


UNIT 4: APPLIED SCIENCE & MATHEMATICS FOR ENGINEERING (INTERMEDIATE)

You will be aware of the typical formulae for energy, work done, power and efficiency. You
must be able to use them when appropriate. These formulae include those shown in the table
below.

Energy energy (J) = power (W) X time (s)
kinetic energy (J) = 2 mv?

potential energy (J) = mass (kg) x height (m) x gravity

(Nkg")
Work done work done (J) = force (N) X distance moved (m)
Power of mechanical and power (W) = work done (J)/time (s), power (W) =
electrical systems potential difference (V) X current (A)

For efficiency of mechanical efficiency = output work/input work

and electrical systems efficiency = output power/input power

Applied mathematics

You will need to be able to apply the following mathematics in the scientific aspects of this
unit.

Recording and manipulating data
Whilst recording practical data, you must be able to:

« record data in tabular form

« calculate average readings

« use the standard units, for example mass (kilograms), length (metres), time (seconds),
and temperature (Celsius)

« use other units relevant to work in specific scientific disciplines

« use appropriate multiples (kilo-, deci-), and sub-multiples (milli-, centi-, micro-) of units

- record data to an appropriate degree of accuracy

« quote the result of subsequent calculations to an appropriate degree of accuracy

«  work with decimal numbers and numbers in standard form where appropriate

+ quote numbers to given levels of significant figures and decimal places.

Direct proportion, linear and non-linear models
When you are presenting your practical data you should:

+  be familiar with direct proportion (y=mx) and linear (y=mx-+c) models

+ Dbe able to recognise the graphical representations of such models and use the graphical
features of gradient and intercept to confirm algebraic statements of such models

+ Dbe able to predict graphical representation given an algebraic statement of such a model

+ have experience of engineering systems which produce non-linear models (but you do
not need to be able to recognise specific models of this type).

Using graphs

You must be able to produce hand-drawn graphs in the following way:

- find the gradient and intercept of a linear graph and the physical significance of these
quantities in a particular application, eg the gradient of a velocity-time graph gives
acceleration
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« calculate the gradient of the curve from the tangent for non-linear graphs
« work out the area under a graph and understand any physical significance, eg area under
a velocity-time graph gives distance.

Using algebraic techniques

You must be able to use the following algebraic techniques:

«  substitute values (adjusting units where necessary) for the range of scientific laws,
principles and models
+ transpose simple formulae, such as y=mxand y=mx+c, to calculate a given physical

quantity.
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ASSESSMENT EVIDENCE

You need to produce answers to questions which show your skills and understanding of:

forces, motion and electricity as used in given engineering systems

identification of the major forms of energy in given engineering systems and description of the energy changes

manipulation of given numerical data, use of appropriate units, multiples and sub-multiples of units

construction of graphs, reading and interpreting results from gradients, intercepts and areas on graphs.

Pass

To achieve a pass your work must show:

Merit

To achieve a merit your work must show:

Distinction

To achieve a distinction your work must show:

P1 relevant scientific information about forces, motion,
electricity and energy in given engineering systems

P2 formulae relevant to scientific principles when analysing
given engineering systems

P3  relevant applied mathematics skills to calculate unknown
values in scientific formulae

P4 manipulation of given data to produce suitable graphs.

M1 valid links between the operation of given engineering
systems and underlying scientific principles

M2 that you have checked the accuracy of your calculations

M3 application of a range of scientific principles and
mathematical techniques together to determine values
relevant to engineering systems.

D1 conclusions and decisions from results obtained by using
mathematical techniques
D2 confidence and consistency in the application of science

and mathematics.
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ESSENTIAL INFORMATION FOR TEACHERS

Teaching strategies

The aim of the unit is to give students an understanding of how scientific principles influence
engineering products and services. It shows students how products and services can be
described by mathematical techniques such as graphs and formulae. It is important that
students’ work on this unit is in the context of engineering products or services and that their
investigations involve experimental work (using data collected by the students in a practical
situation).

The unit draws on scientific and mathematical knowledge and skills supplied by the national
curriculum at Key Stage 4, building on Foundation Unit 4. Students may require initial
revision of underpinning science and mathematics, and will find it useful and motivating if
the initial teaching is situated in engineering applications. The intended pass standard should
be in line with comparable mathematics and science at Grade C GCSE. Middle tier GCSE
papers may provide useful guidance in helping ensure the students are working at an
appropriate level.

It is likely that students will need practice at working algebraically before being able to use
confidently the range of techniques required in this unit. In particular, they will need to
become confident in using a range of variables other than x and y in formulae. The studies in
the unit reinforce the links between graphical work and algebraic form.

Any engineering products or services can be used to deliver this unit. The option of
‘engineering services’ is to allow the study of items like a telecommunications exchange or
broadcasting system.

Examples of engineering products are:

« ahydraulic jack

« an electrical heater
« apulley system

« ascrew jack

« aCD player

« atape recorder

« ametal detector.

It is motivating for students if they find the product interesting.

Energy principles are used in all products and services and can be used to unify the
investigation.

One useful approach to this unit would be a ‘features and benefits chart’. Students could link
the features and benefits to the different scientific and mathematical principles.
Assessment strategies

This unit is assessed through an external assessment.

Pass

Sample assessments, and past papers, are published separately by Edexcel and should be
used in conjunction with this specification when preparing candidates for the external
assessment. The assessment contains examples of the type of questions which candidates will
be expected to answer.
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They will be asked questions which enable them to demonstrate their ability to determine
relevant scientific information about engineering systems, select and use appropriate
scientific formulae when carrying out calculations relevant to the engineering system, and
calculate values of variables relevant to the engineering system. They will have an
opportunity to draw a graph from given data.

Some questions in the assessment are intended to provide opportunities for candidates to
demonstrate superior performance and to demonstrate that they can meet merit or distinction
criteria.

Merit

Merit candidates will also be able to demonstrate their understanding of the relationship
between the way the engineering system works and the science and mathematics which
describe its operation. They will have opportunities to apply a range of principles and
techniques when answering questions They will demonstrate, perhaps by obtaining correct
answers to questions that they can work accurately and consistently check the accuracy of
their answers.

Distinction

Distinction candidates will also be able to demonstrate confidence in using a range of
mathematical principles and mathematical techniques together in appropriate ways to
consistently calculate correct values. They will also be able to make decisions based on their
calculations and draw conclusions from the calculations that they have carried out.
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Key Skills

This guidance highlights the most relevant Key Skills opportunities in this unit. It contains
suggestions only. You will need to check that students have produced all the evidence
required to meet part A and part B of the Key Skills specifications. Students may need to
develop additional evidence elsewhere to meet fully the requirements of the Key Skills
specifications.

Guidance is referenced in two ways:
K — keys to attainment

These are Key Skills or aspects of Key Skills which students should achieve as they meet the
vocational requirements of the units. Only part B of the Key Skill is highlighted — you will
need to check that students achieve part A.

S — signposting

These are opportunities that can be incorporated naturally into the learning programme.

APPLICATION OF NUMBER, LEVEL 2 Key Skills
Reference

When students are: They should be able to develop the following key
skills evidence:

gathering numerical i N2.1  Interpret information from two different K

data from practical sources, including material containing a graph.

investigations to N2.2  Carry out calculations to do with:

generate and K

interpret results - amounts and sizes K

from formulae - scales and proportions S
- handling statistics K

- using formulae.

N2.3  Interpret the results of calculations and present | K
findings. Use at least one graph, one chart and
one diagram.

constructing graphs, i N2.1  Interpret information from two different K
reading and sources, including material containing a graph
interpreting results

. N2.2  Carry out calculations to do with:
from gradients,

intercepts and areas - amounts and sizes K
on graphs - scales and proportions K
- handling statistics S

- using formulae. K

N2.3  Interpret the results of calculations and present K

findings. Use at least one graph, one chart and
one diagram.
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COMMUNICATION, LEVEL 2 Key Skills
Reference
When students are: They should be able to develop the following key
skills evidence:
« communicating C2.1a Contribute to a discussion about a S
clearly the straightforward subject.
principles of energy, Or
electricity, force
and motion involved i C2.1b  Give a short talk about a straightforward S
in the operation of subject, using an image.
the chosen systems
- finding out about C2.2  Read and summarise information from two S
one major extended documents about a straightforward
mechanical and subject. One of the documents should include at
major electrical least one image.
system and energy,
electricity, force
and motion in
systems
«  producing their C2.3  Write two different types of documents about S
information straightforward subjects. One piece of writing
should be an extended document and include at
least one image.
INFORMATION TECHNOLOGY, LEVEL 2 Key Skills
Reference
When students are: They should be able to develop the following key
skills evidence:
« finding out about IT2.1  Search for and select information for two S
one major different purposes.
mechanical and
major electrical
system and energy,
electricity, force
and motion in the
systems
«  producing their IT2.2 Explore and develop information, and derive S
information new information, for two different purposes.
IT2.3  Present combined information for two different |S

purposes. Include at least one example of text,
one example of images and one example of
numbers.

G006768 — Intermediate GNVQ Engineering — Issue 1 — May 2000

51




UNIT 4: APPLIED SCIENCE & MATHEMATICS FOR ENGINEERING (INTERMEDIATE)

52 G006768 — Intermediate GNVQ Engineering — Issue 1 — May 2000



