AQAHY

Working Scientifically
Physics Equations
and

DfE Maths skills

Published date: Summer 2016 version 1



3 Working scientifically

Science is a set of ideas about the material world. We have included all the parts of what good
science is at GCSE level: whether it be investigating, observing, experimenting or testing out ideas
and thinking about them. The way scientific ideas flow through the specification will support you in
building a deep understanding of science with your students. We know this will involve talking
about, reading and writing about science plus the actual doing, as well as representing science in
its many forms both mathematically and visually through models.

This specification encourages the development of knowledge and understanding in science through
opportunities for working scientifically. Working scientifically is the sum of all the activities that
scientists do. We feel it is so important that we have woven it throughout our specification and
written papers.

Our schemes of work will take this further for you and signpost a range of ways to navigate
through this qualification so your students are engaged and enthused. These free resources
support the use of mathematics as a tool for thinking through the use of mathematical language
in explanations, applications and evaluations.

The tables below show examples of the ways working scientifically could be assessed.

1 Development of scientific thinking

Students should be able to: Examples of what students could be asked to
do in an exam

WSs1.1 Give examples to show how scientific methods

Understand how scientific methods and theories | and theories have changed over time.

develop over time. Explain, with an example, why new data from

experiments or observations led to changes in
models or theories.

Decide whether or not given data supports a
particular theory.

WS 1.2 Recognise/draw/interpret diagrams.

Use a variety of models such as representational,
spatial, descriptive, computational and
mathematical to solve problems, make
predictions and to develop scientific explanations | Use models in explanations, or match features

Translate from data to a representation with a
model.

and understanding of familiar and unfamiliar of a model to the data from experiments or
facts. observations that the model describes or
explains.

Make predictions or calculate quantities based
on the model or show its limitations.

Give examples of ways in which a model can be
tested by observation or experiment.




Students should be able to:

WS 1.3

Appreciate the power and limitations of science
and consider any ethical issues which may arise.

Examples of what students could be asked to
do in an exam

Explain why data is needed to answer scientific
guestions, and why it may be uncertain,
incomplete or not available.

Outline a simple ethical argument about the
rights and wrongs of a new technology.

WS 1.4

Explain everyday and technological applications
of science; evaluate associated personal, social,
economic and environmental implications; and
make decisions based on the evaluation of
evidence and arguments.

Describe and explain specified examples of the
technological applications of science.

Describe and evaluate, with the help of data,
methods that can be used to tackle problems
caused by human impacts on the environment.

WS 1.5

Evaluate risks both in practical science and the
wider societal context, including perception of
risk in relation to data and consequences.

Give examples to show that there are hazards
associated with science-based technologies
which have to be considered alongside the
benefits.

Suggest reasons why the perception of risk is
often very different from the measured risk (eg
voluntary vs imposed risks, familiar vs unfamiliar
risks, visible vs invisible hazards).

WS 1.6

Recognise the importance of peer review of
results and of communicating results to a range
of audiences.

Explain that the process of peer review helps to
detect false claims and to establish a consensus
about which claims should be regarded as valid.

Explain that reports of scientific developments in
the popular media are not subject to peer review
and may be oversimplified, inaccurate or biased.




2 Experimental skills and strategies

Students should be able to:

WS 2.1

Use scientific theories and explanations to
develop hypotheses.

Examples of what students could be asked to
do in an exam

Suggest a hypothesis to explain given
observations or data.

WS 2.2

Plan experiments or devise procedures to
make observations, produce or characterise
a substance, test hypotheses, check data or
explore phenomena.

Describe a practical procedure for a specified
purpose.

Explain why a given practical procedure is well
designed for its specified purpose.

Explain the need to manipulate and control
variables.

Identify in a given context:

< the independent variable as the one that is
changed or selected by the investigator

< the dependent variable that is measured for
each change in the independent variable

< control variables and be able to explain why
they are kept the same.

Apply understanding of apparatus and
techniques to suggest a procedure for a specified
purpose.

WS 2.3

Apply a knowledge of a range of techniques,
instruments, apparatus, and materials to select
those appropriate to the experiment.

Describe/suggest/select the technique,
instrument, apparatus or material that should be
used for a particular purpose, and explain why.

WS 2.4

Carry out experiments appropriately having due
regard for the correct manipulation of apparatus,
the accuracy of measurements and health and
safety considerations.

Identify the main hazards in specified practical
contexts.

Suggest methods of reducing the risk of harm in
practical contexts.

WS 2.5

Recognise when to apply a knowledge of
sampling techniques to ensure any samples
collected are representative.

Suggest and describe an appropriate sampling
technique in a given context.

WS 2.6

Make and record observations and
measurements using a range of apparatus and
methods.

Read measurements off a scale in a practical
context and record appropriately.

WS 2.7

Evaluate methods and suggest possible
improvements and further investigations.

Assess whether sufficient, precise measurements
have been taken in an experiment.

Evaluate methods with a view to determining
whether or not they are valid.




3 Analysis and evaluation

Apply the cycle of collecting, presenting and analysing data, including:

Students should be able to:

Examples of what students could be asked to
do in an exam

WS 3.1

Presenting observations and other data using
appropriate methods.

Construct and interpret frequency tables and
diagrams, bar charts and histograms.

Plot two variables from experimental or other
data.

WS 3.2
Translating data from one form to another.

Translate data between graphical and numeric
form.

WS 3.3

Carrying out and represent mathematical and
statistical analysis.

For example:

e use an appropriate number of significant
figures

« find the arithmetic mean and range of a set of
data

e construct and interpret frequency tables and
diagrams, bar charts and histograms

« make order of magnitude calculations

= change the subject of an equation

e substitute numerical values into algebraic
equations using appropriate units for physical
quantities

« determine the slope and intercept of a linear
graph

- draw and use the slope of a tangent to a curve
as a measure of rate of change

e understand the physical significance of area

between a curve and the x-axis and measure
it by counting squares as appropriate.

WS 3.4

Representing distributions of results and make
estimations of uncertainty.

Apply the idea that whenever a measurement is
made, there is always some uncertainty about
the result obtained.

Use the range of a set of measurements about
the mean as a measure of uncertainty.

WS 3.5

Interpreting observations and other data
(presented in verbal, diagrammatic, graphical,
symbolic or numerical form), including identifying
patterns and trends, making inferences and
drawing conclusions.

Use data to make predictions.

Recognise or describe patterns and trends in
data presented in a variety of tabular, graphical
and other forms.

Draw conclusions from given observations.




Students should be able to: Examples of what students could be asked to

do in an exam

WS 3.6 Comment on the extent to which data is

Presenting reasoned explanations including consistent with a given hypothesis.

relating data to hypotheses. Identify which of two or more hypotheses

provides a better explanation of data in a given

context.
WS 3.7 Apply the following ideas to evaluate data to
Being objective, evaluating data in terms of suggest improvements to procedures and
accuracy, precision, repeatability and techniques.
reproducibility and identifying potential sources e An accurate measurement is one that is close
of random and systematic error. to the true value.

* Measurements are precise if they cluster

closely.

* Measurements are repeatable when repetition,
under the same conditions by the same
investigator, gives similar results.

 Measurements are reproducible if similar
results are obtained by different investigators
with different equipment.

e Measurements are affected by random error
due to results varying in unpredictable ways;
these errors can be reduced by making more
measurements and reporting a mean value.

e Systematic error is due to measurement
results differing from the true value by a
consistent amount each time.

e Any anomalous values should be examined to
try to identify the cause and, if a product of a
poor measurement, ignored.

WS 3.8 Present coherent and logically structured
Communicating the scientific rationale for responses, using the ideas in 2 Experimental
investigations, methods used, findings and skills and strategies and 3 Analysis and

reasoned conclusions through paper-based and | evaluation, applied to the required practicals, and
electronic reports and presentations using verbal, = Other practical investigations given appropriate
diagrammatic, graphical, numerical and symbolic | information.

forms.




4 Scientific vocabulary, quantities, units, symbols and

nomenclature

Students should be able to:

Examples of what students could be asked to
do in an exam

WS4.1

Use scientific vocabulary, terminology and
definitions.

WS 4.2
Recognise the importance of scientific quantities
and understand how they are determined.

WS 4.3

Use Sl units (eg kg, g, mg; km, m, mm; kJ,

J) and IUPAC chemical nomenclature unless
inappropriate.

WS 4.4

Use prefixes and powers of ten for orders of
magnitude (eg tera, giga, mega, kilo, centi, milli,
micro and nano).

WS 4.5

Interconvert units.

WS 4.6

Use an appropriate humber of significant figures
in calculation.

The knowledge and skills in this section apply
across the specification, including the required
practicals.




9 Appendix A: Physics equations

In solving quantitative problems, students should be able to recall and apply the following equations,
using standard Sl units.

Equations required for Higher Tier papers only are indicated by HT in the left hand column.

Equation A Word equation Symbol
number equation

1 weight = mass x gravitational field strength (g) W=mg
2 work done = force x distance along the line of action of the force W=Fs
3 force applied to a spring = spring constant x extension F=ke
4 moment of a force = force x distance normal to direction of force M=Fd
5 pressure = force normal to a surface F
6 distance travelled = speed x time s=vt
acceleration = °hange in velocity av
8 resultant force = mass x acceleration F=ma
9 HT momentum = mass x velocity p=myv
10 kinetic energy = 0.5 x mass x speed 2 Ec= ;mV2
11 gravitational potential energy = mass E,=mgh
x gravitational field strength g X height
12 power = €% transferred E
13 power = work done W
14 efficiency = Ve ouput ey vt
1 efficioncy = i T e
16 wave speed = frequency x wavelength v="FA
17 charge flow = current x time Q=1t
18 potential difference = current x resistance V=IR
19 power = potential difference x current P=VI
20 power = current 2 x resistance P=1°R
21 energy transferred = power x time E=Pt
22 energy transferred = charge flow x potential difference E=QV
23 density = ™M p="




Students should be able to select and apply the following equations from the Physics equation sheet.

Equations required for Higher Tier papers only are indicated by HT in the left hand column.

Equation | Word equation Symbol
number equation

1HT pressure due to a column of liquid = height of column x density of liquid p=hpg
x gravitational field strength (g)
2 (final velocity’ — (initial velocity ¥ = 2 x acceleration x distance v —u?=2as
3 HT force = change in momentum m Av
4 . ) _ . SN2 _ 1, 2
elastic potential energy = 0.5 x spring constant x (extension ) E.= ke
5 change in thermal energy = mass x specific heat capacity AE=mc A@
x temperature change
6 period = —*
frequency
! magnification = mage height
object height
8 HT force on a conductor (at right angles to a magnetic field) F=BII
carrying a current = magnetic flux density x current x length
9 thermal energy for a change of state = mass x specific latent heat E=mL
10 HT potential difference across primary coil = number of turns in primary coil Vp np
Ve T g
11 HT potential difference across primary coil x current in primary coil Vilg=V, 1,
= potential difference across secondary coil x current in secondary coil
12

For gases: pressure x volume = constant

p V = constant




DfE Maths Skills

Mathematical skills Subject
1 | Arithmetic and numerical computation
a | Recognise and use expressions in decimal form B|C|P|CS
b | Recognise and use expressions in standard form B|C|P|CS
¢ | Use ratios, fractions and percentages B|C|P|CS
d | Make estimates of the results of simple calculations B|C|P|CS
2 | Handling data
a | Use an appropriate number of significant figures B|C CS
b | Find arithmetic means B|C|P|CS
¢ | Construct and interpret frequency tables and diagrams, bar charts and histograms B|C|P|CS
d | Understand the principles of sampling as applied to scientific data B CS
e Understand simple probability B CS
f Pnderstand the terms mean, mode and median B P|CS
g | Use a scatter diagram to identify a correlation between two variables B P|CS
h Make order of magnitude calculations B|C|P|CS
3 | Algebra
a Understand and use the symbols: =, <, <<, >>, >, &, ~ B|C|P|CS
b | Change the subject of an equation C|P|CS
¢ Substitute numerical values into algebraic equations using appropriate units for physical quantities C|P|CS
d | Solve simple algebraic equations B P|CS
4 Graphs
a | Translate information between graphical and numeric form B|C|P|CS
b Understand that y=mx+c represents a linear relationship B|C|P|CS
¢ [Plot two variables from experimental or other data B|C|P|CS
d Determine the slope and intercept of a linear graph B|C|P|CS
e Draw and use the slope of a tangent to a curve as a measure of rate of change C CS
f Understand the physical significance of area between a curve and the x-axis and measure it by P|CS
counting squares as appropriate
5 Geometry and trigonometry
a | Use angular measures in degrees P|CS
b \Visualise and represent 2D and 3D forms including two dimensional representations of 3D objects C|P|CS
¢ | Calculate areas of triangles and rectangles, surface areas and volumes of cubes. B|C|P|CS
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