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South Wales Physics Stage 6 Syllabus.

The book covers Modules 1 to 4 in
an easy-to-use resource. Explore
how to use this book below.

Chapter opener

The chapter opening page link
the Syllabus to the chapter
content. Key content addressed
in the chapter is clearly listed.

CHAPTER

Content

How are forces produced between objects and what effects do
forces produce?
By the end ofthis chapter you wil be able o
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i the changes that result from:

rce and equilbrium in one-dimensional and simple

Section

Each chapter is clearly divided
into manageable sections of
work. Best-practice literacy and
instructional design are combined
igh quality, relevant photos
i rations to help students
derstand the idea or

. PHYSICS INQUIRY

10.2 Refraction

be demonstrated when
using the ray model of
light?
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« white paper

DO THIS,

1 Soak the water beads in water.
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the beaker

i pecdsup o
Ray model of light n causes the ight ray Shown

- in Figure 10.2.1. Refraction is the name given (0 changein the direction ofight
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FIGURE 823 The W
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How does the path the light
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path of the light.
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What properties can be
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model of light
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Resonance in aircraft wings
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124 flow causes.
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Physics Inquiry

Physics in Action

Physics Inquiry features are inquiry-
based activities that pre-empt

the theory and allow students to
engage with the concepts through

a simple activity that sets students
up to ‘discover’ the science before
they learn about it. They encourage

students to think about what happens

in the world and how science can
provide explanations.

Physics in Action boxes place physics in an applied situation
or a relevant context. These refer to the nature and practice

of physics, applications of physics and the associated issues
and the historical development of concepts and ideas.

. PhysicsFile
: PhysicsFiles include a range of interesting and
real-world examples to engage students.




Highlight box

Highlight boxes focus students’
attention on important information
such as key definitions, formulae
and summary points.

Worked examples are set out in steps that show thinking and
working. This format greatly enhances student understanding

This mirror problem allows students to immediately test their
understanding.

Fully worked solutions to all Worked example: Try yourself are
available on Pearson Physics 11 New South Wales Reader+.

Additional content

Additional content features include
material that goes beyond the core content
of the Syllabus. They are intended for
students who wish to expand their depth of
understanding in a particular area.

Worked examples | @ [ |

Aeroplane in a cross wind

A simila situaion can be applid to calulaing the velociy of a aeroplane widh
Tepect 10 the ground. As an scroplane flic i will xperience winds Howing
Opposite o s clrection of moton (head wind),in the same direction t s moion
(G wind), or a some angle acrose s direction of moton (cross wind). T You
Ko both the vlockt ofthe plane relative o he wind and th velociy of the wind
elive 0 the ground, b wing he rales for vecor addiion the resutant vector of

. these two alues will desribe the velociy of the plane reltive tothe ground.

I
b

0 iiorin
Wher 7o i the velocltyof the lane rlativeto th ground
g is the velocity of the plane relative to the wind
i thevelocity f the wind eatve o the round

Worked example 3.3.3
FIND THE RESULTANT VELOCITY OF AN AEROPLANE IN A CROSS WIND

Alight aircraft s travelling at 300kmh™ north, with a crosswind blowing at
45.0kmh ! west.

Determine the velocity of the plane relative to the ground.

PHYSICSFILE

Construct a vector diagram showing
the vectors drawn head to tal. Draw
the resultant vector from the tail of
the firt vector to the head of the last

A5 the two vectors to be added are at | v, = 3007 + 457

of flight

The velocty vecor tra describesthe
diecton and speed of an aroplane
can be broken down into multiple
vector companents. These are known
asthrust, it drag and veight forces
The thrust is generated by the engines.
and gves the piane s forward

Determine the direction of the vector | The direction is N8.53°W
relative to north or south

State the magnitude and direction of | 7,c - 303kmi™, N85I W
the resultant vector. .

Worked example:

Ajet airerat s
85.0km! south,

by clearly linking underlying logic to the relevant calculations. e i ™
Each Worked example is followed by a Try Yourself activity. ‘“ R e

w

- ]

FIGURE 3.3.4 There are mullpl veclr
components ol nth dirction and
speed of an geroplne.
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Each section has a section summary
to help students consolidate the key
points and concepts of each section.
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Substitute the values for this situatignel & Beoc 4
nto the equation.

1.1 Review

themselves to their original shape once released. hypothesis?

Materialsthatco not return o their orginal shape and reease ther torec Which of the ollowing describes an nquiy question?
potentia energy are reerred to as plastic materils, Plasticine is an example A I an object i subjec fo a constant net force, then it
L of a very pastic material, il move with @ constant acceleration
: Multiplying The lstcpotental enegy of an object, £ i ghen by theformula B What features suggest tha sound s & mechanical
i vectors | £ =lpt
: : =3

| When two vectors are multiplied

SKILLBUILDER

© Increasing the voltage in an electric circuit causes.

gravitation units and significant figure
s st et
on the assumptionthat the Earh's Worked example: Te 35 + Before you begin your research it s important o Itis important not o attempt something that you
araviatioal i s constan. conduct alerature review: By utlsing data from cannot complete n the time available or with

onever, Newton's universal aw of CALCULATING GR B ENERGY RELATIVETO A Pprimary and/or secondary sources, you will better the resources on hand. Fo example, it might be
gravitation predicts that the Earth's REFERENCE LEVEL' understand the context of your investigation to difficult to create a complicated device with the
eraviatonal feld decreases with Afather pick it bed. The Baby has a mass of 6.0kg and the create an informed inquiry Iable in the school laboratory.
alttude (Figure 5.3.5). This decrease at d is 70ct e the ground. When the father holds the baby in « The purpose is a statement describing what + There are three categories of variables:
only becomes sgnifcantfar above the i o . " "
e e okl is going o be investgated. For example: The - n independent variable is a vriable tha s
assumption of a constant gravtatonal ot the gravitatonal potentialenergy of the baby. purpose ofthe experiment i fo investigate the selectd by the researcher and changed during
e o ‘& e reltionhip between force, mass and accelraton’ the investgaton.

o d + Tha hypothesi i a testable predicion based on - Adependent variabl i a variable that

2 . previous knowledge and eidence or observations, may change n response fo a change i the
£ and attompts to answer the inquiry question. indiependent variabl. This s the variabe that
- + Once a question has been chosen, stop o evaluate willbe measured or observed.

5 5 . the question before progressing. The question - A controlled vriable is  variable that s kept
4.7 stic potential energy may need further refinement or even further constant during the investigation.
[ investigatin befor it i stable 25 a bass for + Wis impertant to change rly ane independit
o important form of ptentia energyis elstic potental energy. Elastic an achievable and worthwie investigaton. variable during the investgation.

§ 2 nia energy can be stored in many ways;for example, when a spring is

3 ietched, a rubber bal is squeezed, ar is compressed n a tyre, or a bungee

§ T b ope s extended during a jump. [ ke quesions |

Atticude {x 1000 k) Materials that have the ability to store elastic potential energy when work is. KEVIQUESTIONS]
FIGURE 5.5.5 T Eat'sgatationa it done on them, and then releasa this energy, ae caled elastic materias. Metal 1 Scientists make observations from which a hypothesis 4 In another experiment a student uses the following
stength decresses i e springs and bouncing balls are common examples; however, many other isstatec an this is then experimentally tested. range of values to describe the brightness of a ight:
- materils are at feast partially elastic. I thei shape s manipulated, tems such a Define hypothesis dezzing, brigh, glowng, dim, of
as our skin, meta hair cips and wooden rulers al have the abily o restore b How are theories and principles diferent from a What type of vriable is ‘brightness’?

Select the best hypathesis from the three options

below. Give reasons for your choice.

A Hypothesis L If both the angular momenturn and
inertia of  rotating system are increased, then the
angular (rotational) velocity willalso increase.

B Hypothesis 2: Your position during angular airborne
mation affects your inertia.

| the scalar quantity of work.
Similarly, in the equation for

a How could the voltage be a discrete variable?
b How could it be a continuous variable?

i inotconergy. K = Lmi tho o |

' together, the result s @ scalar where an increase i the current  Hypothesis 3: I rotational velocity increases as

1 variable. For instance, in the Kis a property of the elastic material called the spring constant D The momentum in an was

| equation for work, W = Fd, the | xis the amount of extension or compression of the material conserved. angular (rtaona) vleity i slowerwen ey
force vector s multplied by the 3 Ina practical investigation, a student changes the 0id a siretched (ayout) positon than when they

1 displ it vecor 0 prod voltage by adding or subtracting batteries in series to are in a tuck position, if they take off with the same

| displacement vector to procuce | ol by e in ek poser

I velocity vectors are squared to
create the scalar value for energy.
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SkillBuilder

A skillBuilder outlines a method or
technique. They are instructive and self-
contained. They step students through the
skill to support science application.

Section review questions

Each section finishes with key questions
to test students’ understanding and ability
to recall the key concepts of the section.




Module review

. : : Each module finishes with a set of questions,
Chapter review : including multiple choice, short answer and
Each chapter finishes with a list of key terms extended response. These questions assist
covered in the chapter and a set of questions students in drawing together their knowledge
to test students’ ability to apply the knowledge and understanding, and applying it to these
gained from the chapter. types of questions.

i

MODULE 1 « REVIEW
Chapter review

. P "
eV TERMS Kinematics
contact force mass Newton's third law = Multiple 4 Aball dropped from rest from a height h hits the
netforce P e L. sroightlin ata rate of 55ms-? ground with a speed v The bl s then reeased rom
force newt terminal velocity i e oieend  height of 2h. Withwhat speed wouid the bl now strike
force mediated by a field  Newton' irstfaw waght ~
inerta Newton's second law
KEY QUESTIONS
1 Which of the following are examples of contact forces? 7 2
A two billard bals coliding
B the clectostaic fore batween two charged
icles
R «
8 3
cted to push the el and opposite <
answer. B equal and in the same diection
3 A bowing ball olsslong a smooth wooden floor at € diferent and opposite
Tolowing diagrams D diferent and in the same direction -
izontal forces acting on 9 Calculate the mass of an object if it accelerates at
520" cas whena oce of 352 aas act o . 3
98 gof ball when a
©
15 o the
an abject with a mass o 10kg, A second frce of 15N

acts on the same abject at an angle of 30° o the x
di

'v-'

»

Aforce of 10N acts from left to right on an object, and
5N simultaneously acts from right to left on
abject.

object?

What are the horizontal and vertical components
of a force of 50N acting on an object at an angle of
45 upwards from the positive x direction?

-
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CHAPTER

2 Motion in a straight line

Motion, from simple to complex, is a fundamental part of everyday life. In this
chapter you will learn how to use the mathematical quantities of scalars and vectors
to understand the concepts of forces and motion. From a train pulling in to a station
to a swimmer completing a lap of a pool, physics can model the motion of just
about anything.

Content

INQUIRY QUESTION

How is the motion of an object moving in a straightfline
described and predicted?
By the end of this chapter you will be able to:

« describe uniform straight-line (rectilinear) motion and uniformly accelerated

motion through:
- qualitative descriptions
- the use of scalar and vector quantities (ACSPHQOE0)
conduct a practical investigation to gather data tofacilitate the analysis of
instantaneous and average velocity through: [ "%y
- quantitative, first-hand measurements
- the graphical representation andyinterpretation of data (ACSPHO061)
calculate the relative velocity ©f tWeo objects moving along the same line using
vector analysis
conduct practical investigations,selecting from a range of technologies, to record
and analyse the motion of,objects in a variety of situations in one dimension in
order to measuresor calculate:

time

distance

displacement

speed

velocity

acceleration
use mathematical modelling and graphs, selected from a range of technologies,
to analyse and derive relationships between time, distance, displacement, speed,
velocity and acceleration in rectilinear motion, including:

- S=at+1at?

Physics Stage 6 Syllabus © NSW Education Standards Authority
for and on behalf of the Crown in right of the State of NSW, 2017.




tail head
10 m, east

head tail
5 m, west

FIGURE 2.1.1 A simple vector diagram. The top
vector is twice as long as the bottom vector, so

it has twice the magnitude of the bottom vector.

The arrowheads indicate that the vectors are in
opposite directions.
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2.1 Scalars and vectors

You will come into contact with many physical quantities in the natural world every
day. For example, time, mass and distance are all physical quantities. Each of these
physical quantities has units with which to measure them; for example, seconds,
kilograms and metres.

Some measurements only make sense if there is also a direction included. For
example, a GPS navigation system tells you when to turn and in which direction.
Without both of these two instructions, the information is incomplete.

All physical quantities can be divided into two broad groups based on what
information you need for the quantity to make sense. These groups are called
scalars and vectors. Often vectors are represented by arrows. Both of these types of
measures will be investigated throughout this section.

SCALARS

Many physical quantities can be described simply by a magnitude (size) and a
unit. For example, you might say that the speedsof a car is 60 kilometres per hour.
The magnitude is 60 and the unit is kilometresipér hour. Quantities like this that
have only a magnitude and a unit are called'scalars?

The magnitude depends on the unit chosen, For example, 60 kilometres per
hour can also be described as 1 kilometre per minute. Here the magnitude is 1 and
the unit is kilometres per minute. Some,examples of scalars are:

e time

e distance

e volume

e speed.
VECTORS

Sometimes a physical'quantity also has a direction. For example, you might say that
a car is trayelling at’60 kilometres per hour north. Quantities like this that have a
magnitude, @unit and a direction are called vectors. Some examples of vectors are:
e pesition

» Qdisplacement

*0 velocity

* Jacceleration

< force.

0 Scalars are represented by a simple italic symbol, such as t for time and d for
distance.
Vectors are represented using vector notation. The most common type of vector
notation uses an arrow above the symbol. For example, force is written as F and
velocity is written as v. Without an arrow, F means only the magnitude of force
and v means only the magnitude of velocity.
You might see a different type of vector notation in books and journals. This uses
bold or bold italics to represent a vector, instead of an arrow. For example, force
is written as F or F and velocity is written as v or v.

VECTORS AS ARROWS

A vector has both a magnitude and a direction. Any vector can be represented
visually by an arrow. The length of the arrow represents the magnitude of the vector,
and the direction of the arrow (from tail to head) represents the direction of the
vector.

A diagram in which one or more vectors are represented by arrows is called a
vector diagram. Figure 2.1.1 is a vector diagram that shows two vectors.



A force is a push or a pull, and the unit of measure for force is the newton (N).
If you push a book to the right, it will respond differently compared to pushing it to
the left. So a force is described properly only when a direction is included, which
means that force is a vector. Forces are described in more detail in Chapter 4.

In most vector diagrams, the length of the arrow is drawn to scale so that it
accurately represents the magnitude of the vector.

In the scaled vector diagram in Figure 2.1.2, a force F = 4N left acting on the toy
car is drawn as an arrow with a length of 2cm. In this example a scale of 1cm = 2N
force is used.

An exact scale for the magnitude is not always needed, but it is important that
vectors are drawn accurately relative to one another. For example, a vector of 50m
north should be half as long as a vector of 100m south, and should point in the
opposite direction.

Point of application of arrows

Vector diagrams may be presented slightly differently, depending on what they are
depicting. If the vector represents a force, the tail end of the arrow is placed at the
point where the force is applied to the object. If it is a displacement vector, the tail
is placed where the object started to move.

Figure 2.1.3 shows a force applied by a foot to a ball (95N east) and an opposing
friction force (20N west).

DIRECTION CONVENTIONS

Vectors need a direction in order to make sense. However, there needs'tofbe|apway
of describing the direction that everyone understands and agrees upomny

Vectors in one dimension

For vector problems in one dimension, there are a numberfof direction ¢onventions
that can be used. For example:

» forwards or backwards

e up or down

e left or right

* north or south

e east or west.

For vectors in one dimension th€re/ase only two possible directions. The two
directions must be in the samie dimemnSion or along the same line. The direction
convention that is used should b€ shown graphically in all vector diagrams. Some
examples are shown in Figure 2.1.40 Arrows like these are placed near the vector
diagram so that it is clear which convention is being used.

u
P backwards «=—— forwards

left «—— right
down S

FIGURE 2.1.4 Some common one-dimensional direction conventions.

Sign convention

In calculations involving one-dimensional vectors, a sign convention can also
be used to convert physical directions to the mathematical signs of positive and
negative. For example, forwards can be positive and backwards can be negative, or
right can be positive and left can be negative. A vector of 100 m up can be described
as —100m, as long as the relationship between sign and direction conventions are
clearly indicated in a legend or key. Some examples are shown in Figure 2.1.4.

The advantage of using a sign convention is that the signs of positive and negative
can be entered into a calculator, while words such as ‘up’ and ‘right’ cannot. This is
useful when adding or subtracting vectors.

FIGURE 2.1.2 A force of 4N left acts on a
toy car.

FIGURE 2.1.3 The force applied by the foot acts
at the point of contact between the ball and
the foot. The friction force acts at the point of
contact between the ball and the ground. The
kicking force, as indicated by the length of the
arrow, is much larger than the friction force.

CHAPTER 2 | MOTION IN A STRAIGHT LINE 49



Worked example 2.1.1

DESCRIBING VECTORS IN ONE DIMENSION

left «<—right
- ¥

70 m

Describe the vector above using:

a the direction convention shown

Thinking Working

Identify the magnitude and unit of the | The magnitude is 70 and the unit is
vector. m (metres).

Identify the vector direction according | The vector is pointing to the right
to the direction convention. according to the direction convention.

Combine the magnitude, unit and The vector is 70m right.

direction. s.
b the sign convention shown. %
Thinking g

Convert the physical direction t physical direction of right is
corresponding mathematical sign itive and left is negative. In this
example, the arrow is pointing right, so
the mathematical sign is +.

Combine the mathematica with The vector is +70m.
the magnitude a i

Worked ex yourself 2.1.1
DESCRIB TORS IN ONE DIMENSION

ibe the vector above using:

the direction convention shown

b the sign convention shown.

ADDING VECTORS IN ONE DIMENSION

Most real-life situations involve more than one vector acting on an object. If this is
the case, it is usually desirable to combine the vector diagrams to find the overall
effect of the vectors. When two or more vectors are in the same dimension, they are
said to be collinear (in line with each other).

This means that the vectors must either point in the same direction or point in
opposite directions. For example, the vectors 10m west, 15 m east and 25 m west are
all in one dimension, because east is the opposite direction to west. When vectors are
combined, it is called adding vectors.

Graphical method of adding vectors

Vector diagrams, like those shown in Figure 2.1.5, are convenient for adding vectors.
To combine vectors in one dimension, draw the first vector, then start the second
vector with its tail at the head of the first vector. Continue adding arrows ‘head to
tail’ until the last vector is drawn. The sum of the vectors, or the resultant vector, is
drawn from the tail of the first vector to the head of the last vector.

50 MODULE 1 | KINEMATICS



5 m east

wl
Il

. _ 5, =15 m east s
5, =15 m east s,=5m east

+ =

5, =20 m east

FIGURE 2.1.5 Adding vectors head to tail. This particular diagram represents the addition of 15m
east and 5m east. The resultant vector, shown in red, is 20 m east.

In Figure 2.1.5 the two vectors §; (15m east) and 5, (5m east) are drawn
separately. The vectors are then redrawn with the head of s; connected to the tail
of 5,.The resultant vector si is drawn from the tail of § to the head of §,.The
magnitude (size) of the resultant vector is the sum of the magnitudes of the separate
vectors: 15m + 5m =20m.

Alternatively, vectors can be drawn to scale; for example, 1cm = 1m. The
resultant vector is then measured directly from the scale diagram. The direction of
the resultant vector is the direction from the tail of the first vector to the head of the
last vector.

Algebraic method of adding vectors

To add vectors in one dimension using algebra, a sign convention is used to represent
the direction of the vectors, as in Figure 2.1.4 on page 49. When applying a sign
convention, it is important to provide a key explaining the convention used.

The sign convention allows you to enter the signs and magnitudes of vectors
into a calculator. The sign of the final magnitude gives the direction of the regultant
vector.

Worked example 2.1.2
ADDING VECTORS IN ONE DIMENSION USING ALGEBRA

A student walks 25 m west, 16 m east, 44 m west and thep12mn east.

Use the sign convention in Figure 2.1.4 on page 49 toydetefmine the resultant
displacement for the student.

Thinking Working

Apply the sign convention 25m west £-26m
to change each of the 16m east =16 M

directions to signs. 44 mweste 24 m

12m east&= +12m

Add the magnitudes and Resultant vector = (-25) + (+16) + (-44) + (+12)
their signs together. =-41m

Refer to the sign and Negative is west.
direction conventions to
determine the direction of
the resultant vector.

State the resultant vector. The resultant vector is 41 m west.

Worked example: Try yourself 2.1.2
ADDING VECTORS IN ONE DIMENSION USING ALGEBRA

A box has the following forces acting on it: 16 N up, 22N down, 4N up and 17N
down. Use the sign and direction conventions in Figure 2.1.4 on page 49 to
determine the resultant force on the box.

mctors are added head to tail.

) The resultant vector is drawn from
the tail of the first vector to the
head of the last vector.
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Double negatives

It is important to differentiate between
the terms subtract, minus, take away
or difference between and the term
negative. The terms subtract, minus,
take away or difference between are

processes, like add, multiply and divide.

You will find them grouped together

on your calculator. The term negative
is a property of a number that means
that it is opposite to positive. There is a
separate button on your calculator for
this property.

When a negative number is subtracted

from a positive number, the two numbers

are added together. For example,
5-(-2)=7.

FIGURE 2.1.6 Velocity is a vector, so its direction
is important. The velocity of a tennis ball
immediately before it hits a racquet is different
to its velocity immediately after it leaves the
racquet, because it is travelling in a different
direction.

Av=6m s west

v, =9 ms" west

FIGURE 2.1.8 Subtracting vectors using the
graphical method.

| v,=3ms" east
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SUBTRACTING VECTORS IN ONE DIMENSION

To find the difference between two vectors, you must subtract the initial vector
from the final vector. To do this, work out which is the initial vector, then reverse its
direction to obtain the opposite of the initial vector. Then add the final vector to the
opposite of the initial vector.

This technique can be applied both graphically and algebraically.
Graphical method of subtracting vectors

Velocity indicates how fast an object is moving, and in what direction. It is a vector
because it involves both magnitude and direction. For example, in Figure 2.1.6 the
velocity of the tennis ball as it hits the racquet is different from the velocity of the
ball when it leaves the racquet, because the ball has changed direction. The concept
of velocity is covered in more detail in Section 2.2, but it is useful to use the example
of velocity now when discussing the subtraction of vectors. The processes applied to
the subtraction of velocity vectors works for all other vectors.

To subtract velocity vectors in one dimension using a graphical method,
determine which vector is the initial velocity a hich is the final velocity. The
final velocity is drawn first. The initial Velocity% drawn, but in the opposite
direction to its original form. The sum of N rs, or the resultant vector, is
drawn from the tail of the final velocity,to head of the reversed initial velocity.

S e two velocities, AD.

initial vector e final vector. Vectors are subtracted by adding the negative

of one v ositive of the other vector.
In Fig 7, two velocity vectors 9; (9ms™! east) and ¥, (3ms™!, east) are
draw .'The initial velocity 9 is then redrawn in the opposite direction to

-1 west.

v,=3ms" east

v, =9 ms! east -, =9 ms™" west

FIGURE 2.1.7 Subtracting vectors using the graphical method

Figure 2.1.8 illustrates how the difference between the vectors is found. First
the final velocity, 9,, is drawn. Then the opposite of the initial velocity, —7;, is drawn
head to tail. The resultant vector, Av, is drawn from the tail of 9, to the head of —.

The magnitude of the resultant vector, A7, can be calculated from the magnitudes
of the two vectors. Alternatively, you could draw the vectors to scale and then
measure the resultant vector against that scale, for example 1ms™! = 1 cm.

The direction of the resultant vector, A7, is the same as the direction from the tail
of the final velocity, 7, to the head of the opposite of the initial velocity, —7j.

Algebraic method of subtracting vectors

To subtract velocity vectors in one dimension algebraically, a sign convention is
used to represent the direction of the velocities. Some examples of one-dimensional
directions include east and west, north and south and up and down. These options
are replaced by positive (+) or negative (—) signs when calculations are performed.
To change the direction of the initial velocity, simply change the sign from positive
to negative or from negative to positive.



The equation for finding the change in velocity is:

change in velocity = final velocity — initial velocity

which is the same as:

Av =0, -7,

change in velocity = final velocity + the opposite of the initial velocity

The final velocity is added to the opposite of the initial velocity. Because the change
in velocity is a vector, it will consist of a sign, a magnitude and a unit. The sign of the
answer can be compared with the sign and direction convention (Figure 2.1.9) to

determine the direction of the change in velocity.

Worked example 2.1.3

SUBTRACTING VECTORS IN ONE DIMENSION USING ALGEBRA

of the aeroplane.

An aeroplane changes course from 255ms1 west to 160ms™! east. Use the sign
and direction conventions in Figure 2.1.9 to determine the change in the velocity

Thinking

Working

Apply the sign and direction
convention to change the directions
to signs.

vy = 255ms ! west=-255ms1
V, =160ms ! east = +160m

Reverse the direction of the initial
velocity v; by reversing the sign.

—v; = 255 ms east
=+255ms!

Use the formula for change in velocity
to calculate the magnitude and the
sign of Av.

AV = \72 + (_‘71) O) + (+ 5)
415ms!

Refer to the sign and direction
convention to determine the direction
of the change in velocity.

State the resultant vector.

Worked example: Try youtself 2
SUBTRACTING VECTORS INLO

NSION USING ALGEBRA

A rocket accelerates from 212

rocket.

to 2200ms-! upwards. Use the sign and
direction conventions in Figure 2.1.9 to determine the change in velocity of the

up +

down —

backwards -+——— forwards
- +

left «— right

- +
N+
S —
oo QR
- +

URE 2.1.9 One-dimensional direction
conventions can also be expressed as sign
conventions.

CHAPTER 2 | MOTION IN A STRAIGHT LINE 53



54

2.1 Review

Scalar quantities have only a magnitude and a
unit.

Vector quantities have a magnitude, a unit and
a direction. They are represented using vector
notation. An arrow above the variable indicates
that it is a vector.

Combining vectors is known as adding vectors.
Adding vectors in one dimension can be done
graphically using vector diagrams. After adding
vectors head to tail, the resultant vector can be
drawn from the tail of the first vector to the head
of the last vector.

KEY QUESTIONS

1 Find the resultant vector when the following vectors

2

are combined: 2m west, 5m east and 7 m west.

Add the following vectors to find the resultant vector:
3m up, 2m down and 3m down.

Determine the resultant vector of a model train that
moves in these directions: 23 m forwards, 16m
backwards, 7m forwards and 3 m backwards.

When adding vector B to vector A using the head to
tail method, from what point, and to what peint, i$,the
resultant vector drawn?

A from the head of A, to the tail of B

B from the tail of B, to the head ofgA

C from the head of B, to the,tail of A

D from the tail of A, to thé headsef B

MODULE 1 | KINEMATICS

Adding vectors in one dimension can be done
algebraically by applying a sign convention.
Vectors with direction become vectors with either
positive or negative signs.

To find the difference between two vectors,
subtract the initial vector from the final vector.
Vectors are subtracted by adding the negative, or
opposite, of a vector.

Subtracting vectors in one dimension can be done
graphically using a scale.

Subtracting vectors in @fe dimension can also be
done algebraically.

A car that was initially travelling at a velocity of 3ms-1
west,is ldter gravelling at 5ms-! east. What is the
difference between the two vectors?

Determiine the change in velocity of a runner who
changes from running at 4ms-1 to the right on grass
to running 2ms-1 to the right in sand.

A student throws a ball up into the air at 4ms-1. A
short time later the ball is travelling back downwards
to hit the ground at 3ms-1. Determine the change in
velocity of the ball during this time.

Jamelia applies the brakes on her car and changes
her velocity from 22.2ms-1 forwards to 8.2ms-!
forwards. Calculate the change in velocity of
Jamelia’s car.



2.2 Displacement, speed and velocity

In order to describe and analyse motion, it is important to understand the terms (@)
used to describe it, even in its simplest form. In this section you will learn about

some of the terms used to describe rectilinear or straight-line motion, such as
position, distance, displacement, speed and velocity.

CENTRE OF MASS

Motion is often more complicated than it seems at first. For example, when a

freestyle swimmer travels at a constant speed of 2ms~!, their head and torso move

forwards at this speed, but the motion of their arms is more complex. At times their

arms move forwards through the air faster than 2ms™!, and at other times they

move backwards through the water. (b)
It is beyond the scope of this course to analyse such a complex motion. However,

the motion of the swimmer can be simplified by treating the swimmer as a simple

object located at a single point called the centre of mass. The centre of mass is the

balance point of an object. For a person, the centre of mass is just above the waist. \
The centres of mass of some objects are shown in Figure 2.2.1.

POSITION, DISTANCE AND DISPLACEMENT @
Position ©
One important term to understand when analysing straight-line motion i 1

» Position describes the location of an object at a certain point in time Wi ecC

to the origin.
« Position is a vector quantity and therefore requires a direction.

Consider Sophie doing laps in a 50 m pool, as shown in Figure 2.2.2x'To simplify
her motion, Sophie is treated as a point object with heg ce ass just above her
waist. The pool can be treated as a one-dimensional n ine, with the starting (d)
block defined as the origin. The direction to the ri starting block is taken
to be positive.

Sophie’s position as she is warming up

starting block is —10m, as

shown in Figure 2.2.2(a). The negative si ica direction from the origin,
i.e. to the left. Her position could also b ri as 10 m to the left of the starting
block.
At the starting block, Sop 0m, as shown in Figure 2.2.2(b). Then
after swimming a little over f the pool she is +25m or 25 m to the right
of the origin, as shown in Figure 2. . FIGURE 2.2.1 The centre of mass of each object

is indicated by a cross.

(a)

60 m
Position

(b)

60 m
Position

(@

>

I | |
-10 10 20 30 40 5 60 m
Position

FIGURE 2.2.2 The position of the swimmer is given with reference to the starting block. (a) While
warming up, Sophie is at =10 m. (b) When she is on the starting block, her position is zero. (c) After
swimming for a short time, she is at a position of +25m.
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Distance travelled

Position describes where an object is at a certain point in time. But distance
travelled is how far a body travels during a journey. For example, the tripmeter
or odometer of a car or bike measures distance travelled. Distance travelled is
represented by the symbol d.

0 o Distance travelled (d) describes the length of the path covered during an
object’s entire journey.
e Distance travelled is a scalar quantity and is measured in metres (m).

For example, if Sophie completes three lengths of the pool, the distance travelled
during her swim will be 50 + 50 + 50 = 150 m.

The distance travelled is not affected by the direction of the motion. That is, the
distance travelled by an object always increases as it moves, regardless of its direction.

Displacement

Displacement is the change in position of an object, and is represented by the
symbol s. Displacement considers only where thedmotion starts and finishes. The
route taken between the start and finish has neweffect on displacement. If the motion
is in one dimension, a word such as east or weSt,for a positive or negative sign, can
be used to indicate the direction of thesdisplacement.

O e Displacement is the changesin, position of an object in a given direction.
¢ Displacement s = final pasitign'=,initial’position.
e Displacement is a veetor,quantity and is measured in metres (m).

Consider the example ofySophie completing one length of the pool. During
her swim, the distan€eytravelledyis 5S0m. Her final position is +50m and her initial
position is 0 miy, Her displacement is:

§ = final position — initial position
=50-0
=+50m or 50m in a positive direction

Notice that magnitude, units and direction are required for a vector quantity. The
distancelwill be equal to the magnitude of displacement only if the body is moving
in, a straight line and does not change direction. If Sophie swims two lengths, her
distance travelled will be 100m (50m out and 50m back) but her displacement
during this swim will be:

s = final position — initial position
=0-0
=0m

Even though Sophie has swum 100m, her displacement is zero because the
initial and final positions are the same.

The above formula for displacement is useful if you already know the initial and
final positions of the object. An alternative method to determine total displacement,
if you know the displacement of each section of the motion, is to add up the
individual displacements for each section of motion.

0 The total displacement is the sum of individual displacements.

It is important to remember that displacement is a vector and so, when adding
displacements, you must obey the rules of vector addition (discussed in Section 2.1).

In the example above, in which Sophie completed two laps, overall displacement
could have been calculated by adding the displacement of each lap:
s =sum of displacements for each lap
= 50m in the positive direction + 50 m in the negative direction
=50+ (-50)
=0m



SPEED AND VELOCITY

For thousands of years, humans have tried to travel at ever greater speeds. This
desire has contributed to the development of all sorts of competitive activities, as
well as major advances in engineering and design. World records for some of these
pursuits are given in Table 2.2.1.

TABLE 2.2.1 World record speeds for a variety of sports or modes of transport

Activity or object World record speed (ms1) World record speed (kmh1)

luge 43 140
train 167.5 603
tennis serve 73.1 263
waterskiing (barefoot) 60.7 218
cricket delivery 44.7 161
racehorse 19.7 71

Speed and velocity are both quantities that give an indication of how quickly
the position of an object is changing. Both terms are in common use and are often
assumed to have the same meaning. In physics, however, these two termg’have
different definitions.

0 e Speed is the rate at which distance is travelled. Like distance, spe d‘lso =
scalar. A direction is not required when stating the speed of an %
e Velocity is the rate at which displacement changes. It has directign, so it is a
vector quantity. A direction must always be given when stating thewelocity of

an object.
¢ The standard Sl unit for speed and velocity is m& second (ms).

Instantaneous speed and velocity

Instantaneous speed and instantaneous velocity‘tell“you how fast something is
moving at a particular point in time. The speedometer on a car or bike indicates
instantaneous speed.

If a speeding car is travelling north and is detected on a police radar gun at
150kmh™1, it indicates thathis car’s instantaneous speed is 150kmh™, while its
instantaneous velocity is 150kmih~! north. The instantaneous speed is always equal
to the magnitude of the instantaneeils velocity.

Average speed and velocity

Average speed and average velocity both give an indication of how fast an object is
moving over a particular time interval.

O average speed v, = distance ravelled — d-

average velocity v, = JsPacement _ .
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FIGURE 2.2.3 Australian Anna Meares won

the UCI Mexico Track World Cup 2013. She
rode 500 m in a world record time of 32.8365s.
Her average speed around the track was
55.6kmhL, but her average velocity was zero.

PHYSICSFILE

Reaction time

Drivers are often distracted by loud
music or phone calls. These distractions
result in many accidents and deaths on
the road. If cars are travelling at high
speeds, they will travel a large distance
in the time that the driver takes just to
apply the brakes. A short reaction time
is very important for all road user:

G
relationship between speed, distan

and time.

This is easy to understand given t

distance travelled =v x t
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Average speed is equal to instantaneous speed only when a body’s motion is
uniform; that is, if it is moving at a constant speed.

The average speed of a car that takes 30 minutes to travel 20 km from Macquarie
Park to Manly Beach is 40kmh™!. But this does not mean that the car travelled the
whole distance at this speed. In fact it is more likely that the car was sometimes
moving at 60kmh™!, and at other times was not moving at all.

A direction (such as north, south, up, down, left, right, positive, negative) must
be given when describing a velocity. The direction of velocity is always the same
as the direction of displacement. And like the relationship between distance and
displacement, average speed will be equal to the magnitude of average velocity only
if the body is moving in a straight line and does not change direction.

For example, in a cycling race of one lap around a track (Figure 2.2.3), the
magnitude of the average velocity will be zero, because the displacement is zero.
This is true no matter what the average speed for the lap is.

____________________________________________________________

SKILLBUILDER

Converting units

The usual unit used in physics for veloeityiis m's-1, but kmh-1 is often used in
everyday life. So it is important to Understand how to convert between these
two units.

Converting kmh1 to mg™?

You should be familiaraith T00kmh-1 because it is the speed limit for
most freeways and country,reads in Australia. Cars that maintain this speed
would travel 100km,in 1 hour, Since there are 1000 metres in 1 kilometre
and 36006econdsfinfl hour (60s x 60min), this is the same as travelling
100000 m in'8600s!

100kmh™ =100x1000mh!

=100000mh™

100000 . -1
= 3600 MS

l =27.8ms™ I
¥ 1So kmh-1 can be converted to ms™! by multiplying by 199 (or dividing by 3.6). |

3600
Converting ms1 to kmh1

A champion Olympic sprinter can run at an average speed of close to 10ms1.
Each second, the athlete will travel approximately 10 metres. If they could
maintain this rate, in 1 hour the athlete would travel 10 x 3600 = 36000 m =
36km.

10ms'=10x3600mh™

=36000mh™

36000 1
= Too0 Kmh

=36kmh™!
So ms-1 can be converted to kmh-1 by 236

multiplying by % or 3.6. /—\

When converting a speed from one unit km h-! m s
to another, it is important to think about \_/
the speeds to ensure that your answers <36

make sense. The diagram in Figure 2.2.4
summarises the conversion between the
two common units for speed.

FIGURE 2.2.4 Rules for converting
betweenms~! andkmh=!.

____________________________________________________________



Worked example 2.2.1
AVERAGE VELOCITY AND CONVERTING UNITS

Sam is an athlete performing a training routine by running back and forth along a
straight stretch of running track. He jogs 100 m north in a time of 20s, then turns
and walks 50 m south in a further 25s before stopping.

a What is Sam’s average velocity in ms™1?

Thinking Working

Calculate the displacement.
(Remember that total displacement is
the sum of individual displacements.)

s =sum of displacements
=100m north+50m south

Sam’s total journey consists of two =100+(-50)

displacements: 100 m north and then =+50m or 50m north

50msouth.

S N O
start finish
N E .
=8
100 m

start 45 f
50
Work out the total time taken for the @
journey.
Substitute the values into the velocity i entiis 50m north.
equation.

e velocity V,, = <
50
a

o

=1.1ms™!

Velocity is a vector, so a dir 1.1 ms™! north

be given.

b What is the magnitude of Sam’s average velocity in kmh-1?

Thinking Working

Convert from ms-1 to kmh-1 by

v, =1.1ms™!
multiplying by 3.6. Vay =%.2MS

=1.1x3.6
=4.0kmh™ north

As the magnitude of velocity is needed, | v, - 4.0kmh-!
direction is not required in this answer.
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¢ What is Sam’s average speed in ms~1?

journey.

Thinking Working
Calculate the distance. (Remember d=100 + 50
that distance is the length of the path - 150
covered over the entire journey. The

direction does not matter.)

Sam travels 100m in one direction

and then 50m in the other direction.

Work out the total time taken for the 20+ 25 =45s

Substitute the values into the speed
equation.

Distance is 150 m.
Time taken is 45s.

Average speed v,, =&

d What is Sam'’s average speed in km

Thinking

Convert fromms=! tokmh-! b
multiplying by 3.6.

rage speed v,, = 3.3ms™!
=33x36
=12kmh-1

yourself 2.2.1
CONVERTING UNITS

Worked example;
AVERAGE VE

¢ What is Sally’s average speed in ms™1?

figures.

d What is Sally’s average speed in kmh~1? Give your answer to two significant




| PHYSICS IN ACTION|

Alternative units for speed and distance

Metres per second is the standard unit for measuring
speed because it is derived from the standard unit
for distance (metres) and the standard unit for time
(seconds). However, alternative units are often used to
better suit a certain application.

The speed of a boat is usually measured in knots,
where 1knot = 0.51 ms=L. This unit originated in the
nineteenth century, when the speed of sailing ships would
be measured by allowing a rope, with knots tied at regular
intervals, to be dragged by the water through a sailor’s
hands. By counting the number of knots that passed
through the sailor’'s hands, and measuring the time taken
for this to happen, the average speed formula could be
applied to estimate the speed of the ship.

The speed of very fast aircraft, such as the one in
Figure 2.2.5, is often stated using Mach numbers. A speed
of Mach 1 equals the speed of sound, which is 340ms! at
the Earth’s surface. Mach 2 is twice the speed of sound, or
680ms, and so on.

The light-year is an alternative unit for measuring distance.

The speed of light in a vacuum is nearly 300000 kms1,

FIGURE 2.2.5 Modern fighteraircraft are able to fly at speeds well
above Mach 2.

One light-yeag istthe distance that light travels in one year.
Astronomefs use,this unit because distances between
objects in the universe are enormous. It takes about 4.24
years'foglight tedfavel from the nearest star (Proxima
Centaur) t6 us. That means the distance from our solar
System to the nearest star is about 4.24 light-years. Light
takesfabout 8.5 minutes to travel from the Sun to Earth, so
you €euld say that the Sun is 8.5 light-minutes away.

2.2 Review

+ The motion of an objéect travelling/in a straight line
is called rectilinear motion.

+ Position defines the location of an object with
respect to a defined origin.

» Distance travelled, d, tells us how far an object has
actually travelled. Distance travelled is a scalar.

» Displacement, s, is a vector and is defined as
the change in position of an object in a given
direction: s = final position — initial position.

» The average speed of a body, v,,, is defined as the
rate of change of distance and is a scalar quantity:

average speed v, = distance travelied _ ¢

« The average velocity of a body, v,,, is defined as
the rate of change of displacement and is a vector
quantity:

average velocity 7, = displacement _ s

time taken t

« The usual Sl unit for both speed and velocity is
metres per second (ms™1); kilometres per hour
(kmh-1) is another Sl unit that is commonly used.

+ To convert from ms-! to kmh-1, multiply by 3.6.

+ To convert from kmh-! to ms-1, divide by 3.6.
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2.2 Review continued

KEY QUESTIONS

1 Agirl swims 10 lengths of a 25m pool. Which one or 5 A car travelling at a constant speed was timed over
more of the following statements correctly describes 400m and was found to cover the distance in 12s.
her distance travelled and displacement? a What was the car’s average speed?

A Her distance travelled is zero. b The driver was distracted and his reaction time was
B Her displacement is zero. 0.75s before applying the brakes. How far did the
C Her distance travelled is 250 m. car travel in this time?

D Her displacement is 250m. 6 A cyclist travels 25km in 90 minutes.

2 Aninsect is walking back and forth along a metre a What is her average speed in kmh-1?
ruler, as show in the figure below. Taking the right as b What is her average speed in ms™1?
positive, determine both the size of the displacement 7 Liam pushes his toy truck 5m east, then stops it
and the distance travelled by the insect as it travels on and pushes it 4m west entire motion takes
the following paths. 10 seconds.

A o B C D E a What is the tru %speed?
& i00| b What is the tru average velocity?

8 ng for a marathon runs 10km north
a AtoB ad\before realising that she has
b CtoB ottle. She turns around and runs
c CtoD find her bottle, then resumes running
d Cto E and then to D. in iginal direction. After running for 1.5h, the

3 During a training ride, a cyclist rides 50km north, then athlete’stops when she is 15km from her starting

30km south. p
a What is the distance travelled by the cyclist dur What is the distance travelled by the athlete during
the ride? the run?

b What is the displacement of the cyclist for thi b What is the athlete’s displacement during the run?

4 Aliftin a city building, shown in the figure W, ¢ What is the average speed of the athlete in kmh-1?
carries a passenger from the ground floomdow d What is the athlete’s average velocity in kmh-1?
basement, then up to the top floor.

a Whatis the
displacement of
the lift as it travels
from the ground
floor to the
basement?

b What is the
displacement
of the lift as it
travels from the
basement to the
top floor?

¢ Whatis the
distance travelled
by the lift during
this entire trip?

d What is the
displacement of
the lift during this
entire trip?

top floor

ground
floor
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____________________________________________________________

PHYSICS INQUIRY

Modelling acceleration

How is the motion of an object moving in a straight line
described and predicted?

COLLECT THIS... 5 Drop the string and listen to the
beats the nuts make as they hit

¢ 5 large metal nuts
the tray.

e  5m length of strin
gt g 6 Using trial and error, adjust the

position of the nuts on the string so
they create equally spaced beats

.+ metal baking tray
E DO THIS... when they hit the baking tray.

e ruler or measuring tape

1 Tie one nut onto the end of the RECORD THIS...
string.

Present your results in a table.
2 Thread the other nuts onto

the string one at a time, tying
the string to fix them at 10cm

Describe the spacing between each
nut that produced equally spéaced

. beats.
intervals.
3 Place the metal baking tray on the REFLECT ON THIS...
ground, upside down. How is the motion of an ebject
4 Standing above the tray, hold the moving in a straight line deseribed
string so that the first nut is just and predicted?
resting on the tray. Explain why the pattern observed in

this experiment was created.

____________________________________________________________

Acceleration is a measure of how quicKlyvelog¢ity changes. When you are in a car
that speeds up or slows down, you gXperience acceleration. In an aircraft taking
off along a runway, you experience'a muchr greater acceleration. Because velocity
has magnitude and direction accelerationt can be caused by a change in speed or a
change in direction. In this s€€tion you will look at the simple case of acceleration
caused by a change in velocity whil€ travelling in a straight line.

FINDING THE CHANGE IN VELOCITY AND SPEED

The velocity and speed of everyday objects are changing all the time. Examples of
these are when a car moves away as the traffic lights turn green, when a tennis ball
bounces or when you travel on a rollercoaster.

If the initial and final velocity of an object are known, its change in velocity
can be calculated. To find the change in any physical quantity, including speed and
velocity, the initial value is subtracted from the final value.

Vector subtraction was covered in detail in Section 2.1.

0 Change in velocity is the final velocity minus the initial velocity:
AV =V -1
where i is the initial velocity in ms™!
v is the final velocity in ms™!
AV is the change in velocity in ms™.

Because velocity is a vector, this should be done using vector subtraction. Like all
vectors, velocity must include a direction.

0 Change in speed is the final
speed minus the initial speed:
Av=v—u
where u is the initial speed in ms™

v is the final speed in ms!
Av is the change in speed
inmsL.

Since speed is a scalar, direction

is not required.

GO TO » | Section 2.1, page 52
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Worked example 2.3.1

CHANGE IN SPEED AND VELOCITY PART 1

rebounds at 5.0msL.

u=5ms"

A ball is dropped onto a concrete floor and strikes the floor at 5.0ms™1. It then

v=5ms"'

a What is the change in speed of th

Thinking

u=50ms!

Substitute the values into the
in speed equatio v—u

v=50ms!
Av=v-—u
- (5.0) - (5.0)
=0ms!

ange in velocity of the ball?

a vector. Apply the sign
tion to replace the directions.

Working

i =50ms"! down
=-50ms!

v=50mstup
=+5.0ms!

As this is a vector subtraction, reverse
the direction of u to get -u.

U=-5.0ms"1, therefore
—i=+5.0ms!

Substitute the values into the change
in velocity equation:
AV =V + (-U)

AV =V + (=)
= (+5.0) + (+5.0)
=+10ms!

Apply the sign convention to describe
the direction.

AV =10.0ms™1 up

Worked example: Try yourself 2.3.1

CHANGE IN SPEED AND VELOCITY PART 1

A ball is dropped onto a concrete floor and strikes the floor at 9.0ms1. It then

rebounds at 7.0ms1.

a What is the change in speed of the ball?

b What is the change in velocity of the ball?




ACCELERATION

Consider the following information about the velocity of a car that starts from rest,
as shown in Figure 2.3.1. The velocity of the car increases by 10kmh™ to the right
each second. If right is taken to be the positive direction, the car’s velocity changes
by +10kmh™! per second, or +10kmh~!s1.

FD\%%%

t=0s

FIGURE 2.3.1 A car’s acceleration as its velocity increased from Okmh™ to +30kmh.

The athlete in Figure 2.3.2 takes 3 seconds to come to a stop at the end of a race.
The velocity of the athlete changes by —2ms™! to the right each second. If right is
taken to be the positive direction, the athlete’s acceleration is —2 metres per second
per second, or —2ms~?

y=6ms’! 4ms! 2ms!
t=0s 2%

FIGURE 2.3.2 The velocity of the athlete changes by —2 ms~! eachisecon@. The acceleration is
-2ms=.

When the direction of motion is taken to be the positive direction, a negative
acceleration means that the object is slowing downjin the direction of travel, like the
athlete in Figure 2.3.2. A negative acceleration‘ean also mean the object is speeding
up but in the opposite direction.

Because acceleration is a vector quaftity, a vector diagram can be used to find
the resultant acceleration of @n object.

Average acceleration

Like speed and velocity, the average acceleration of an object can also be calculated.
To do this you need to known how long the change in velocity lasted.

ﬁ Average acceleration, a,,, is the rate of change of velocity:

= __ change in velocity
av —  change in time

— AV
At

u
At

where V is the final velocity in ms!
i is the initial velocity in ms™!
At is the time interval in seconds.
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Human acceleration

In the 1950s the United States Air Force used rocket
sleds (Figure 2.3.3) to study the effects of extremely large

accelerations on humans, with the aim of improving the g R~

chances of pilots surviving crashes. At that time it was
thought that humans could not survive accelerations above
about 175m s, so aircraft seats, harnesses and cockpits
were not designed to withstand larger accelerations.

One volunteer, Colonel John Stapp, was strapped into a
sled and accelerated to speeds of over 1000kmh-1! in a
very short time. Water scoops were used to stop the sled
in less than 2 seconds, producing a deceleration of more
than 450 ms=2. The effects of these massive accelerations
are evident on his face (Figure 2.3.4).

The results showed that humans could survive much
higher decelerations than previously thought, and that
the mechanical failure of seats, harnesses and cockpit
structures were major causes of deaths in aircraft

accidents.

MODULE 1 | KINEMATICS

FIGURE 2.3
acceleration on humans.

—

.3 A rocket-powered sled used to test the effects of

3.2
D AND VELOCITY PART 2

ropped onto a concrete floor and strikes the floor at 5.0ms1. It then
ds at 5.0msL. The contact with the floor lasts for 25 milliseconds. What
e average acceleration of the ball during its contact with the floor?

Thinking Working
Note the values you will need in order i=-5ms!
to find the average acceleration (initial _— 1
oo i . —-Ui=5ms
velocity, final velocity and time). -
V=5ms

Convert milliseconds into seconds by
dividing by 1000. (Note that AV was
calculated for this situation in the
previous Worked example.)

AV =10mstup
At =25ms
=0.025s

Substitute the values into the average
acceleration equation.

= _ change in velocity
av — time taken
— AV
At
—_10
0.025

= 400ms™

Acceleration is a vector, so you must
include a direction in your answer.

d, =400ms=2 up




Worked example: Try yourself 2.3.2
CHANGE IN SPEED AND VELOCITY PART 2

A ball is dropped onto a concrete floor and strikes the floor at 9.0ms™1. It then
rebounds at 7.0ms L. The contact time with the floor is 35ms. What is the
average acceleration of the ball during its contact with the floor?

1

2.3 Review

Change in speed is a scalar calculation:
Av = final speed — initial speed =v —u
Change in velocity is a vector calculation:
AV = final velocity — initial velocity = vV — i

KEY QUESTIONS

A radio-controlled car is travelling east at 10kmh-1, It
runs over some sand and slows down to 3kmh-1 east.
What is its change in speed?

A lump of Blu Tack falling vertically hits the ground

at 5.0ms1 without rebounding. What is its ghahge in
velocity during the collision?

A ping pong ball hits the floor vertically at 5.0 ms!
and rebounds directly upwards at 30 ms-1. What'is its
change in velocity during the bounce?

While playing soccer, Ashley is rufining north at

7.5ms™ L. He slides alofig the ground and stops in 1.5s.

What is his average acceleration as he slides to a stop?

Olivia launches a model rockét vertically and it
reaches a speed of 150kmh-! after 3.5s. What is the
magnitude of its average acceleration in kmh-1 s1?

6

Acceleration is usually measured in metres per
second per second (ms2).

Acceleration is a v, r. The average acceleration
of a body, a,,, is as the rate of change of

velocity:

A squash ball travelling east at 25 ms-! strikes the

front wall of the court and rebounds at 15ms-! west.

The contact time between the wall and the ball is

0.050s. Use vector diagrams, where appropriate, to

help you with your calculations.

a What is the change in speed of the ball?

b What is the change in velocity of the ball?

¢ What is the magnitude of the average acceleration
of the ball during its contact with the wall?

A greyhound starts from rest and accelerates

uniformly. Its velocity after 1.2 s is 8.0ms™! south.

a What is the change in speed of the greyhound?

b What is the change in velocity of the greyhound?

¢ What is the acceleration of the greyhound?
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Chapter review

KEY TERMS

acceleration

distance travelled

air resistance free-fall

centre of mass magnitude

collinear newton

dimension position

dimensional analysis rectilinear

direction convention resultant

displacement scalar

KEY QUESTIONS

1 Select the scalar quantities in the list below. (There

may be more than one answer.)

A force

B time

C acceleration

D mass

Select the vector quantities in the list below.

(There may be more than one answer.)

A displacement

B distance

C volume

D velocity

A basketballer applies a force with his handfo bounce
the ball. Describe how a vector can be drawnito
represent this situation.

Vector arrow A is drawn twice the leéngth*ef vector
arrow B. What does this mean?

A car travels 15ms! nertly and anather travels
20ms! south. Why i$ a sigmseonvéntion often used to
describe vectors like these?

If the vector 20N forwards®is written as —20N, how
would you write a vector representing 80N backwards?
Add the following force vectors using a number

line: 3N left, 2N right, 6N right. Then also draw and
describe the resultant force vector.

Determine the resultant vector of the following motion:
45.0m forwards, then 70.5m backwards, then 34.5m
forwards, then 30.0 m backwards.

Determine the change in velocity of a bird that
changes from flying 3ms-! to the right to flying 3ms-!
to the left.

speed

unit

vector

vector diagram
vector notation
velocity

10 A car travels at 95 kmd¢#™along a freeway. What is its
speed in ms12

11 A cyclist travels@t 15 ms-! during a sprint finish. What
is this sp€ediin kKmh-1?

The followingjinformation relates to questions 12 and 13.

An athletefimptrainipg for a marathon runs 15km north

along,a straight road before realising that she has dropped

her drink bottle. She turns around and runs back 5km

tofindéher bottle, then resumes running in the original

direction. After running for 2.0 hours, the athlete reaches

20km from her starting position and stops.

12 Calculate the average speed of the athlete in kmh-1.
13 Calculate her average velocity in:
a kmh!
b msl
14 A ping pong ball is falling vertically at 6.0ms as it
hits the floor. It rebounds at 4.0ms™! up. What is its
change in speed during the bounce?

15 A car is moving in a positive direction. It approaches
a red light and slows down. Which of the following
statements correctly describes its acceleration and
velocity as it slows down?

A The car has positive acceleration and negative
velocity.

B The car has negative acceleration and positive
velocity.

C Both the velocity and acceleration of the car are
positive.

D Both the velocity and acceleration of the car are
negative.

16 A skier is travelling along a horizontal ski run at a
speed of 15ms~1. After falling over, the skier takes 2.5s
to come to rest. Calculate the average acceleration of
the skier.
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17 The following graph shows the position of a motorcycle

18

along a straight stretch of road as a function of time.
The motorcycle starts 200m north of an intersection.

500
400
300
200

100

0
10 20 30 40\ 50 60 Time(s)
-100

-200

Position (m)

a During what time interval is the motorcycle
travelling north?

b During what time interval is the motorcycle
travelling south?

¢ During what time intervals is the motorcycle
stationary?

d At what time is the motorcycle passing back
through the intersection?

For each of the situations listed below, indicate Which
of the velocity-time graphs best represents thedmotien
involved.

A B C
v v v

t t

a A car comes to a stop at a red light.

b A swimmer is travelling at a constant speed.

¢ A motorbike starts from rest with uniform
acceleration.
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19

20

21

22

The following velocity-time graph is for an Olympic
road cyclist as he travels, initially north, along a
straight section of track.
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a Calculate the displacement of the cyclist during his
journey.

b Calculate(the magnitude, to three significant figures,
of thesaveragesvelocity of the cyclist during this
11.0s intenvals

c gCalculate’the acceleration of the cyclistat t=1s.

d \Calculate the acceleration of the cyclist at t = 10s.

e WAHich one or more of the following statements
corréctly describes the motion of the cyclist?

A He is always travelling north.

B He travels south during the final 2s.

C He is stationary at t = 8s.

D He returns to the starting point after 11s.

A car starts from rest and has a constant acceleration

of 3.5ms=2 for 4.5s. What is its final speed?

A jet-ski starts from rest and accelerates uniformly. If it

travels 2.0m in its first second of motion, calculate:

a its acceleration

b its speed at the end of the first second

¢ the distance the jet-ski travels in its second second
of motion.

A skater is travelling along a horizontal skate rink at a

speed of 10ms~1. After falling over, she takes 10m to

come to rest. Calculate, to two significant figures, the
answers to the following questions about the skater’s
movement.

a What is her average acceleration?

b How long does it take her to come to a stop?



23 The following graph shows the position of Candice as
she dances across a stage.
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What is Candice’s starting position?

In which of the sections A-D is Candice at rest?

¢ In which of the sections A-D is Candice moving in a
positive direction, and what is her velocity?

d In which of the sections A-D is Candice moving with
a negative velocity and what is the magnitude of
this velocity?

e Calculate Candice’s average speed during the 25s
motion.

Anna is cycling at a constant speed of 12ms-1 when

she passes a stationary bus. The bus starts moving

just as Anna passes, and it accelerates uniformly at
1.5ms=2

a When does the bus reach the same speed as Anna?

b How long does the bus take to catch Anna?

¢ What distance has Anna travelled before the bus
catches up?

For the following questions, the acceleration due to gravity

is 9.8ms2 down and air resistance is considered totbe

negligible.

o o

24

25 Two physics students conduct the follewing
experiment from a very high bridgeslhae,drops a
1.5kg sphere from a height of 60:0 na, While at exactly
the same time Benjamin throws a 100g cube with an
initial downwards velocity,ofgd©.0m st from a point
10.0m above Thao.

a How long does it take the sphere to reach the
ground?

b How long does it take the cube to reach the ground?

26

27

28

29

At the start of an AFL football match, the umpire
bounces the ball so that it travels vertically upwards
and reaches a height of 15.0m.

a How long does the ball take to reach this
maximum height?

b One of the ruckmen is able to leap and reach to a
height of 4.0m with his hand. How long after the
bounce should this ruckman try to make contact
with the ball?

A billiard ball rolls from rest down a smooth ramp that
is 8.0m long. The acceleration of the ball is constant
at2.0ms=

\\

\
0

440"m

8.0 m

a What is'the speed of the ball when it is halfway
dewn(the'ramp?

b\ What is the final speed of the ball?

¢ How long does the ball take to roll the first 4.0m?

d How long does the ball take to travel the final 4.0m?

Four metal bolts are tied to a piece of rope. The rope is
dropped and the metal bolts hitting the ground create
a steady rhythm, making a sound at 0.25 second
intervals. Calculate the distances between each of the
metal bolts.

After completing the activity on page 63, reflect on
the following inquiry question: How is the motion
of an object moving in a straight line described and
predicted?
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