ZIMBABWE

MINISTRY OF PRIMARY AND SECONDARY EDUCATION

O- LEVEL PHYSICS
SYLLABUS

FORMS 3 -4

2015 - 2022

Curriculum Development and Technical Services
P.O. Box MP 133
Mount Pleasant
Harare
© All Rights Reserved
2015







O Level Physics Syllabus Forms 3 - 4

ACKNOWLEDGEMENTS

The Ministry of Primary and Secondary Education wishes to acknowledge the following for their valued
contribution in the production of this syllabus:

* Panellists for ‘O’ level Physics syllabus.

® Zimbabwe School Examinations Council (ZIMSEC).

®* Government departments.

® Ministry of Higher and Tertiary Education, Science and Technology Development.
® United Nations Children’s Fund (UNICEF).

® United Nations Educational Scientific and Cultural Organisation (UNESCO).




O Level Physics Syllabus Forms 3 - 4

CONTENTS

ACKNOWLEDGEMENTS ...ttt as e a e s e an s i
020 LU I S i
LI o S N ] = T 1
2.0 PRESENTATION OF THE SYLLABUS ...t 1
BB L 1 1
4.0 OBUECTIVES ..o s s e e e s an s an s an e an s 2
5.0 METHODOLOGY AND TIME ALLOCATION.........iiiiiirrr e 2
6.0 SCOPE AND SEQUENCE CHART ....cociiiimiim i ssss s s s ssasssnsssassnsnesns 3
L0 1 8
FORM 4. E s e SR e e e e e e e ae e e R R e s e an e s an e s s an e naann e e 22
9.0 ASSESSMENT ..ot a s a s e s e e e s e e e s aE s e e nae e 35
GLOSSARY OF TERMS..........oriiiiiininin s a s s a e e 39




O Level Physics Syllabus Forms 3 - 4

1.0 PREAMBLE

1.1 Introduction

This syllabus is designed to put greater emphasis on
the understanding and application of physical concepts
and principles. It make learners identify, investigate and
solve problems in a sustainable manner. This two - year
learning phase will see learners being assessed through
continuous assessment and national examination. The
‘O’ level Physics syllabus is designed to inclusively cater
for all categories of learners.

1.2 Rationale

Modern day economies, Zimbabwe included, are driven
by technology and Physics concepts form part of the
basis. The study of Physics enables learners to be
creative and innovative in industry and society can
promote the application of physics in industrial processes
for value addition is well known. The learning of Physics
concepts promotes value creation, addition and
beneficiation of natural resources and harness available
opportunities for entrepreneurship.

1.3 Summary of Content

‘O’ level Physics syllabus will cover theory and practical
activities in the following areas:

Newtonian Mechanics, Dynamics, Waves, Electricity
and Electromagnetism, Thermal Physics and Modern
Physics.

1.4 Assumptions
It is assumed that:

» the learner has successfully completed Form 1
and 2 Science syllabus.

» Science clubs are existing and operational in
schools.

» use of ICT for research and presentation is known
by learners.

» use of measuring instruments such as rulers,
balances, second-hand clocks, voltmeters,
ammeters and thermometers is known by learners.

» safety measures are available and observed.

1.5 Cross- Cutting Themes

This phase will develop an appreciation of:

* Inclusivity

* Environmental issues

* Indigenous knowledge system
» Financial literacy

* Enterprise Education

* Gender

* HIV and Life skills

* Child Protection.

e Team work

* Food security

» Safety health issues

» Disaster risk management

2.0 PRESENTATION OF THE
SYLLABUS

The Ordinary Level Physics syllabus is a single docu-
ment covering Forms 3 - 4. It contains the Preamble,
Aims, Syllabus Obijectives, Syllabus Topics, Methodology
and Time Allocation, Scope and Sequence, Competency
Matrix and Assessment. The Scope and Sequence chart
shows the progression of topics from Forms 3 - 4, while
the syllabus matrix gives details of the content to be
covered.

3.0 AIMS

The aims are to:

3.1 create opportunities for learners to acquire
research, experimental and practical skills and
attitudes in Physics.

3.2 enable learners to acquire basic principles of
Physics for application in life and as a basis for
further studies in Physics and related disci-
plines.

3.3 recognise the usefulness and limitations of the
scientific method in the study of Physics.

3.4 inculcate in learners the desire to apply Phys-
ics for the benefit of society as guided by the
principles of Unhu/Ubuntu and recognising the
detrimental effects of misapplication of Phys-
ics.

3.5 inculcate in learners the appreciation of the
usefulness of ICT in the study and application
of Physics.
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3.6 develop, in learners the appreciation of the
use of Physics in value creation, addition and
beneficiation in mining and other industries.

3.7 inculcate in learners the regard for safety and
protection of the environment in the study of
Physics.

3.8 develop in learners an appreciation of gender,
HIV and AIDS issues.

4.0 OBJECTIVES

Learners should be able to:

4.1 follow instructions in practical work in order to
manipulate record observations and analyse
data to confirm or establish relationships

4.2 demonstrate knowledge about physical
phenomena, facts, laws, definitions and con-
cepts of Physics.

4.3 measure and express physical quantities in Si
units to a given level of accuracy and preci-
sion.

4.4 solve problems using calculations

4.5 generate and transform information in
Physics, from one form to another for presen-
tation, interpretation and problem solving.

4.6 design a practical solution through a Physics
project to solve a real life problem

4.7 use ICT to simulate Physics phenomena,
present and analyse Physics data

4.8 apply safety measures in all practical work

4.9 explain and apply procedures in Physics to
protect the environment

5.0 METHODOLOGY AND TIME
ALLOCATION

Suggested Methods

It is envisaged that teaching and learning programmes
based on this Physics syllabus could feature a wide
variety of learning experiences designed to promote
acquisition of scientific expertise and understanding, and
to develop values and attitudes relevant to science and
life. Teachers are encouraged to use a combination of
appropriate strategies to effectively and equitably engage
and challenge their learners through:

* Planned experiments

* Problem solving based learning
* Individual and group work
* Educational tours

* Project based learning

» Design based learning

* Learning by discovery

» E-learning such as simulation
* Resource person(s)

N.B.  Ortho-didactic principles, such as visual tactile,
simulation and self-activity, will be applied when need
arises to cater for diverse needs of learners.

Safety precautions must always be observed.

Time Allocation

A minimum of 8 periods of 35 minutes each in a week
should be allocated as double periods for adequate cov-
erage of the syllabus

6.0 TOPICS

1. Measurement and Physical Quantities
2. Kinematics

3. Forces

4. Machines

5. Mechanical Structures
6. Work, Energy and Power

7. Thermal Physics

8. Internal Combustion Engines
9. Waves

10. Optics

11. Electricity

12. Magnetism

13. Electromagnetism

14. Electronics

15. Atomic and Nuclear Physics
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9.0 ASSESSMENT

9.1 ASSESSMENT OBJECTIVES

The scheme of assessment is grounded in the principle of inclusivity and equalisation of opportunities hence does not
condone direct or indirect discrimination of learners.

Modifications of arrangements to accommodate candidates with special needs must be put in place in both continuous
and summative assessments. These modifications must neither give these candidates an undue advantage over
others nor compromise the standards being assessed.

NB: For further details for arrangements, accommodations and modifications refer to the assessment procedure
booklet.
The three assessment objectives in ‘O’ Level Physics are:

1: Knowledge with understanding
2: Handling information and problem solving
3: Experimental skills and investigations

1: Knowledge with understanding
Candidates should be able to demonstrate knowledge and understanding of:

« scientific phenomena, facts, laws, definitions, concepts, theories

« scientific vocabulary, terminology, conventions (including symbols, quantities and units)

* scientific instruments and apparatus, including techniques of operation and aspects of safety

* scientific quantities and their determination

« scientific and technological applications with their social, economic and environmental implications.

2: Handling information, problem solving, synthesis, analysis and evaluation

In words or using other written forms of presentation (e.g. symbolic, graphical and numerical), candidates should be
able to:

* locate, select, organise and present information from a variety of sources
« translate information from one form to another

» manipulate numerical and other data

* use information to identify patterns, report trends and draw inferences

* present reasoned explanations of phenomena, patterns and relationships
» make predictions and hypotheses

* solve problems, including some of a quantitative nature.

3: Experimental skills and investigations
Candidates should be able to:

» know how to use techniques, apparatus, and materials (including following a sequence of instructions, where
appropriate)

» make and record observations and measurements

* interpret and evaluate experimental observations and data

« plan investigations, evaluate methods and suggest possible improvements (including the selection of techniques,
apparatus and materials).
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9.2 SCHEME OF ASSESSMENT

The assessment scheme for Physics comprises of
a) Continuous assessment, and
b) Summative assessment.

The final grade in Physics is 20% continuous assessment and 80% summative assessment.
The assessment shall be administered as follows:

Paper 1: Multiple choice questions

Paper 2: Structured theory questions

Paper 3: Practical Test

Paper 4: Continuous Assessment

Learners are required to enter for all the 4 papers

Paper Tye of Paper Duartion Marks Paper Weighting
1 Multiple choice 1hr 40 19
2 Theory 2 hrs 15 min 100 48
3 Practical Test 2 hrs 30 14
4 Continuous Assessment | ....... 40 19

Paper 1: Theory : the paper consists of 40 compulsory multiple choice items of the direct choice type.
Each question shall have 4 response items.

Paper 2: Theory. The paper has 2 sections.

Section A will carry 40 marks and will consists of a number of compulsory structured questions of variable mark value.
Section B carries 60 marks and will consist of 4 structured questions .Each question will carry 20 marks. Candidates
will be required to answer any 3 questions.

Paper 3: Practical Test
This paper will consist of 2 compulsory questions each carrying 20 marks

Paper 4: Continuous Assessment
This paper will consist of standardised tests in Practical, Theory and a Project during the 5 terms.

9,3 SPECIFICATION GRID

SKILL Paper 1 Paper 2 Paper 3 Paper 4
1.0 KNOWLEDGE AND 15% 15% 15%
UNDERSTANDING

21 COMPREHENSION, 40% 50% 40%
PROBLEM SOLVING

2.2 ANALYSIS, SYNTHESIS 45% 45% 45%
AND EVALUATION

3.0 PRACTICAL 100%

TOTAL 100% 100% 100% 100%
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APPENDIX

SUMMARY OF KEY QUANTITIES, SYMBOLS AND UNITS

Learners should be able to state the symbols for the following physical quantities and, where indicated, state the units

in which they are measured. Learners should be able to define those items indicated by an asterisk (*).

Quantity Symbol Unit

QUANTITY SYMBOL UNIT

Length L,h Km.m,cm,mm
Area A M2,cm?

Volume Vv M3,cm?

Weight w N

Mass M Tones, Kg, g, mg
Time T h, mini,

Period T S

Density p Kg/m3, g/m3
Speed U,v Km/h, m/s,cm/s
Acceleration A m/s?

Force F N

Acceleration of free fall g m/s?, N/kg
Moment of a force M N/m

Work done W, E J

Power P w

Pressure P Pa, n/m?, mmHg
Temperature o,T eC, K

Heat capacity (o JI°C, J/k
Specific heat capacity C JI(g°), J/(gk)
Latent heat L J

Specific latent heat I J/kg, j/g
Frequency F Hz

Wave length A m,cm
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Angle of incidents I Degree(°)
Angle of reflection, refraction r Degree(°)
Critical angle c Degree(°)
Potential difference/voltage v V,mV
Current | AmA
Charge Q Q/C,As
e.m.f. E \
Resistance R Q

MATHEMATICAL REQUIREMENTS

Arithmetic

Learners should be able to:

(a) recognise and use expressions in decimal and standard form (scientific) notation

(b) use appropriate calculating aids (electronic calculator or tables) for addition, subtraction,
multiplication and division. Find arithmetic means, powers (including reciprocals and square roots),
sines, cosines and tangents (and the inverse functions)

(c) take account of accuracy in numerical work and handle calculations so that significant figures are
neither lost unnecessarily nor carried beyond what is justified, rounding answers correctly when
necessary

(d) make approximations and estimates to obtain reasonable answers

Algebra

Learners should be able to:

(a) change the subject of an equation

(b) solve simple algebraic equations, including linear simultaneous equations

(c) use direct and inverse proportion

(d) substitute physical quantities into physical equations using consistent units

(e) formulate simple algebraic equations as mathematical models of physical situations and to represent information
given in words

Geometry and trigonometry

Learners should be able to:

(a) understand the meaning of angle, curve, circle, radius, diameter, square, parallelogram, rectangle
and diagonal

(b) calculate areas of right-angled triangles and circles, areas and volumes of rectangular blocks,
volumes of cylinders

(c) use the angle sum of a right angle and adjacent angles on a straight line

(d) use sines, cosines and tangents

(e) use usual mathematical instruments (rules, compasses, protractor, set square)

(f) recognise and use points of the compass (N, S, E, W)

Graphs
Learners should be able to:
(a) translate information between graphical, numerical, algebraic and verbal forms
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(b) select appropriate variables and scales for graph plotting

(c) for linear graphs, determine the slope and state the intercept and intersection

(d) choose, by inspection, a straight line which will serve as the best straight line through a set of data
points presented graphically

(e) recall standard linear form y = mx + ¢ and rearrange relationships into linear form where appropriate
(f) understand, draw and use the slope of a tangent to a curve as a means to obtain the gradient

GLOSSARY OF TERMS

It is hoped that the glossary will prove helpful to learners as a guide, although it is not exhaustive. The glossary has
been deliberately kept brief not only with respect to the number of terms included but also to the descriptions of their
meanings. Learners should appreciate that the meaning of a term must depend in part on its context. They should
also note that the number of marks allocated for any part of a question is a guide to the depth of treatment required for
the answer.

1. Define (the term(s) ...) is intended literally. Only a formal statement or equivalent paraphrase, such as the defining
equation with symbols identified, being required.

2. Explain/What is meant by ... normally implies that a definition should be given, together with some relevant
comment on the significance or context of the term(s) concerned, especially where two or more terms are included in
the question. The amount of supplementary comment intended should be interpreted in the light of the indicated mark
value.

3. State implies a concise answer with little or no supporting argument, e.g. a numerical answer that can be obtained
‘by inspection’.

4. List requires a number of points with no elaboration. Where a given number of points is specified, this should not be
exceeded.

5. Describe requires learners to state in words (using diagrams where appropriate) the main points of the topic. It is
often used with reference either to particular phenomena or to particular experiments. In the former instance, the term
usually implies that the answer should include reference to (visual) observations associated with the phenomena. The
amount of description intended should be interpreted in the light of the indicated mark value.

6. Discuss requires learners to give a critical account of the points involved in the topic.

7. Predict or deduce implies that candidates are not expected to produce the required answer by recall but by making
a logical connection between other pieces of information. Such information may be wholly given in the question or

may depend on answers extracted in an earlier part of the question.

8. Suggest is used in two main contexts. It may either imply that there is no unique answer or that learners are expect-
ed to apply their general knowledge to a ‘novel’ situation, one that formally may not be ‘in the syllabus’.

9. Calculate is used when a numerical answer is required. In general, working should be shown.

10. Measure implies that the quantity concerned can be directly obtained from a suitable measuring instrument, e.g.
length, using a rule, or angle, using a protractor.

11. Determine often implies that the quantity concerned cannot be measured directly but is obtained by calculation,
substituting measured or known values of other quantities into a standard formula.

12. Show is used when an algebraic deduction has to be made to prove a given equation. It is important that the terms
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being used by learners are stated explicitly.

13. Estimate implies a reasoned order of magnitude statement or calculation of the quantity concerned. Learners
should make such simplifying assumptions as may be necessary about points of principle and about the values of
quantities not otherwise included in the question.

14. Sketch, when applied to graph work, implies that the shape and/or position of the curve need only be qualitatively
correct. However, learners should be aware that, depending on the context, some quantitative aspects may be looked
for, e.g. passing through the origin, having an intercept, asymptote or discontinuity at a particular value. On a sketch

graph it is essential that candidates clearly indicate what is being plotted on each axis.
Sketch, when applied to diagrams, implies that a simple, freehand drawing is acceptable:
nevertheless, care should be taken over proportions and the clear exposition of important details

SPECIAL NOTE

Nomenclature
The proposals in ‘Signs, Symbols and Systematics
(The Association for Science Education Companion to
16—19 Science, 2000)’ will generally be adopted.
Units, significant figures
Learners should be aware that misuse of units and/or
significant figures, i.e. failure to quote units
where necessary, the inclusion of units in quantities
defined as ratios or quoting answers to an
inappropriate number of significant figures, is liable to
be penalised.
Calculators
An approved calculator may be used in all papers.
Geometrical Instruments
Learners should have geometrical instruments with
them for Paper 1 and Paper 2.
Apparatus list
This list below details the apparatus expected to be
generally available for examination purposes. The
list is not exhaustive: in particular, items that are
commonly regarded as standard equipment in a
physics laboratory are not included. The apparatus
listed should be available for each candidate:

e ammeter FSD 1 Aor1.5A

e voltmeter FSD 1V, 5V

« cells and holders to enable several cells to be joined

* connecting leads and crocodile clips

« d.c. power supply — variable to 12V

* metre rule

« converging lens with a focal length f = 15 cm

* low voltage filament bulbs in holders

* a supply of masses and holders

* newton meter/force meter

« plastic or polystyrene cup

» modelling clay (Plasticine)

* various resistors, including a variable resistor
(rheostat)

* switch

» thermometer, —10 °C to +110 °C at 1 °C gradua-
tions

» wooden board

» glass or perspex block, rectangular and semi-cir-
cular

* measuring cylinder, 25 cm3, 100 cm3

* beaker, 250 cm3

* springs

* stopwatch

* ray box.
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