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CHAPTER

1- Scientific investigation

Gaining a sound understanding of key science skills in a variety of contexts is
essential preparation for undertaking scientific investigations and evaluating the
research of others. The development of such skills is a core component of VCE
Physics, and these skills apply across all units and areas of study.

Chapter 1 describes some of the most fundamental science skills. The chapter can
be read as a whole or referred to as you work through other chapters. For example,
it may provide you with a useful refresher on the scientific method of conducting
investigations, or on what is typically included in a scientific report, at the time
when you are to undertake an investigation as part of your studies.

Key science skills

Develop aims and questions, formulate hypotheses and make predictions

« identify, research and construct aims and questions for investigation 1.1

« identify independent, dependent and controlled variables in experiments 1.1
« formulate hypotheses to focus investigations 1.1
« predict possible outcomes of investigations 1.1

Plan and conduct investigations

- determine appropriate investigation methodology: case study; classification
and identification; experiment; fieldwork; literature review; modelling; product,
process or system development; simulation 1.1

design and conduct investigations: select and use methods appropriate to
the selected investigation methodology, including consideration of equipment
and procedures, taking into account potential sources of error and causes of
uncertainty; determine the type and amount of qualitative and/or quantitative
data to be generated or collated 1.2

work independently and collaboratively as appropriate and within identified
research constraints, adapting or extending processes as required and
recording such modifications in a logbook 1.2

Comply with safety and ethical guidelines

« demonstrate safe laboratory practices when planning and conducting
Investigations by using risk assessments that are informed by safety data
sheets (SDS), and accounting for risks 1.2

apply relevant occupational health and safety guidelines while undertaking
practical investigations 1.2

demonstrate ethical conduct when undertaking and reporting
investigations 1.2
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Generate, collate and record data

systematically generate and record primary data, and collate secondary data,
appropriate to the investigation, including use of databases and reputable
online data sources 1.3

record and summarise both gualitative and quantitative data, including use of a
logbook as an authentication of generated or collated data 1.2, 1.3

organise and present data in useful and meaningful ways, including tables and
graphs 1.3

Analyse and evaluate data and investigation methods

process quantitative data using appropriate mathematical relationships and
units 1.4

use appropriate numbers of significant figures in calculations 1.3, 1.4
construct graphs that show the relationship between variables 1.4
extrapolate to determine graph intercepts of significance 1.4

construct linearised graphs and identify the significance of the gradient (using
relationships relevant to the key knowledge outlined in the areas of study) 1.4

identify and analyse experimental data qualitatively, handling, where
appropriate, concepts of: accuracy, precision, repeatability, reproducibility,
resolution and validity of measurements; and errors 1.2, 1.4

identify outliers, and contradictory, provisional or incomplete data 1.4
repeat experiments to evaluate the precision of data 1.4

evaluate investigation methods and possible causes of error and uncertainty,
and suggest how precision can be improved, and how uncertainty can be
reduced 1.4, 1.5

Construct evidence-based arguments and draw conclusions

distinguish between opinion and evidence, and between scientific and non-
scientific ideas 1.5

evaluate data to determine the degree to which the evidence supports the aim
of the investigation, and make recommendations, as appropriate, for modifying
or extending the investigation 1.5

evaluate data to determine the degree to which the evidence supports or
refutes the initial prediction or hypothesis 1.5

use reasoning to construct scientific arguments, and to draw and justify
conclusions consistent with evidence and relevant to the question under
investigation 1.5

identify, describe and explain the limitations of conclusions, including
identification of further evidence required 1.5

discuss the implications of research findings 1.5




Analyse, evaluate and communicate scientific ideas

use appropriate physics terminology, representations and conventions,
Including standard abbreviations, graphing conventions, vector diagrams,
algebraic equations, significant figures, uncertainty bars and units of
measurement 1.6

discuss relevant physics information, ideas, concepts, theories and models and
the connections between them 1.6

analyse and explain how models and theories are used to organise and
understand observed phenomena and concepts related to physics identifying
limitations of selected models/theories 1.6

critically evaluate and interpret a range of scientific and media texts (including
journal articles, mass media communications and opinions in the public
domain), processes, claims and conclusions related to physics by considering
the quality of available evidence 1.6

analyse and evaluate physics-related societal issues taking into account the
influence of social, economic, legal and political factors relevant to the selected
issue 1.6

use clear, coherent and concise expression to communicate to specific
audiences and for specific purposes in appropriate scientific genres, including
scientific reports and posters 1.6

acknowledge sources of information and assistance, and use standard scientific
referencing conventions. 1.6

VCE Physics Study Design extracts @& VCAA (2022); reproduced by permission




FIGURE 1.1.1 Students conduct an experiment
investigating the wave nature of light.
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Physics is the study of motion, force and energy. It deals with the laws, theories
and principles governing motion, force and energy across all imaginable scales
throughout the universe. Its scope ranges from the interactions between particles
that make up mndividual protons and neutrons mnside every atomic nucleus to the
motions of galaxies that comprise the universe.

As scientists, physicists extend their understanding using the scientific method,
which involves investigations that are carefully designed, conducted and reported
(Figure 1.1.1). Well-designed research is based on a sound knowledge of what is
already understood about a subject, as well as careful preparation and observation.

Taking the time to carefully plan and design a scientific investigation before
beginning will help vou keep focused throughout. Preparation is essential. You
should ensure that you understand the theory behind your investigation and prepare
a detailed plan regarding the practical aspects of the investigation. This section 15 a
guide to some of the key steps that should be taken when planning and designing a
scientific mvestigation.

OBSERVATION

Scientific investigations start with careful observation. Observation involves using
all your senses: sight, sound, smell, taste and touch. FFor example, an observation
may involve seeing a change in colour in an object or noticing the smell from a
chemical reaction. It also involves using instruments and laboratory techniques that
may give you sharper and more detailed observations than those possible with just
your senses, or perhaps may be safer to use (for example, using sensors to detect
the radioactivity of a source).

The idea for a primary investigation of a complex problem arises from prior
learning and observations that have raised further questions. How observations are
interpreted depends on past experiences and knowledge. But to enquiring minds,
observatuons will usually provoke further questions. Some examples are given below.
*+ How is the motion of an object modelled (e.g. why does a javelin travel farther

than a cricket ball)?

* How does the motuon of a student change using timed intervals of measured
distance (e.g. student riding a bicycle)?

*  What causes an object to accelerate (e.g. when an object is dropped from a
certain height) ?

*  What modifications could be made to a circuit to reduce its power consumption

(e.g. by lowering the resistance)?

*  What applications are there of total internal reflection (e.g. fibre optic cables)?

Many of these questions cannot be answered by observation alone, but they can
be answered through scientific investigation.

Many great discoveries have been made when a scientist 1s busy mvestigating
some other problem. Good scientists have acute powers of observation and
enquiring minds, and they make the most of these chance opportunities.

THE LOGBOOK

Careful and accurate record keeping 1s essential to good science. It 1s important
that the methods we use in our investigations, our observations, analysis of data and
conclusions are recorded. This ensures that the way our investigation was carried
out, as well as our observations, analysis and conclusions can be shared with other
scientists who can verify our work. This 1s an important part of the way scientific
ideas are progressed.

One way of recording scientific investigations i1s with logbooks and throughout
Units 1 and 2, and during your scientific investigations for Unit 2 Area of Study 2
and Unit 2 Area of Study 3, yvou must keep a logbook that includes every detail of
vour research.
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T'he following checklist will help vou remember what to include in your logbook:
your 1ideas when planning the research

clear protocols for each stage of your investigation (e.g. what standard procedures
you will use and follow exactly each time)

instructions, noting exactly what needs to be recorded

tables ready for data entry

records of all materials, methods, experiments and raw data

all notes, sketches, photographs and results

records of any incidents or errors that may influence the results,

THE SCIENTIFIC METHOD

Before conducting an investigation, a scientist develops a clear and specific research
question to explore. They state an aim that describes the purpose of their planned
investigation. They then state a hypothesis; that 1s, a prediction based on scientfic
reasoning that can be tested experimentally. This 1s the basis of the scientific

method (Figure 1.1.2).

L ]

A research question describes the 1dea to be investigated. For example: What
1s the relationship between voltage and current?

An aim is a statement describing in detail the purpose of the investigation. For
example: The aim of the investigation 1s to investigate the relationship between
voltage and the current in a circuit of constant resistance.

A hypothesis is a prediction that proposes an answer to a research guestion.
It 1s a prediction that can be tested by observation or experimentation. For
example: For the 5 () resistor used in this investigation, the current will increase
as the voltage 1s increased from 3V to 12 V.
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FIGURE 1.1.2 A flow chart illustrating the scientific method
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CASE STUDY

The scientific
method and
gravitational
waves

In the early part of the twentieth
century, Einstein formulated the
general theory of relativity. This
theory predicted gravitational waves.
Although hypothesised, scientists of
the day were unsure how to detect
them. Two American scientists, Kip
Thorne from California Institute of
Technology (Caltech) and Rainer
Weiss from Massachusetts Institute
of Technology (MIT), started to
collaborate on possible ways to
detect these waves. In 1984, Caltech
and MIT set up a joint project

called LIGO (Laser Interferometer
Gravitational Wave Observatory).

There are over 1000 scientists
working on the LIGO project. They
are busy interpreting readings
from their detection equipment,
improving that equipment and,
where necessary, modifying their
hypotheses.

The LIGO team finally observed
gravitational waves in 2015, almost
100 years after Einstein predicted
them. It is the nature of scientific
research and discovery that no
scientist works alone. They work
with others and build on the
research done by their colleagues
and predecessors.

To build on the discoveries
by the LIGO team, the OzGrav
program was started. OzGrav is
an Australian Government funded
project through the Australian
Research Council (ARC), several
Australian universities, and other
collaborating organisations in
Australia and overseas. OzGrav aims
to understand the physics of black
holes and curved spacetime, and to
inspire future Australian scientists
and engineers to continue this field
of study.
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Carefully designed scientific investigations are conducted to determine whether
predictions are accurate or not. If the results of an investugatuon do not fall within
an acceptable range, the hypothesis i1s rejected. If the predictions are found to be
accurate, the hypothesis 1s supported. If, after many investigations, one hypothesis
1s supported by all the results obtained so far, then it is given the status of a theory
or principle.

There 1s nothing mysterious about the scientific method. You might use the same
process to find out how an unfamiliar machine works if you had no instructions.
Careful observation is usually the first step.

You will now be able to answer key question 3.

Formulating a research question
The research question at the centre of a scientific investigation directs the inquiry.
Its primary purpose i1s to clearly set the boundaries of the investigation, specify the
direction of the research, and guide all stages of inquiry, analysis, interpretation and
evaluation. A research question should:
* clearly identify the topic of the experiment
* be specific enough to ensure a clear and unambiguous approach
* specify the scope or conditions of the inquiry
* propose to find trends, patterns or relationships between two measurable
variables.
Relevant background research can help refine the question. The research could
include:
 mmformation about the variables to be explored
* correlations between these variables
* ideas for refining the question.

The structure of a research question

Table 1.1.1 provides examples of different tvpes of research questions. You can use
the guiding words provided to structure your research question.

If possible, research questions should make reference to the independent and the
dependent variables that are to be explored. That is, the question should reference
the variables the researcher will be manipulating (independent variables) and those
that are expected to change in response (dependent variables). Each question
should ask if, how or why the independent variable affects the dependent variable.

TABLE 1.1.1 Examples of how research questions can be constructed

Guiding word | Example research question

What What difference does a change in resistance (independent variable) have
on the current in a circuit (dependent variable)?

Will Will a series circuit use more current than a parallel circuit?

How How does the angle of an inclined plane (independent variable) affect the
force of gravity on an object (dependent variable)?

Why Why does the mass of an object affect the momentum?

Is/are Is energy conserved in an inelastic collision?

Can Can you charge a Perspex rod using a sheet of glass?

Do/does Does the strength of Earth’s gravitational field depend on the height

above sea level?

Before formulating a research queston, it 1s good practice to:
conduct a literature review of the topic to be investigated

become familiar with the relevant scientific concepts and key terms
write down questions or correlations as they arise

compile a list of possible 1deas.
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Avoild rejecting ideas that initially might seem impossible. Use these ideas to
generate questons that are answerable.

Selecting and evaluating your question

When selecting a topic for vour investigation, it 1s helpful to choose something that

you already have some knowledge of and that you find interesting.

Ask vourself what the data you intend to collect might look like. If you cannot
determine measurable variables, either pick another topic or modify your question
to allow you to take measurements.

You should choose a question that can be explored within the conditions, time
and equipment you have available to you.

Once a research question has been chosen, stop and evaluate 1t. Check 1f it
requires further refinement or even further investigation before it 1s suitable as a
basis for an achievable and worthwhile investigation. The checklist below will assist
you in evaluating yvour research question.

LI Relevance—make sure vour research question 1s related to your chosen topic.

[ ] Clarity and measurability—make sure your question can be framed as a clear
hypothesis; otherwise it is going to be difficult to complete your research.

[} Time frame—make sure your question can be answered within a reasonable
period of time. This may not be possible if your question is too broad.

[ Knowledge and skills—make sure you have the level of knowledge and laboratory,
fieldwork and technical skills that will enable you to explore the question within
the specified time frame. Keep the question simple and the outcomes of the
research achievable.

LI Practcality—make sure that the resources that will be needed, such as laboratory
equipment and materials, are readily available. Keep things simple. Avoid
mnvestigations that require sophisticated or rare equipment. Instead, choose an
investigation that requires only common laboratory equipment, such as timing
devices, objects that could be used as projectiles and a tape measure.

Ll Safety and ethics—(discussed in more detail in Section 1.2) consider the satety

and ethical 1ssues associated with the research question you will be investigating.

If there are issues, determine if these need to be addressed before yvou begin

yvour mvestigation,

Advice—seek advice from vour teacher on vour question. T'heir input may prove

very useful, as their experience may lead you to consider aspects of the question

that vou have not thought about.

Finally, confirm the suitability of vour research question with vour teacher.

L]

Defining the aim of the investigation

The aim sets out the purpose of the scientific investigation. It should directly
mention the variables involved in the investigation and describe, 1in general terms,
how each will be measured. An aim does not need to include the details of the
proposed method.

An example for a laboratory experiment:

*  Aim: The aim of the experiment is to investigate the relationship between force,
mass and acceleration.

* In the first stage of this experiment, mass will be the independent variable (a
number of different masses will be selected) and the force kept constant. The
resulting acceleration (dependent variable) will be measured.

* In the second stage of the experiment, force will be the independent variable (a
number of different forces will be tested) and the mass will be kept constant,
The resulting acceleration (dependent variable) will be measured.

» Using the data collected from both stages of the experiment, the relationship
between the three variables can be determined.

» You will now be able to answer key question 1.

CHAPTER 1 | SCIENTIFIC INVESTIGATION
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Hypothetical neutrino

In 1934 Enrico Fermi proposed the
nuclear electron hypothesis. He
explained that the beta particles
observed from radioactive processes
were from the radioactive decay of

a neutron. Theory suggested that a
neutron would decay into a positively
charged proton, a negatively charged
electron, sometimes gamma radiation,
and a then-theoretical particle (called
the neutrino) to preserve energy

and momentum considerations;
experimental proof of the idea took
another 20 years.

FIGURE 1.1.3 When recording qualitative

data, describe in detail how each variable

will be defined. For example, if recording the
brightness of light globes, pictures are a good
way of clearly defining what each assigned term
represents.
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Formulating a hypothesis

Once the research question has been finalised and the aim of the research is clear,
formulating a hypothesis is the next step. A hypothesis is the prediction that is to
be tested by the evidence you will collect during your investigation. A hypothesis
proposes a relationship between two or more variables. It should predict that a
relationship exists or does not exist.

When writing the hypothesis, first identify the variables in your research
question. There are different ways of constructing your hypothesis, but you may
want to write the statement 1n the form of “If ... 1s done, then ... will occur.” Ensure
that the independent and dependent variables are included in this statement.

For example: If force (independent variable) is increased, then acceleration
(dependent variable) will increase in proportion with the force.

A hypothesis does not need to include ‘if” and ‘then’ in its wording. For example,
the previous hypothesis could also be stated in the following way: As force increases,
acceleration increases proportionally.

A good hypothesis should:

* be a statement, not a question

* be based on information contained in the research question and the aim
* be worded so that it can be tested in the experiment vou are planning

* include an independent and a dependent variable

* nclude only variables that are measurable.

The hypothesis should also be falsifiable. This means that a negative outcome
would disprove it. For example, the hypothesis that all apples are round cannot
be proved bevond doubt, but it can be disproved—in other words, it 1s falsifiable.
In fact, only one square apple 1s needed to disprove this hypothesis. Unfalsifiable
hypotheses cannot be proved by science. These include hypotheses on ethical,
moral and other subjective judgements. For instance, yvou could hypothesise that
plagiarising vour scientific report i1s wrong, but the results of this are a question of
ethics not science.

» You will now be able to answer key question 6.

Variables

A good scientific hypothesis can be tested; that 1s, supported or refuted through

ivestgation. 1o be a testable hypothesis, it must be possible to measure both what

1s changed and what will happen as a result. Thus a scientific investigation seeks to
determine the relationship between variables.
There are three categories of variables:

* The independent variable is the variable that 1s controlled by the researcher
(i.e. the one that is changed to see if there is an effect on the dependent variable).

* 'The dependent variable i1s the variable that may change in response to a
change in the independent variable. This 1s the variable that will be observed.

* (Controlled variables are the variables that must be kept constant during the
mnvestigaton.

You should only test one variable at a time, otherwise you cannot be sure which
variable has influenced a change in the dependent variable.
The three types of variables can be either qualitative or quantitative:

*  Qualitative variables can be observed but not measured numerically. The
data collected is known as qualitative data. They can only be sorted into
groups or categories such as brightness, type of material of construction or type
of device. There are two main types:

- Nominal variables are those in which the order is not important; for example,
the type of material or type of device.

- Ordinal variables are those in which order is important and values are
therefore ranked: for example, brightness (Figure 1.1.3).



* Quantitative variables can be measured. The data collected is known as
quantitative data. [.ength, area, weight, temperature and cost are examples of
quantitative data. There are two main types:

- Discrete variables can only take particular values; for example, the number
of pins in a packet, the number of springs connected together or the energy
levels in atoms.

- Continuous variables allow for any numerical value within a given range;
for example, the measurement of temperature, length, weight and frequency.

® You will now be able to answer key questions 2, 4 and 5.

Methodology and methods

When planning vour investigation you will need to decide on the methodology and
methods.

The methodology section in a research plan is a brief description of the general
approach taken to investigate the research question or hypothesis and the reasons
why this approach is taken. Examples of scientfic investigation methodologies are
controlled experiments, fieldwork, literature reviews, modelling and simulation.

The method (also known as the procedure) is the set of specific steps that are to
be taken to collect data during the investigation. The type of scientific investigation
methodology and the methods selected will depend on the research question, the
aim of the investigation and the equipment available to you.

For some investigations, setting up an experiment may require equipment that
is not readily available to you in the school setting. 'This may mean you need to
consider a computer simulation to model the outcomes of the investigation. Other
approaches could include a literature review of other studies that considered a

similar research question. The different approaches that you could use are outlined
inITable 1.1.2.

TABLE 1.1.2 Scientific investigation methodologies

Type of methodolopy | Explenatin ___[Eamgo |

case study

classification and

an investigation of a real or hypothetical situation,
such as an activity, event, problem or behaviour, often
involving analysis of data within a real-world context

arranging objects or events into manageable groups by

determining the wavelength at which radiated
power per unit area is maximum at any given
temperature

classifying different stars in the sky

identification identifying shared or similar features

experiment an experimental investigation that involves formulating investigating the effect of an object's mass on
a hypothesis and testing the effect of an independent its momentum
variable on the dependent variable, while controlling all
other variables in the experiment

fieldwork collecting data outside of the laboratory, which could be establishing a position to the path of the Moon

literature review

modelling

product, process or system
development

simulation

initiated by the following stimuli:
* an excursion
- engagement with community experts

a critical analysis of what has already been investigated
and published, using secondary data from other
people’s investigations or from experimental research to
explain events or propose new ideas or relationships

using models as representations of objects, systems or
processes to aid understanding or make predictions

using scientific understanding and advances in
technology to design a new tool, method or process to
meet the demands or needs of society

using mathematical models or simulations to test
hypotheses, conduct virtual experiments or model the
complexity of the complexity of systems or processes

in the night sky

analysing of data looking at the impact of
electromagnetic radiation on cells published in
a variety of research papers to support, refute
or develop new hypotheses

constructing models of the atom

developing a new cochlear implant to restore
hearing

performing a computer simulation of the
spectrum of light emitted by a blackbody as a
function of wavelength

CHAPTER 1 | SCIENTIFIC INVESTIGATION
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Connecting the world

Have you ever wondered how the
internet sends data around the world?
Most people believe the world is
connected using satellites that transfer
information from device to device
across countries separated by the
oceans. But this is not the case. Data
is transferred on fibre optic cables that
lie across the vast ocean floors (see
figure below). There are hundreds of
underwater cables keeping the world
connected.

The layout of these fibre optic cables
can be complex. The likely impact on
coral reefs, aquatic animals and other
aquatic systems must be considered
when cables are being laid. Underwater
topography, volcanic activity and
ocean currents also influence where
the cables can be laid. Where the
cables cross international borders,
negotiations between countries may
lead to routes that are less than
optimal. And when something goes
wrong in such a complex network,
maintenance and repairs might need
to be done in countries far away. So,
the next time your internet connection
is down, the solution may be far more
complicated than simply resetting your
modem.

Underwater cables form the backbone of
the internet.
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SOURCING INFORMATION

When vou are sourcing information for yvour scientific investigation, consider
whether the informaton 1s from primary or secondary sources. You should also
consider the advantages and disadvantages of using such resources as books or the
internet.

Primary and secondary sources

Primary sources of information are those created by a person directly involved in
an investigation. An example of a primary source 1s a peer-reviewed scientific article.
Secondary sources of information are syntheses, reviews or interpretations of
primary sources. Examples of secondary sources are textbooks, newspaper articles
and websites.

Secondary sources of information may have a bias, so vou need to determine if
they are relhiable sources of information. You will learn about assessing the accuracy,
reliability and validity of data in Section 1.2.

Table 1.1.3 compares primary and secondary sources.

TABLE 1.1.3 Summary of primary and secondary sources

Type of Primary sources Secondary sources
methodology

Characteristics » first-hand records of events or » interpretation of primary
experiences sources
» writlen at the time the event » written by people who did not
happened see or experience the event
- opriginal documents « use information from original
documents but rework it
Examples » results of experiments = textbooks
« articles in scientific journals or = biographies
magazines » newspaper articles

= reports of scientific discoveries = magazine articles
=« photographs, specimens, maps  + radio and television

and artefacts documentaries
* interviews with experts » websites that interpret the
= websites (if they meet the scientific work of others
criteria above) » podcasts

ETHICAL CONSIDERATIONS

When you are planning a scientific investigation, identify all possible ethical

considerations that might arise and consider how vou could reduce or eliminate

them. Asking questions such as those below may help vou uncover ethical

implications:

» How could this affect the wider society?

* Does one group benefit over another; for example, one individual, a group of
individuals or a community? Is it fair?

*  Who will have access to the data and results?

* Does it prevent anyone from meeting their basic needs?

* Could the investigation, though appearing to be ethically sound now, have
ethical implications in the future?



SAFETY AND RISK ASSESSMENTS

When planning your investigation, you need to be aware of any risks or safety
concerns in order to mitigate them. Always use safe procedures and common sense.
For example, all equipment and instruments should be used at the back of the
bench so that students walking by do not knock them or trip over them and cause
an accident. Place a sign on the lab bench warning other students and staff not to
touch the equipment.

You must follow the safety and risk assessment guidelines of your teacher
and your school. Completing a risk assessment may require completing a form or
completing an online process.

While conducting an investigation, it 1s important for your own safety and
the safety of others that all potential risks are considered. Risk assessments are
undertaken to identify, assess and control potential hazards. A risk assessment
should be performed for any situation—in the laboratory or outside in the field.
Always identify the risks and control them to keep evervone safe.

For example, conduct voltage—current experiments only with low voltages (less
than 6.0V DC or 4 x 1.5V batteries) coupled to resistors so that the currents in the
circuits are of the order of milliamps. At all times avoid direct exposure to 240V AC
household voltages (Figure 1.1.4).

To idenufy risks think about:

» the activity that will be carried out
* where it will be carried out
* the equipment that will be used.

The following hierarchy of risk controls (Figure 1.1.5) 1s organised from most
effective to least effective.

elimination (most effective)

substitution

engineering and design controls
(e.g. equipment designed with
safety features)

/' administrative controls
/ (e.g. training, documentation)

personal protective
equipment (least effective)

FIGURE 1.1.5 The hierarchy for risk control is shown in this pyramid, marked from bottom to top in
order of increasing importance,

FIGURE 1.1.4 When planning an investigation,
you need to identify, assess and control
hazards.

CHAPTER 1 | SCIENTIFIC INVESTIGATION
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FIGURE 1.1.6 Examples of PPE shown are
protective eyvewear, lab coats and gloves.

Personal protective equipment

Everyone who works in a laboratory wears personal protective equipment
(PPE) to help keep them safe. Consult your teacher or laboratory technician and
safety data sheet (SDS) to see what PPE you are likely to need. Examples include:
+ safety glasses
« lab coats
* shoes with covered tops
* disposable gloves.

Examples of PPE are shown in Figure 1.1.6.

Chemical codes

In January 2017, Australia adopted the Globally Harmonized System of
Classificanon and Labelling of Chemicals (GHS). This system 1s used for labelling
containers and in safety data sheets. The chemicals at school or at a hardware shop
have a warning symbol on the label. These symbols—mandated by the GHS—
are chemical codes that indicate the nature of the contents (Table 1.1.4). These
chemical codes will need to be analysed when you are planning and conducting
scientific investigations involving chemicals. You will perform a risk assessment in
which these chemical codes will be provided. After analysing them, you may need
to modify your experimental plan so that safety is improved.

TABLE 1.1.4 GHS symbols used as warnings an chemical labels

12

flammable liguids,
solids and gases;
including self-heating
and self-igniting
substances

corrosive chemicals;
may cause severe skin
and eye damage and
may be corrosive to
metals

low level toxicity; this
includes respiratory,
skin and eye irritation,
skin sensitisers and
chemicals harmful if

swallowed, inhaled or in

contact with skin
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explosion, blast or
projection hazard

oxidising liguids,
solids and gases, may
cause or intensify fire

fatal or toxic if
swallowed, inhaled or
% in contact with skin

chronic health hazards;
this includes aspiratory
and respiratory hazards,
carcinogenicity,
mutagenicity and
reproductive toxicity

gases under pressure

hazardous to
aguatic life and the
environment

Safety data sheets
Every chemical substance has an associated document called a safety data
sheet (SDS). The SDS contains important safety, environmental and first aid
information about the chemical, including how the chemical should be handled
and stored (Figure 1.1.7). For example, if an SDS states the products of a reaction
are toxic to the environment, you must pour your waste into a special container, not
down the sink.

An SDS provides employers, workers, and health and safety representatives
with the necessary information to safely manage the risk of exposure to a hazardous
substance.



Safety Data Sheet
NITROGEN, REFRIGERATED LIQUID (N2)

AIR LIQUIDE
- Date of first issue: 30/07/2010 Revised date; 20122016 Supersedes: 01/03/2013 Version: 6.0

S0S reference: ALE1I

Warning

[ SECTION 1: Identification of the substance/mixture and of the company/undertaking

1.1, Product identifier

Trade name . Nitrogen (refrigerated)

SDS no : AL613

Chemical description : Nitrogen (refrigerated)
CAS No : 7727-37-9
EC no : 231-783-9
ECindexno: —

Registration-No. : Listed in Annex IV / V REACH, exempted from registration.

Relevant identified uses : Industrial and professional. Perform risk assessment prior 1o use.

Test gas/Calibration gas.

Purge gas, diluting gas, inerting gas.

Purging.

Laboratory use.

Use for manufacture of electronic/pholovoitaic components.
Shield gas for welding processes.

Contact supplier for more information on uses.

FIGURE 1.1.7 An example of part of an SDS for liguid nitrogen showing the symbol for a compressed
gas to alert the reader to potential hazards when using the substance. The SDS also includes
measures to reduce the risk of harm.

Science outdoors
Sometimes investigations and experiments will be carried out outdoors. Working
outdoors has 1ts own set of potential risks and it 1s important to consider ways of
eliminating or reducing those risks.

Table 1.1.5 gives examples of risks associated with working outdoors.

TABLE 1.1.5 Risks associated with working outdoors

sunburn wear sunscreen, a hat and sunglasses

hot or cold weather wear clothing to protect against heat or cold

projectile launch create barriers so that people know not to enter the area

trip hazards minimise the use of cables (electrical, computer) and cover them
with matting

landscape be aware of tree roots, rocks, roads etc.

First aid measures

Minimising the risk of injury reduces the chance of requiring first aid assistance.
However, it 1s still important to have someone with first aid training present during

a practical investigation,
Always tell vour teacher or laboratory technician if an injury or accident happens.

CHAPTER 1 | SCIENTIFIC INVESTIGATION
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1.1 Review

SUMMARY

+ A research question sets out what is being
investigated.
+ An aim i1s a statement describing in detail what will
be investigated.
« A hypothesis is a prediction about the results of the
investigation.
* Once a research question has been chosen, evaluate
the question before proceeding.
* There are three main categories of variables.
- The independent variable is the variable that is
controlled by the researcher (l.e. the one that
Is changed to see if there Is an effect on the
dependent variable).

- The dependent variable is the variable that
may change in response to a change in the
independent variable.

- Controlled variables are all the variables that must
be kept constant during the investigation.

+ Qualitative data is descriptive and unmeasurable
and uses descriptions or adjectives to record
observations.

» Qualitative data can be characterised as either:

- nominal, when the order of the data is not
important

- ordinal, when the order of the data is important.

KEY QUESTIONS

Knowledge and understanding

1
2

14

What is the ‘aim’ of an experiment?

List the three categories of variables and describe
each of them.

The following steps in the scientific method are out of
order. Rewrite them in your notebook in the correct
order.

« form a hypothesis

» collect the results

« plan the experiment and equipment
» draw conclusions

» question whether the results support the
hypothesis

« state the research question to be investigated
« perform the experiment

A student is investigating whether the same ball
rolls faster down one of two ramps of different slope
(steepness). |dentify the independent variable in this
investigation.

CHAPTER 1 | SCIENTIFIC INVESTIGATION

Quantitative data is empirically measurable and
uses instruments to record observations.

Quantitative data can be characterised as either:

- discrete, when data can only be particular
numerical values

- continuous, when data is not restricted to
particular numerical values.

The methodology describes the general approach or

style of the investigation.

The method (or procedure) is the set of specific

steps taken to collect data.

Primary sources are those created by a person
directly involved in the investigation.

Secondary sources are syntheses, reviews or
interpretations of primary sources.

ldentify and address any ethical issues while you
plan your investigation.

Risk assessments identify and assess hazards and
propose controls to minimise their occurrence.

GHS symbols identify the types of hazards
associated with substances.

Consider the hypothesis below. What are the
dependent, independent and controlled variables?

Hypothesis: As the voltage across a fixed resistor
increases, the current through that resistor increases.

Consider the following options (A-C):
A If the volume of a sound is increased, then the
height of the wave will also increase.

B To investigate the effect of changing volume on
the wave height.

C How does the wave height depend on the
volume of a sound wave?

a Which of these (A-C) 1s an aim?

b Which of these (A-C) is a hypothesis?
¢ Which of these (A-C) is a research question?



7 For each of the following hypotheses, state the
iIndependent and dependent variables.
a If the distance travelled is increased, the average
speed will decrease if the time is kept the same.
b If the angle of an inclined plane is increased, then
the horizontal distance travelled will be decreased.

¢ If the voltage applied to a circuit consisting of an
ohmic resistor is increased, then the total current in
the circuit will increase proportionally.

d The intensity of light decreases the farther you
move away from the light.

8 A physics student proposes the following research
question: 'Is the current through a resistor
proportional to the voltage across the resistor?

a Which of these (A-C) is the independent variable?

b Which of these (A-C) is the dependent variable?

¢ Which of these (A-C) is the controlled variable?

A resistance value of the resistor
B current through the resistor
C voltage across the resistor
Analysis
9 Which is the most specific research question from the
three options below? Explain your choice.

A Will the current increase or decrease through a
resistor when the voltage across the resistor is
changed?

B Will the current measured through a resistor (of
fixed resistance value) increase when the voltage
across the resistor is increased?

C Will the current measured through a resistor (of

fixed resistance value) change when the voltage
across the resistor is increased?

- . O O O O O . S . N S O O S O S S N S G N S S O O e O O N S O O N e e T G S S e . S S S O S O S S e S S O S O S S O S S S O O O e S S O S O S O O S S e e N N S S S N O O S e S S O . S S e . .
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Once you have written your research question, clarified the aim, stated the
hypothesis and chosen a suitable methodology, vou will need to begin to develop a
method to conduct the investigation. In this section you will learn about designing
and selecting methods to use 1n scientific investigations in the laboratory and in field
work. You will be introduced to different techniques and understand how selecting
appropriate equipment and methods will allow you to obtain accurate and precise
measurements. Risks and safety precautions will also be discussed.

WRITING A METHOD

The method is a specific step-by-step procedure that you will follow when conducting
yvour investigation. The method must be detailed enough so that someone else can
conduct the investigation using the same steps, and should be recorded in your
logbook. For example, the step ‘Place a sheet of semiconductive paper flat, printed
side up, on the lab bench, ensures that whenever the method is followed, the paper
will be placed the same way up. Number your steps sequentially, covering only one
action per step.

You must also ensure that the method used enables the collection of data that 1s
valid, repeatable and reproducible.

Validity
Validity refers to whether an experiment or investigation 1s 1n fact testing the set
research question or hypothesis.

Factors imfluencing validity include:

*  whether your experiment measures what it claims to measure; in other words,
your experiment should test your research question or hypothesis

* the certainty that something observed in yvour experiment was the result of your
experimental conditions and not some other cause that you did not consider; in
other words, whether the independent variable influenced the dependent variable
in the way you have concluded and was not influenced by other variables that
should have been kept constant.

Make sure you have identified the independent variable and the dependent
variable, the variables you will control in your experiment, and how you will control
them. This information should be included in your method. In the example step
discussed above, placing the paper printed side up is a controlled variable.

You should also be clear about what raw data vou will collect (quantitative or
qualitative). If necessary, re-read the relevant text about variables in Section 1.1 on
pages 8-9.

Repeatability and reproducibility

Repeatability (sometimes called reliability) 1s the ability to obtain the same results

if an investigation i1s repeated under the exact same set of conditions. Several

steps can be taken to help improve the repeatability of an experiment, reducing

the influence of natural variation, random error, uncalibrated nstruments or

instrument error, and the influence of unforeseen variables. These steps include:

* selecting the appropriate sample size to reduce natural variation, errors and
uncertainty

« selecting the appropriate equipment to take the measurements you seek

+ taking several measurements under the same conditions (repeat readings of
each trial)

« specifving the materials and methods in detail.
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Repetition can minimise random errors, but it will not minimise systematic
errors. (Errors are discussed n the following sections.) Repeating the investigation
and averaging the results will generate data that 1s more reliable. o ensure that all
variables are being tested under the same conditions, modifications to your method
may need to be considered before repeating the investigation. The goal is to ensure
that every measurement can be repeated and the same result obtained (within a
reasonable margin of experimental error, such as less than 5%).

Reproducibility 1s the ability to obtain the same results if an experiment is
repeated under different conditions. Different conditions might include a different
researcher conducting the experiment, the use of different equipment or instruments,
or conducting the experiment at a different time or location. It is important to write
a clear and detailled method so that the experiment can be reproduced successfully.

@ You will now be able to answer key gquestions 4 and 5.

EQUIPMENT

When conducting your scientific investigation, it 1s important to choose the correct
equipment so that your measurements are accurate (minimise error), and your
results are reproducible and repeatable.

It 1s important to understand how to use the equipment correctly and how your
choice of equipment will affect the accuracy and precision of the results you collect.
You should ensure that the equipment is suitable for the measurement required. For
example, a ticker imer (Figure 1.2.1(a)) and a motion detector (Figure 1.2.1(b))
would be suitable choices for measuring the velocity of an object. It1s also important
to ensure that the equipment is calibrated.

Calibrated equipment

Some equipment 1s sensitive to the conditions in which it operates, such as
temperature and humidity. An example 1s the motion sensor. 'The accuracy of
this equipment should be tested before each use to account for this. This 1s called
‘calibration’. Before carrying out the investigation, make sure the equipment
1s properly calibrated and functioning correctly. For example, measure the
temperature and, if necessary, apply a correction to the speed of sound to calibrate
a Motion Sensor.

Correct use of equipment
Always use equipment properly. Complete whatever training in the use of the
equipment 1s necessary and practise using the equipment before beginning your

investigation. Improper use of equipment can result in inaccurate and imprecise
data with large errors, which weakens the validity of the data.

& You will now be able to answer key question 3.

(a)

ticker timer

paper tape

FIGURE 1.2.1 Some useful items of equipment
in scientific investigations are (a) a ticker timer

and (b) a motion sensor,

CHAPTER 1 | SCIENTIFIC INVESTIGATION
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COLLECTING AND RECORDING DATA

For an investigation to be scientific, it must be objective and systematic. When
working, keep asking questions. Is the work biased 1in any way? If changes are made,
how will they affect the study? Will the investigation still be valid given the aim and
hypothesis?

It 15 essential that you record the following informaton in your logbook during
your investigation:

« all quantitative and qualitative data collected

* the methods used to collect the data

* any incident, feature or unexpected event that may have aftfected the quality or
validity of the data.

The data recorded in a logbook 1s the raw data. Usually this data needs to
be processed in some manner before it is presented. If an error occurs in the
processing, or you decide to present the data in an alternative format, the recorded
raw data will still be available for vou to refer back to. How to collect and process
your raw data will be covered in Section 1.3.

IDENTIFYING ERRORS

When an instrument 1s used to measure a physical quantity and obtain a numerical
value, the aim is to determine the true value. The true value is the value, or range
of wvalues, that would be obtained if the variable could be measured perfectly.
However, for a number of reasons the measured value is often not the true value.
Most practical investigations will have some errors in the data collected. Errors can
occur for a variety of reasons. Being aware of potential errors helps vou to avoid
or minimise them. For an mvestigation to be valid, 1t 1s important to idenufy and
record any errors.

T'here are three types of errors (IMigure 1.2.2):
¢ systematiC errors
* random errors

«  mistakes.

Systematic errors

A systematic error is an error that is consistent and will occur again if the
investgation 1s repeated in the same way.

Systematic errors are usually a result of instruments not being calibrated correctly,
methods that are flawed, or environmental factors (e.g. electrical interference from
other equipment or devices).

An example of a systematic error would be if a ruler mark indicating 5 cm from
0 cm was actually only 4.9 cm from 0 cm due to a manufacturing error or shrinkage
of the wood. Another example would be if a researcher repeatedly used a piece of
equipment incorrectly throughout the entire investigation.

Make sure you choose appropriate equipment that i1s in good working order
before conducting your investigation. This will reduce the possibility of introducing
systematic errors.

Random errors

Random errors occur in an unpredictable manner and are generally small. A
random error could, for example, result from a researcher reading the same output
value correctly one time and incorrectly another time. Another example would be if
an instrument’s readings fluctuated during periods of low battery power. To reduce
the impact of random errors, make sure to build repetition into your method.



Mistakes

Mistakes are avoidable errors. Examples of mistakes include:

*« misreading the numbers on a scale

* notidentifying or labelling data points adequately.
A measurement that involves a mistake must be rejected and not included n any

calculations or averaged with other measurements of the same guantity. Mistakes

are often not referred to as errors because they are caused by the experimenter
rather than the experiment or the experimental method. Mistakes are sometimes

referred to as personal errors.

© You will now be able to answer key question 2.

Systematic errors
(produces a bias)

|

ERRORS

Random errors |

|

Mistakes
(avoidable errors)

Y

Systematic errors include:

* a digital thermometer that
measures 0.4°C higher
each measurement

» a weight used throughout
an experiment thatis
labelled 1kg but is actually
0.9kg

Random errors include:

- temperature fluctuations
when measuring linear
strain of a material

« voltage fluctuations

» unexpected noises other
than the background noise
when measuring sound
intensity

Mistakes include:

» misreading the numbers
on a scale

* not recording the result of
the experiment when it
was measured

* using a balance that has
not been calibrated

L4

1

Resulting error is in the
same direction for every
measurement and will
either be too high or too
low as a result. These lead
to bias.

Random errors follow no
regular pattern. The
measurement is sometimes
too large and sometimes too
small.

Mistakes may or may not
follow a regular pattern,

|

Y

Reduce systematic errors by
calibrating equipment to
increase the accuracy of any
measurements (e.g. pH
meters and weighing
balances). To increase
precision, take a greater
number of measurements
for each quantity and take
an average. Pipettes, burettes
and volumetric flasks have
greater precision than using
a beaker to measure volumes
of liquids. When using a
pipette and/or volumetric
flask, ensure that you look at
the bottom of the meniscus
on the calibration line. To
avoid parallax error, ensure
that you take measurements
at eye |evel.

Reduce random errors by
taking multiple
measurements of the same
quantity, then calculating an
average,

For example, multiple
stopwatches are used to
measure time for reaction
rates,

FIGURE 1.2.2 Types of error

Reject mistakes when
analysing data. Do not
include in any calculations
or averages with other
measurements.

Reduce mistakes by
concentrating and being
very careful when taking
measurements.

If unsure of a measurement,
check it by repeating it.

CHAPTER 1 | SCIENTIFIC INVESTIGATION

19




FIGURE 1.2.3 Examples of accuracy and
precision: (a) both accurate and precise,

(b) precise but not accurate, (c) accurate but not
precise, and (d) neither accurate nor precise
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Accuracy and precision
Two very important aspects of any measurement are accuracy and precision.
* Accuracy is the ability to obtain the true value of the variable being measured,

mmcluding during repeated trials of the experiment. To obtain accurate results,
you must minimise systematic errors.

+ Precision is how closely a set of measurements agree with each other. A set
of precise measurements will have values very close to the mean value of the
measurements. Precision i1s different from accuracy in that it does not indicate
how close the measurements are to the true value. 'To obtain precise results, you
must minimise random errors.

Note that accuracy and precision are not the same thing.

Instruments are said to be accurate 1f they truly report the guantity being
measured. For example, if a tape measure 1s correctly manufactured it can be used
to measure lengths accurately to the nearest centimetre.

Instruments are said to be precise if they can differentiate between shghtly
different quantities. Precision refers to the fineness of the scale being used.

To understand more clearly the difference between accuracy and precision,
think about firing arrows at an archery target (Figure 1.2.3). Accuracy 1s being able
to hit the bullseye, whereas precision is being able to hit the same spot every time
you shoot. If you hit the bullseye every time you shoot, you are both accurate and
precise (Figure 1.2.3(a)). If you hit the same area of the target every time but not
the bullseye, you are precise but not accurate (Figure 1.2.3(b)). If vou hit the area
around the bullseve each time but don’t always hit the bullseye, you are accurate but
not precise (Figure 1.2.3(c)). If yvou hit a different part of the target every time you
shoot, you are neither accurate nor precise (Figure 1.2.3(d)).

Consider a metre rule, a tape measure and a measuring wheel used to mark
out a sports field. All three will measure distance and all three can be accurate.
However, the metre rule 1s the most precise of the three. This 1s because 1t measures
to the nearest millimetre while the tape measure only to the nearest centimetre and
the measuring wheel only to the nearest metre (Figure 1.2.4).

measuring wheel tape measure mete rule
+0.5m +0.5cm +0.5mm

FIGURE 1.2.4 The measuring wheel has low precision and only measures to the nearest metre. It has
an uncertainty of 0.5m. The tape measure has more precision and has an uncertainty of 0.5cm or
0.005m. The metre rule has an uncertainty of 0.5mm or 0.0005 m.




To see that the tape measure is a more precise instrument than the measuring
wheel, suppose two distances of 2673 mm and 2691 mm are being measured with
these two instruments. Each distance would be measured as 3m, to the nearest
metre, by the wheel. They would be measured by the tape measure as 2.67m and
2.69m to the nearest centimetre. The tape measure 1s more precise because 1t has
a finer scale. You might also say that it has greater resolution. The measuring wheel
has such low precision that it cannot be used to measure which of the two distances
1s greater or smaller. Measuring instruments with less precision give measurements
that are less certain. The uncertainty in the measurement 1s due to the coarser scale.
The measuring wheel gives less certain measurements than the tape measure even
though both instruments may be equally accurate.

The uncertainty of a measurement 1s due to the hmited precision of the
instrument that does the measuring. All measurements have an amount of
uncertainty. The uncertainty 1s generally one half of the finest scale division on the
measuring mstrument. This means that the actual measurement could be anywhere
from half of the smallest graduation too big to half of the smallest graduation too
small. The measuring wheel in the example above has an uncertainty of 0.5m. The
tape measure has an uncertainty of 0.5 c¢cm. The metre ruler has an uncertainty of
0.5 mm.

Sometimes this uncertainty 1s referred to as error. It1s not an error, or something
that has gone wrong. All measuring instruments have limited precision.

When conducting experiments, check that the instruments to be used are
sensitive enough. Build some testing into your investigation to confirm the accuracy
and precision of those instruments.

@ You will now be able to answer key question 1.

RECORDING INFORMATION FROM PRIMARY AND
SECONDARY SOURCES

You may recall from Section 1.1 (page 10) that research results can come from
secondary sources as well as primary sources. As you conduct yvour investigation,
it 1s important to note any information you use that has come from secondary
sources. T'his must be acknowledged in your final written report. Categorising the
information and evidence you find while you are researching will make 1t easier
to locate the information later when you are writing the report. For example, yvou
could use the following categories for identifving the sources of vour information:
* research methods—the steps and methods to conduct an experiment

+ key findings—key information and facts related to the experiment

* research relevance—how relevant is the source of information to the experiment
being conducted.

Record this information in vour logbook.

MODIFYING THE METHOD

The method may need modifying as the investigation proceeds. The following
actions will help you identify any 1ssues and how to address them.

* Record everything in your logbook.

* Be prepared to make changes to your approach.

« Note any difficulties encountered and the ways they were overcome. What
were the failures and successes? Every test carried out can contribute to an
understanding of the investigation as a whole, no matter how much of a disaster
it may first appear.

* Don’t panic. Go over the theory again and talk to your teacher and other
students. A different perspective can lead to a solution.

It the expected data is not obtained, don’t worry. As long as it can be critically
and objectively evaluated, the limitations of the investigation identified and further
investigations proposed, vour work will have been worthwhile.

PHYSICSFILE

Uncertainty

The uncertainty in an instrument is
half the smallest scale of division in
the measurements offered by the
instrument. This is written using

a plus or minus symbol (£). This
indicates that the true value of the
measurement can be anywhere
between the measured value less the
uncertainty and the measured value
plus the uncertainty. For example, a
ruler may have gradations that are

1 mm apart. This makes the uncertainty
in the ruler £0.5 mm. If you were to
measure the distance of a gap in a
diffraction experiment using this ruler
and found it to be 10cm, then the true
value is between 10cm — 0.5 mm and
10em + 0.5 mm.
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1.2 Review

SUMMARY

« |t is essential that during an investigation, the
following are recorded in your logbook:

- all quantitative and qualitative data collected
- the methods used to collect the data

- any incident, feature or unexpected event that
may have affected the quality or validity of
the data

- all sources of information, both primary and
secondary information.

« Validity refers to whether an experiment or
investigation is in fact testing the set research
question or hypothesis.

+ Repeatability (or reliability) refers to the notion that
if an experiment is repeated many times, the results
obtained should be consistent.

« Repeatability is improved by:

- replication (having multiple samples within an
experiment)

- repeat trials (repeating the experimental test).

KEY QUESTIONS

Knowledge and understanding

1 Describe the difference between accuracy and
precision.

2 ldentify whether the following are systematic errors,
random errors or mistakes.

a A scale that should have measured a mass as
16.00 + 0.03 g actually measured 15.96 + 0.03g.

b Some reported measurements are above the true
value and some below the true value.

¢ A student misread the value on the ammeter while
measuring the current in an investigation.

d A student spills some water from the container
while measuring the temperature increase.

e The mass of a ball was taken three times with the
following results; 78.97g, 7894 g and 7892¢g.

f A 16.00g mass measures 16.4g on a scale.

o o e e e e e e e e
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3 State why it is important to choose appropriate
equipment and instruments to conduct an
experiment.

4 What is a method to ensure that an investigation is
repeatable?

Analysis

9 You are conducting a practical investigation to find

- O S R R O O R R R R e S R R B R B S B R B R R R S R R R e e R R R R R R B R R R S O R R S e R R R R e S B R e E E E B e B e e e B B e e

Accuracy refers to the ability to obtain the correct
measurement.

The precision of an instrument describes the
smallest value it can measure.

The uncertainty of a measurement due to the
limited precision of the instrument is + half of the
finest scale division on the instrument.

A systematic error is an error that is consistent. It
will occur again if the investigation is repeated in
the same way. Systematic errors are usually a result
of instruments that are not calibrated correctly or
methods that are flawed.

Random errors are unpredictable and are

generally insignificant. A random error could arise
when a researcher misreads one of a number of
measurements.

Mistakes are avoidable. Do not include in your
analysis of results any measurements that involve a
mistake.

the acceleration due to gravity by dropping a ball

from different heights and measuring the time it takes
to fall to the ground. Write clear instructions for the

method.



1.3 Data collection and quality

Measurements and observations made during a scientific investigation together
form a picture of what occurred during the investigation. This 1s the raw data
(Figure 1.3.1). The raw data needs to be analysed and then represented using
tables, graphs, schematcs or diagrams in accordance with correct mathematcal
and scientific conventions.

Choosing not to record certain measurements or observations in your raw data
makes the experiment invalid, shows bias and is scientifically fraudulent. Unusual
and unexpected measurements and observations may be due to valid relationships
between variables that are unknown to science. T'his cannot be determined until the
raw data 1s processed, analysed and interpreted.

In this section you will learn about recording quantitative data. You will also
learn about the various factors that contribute to data quality, and the importance
of controlled experiments in producing valid results.

FIGURE 1.3.1 All measurements and data collected during an experiment is the raw data.

RECORDING QUANTITATIVE DATA

The measurements or observations that yvou make during your investigation are
yvour primary data. When planning your scientific investigation, you may have
decided to also use secondary data (i.e. data you have not collected vourself).

The data vou record in vour logbook 1s raw data. This data needs to be
processed or analysed before 1t can be presented. Processed data 1s raw data that
has been organised, altered or analysed to produce meaningful information. If an
error occurs in processing the data, or vou decide to present the data in a different
format, you will always have the recorded raw data to refer back to.

Raw data is unlikely to be used directly to validate a hyvpothesis. However, raw
data 1s essental to the investigation, and plans for collecting the raw data should
be made carefully. Consider the formulas or graphs that will be used to analyse the
data at the end of the investigation. This will help to determine the type of raw data
that needs to be collected.
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o Seven fundamental units are specified

24

in the Sl. They are the metre, Kilogram,
second, kelvin, ampere, mole and
candeia.

The maijority of other units used

in physics are a mathematical
combination involving at least one of
the seven fundamental units. These are
called derived units.
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For example, to calculate take-off velocity for a vertical jump, three sets of raw
data will need to be collected using a force platform: the athlete’s standing body
mass, the ground reaction force and the time during the vertical jump. The data can
then be processed to obtain the take-off impulse.

The data that you collect must relate directly to the variables in your experiment.
The data collected and measured must be relevant to the proposed relationship set
out in your research question and hypothesis. Also, it must be sufficient to provide
accuracy and precision, otherwise the analysis and interpretation of the data will
not be valid in relation to the research question or hypothesis.

Collecting sufficient data

You need to collect enough data to substantiate whether or not a relationship exists
between the variables you are studyving. This includes collecting an appropriate
number of individual samples (also known as observational or collection points)
and an appropriate number of replicates. It 1s also important to collect data around
interesting points in your range, such as where a curve representing the data reaches
a maximum Or minimuim.

Together, the number of individual samples and replicates determines the
sample size. A sufficient sample size 1s essential for your interpretation to be
considered supported.

Collecting relevant data

The variables you measure (1.e. the data collected) must be directly related to
the independent—dependent variable relationship specified in yvour hvpothesis.
Additional variables can be measured that are indirectly related to your hypothesis,
if your background research shows it could be beneficial in the analysis or
interpretation of the relationship specified in your hypothesis.

@ You will now be able to answer key questions 1 and 2.

MEASUREMENT AND UNITS

Every science needs a system of units in order to fully describe the measurements
that are made. In physics, measurements are described using the International
System of Units (known as SI).

Using unit symbols

The correct use of unit symbols removes ambiguity, as symbols are recognised
internationally. "The symbols for units are not abbreviations and should not be
followed by a full stop unless they are at the end of a sentence.

The names and symbols for units are treated differently. Upper case letters
are not used for the names of any physical quantities of units written in full. For
example, we write newton for the unit of force, while we write Newton if referring
to someone with that name. Upper case letters are only used for the symbols of the
units that are named after people. For example, the unit of length 1s metre and its
symbol 1s m. This is lower case because metre 1s not named after anyone. However,
the unit for force is newton and its symbol is N; the unit for energy is joule and its
symbol is J. N is upper case because the newton is named after Isaac Newton and
J 1s upper case because the joule is named after James Joule (who 1s famous for his
studies into energy conversion). The exception to this lower case—upper case rule
1s L. for Iitre. Litre 15 not named after anyone, but we capitalise LL because, in many
fonts, a lower case ‘I’ looks very similar to the numeral 1, a similarity that could lead
to ambiguity and confusion.

The product of units 1s shown by separating the symbol for each unit with a dot
or a space. Most teachers prefer a space but a dot 1s equally correct. The division
or ratio of two or more units can be shown in fraction form, by using a slash or by
using negative indices.

Prefixes—such as the k in ke—should not be separated by a space.



Table 1.3.1 gives some examples of the correct symbols and format for SI
derived units.

TABLE 1.3.1 Examples of the use of symbols for derived units

Majority preference ‘ Also correct

ms- m.s= ms—2
m/s?

kW h kW.h kWh

kWh

kgm™ kg.m=? kgm
kg/m?

Lkl Hm

M m MN.m MNm

Units take the plural form by adding an ‘s’ when used with numbers greater
than one. Never do this with the unit symbols. Hence, it 1s acceptable to write ‘two
newtons’ but wrong to write ‘2 Ns’. It is also acceptable to say ‘two newton’.

Numbers and symbols should not be mixed with words for units and numbers.
For example, twenty metres and 20 m are correct but twenty m is incorrect.

Significant figures

Significant figures are the numbers that convey meaning and precision. The

number of significant figures used depends on the scale of the instrument you are
using. It 1s important to record data to the number of significant figures available

from the instrument. Using either a greater or smaller number of significant figures
can be misleading.

The following examples indicate how the number of significant figures 1s
determined.

*+ Non-zero numbers are always significant: 15 has two significant figures; 3.5 has
two significant figures.

* Trailing zeros to the right of the decimal point are significant: 3.50 has three
significant figures.

* Leading zeros are not significant: 0.037 has two significant figures.

« Zeros between non-zero numbers are significant: 1401 has four significant
figures.

Some numbers may have an ambiguous number of significant figures. For
example, 100 could have three, two or one significant figure. In VCE physics, for
simplicity, trailing zeros are significant: 100 1s assumed to have three significant
figures.

The number of significant figures in the result of a calculation should never
exceed the mimmimum number of significant figures in any component of the
calculation. For example:

Calculate gravitational potential energy (E,) using the formula E = mgAh when
g=98ms? m="7.50kg and h=0.64m.

T'he calculation 1s:

E =9.8x7.50x0.64 =47.04]

However, vou should only quote the answer to the least number of significant
figures in the component data. In this case, quote the answer to two significant
figures: E =47].

Although digital scales can measure to many more than two figures, and
calculators can give 12 figures, you should follow the significant-figures rule.

@ You will now be able to answer key questions 3 and 4,

o In VCE physics, for simplicity, trailing
zeros are significant: 100 is assumed
to have three significant figures.
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Scientific notation

For clarity, quantities are often written in scientific notation. A number between
one and ten (but excluding ten) 1s written and then muluplied by an appropriate
power of ten. Note that *scientific notation’, ‘standard notation’ and ‘standard form’
all have the same meaning.

Examples of some measurements rewritten in scientific notation are:

0.054m becomes 5.4 X 107%m

245.7] becomes 2.457 x 107]

2080 N becomes 2.080 x 10°N.

You should routinely be using scientific notation to express very large or very
small numbers. This also involves learning to use vour calculator with scientific
notation. Scientific and graphing calculators can be put into a mode in which all
numbers are displayed in scientific notation. It 1s useful when doing calculations to
use this mode rather than converting to scientific notation by counting digits on the
calculator display. It 1s quite acceptable to write all numbers 1n scientific notation,
although most people prefer not to use scientific notation when writing numbers
between 0.1 and 1000.

An mmportant reason for using scientific notation 1s that it removes ambiguity
about the precision of some measurements. For example, a measurement recorded
as 240 m could be a measurement to the nearest metre; that is, somewhere between
239.5m and 240.5m. It could also be a measurement to the nearest ten metres; that
is, somewhere between 235m and 245 m. Writing the measurement as 240 m does
not indicate which level of precision 1s the case. If the measurement was taken to
the nearest metre, it would be written in scientific notation as 2.40 x 10°m. If it was
taken only to the nearest ten metres, it would be written as 2.4 X 10°m.

@ You will now be able to answer key questions 5 and 6.

Prefixes and conversion factors

Conversion factors should be used carefully. You should be familiar with the
prefixes and conversion factors in Table 1.3.2. The most common mistake made
with conversion factors 1s multiplying rather than dividing. Some simple strategies
can save you this problem. Note that the table gives all conversions as a multiplying
factor.

TABLE 1.3.2 Prefixes and conversion factors

Multiplying factor Index form Prefix Symbol

1000000000000 1610 tera T
1 000000000 10° giga G
1000000 108 mega M
1000 10° kilo K
0.01 102 centi C
0.001 10 milli m
0.000001 £ 8 micro L
0.000000001 102 nano 3
0.000000 000001 1250 pico P

It 1s important to give the symbol the correct case (upper or lower case). There
1s a big difference between 1 mm and 1 Mm.

There 1s no space between prefixes and unit symbols. For example, one-
thousandth of an ampere is given the symbol mA. Writing it as mA is incorrect.
The space would mean that the symbol 1s for a derived unit—a metre ampere.
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1.3 Review

SUMMARY

Record primary and secondary data in a logbook.
Make sure you record your data with the correct

units, to an appropriate number of significant figures.

Collect enough data to substantiate whether or not

The Sl prefixes are symbols that go before a unit
and indicate multiplication of the unit by a power
of 10.

Units with a prefix (such as km or mA) should be

converted into scientific notation before they can be
used in a physics formula.

a relationship exists between the variables you are
studying.
+ Make sure the data you collect is directly related to ~ * Significant figures should be considered in

the independent-dependent variable relationship calculations using your data. Quote the results
specified in your hypothesis. of calculations to the least number of significant

» Physics uses the International System (SI) of units. figures of your data.

« There are seven fundamental units: metre, second,
kilogram, kelvin, mole, ampere and candela. Most
other units in physics are derived from these units.

KEY QUESTIONS

Knowledge and understanding 5
1 Describe why it is important to collect sufficient data.

Convert the following to two significant figures and
scientific notation.

.
2 Explain the difference between raw and processed : 2.52511};10
data.
| - - ¢ 459
3 Explain why the use of significant figures is important. d 6.3000
Analysis 6 Convert the following values to scientific notation.
4 State how many significant figures are in each a 132kV
number, b 101.3kPa
a 456x10° c 6MJ
b 500 d 100 puA
¢ 500.0
d 5.000
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1.4 Data analysis and presentation

A major problem with making a calculation from just one set of measurements is
that a single incorrect measurement can significantly affect the result. Scientists
like to collect a large amount of data and observe the trends in that data. This
gives more precise measurements and allows scientists to recognise and eliminate
problematic data.

Physicists commonly use tables and graphical techniques to analyse large sets
of data. (Figure 1.4.1) Trends in data are often easier to observe in graphs than in
tables of data. In this section, the basic graphing techniques physicists use will be
outlined and a general method for fitting a mathematical relationship to a set of
data will be explored.

Atmospheric CO, at Mauna Loa Observatory

420

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory

1

400

380 -

360 -

Parts per million

340 -

320 it

1960 1970 1980 1990 2000 2010 2020

Year
FIGURE 1.4.1 Graphical technigues are often used to find trends in data.

PRESENTING DATA

The raw data that has been obtained needs to be presented in a way that 1s clear,
concise and accurate.

There are a number of ways of presenting data, including tables, graphs,
flow charts and diagrams. The best way of visualising the data depends on its
nature. To create the best possible presentation, try several formats before making
a final decision.

Presenting raw and processed data in tables

Tables organise data into rows and columns and can vary in complexity according
to the nature of the data. Tables can be used to organise raw data and processed
data. They can also be used to summarise results.

The simplest form of a table is one with two columns. In a two-column table, the
first column should contain the independent variable (the one being changed) and
the second column should contain the dependent variable (the one that may change
in response to a change in the independent variable).



"Tables should have the following features:
* a descriptive title (preceded by the “lable #” where # i1s the table number)
* ¢olumn headings (including the units)
« scientific notation used in the column header for very small or very large
numbers
« an indication of the precision of the data
« consistent use of significant figures
« figures that align on the decimal points
* the independent variable placed in the left column
* the dependent variable placed in the right column
* replicate measurements
* calculated averages as required.
The table in Figure 1.4.2 has been used to organise raw and processed data
about the effect of current on voltage.

Table 1: Effect of current on voltage -=——— clear title

Current (A) | Voltage (V) Resistance heading for each column

+5mA +5mA (QorVA") [ (units in brackets)
0.05 1.81 36.20
0.05 1.56 31.20
0.04 .42 35.50
0.04 1.24 3100 |-=— repeat measurement
0.03 1.05 35.00
(AL L el consistent use of
0.02 0.76 38.00 |-=— significant figures
0.02 .63 31.50

P

independent|| dependent
variable variable

FIGURE 1.4.2 A simple table listing the raw data obtained in the first and second columns and
processed data in the third column

Several statistical measures are used that help describe data accurately. This
includes the mean, median, mode and uncertainty.

The mean 1s the average of the data, and can be obtained by adding all the
measurements and dividing by the total number of data points

The median is the middle value of an ordered list of values (i.e. there are as
many values less than the median as there are greater than it). For example, the
median of the values 5, 5, 5, 8,9, 10, 20 1s 8. The median is preferred when the data
range 1s spread, especially when the spread includes unusual results (also known as
outliers). In this situation the mean is unreliable.

The mode is the value that appears most often in a data set. This measure 1s
useful to describe qualitative or discrete data. For example, the mode of the values
55y 5::8.9; 102018 5

The measurement uncertainty, which for a single measurement is equal to *
one-half of the finest scale division on the measuring instrument. T'’he measurement
uncertainty i1s an indicator of the precision of the instrument (as discussed In
Section 1.2, page 20).

@ You will now be able to answer key question 6.
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GRAPHICAL ANALYSIS OF DATA

T'here are several types of graphs that can be used, including line graphs, bar graphs
and pie charts. The best one to use will depend on the nature of the data."Table 1.4.1
lists some suitable graphs for quantitative discrete data (data from measuring
discrete variables) and continuous data (data from measuring continuous variables).

TABLE 1.4.1 Suitable graph types for quantitative data

Type of data ‘ Appropriate type of graph | Examples
Discrete bar graph
histogram
pie chart
nitrogen (N,), ~78%
= minute traces of neon (Ne),
helium (He), methane (CH ),
krypton (Kr), hydrogen (H),
xenon (Xe) and ozone (O.)
= carbon dioxide (CO.), 0.04%
= water vapour
(H,0), 0.4%
= argon (Ar), 1%
Pie chart showing distribution of elements from an analysis of a sample
Continuous line graph or scatter plot, including A
a trend line if appropriate 600 —1—5¢
00—
E q004 %
= x
2= 00—
E 200 | -'"q_x__ —
€ 100~ L Xy
|
0 1T r T 1 T

]
O 5 10 15 20 25 30 35
Thickness (mm)

Scatter plot of the radiation intensity through different thicknesses of material

‘
0.6~

LS

secondary coil (V
=
I

e o o
— R
| | |

Potential difference across

-

=

| | I | | |
0 2 4 6 8 10 12
Potential difference across
primary coil (V)
Graph, including a trend line, showing results of an investigation of two different
transformers to see which is better to use with a model motor
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General rules to follow when plotting a graph are listed below. Figure 1.4.3
llustrates these rules. (Note that these rules do not apply to all types of graph.)

* Keep the graph simple and uncluttered.

* Use a descriptive title.

* Represent the independent variable on the x-axis and the dependent variable
on the y-axis.

* Make axes proportionate to the data.

* C(Clearly label axes with both the variable and the unit in which it is measured.

* Use scientific notation where appropriate.

*  You can extrapolate (extend the trend line bevond the obtained data) to predict
other values—for example, to determine where the graph intersects the axes.
Take care, however, because the relationship between variables may not hold
bevond the measured data.

Graph 1:'Graph of velocity of glider with time as
it travels down an inclined air track’

Velocity (cm s \

i Always give a descriptive title

40 — to the graph or diagram.
- N
’
. , - ’ extrapolation
Always mark where axis value is. /
i
v
a0 =
9
uncertainty bar
Draw line of best fit.
A " Use a ruler for straight
f..-f"'"ff T"ra}'rg Tr' T lines and a practised
20 — i T sweep for curves.
If you have an outlier, go
) back to your workings
10 = and check it again to see
if you can explain why.,
L ]
//,; Origin does not have to be (0, 0),
| | | | | | ks
/ 0.5 1.0 1.5 2.0 2D 3.0 3.9 T/llme (s)
Different scales Give the guantity name
may be used. in full with units in ().

FIGURE 1.4.3 A graph showing the relationship between two variables

@ You will now be able to answer key question 4.
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Line graphs

Line graphs are a good way of representing continuous quantitative data. In a line

graph, the values are plotted as a series of points on the graph. There are two ways

of joining these points.

* A line can be ruled from each point to the next (Figure 1.4.4(a)). This may
show the overall trend but it 1s not meant to predict the value of the points
between the plotted data.

* The points can be joined with a single smooth line, straight or curved
(Figure 1.4.4(b)). This creates a line of best fit, also known as a trend line. The
line of best fit does not have to pass through every point but should go close
to as many points as possible. It is used when there is an obvious relationship
between the variables.

(@) Height of river at bridge flood gauge
- 3
£
g 21—
s
e
oo = N
Q '
J FMAM] ] ASOND
Months 2010
(b) N
o Stopping distance for car
£ 50
S 40
5
b 30
o 20
c
a 10
o
S 0 | - .
;o4 0 20 40 60 80

Speed of car (km h™")

FIGURE 1.4.4 (a) Data in the graph is joined from point to point. (b) Data in the graph is joined with a
line of best fit, which shows the general trend.

Outliers

Sometimes when the data is collected, there may be data points that do not fit
with the trend and are clearly a mistake or a random error. These points are called
outliers. An outlier 1s often caused by a mistake made in measuring or recording
data, or from a random error that occurred during the investigation. If there is
an outlier, include 1t on the graph, but ignore it when adding a line of best fit. In
Figure 1.4.3 on page 31, the point (1.5, 6) is an outlier.)

@ You will now be able to answer key questions 1, 2 and 5.

Describing trends in line graphs

Graphs are drawn to show the relationship, or trend, between two variables

(Figure 1.4.5).

* Variables that change in linear or direct proportion to each other produce a
straight, sloping trend line (linear relationship) (Figure 1.4.5(a) and (b)).

* Variables that change exponentially in proportion to each other produce a
curved trend line (Figure 1.4.5(c) and (d)). The inverse of an exponential
function 1s a logarithmic function (Figure 1.4.5(g)).

* Variables that have a periodic relationship produce an oscillating relationship
(Figure 1.4.5(e) and (1)).

* When there 1s no relationship between two variables, one variable does not
change when the other variable changes.



(a) Linear relationship (b) Linear relationship

¥ ¥
A )
e -
X 1
« Positive relationship— » Negative relationship—
as x increases, v increases. as x increases, y decreases.
General equation: General equation:
y=mx+¢c y=mx+c
m = gradient m = gradient
¢ = y-intercept ¢ = y-intercept
(c) Parabolic relationship (d) Exponential decay
¥ Yy
A
- .
X X
* AS x Increases, v increases » As x increases, y decreases rapidly,
slowly, then more rapidly. then more slowly, until a minimum
General equation: v-value is reached.
y= ki General equation:
k = constant y=Ae™™
k = constant
e = mathematical constant 2.718...
(e) Sine (f) Cosine
¥ ¥
A 4
o =
\./ U vr \./ \/ \ ‘r

Y \

* Periodic relationship, oscillates * Periodic relationship, oscillates
between a maximum and between a maximum and
minimum minimum
General equation; General equation:

y = Asin(wx) y = Acos(wx)
A = amplitude A = amplitude
w = angular frequency of the e = angular frequency of the
motion motion
(g) Logarithmic relationship (h) No relationship
¥ v
4 A

e
/ ,

T

=Y

General equation: * As x increases, y remains the same.
y = log(x)
FIGURE 1.4.5 Various relationships can exist between two variables.
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Remember that your results may be unexpected and not match the type of
graph you predicted. This does not make vour investugaton a failure. However, the
findings vou report must be related to the hyvpothesis, aims and method.

Linear relationships

Some relationships studied in physics are linear; that is, they can be represented
by a straight line. Linear relationships and their graphs are fully specified with just
two numbers: the gradient, m, and the vertical axis intercept, ¢. In general, linear
relationships are written:
y=mx+c
The gradient, m, can be calculated from the coordinates of two points on the
line:

e e

Xy — Xy

where (x,y,) and (x,, v,) are any two points on the line.

When analysing data from a lhnear relatonship, vou may need to find the
equation for the line that best fits the data. This line of best fit is called a regression
line. The entire process can be done on paper, but it may be more convenient to
use a computer spreadsheet, calculator or some other computer-based application.
The benefit of using a digital tool is that the straight line that 1s produced will be
the very best fit for the data. If you plot a hine of best fit by eye, there will be some
subjectivity introduced.

Linear relationships are usually written as y = mx + ¢, but they can also be written as
V=c+ mx,

where m is the gradient
¢ is the y-intercept.

If you are plotting vour graph manually on paper and fitting a regression line by
eye, proceed as follows:

1 Plot each data point on clearly labelled, unbroken axes.

2 Label, but otherwise ignore, any suspect data points (outliers).

3 Draw by eye, the line of best fit for the points. The points should be evenly
scattered either side of the line.

4 IL.ocate the vertical axis intercept and record its value as c.

5 Choose any two points on the line of best fit and calculate the gradient. Do not
use two of the original data points as this will not give you the gradient of the
line of best fit. The gradient 1s the value m.

6 Write v = mx + ¢, replacing x and y with appropriate symbols, and use this

equation for any further analysis.

If vou are using a spreadsheet or calculator, proceed as follows:

Create a table of the raw data.

Plot a graph of the raw data.

Identify outliers and create another data table without them.

da W b e

Plot a graph of the data without the outliers. Keep both graphs as you should

not discard suspect data, but you can eliminate it from your analysis.

Ln

Plot the line of best fit—the regression line.

6 Compute the equation of the line of best fit that will give you values for m and
c. (Many software programs and calculators will calculate these values for you.)
7 Write vy = mx + ¢, replacing x and y with appropriate symbols, and substituting
in the values of m and ¢ that were calculated. Use this equation for any further
analysis.
Don’t forget that m and ¢ have units. Omitting these 1s a common error.



Worked example 1.4.1
FINDING A LINEAR RELATIONSHIP FROM DATA

A group of students used a computer with an ultrasonic detector to obtain the
speed-time data for a falling tennis ball. They wished to measure the acceleration
of the ball as it fell. Their hypothesis is that the acceleration would be nearly
constant and that the relevant relationship is v = u + at, where v is the speed of
the ball at any given time, v is the speed when the measurements began, a is the
acceleration of the ball and t is the time since the measurements began.

Their computer returned the following data:

Time (s) ‘ Speed (ms™)
0.0 1.25
0.1 2.30
0.2 3.15
0.3 4.10
0.4 5.25
0.5 6.10
0.6 | 6.95

Using a spreadsheet or calculator, find their experimental value for acceleration.

Thinking Working
Decide which axes The dependent variable is the speed, so it will go on
each variable should be | the y-axis.
placed on. The independent variable is the time, so it will go on
the x-axis.
Graph the:data as y=9.5714x + 1.2857
a scatter plot and g ]
generate the line of best -
fit through the points. ¢
%, %
E 4
D q
T
& ol
1
0
0. 0.80

Using the functionality v=95714f+ 1.2857
of the spreadsheet

or calculator, find the
equation for the line

of best fit. Instead of y
and x, you should use v

and t.
State the linear v=95714f+ 1.2857
relationship in the =] i G

form required. Express
all numbers to two
significant figures.

Note that linear relationships can be written in the
formy=mx+cory=c+ mx

State the answer. The acceleration is 9.6ms=.
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Worked example: Try yourself 1.4.1
FINDING A LINEAR RELATIONSHIP FROM DATA

A student conducted an experiment to calculate the acceleration due to gravity,
g. The force due to gravity, F, is known to be equal to mg.

The downwards force was measured for a variety of different masses. It was
measured using a spring scale with precision to one decimal place. The mass
was measured with electronic scales to the nearest 10g.

Mass (kg) ‘ Force (N)
0.25 24
0.50 49
0.75 7.4
1.00 9.9
1.25 12.8

Using a spreadsheet or calculator, find the experimental value for the
acceleration due to gravity, g, to two significant figures.

Non-linear relationships

Suppose you were examining the relationship between two quantities B and d and
had good reason to believe that the relationship can be expressed as:

k
B=—
d
where & 1s some constant. This 1s similar to y = —. If you draw this graph using your

calculator, you will see that this relationship is non-linear, therefore a graph of B
agamnst d will not be a straight ine. However, the relationship can be restated by
making the following substitutions:

B:I.r:l

d
T ET
vy=mx+c

A graph of B (on the vertical axis) against é (on the horizontal axis) will be
linear. The gradient of the line will be £ and the vertical intercept, ¢, will be zero.
The line of best fit would be expected to go through the origin because, in this case,
there is no constant added and so ¢ is zero.

In this example, a graph of the raw data would simply show that as d increases,
B decreases. It would be impossible to determine this relationship just by looking at
a graph of the raw data.

Although a graph of raw data will not reveal the mathematical relationship
between the variables, it can give some clues. The shape of the graph might suggest
a possible relationship. Several relationships can be tried and then the best chosen.
This does not prove any relationship, but it could provide strong evidence of a
particular relationship.

When an experiment involves a non-linear relatonship, the following
procedure—called linearising the data—is followed.

1 Plot a graph of the original raw data.

2 Choose a possible relationship based on the shape of the mmitial graph and your
knowledge of various graphical forms. Refer to Figure 1.4.5 on page 33.

3 Restate the relationship so that it mimics the form y = mx + c.
Make a new table of data using the linear relatonship.
5 Follow the steps to find the line of best fit as outhined on page 34.
You might need to try several relationships to find the one that best fits the data.

5



Worked example 1.4.2
FINDING A NON-LINEAR RELATIONSHIP FROM DATA

A group of students were investigating the relationship between current and

resistance for a new solid-state electronic device. They obtained the data shown
in the table. The current was measured using an ammeter with precision to one
decimal place and the resistance, to the nearest ohm (Q2), was measured using a

multimeter.

Current, | (A) ‘ Resistance, R (Q)

1.5 22
1.7 39
2.2 | 46
2.6 70
3:1 110
3.4 145
3.9 212
4.2 236

According to the theory they had researched, the students believed that the
relationship between /[ and R is
R=dPF+g
where d and g are constants.
By linearising, manipulating the data accordingly and graphing, find the

experimental values for d and g. Use a spreadsheet or calculator to assist with
finding the line of best fit.

Thinking Working
Plot a graph of the raw 4
data. 2504 T .
200- e

c

1501 - 8

.

L

2 100 d

i)

= L]

504 . ®
L]
(0 r : . -
0 1 2 2 4 5
Current (A)

The second data point was considered an outlier
and the students chose to ignore it.

Linearise the relationship; R=dl+g
that is, restate it to mimic
the form y = mx + c. T T 7

A graph of R on the = mae

vertical axis and ° on

the horizontal axis has a
gradient of d and a vertical
axis intercept of g.
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Make a new table of data Current, P(A) | Resistance, R (Q)
manipulated according to

the linear relationship. The 3.38 22
data is manipulated by
finding the cube of each of 1068 fe
the values for current; that 17.58 70
is, [P,
% 29.79 110
39.30 145
59.32 212
74.09 236
Plot the graph using the A v=731412x + 15.092
manipulated data. 3004 ' " '
= 250
< 200
i
E 1504 -—
& 100+ — -
ke |
30+ 1
D T T | Bl
0 20 40 60 80

Current cubed (A®)

Using the functionality ofa | y=3.1x+ 15.1
spreadsheet or calculator,
find the equation for the
line of best fit.

Restate the equation using | R=3.1° + 15.1

[ and R.
Write out the values for d=3.10A73
d and g. Remember to g=1510Q

include the correct units.

Worked example: Try yourself 1.4.2
FINDING A NON-LINEAR RELATIONSHIP FROM DATA

A group of students were investigating the relationship between the distance
from a source and the intensity of sound emanating from that source. They

obtained the data shown in the table. Distance was measured using a metre
ruler and intensity was measured using an app that displays the intensity to
three decimal places.

Distance, r (m) Intensity, / (Wm3)
1 0.040
2 0.010
3 0.005
4 0.003
5 0.002

According to a theory they had researched, the students believed that the

relationship between [and ris = J—;— where P is a constant.

By appropriate manipulation and graphical techniques, find the students’
experimental value for P. Use a spreadsheet or calculator to assist with finding

the line of best fit.

@ You will now be able to answer key question /.



EVALUATING THE QUALITY OF DATA

Raw data can be processed in numerous ways. Processing data is usually done
to reveal any trends, patterns, uncertainties, mistakes, outhers and results of
significance that may exist in the data, including revealing relationships between any
variables (e.g. dependent and independent variables). During processing, trends,
patterns, uncertainties, mistakes, outliers and results of significance could become
obvious. It 1s important to discuss the limitations of yvour method of investigation
and any effect these imitations may have had on the data collected. Specifically,
yvou should look for anything that may have affected the validity, accuracy, precision
or reliability of the data. Sources of errors and uncertainty must also be stated in the
discussion section of the final report on yvour investigation.

When analysing data, it 1s important not to select processes that demonstrate
only what you want to see. Bias will result from using analysis tools (e.g. statistics)
imnappropriately and this may lead to invalid conclusions. It might also be a case of
academic fraud. Quality scientific analysis processes raw data as 1t i1s and 1s open
to any result.

Bias

In Section 1.3 (page 23) we learnt about recording data during an experiment. It
1s important that bias 1s not introduced during the data-recording process. Bias is
a form of systematic error resulting from the researcher’s personal preferences or
motivations. There are many types of bias, including:

* poor definitions of concepts or variables (e.g. classifving cricket pitch surfaces

and their interaction with the ball according to resilience without defining “slow’
and ‘fast’)

* Incorrect assumptions (e.g. that footwear type, model and manufacturer does not
affect ground reaction forces and, as a result, failling to control for these variables
during an investigation into slip risk on different indoor and outdoor surfaces)

* errors in the design or methodology of the investigation (e.g. taking more
samples from one gender than another).

Bias may occur in any part of an investigation, including sampling and
measurement.
Some biases cannot be eliminated, but they should be noted 1n the discussion.

@ You will now be able to answer key question 3.

Analysing precision

Section 1.2 (page 16) highlighted the importance of designing an investigation that
will mimimise errors and ensure accuracy, precision and validity. Understanding
uncertainty and precision 1s also vital in any analysis of data. In physics there is
always variation in measurements. In your experiment, yvou should determine
whether the variation 1s caused by systematic or random errors; in other words,
how much variation in the collected data i1s due to instrumentation and how much
1s due to nature.

The precision and uncertainty of instruments must always be displayed as a
range of data next to the results (measurement * uncertainty). If calculations are
performed with the results, then corresponding calculations must also be done with
the uncertainties. When the total uncertainty is known, then it can be established
whether variation in the data is due to the instrument or to the variables being tested.

If the measurements between trials fall within the uncertainty range of the
instrument, then the variation in results could simply be due to the instrument. If
the difference between the measured results 1s greater than the uncertainty range,
then the variation in the results 1s not due to the instrument and must therefore be
due to other variables.
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Uncertainty bars provide a graphical
representation of the uncertainties
in the independent and dependent
variables.

v 4 Graph showing uncertainty bars
0.8 -

0.6 -

0.4 —

02—

| | | L
0.2 0.4 0.6 0.8 *
FIGURE 1.4.6 The horizontal uncertainty bar

indicates an x-value of 0.6 £ 0.1. The vertical
uncertainty bar indicates a y-value of 0.5 £ 0.2.
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It 1s important to understand the accuracy and precision of the instruments
used Iin an mvestugaton, as it affects the interpretatuon of the results. There are a few
ways to analyse precision, including:

* measurement uncertainty, which displays the precision of the instrument and
explains instrumental variation in the measured results

* range,which outlines the difference between the smallest and largest measurements

* tendency (e.g. mean), which 1s the potentual variation n instrumental
measurements due to the instrument’s design or increments.

Analysing validity and theoretical relationships

Process the results and data to look for trends, patterns or differences. A common
process for analysing data is to make statistical calculations to determine true values,
uncertainties, errors and the significance of the measurements. Once the quality of
the data 1s understood, then the validity can be analysed in relation to established
theoretical concepts.

Analysis can also find anomalies and outliers in data that are not vahd
measurements. During the experiment, your record of observations may provide a
reason for any outlier in your data. Based on this reason, you may be able to suggest
improvements in the methodology that could ehiminate outliers.

ESTIMATING THE UNCERTAINTY IN A RESULT

Uncertainty has been considered in this chapter in relation to instrument precision.
You should be aware that scientists also routinely estimate uncertainty in calculations
due to the variation in results. Uncertainty due to natural variation can be treated
through statistical analysis of the data.

You will see a combination of the measurement uncertainty and the uncertainty
due to variation indicated in processed data. The uncertainty will likely be shown
in the column title of a table as Tuncertainty, as shown in Figure 1.4.2 on page 29.
Uncertainty will also appear in graphical data with the use of uncertainty bars,
as shown in Figure 1.4.3 on page 31, and in Figure 1.4.6. You are not expected
to estimate uncertainty for the purposes of VCE Physics, but when you interpret
results you should recognise that uncertainty indicates a imitation of the data.

Uncertainty bars

Uncertainty bars (often called error bars) indicate the absolute uncertainties
in the independent values or dependent values. They are drawn as a horizontal
line centred on the data point and with a length indicating the uncertainty of the
independent variable, and as a vertical line centred on the data point with a length
indicating the uncertainty of the dependent variable. The uncertainty bars can be
viewed as forming an uncertainty rectangle, with the true measurement falling
somewhere within that rectangle (Figure 1.4.6).

The smaller the uncertainty bars are for a given point, the more precise i1s the
measurement.

» You will now be able to answer key question &.



1.4 Review

OA
SUMMARY -
« Graphs can show a wealth of information relating + An outlier is often caused by a mistake made in
two or more variables, including their uncertainties. measuring or recording data, or from a random
« Graphs can be used to reveal relationships between error in the measuring equipment. If there is an
variables and spot outliers in data. outlier, include it on the graph but ignore it when
» Graphs in physics should display: adding the line of best fit.
- atitle » Alinear graph is easiest to analyse because it

is straightforward to calculate the gradient and
y-intercept, and these can be used in further
processing the data.

« Any graph that is not linear can be linearised to
produce a graph that has modified x- and y-axes.

labels, scales and units on each axis

plotted data

uncertainty bars in the x- and y-directions

line of best fit for linear and non-linear graphs.

« Commonly used graphs in physics are linear,
parabolic (squared), sine and cosine, and
exponential decay curves.

KEY QUESTIONS

Knowledge and understanding 5 Explain what an outlier is and how outliers should be
1 List a type of graph that can be used to represent treated when analysing data. How would outliers be
discrete data and continuous data. treated on a graph?

2 |dent|fy information missing from the graph bEIDW G List two statistical measures used to describe data

vy and how each measure is calculated.

Al | Analysis

I I | 7 Using the data in question 4, obtain the line of best fit
3] | | || | and determine the gradient, m, and the vertical axis

\ | | intercept, c.
7| _ 8 Isla and Sam performed an experiment to determine

the resistance of an ohmic resistor, Q0. They measured
the current, A, through the resistor when the voltage
through the resistor was varied and obtained the
following results.

Voltage, V (+0.2V) | Current through the wire, | (+0.1A)

_1- 0.0 0.0
\
1.8 0.5
3 Describe what bias is in an investigation. Provide an 34 0.9
example.
. _— _ 5.6 1.4
4 Plot the following data set, assigning each variable to
the appropriate axis. 7.8 2.0
Current (A) ‘ Voltage (V) | 28 _ 2.3
0.08 545 The voltage and current through a resistor is given by
0.06 4.02 Kl
' | a Draw a graph of the data in the table. Include a line
0.04 2.76 of best fit and uncertainty bars.
0.02 1 35 b Determine the gradient of the line of best fit.
¢ Use your answer to part b to calculate the value of
0.01 0.69 the strength of the resistor.
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1.5 Conclusion and evaluation

Now that your chosen topic has been thoroughly researched, your investigation has
been conducted and data collected and analysed, it 1s time to draw 1t all together.
The final part of the investigation 1s to summarise your findings in an objective,
clear and concise manner in a scientific report. Presenting your report and report
formats will be discussed in Section 1.6.

EXPLAINING RESULTS IN THE DISCUSSION

The discussion is the part of a report on an investigation in which the method is
explained and evaluated. It is also where the results are interpreted.
The key sections of the discussion are:
* an evaluation of the investigative method
« an analysis and evaluation of data
* an explanation of how the findings relate to established concepts in physics.
When writing the discussion section, consider the message to be conveyed and
vour expected audience. Statements need to be clear and concise. At the conclusion

of the discussion, the audience must have a clear idea of the context, results and
implications of your investigation.

Evaluating the investigative method

Your discussion should evaluate vour mvestigative methodology and methods and
identify any issues that could have affected the validity, reliability, accuracy or
precision of the data. Any possible sources of error in your experiment should be
stated. Remember that controls are essential to the reliability and validity of your
investigation, so if yvou have overlooked or were unable to control a variable that
should have been controlled, this may explain unexpected results.

T'he discussion should also make recommendations for modifying or extending
the mvestigation. If there were sources of error in any of the methods or steps,
provide suggestions for how this could be improved so that future researchers can
benefit from your experience.

It 1s also important to acknowledge contradictions in data and information. Do
any of the results not match the predictions? If so, is this a result of a limitation of
the experimental design or methods? In your discussion, acknowledge these sorts
of 1ssues and make suggestions for further experiments to address them.

Some experimental findings may lead you to formulate new research questions
and develop new hypotheses. An extension of the experiment may be to make
an alteration that will enable further investigation. For example, if the effect of
temperature has been mvestigated, further understanding of temperature could
be determined by using a different temperature range in a modification of the
original method.

Analysing and evaluating data

In the discussion section of vour final report, the findings of the investigation need

to be analysed and mterpreted. A number of things need to be considered.

» State whether a pattern, trend or relationship was observed, including when
relevant between the independent and dependent variables. Describe what
kind of pattern it was and specify the conditions under which it was observed.
Section 1.4 provided detailed guidance about how to analyse trends in data.

* Acknowledge and explain any discrepancies, deviations or anomalies 1n the data.

* Idenufy any limitations in the data vou have collected. For example, you might
think that a larger sample or further variations in the independent variable would
have led to a more vahd and rehable conclusion.



Relating your investigation to relevant physics concepts

To make your investigation more useful—and more interesting to other physicists
or physics students—yvour discussion should explain how vour investigation is
related to established ideas, concepts, theories or models in physics. In particular,
yvou should explain why you considered vour hypothesis to be a worthwhile idea to
explore.

For example, if studyving the impact of temperature on the linear strain of a
material (e.g. a rubber band), some of the information relevant to the domain of
physics that might be included in the discussion could be:

* the functions of linear strain
» the factors known to affect linear strain
« existing knowledge on the role of temperature on linear strain

* the range of temperatures investigated and the reason they were chosen
* the materials studied and the reasons for this choice
« methods of measuring the linear strain of a material.

Framing your discussion

By relating your investigation to relevant concepts in physics, you will have created

a framework for discussing whether the data vou collected supports or refutes your

hypothesis. Ask the following questions:

* Was the hypothesis supported?

* Has the research question been fully answered? (If not, give an explanation of
why that is and suggest what could be done to either improve or complement
the investigation.)

* Do the results contradict the hypothesis? If so, why? (The explanation must be
plausible and must be based on the results and previous evidence.)

After identifving the major findings of vour investigation, compare your results
with existing relevant research and knowledge. Consider questions such as:

* How does the data fit with the literature?

* Does the data contradict the literature?

* Do the findings fill a gap 1n the literature?

* Do the findings lead to turther questions?

* (Can the findings be extended to other situations?

Be sure to discuss the broader implications of your findings. Ask such questions as:

* Do the findings contribute to our current knowledge of the topic?

* Do the findings suggest any practical applications?
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Use the points in Figure 1.5.1 to help frame your discussion.

Hypothesis \ [ Theory
i N ' N
| Was my hypothesis o How doearr;ny dtata :It with the
supported? Jaalhaka
3 4 b, I
' T
& :
Has my research question LW Does my kt'jtata ;:nnt?ramct the
been fully answered? HEfatlps:
e o
|  What could be done to # =
improve or complement the o :
investigation? | | Domy fnndnngs fill a?gap in the
8 : literature?
e o
i ™
Do my results refute my i ; L
o must be based on my guestions?
results.) s J
\, » s ™
- Are there any practical
applications of my findings?
% &

FIGURE 1.5.1 Points to help frame your discussion

» You will now be able to answer key questions 1, 2 and 3.

DRAWING EVIDENCE-BASED CONCLUSIONS
The conclusion to a scientific report or paper links the collected evidence to the
hypothesis and provides a justified response to the research question.

Indicate whether the hypothesis was supported or refuted, and the evidence on
which this 1s based (1.e. vour results). Do not provide irrelevant information. Refer
only to the specifics of the hypothesis and the research question and do not make
generalisations.

The examples of poor and better conclusions in"Table 1.5.1 may be of assistance.

Better conclusion

TABLE 1.5.1 Examples of poor and better conclusions

Hypothesis/Research Poor conclusion

question
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An increase in temperature
will cause an increase in
linear deformation (change
in length) before failure.

Does temperature affect
the maximum linear
deformation the material
can withstand?

© You will now be able to answer key questions 4 and 5.

Linear deformation has
value y, at temperature
1 and value y, at
temperature 2.

The results show that
temperature does affect the
maximum deformation of a
material.

An increase in temperature
from 1 to 2 produced

an increase in linear
deformation in the rubber
band.

Analysis of the results of
the effect of an increase in
temperature from 1 to 2 on
the rubber band supports
our current knowledge that
an increase in temperature
increases the maximum
linear deformation.



1.5 Review

OA
SUMMARY -
« The discussion evaluates and explains the - acknowledging and explaining any discrepancies,
investigation methods and the results you obtained. deviations or anomalies in the data
« Analyse and interpret your results in the discussion - identifying any limitations in the data collected.
by: + Explain the hypothesis and investigation within the
- identifying and describing any patterns, trends or context of current thinking in physics.
relationships in the data. Specify the conditions + Use evidence from the data to conclude whether the
under which they were observed hypothesis was supported or refuted.

KEY QUESTIONS

Knowledge and understanding
1 What is the purpose of a discussion of the results?

2 Explain why it is important for the discussion to be
clear and concise.

3 What are the key sections of the discussion section of
a scientific report?

4 What is the purpose of the conclusion?
Analysis
5 You conduct an investigation to test the following

hypothesis: If two objects are simultaneously dropped
vertically from the same height, they will both land at
the same time.

What is one conclusion you could draw if your results
showed the following times for objects dropped from
a height of 1m?

Object l Time (s)

feather 3.5
tennis ball 0.65
bowling ball 0.3

I e o o o o o o o G o5 5 5 S 5 0 5 S E S E N o N e O O S O e O S S N S S o N N N O O e e N o S e e e N S S e S N e e e S e N e e S e o e N e S e e e e e e e oae s
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Scientists report their findings in a number of ways: as written peer-reviewed journal
articles, on web pages, and at scientific conferences with short oral presentations or
scientific posters (IFigure 1.6.1). In this section you will learn how to present your
findings effectively.

PRESENTATION FORMATS

There are numerous ways to present the results of a scientific investigation, each
with varying emphases on visual and textual components. Table 1.6.1 provides

FIGURE 1.6.1 Posters at a scientific conference
are one way of presenting the findings of your
research.
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some guidelines for different presentation formats.

TABLE 1.6.1 Main formats for presenting research work

Format Characteristics General guidelines for the
presentation format

scientific poster

written practical
report

oral
communication
with supporting
slides and/or
handouts

online
presentation,
e.g. website,
blog

concise visual display of
information

suitable for presenting
information to many people
summary of ideas

presents clear and detailed
information on a topic
suitable for providing
detailed and more
comprehensive background
information

easy-to-follow format
good for presenting to a
large audience

supporting slides can be
printed as notes and given
to the audience
opportunity to answer

questions from the audience

accessible to a worldwide
audience

easy to follow

easy to update with new
information

title that attracts attention

large headings that stand out
subheadings of a smaller size
attractive presentation
combination of written material
and visual material such as
diagrams, photographs, tables,
graphs

writing large enough to be read
from a distance

appropriate written style

for a report that provides

an introduction, materials,
methodology, methods, results,
discussion and conclusion section
use subheadings to organise
sections

text should be supported by
tables, graphs, diagrams or
photographs

brief oral descriptions

use clear visuals that complement
what is spoken

minimal text on each slide
consistent format on all slides—
background, colours and text
images, diagrams and graphs are
clear and large

include hyperlinks to related
information

include multimedia, such as video
and audio, if appropriate

use the same format throughout—
font, background, colours

use clear headings

list all hyperlinks on the main
page

include your name, credentials
and date of publication

' You will now be able to answer key questions 1 and 3.



STRUCTURING A WRITTEN REPORT

To write a scientific report, you need to follow some general conventions. Even
though there are many ways to present a report, the report must broadly follow the
structure set out below to meet the requirements of the VCE Physics Study Design.
T'his section will provide a guide to writing an appropriate scientific report.

Headings are an essential feature of a scientfic report. There 18 no single
convention for headings in scientific report writing and what is required 1s often
specific to a particular journal. Figure 1.6.2 lists headings that are commonly used
in scientific reports and describes the information that is usually provided under
each heading. Sections can be broken down further into subsections, as shown.
Although some subheadings may be suitable for more than one section, a scientific
report will only use each heading and subheading once. It is best to ask yvour teacher
about which headings are preferred to meet the requirements of the VCE Physics
Study Design.

*  COoncise

Title « use key terms

- relevant background information on the topic
- what is already known on the specific issue

« the aim of the investigation

+ the question being addressed: hypothesis

Introduction

4

4 - brief description of methodology (rationale of
investigative approach)

« |ist all materials

+ step-by-step experimental methods

» diagrams or flow charts (optional)

Methodology and
methods

« descriptive/observational text
Results - data tables and/or graphs
+ images: photos and/or diagrams

analysis and evaluation

Discussion summary diagrams/charts may be suitable

» do the results support the hypothesis?
Conclusion + how can the investigation be improved?
* no new information is introduced

O .

References and « list all references
acknowledgements acknowledge all who helped

WY O Y Y &

FIGURE 1.6.2 Elements of a scientific report or presentation

Title

T'he title should give a clear idea of what the report is about, without being too long.
It should include key terms that tell the reader what your study 1s about.

Introduction

The introduction sets the context of vour report. It should outline relevant physics ideas,
concepts, theories and models, and how they relate to vour specific research question
and hypothesis. It introduces the key terms, the specific question to be addressed,
and states your hypothesis and aim. Any references used in the introduction should
be correctly cited. This section should also idenufy the independent, dependent and
controlled variables (these are discussed in Section 1.1).
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Methodology and methods

The methodology and methods section outlines the reason why vou adopted your
particular investigative approach and describes in detail all the steps that were
undertaken during the investigation. It also includes a list of the materials used.
For a scientific report use stepwise lists, diagrams of specific methods, and/or
flow charts of the overall experimental design.

There should be enough detail in this section for someone else to be able
to replicate your experiment; therefore, your method needs to be in the correct
sequence and mclude how you observed, measured and recorded vour results.

Results

The results section 1s a record of your observations. It 1s where you present your
data using graphs, diagrams, tables or photographs. In Section 1.4 you learnt tips
on using graphs and tables appropriately.

In general, tables provide more detailed data than graphs. However, it is easier
to observe trends and patterns in graphs, making them a very useful tool for
presenting evidence. Pie charts illustrate percentages well, while scatterplots illustrate
relationships between variables. Bar charts are best used for qualitative data and
discrete quantitative data. Scatterplots are best used for continuous quanutatve data.

Discussion

In the discussion section yvou interpret your results, and discuss how they relate
to vour initial research question and hypothesis, and to the research of others.
See Section 1.5 for more information about how to do this. You should link your
discussion to the key concepts discussed in the introduction.

It is also important to evaluate the methods used and the impact of any errors
on the results and on conclusions that can be drawn.

Conclusion

Your conclusion should include a carefully considered response to the evidence (i.e.
your data) that supports or refutes your hypothesis. It should provide a carefully
considered response to your research question based on your results and discussion.
You should clearly state whether your hypothesis was supported or not. Draw your
conclusions by idenufying trends, patterns and relationships in the data.

It is important to recognise the limitations of your data and the limitations of
the scientific method. Be careful not to overstate your conclusion. Your results will
support or refute the hypothesis. They will not prove that something 1s true, as you
can only ever provide evidence that indicates the probability of something being true.

Do not provide irrelevant information, or introduce new information, in your
conclusion. Refer to the specifics of vour hypothesis and research question, and do
not make generalisations.

The conclusion section should be a short, succinct paragraph.

References

All the scientific papers and other sources that are mentioned 1n the report are to
be listed at the end of your report. Cite the source of any information you obtained
from all sources in the text of your report whenever it 1s used and referred to,
and provide a list of references at the end of your report. This demonstrates that

you are aware of previous work in the area and allows readers to locate sources of
informaton if they want to study them further.

Acknowledgements

It 1s good practice to acknowledge anyone who helped you during vour investigation;
for example, vour teacher or lab tech, or anyone else who provided you with
guidance. This only needs to be a sentence or two: “Thanks to my teacher for useful
discussions about the feasibility of my experiment, to our lab tech for help setting
up the motion sensor correctly and to my fellow students for repeatedly running
along the sports track so I could time them’.

» You will now be able to answer key question 5.



WRITING FOR SCIENCE

A scientific report 1s written for a scientific audience, so it is important to ensure
that the report uses appropriate scientific language and follows the expected
conventions. This language and its conventions are different from everyday English
Wwriting.

Scientific reports should be written using:

past tense—the experiment was conducted in the past, so the report should be
in the past tense

either third-person (passive) voice, or first-person (active) voice—ask your
teacher if they have a preference and make sure to keep voice consistent
throughout your report ('Table 1.6.2)

scientific language—the terms used are specific to concepts, models and theories
objective, unbiased language—avoid subjective and emotional or persuasive
writing (‘Iable 1.6.3)

concise language—avold unnecessary repetition and express ideas succinctly,
Scientific language allows more details, knowledge and understanding to be
communicated in fewer words. Use short sentences ("Iable 1.6.4).

TABLE 1.6.2 Examples of first-person and third-person writing

| first tied a rubber stopper of known mass First, a rubber stopper of known mass was
onto one end of a piece of fishing line, and tied to one end of a piece of fishing line. A
a brass cradle of 200 g to the other end. brass cradle of mass 200g was tied to the

other end.

After the current was switched on, | found After the current was turned on, the results
that.: showed ...

My colleagues and | found ... Researchers found ...

TABLE 1.6.3 Persuasive writing versus scientific writing styles

Persuasive writing examples Scientific writing eguivalent examples

Use of biased and subjective language: Use of unbiased and objective language:
» The results are extremely bad, atrocious, * The results showed ...
wonderful etc. « The implications of these results
« This is terrible because ... suggest ...
« The results imply ...
Use of exaggeration: Use of non-emotive language:
« The object weighed a colossal amount, + The object weighed 256 kg.
like an elephant. » Safety issue ...
« Safety crisis ...
Use of everyday or colloquial language: Use of formal language:
» The experiment didn't work because we » Further research is needed to fully
didn't know what we were doing. determine why the results of the
» We did not obtain the results we experiment were not as expected.
expected because our we were not sure « The results do not ...
how to use the equipment, which led to * The researchers predicted (or
significant errors in measurement. hypothesised or theorised) that ...

The results don't ...
The researchers had a sneaking
suspicion that ...
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TABLE 1.6.4 Examples of wordy and concise language

Wordy language Concise language

Due to the fact that ... Because ...

Anog and Walsh (2022) undertook an Anog and Walsh (2022) investigated ...
investigation into ...

It is possible that the cause could be .., The cause may be ...

End result ... Result ...

In the event that ... { e

Shorter in length ... Shorter ...

Scientific language must be used without error so that the reader understands
the meaning of the information easily. For the report to be concise, there should
not be any repetition. The report must remain within the required word limit. Being
precise and concise will help vou stay within the specified word limit.

Paragraphs in scientific writing

In a scientific report each paragraph should explain only one topic. T'he first sentence
of a paragraph (called the topic sentence) introduces the topic. The sentences that
follow the topic sentence provide details about the topic, with the final sentence
concluding the discussion of the one topic that the paragraph 1s about.

Each sentence in a paragraph should refer to only one subject (two only if
necessary). and each sentence should flow on to the next. Readers should be able
to see how each sentence relates to the previous one.

@ You will now be able to answer key questions 2 and 6.

EDITING YOUR REPORT

Editing vour report 1s an important part of the process. After editing yvour report,
save new drafts with a different file name and always back up your files in another
location. Once you have completed a draft, it is good practice to read your work a
dav or two after you have completed it.

When reading your own work, do not read it as vou intend it to be read by
others. Instead, carefully read vour work, following the punctuation, grammar and
spelling as 1t appears on the page. This 1s more easily achieved if you read the report
aloud. When editing, look for content that:

* is ambiguous or unclear

* 1s repetitive

» is awkwardly phrased

* 15 too lengthy

* 15 not relevant to your research question

* 1s poorly structured

* lacks evidence

+ lacks a reference (if 1t 1s another researcher’s work)
« contains spelling mistakes.

ACKNOWLEDGING SOURCES

The source of all quotations used in your report must be listed in the references
section. You should also acknowledge the 1deas of others that have been instrumental
in forming the 1dea for your research or the interpretaton you have made of your
results. References and acknowledgements also give credibility to your study and
allow the audience to locate information sources for further study.

Plagiarism 1s using other people’s work without acknowledging them as the
author or creator. 1o avoid plagiarism, include a reference every time you report
the work of others, placing 1t at the end of a sentence or following a diagram. If you
use a direct quotation from a source, enclose it in quotation marks.



Referencing

Each time you write about the findings of other people or organisations, you
need to provide an in-text citation and the full details of the source in a reference
list. Numerous referencing systems are in use, but the American Psychological
Association system 1s common 1n the sciences. Check with vour teacher as to which
system you should use for your report.

In most referencing systems, sources in a reference list are listed 1n alphabetical
order (by the author’s last name or the organisation’s name). Compile your
references in a separate document as vou conduct yvour practical investigation. This
will save you time later.

Your Unit 2 Area of Study 3 practical investigation report does not require a
bibliography. A reference list 1s sufficient. A bibliography is a list of all the sources
used during vour research that helped vou develop an understanding of your
research topic even if such a source 1s not cited in your final report. A reference hist
only lists those sources that you cite.

The following examples show the use of in-text citation and the corresponding
reference list entry for an arucle in a journal in APA (seventh edition) style.
The format varies slightly according to the type of document or source you are
referencing. Useful guides can be found online including many university websites.

Source of information and example of Format for listing references and example of
reference in text a reference as written in the reference list
Research article or review article in a Author, initials. (year). Title of article.
scientific journal Journal title, volume number (issue

A single atom of the rare-earth metal number), page numbers. Digital object
holmium has been made into the world's identifier (doi) or URL

smallest, stable magnet. This was then Matterer, F, Yang, K., Paul, W., Willke, F,
used to make an atomic hard drive, in Choi, T., Greber, T., Heinrich, A., & Lutz, C.
which each holmium atom stored one bit (2017), Reading and writing single-atom

of information (Natterer et al., 2017). magnets. Nature, 543, 226-228.

Book Author, initials. (year). Title of book (edition,

Hawking (1988) discusses the theories of if not first). Publisher
general relativity and gquantum mechanics Hawking, S., (1988). A brief history of time:

and seeks to describe a unifying theory From the big bang to black holes. Bantam
that combines these. Books.

Online article or page Author, initials/name of organisation. (year).
A layered crystal (created with hafnium Title of web page or web document. URL
oxide and zirconium oxide) reduces the Perfetto, I, (2022, April 1). New crystal
required voltage by around 30% (Perfetto, could help transistors run on less

201 7). power. Cosmosmagazine.com. https://

cosmosmagazine.com/technology/
computing/crystal-for-transistors/

@ You will now be able to answer key question 4.

STRUCTURING A POSTER
Scientific posters are used at conferences to grab people’s attention and quickly
summarise vour research. A poster should follow much the same format as that
of a scientific report outlined earlier in this section. A poster i1s meant to be more
succinct and direct in its approach to presenting yvour findings. You should pick
the information that you want to present carefully so that the impact of your
investigation 1s best communicated. For instance, 1n analysing your data you may
have produced both a table and a graph. In the poster, it may be best to simply show
the graph, which will more clearly represent any trends 1n your data.

A scientific poster should be understood by both technical and non-technical
audiences. Make sure to keep the language concise and as free of jargon as possible.

Figure 1.6.3 1s an example of a poster from a student’s investigation of the
research question: ‘Is the period of a pendulum affected by the mass or length of
the pendulum?’ You can follow a similar structure if you choose to report on your
investigation for Unit 2 Area of Study 3 in poster format.
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Is the period of a pendulum affected by the mass or length of the pendulum?

Asimple pendulum consists of a mass or 'bob’ attached to a pivot point. As the bob is lifted
and released, the pendulum sweeps back and forth. One full movement, from left to right
and back again, is a ‘period’ (Figure 1).

When a pendulum is lifted, it acquires gravitational
potential energy (£,). When the pendulum is

phanl poiee
A% minor joss of snengy = thermp

released, the bob's mass causes it to swing back and AR e e ks
forth. Its £, is transformed into kinetic energy (£,). / \q/-‘
When the pendulum passes thraugh its equilibrium, 3 \
the £, it has 'lost has been transformed into £, As it g
continues to swing and move upwards on the next B Nez E
= E,

arc, the £, is transformed back into £,

(Museum of Science and Industry, Chicago, n.d.) \‘—‘H il o
| y _.I

AIM To determine if the mass or length of a pendulum Hantmadon Gl | o, pa i,
affects its period. it -Ek
HYPOTHESIS The pertod of 3 pendulum is

independent of its mass and depends on the Figure 1 Period
square root of its length.

o
et pnd and { :|
.-
L &

Methodology and methods

METHODOLOGY

Controlled experiment

METHODS

Set up

1, Fold A4 paper into a ramp’ approximately 11 cm * 2cm with a V-notch in one end.

2. Mark aline at 45° on vertical desk edge.

3, Extend ramp over desk edge, with V lined up with line on desk edge.

4. Tie awasher to a 0.45m piece of string.

5. Measure from the bottom of the washer along the string. Put coloured dots at 0.10m,

0.15m, 0.20m, 0.25m, 0.30 m and 0.35m.
6. Make two more pendulums of two and three washers each and mark their lengths.

Testing the pendulums Part A: Change the mass Part B: Change the length

1. Hang pendulunm over 1. Change mass of the 1. Return to one washer on
ramp with the 0.30m pendulum by adding a the pendulum.
mark on the string with washer. 2. Change length of the

one washer attached. 2
2, Pull washer so string
lines up with 457 line.
3. Release pendulum, 3.
start timing. Stop after

Repeal test procedure,

record three times for this
pendulurm.

Change to three-washer 3
pendulum and repeat.

pendulum to 0.35m by
adjusting the string
length.

Use different lengths for
one-washer pendulum

Introduction

three complete swings.
Repeal twice mare,
calculate averages.

(0.10m, 0.15m, 0.20m
and 0.25m).
Calculate averages.

FIGURE 1.6.3 Example of a scientific poster

Yarran Jones
Hememann Physics College
Unit 3-4 Physies 2022

Communication statement

The period of a pendulum is
independent of its mass, The
period does depend on the
square root of its length

(i.e. Tex,L).

References and acknowledgements

Table 1 Effect of mass on period Table 2 Effect of length on period

e | | 1 e
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Discussion

EVALUATION Graph 1 Period squared v length

[
L.
120 |
L. 4
LIR. L
1.6 4

.40 7
L18e] |
(ki

Period squared (57}

kps 02 025 03 03 04

Length{m)
Table 1 shows no significant variation in the three periods when the mass changed. The
period of a pendulum is not, therefore, dependent on the mass.

L] L

According to the formula T = ‘?"nE {Bunn, 1990}, the relationship between T and L is a sguare

root relationship. This is evident in Table 2 and confirmed by the linear relationship of Graph 1.

LIMITATIONS IMPROVEMENTS

» measurements of length limited by useofa  + better method of remaoving friction at
ruler pivot point

= - error bars not included as graph is toosmall  + more accurate measure of length of the
to show up precisely pendulum

» V supported string and held it away from desk « measure masses of washers.

edge by a few mm to reduce friction while

pendulum swinging.

Conclusion

The hypothesis was supported by the results showing that the period of a pendulurm is
independent of the mass and dependent on the square root of the length.

Further experiments could be conducted:

 with a larger range of masses to further confirm the independence of the period on mass
« to determine if the angle of release (other than 45°%) has an effect on the period

« to determine if different types of strings have an effect on the period

« to determine the acceleration due to gravity.

1. Buhn, D, (1990% Phisics for o modern worid {p. 237). Jahn Wiley & Sons Australia.
2. Museurn of Science and Industry. Chicago. (n.d). Sock ond Forty, B
ittpsatiwww msichicago. org ileadminiassetsieducatorsiiearning, abs idocuments/Back_and_Forth.pdf

Acknowledgements:. with thanks ur lab technicins Jaah and fvan and my lab parines Miche(le Chan,




1.6 Review

A The results of the study concluded ... the investigation. Determine whether the following

B | added 3mL of solution to the graduated sentences indicate precision or accuracy.
a The current through the circuit was measured

using a calibrated digital ammeter.

b The digital ammeter measured the current to the
nearest pA, whereas an analog ammeter would only
measure to the nearest mA,

cylinder ...
C Samples were analysed using ...
D We repeated the experiment three times ...

3 What reporting format is best suited for presenting
the details of an experiment you conducted, including
the equipment, methodology, results and a discussion
of the results?

Describe what plagiarism is.

5 Explain the purpose of a clear introduction and
conclusion.

: OA :
Sl SUMMARY - :
: « A scientific report generally includes the following * Your scientific report must meet the requirements of :
: headings: the VCE Physics Study Design. :
: - Title « A scientific poster: :
: - Introduction - follows a similar structure to that of a scientific :
: - Methodology and methods report :
: - Results - should be more succinct than a report :
: - Discussion - should be written for both technical and non- :
: - Conclusion technical audiences. :
: - References :
E - Acknowledgements E
M KEY QUESTIONS :
' Knowledge and understanding Analysis :
E 1 What format for presenting research would be 6 A scientist conducted an experiment to test the E
: appropriate when addressing a large group? Explain following hypothesis: Adding more resistance to a |
! your answer. circuit decreases the current through the circuit. The :
' 2 Which one or more of the following statements is discussion section of the scientist’s report included :
' written in the third person? comments to support the accuracy and precision of .
i |
| i
| i
: :
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KEY TERMS

accuracy
aim

bias

conclusion
continuous variable
controlled variable
dependent variable
discrete variable
hypothesis
independent variable
line of best fit

linear relationship
mean

median

method
methodology

mistake

mode

observation

outliers

personal protective
equipment (PPE)

precision

primary data

primary source

processed data

qualitative data

qualitative variable

quantitative data

quantitative variable

random errors

range
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raw data
repeatability
reproducibility
research question
risk assessment
safety data sheet (SDS)
scientific method
secondary data
secondary source
significant figures
systematic error
true value
uncertainty
uncertainty bars
validity

variable
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How Is energy useful
to society?

To achieve the outcomes in Unit 1, you will draw on key knowledge
outlined in each area of study and the related key science skills

on pages 11 and 12 of the study design. The key science skills are
discussed in Chapter 1 of this book.

AREA OF STUDY 1

How are light and heat explained?

Outcome 1: On completion of this unit the student should be able
to model, investigate and evaluate the wave-like nature of light,
thermal energy and the emission and absorption of light by matter.

AREA OF STUDY 2

How is energy from the nucleus utilised?

Qutcome 2: On completion of this unit the student should be able
to explain, apply and evaluate nuclear radiation, radioactive decay
and nuclear energy.

AREA OF STUDY 3

How can electricity be used to transfer energy?

Outcome 3: On completion of this unit the student should be
able to investigate and apply a basic DC circuit model to simple
battery-operated devices and household electrical systems, apply

mathematical models to analyse circuits, and describe the safe and
effective use of electricity by individuals and the community.

VCE Physics Study Design extracts @ VCAA (2022); reproduced by permission







CHAPTER

Waves and electromagnetic
radiation

Have you ever watched ocean waves heading towards the shore? For many people
their first thought when encountering a topic called ‘waves’ is to picture a water
wave moving across the surface of an ocean. The wave may be created by some
kind of disturbance, such as the action of wind on water or a boat as it moves
through the water.

In fact, waves are everywhere. Sound, visible light, radio waves, waves in the string
of an instrument, the wave of a hand, the ‘Mexican wave' at a stadium and the
recently discovered gravitational waves—all are waves or wave-like phenomena.
Understanding the physics of waves provides a broad base upon which to

build your understanding of the physical world. A knowledge of waves gives an
introduction to the concepts that describe the nature of light.

Key knowledge

- identify all electromagnetic waves as transverse waves travelling at the same
speed, ¢, in a vacuum as distinct from mechanical waves that require a medium
to propagate 2.1, 2.3

identify the amplitude, wavelength, period and frequency of waves 2.2
calculate the wavelength, frequency, period and speed of travel of waves using:
ﬁ_ — % = 1|,.I"T 2.2, 2-3

explain the wavelength of a wave as a result of the velocity (determined by
the medium through which it travels) and the frequency (determined by the
source) 2.2

describe electromagnetic radiation emitted from the Sun as mainly ultraviolet,
visible and infrared 2.3

compare the wavelength and frequencies of different regions of the
electromagnetic spectrum, including radio, microwave, infrared, visible,
ultraviolet, x-ray and gamma, and compare the different uses each has in
society. 2.3

VCE Physics Study Design extracts @ VCAA (2022); reproduced by permission




FIGURE 2.1.2. Light travels from the Sun
through the vacuum of space and does not
need a medium,

60

A wave involves the transfer of energy
without the net transfer of matter.

waves

Throw a stone into a pool or lake, and vou will see circular waves form and move
outwards from the source as ripples. Stretch a cord out on a table and wriggle one
end back and forth across the table surface and another tyvpe of wave can be
observed. Water waves, sound waves and waves in strings are all examples of
mechanical waves. These waves require a medium (a physical substance) to
transmit (carry or transfer) energy: water waves use water molecules, sound waves
use air and the wave on a string uses the string (Figure 2.1.1).

FIGURE 2.1.1 In this tin can phone, sound waves vibrate the string. The vibrating string transfers the
sound between the children.

Electromagnetic waves, which include visible light, do not require a medium
to transfer energy. Thus, light from the Sun can transmit across the vacuum of
space (Figure 2.1.2).

MECHANICAL WAVES

Watch a piece of driftwood, a leaf, or even a surfer resting in the water as a smooth
wave goes past. The object moves up and down but doesn’t move forwards with
the wave. The movement of the object on the water reveals how the particles in the
water move as the wave passes; that is, the particles in the water move up and down
from an average position.

Any wave that needs a medium (such as water) through which to travel is called
a mechanical wave. Mechanical waves can move over very large distances, but the
particles of the medium only have very imited movement.

Mechanical waves transfer energy from one place to another through a medium.
The particles of the matter vibrate back and forth or up and down about an average
position, which transfers the energy from one place to another. For example, energy
1s given to an ocean wave by the action of the wind far out at sea. The energy is
transported by waves to the shore, but (except in the case of a tsunami event) most
of the ocean water itself does not travel to the shore.

Pulses versus periodic waves

A single wave pulse can be formed by giving a slinky spring or a rope a single
up-and-down motion, as shown in Figure 2.1.3(a). As the hand pulls upwards,
the adjacent parts of the slinky will also feel an upwards force and begin to move
upwards. The source of the wave energy i1s the movement of the hand.

If the up-and-down motion 1s repeated, each successive section of the slinky
will move up and down, moving the wave forwards along the slinky, as shown in
Figure 2.1.3(b). Connections between each loop of the slinky cause the wave to
travel away from the source, carrying with it the energy from the source.

AREA OF STUDY 1 | HOW ARE LIGHT AND HEAT EXPLAINED?



continuous vibration at source

FIGURE 2.1.3 (a) A single wave pulse can be sent along a slinky by a single up and down motion.
(b) A continuous or periodic wave is created by a regular, repeated movement of the hand.

In a continuous or periodic wave, continuous vibration of the source, such as that
shown in Figure 2.1.3(b), will cause the particles within the medium to oscillate
(move about their average position in a regular, repetitive or periodic pattern). The
source of any mechanical wave 1s this repeated motion or vibration. The energy
from the vibration moves through the medium and constitutes a mechanical wave.

Transverse waves

When waves travel on water, or through a rope, spring or string, the particles within
the medium wvibrate up and down in a direction perpendicular, or transverse, to the
direction of motion of the wave energy, as can be seen from the position of the cork in
Figure 2.1.4. Such a wave is called a transverse wave, When the particles are displaced
upwards from the average position, or resting position, they reach a maximum
positive displacement called a crest. Particles below the average position fall to a
maximum negative position called a trough.

.
wave source wave travels right
-
(a) -~ B
/‘{'ﬁv}'uf - e e ——
(b) cork now lower
(c)

FIGURE 2.1.4 A continuous water wave moves to the right. As it does so, the up-and-down
displacement of the particles transverse to the wave motion can be monitored using a cork. The cork
simply moves up and down as the wave passes through it.

CHAPTER 2 | WAVES AND ELECTROMAGNETIC RADIATION
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Water waves

Water waves are often classified

as transverse waves, but this is an
approximation. In practical situations,
transverse and longitudinal waves
don't always occur in isolation.

The breaking of waves on a beach
produces complex wave forms that
are a combination of transverse and
longitudinal waves (see below).

If you looked carefully at a cork
bobbing about in gentle water waves,
you would notice that it doesn't move
straight up and down but that it has
a more elliptical motion. It moves up
and down, and very slightly forwards
and backwards as each wave passes.
However, since this second aspect

of the motion is so subtle, in most
circumstances it is adequate to treat
water waves as if they were purely
transverse waves.

Although this surfer rides forwards on the
wave, the water itself only moves in an
elliptical motion as the wave passes.

Longitudinal waves

In a longitudinal mechanical wave, the vibration of the particles within the medium
is in the same direction, or parallel to, the direction of the energy flow of the wave.
You can demonstrate this type of wave with a slinky by moving your hand backwards
and forwards 1n a line parallel to the length of the slinky, as shown in Figure 2.1.5.

—— rarefactions —

compressions

movement of hand

backwards and forwards wave movement particle movement

FIGURE 2.1.5 When the direction of the vibrations of the medium and the direction of travel of the
wave energy are parallel, a longitudinal wave is created. This can be demonstrated with a slinky.

As you move your hand, a series of compressed and expanded areas form along
the slinky (Figure 2.1.5). Compressions are those areas where the coils of the
slinky come together. Expansions are regions where the coils are spread apart.
Areas of expansion are termed rarefactions. The compressions and rarefactions
in a longitudinal wave correspond to the crests and troughs of a transverse wave.

An important example of a longitudinal wave 1s a sound wave. As the cone of a
loudspeaker vibrates, the layer of air next to it is alternately pushed away and drawn
back, creating a series of compressions and rarefactions in the air (Figure 2.1.6).
This vibration is transmitted through the air as a sound wave. As in transverse
waves, the mndividual molecules vibrate over a very small distance while the wave
itself can carry energy over very long distances. If the vibration was from a single
point, then the waves would tend to spread out spherically.

FIGURE 2.1.6 The motion of a flame in front of a loudspeaker is clear evidence of the continuous
movement of air backwards and forwards as the loudspeaker creates a sound wave.

When measuring a sound wave, an oscilloscope device (or an oscilloscope app on a
phone) converts the sound waves to an electrical signal and represents it as a transverse
wave. The transverse waveform 1s produced by plotting the pressure variation in the
medium against distance from the source. Figure 2.1.7 shows that the sound wave
compression corresponds to a peak or crest in the transverse wave representation. This
1s because the compression 1s an area of high pressure—the particles are close together.
T'he rarefaction corresponds to a trough in the transverse wave, This 1s because the
particles are spread out and so the pressure 1s lower.

compression

T ..................................................
—_—
particle direction of motion
motion of wave

rarefaction

FIGURE 2.1.7 The compression of a longitudinal wave coincides with the peak of the transverse
wave representation, while the rarefaction coincides with the trough.
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2.1 Review

SUMMARY

« Vibrating objects transfer energy through waves, .
travelling outwards from the source.

Mechanical waves can be either transverse or
longitudinal.

- In a transverse wave, the oscillations are
perpendicular to the direction in which the wave
energy is travelling. A wave in a string is an
example of a transverse wave.

« A wave may be a single pulse, or it may be
continuous or periodic (successive crests and
troughs or compressions and rarefactions).

« A wave only transfers energy from one point to

another. There is no net transfer of matter or - In a longitudinal wave, the oscillations are parallel to

material. the direction the wave energy is travelling. Sound
« Mechanical waves require a medium to transmit is an example of a longitudinal wave.
energy. Waves on water or on a string, and sound « Electromagnetic radiation includes visible light and

waves in air are examples of mechanical waves.

KEY QUESTIONS

Knowledge and understanding

1 Describe the motion of particles within a medium
and the transmission of energy as a mechanical wave

does not require a medium to transmit energy.

6 The diagrams below shows dots representing the
average displacement of air particles at one moment
in time as a sound wave travels to the right.

passes through the medium. A B
. . . (3) # @ e o @ o © @ o o o o @
2 Which of the following are examples of mechanical N
waves? (b) e & e o00 o % % % e oo
light, sound, ripples on a pond, vibrations in a rope T _ |
compression rarefaction

3 Classify the waves described below as either
longitudinal or transverse.
a sound waves

Initially the particles, including A and B, are equally
spaced as shown in (a). A wave passes through, forming

b a vibrating violin string
¢ slinky moved with an upwards pulse
d slinky pushed forwards and backwards

\/

Analysis
5 A mechanical arm moves to produce a pulse that

transfers energy to a piece of string. The pulse travels

from the left to the right of the string, as shown below.

The dots represent the particles on the string.
Describe the movement of particles A and B for one

complete oscillation, as the particle moves to the right.

---------------- B s - R000000000000000

compressions and rarefactions as shown in (b).

Describe how particles A and B have moved from
their initial positions to form the compression.

4 For the wave shown below, describe the direction of 7 Compare similarities and differences between the
energy transfer of the sound between the tuning fork properties of longitudinal and transverse waves and
and point X. Justify your answer. give an example of each.

ff M " SRR X 8 Why can't sound waves travel through the vacuum of
L » space?
9 Compare the similarities and differences between a

wave on a guitar string and light.

CHAPTER 2 | WAVES AND ELECTROMAGNETIC RADIATION

L T B T T e T T R I T T T T T B T e T I T I I T T T T B T e T T T R |

63




The features of a mechanical wave can be represented using a graph. In this section
yvou will explore how the displacement of particles within the wave can be represented
using graphs. From these graphs several key features of a wave can be identified:
« amplitude
+ wavelength
* frequency
* period
+ speed.
Waves of different amplitudes and wavelengths can be seen 1in Figure 2.2.1.

FIGURE 2.2.1 Waves can have different

wavelengths, amplitudes, frequencies, periods DISPLACEMENT-DISTANCE GRAPHS

and speeds, which can all be represented on : : _ : ;
a graph. The displacement—distance graph in Figure 2.2.2 shows the displacement of all

particles along the length of a transverse wave at a particular point in time.

A one wavelength, 4

i

oy
Rl

amplitude

Particle
displacement

-

Distance from source
FIGURE 2.2.2 A sine wave represents the particle displacements along a wave.

Have a look back at Figure 2.1.3(b) on page 61 of a continuous wave in a slinky.
This ‘snapshot’ in ime shows the particles moving up and down sinusoidally about
a central rest position. As a wave passes a given point, the particle at that point
will go through a complete cycle before returning to its starting point. The wave
spread along the length of the slinky has the shape of a sine or cosine function,
which you will recognise from mathematics. A displacement—distance graph shows
the position (displacement) of the particles at any moment in time along the slinky
about a central position,

From a displacement—distance graph, the amplitude and wavelength of a wave
are easily recognisable.

*  The amplitude of a wave 1s the maximum displacement of a particle from the
average or rest position. That 1s, the amplhitude 1s distance from the middle of
a wave to the top of a crest or to the bottom of a trough. The total distance a
particle will move through in one cycle is twice the amplitude.

* 'The wavelength of a wave 1s the distance between any two successive points in
phase (e.g. points A and B or X andY in Figure 2.2.2). Wavelength 1s denoted
by the Greek letter <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>