.8 m s72

L5}

ot
I
&

Find: tension in the rope ()
FIGURE 6 Free-body diagram of the forces

Figure 6 represents the direction and ' A
acting on the object

magnitude of forces with vectors.

Formula: Fg = mg
Figure it out: Fg =mg

=12.0x9.8
=117.6 N downwards

Fg = F,. (the magnitudes are equal, although opposite, as it is not
accelerating)
F..=117.6 N upwards

Finish: The tension in the rope is 118 N directed upwards (3 sf).

Pulley

If you passed a rope through an overhead pulley and tied it around your waist, could

you pull on the other end and raise your body?
o
N__

CHALLENGE 2.2B

Who reaches the pulley first?

The monkey in Figure 7 has the same mass as the box. He climbs a rope. Who will
reach the pulley first?

chaLLENGE 220 Ei

box 20 kg monkey 20 kg

Navy dGStroyers FIGURE 7 Who will
A World War II navy destroyer (ship) had a mass typically of about 2000 tonnes. reach the pulley first -
Imagine one moored at a dock and you decided to push it away with your hands. It g:;?lonkey or the
sounds impossible, but your challenge is to work out how long it would take to shift it
30 cm with an applied force of 400 N (typical of a senior student). Assume that water
offers no friction. If you want to be more accurate, put some bathroom scales on the
wall and see how hard you can press (usually about 40 kg).
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Case 2: Object being accelerated

If you consider Case 1, and imagine that the scaffold
is a crane that is accelerating the object upwards, the

tension in the rope would be greater as the net force F, tension in rope pulling
would not be zero. The difference between the tension E nch up on block
and the weight would be the net force (Figure 8).

Flinging a rock upwards as in a trebuchet would be an
example of this.

You could say that for the magnitudes of the forces:

Fnet = FT - Fg
which can be rearranged:
F.=F +F F, weight of block pulling
net g

down on rope

Alternatively, using vectors symbols (remembering

that the vector arrows point in opposite directions): FIGURE 8 If the tension in the rope is
N N N greater than the weight, then the net
Fnet = FT + Fg force is upwards.

A crane is lifting a 515 kg steel bin directly upwards by use of a chain hitched to the
bin. It is accelerating upwards at 1.20 m s=. Calculate the tension in the chain.
SOLUTION

Facts: m = 515 kg, g = 9.8 m s (downwards), or — 9.8 m s72)

Find: Tension in the chain F._

Figure 9 shows that, when adding vectors, the vector arrows are placed head-to-tail.

> F
—
Fr Fr &

N
‘Fmt (resultant)

- vector sum
F, g

FIGURE 9 Free-body diagram for vector addition

F =F.— Fg (for magnitudes)

E=F,+tF
= ma + mg
=515%x1.20+515%x9.8
=618 + 5047

=5665N
Finish: The tension in the chain is 5670 N upwards (3 sf).
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Case 3: Redirecting forces with a pulley

You don’t always want to pull on a rope to move something towards
the direction of the force. Sometimes you want to move it away from
you, or sideways (Figure 10). A pulley can be used to redirect forces,
particularly a weight force to a horizontally applied force — or through
some other angle. A pulley is a frictionless wheel used for redirecting
forces without loss of energy (Greek polos meaning ‘pivot’, ‘axis’).
Consider a block that rests on a surface and is attached to a hanging
weight by a massless string (Figure 11). The block is being dragged
along the horizontal surface by a weight hanging on an inextensible
(non-stretching) massless cord passing over a frictionless pulley. The
weight of the hanging mass is equal and opposite to the tension in the
cord even though the cord is horizontal where it is attached to the block.

FIGURE 10 Pulleys are used to redirect forces. For
example, to hoist a sail up a mast on a sailing boat,

the rope to hoist the sail will pass through a pulley

at the top of the mast, so that standing on deck you
can pull down on the rope and the sail will go up.

horizontal surface

FIGURE 11 A single frictionless pulley redirects the force but doesn’t change its magnitude.

You can draw a free-body diagram of the arrangement showing the magnitude and names
of the forces acting on the hanging mass (Figure 12).

K]
hanging

wil

FIGURE 12 Free-body diagram for the vertical forces

You can do the same for the forces acting on the sliding mass (Figure 13). The magnitude
of the tension force (F.) is, of course, the same in both cases. The label F,, is used for the
force parallel to the surface.

sliding

FIGURE 13 Free-body diagram for the horizontal forces
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applied force
force applied to an
object by a person or
another object

Applied force

Applied forces (F,) are those applied to an object by a person or another object. It can

be a push or a pull. For example, if you push a desk across the room, then your hands are
providing an applied force on the desk. If you pull a cart by a rope, then you are providing an
applied force through the tension in the rope on the cart.

Forces applied horizontally

Forces applied horizontally have no effect on the normal force of the object on the floor. All
the forces go into horizontal movement of the object (Figure 14).

@ (b)

pushing pulling
FIGURE 14 (a) Pushing or (b) pulling horizontally has no effect on the normal force.

Forces applied at an angle
Pulling

Have you noticed that is always easier to pull

a pram or lawnmower backwards over rough

ground? Likewise, it is easier to slide a box

by pulling rather than pushing. In the case

of ‘pulling’, the vertical component of the

pulling force is directed upwards and tends to ‘

]l - =
) . . Fyy= Fycos6
lift the object upwards. A ‘free-body’ diagram box ’ HE A cos

. ) =
(Figure 15) shows how the applied force (F,) /.
has been resolved into two compone_r)lts at FIGURE 15 The applied force F, is resolved into two
right angles: a vertical component (F V) and a components at right angles.
-

horizontal component (F ).

A man drags an 80.0 kg box across a concrete

floor at constant speed by means of a rope at

an angle of 30° to the floor (Figure 16). Given F,
that the applied force is 400 N (4.00 x 10?), 0°

calculate the: /'

a vertical component of the applied force L

horizontal component of the applied force

weight of the box

normal force acting on the box FIGURE 16 Pulling at an angle

o o6 o

frictional force.
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SOLUTION

The applied force (ﬁ ) =400 N (4.00 x 10%) to the right at an angle 6 of 30° to floor
(Figure 17).

- -
Fy sin @ F, applied force
F
f
( N
- : F) cos @
friction l ———— otion
LY
Fy=mg

FIGURE 17 Free-body diagram

a Vertical component (F,) = F, sinf

=400 sin 30°
=400 x 0.5
200 N up
b Horizontal component(F],) = F, cos 6
=400 cos 30°
=400 x 0.866
=346 N (3 sf)
¢ Weight (Fg) =mg
=80.0x9.8
=784 N down
d Normal force (F) = F;; =If,
=784-200
=584 N up

o

Frictional force (ﬁf) =346 N (because I_J)f = ﬁH when speed is constant)

Pushing

If you’ve ever pushed a supermarket trolley or a
lawnmower over bumpy ground, you know that it is
harder to push because you seem to be pushing it into

the ground as well. What is happening is that although
some of your push is in the horizontal direction and
moves the object along, a component of your pushing
force is directed downward towards the ground, causing

it to ‘dig in’. For example, consider a person pushing FIGURE 18 Pushing at an angle
a box across a floor (Figure 18). Some of the pushing
force (ﬁ ,) goes into moving the box across the floorand ~ eeeeeeeeeeeeeoo Fyp
some of the force pushes the box down into the floor. ?v _ I?A sin @

This free-body diagram (Figure 19) shows that the 4
applied force has been resolved into two components at Tooss E’H - FA cos @

right angles: a vertical component (F,) and a horizontal
component (FH) FIGURE 19 Free-body diagram
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In this example the man pushes the box instead of pulling it. He pushes the 80.0 kg box
across a concrete floor at constant speed with his arms at 30° to the floor (Figure 18). He
exerts an applied force of 810 N (8.10 x 10%) to make it slide at constant speed.

o Q6 o P

Calculate the:

vertical component of the applied force
horizontal component of the applied force
weight

normal force

frictional force.

SOLUTION
Facts: Applied force (1_5 ) = 810 N to right at an angle 6 of 30° to floor (Figure 20).

F, sin 6 F, applied force
motion /
-] Fy cos @
P F;
Fg =mg

FIGURE 20 Free-body diagram

a
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Vertical component (I) = F, sin@

=810sin 30°
=810 x 0.5
=405 N down
Horizontal component (F,) = F, cos0
=810 cos 30°
=810 x 0.866
=701 N (3 sf)
Weight (F) = mg
=80.0x9.8
=784 N down
Normal force (F) = Fg + F, (magnitudes)
=784 + 405
=1189 N up

—
Frictional force (¥;) = 701 N (equal to the horizontal component as it is at constant
speed)
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CHECK YOUR LEARNING 2.2

Describe and explain

1 Define ‘friction’ (in one sentence).

2 An object is sliding along a horizontal surface to
the right. Describe the direction in which the
frictional force acts.

3 An object is being pulled along a horizontal
surface by a rope at an upwards angle to the
horizontal. Explain whether the normal
force is greater or less than when the object is
at rest.

4 Describe Newton’s second law without using a
formula.

5 Explain what is meant by ‘tension’. Identify the
symbol for tension, the unit it is measured in, and
the unit symbol.

6 A 1.0 kg block of wood is dragged along a
benchtop by a string to which a horizontal force of
15 N is applied. A frictional force of 10 N is acting.
a Describe the motion of the block.

b Identify the law you used to determine this
motion.
c Calculate the tension in the string.

7 A 1.5 kg block is made to accelerate along a
horizontal surface at 2 m s to the left by a
horizontal force of 5 N.

a Construct a free-body diagram.
b Calculate the frictional force that is acting
to oppose this motion.

Apply, analyse and interpret

8 A small block is dragged along a horizontal
surface at constant speed by a force of 5.0 N.
Determine the magnitude and direction of the
frictional force.

9 Determine the following statement is true:
‘friction only applies between two surfaces if they
are accelerating past one another’.

10 A man drags an 20 kg box across a horizontal
concrete floor at constant speed by means of a
rope at an angle of 30° to the floor. The applied
force in the rope is 100 N. Determine the:

a vertical component of the applied force
horizontal component of the applied force
weight of the box

normal force acting on the box

o o 60 o

frictional force.

Investigate, evaluate and communicate

11 A student uses a spring balance to drag a wooden
block along a laboratory bench at constant speed.
The reading on the balance is 220 g.

a Construct a free-body diagram.
b Calculate the frictional force between the
bench and the block.

12 A set of brass masses rests on a laboratory
balance that reads 452 g. A piece of string tied
to the masses at an angle of 30° to the vertical is
pulled gently and the reading on the balance is
reduced to 415 g.

a Propose a reason for this observation.
b Determine the tension in the string.

13 A set of brass masses rests on an electronic
laboratory balance that reads 494 g. The balance
is tilted slightly and the balance now reads 412 g.
a Propose a cause of this change in scale

reading.
b Calculate the angle the balance makes with
the benchtop.

Check your obook assess for these additional resources and more:

» Student book
questions
Check your learning 2.2

» Challenge worksheet
2.2A Pulley

OXFORD UNIVERSITY PRESS

» Challenge worksheet

» Challenge worksheet

2.2B Who reaches the
pulley first?

2.2C Navy destroyers
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Study tip

It is handy to know
these two equations
off by heart. They are
not formulas that will
appear in your data
booklet. For an object
on anincline, the two
components of its
weight are:
F,=mgsing
F,=mgcosé.

80 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4

Forces acting on an inclined plane

KEY IDEAS
In this section, you will learn about:

+ describing and representing the forces acting on an object on an inclined plane by the use
of free-body diagrams
+ calculating the net force acting on an object on an inclined plane through vector analysis.

Inclined planes provided one of the first methods for studying accelerated motion. The Italian
scientist Galileo Galilei (1564-1642) realised that measuring the rate of free-falling objects
was difficult, as no accurate timing devices were available, especially for the short durations
experienced in a laboratory. Galileo reasoned that free-fall was just a special case of an
inclined plane for which the angle was 90°. He argued that acceleration still occurred on an
inclined plane but that only the component of the acceleration along the track was effective
in producing motion. The component perpendicular to the track was unable to produce
motion as there was a surface in the way. By using a shallow angle, Galileo was able to study
motion but at a greatly reduced rate. This gave the world an understanding of what he called
‘uniformly accelerated motion’.

Resolution of forces

Galileo’s analysis of the forces acting on an inclined plane are as good today as they were in
1589. When an object is placed on an inclined plane its weight still acts vertically, but this is
no longer perpendicular to the surface. The weight force can be resolved into components
at right angles: one parallel to the surface of the incline, and the other perpendicular to the
incline (Figure 1).

FIGURE 1 Components of forces on an incline

In the diagram, the weight of the object (Fg = myg) has been resolved into two components
at right angles:

Parallel component: 7 (or F)=Fsind
=mgsin@
Perpendicular component: F = Fg cos @
=mgcos 0
Note the use of the subscripts L for perpendicular, and || or P for parallel.

Note also that the normal force (F))) is equal and opposite to the force perpendicular to
the plane (Fg cos 0) because there is no acceleration in that direction; thus, F; = mg cos 6.
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SUGGESTED ML:Ls
PRACTICAL Go to your obook assess »

Initial acceleration

With the automatic gearbox in ‘drive’, a 1200 kg Toyota RAV 4 will remain stationary
facing uphill on a 5° slope. What would its initial acceleration be on the flat (assuming
the driver’s foot was not on the accelerator)?

Vector analysis

An object can move up or down an incline, and it can do so with
or without friction. That gives four possible combinations and
these represent four situations found in everyday life. You will
examine each of these for their particular features and approaches
to problem-solving.

Case 1: Sliding down - no friction

An object placed on a smooth (frictionless) inclined plane will
accelerate down the plane. The accelerating force is provided by

the component of the object’s weight in a direction down the plane

F, (Figure 2). There are no frictional forces to slow its motion. It is
difficult to avoid friction completely, but in factories trucks are often
loaded by allowing boxes to slide down an incline made of zero-
friction rollers. Objects can slide down them very fast. Roller-coasters
have very low friction especially when it rains. In fact, when it rains,
amusement parks often have to stop roller-coasters as they get too almost frictionless incline.
fast (Figure 3).

FIGURE 2 Free-body diagram — no friction

Forces parallel to the plane: The net force F,  is the sum of all forces parallel to the
plane. However, there is just the one force, F, so it is the net force:
F . = F, and applying Newton’s second law, F, = ma, thus:
ma = mg sin#, and cancelling out the m term
a=gsin6
That is, acceleration down the incline equals the free-fall acceleration g multiplied by sin6.

You can also say the acceleration is independent of the mass of the object in this very
specific case (no friction).
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Study tip

When the net forces
on an object are
equal thereis no
acceleration. This
means the velocity
of the objectis
constant, which

includes being at rest.

It doesn’t mean the
object is necessarily
at rest; it could be
moving at a constant
speed.
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incline. Find:
a the net force down the incline
b the acceleration of the object.

SOLUTION
73.5=150xa
=15.0 x 9.8 x sin30°

Case 2: Sliding down - with friction

It is more usual to have friction on an incline and friction always opposes motion. A children’s
slippery slide is a good example of this.

FIGURE 4 Free-body diagram with friction present

SOLUTION

F,=mgsind
=34.0 x 9.8 x sin40.0°

.. = ma, therefore:

=214-110
= 104 N(down the incline)

A 15.0 kg bag of fertiliser is allowed to slide freely down a smooth (frictionless) 30°

= 4.9m s~%(down the incline)

The component of the child’s weight down the incline (F,,) causes the child to move down
the slide, but friction () acts upwards along the surface opposing this motion. If F, = F,, there
will be no net force and the child will not accelerate — the child will either remain stationary or
travel down the slide at constant speed (Figure 4). Students often think that if the opposing
forces on an object are equal there is no motion. This is wrong — there is no acceleration but the
object may continue at constant speed or stay at rest (which is a constant speed of zero anyway).

A 34.0 kg child sits on a slippery slide that has an angle of elevation of 40.0° to the
horizontal. If the frictional force is 110 N (1.10 x 10?), determine the motion of the

= 3.06 m s~2down the incline (3 sf)
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Case 3: Dragged up the

incline — no friction

Goods can be dragged up inclines when they
are being loaded into the back of a truck, and
the carts in a coal mine are dragged up a rail
line to the surface by a force applied to the
end of a cable (Figure 5).

In a coal mine, the applied force creates
a tension (F7..) in the cable that overcomes
the weight component of the cart acting

o . . FIGURE 5 A Swiss ‘funicular’ is used to reach the top
have some friction in the wheels, but first, of a mountain and uses a cable to pull the carriage up

down the plane. The carts will invariably

consider a case without friction (Figure 6). the incline.

FIGURE 6 Free-body diagram of an object pulled up the incline (no friction)

The net force acting along the plane will be the larger force, the tension in the cable, F,,
up the incline minus the force I, down the incline:
k ¢ E T F, P

ne:

A 525 kg coal truck is pulled up a 25° incline by a cable from the surface. If the cart
moves up the track at constant speed, calculate the tension in the cable.

SOLUTION
(using Figure 6)
F =0 (constant speed), therefore:

net

F.. = F, (equal and opposite)

F,=mgsinf =525 x 9.8 xsin25°
= 2174 N down the incline

Hence F. = 2174 N (2170 to 3 sf) up the incline
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Study tip

Just because the
mass on the incline
is heavier than

the hanging mass
doesn't mean the
block moves down.

Using a falling weight to provide the applied force

Instead of having an applied force such as a motor provide tension in the cable to drag an
object up an incline, there are advantages in using the stored energy of a falling mass to do
the same thing. The Egyptians developed a version of this to shift blocks of stone up inclines
using a device called a ‘rope-roll’. Overhead power lines for trams and railways sometimes use
the same approach.

The free-body diagram in Figure 8 shows a cable connected to an object on an incline.
The cable passes over a frictionless pulley at the top. A large hanging mass, m,, provides a
force up the incline. The balance between F.. and F, will determine the direction in which the
block moves, or if it moves at all.

FIGURE 7 Free-body diagram — using hanging masses

The weight of the hanging mass m, can be calculated as ng = m,g. The symbol ng is used
to distinguish it from Fgl, which is the weight of the object on the incline. The weight of this
hanging mass provides the tension force (F) in the cable, and if it is large enough it will
pull the block up the incline. If the weight of the hanging mass just equals the force down
the incline (F,), the objects will stay at rest, or if given a small push will continue to move at
constant speed in that direction. If the weight of the hanging mass is less than the force down

'atndgﬁgiggs on the the incline (F,), the block will accelerate down the incline, but not as fast as if the hanging
' mass wasn’t there. These three scenarios can be summed up thus:
* tension force > force down the incline, F.. > F: object will accelerate up incline
* tension force = force down the incline, F.. = F,: object will remain stationary on incline or
move at constant speed
* tension force < force down the incline, F.. < F,: object will accelerate down incline.
WORKED EXAMPLE 2.3D
A 525 kg coal cart is pulled up a 25° incline by a cable from the surface. A hanging
mass m, of 300 kg (3.00 x 10%) is used to provide the applied force in the cable.
Determine the motion of the cart.
SOLUTION
Forces down the incline = F, Forces due to hanging mass = ng
F,=m gsind ng =m,g
=525 x 9.8 x sin25° =300x9.8
= 2174 N =2940 N
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F =F,-F,

net

F. = 2940 - 2174

= 766 N up the incline (therefore cart will accelerate up the incline)

net

e total

___ 766
~ 525+ 300
=0.928 m s~2up the incline(3 sf)
The cart will move up the incline with an acceleration of 0.928 m s™.

Hanging mass and angle of elevation

It should be obvious that as you increase the angle of the incline, the parallel component of

the object’s weight down the incline increases too. That is, the steeper the incline the faster an
object accelerates down it. You can measure the downward force (F,) by connecting a hanging
mass over a pulley at the top and adjusting this hanging mass until the object on the incline
moves neither up nor down. At this point, F, = ng (the weight of the hanging mass).

This can be demonstrated by the apparatus shown in Figure 8.

Masses are added to the hanging pan on the left to keep the frictionless trolley stationary

on the incline. As the angle is increased the component of the weight down the incline
increases and thus more mass has to be added to the pan. For example, imagine a 200 g

trolley on the incline (such as in Figure 8) and the results collected in Table 1.

&,

4

A N T T

T
1
& [ /u,,/,”l?

o

X

||mmmm
=T

FIGURE 8 Apparatus for investigating forces on an inclined plane

TABLE 1 Parallel component of weight on an inclined plane

Angle of elevation, 6 (degrees) 10° 20° 30°

Mass of hanging mass m, (g) 34 68 100

2
Weight of hanging mass ng (N) 0.33 0.67 0.98
Parallel component F,, (N) 0.33 0.67 0.98

It is immediately obvious that there is a relationship between the angle of elevation and the
parallel component (represented by the hanging weight); that is, as you increase the angle, you
increase the hanging weight needed. It looks almost linear but it is not. The hanging weight

needed is proportional to the sin of the angle (ng x siné).
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40°
0.64
128
1.25
1.25

Study tip

The exact value of
the tension force

is not asked for. It

is @ more complex
calculation and is

not shown here.
Nevertheless, it

can be shown to be
2662 N. See ‘Increase
your knowledge

2.3 for the worked
example. Also see
worked solution for
Question 20, page 90,
for a further example.

Study tip

As 0 gets bigger, sing
gets bigger, but cos o
gets smaller.
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Study tip

The ideas shown here
form the basis of
Suggested practical
worksheet 2.3
‘Parallel component
on aninclined plane’.
It uses freely hanging
weights over a pulley
to provide a force
equal and opposite
to the parallel
component of weight
down theincline-a
good candidate

for modifying for a
student experiment.
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CHALLENGE 2.3B

Graphing elevation

Construct a graph of an angle of elevation (from 0 to 90 degrees) on the horizontal
axis, and sin@ on the vertical axis. On the same graph, plot cosf on the vertical axis.

Note their shapes.

Case 4: Dragged up the incline - friction acting

A more likely scenario is one in which friction is acting to oppose motion as an object is

dragged up an incline. The forces acting down the incline will now be I/, and F,, and the
forces acting up the incline will be the applied forces via the tension in the cable

(Figure 9).

Fg FgZ

FIGURE 9 Free-body diagram. Friction acts to oppose motion — motion up, friction down

A cart in a mine is dragged up a 20° incline by an applied force provided by a hanging
mass over a frictionless pulley system. A filled cart has a mass of 750 kg (7.50 x 10?)
and the frictional force is 1036 N. The hanging mass, #,, has a mass of 383 kg.
Determine the motion of the cart.

SOLUTION
Using Figure 11:

Forces down the incline = F, + F; F _=F Y
=F sin6+ 1036 =3753 - 3550
=750 x 9.8 x sin 20°+1036 =F203 N up the incline
=2514 + 1036 4=
=3550 N down total
. __ 203
Forces due to hanging mass (F,)) = m,g ~ 750 + 383
=383 %x9.8 =0.179 m s~2up the incline
=3753 N

The cart will move up the incline with an acceleration of 0.179 m s2 (3 sf).
See Increase your knowledge 2.3 for determining tension.
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CHECK YOUR LEARNING 2.3

Describe and explain

1 Identify the practical purpose of an inclined plane.

2 Explain the purpose of resolving the weight
vectors into two components at right angles: one
down the incline and one perpendicular to it.

3 Recall what happens to the magnitude of the
parallel and perpendicular components of the
weight as the angle of elevation of an incline
increases.

Apply, analyse and interpret

4 A 20 kg object rests on a 30° inclined plane.

Determine the:

a parallel component of the object’s weight

b perpendicular component of the object’s weight
¢ the normal force on the object by the surface.

S An object of mass 10 kg is placed on a frictionless
incline of 25°. Deduce how many seconds it would
take to travel down a 5.0 m incline from rest.

6 A 14 kg toolbox is placed on a plank of wood.
When one end of the plank is raised, the toolbox
begins to slide down the incline at a uniform
speed when the angle reaches 40°. Determine
the frictional force acting on the box.

7 An object of mass m, is placed on a frictionless
incline as shown in Figure 10. It is held at rest by
a hanging mass, m,, on a cord over a frictionless
pulley at the top of the incline.

FIGURE 10 Free-body diagram
a Determine the angle of elevation if m, is
50 kg and m, is 23 kg.
b Describe the motion of the object m, if m, is
increased to 30 kg.

¢ Describe the motion of the object m, if m, is
reduced in mass to 20 kg.

Investigate, evaluate and communicate

8 Students carried out an experiment to measure

how the component of the weight parallel to the
surface of an inclined plane varies with angle of
elevation.

pulley

hanging
masses

FIGURE 11 Diagram of student experiment

They set up the device shown in Figure 11 and
added small masses to the hanging cup to keep
the frictionless cart (mass 279 g) in place on the
incline. The table shows their results.

10 20 30 40
524 964 1445 1793

a Construct an appropriate graph and deduce
the relationship between angle of elevation
and the component of the weight down the
incline.

b Propose how the graph would appear if
there was a small amount of friction present.

¢ Interpret the methodology to state, with
reasons, whether friction would be a
systematic or random error.

9 A friend lives at the top of a road that has a 5°
downhill slope. When she lets her car (of mass
2000 kg) roll down the slope, it reaches
25 km h™! by the time it gets to the bottom,
400 m away. Determine the frictional force
that must be acting.

Check your obook assess for these additional resources and more:

» Student book » Suggested practical » Challenge worksheet » Challenge worksheet
questions worksheet 2.3A Initial 2.3B Graphing
Check your learning 2.3 2.3 Parallel component acceleration elevation

on aninclined plane
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Review

Summary

m * The force of gravity on an object is the object’s weight.

» Mass is a measure of an object’s resistance to motion, or the amount of substance
in an object. It is related to weight by Fg = mg.

*  When a body free-falls under gravity, it accelerates at g. Near the surface of
Earth, ¢ = 9.8 m s? downwards.

* The normal force is the force exerted on a body by a surface against which it is
pressed. It is always perpendicular to the surface.

m » The forces acting on an object on an inclined plane include force due to gravity
(weight), the normal force, tension, frictional force and applied force.

» A force is a push or pull between objects that may cause one or both objects to
change speed and/or the direction of their motion (i.e. accelerate) or change their
shape.

» Tension is the pulling force transmitted along a rope, string, cable or chain on an
object. It has the symbol F.

* Applied forces (F,) are those applied to an object by a person or another object.
They can be a push or a pull.

» Friction is the resistance to motion of a surface moving relative to another.
Unlike gravity, electromagnetism or the strong and weak forces, friction is not
a fundamental force. It is the result of the electromagnetic attraction between
charged particles in the two touching surfaces.

m * An inclined plane or ramp is a flat surface raised at one end, used as an aid for
raising or lowering a load.

Key terms

* applied force e inclined plane * tension
o force * mass o weight
+ friction * normal force

Key formulas

Weight of an object F =mg
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The relative difficulty of these questions is
indicated by the number of stars beside each
question number: * = low; = medium;

= high.

Multiple choice

1 A frictionless inclined plane is raised at one
end to height % and the acceleration of a cart
is measured at each height. Determine which
diagram in Figure 1 best shows the acceleration,
a, of the cart as a function of height.

A B

h h
FIGURE 1 Acceleration vs height graphs

2 Determine which of the graphs in Question 1
best shows the final velocity (v) at the bottom
of the incline, as a function of height (%).

3 A frictionless incline has a mass, m, resting on
the surface and another mass, M, attached to a
light string over a frictionless pulley (Figure 2).
Mass m equals mass M. Determine which one

of the following is most likely to occur.
pulley

M

30°

FIGURE 2 Motion on an incline

A Mass m moves at constant speed down
the incline.

B Mass m moves at constant speed up the
incline.

C Mass m accelerates down the incline.

D Mass m accelerates up the incline.

4 A block is placed on an incline and it
accelerates down the incline even though
friction was present. Select the expression
that best describes the relationship.

A F||>F, B F|=F,
C F|<F, D F|=F,=0

5 A1 kg objectis placed on a frictionless incline
set at an angle 4. Select the expression that
best describes its acceleration.
A mgsinf
C gsind

B mg cosd
D gcosé

Short answer
Describe and explain

6 Describe a situation in which the normal
force makes a third law pair with gravity, and
one in which it doesn’t make a third law pair
with gravity.

7 Clarify whether you are weightless when
you float in a swimming pool.

8 Construct a diagram showing the forces
acting on an object at rest on a frictionless
incline, including the tension in a rope
holding it there.

9 Construct a diagram showing the forces
acting on an object accelerating down a
frictionless incline.

Apply, analyse and interpret
10 Consider whether tension applies to pushing
and/or pulling forces.
11 A computer of mass 2.5 kg rests on a table.
a Calculate the normal reaction force
exerted by the table on the computer.

b Determine the normal force acting on
a very large mass of 500 kg that is placed
on the table. Explain your answer.

12 Determine how many times heavier by
weight would a person be on Jupiter than on
Earth. Note: g; .. =25m s72.

13 Determine the force necessary to uniformly
accelerate the following:

a a6.4kgmassat2.4m s>
b an object weighing 25 N at 9.8 m s

¢ a0.50 kg object from rest to 5.0 m s over
4.0 metres

d a 75 kg object from 40 m s™! to 60 m s!
in 5 ms.
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14 A butcher pulls on a 40 kg side of beef with a
horizontal force of 220 N and it slides across
the boning table at constant speed.

a Determine the force of friction.

b The side of beef now hits a low fiction area
on the table. Determine what the butcher
would notice about the motion of the beef
if the applied force is kept the same.

15 A horizontal steel cable is used to drag a
bucket filled with coal along the ground at
constant speed. The mass of the bucket and
coal is 6.1 tonnes and the friction is 30000 N.
a Calculate the normal force.

b Determine the tension in the cable.

¢ The tension in the cable is kept constant
but the mass of the bucket increases
as more coal is added. Predict, with
reasons, whether the bucket would
continue at constant speed.

16 The block in each diagram in Figure 3
weighs 50 N. In Figure 3b to 3d, the applied
force F, is 20 N. Calculate the normal force
in each case.

(a) (b)

FIGURE 3 Force on a block

17 A bag of cement is sliding down a 30° incline
at constant speed. Propose which one or
more of the following relationships is false
about the situation.

A Fg sin30° > F, C F = mgcos30°
B F.= Fg sin30° D Fg = mg

18 A 30 kg box of vegetables moves down a 35°
frictionless incline. Determine the:

a component of the weight perpendicular to
the incline

b component of the weight down the incline

¢ normal force
d acceleration down the incline.
19 A 15 kg bag of dog food is allowed to slide freely
down a smooth 30° incline. Determine the:
a net force down the incline
b acceleration of the bag of dog food.
20 A 20 kg object is attached by a thin cord to

a 50 kg mass that hangs over a frictionless
pulley at the top of a 25° incline (Figure 4).

g2
FIGURE 4 Diagram of a 20 kg attached to a 50 kg mass
Determine the:
a acceleration, if any, of the object

b tension in the string.

21 Consider the system shown in Figure 5. The
trolley has a mass of 1000 g and moves up
the incline at constant speed when placed on
a slope of 35° under the conditions shown.

FIGURE 5 Trolley on slope

a Determine the frictional forces acting in
this system.
b Calculate the tension in the rope.

22 A crate of tiles of mass m = 14 kg moves up a
30° incline at constant speed when pulled by
a rope attached to a crate of cement of equal
mass hanging over a frictionless pulley at the
top. The rope connecting the crates can be
considered to be taut and massless. Deduce
the frictional force.
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23 A man hauls a box of mass 100 kg up a 35°
incline by a rope attached to the top of the
box (Figure 6). The rope makes an angle of
20° to the incline and the friction between the
box and the incline is 650 N. Determine the
force applied by the man (F,) to keep the box
moving at constant speed.

FIGURE 6 A man hauling a box up a hill
Investigate, evaluate and communicate

24 An 8 kg carton of soft drink is being pulled
up a frictionless 30° incline using a rope and
an applied force (F,) of 45 N (Figure 7).
This applied force through the rope is the

rope’s tension, F.
Fy=45N

30°

FIGURE 7

a Calculate the acceleration, if any, up the
incline.

b Decide what the motion would be if the
applied force was 40 N.

25 Students were asked to investigate the
relationship between the angle of elevation
of a frictionless ramp and the parallel
component of the weight of an object on the
incline. They set up an experiment with a
1.2 m long aluminium ramp and varied its
elevation through a range of angles from 10°

to 50°. They used a Lego car of mass 75.5 g
as the object on the ramp and measured
the mass of a cup of coins and paper clips
hanging freely over a pulley at the top of the
ramp that held the car stationary. Table 1
shows their results.

TABLE 1

Angle, 0
10.0 20.0 30.0 40.0 50.0
(degrees)

Hanging

13.10 26.30 37.90 48.80 58.80

mass, m, (g)

They hypothesised that the weight of the
hanging mass would equal the parallel
component of the car’s weight down the
incline for each angle. They planned to
plot a graph to help confirm their thinking.
Analyse their data and evaluate their
hypothesis.

26 Students studying the acceleration of an
object down a frictionless ramp used a Lego
car of mass 56.0 g and let it run freely down
a 1.0 m incline. They measured the time for
the journey for several different angles of
elevation. Table 2 shows their results.

TABLE 2

Angle, 0

5 10 15 20 25
(D)
BTSN 153 108 089 077 0.69

The students hypothesised that the
acceleration down the incline should be as

a result of the net force from the parallel
component of the weight of the car. Draw

a graph of acceleration (observed) on the
vertical axis versus acceleration (theoretical)
on the horizontal axis. If the formula for the
trendline was y = x with an R? of 1.00, they
were going to claim their hypothesis had
been confirmed. Evaluate their results.

Check your obook assess for these additional resources and more:

» Student book » Revision notes » assess quiz » Flashcard glossary
questions Chapter 2 Auto-correcting Chapter 2
Chapter 2 revision multiple-choice quiz
questions
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Circular motion

It really wasn’t until the 1500s that people began to believe that Earth
rotates on its own axis. Until then, the rate of rotation of objects

CHAPTER

was of little consequence. Today, rotation and its measurement is
of fundamental importance to society, whether it is the rotation of
microwave carousels, car tyres, engines, sewing machines, nuclei,
planets or orbiting satellites.

OBJECTIVES

— Describe uniform circular motion in terms of a force acting on an object in a
perpendicular direction to the velocity of the object.

— Define the concepts of average speed and period.

— Solve problems involving average speed of objects undergoing uniform circular
motion.

— Define the terms ‘centripetal acceleration’ and ‘centripetal force’.

— Solve problems involving forces acting on objects in uniform circular motion.
Source: Physics 2019 v1.2 General Senior Syllabus © Queensland Curriculum & Assessment Authority
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MAKES YOU WONDER

In this chapter you will be looking at — Does high rotational speed mean high
circular motion and this should help you acceleration?
answer questions such as these: — If electrons are orbiting a
— If you fell out of a chairoplane (also nucleus, where do they get their
known as a swing-ride), would you energy from?
keep going in a circle as you fell? — Is whirling a weight on a string in a
— What force keeps you pressed against vertical circle ‘uniform’?
the wall of a Gravitron? — Is the average velocity of an object in
— How can constant speed mean that an circular motion equal to zero?
object can be accelerating?
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Uniform circular motion?

KEY IDEAS
In this section, you will learn about:

+ uniform circular motion in terms of a force that acts on an object in a perpendicular
direction to the velocity of the object.

uniform circular Circular motion is a simple idea — just moving around in a circle. To make it uniform

:E"tiot‘_‘ " circular motion, you need to be moving at constant speed as well. There are plenty of

e motion or an . . . .. . . .

object travelling at a examples in daily life: whirling a toy plane around in a horizontal circle at constant speed
constant speedina (Figure 2), the carousel (platter) in a microwave oven, the spin dryer in a washing machine,
circle

a ceiling fan, and the second hand of a clock. It would be good to also add Earth orbiting the

Sun, but it is not quite a circle and it is not quite constant in speed. The length of the seasons
can vary by up to 7 days.

study tip What keeps an object in circular motion, and what keeps the motion uniform relies on an
This chapter is understanding of the forces involved.

concerned exclusively
with uniform circular

motion in a horizontal
whirled in vertical

circles are outside the

scope of this chapter. Does a wheel ever rest?

When a wheel rolls along, is any point at rest?
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FIGURE 1 Uniform circular motion in a slowly rotating
space station is one way to simulate Earth’s gravity in space.

FIGURE 2 A child whirls a toy plane around in a horizontal circle.
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Revolving versus rotating

Two similar terms are easy to get mixed up, and if you do this you may get the wrong answer.
Since the 1660s, an object moving in a horizontal circle is said to be revolving or orbiting
around the centre of the circle. So, a ball whirled on a string is said to revolve around the
centre point at your hand. The similar term ‘rotating’ (since the 1550s) means spinning
around its own axis, or ‘rolling’, as its origins suggest. Astronomers say Earth rotates on its
own axis once a day, and revolves about the Sun once a year (Figure 3). However, a person
standing on the surface of Earth can be said to be revolving around the centre of Earth as
Earth rorates on its axis. In summary, something rotates around its own axis, and revolves
around the axis of another object.

FIGURE 3 Earth revolves around the Sun, but it also rotates on its own axis.

CHALLENGE 3.1B

Where did the term ‘clockwise’ originate?

The hands of a clock go in a ‘clockwise’ direction — but how did this term originate?
The Sun moves cross the sky in an anticlockwise direction as the day progresses, so
why wasn’t that direction ‘clockwise’. Propose a solution to this dilemma.

Forces and velocity

Imagine you are whirling a ball in a horizontal circle above your head on a piece of string,
much as the child with the toy plane shown in Figure 2. By Newton’s first law of motion, the
ball is attempting to travel in a straight line but is stopped from doing so by your pull on the
string. As your hand is at the centre of the circle in which the ball moves, the force on the
string, and hence on the ball, is always towards your hand and hence towards the centre. This
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centripetal force
the force acting on
an object travelling
in a circle that
constantly either
pulls or pushes the
object towards the
centre of motion
(symbol: F; Sl unit:
newton; unit
symbol: N)

centripetal
acceleration

the acceleration
experienced by any
object movingin a
circular path directed
towards the centre
of motion (symbol: &
Slunit: metres per
second squared; unit
symbol: m s)

force is called a centripetal force (Latin centrum
meaning ‘centre’, and petere meaning ‘seek’), a

centre-seeking force, and has the symbol F.. If you
are specifying it as a vector, you use the symbol F .

The velocity at any point on the circle is a tangent
to the path at that point. For instance, at position A in
Figure 4, the velocity vector 31 points up the page.

At point B, the velocity vector 172 points to the left
but is drawn with the same length because the speed
remains the same. As the direction of the velocity
has changed, the ball is said to be accelerating
(centripetal acceleration). Reminder: the length
of the vector arrow indicates the magnitude, so for
velocity, the length is just the speed.

You should be able to observe that the centripetal

1

FIGURE 4 Direction of the velocity vectors in
uniform circular motion

= . . . . . .
force vector F_is perpendicular to the direction of the velocity vector v of the object.

Practical example: the Gravitron

In a Gravitron, or Rotor, at an amusement park, the person feels ‘pressed’ against the wall

(Figure 5). Actually, the person is trying to travel in a straight line but the wall pushes on the

person (the centripetal force) and the person pushes back. The centripetal force is the normal

force directed radially inwards on the rider. At high speeds, this normal force becomes

sufficiently great to provide enough friction to stop the rider sliding down the wall under the

influence of gravity. It should be clear: there is no force pressing the person against the wall.

The person is trying to travel in a straight line and the walls prevent this. The walls press on

the rider and the rider presses back. There is no special force.

FIGURE 5 The Gravitron
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CHECK YOUR LEARNING 3.1

Describe and explain
1 Describe uniform circular motion.
2 Explain how an object can be travelling at
constant speed but be accelerating.
3 A ballis being whirled in a horizontal circle
at uniform speed (see Figure 6, looking from
above).
a Identify the direction of its velocity vector at
points A and B.
b Identify the direction of the force vectors at
A and B.

FIGURE 6 Free-body diagram of a whirling ball

4 'The Moon is in an almost uniform circular
motion around Earth. Identify what is providing
the centripetal force to keep revolving around
Earth.

5 Clarify whether Earth’s revolution around the
Sun is considered to be uniform circular motion.

Apply, analyse and interpret

6 When revolving in a microwave oven, a glass of
water placed at the edge of the carousel (platter)
doesn’t fly off as the carousel turns. Consider
what keeps it there.

Investigate, evaluate and communicate

7 Consider a spin-dryer.

a Propose why clothes that come out of a
spin-dryer still feel damp.

b Predict whether continued spinning at the
same speed will get rid of more water.

c Infer, and state reasons, whether you could
you spin the clothes completely dry.

d Identify the force that pushes the water to
the outside of the tub and then out through
the holes.

8 Small stones get caught in the treads of car tyres.
Propose a reason why they stay there and are
not ‘flung’ out at high speeds.

9 Imagine you are measuring your weight on
bathroom scales. It has been claimed that if Earth
wasn’t spinning your weight would be different.
Assess this claim with a reasoned explanation.

10 It is claimed that if Earth wasn’t spinning your
height would be different. Comment on this
claim.

11 It has been said that if you measure your weight
with bathroom scales at the equator it would be
less than if you measured it at the North or South
Pole. The reason, it is said, is due to the lesser
centripetal force at the poles due to the slower
rotational speed. Evaluate this statement.

12 When going around a roundabout in a car, the
front seat passenger feels pressed against the
door. People wonder whether they are moving
towards the door or whether the door moving
towards them. Analyse this situation and
propose an answer.

Check your obook assess for these additional resources and more:

» Student book
questions
Check your learning 3.1

» Challenge worksheet
3.1A Does a wheel
ever rest?

OXFORD UNIVERSITY PRESS

» Challenge worksheet » Weblink
3.1B Where did the Explore the Gravitron
term ‘clockwise’ ride

originate?
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average speed
the rate of change of
distance calculated

by the formula:
average speed
_ distance .
T time
quantity (symbol: v;
Slunit: metres

per second; unit
symbol: ms™)

ascalar

period

the time taken

to complete one

revolution calculated

by the formula: period
time

" ho. of revolutions

(symbol: T; SI

unit: second; unit

symbol: s)

tangential
velocity

the linear velocity of
an object undergoing
circular motion,
where the magnitude
is the speed of the
object, and the
direction is a tangent
to the circular path
at that moment
(directed towards the
centre); for circular
motion, the term s
usually abbreviated
to ‘velocity’
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Objects undergoing uniform

circular motion

KEY IDEAS
In this section, you will learn about:

+ average speed and period
+ how to solve problems that involve the average speed of objects in uniform circular motion.

Average speed and period

Calculating the average speed, v, of an object moving
in a circle is no different from any other speed
calculation: it is just the distance travelled per

time of travel. The distance around a circle is
equivalent to the circumference and calculated

as 27r, where 7 is the radius of the circle. The

time for one revolution around the circle is

referred to as the period and has the symbol 7.

Thus the average speed of an object in uniform
circular motion is given by the expression:

d= dls_tance’ or v = 2nr
time T

This speed is sometimes called the ‘tangential

average spee

speed’ (Latin zangere meaning ‘to touch’, as in
touches the edge of the circle) to distinguish
it from ‘rotational speed’. It is also called
tangential velocity.

FIGURE 1 A father spins his child in a horizontal
circle. This is an example of uniform circular
motion — unless he drops the child.

A girl whirls a ball on a string in a horizontal circle. The length of the string is 2.2 m
and the time for one revolution is 3.1 s. Calculate the:

a period
b average speed of the ball
c velocity of the ball.

SOLUTION
_ time _ 2nr

a T'= no. of revolutions b T
_31 _2xmax2.2
1 - 3.1
=3.1s =45ms™!

¢ Velocity has the same magnitude as speed, so the velocity is directed perpendicular
to the string in the direction of motion.
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Rotational speeds

You probably don’t know the speed of the

s

Moon about Earth in metres per second or even 4 @

kilometres per hour. But you know that it makes ~ 2

one revolution in just over 27 days. Engine -~

speeds too are usually expressed in a number i

of revolutions per minute (rpm). At idle, the ﬁ

engine might turn at 750 rpm and at cruising — x1000 r/min

speed it may reach 4000 rpm. It depends on the - @ @

car. These are called rotational speeds. rotational speed
the number of

revolutions an object

However, when you say ‘average speed’ you

are talking about linear speeds in metres per FIGURE 2 A tachometer in a car is a ‘rev counter’ does per second, as
second and not rotational speeds in revolutions that measures the engine speed in revolutions per distinguished from
i i ¢ ine’ i the term ‘average
per second. m1r1.ute (rpm): This one has a ‘red line’ (maximum ’ ver: g
advisable engine speed) of 6500 rpm. speed’, whichis the
linear speed.

Motion of a candle

A candle with a nail through the middle is supported on two glasses and lit at both
ends. What would you observe about its motion?

Using rotational speeds

For now, rotational speeds are best converted into the time for one revolution. This is called
the period, 7. The simplest way to do this is:
_ time
no. of revolutions

Calculate the period for an object with a rotational speed of 30 rpm.
SOLUTION

_ time

" no. of revolutions
_ 60 s

~ 30 revolutions
=2s
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Study tip

For uniform circular
motion, the term
‘average speed’
means linear speed
in metres per second,
and ‘velocity’ has the
same magnitude as
speed but it also has
a direction tangential
to the circle at that
point.

100 NEW CENTURY PHYSICS FOR QUEENSLAND UNITS 3 & 4

This can then be used for any problem with rotational speeds.

A car tyre has a diameter of 630 mm and is being rotated at 850 rpm on a tyre-
balancing machine. Determine the average speed at which the outer edge of the tyre is
moving.

SOLUTION

Facts: D = 630 mm (0.63 m), rotational speed = 850 rpm

Find: average speed, v

Formulas: . e
3 0.630 m lbeied, e no. of revolutions
Radius of tyre = 5 ~ 60 s
=0.315m ~ 850 revolutions
=0.07s
o= 21T
T

_27%x0.315

N 0.07

=283 ms™!

Finish: The average speed is 28.3 m s

Practical example - the centrifuge

The laboratory centrifuge is a device used in chemistry, biology, biochemistry and clinical
medicine for isolating and separating suspensions and immiscible liquids. A tube containing
the suspension — for example, blood — is placed in a machine that spins it at a very high rate
(Figure 3). Rotational speeds of 1000-5000 rpm are common. The centripetal acceleration
causes denser substances and particles to move outwards to the bottom end of the tube, and
at the same time, objects that are less dense are displaced and move to the centre of rotation,
which is the top of the tube. Blood, for instance, separates into cells and proteins and serum.

.4 !

FIGURE 3 Blood samples are separated in a centrifuge. The red blood cells are
heavier and have separated to the bottom leaving the yellow plasma at the top.
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WORKED EXAMPLE 3.2D

It is suggested that you can increase the speed of a dryer by doubling the diameter or
doubling the rotational speed. Dryer A has a tub radius of 50.0 cm and a rotational
speed of 1200 rpm, and dryer B with a radius of 100 cm and a speed of 600 rpm.

a Determine which dryer gives the higher speed.

b Propose which would be preferred for a household laundry.

SOLUTION
a Period or revolution
A :
Dryer B: T'= 1200 Minutes
__60
=1200 seconds
=0.05s

A | i
Dryer B: T= 600 minutes

_ 60
=600 seconds

=0.10s

Average speed

Dryer A: v = 2_313‘

_ 27 x0.50
- 0.05
=62.8ms™!

Dryer B: ’022—?
_27x1.00
- 0.10

=62.8ms!

b As they both have the same velocity, the dryer with the smaller radius is preferred.
It will have a greater change of velocity (centripetal acceleration) as it is moving in a
smaller circle and so the change in direction will be greater in the same period of time.
Thus, the clothes are being pulled away from the water with greater (centripetal) force
and allowing the water to continue to move outward from the clothes.

CHALLENGE 3.2B

Motion of a billy

An old camper’s trick to make tea leaves

settle to the bottom of a billy of tea is

to swing the billy in a vertical circle as

shown in Figure 4.
Consider the following questions

about this idea.

a Explain why the leaves settle faster.

b Deduce why the water doesn’t fall
out when the billy is overhead at the
top of the circle.

¢ Propose whether this is an example
of uniform circular motion. If not,
explain when it is moving the fastest
and when it is moving the slowest.

d Graph the speed versus angle for
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