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Foreword to Revised Edition

This Revised Edition has been produced to consolidate earlier revisions to these specifications and any
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Re-sits of Units — The restrictions on re-sitting units have been removed, enabling candidates to re-
take units more than once (for details see page 18).
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Foreword (continued)

This booklet contains OCR’s Advanced Subsidiary GCE (AS) and Advanced GCE (A level)
Physics A specifications for teaching from September 2004.

The AS GCE is assessed at a standard appropriate for candidates who have completed the
first year of study of a two year Advanced GCE course, i.e. between GCSE and Advanced
GCE. It forms the first half of the Advanced GCE course in terms of teaching time and
content. When combined with the second half of the Advanced GCE course, known as ‘A2’,
the AS forms 50% of the assessment of the total Advanced GCE. However, the AS can be
taken as a ‘stand-alone’ qualification. A2 is weighted at 50% of the total assessment of the
Advanced GCE.

In these specifications the term module is used to describe specific teaching and learning
requirements. The term unit describes a unit of assessment.

Each teaching and learning module is assessed by its associated unit of assessment.

These specifications meet the requirements of the Common Criteria (Qualifications and
Curriculum Authority, 1999), the GCE AS and Advanced Level Qualification-Specific Criteria
(QCA, 1999) and the relevant Subject Criteria (QCA, 1999).

Biology 3881 & 7881
Chemistry 3882 & 7882
Physics A 3883 & 7883
Geology 3884 & 7884
Science 3885 & 7885
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Specification Summary

Outline

The OCR AS GCE and Advanced GCE in Physics A specifications cover all the content
identified in the Physics subject criteria (QCA, 1999) in compulsory modules, whilst including
optional modules to give candidates the opportunity to explore an area of physics in depth.
Some options deal with modern applications of physics, whilst others cover more traditional
areas. The assessment of experimental skills is flexible with coursework and practical
examination alternatives in both AS and A2.

Specification Content

Modules 2821,2822, 2823, 2824, and 2826 draw, as appropriate, on the content identified in
the QCA Subiject Criteria for Physics. The content is chosen to provide a balanced and
coherent study of physics. In addition, the specifications require candidates to develop
abilities used in making sense of scientific information. Module 2825 provides five optional
components of which one is chosen for study. The optional components are as follows:

. Component 01 Cosmology

. Component 02 Health Physics

. Component 03 Materials
. Component 04 Nuclear and Particle Physics
. Component 05 Telecommunications

Scheme of Assessment

The AS GCE forms 50% of the assessment weighting of the full Advanced GCE. AS GCE is
assessed at a standard between GCSE and Advanced GCE and can be taken as a stand-
alone specification or as the first part of the full Advanced GCE course.

Assessment is by means of three Units of Assessment for AS and six Units of
Assessment for Advanced GCE:

AS GCE Candidates take units 2821, 2822 and 2823.
Advanced GCE Candidates take units 2821, 2822, 2823, 2824, 2825
and 2826.
Note: In Unit 2823, candidates take either components 01 and 02 or components 01
and 03.

In Unit 2825, candidates take one of components 01 — 05.

In Unit 2826, candidates take either components 01 and 02 or components 01 and 03.
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Unit/ Weighting
mponent Mode of
Level 0 EO = Duration A AS  Advanced
(where ssessment GCE
relevant)
. Written
AS 2821 Forces and Motion 1 hour L 30% 15%
Examination
Electrons and Written
AS 2822 1 hour - 30% 15%
Photons Examination
Wave Properties/
AS 2823 . P .
Experimental Skills 1
. . Written
/01 | Wave Properties 45 mins . 20% 10%
Examination
/02 | Coursework 1 - Coursework 20% 10%
Practical 1 hour 30 Practical
/03 o . o 20% 10%
Examination 1 mins Examination
Forces, Fields and 1 hour 30 Written
A2 2824 . - - 15%
Energy mins Examination
Options in Physics
A2 2825 P 4
(one of)
1 hour 30 Written
/01 | Cosmology . - - 15%
mins Examination
1 hour 30 Written
/02 | Health Physics . - - 15%
mins Examination
1 hour 30 Written
/03 | Materials . - - 15%
mins Examination
Nuclear and Particle 1 hour 30 Written
/04 . . - - 15%
Physics mins Examination
o 1 hour 30 Written
/05 | Telecommunications . - - 15%
mins Examination
Unifying Concepts in
A2 2826 Physics/
Experimental Skills 2
ifvi 1 hour 15 Written
01 Unifying Concepts _ ten ) 10%
in Physics mins Examination
/02 | Coursework 2 - Coursework - 10%
Practical 1hr30 Practical
/03 o . L - 10%
Examination 2 mins Examination
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Question Paper Requirements

The question papers for units 2821, 2822, 2823 (Component 01), 2824 and 2826 have a
common format. They contain both structured questions and questions which require more
extended answers. All questions on these papers are compulsory. Quality of written
communication is assessed in Units 2821, 2822 and 2824, within those parts of the questions
which require more extended answers.

The question papers for Unit 2825 (Components 01 — 05), Unit 2826 (Component 01) and
Unit 2826 (Component 03) contain questions covering synoptic assessment. Unit 2826
(Component 01) is a synoptic paper, which requires candidates to draw together their
knowledge and understanding developed through study of modules 2821, 2822 and 2823
(Component 01) of the AS specification and module 2824 in A2. All questions in examination
paper 2826 (Component 01) are compulsory; some questions require more extended writing.

All questions on the practical examination papers, Unit 2823 (Component 03) and Unit 2826
(Component 03), are compulsory. These practical examination papers are alternatives to
coursework (Unit 2823 (Component 02) and Unit 2826 (Component 02) respectively).

Experimental and Investigative Skills

Experimental skills for AS and Advanced level are assessed
. either by coursework (Unit 2823, Component 02 and Unit 2826, Component 02)

. or by external examination (Unit 2823, Component 03 and Unit 2826, Component 03).

Candidates may combine the two methods of assessment by taking the coursework
component in AS and the practical examination component in A2 or vice versa.

Coursework

For both AS GCE and Advanced GCE, candidates can be internally assessed on four
experimental and investigative skills. One mark per skill must be awarded for each candidate,
for AS (Unit 2823 Component 02) and for A2 (Unit 2826 Component 02). Work is marked by
the teacher, internally standardised at the Centre, and externally moderated by OCR. There
is an element of synoptic assessment in Unit 2826, Component 02.

External examination

For both AS GCE and Advanced GCE, candidates can take an externally set and marked
practical examination (Unit 2823, Component 03 and Unit 2826, Component 03 respectively).
There is an element of synoptic assessment in Unit 2826, Component 03.

6 Specification Summary OCR GCE Physics A
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1 Introduction

These OCR specifications lead to qualifications at AS GCE and Advanced GCE in Physics.
Candidates take three Units of Assessment for AS and a further three for A2. AS and A2
combined constitute the full Advanced GCE specification. There are coursework alternatives
in both AS and A2.

These specifications have been developed for candidates who wish to continue with a study
of Physics after GCSE. Some candidates may wish to follow a Physics course for only one
year as an AS GCE, in order to broaden their curriculum. Others will continue for a further
year extending their course to Advanced GCE. Such a course will prepare candidates to
progress into further or higher education, to follow courses in Physics, Engineering, one of the
other sciences or related subjects, or to enter employment where a knowledge of Physics
would be useful. The study of Physics at AS GCE and Advanced GCE should also be seen as
making a contribution towards life-long learning and an understanding of technological
advances and their impact on modern day society.

These AS GCE and Advanced GCE Physics specifications cover important physical
knowledge, understanding and skills. The AS GCE specification builds from grade CC in
Science: Double Award courses or equivalent science based-qualifications, such as
Intermediate level GNVQ. Recommended prior knowledge within AS modules is described in
terms of National Curriculum statements.

Experience of the role of experimental work is important in any course in Physics and is
recognised in these specifications by the inclusion of coursework components, or practical
examinations, at both AS and A2, based on assessment of experimental skills.

The assessment of experimental and investigative skills builds from GCSE. The skills cover
the same areas as Scl of GCSE, and the mark descriptors are formulated in the same way as
the GCSE mark descriptors.

It is expected that social, economic, environmental, ethical, medical and technological aspects
of physics will be incorporated into the delivery of these specifications. References to these
aspects of physics are integrated into modules throughout the course.

1.1 Certification Title

These qualifications are shown on a certificate as:
. OCR Advanced Subsidiary GCE in Physics.

. OCR Advanced GCE in Physics

OCR GCE Physics A Introduction 7
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1.2 Language
These specifications and associated assessment materials are available in English only.

1.3  Overlap with other qualifications
Links with Key Stage 4
The AS GCE specification builds on from grade CC in GCSE Science: Double Award courses,
or equivalent. Recommended prior knowledge within AS modules is described in terms of
National Curriculum statements. For candidates who have not studied the National
Curriculum, the equivalent background knowledge is expected.
The assessment of experimental and investigative skills also builds on from GCSE. The four
skills assessed are the same as in Scl of GCSE and the mark descriptors are formulated in
the same way as the GCSE mark descriptors.
Links with other AS GCE and Advanced GCE specifications
Physics has overlap with other AS GCE and Advanced GCE specifications, particularly
Biology and Chemistry.
Examples of overlap include:
Biology
Module 2805, Component 05: Mammalian Physiology and Behaviour. Support and
Locomotion (5.9.3). This overlaps Section 5.6.1, Body Mechanics in Module 2825,
Component 02 Health Physics.
Module 2805, Component 05: Mammalian Physiology and Behaviour. Sense Organs and
the Reception of Stimuli (5.9.5). This overlaps Section 5.6.2, The Eye and Sight in Module
2825, Component 02, Health Physics.
Module 2805, Component 05: Mammalian Physiology and Behaviour. Sense Organs and
the Reception of Stimuli (5.9.5). This overlaps Section 5.6.3, The Ear and Hearing in Module
2825, Component 02, Health Physics.
Chemistry
Module 2811: Foundation Chemistry. Atomic Structure (5.1.2). This overlaps with Section
5.4.11, The Nuclear Atom in Module 2824, Forces, Fields and Energy.
Module 2815, Component 04: Methods of Analysis and Detection. Atomic emission
spectra (5.8.3). This overlaps with Section 5.2.4, Quantum Physics in Module 2822, Electrons
and Photons.
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Links with GNVQ

There is some overlap of content and material in modules 2821, 2822, 2823 (Component 01),
2824, 2825 (Component 01) and 2826 (Component 01) can be used to support the physics-
based units in GNVQ Advanced Science courses.

1.4

Exclusions

Candidates who enter for this AS GCE specification may not also enter for any other AS GCE
specification with the certification title Physics in the same examination session.

Candidates who enter for this Advanced GCE specification may not also enter for any other
Advanced GCE specification with the certification title Physics or Science in the same
examination session.

Every specification is assigned to a national classification code indicating the subject area to
which it belongs.

Centres should be aware that candidates who enter for more than one GCE qualification with
the same classification code will have only one grade (the highest) counted for the purpose of
the School and College Performance Tables.

The classification code for these specifications is 1210.

1.5

Code of Practice requirements

These specifications will comply in all respects with the 2004 revised Code of Practice.

OCR GCE Physics A Introduction 9
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2

Specification Aims

The aims of these AS GCE and Advanced GCE specifications are to:

@)

(b)

provide, through well designed studies of theoretical and practical physics, a worthwhile
educational experience for all students, whether or not they go on to study physics at a
higher level and, in particular, to enable them to acquire sufficient understanding and
knowledge to:

. become confident citizens in a technological world, able to take or develop an
informed interest in matters of scientific import;

. recognise the usefulness, and limitation, of scientific method and to appreciate its
applicability in other disciplines and in everyday life;

. be suitably prepared for employment and/or further studies beyond AS GCE or
Advanced GCE.

encourage candidates to:

. develop essential knowledge and understanding in physics and, where
appropriate, the applications of physics, and the skills needed for the use of this
in new and changing situations;

. develop an understanding of the link between theory and experiment;
. appreciate how physics has developed and is used in present day society;
. show the importance of physics as a human endeavour which interacts with

social, philosophical, economic, industrial and environmental matters;
. sustain and develop their enjoyment of, and interest in, physics;

. recognise the quantitative nature of physics and understand how mathematical
expressions relate to physical principles.

In addition, the A2 specification aims to encourage candidates to:

. bring together knowledge of ways in which different areas of physics relate to
each other;
. study how scientific models develop.

2.1

Spiritual, Moral, Ethical, Social and Cultural Issues

These specifications provide an opportunity for candidates to appreciate the following:

the endeavour of physics in describing the structure and functioning of the natural and
material world,;

a sense of awe and wonder at the scale and impact of physical processes and
phenomena,;

the ethical and moral implications of some of the applications of science and
technology.

See, for example, sections 5.1.7, 5.3.1,5.4.2,5.4.11,5.4.12, 5.5, 5.6.2 and 5.7.4.

10
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2.2  Environmental Education
Aspects of environmental education occur in relation to problems associated with
reprocessing and storage of radioactive materials, linking with moral and environmental
issues.
Aspects of environmental education are covered in sections 5.1.6, 5.1.7, 5.4.4, 5.4.11, 5.4.12,
5.8.2and 5.9.7.
2.3 European Dimension
There have been many contributions to the understanding of physics by European physicists.
Coulomb, Einstein and Curie appear in the specification along with many others. There are
also other aspects, not mentioned in the specification, which could be drawn into the course.
For example:
. European co-operation in joint scientific projects (JET)
. Problems associated with reprocessing and storage of radioactive materials, linking
with moral and environmental issues
The European dimension is covered in sections 5.7, 5.8.2 and 5.9.
2.4  Health and Safety Issues
The following Health and Safety Issues feature in these specifications:
. radioactivity;
. health physics;
. safe practice in laboratories;
. problems associated with reprocessing and storage of radioactive materials, linking
with moral and environmental issues.
Health and safety issues are covered in sections 5.1.6, 5.1.7, 5.4.4, 5.4.12, 5.6 and 5.9.
2.5 Avoidance of Bias

OCR has taken great care in the preparation of these specifications and assessments
materials to avoid bias of any kind.

OCR GCE Physics A Specification Aims 11
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3

Assessment Objectives

Knowledge, understanding and skills are closely linked. These specifications require that
candidates demonstrate the following assessment objectives in the context of the content and
skills prescribed. Assessment Objectives AO1-AO3 are the same for AS GCE and

Advanced GCE; AO4 applies only to the A2 half of the Advanced GCE course.

AO1 Knowledge with Understanding
Candidates should be able to:

(@) recognise, recall and show understanding of specific physical facts, terminology,
principles, relationships, concepts and practical techniques;

(b)  draw on existing knowledge to show understanding of the ethical, social, economic,
environmental and technological implications and applications of physics;

(c) select, organise and present relevant information clearly and logically, using
appropriate vocabulary where appropriate.

AO2 Application of Knowledge and Understanding, Synthesis and Evaluation
Candidates should be able to:

(@) describe, explain and interpret phenomena and effects in terms of physical principles
and concepts, presenting arguments and ideas clearly and logically, using specialist
vocabulary where appropriate;

(b) interpret and translate, from one form into another, data presented as continuous prose
or in tables, diagrams, drawings and graphs;

(c) apply physical principles and concepts to unfamiliar situations including those which
relate to the ethical, social, economic, and technological implications and applications
of physics;

(d) assess the validity of physical information, experiments, inferences and statements.

AO3 Experiment and Investigation
Candidates should be able to:

(@) devise and plan experimental activities, selecting appropriate techniques;
(b) demonstrate safe and skilful practical techniques;

(c) make observations and measurements with appropriate precision and record these
methodically;

(d) interpret, explain, and evaluate the results of their experimental activities, using
knowledge and understanding of physics and to communicate this information clearly
and logically in appropriate forms e.g. prose, tables and graphs, using appropriate
specialist vocabulary.

12
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AO4 Synthesis of Knowledge, Understanding and Skills

Candidates should be able to:

(a)  bring together principles and concepts from different areas of physics and apply them in
a particular context, expressing ideas clearly and logically and using appropriate
specialist vocabulary;

(b)  use skills of physics in contexts which bring together different areas of the subject.

The assessment objectives are weighted as follows:

AS GCE A2 Advanced GCE
AO1 48% 25% 36.5%
AO2 32% 25% 28.5%
AO3 20% 10% 15%
AO4 0% 40% 20%

3.1 Specification Grid

The relationship between the assessment objectives and the components of the units of
assessment is shown in the specification grid below.

Percentage of A Level

Unit of Assessment

2821 AS 9 6 0 0 15

2822 AS 9 6 0 0 15
2823 Component 01 AS 6 4 0 0 10
chlrgsf’one”ts AS 0 0 10 0 10
2824 A2 7.5 7.5 0 0 15
2825 (Each of
Components A2 5 5 0 5 15
01— 05)
2826 Component 01 A2 0 0 0 10 10
chlggonems A2 0 0 5 5 10
Total 36.5 28.5 15 20 100

OCR GCE Physics A Assessment Objectives 13
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3.2 Quality of Written Communication

The requirement for all AS GCE and Advanced GCE specifications to assess candidates’

quality of written communication is met through all four assessment objectives. Questions
which provide an assessment of quality of written communication are included in question
papers for Units 2821,2822 and 2824, and in the assessment of experimental skills in Unit
2823, Components 02/03 and in Unit 2826, Components 02/03.

14 Assessment Objectives OCR GCE Physics A
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4 Scheme of Assessment

Candidates take three units of assessment, including an experimental skills component, for
AS GCE, followed by a further three units of assessment, including an experimental skills
component at A2, if they are seeking an Advanced GCE award.

Units of Assessment

Unit/ o Weighting
Level Component Modeof Ad d
Assessment vance
(where relevant)
Forces and Written o o
AS 2821 Motion 1 hour Examination 30% 15%
AS 2822 Electrons and 1 hour Written 30% 15%
Photons Examination
AS 2823 Wave Properties/
Experimental
Skills 1
/01 Wave Properties 45 mins Written 20% 10%
Examination
102 Coursework 1 - Coursework 20% 10%
/03 Practical 1 hour 30 | Practical 20% 10%
Examination 1 mins Examination
A2 2824 Forces, Fields and | 1 hour 30 | Written - 15%
Energy mins Examination
A2 2825 Options in Physics
(one of)
/01 Cosmology 1 hour 30 | Written - 15%
mins Examination
102 Health Physics 1 hour 30 | Written - 15%
mins Examination
/03 Materials 1 hour 30 | Written - 15%
mins Examination
104 Nuclear and 1 hour 30 | Written - 15%
Particle Physics mins Examination
/05 [Telecommunications| 1 hour 30 | Written - 15%
mins Examination
A2 2826 Unifying Concepts
in Physics/
Experimental
Skills 2
/01 Unifying Concepts | 1 hour 15 Written - 10%
in Physics mins Examination
102 Coursework 2 - Coursework - 10%
/03 Practical 1hr30 Practical - 10%
Examination 2 mins Examination

OCR GCE Physics A Scheme of Assessment 15
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Rules of Combination

Candidates must take the following combination of Units of Assessment:

AS GCE

Advanced GCE

Note:

o In Unit 2823 candidates take either components 01 and 02 or components 01 and 03.

examination session.

02).

Units 2821, 2822 and 2823

Units 2821, 2822, 2823, 2824, 2825 and 2826

In Unit 2826 candidates take either components 01 and 02 or components 01 and 03.
In Unit 2825, candidates take one of components 01 — 05.

For Units 2823 and 2826, both chosen components must be taken in the same

If a candidate re-takes either Unit 2823 and/or Unit 2826 within 12 months, they have
the opportunity to carry forward the mark for the coursework component (component

All candidates for units 2823 and 2826 should be entered under the relevant unit code

with one of the following option codes.

Option Code Components to be taken

01 Written Paper
A 02 Coursework
01 Written Paper
° 82 Coursework mark carried forward
01 Written Paper
¢ 03 Practical Examination
o All candidates for Unit 2825 should be entered under the relevant unit code with one of

the following option codes:

Option code Component to be taken

A 01 Cosmology

B 02 Health Physics

C 03 Materials

D 04 Nuclear and Particle Physics
E 05 Telecommunications

16
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Unit Availability

There are two unit sessions each year, in January and June.

The availability of units is shown below.

Unit Level Unit Title NET) June
2005 2005
2821 AS Forces and Motion v v
2822 AS Electrons and Photons v v
2823 AS Wave Properties / Experimental Skills 1 4 4
2824 A2 Forces, Fields and Energy 4 4
2825 A2 Options in Physics 4 v
s | aa |ty Conpe i s |-

The availability shown for 2005 will be the same in subsequent years.

Sequence of Units

The normal sequence in which the units could be taken is Units 2821, 2822 and 2823 in the
first year of a course of study, leading to an AS GCE award, then Units 2824, 2825 and 2826
in the second year, together leading to the Advanced GCE award. However, units may be
taken in other sequences.

Alternatively, candidates may take all units at the end of their AS GCE or Advanced GCE
course in a ‘linear’ manner, if desired.

Synoptic Assessment

Synoptic assessment involves the explicit drawing together of knowledge, understanding and
skills learned in different parts of the Advanced GCE course. Assessment Objective AO4
relates specifically to synoptic assessment. The emphasis of synoptic assessment is on
understanding and application of the principles included in the specification. It accounts for
20% of the total Advanced GCE marks and is assessed only in A2 Units 2825 and 2826 (all
components). Units 2825 and 2826 should normally, therefore, be taken at the end of the
course, but this is no longer a requirement.

Synoptic assessment:

. requires candidates to make and use connections between different areas of physics,
for example, by applying knowledge and understanding of more than one area to a
particular situation or context;

. provides opportunities for candidates to use ideas and skills which permeate physics,
for example, the analysis and evaluation of empirical data and other information, in
contexts which may be new to them.

Questions are set in the examination papers for Units 2825 and 2826 (components 01 and
03) which will require candidates to demonstrate these abilities.

OCR GCE Physics A Scheme of Assessment 17
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During experimental and investigative work, synoptic assessment

. allows candidates to apply knowledge and understanding of principles and concepts of
physics in planning experimental work and in the analysis and evaluation of data.

All practical work assessed internally by centres for the A2 coursework component (Unit 2826
Component 02) should draw on the range of experience that the candidate has acquired
during the AS course. It is particularly important that an exercise used to evaluate planning
skills should involve an element of research which goes beyond the repetition of an
experiment that simply reflects the use of ideas or techniques met within the module, currently
being studied. Likewise an assessment involving the analysing and evaluation of evidence
must require a candidate to use knowledge and understanding acquired outside the confines
of a standard experiment recently practised. During the process of moderation, evidence will
be sought that such breadth has been achieved.

Unit 2826, Component 02 also, therefore, includes an element of synoptic assessment.

Certification

Candidates may enter for:
. AS GCE certification;
. AS GCE cetrtification, bank the result, and complete the A2 assessment at a later date.

. Advanced GCE cetrtification.

Candidates must enter the appropriate AS and A2 units to qualify for the full Advanced GCE
award.

Individual unit results, prior to certification of the qualification, have a shelf-life limited only by
that of the qualification.

Re-sits of Units

The restrictions on re-sitting units have been removed, enabling candidates to re-take units
more than once. Upon making an entry for certification, the best attempt will be counted
towards the final award. This change applies to all candidates, including those who have
already been entered for any units or full qualifications.

Re-sits of AS and Advanced Level

Candidates may still enter for the full qualification an unlimited number of times.

18 Scheme of Assessment OCR GCE Physics A
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4.1

Question Papers

4.1.1

4.1.2

AS

Unit 2821 - Forces and Motion (1 hour) (60 marks)
Unit 2822 - Electrons and Photons (1 hour) (60 marks)

The question papers for Units 2821 and 2822 have a common format. They contain questions
comprising both structured parts and parts which require more extended answers. The
distribution of marks is approximately 50 marks for the structured parts and 10 marks for the
extended answers. All questions on these examination papers are compulsory. Quality of
written communication is assessed within those parts of the questions which require more
extended answers.

Unit 2823, Component 01 — Wave Properties (45 minutes) (45 marks)

The question paper contains structured questions. Some may require more extended writing.
All questions on this paper are compulsory.

Unit 2823, Component 03 - Practical Examination 1 (1 hour 30 minutes) (60 marks)

Details of the external assessment of Experimental and Investigative Skills (Practical
Examination 1) can be found in Section 4.2.

The question paper consists of a Planning Exercise set by OCR and a Practical Test. Details
of the Planning Exercise will be sent to Centres before the date of the Practical Test. The
Practical Test consists of two questions.

A2

Unit 2824 - Forces, Fields and Energy (1 hour 30 minutes) (90 marks)
Unit 2825 — Options in Physics (1 hour 30 minutes) (90 marks)

The question papers for Units 2824 and 2825 (Components 01 — 05) have the same format as
the question papers for Units 2821 and 2822. They contain questions comprising both
structured parts and parts which require more extended answers. The distribution of marks is
approximately 75 marks for the structured parts and 15 marks for the extended answers. All
questions on these papers are compulsory. Quality of written communication is assessed in
Unit 2824 within those parts of the questions which require more extended answers.

In each of the components 01 — 05 of Unit 2825, approximately 30 marks is allocated to
guestions which involve the analysis of data and/or comprehension. These synoptic
questions/part questions require candidates to draw on their knowledge of modules 2821,
2822 and 2823 (Component 01) and 2824.

OCR GCE Physics A Scheme of Assessment 19
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Unit 2826 Component 01 — Unifying Concepts in Physics (1 hour 15 minutes) (60 marks)

The question paper contains questions which require extended writing. All questions on this
paper are compulsory. Candidates are expected to draw together knowledge, understanding
and skills from modules 2821, 2822 and 2823 (Component 01) and module 2824 and to show
connections between different aspects of physics.

Unit 2826 Component 03 — Practical Examination 2 (1 hour 30 minutes) (60 marks)

Details of external assessment of Experimental and Investigative Skills (Practical Examination
2) can be found in Section 4.2.

4.2

Experimental and Investigative Skills

Experimental and Investigative skills may be assessed either internally (by coursework) or
externally (by a combination of an externally marked task and a practical examination).

Candidates’ work contributing directly to coursework assessment should occupy between five
and ten hours for each of AS and A2. Further time is, of course, necessary for the acquisition
of experimental and investigative skills.

Entries are made for Unit 2823, Component 02 or Component 03 (in AS) and/or Unit 2826,
Component 02 or Component 03 (in A2). In each of these units candidates must take two
components - a written paper (Component 01) which assesses a part module of content and
one of the above two assessments of experimental and investigative skills (Component 02 or
Component 03). Both written paper and skills assessment components must be taken in the
same examination session.

In Unit 2823 (Components 02 and 03), marks contribute towards Assessment Objective AO3,
Experiment and Investigation.

In Unit 2826 (Components 02 and 03), marks contribute equally to Assessment Objectives
AO3 and AO4, Synthesis of Knowledge, Understanding and Skills. There is assessment of
AO4, because:

. candidates are required to use physical knowledge and understanding from other units
of the specification in planning their experimental and investigative work, and in
analysing evidence and drawing conclusions;

. in the assessment of all four experimental skills in Unit 2826 (Components 02 and 03),
taken at the end of the course of study, candidates are expected to draw on their
experience of such work throughout the course, and in particular on the outcome of the
assessment of these skills in Unit 2823 (Components 02 and 03).

20
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The Skills

The experimental and investigative skills to be assessed are:
Skill P Planning

Candidates should:

o identify and define the nature of a question or problem using available information and
knowledge of science;

. choose effective and safe procedures, selecting appropriate apparatus and materials
and deciding the measurements and observations likely to generate useful and reliable
results.

Skill 1 Implementing

Candidates should:

use apparatus and materials in an appropriate and safe way;
. carry out work in a methodical and organised way with due regard for safety;

. make and record detailed observations in a suitable way, and make measurements to
an appropriate degree of precision, using IT where appropriate.

. respond to serious sources of systematic and random error by modifying procedures in
order to generate results which are as accurate and reliable as allowed by the
apparatus.

Skill A Analysing Evidence and Drawing Conclusions

Candidates should:

. communicate scientific information and ideas in appropriate ways, including tabulation,
line graphs, histograms, continuous prose, annotated drawings and diagrams, using IT
where appropriate;

o recognise and comment on trends and patterns in data;

. understand the concept of statistical significance;

. draw valid conclusions by applying scientific knowledge and understanding.
Skill E Evaluating Evidence and Procedures.

Candidates should:

. assess the reliability and precision of experimental data and the conclusions drawn
from it;
. evaluate the techniques used in the experimental activity, recognising their limitations.
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Internal Assessment (Coursework option)

Unit 2823, Component 02 — Coursework (60 Marks)
Unit 2826, Component 02 — Coursework (60 Marks)

Assessment of candidates’ experimental and investigative work is made by the teacher (as
coursework) and moderated externally by OCR.

Skills P and A are each marked out of 8 and Skills | and E are each marked out of 7. One
mark per skill must be awarded for each candidate for AS (Unit 2823, Component 02) and for
A2 (Unit 2826, Component 02). Hence, a raw mark out of 30 is initially calculated for each
component. The marks are then doubled so that the final mark submitted for each component
is out of 60.

In AS and in A2 the skills may be assessed in the context of separate practical exercises,
although more than one skill may be assessed in any one exercise. The skills may also be
assessed all together in the context of a single ‘whole investigation’ in which the task is set by
the teacher, or using individual investigations in which each candidate pursues his or her own
choice of assignment.

The skills may be assessed at any time during the course using suitable practical activities,
based on laboratory or field work, related to or part of the content of the teaching course. The
context(s) for the assessment of the coursework for Unit 2823, Component 02 should be
drawn from the content of AS Units 2821, 2822 and 2823 (Component 01). The context(s) for
the assessment of the coursework for Unit 2826 Component 02 should be drawn from the
content of A2 Units 2824 and 2825, in which the level of demand of the related scientific
knowledge and understanding is higher.

A similar set of mark descriptors is used for both AS and A2 (see Appendix C). These
descriptors have been written to provide clear continuity from the assessment of Scl in GCSE
Science. The difference in standard of AS and A2 is a product of the level of demand and
complexity of the work undertaken and the level of demand of the related scientific knowledge
and understanding.

It is expected that IT will be used for the capture, processing and presentation of data, where
appropriate.

Notes for Guidance on Coursework assessment and submission are given in Appendix B.
Mark descriptors for the experimental and investigative skills are fully detailed in Appendix C.

Further details including copies of relevant coursework forms are given in the Physics
Coursework Handbook, copies of which can be ordered from the OCR Publications
Department.

22

Scheme of Assessment OCR GCE Physics A



Oxford Cambridge and RSA Examinations

External Assessment (Practical Examination option)

Unit 2823, Component 03 - Practical Examination 1 (1 hour 30 minutes) (60 Marks)
Unit 2826, Component 03 - Practical Examination 2 (1 hour 30 minutes) (60 Marks)

External assessment of Experimental and Investigative Skills addresses the same skills as
those covered by the Coursework option, as listed above.

Skill P Planning

Skill P is assessed using an OCR-set task which is externally marked. Candidates are asked
to plan an investigation set by OCR in the context of the units they have studied. Thus, for the
AS Unit 2823, Component 03, the task is set in the context of the content of Units 2821, 2822
and 2823, Component 01; for the A2 Unit 2826, Component 03, the task is set in the context
of the content of Units 2824 and 2826, Component 01.

At a date, which will be published on the examination timetable, before the date of the
practical examination, candidates will be given the Planning Task. Candidates’ work must be
handed in on or before the day of the practical examination, at the discretion of the Centre.
The Centre is required to despatch this work to the examiner with the practical examination
scripts, and the work must therefore be kept securely until the day of the examination.
Candidates may be given access, if they request it and at the discretion of the Centre, to
laboratory space and facilities in order to be able to carry out preliminary work which will help
in constructing their plan. It should be noted that the responsibility for health and safety during
this period rests with the Centre, and the attention of teachers is drawn to Health and Safety
section in Appendix B. Access to suitable library and other resources will also be required.
Whilst time at home or in private study may be necessary to complete the task to a high
standard, sufficient work must be completed under direct supervision to allow the teacher to
authenticate the work with confidence as that of the candidates concerned.

It should be recognised that the Planning Tasks contribute just 2.5% to the full Advanced
GCE for each of the AS and A2 assessments. Candidates should thus be guided to spend an
appropriate amount of time on the work and it is suggested that they should be given between
7-10 days to complete it. Candidates work should be no more than 500 words.

If a candidate is given guidance during the period in which the task has to be completed, this
must be recorded and submitted with the candidate’s work.

The mark scheme for the Planning Task is closely based on the coursework mark descriptors
for Skill P, shown in Appendix C, and a copy of these descriptors should be provided to
candidates to assist them in their work.
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Skill 1 Implementing
Skill A Analysing Evidence and Drawing Conclusions
Skill E Evaluating Evidence and Procedures.

Skills I, A and E are assessed in the practical examination itself which consists of two
questions. Candidates are asked to carry out a practical experiment (Question 1) which will
be set in the same general context as that used for the planning exercise, but will not be the
same task. Thus, while the research work carried out for the planning task may assist
candidates in their interpretation of the results of the experiment, they will not be asked to
carry out the investigation they have planned.

Question 2 in the Practical Test is also a practical experiment, shorter in length than the first
question.

Skill I is assessed on the conduct of the experiments and the observations and/or
measurements taken, and Skills A and E are assessed on candidates’ analysis and
evaluation of the results of the experiments, together with other data and information given in
the paper itself.

The mark scheme for the paper is closely based on the coursework mark descriptors for
these skills (see Appendix C) and teachers are recommended to draw these to the attention
of candidates in their preparation for the paper.

Details of the apparatus and/or materials required for the practical examination are
sent to Centres before the date of the examination. Centres should contact OCR if
Instructions are not received. It is essential that confidentiality is maintained in
advance of the examination date.

Further details concerning the administration and conduct of this option are given in Appendix
J.

4.2.1 Experimental and Investigative Work at AS and A2

The assessment descriptors given in Appendix C are used for the assessment of coursework
in both AS and A2. The mark schemes for the practical examinations are also based on
these descriptors which are similar for both AS and A2 components.

Assessments at AS and A2 are differentiated by the complexity of the tasks set and the
contexts of the underlying scientific knowledge and understanding. In A2, candidates will be
required to apply knowledge, understanding and skills from the AS and A2 parts of the
specification in planning experimental work and in the evaluation of data (synoptic
assessment).
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At AS, experimental and investigative work is likely to be qualitative or require processing in a
context that is familiar to students.

. Planning exercises, although novel, focus on apparatus and techniques which have
previously been encountered, based on knowledge and understanding from a limited
part of the AS specification.

. Implementing involves the manipulation of simple apparatus and the application of
easily recognised safety procedures.

. Analysing and concluding involves simple data handling, reaching conclusions based
on a limited part of the AS specification.

. Evaluation expects the recognition of the main sources of error and direct methods for
improving accuracy.

At A2, assessments will expect a greater level of sophistication and higher levels of skill.

. Planning exercises require research to provide a satisfactory solution to a problem
which can be addressed in more than one way. The underlying knowledge,
understanding and skills will be drawn from several different parts of the AS and A2
specifications.

. Implementing involves a detailed risk assessment and the careful use of sophisticated
techniques or apparatus to obtain results that are precise and reliable.

o Analysing and concluding involves sophisticated data handling and the synthesis of
several strands of evidence. In developing conclusions, candidates will have the
opportunity to demonstrate their skills in drawing together principles and concepts from
different parts of the AS and A2 specifications.

. Evaluation requires recognition of the key experimental limitations and other sources of
error as well as an understanding of the methods that may be used to limit their effect.
The evaluation is likely to draw together principles and concepts from different parts of
the specification.

Detailed advice on the choice of experimental and investigative work suitable for AS and A2,
and guidance on the application of the assessment descriptors to exemplar tasks, is provided
in the Physics Coursework Handbook, which can be ordered from the OCR Publications
Department.

Assessment and Moderation

Coursework in Unit 2823, Component 02 and Unit 2826, Component 02 is marked by the
teacher and internally standardised by the Centre. Marks are then submitted to OCR by a
specified date, after which postal moderation takes place in accordance with OCR
procedures. The purpose of moderation is to ensure that the standards for the award of marks
in coursework are the same for each Centre, and that each teacher has applied the standards
appropriately across the range of candidates within the Centre.

Coursework submissions should be clearly annotated by the Centre to support the marks
awarded to the candidates.

The sample of work which is submitted to the Moderator for moderation must show how the
marks have been awarded in relation to the marking criteria.
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4.2.3 Minimum Coursework Requirements

If a candidate submits no work for a coursework component, Unit 2823, Component 02 and/or
Unit 2826, Component 02, then the candidate should be indicated as being absent from that
component on the coursework mark sheets submitted to OCR. If a candidate completes any
work at all for the coursework component then the work should be assessed according to the
mark descriptors and marking instructions and the appropriate mark awarded, which may be
0 (zero).

4.2.4 Authentication of Coursework

As with all coursework, the teacher is required to verify that the work submitted for
assessment is the candidate’s own. Sufficient work must be carried out under direct
supervision to allow the teacher to authenticate the coursework marks with confidence.

4.3 Special Arrangements

For candidates who are unable to complete the full assessment or whose performance may
be adversely affected through no fault of their own, teachers should consult the Inter-Board
Regulations and Guidance Booklet for Special Arrangements and Special Consideration. In
such cases advice should be sought from OCR as early as possible during the course.
Applications for special consideration in coursework components should be accompanied by
Coursework Assessment Forms, giving the breakdown of marks for each skill.

4.4 Differentiation

In the question papers, differentiation is achieved by setting questions which are designed to
assess candidates at their appropriate levels of ability and which are intended to allow all
candidates to demonstrate what they know, understand and can do.

In coursework, differentiation is by task and by outcome. Candidates undertake assignments
which enable them to display positive achievement.

45 Awarding of Grades

The AS has a weighting of 50% when used in an Advanced GCE award. The Advanced GCE
award is based on the certification of the weighted AS (50%) and A2 (50%) marks.

Both AS GCE and Advanced GCE qualifications are awarded on the scale Ato E, or U
(unclassified).
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4.6 Grade Descriptions

The following grade descriptions indicate the level of attainment characteristic of the given
grade at Advanced GCE. They give a general indication of the required learning outcomes at
each specified grade. The descriptions should be interpreted in relation to the content
outlined in the specification; they are not designed to define that content. The grade awarded
will depend in practice upon the extent to which the candidate has met the assessment
objectives overall. Shortcomings in some aspects of the examination may be balanced by
better performances in others.

Grade A

Candidates recall and use knowledge of physics from the whole specification with few
significant omissions and show good understanding of the principles and concepts they use.
They select appropriate information from which to construct arguments or techniques with
which to solve problems. In the solution of some problems, candidates bring together
fundamental principles from different content areas of the common specification and
demonstrate a clear understanding of the relationships between these.

Candidates apply knowledge and physical principles contained within the specification in both
familiar and unfamiliar contexts. In questions requiring numerical calculations, candidates
demonstrate good understanding of the underlying relationships between physical quantities
involved and carry out all elements of extended calculations correctly, in situations where little
or no guidance is given.

In experimental activities, candidates identify a problem, independently formulate a clear and
effective plan, using knowledge and understanding of physics, and use a range of relevant
techniques with care and skill. They make and record measurements which are sufficient and
with a precision which is appropriate to the task. They interpret and explain their results with
sound use of physical principles and evaluate critically the reliability of their methods.

Grade C

Candidates recall and use knowledge of physics from most parts of the specification and
demonstrate understanding of a significant number of the main principles and concepts within
it. They select and make good use of information that is presented in familiar ways to solve
problems, and make some use of the concepts and terminology of physics in communicating
their answers. In their answers to some questions, candidates demonstrate some knowledge
of the links between different areas of physics.

Candidates apply knowledge and physical principles contained within the specification when
the context provides some guidance on the required area of work. They show some
understanding of the physical principles involved and the magnitudes of common physical
quantities when carrying out numerical work. Candidates carry out calculations in most areas
of physics correctly when these calculations are of a familiar kind or when some guidance is
provided, using correct units for most physical quantities.

In experimental activities, candidates formulate a clear plan. They make and record
measurements with skill and care and show some awareness of the need for appropriate
precision. They interpret and explain their experimental results, making some use of
fundamental principles of physics and mathematical techniques.
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Grade E

Candidates recall knowledge of physics from parts of the specification and demonstrate some
understanding of fundamental principles and concepts. Their level of knowledge and
understanding may vary significantly across major areas of the specification. They select
discrete items of knowledge in structured questions and make some use of the terminology of
physics in communicating answers.

Candidates apply knowledge and principles of physics contained within the specification to
material presented in a familiar or closely related context. They carry out straightforward
calculations where guidance is given, usually using the correct units for physical quantities.
They use some fundamental skills of physics in contexts that bring together different areas of
the subject.

In experimental activities, candidates formulate some aspects of a practical approach to a
problem. They make and record some appropriate measurements, showing care and
appropriate procedure in implementation. They present results appropriately and provide
some descriptive interpretation of the outcomes of the investigation
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Specification Content

Throughout this section the symbol is used in the margin to highlight where Key Skills
development opportunities are signposted. For more information on Keys Skills coverage
please refer to Appendix A.

5.1 Module 2821: Forces and Motion
Aims
In addition to the general aims of the specifications, this module is intended to build on the
knowledge, understanding and skills set out in the National Curriculum Key Stage 4
programme of study for Science: Double Award and to provide a foundation for the study of
further modules.
Assessment Objectives
See section 3. Candidates are expected to apply the knowledge, understanding and other
skills gained in this module to new situations and/or to solve related problems. Candidates
are expected to use physical quantities, units and measurement techniques appropriate to the
content of this module.

5.1.1 Scalars and Vectors

Recommended Prior Knowledge

Candidates should appreciate that some quantities have magnitude only; others have
magnitude and direction.

Content
° Scalars and vectors
. Combination and resolution of vectors

Learning Outcomes

Candidates should be able to:

(@) distinguish between scalar and vector quantities and give examples.
(b)  use a vector triangle to determine the resultant of two coplanar vectors.
(c) calculate the resultant of two perpendicular vectors.

(d)  resolve a vector into two perpendicular components.

(e) understand the independent nature of perpendicular components of a vector.
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5.1.2 Kinematics

= N3.2: IT3.2, IT3.3.

Recommended Prior Knowledge

Candidates should know:

. the quantitative relationship between speed, distance and time. (KS3)

. how distance, time and speed can be determined and represented graphically. (4.2a)
. about acceleration as change in velocity per unit time. (4.2d)

Content

. Rectilinear motion

o Non-linear motion

Learning Outcomes
Candidates should be able to:
(@) define displacement, speed, velocity and acceleration.

(b)  use graphical methods to represent distance travelled, displacement, speed, velocity
and acceleration.

(c) find the distance travelled by calculating the area under a speed-time graph.

(d) use the slope of a displacement-time graph to find velocity, and of a distance-time
graph to find speed.

(e) use the slope of a velocity-time graph to find acceleration.

® derive, from the definitions of velocity and of acceleration, equations which represent
uniformly accelerated motion in a straight line.

(g) use equations which represent uniformly accelerated motion in a straight line, including
falling in a uniform gravitational field without air resistance.

(h) interpret displacement-time and speed-time graphs for motion with non-uniform
acceleration.

0] explain motion due to a uniform velocity in one direction and a uniform acceleration in a
perpendicular direction.
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Dynamics

Recommended Prior Knowledge

Candidates should know:

that balanced forces do not alter the velocity of a moving object. (4.2e)

the quantitative relationship between force, mass and acceleration. (4.2f)

the force acting on falling bodies. (4.2h)

why falling bodies reach a terminal velocity. (4.2i)

Content
. Mass, density and weight
. Force, mass and acceleration

Learning Outcomes

Candidates should be able to:

(@) demonstrate an understanding that mass is the property of a body which resists change
in motion.

(b)  define and use the equation density = mass/volume.

(c) recall and use the equation F = ma, in situations where mass is constant, appreciating
that force and acceleration are always in the same direction.

(d) define the newton.
(e) describe and use the concept of weight as the effect of a gravitational field on a mass.
) recall and use the relationship weight = mass x gravitational field strength.

(g) describe qualitatively the motion of bodies falling in a uniform gravitational field with
fluid resistance.

Force, Work and Power

Recommended Prior Knowledge

Candidates should know:

. that forces can cause objects to turn about a pivot. (KS3)
. the principle of moments and its application to situations involving one pivot. (KS3)
o the quantitative relationship between the force acting normally per unit area on a

surface and the pressure on that surface. (KS3)
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the quantitative relationship between force and work. (4.5f)

how to calculate power in terms of working or transferring energy. (4.59)

Content

Centre of gravity
Turning effects of forces
Equilibrium of forces
Pressure

Work and Energy

Power

Learning Outcomes

Candidates should be able to:

@)

(b)
(©
(d)

(e)

(f)

(@)

(h)

0

)

(k)

0

(m)
(n)

understand that the weight of a body may be taken as acting at a single point known as
its centre of gravity.

understand a couple as a pair of equal parallel forces tending to produce rotation only.
define and use the moment of a force and the torque of a couple.

show an understanding that, when there is no resultant force and no resultant torque, a
system is in equilibrium.

apply the principle of moments to solve problems involving forces acting in two
dimensions.

define pressure.

recall and use the equation p =%

understand the concept of work in terms of the product of force and displacement in the
direction of the force.

define the joule.

recall and use the equation W = Fx, where F is a constant force along the direction of
motion.

recall and use equations for kinetic energy AE, = % mv? and change in gravitational
potential energy AE, = mgAh.

relate power to work done and time taken.
define the watt.

recall and use the equation W = Pt.
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Deformation of Solids

= C3.3: N3.2, N3.3. WO3.1

5.1.6

Recommended Prior Knowledge
Candidates should know how extension varies with applied force for a range of materials.
(4.2))

Content
. Tensile stress and strain
. Elastic and plastic behaviour

Learning Outcomes

Candidates should be able to:

(@) appreciate that deformation is caused by a pair of forces and that, in one dimension,
the deformation can be tensile or compressive.

(b)  describe the behaviour of springs and wires in terms of load, extension, Hooke's law
and the spring constant.

(c) define and use the terms elastic limit, stress, strain and the Young modulus.

(d)  describe an experiment to determine the Young modulus of a metal in the form of a
wire.

(e) distinguish between elastic and plastic deformation of a material.

)] deduce the strain energy in a deformed material from the area under the force-
extension graph.

(g) demonstrate knowledge of the force-extension graphs for typical ductile, brittle and
polymeric materials, including an understanding of ultimate tensile stress.

Forces on vehicles

Recommended Prior Knowledge

Candidates should know:

. that when two bodies interact, the forces they exert on each other are equal and
opposite. (4.29)

o sections 5.1.1 — 5.1.4 of this module.
Content

o Motive forces

. Motive power
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Learning Outcomes

Candidates should be able to:

(@) understand the terms motive force and braking force.
(b)  describe how driving wheels can generate a motive force.
(c) explain the importance of friction in acceleration and deceleration.

(d)  recall and use the relationship motive power = driving force x speed.

Car Safety

= C3.1a: IT3.1 WO3.1.

Recommended Prior Knowledge

Candidates should know:

. about factors affecting vehicle stopping distance. (4.2b)
o sections 5.1.1 — 5.1.5 of this module.

Content

. Car safety

Learning Outcomes

Candidates should be able to:

(@) analyse car accidents using equations of uniformly accelerated motion and F = ma.
(b)  describe the physical principles of seat belts, air bags and crumple zones.

(c) understand and make calculations using the terms thinking distance, braking distance
and stopping distance.

(d) relate qualitatively tyre tread and road conditions to braking distance.

5.2 Module 2822: Electrons and Photons

Aims

In addition to the general aims of the specifications, this module is intended to build on the
knowledge, understanding and skills set out in the National Curriculum Key Stage 4
programme of study for Science: Double Award and to provide a foundation for the study of
further modules.
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Assessment Objectives

See section 3. Candidates are expected to apply the knowledge, understanding and other
skills gained in this module to new situations and/or to solve related problems. Candidates
are expected to use physical quantities, units and measurement techniques appropriate to the
content of this module.

5.2.1 Electric Current

= C3.3: IT3.1, IT3.3. PS3.1, PS3.3.

Recommended Prior Knowledge

Candidates should know:

o the quantitative relationship between resistance, voltage and current. (4.1f)
. that resistors are heated when charge flows in them. (4.1c)
. how current varies in a range of devices, including resistors, filament bulbs, diodes,

light-dependent resistors (LDRs) and thermistors, (4.19)

. the quantitative relationship between steady current, charge and time. (4.1p)

. that electric current is the flow of free electrons in metals (or of ions during electrolysis).
(4.19)

. that voltage is the energy transferred per unit charge. (4.1h)

the quantitative relationship between power, voltage and current. (4.1i)
Content

Electric current

. Potential difference

o Ohm'’s law

. Resistance and resistivity

. Electrical energy and power

Learning Outcomes

Candidates should be able to:

(@) understand electric current as a net flow of charged particles.

(b)  understand the concept of charge in terms of the product of current and time.
(c) recall and use AQ = IAt.

(d)  define the coulomb.
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(e) appreciate the difference between the directions of conventional current and of electron
flow.

® define potential difference and the volt in terms of energy transfer.

() recalland use y/ :ﬂ and y/ :E .

(h)  sketch and explain the I/V characterilstics of a metallic conductor at constant
temperature, a semiconductor diode and a filament lamp.

0] define resistance and the ohm.

0] recallanduse R — \i .

(k)  state Ohm'’s law.

0] define resistivity.

(m) recallanduse p = RA |

|

(n) recallanduseP=1%°Rand P=V?/R.

(o) recall and use W = IVt.

(p)  understand and use the kilowatt-hour (kW h) as a unit of energy.

(q)  sketch the variation with temperature of the resistance of a pure metallic conductor and
of a negative temperature coefficient (NTC) thermistor.

5.2.2 D.C. Circuits

Recommended Prior Knowledge

Candidates should know:

. how to measure current in series and parallel circuits. (4.1a)

. that energy is transferred from batteries and other sources to other components in
electrical circuits. (4.1b)

. the qualitative effect of changing resistance on the current in a circuit. (4.1d)

. how to make measurements of voltage. (4.1e)

Content

o Practical circuits

. Electromotive force and internal resistance

) Kirchhoff's laws

o Series and parallel arrangements

o Potential divider
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Learning Outcomes

Candidates should be able to:

@)

(b)
(©

(d)
(e)

()

(@)
(h)
0]

0

(k)
o

recall and use appropriate circuit symbols as set out in S| Units, Signs, Symbols and
Abbreviations (ASE, 1981) and Symbols and Systematics (ASE, 1995).

draw and interpret appropriate circuit diagrams.

use the concept that e.m.f. is defined in terms of the energy transferred by a source in
driving unit charge round a complete circuit.

use energy considerations to distinguish between e.m.f. and p.d.

appreciate that sources of e.m.f. have internal resistance and understand the simple
consequences of internal resistance for external circuits.

recall Kirchhoff's first law and appreciate this as a consequence of conservation of
charge.

understand Kirchhoff's second law as a consequence of conservation of energy.
recall and use a formula for the combined resistance of two or more resistors in series.

recall and use a formula for the combined resistance of two or more resistors in
parallel.

solve problems involving series and parallel circuits for one source of e.m.f.
understand the use of a potential divider as a source of variable p.d.

describe and explain the use of thermistors and light-dependent resistors in potential
dividers to provide a potential difference which is dependent on temperature and on
light intensity respectively.

5.2.3 Magnetic effects of current

Recommended Prior Knowledge

Candidates should know:

that a current in a coil produces a magnetic field pattern. (KS3)

that a force is exerted on a current-carrying wire in a magnetic field (and the application
of this in simple electric motors). (4.1s)

Content

Magnetic fields caused by electric currents

Forces acting on current-carrying conductors
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5.2.4

Learning Outcomes

Candidates should be able to:

@)

(b)

(©)
(d)
(e)

(f)

sketch magnetic field patterns caused by current in a long straight wire, a flat circular
coil and a long solenoid.

appreciate that a force may act on a current-carrying conductor placed in a magnetic
field.

recall and use F = BII, with directions as interpreted by Fleming'’s left-hand rule.
define magnetic flux density and the tesla.

use Fleming’s left-hand rule to predict the direction of forces acting on two long, straight
parallel current-carrying conductors.

understand that the forces between current-carrying conductors provide the basis of
the definition of ampere - no definition required.

Quantum Physics

IT3.1.

Recommended Prior Knowledge

Candidates should know:

that waves transfer energy without transferring matter. (4.3g)
the meaning of frequency, wavelength and amplitude of a wave. (4.3e)

the quantitative relationship between speed, frequency and wavelength of a wave.

(4.3f)
that waves can be reflected, refracted and diffracted. (4.3d)

how energy is transferred by radiation. (4.5c)

Content

Energy of a photon

Photoelectric emission

Wave-particle duality
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Learning Outcomes

Candidates should be able to:

@)

(b)

(©

(d)
(e)

M
(@)

(h)
@)
0

(k)

describe the photoelectric effect.

appreciate that the photoelectric effect provides evidence for a particulate nature of
electromagnetic radiation while phenomena such as interference and diffraction provide
evidence for a wave nature.

show an appreciation of the particulate nature of electromagnetic radiation, i.e. a
photon model.

recall and use E = hf.

explain why the maximum kinetic energy of photoelectrons is independent of intensity,
and why the photoelectric current is proportional to intensity of the incident radiation.

explain photoelectric phenomena in terms of photon energy and work function energy.

recall, use and explain the significance of hf = ¢ + YsMVpnay’, Where ¢is the work function
energy of the surface.

explain the significance of threshold frequency.
define, understand and use the electronvolt (eV) as a unit of energy.

describe and interpret qualitatively the experimental evidence provided by electron
diffraction for the wave nature of particles.

h

mv

recall and use the de Broglie equation A =

5.2.5 Electromagnetic Waves

IT3.3.

Recommended Prior Knowledge

Candidates should know that the electromagnetic spectrum includes radio waves,
microwaves, infra-red, visible light, ultra-violet waves, X-rays and gamma-rays. (4.3h)

Content

Electromagnetic waves
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Learning Outcomes

Candidates should be able to:

(a) describe the main features of the electromagnetic spectrum and recall that all
electromagnetic waves travel with the same speed in free space.

(b)  recall the orders of magnitude of the wavelengths of the principal radiations from radio
waves to y-rays.

5.3 Module 2823, Component 01: Wave Properties
Aims
In addition to the general aims of the Scheme, this component is intended to build on the
knowledge, understanding and skills set out in the National Curriculum Key Stage 4
programme of study for Science: Double Award and to provide a foundation for the study of
further modules.
Assessment Objectives
See section 3. Candidates are expected to apply the knowledge, understanding and other
skills gained in this component to new situations and/or to solve related problems.
Candidates are expected to use physical quantities, units and measurement techniques
appropriate to the content of this component.

5.3.1 Reflection and Refraction
Recommended Prior Knowledge
Candidates should know:
. that light (and sound) can be reflected, refracted (and diffracted). (4.3a)
. the conditions for total internal reflection (and its use in optic fibres). (4.3b)
Content
. Refraction of light
o Total internal reflection
Learning Outcomes
Candidates should be able to:
(@) recall the laws of refraction of light.
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(b)  define refractive index n as ¢; / ¢, and recall the use of the expressionn=sini/sinr.
(c) describe what is meant by critical angle and total internal reflection.
(d) relate refractive index to critical angle by the equation n =1/ sin C.

(e) describe the application of total internal reflection to the transmission of light along an
optic fibre.

® demonstrate an awareness of multipath dispersion of a pulse of light in an optic fibre
and how, in practice, this problem is overcome.

Waves

Recommended Prior Knowledge

Candidates should know:

. that waves transfer energy without transferring matter. (4.3g)

. about longitudinal waves and transverse waves in ropes, springs and water. (4.3c)

. the meaning of frequency, wavelength and amplitude of a wave. (4.3e)

. the quantitative relationship between speed, frequency and wavelength of a wave.
(4.3f)

. that waves can be reflected, refracted and diffracted. (4.3d)

Content

. Progressive waves

. Transverse waves

. Longitudinal waves

o Polarisation

Learning Outcomes

Candidates should be able to:

(@) describe what is meant by wave motion as illustrated by vibrations in ropes, springs
and ripple tanks.

(b)  appreciate that waves can be reflected and refracted.

(c) understand and use the terms displacement, amplitude, period, phase difference,
frequency, wavelength and speed.

(d)  deduce, from the definitions of speed, frequency and wavelength, the equation v = fA.

(e) recall and use the equation v=fA.
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® appreciate the energy transfer due to a progressive wave.

(g) describe the nature of the motions in transverse and longitudinal waves.

(h) interpret graphical representations of transverse and longitudinal waves.

0] understand polarisation as a phenomenon associated with transverse waves.

0] determine the frequency of sound using a calibrated c.r.o.

5.3.3 Superposition

Recommended Prior Knowledge

Candidates should know that waves can be reflected, refracted and diffracted. (4.3d)

Content

. Interference

. Standing waves

. Diffraction

o Two-source interference

Learning Outcomes

Candidates should be able to:

(@) explain and use the principle of superposition.

(b)  understand the term interference.

(c) explain the meaning of the terms coherence and path difference.

(d) describe experiments which demonstrate standing (stationary) waves for stretched
strings, air columns and microwaves.

(e) explain the formation of a standing wave using a graphical method, and identify nodes
and antinodes.

4] explain the meaning of the term diffraction.

(g) describe experiments which demonstrate diffraction including the diffraction of water
waves in a ripple tank with both a wide gap and a narrow gap.

(h)  describe experiments which demonstrate two-source interference in a ripple tank, for
light and for microwaves.

ax
0] recall and use the equation 4 = E for double slit interference using light.
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5.4 Module 2824: Forces, Fields and Energy
Aims
In addition to the general aims of the Scheme, this Module is intended to develop a further
understanding of the links between various topics in physics through a study of the forces,
fields and energies involved.
Assessment Objectives
See section 3. Candidates are expected to apply the knowledge, understanding and other
skills gained in this module to new situations and/or to solve related problems. Candidates
are also expected to use physical quantities, units and measurement techniques appropriate
to the content of this module.

5.4.1 Dynamics

Recommended Prior Knowledge

Candidates should know that, when two bodies interact, the forces they exert on each other
are equal and opposite. (4.29)

Content
. Newton’s law of motion.
. Linear momentum and its conservation.

Learning Outcomes

Candidates should be able to:
(@) state each of Newton'’s laws of motion.
(b)  define, recall and use (linear) momentum as the product of mass and velocity.

(c) define force as rate of change of momentum, and use this definition in situations where
mass is constant.

(d) state the principle of conservation of momentum.

(e) use the principle of conservation of momentum in simple applications including elastic
and inelastic interactions between two bodies in one dimension, and the separation of
an initially stationary object into two parts. (Knowledge of the concept of coefficient of
restitution is not required.)
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5.4.2 Work and Energy
Recommended Prior Knowledge

Candidates should know:

. the meaning of energy efficiency (and the need for economical use of energy
resources). (4.5e)

o the quantitative relationship between force and work. (4.5f)
. the quantitative links between kinetic energy, potential energy, and work. (4.5h)

o Module 2821, section 5.1.4.

Content

o Energy conversion and conservation

o Work done

. Gravitational potential energy, kinetic energy

Learning Outcomes

Candidates should be able to:

(@) give examples of energy in different forms, its conversion and conservation, and apply
the principle of energy conservation to simple examples.

(b) calculate the work done by a constant force in situations including those where the
force is not in the same direction as the displacement.

(c) recall and use the equation for kinetic energy, E, = vsmv? .

(d) recall and use, the equation AE, = mgAh for potential energy changes near the Earth’s
surface.

5.4.3 Motion in a Circle
Recommended Prior Knowledge

Candidates should know Module 2821, sections 5.1.1, 5.1.2 and 5.1.3.

Content
. Kinematics of uniform circular motion
. Centripetal acceleration

Learning outcomes

Candidates should be able to:

(@) describe qualitatively motion in a curved path due to a perpendicular force, and
understand the centripetal acceleration in the case of uniform motion in a circle.

(b)  express angular displacement in radians.
(c) recall and use centripetal acceleration a=v ?/r.

(d)  apply the equation F = ma to uniform motion in a circle to derive F = mv ?/r.
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5.4.4 Oscillations

= N3.2, N3.3. WO3.2, WO3.3: PS3.1.

Recommended Prior Knowledge

Candidates should know Module 2821, sections 5.1.1, 5.1.2, 5.1.3 and 5.1.4.

Content

Simple harmonic motion
Energy in simple harmonic motion
Damped and forced oscillations

Resonance

Learning Outcomes

Candidates should be able to:

@)

(b)
(©)
(d)

(e)
(f)

(@

(h)
@)

understand and use the terms displacement, amplitude, period, frequency and phase
difference.

express period in terms of frequency.
define simple harmonic motion.

describe graphically the changes in displacement, velocity and acceleration during
oscillations.

understand velocity as the gradient of the displacement-time graph.

recall and use a = -(2x f)°x, and the solutions x = Asin2xf t, x = Acos2xf t for simple
harmonic motion.

describe practical examples of damped oscillations with particular reference to the
effects of the degree of damping in such cases as a car suspension system.

describe practical examples of forced oscillations and resonance.

describe graphically how the amplitude of a forced oscillation changes with frequency
near to the natural frequency of the system.

5.4.5 Gravitational Fields

Recommended Prior Knowledge

Candidates should know Module 2821, sections 5.1.1, 5.1.2, 5.1.3 and 5.1.4.

Content

Concept of gravitational field
Force between point masses

Gravitational field of a point mass
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Learning Outcomes

Candidates should be able to:

(@) understand a gravitational field as a field of force and define, recall and use
gravitational field strength as force per unit mass.

(b)  use field lines to represent a gravitational field.
(c) recall and use Newton’s law of gravitation for point masses in the form F = Gm;m,/ r 2.
(d) recall and use g = Gm / r ? for the gravitational field strength of a point mass.

(e) appreciate that, on the surface of the Earth, the magnitude of g is approximately
constant and equal to the acceleration of free fall.

5.4.6 Electric fields

Recommended Prior Knowledge

Candidates should know:
. about common electrostatic phenomena in terms of the movement of electrons. (4.1n)

. Module 2822, section 5.2.1.

Content

. Concept of an electric field

Force between point charges

Electric field of a point charge

. Uniform electric fields

Learning Outcomes

Candidates should be able to:

(@) understand an electric field as an example of a field of force and define, recall and use
electric field strength as force per unit positive charge.

(b)  use field lines to represent an electric field.

(c) recall and use Coulomb'’s law for point charges in a vacuum in the form F = kQ1Q,/r ?,
where k =1/ 4rns.

(d) recall and use E = kQ / r  for the electric field strength of a point charge.

(e) recall and use E = V/d for the magnitude of the uniform electric field strength between
charged parallel plates.

® recognise the similarities of, and differences between, electric fields and gravitational
fields.
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5.4.7 Capacitors

= N3.2, N3.3.

Recommended Prior Knowledge

Candidates should know Module 2822, sections 5.2.1 and 5.2.2.

Content

Capacitors and capacitance
Capacitors in series and parallel
Energy stored in a charged capacitor

Discharge of a capacitor

Learning Outcomes

Candidates should be able to:

@)
(b)
(©
(d)
(e)

()

(@)
(h)

define capacitance and the farad.

recallanduse C=Q/V.

use formulae for the capacitance of capacitors in series and in parallel.
recall and use W = %2QV, for the energy of a charged capacitor.

describe the discharge of a capacitor through a resistor, sketch graphs showing the
variation with time of the potential difference, charge stored and current during this
discharge.

appreciate the practical importance of time constant for discharge of a capacitor
through a resistor.

recall 7= CR for the time constant of a capacitor-resistor circuit.

use equations of the form x = xg e for the discharge of a capacitor.

5.4.8 Electromagnetism

WO03.2, WO3.3.

Recommended Prior Knowledge
Candidates should know Module 2822, section 5.2.3.

Content

Force on a current-carrying conductor
Force on a moving charge

Circular orbits
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Learning Outcomes

Candidates should be able to:

(&) recall and use F = Bllsing, with directions as interpreted by Fleming’s left-hand rule, for
the force on a current-carrying conductor in a uniform magnetic field.

(b)  recall and use F = BQv , for the force on a charge moving in a uniform magnetic field.

(c) analyse the circular orbits of charged particles moving in a plane perpendicular to a
uniform magnetic field by relating the electromagnetic force to the centripetal
acceleration it causes.

5.4.9 Electromagnetic Induction

