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A. INTRODUCTION

This book is intended to help you cover the curriculum for Grade 12 Physical Sciences in Terms 1 and 2. There is 
a companion book for Term 3. Teachers should keep these books to use from year to year. 

1. The need to improve curriculum coverage

In South Africa, too many learners drop out of school before Grade 12, and too few of those who reach Grade 12 do 
well in the NSC examinations. There are many reasons for such poor outcomes. One of the most important of these is 
that the curriculum is not covered each year. In other words, the teachers do not teach everything required by the CAPS 
in the year, and learners do not sufficiently understand the concepts and develop the skills that are taught. Improving 
curriculum coverage is the key thing that teachers can do to improve learning outcomes. 

2. A cycle of activities that support improved curriculum coverage

Covering the curriculum is a complex task in which teachers face many challenges. However, there is a cycle of practices 
that can support curriculum coverage (see Figure 1). If these practices become routine in the school, curriculum coverage, 
and thus learners’ outcomes, should improve. 

Figure 1: The cycle of practices for supporting improved curriculum coverage 

The best solutions 
are identified. Actions 
the teacher will take, 
and the support the 
DH, peers and subject 
advisor will provide, are 
agreed on.

Teachers think 
about how well 
they covered the 
curriculum. How 
well did they teach 
and how well did 
learners learn? 
What challenges 
did they face 
in covering the 
curriculum?

Teachers plan how they 
will cover the work in the 
time available for it.

Teachers share 
their curriculum 
coverage challenges 
with colleagues 
and together they 
suggest and explore 
solutions. They also 
share with their subject 
advisors.

Teachers report on 
curriculum coverage 
to their DH. 

Teachers monitor 
their progress against 
the plan: Are they 
on track or have they 
fallen behind? The DH 
monitors their progress.
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B. INFORMATION ABOUT RESOURCES IN THIS BOOK 

In this book, you will find resources which will help you plan, track, reflect and report on curriculum coverage for the 
purpose of working collaboratively with peers and your department head (DH) and subject adviser to solve curriculum 
coverage problems. The resources are described below. 

1. Planners for a daily programme of work

Later in this book there are planners that will help you plan what to teach each day in Term 1 and Term 2 (see 
Resources 1 and 2 in Section C). These planners provide a daily programme of work. There is a planner for all the 
books on the approved list of Learning and Teaching Support Materials (LTSMs) for Grade 12 Physical Sciences. In 
addition, each planner includes references to Everything Science.

1.1 How planners link to the CAPS

Planners link the CAPS contents and skills to activities in the learner’s book (LB) and teacher’s guide (TG) of each 
set of LTSMs. The daily plan of activities ensures that time is allocated to all the work required by the CAPS in the 
term. Should you miss a lesson for any reason, it is important that you do not skip this lesson, but continue in the 
next lesson from where you left off. 

In the CAPS, four hours have been allocated to Physical Sciences in the FET Phase each week. To meet this 
specification the planners give the content and skills for four one-hour lessons each week. 

1.2 The structure of the planners

The example of a planner below (Table 1) is Week 7 from Study and Master Physical Sciences Term 1. It shows you 
how the planning for a week is arranged. The same layout, abbreviations and symbols are used in the planners for 
all the LTSMs for each term.

The table heading states the week of the curriculum and the LTSM to which the planning is linked. It also gives the 
main content focus for the week. Look at the notes to see what each column tells you.

Table 1: An example of a planner

STUDY AND MASTER PHYSICAL SCIENCES

Week 7: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Give the IUPAC name when given the formula
• Give the formula when given the IUPAC name
*See Everything Science:
*Ex. 4.13 Q. 1–2 pp. 147–148
*Ex. 4.14 Q. 1–2 p. 152
*Ex. 4.15 Q. 1–2 p. 154
*Ex. 4.16 Q. 1–2 p. 157
*Ex. 4.17 Q. 1–2 p. 159

105 98–101 ES 
147–160

ES
96–109

131–161 96–109

Homework: *ES Ex. 4.18 Q. 1–3 pp. 160–161 ES
160–161

106–109
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Week 7: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

2 Structure–physical property relationships
• Recognise and apply to given examples the 

relationship between:
 − physical properties and intermolecular forces 

(ethanol, dimethyl ether, ethanoic acid, ethane, 
chloro-ethane)

 − physical properties and number and type of 
functional groups (ethanol, dimethyl ether, 
ethanoic acid, ethane, chloro-ethane)

 − physical properties and chain length (methane, 
ethane, propane, butane, hexane, octane)

 − physical properties and branched chains 
(pentane, 2-methylbutane; 2,2-dimethylpropane)

106 104–106 TYS 3
Q. 4

TYS 4 
Q. 1–2

D22–D23 162–179 112–118

Homework: SA: Q. 5–8 139–141 SA
Q. 5–8

3 Applications of organic chemistry
• Alkanes are our most important (fossil) fuels
• The combustion of alkanes (oxidation) is highly 

exothermic
• Carbon dioxide and water are produced:  

alkane + O2 → H2O + CO2 with ΔH < 0
• An ester is a product of an acid-catalysed 

condensation between an alcohol and carboxylic 
acid

• Identify the alcohol and carboxylic acid used to 
prepare a given ester and vice versa, and write an 
equation to present this preparation

107 107–108 TYS 5
Q. 1

D25 179–184 118–119

Homework: Prepare for the prescribed practical: Preparing 
and identifying esters

108–109 Act. 5 D23–D25

4 Formal assessment: Prescribed investigation
Prepare different esters and identify the esters by smell
See Resource 20.1 Practical assessment: Preparation of 
esters in Section C

107 108–109 Act. 5 D23–D25 184–186

Resources: Apparatus and materials
Per group: Six test tubes in test tube rack, water bowl, glass rod, glass beaker, burner, test tube holder, tripod stand, gauze, 
propette, spatula
Chemicals: Methanol, ethanol, pentanol, acetic acid, salicylic acid, concentrated sulfuric acid
Photocopies: Safety data should be available so that learners know the properties of these compounds, and how to handle 
them

Homework: Search and present information on the principles 
and applications of the alcohol breathalyser

Act. 2 D18

The columns, from left to right, give the following information:
• The number of the lesson in the week (1–4).
• The CAPS content and skills and practical activities that are dealt with in each lesson.
• The page number in the CAPS where the content referred to is specified.
• The page number in the learner’s book where related content and relevant activities can be found.
• The activity in the learner’s book that should be done by the learners during the lesson. 
• The page number in the teacher’s guide where support is given for the work to be done.
• The page number in the Everything Science learner’s book with related content.
• The page number in the Everything Science teacher’s guide where supporting material can be found.
• Note: Where necessary, particular resources needed for a lesson are shown in the row below the lesson 

information. Suggestions for homework are also given in this way (see Table 1 Lesson 4, for example).
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Abbreviations and symbols used in the planners

Explanation of abbreviations and symbols used in the planners
• A Answer
• Act.  Activity
• CA Class activity
• Demo. Demonstration
• ES Everything Science
• Ex. Exercise
• Exp. Experiment
• FAT Formal assessment task
• IA Informal assessment
• Inv. Investigation
• LB Learner’s book
• p. Page
• PA Practical activity
• pp. Pages
• Q. Question
• S # Hour session
• TG Teacher’s guide
• TYS Test yourself
• WS Worksheet

1.3 How to use the planners 

Plan for the term
• Find the correct planner to use – the one that gives the daily plans for the LTSM that you use mostly in your 

class. You can of course use the others to help you find additional or alternative activities related to the same 
skills and concepts. 

• Check the length of the term against the number of weeks in the planner. The school terms are not the 
same length each year. However, the planner is the same from year to year. The planner for Grade 12 Physical 
Sciences Term 1 gives a daily plan for a term that is ten weeks long, including time for the control tests. 
Note that the CAPS prescribes work for 11 weeks. As a result, the breakdown of work to be done each week 
has been adjusted to be completed in this shorter period and there is very little time at the end of the term 
that is not required for teaching. Term 2 also has plans for a term that is ten weeks long, including one week 
allocated to revision and one to examinations. If the term in any year is of a different length, or if your school 
allocates more or less time for examinations than is in the planner, you will have to adjust your planning 
accordingly. It is very important to do this planning at the beginning of the term so that you neither rush 
through the work when you in fact have more time for it than allocated in the planner, nor find that you have 
followed the pace of the planner, but run out of teaching time. 

Plan for lessons
• Compare your timetable with the number of lessons in the week, and the length of each lesson. If you 

do not have four periods of one hour each, you will need to adjust the programme for each lesson in the 
planner to fit the length and number of your lessons. 

• Plan and prepare for each lesson. The planners give support for the planning of a programme of work. They 
do not offer help with detailed lesson planning or preparation. 

Planning for a lesson involves drawing up a plan of action. A lesson plan should include an introduction, sequenced 
content and activities for learners to work on individually or in groups, a conclusion, and homework activities 
to consolidate the learning of the day or to prepare for the next day’s lesson where possible. No lesson plan 
templates are provided here. You should use the one you prefer or that is specified by your school/subject adviser. 

When preparing for a Physical Sciences lesson you should: 
• make sure that you understand every aspect of the content knowledge and skills addressed in the lesson, and 

think about common misconceptions learners might hold in relation to the content;
• think carefully about how best to help learners understand new work and develop new skills; 
• work through each of the learner activities yourself, noting alternative answers where necessary and making 

notes on possible learner difficulties in relation to the activities; 
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• ensure that any resources you need to use in the lesson are available;
• decide how you will pair/group your learners;
• check in your teacher’s guide and learner’s book for enrichment/challenge activities for learners who have 

completed their work and/or need a challenge; and
• see where there are remedial and support activities for learners who have barriers to learning. 

Please also see Resource 4 in Section C for additional guidelines on planning and preparing a Physical Sciences lesson. 

2. Plans for assessment 

Curriculum coverage requires teachers to teach the content given in the CAPS each term/year. It also requires that 
learners understand the concepts and develop the skills that are taught. Thus, assessment gives vital information 
about how well the curriculum is being covered. It tells teachers which topics or aspects of topics learners are 
struggling with, and how many learners are managing well, just coping, or struggling. Teachers need to reflect on 
possible reasons for and implications of these patterns of achievement, thinking about, for example, what they tell 
of the efficacy of their teaching methodology and how it could be improved, what feedback they can give learners 
to encourage and support improvement, and whether they can move on to new work, or need to remediate that 
which has already been taught. 

The CAPS requires that teachers assess their learners’ progress by means of both informal and formal assessment, 
and resources in this book assist teachers with planning for both. 

2.1 Informal assessment

Informal assessment is ongoing and part of the teaching process as teachers listen to learners’ responses and 
questions in class, and check their classwork and homework books. No record of the marks for informal assessment 
needs to be kept, but recording some of these will help you monitor learners’ progress. 

The CAPS for Physical Sciences in the FET Phase does not specify what needs to be done for informal  
assessment. However, it does recommend that four experiments (two for physics, two for chemistry) be assessed 
informally during the year. The planners in this book give some suggestions for where such experiments might be 
done in the first two terms. You will see an overview of these in Resources 3.1 and 3.2 in Section C of this planner.  

2.2 Formal assessment

Formal assessment is assessment for which marks are recorded. In South African schools, these marks should be 
entered into SA-SAMS. 

The resources in this book help you plan when your learners will complete formal assessment tasks. Knowing this 
helps you to plan related activities such as when tasks and marking guidelines will be moderated, when marking 
will be completed and moderated, when marks will be recorded, and when feedback will be given to learners.  
All these activities are important in ensuring that assessment is at the correct level and that information from it can 
be used to support improved curriculum coverage. 

Formal assessment tasks specified in the CAPS

The CAPS specifies two formal assessment tasks for Term 1 and two for Term 2. In Term 1, these are a prescribed 
experiment and a control test. In Term 2 these are a prescribed experiment and an examination.1 

Formal assessment programmes in the LTSMs and planners

Resource 3 in Section C shows how the formal assessment tasks are integrated into the planners for Terms 1 and  2 
respectively. They show when tasks are scheduled in the planner for each of the LTSMs. A note is also made of 
this date in the planners themselves by writing Formal assessment in the CAPS content column. You will see an 
example of this in Table 1 in Lesson 4. 

1  The DBE makes changes to the assessment requirements from time to time. In such instances, you might need to change the assessment 
programme shown here to align with the revised requirements.



8   Grade 12 Physical Sciences

Not all the LTSMs provide an example of all the assessment activities required for the assessment tasks, and some 
of those provided might not be suitable for your class. Some provide an exemplar test or examination in the 
learner’s book, making it unsuitable for use as a formal assessment task as learners can prepare for it in advance. 
It is therefore essential that you check the assessment activities carefully before giving them to the learners and, 
if necessary, adapt them, set your own, or use examples from a different set of LTSMs. In the case of the Term 1 
control test and the mid-year examination you can use the exemplars provided in Section C of this planner or 
provided by the district or province, if available.

The dates in the assessment programme provided for your LTSM might not suit your context for some reason. You 
should be sure to check this, and schedule dates that are more appropriate where necessary. 

3. Resources to support content knowledge, pedagogy and assessment

Sound content and pedagogical knowledge and teaching and learning resources enable teachers to support 
learning, and thus have a positive impact on curriculum coverage. For this reason, where appropriate, guidelines 
for teaching certain topics or skills, explanatory information about the content, suggestions for sound structuring 
of lessons and exemplar assessment tasks are provided in this series of books. The resources in this book are 
described below: 

3.1 Guidelines for lesson planning and preparation 

Section 1.3 above drew attention to the need for thorough preparation for a Physical Sciences lesson to be  
successful and gave some brief pointers for effective preparation. Resource 4 in Section C of this planner gives 
more detail about the points made in 1.3. It also gives some useful guidelines for practical activities. 

3.2 Overview of the Term 1 and Term 2 topics

Resource 5 in Section C provides some broad information about the topics in Terms 1 and 2 and suggestions 
of how to help learners deepen their understanding of them, their ability to apply their knowledge in different 
contexts and to solve problems, and insight into the relevance of what they have learnt. 

3.3 Additional information and enrichment activities

The books on the approved list do not cover all the topics in the CAPS equally. They vary in the explanations and 
activities provided. For this reason, Resources 6.1 and 6.2 provide additional information and ideas for activities 
related to certain topics in Terms 1 and 2 respectively. Some of these fill gaps in one or other of the LTSMs; 
some serve to extend what is provided. You will see references to the worksheets provided in Resources 7.1  
(for Term 1) and 7.2 (for Term 2). These are discussed further in Section 3.4 below.

It is important that you look at Resource 6 when doing your planning and preparation so that you can integrate 
ideas there with those in your LTSMs. 

3.4 Additional worksheets/tests with memorandums

The worksheets provided (Resource 7) are intended to be photocopied for your learners. They have been  
included for two purposes. Firstly, they provide learners an opportunity to engage more fully with the specified  
concepts and skills than is afforded them in some of the LTSMs where there might be little information and no 
relevant activities. Secondly, they provide extension activities for learners who have completed those in the LTSMs 
ahead of others and need extra work. There are answers to all the questions in the worksheets to support teachers 
in working through them with their learners. 

3.5 Assessment resources

In addition to the support provided in planning for assessment (see Resources 3.1 and 3.2 referred to earlier), this 
book also provides assessment materials and a tool for item analysis. These are described below. 

3.5.1 Exemplar Term 1 tests, memorandums and analyses of cognitive levels

   Exemplar control physics and chemistry tests are provided for Term 1. Accompanying these are the 
memorandums and analyses of the level of cognitive demand of each question and the weighting of marks 
across these levels (see Resources 8 to 13). 
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3.5.2 Exemplar Term 2 tests, memorandums and analyses of the weighting of cognitive levels and topics

   Exemplar tests for physics and chemistry are provided for Term 2, although the CAPS specifies an 
examination in this term. These papers have been set to allow for flexible use should learners be required 
to write a common examination. If this is the case, the tests can be used for exam practice. If not, they can 
be used as papers for the mid-year examination. 

   Accompanying the tests are the memorandums and analyses of the level of cognitive demand of each 
question and the weighting of marks across these levels. This weighting is compared with that required  
by the CAPS (p. 148). The weighting of marks across the topics covered in the test papers is also  
analysed and compared with that required by the CAPS (p. 150) (see Resources 14 to 19). 

3.5.3  Exemplar worksheets and memorandums for the prescribed practical investigations 

   In addition to the Term 1 and Term 2 tests, there are clearly laid out worksheets to guide learners in doing 
the required practical investigation for each term. Each is accompanied by a detailed memorandum (see 
Resource 20). 

3.5.4  Exemplar item analysis sheets for Term 1 and Term 2 formal assessment

   Resource 21 provides blank templates which you can copy and use to fill in your learners’ names and the 
marks each achieved for the questions in the tests or the skills in the investigations/practical tasks. 

Resources mentioned in 3.5.1 to 3.5.4 above support curriculum coverage by: 
• providing assessment tasks that are fully CAPS compliant, and which have been approved by district advisers 

(this ensures that learners will be assessed at the correct standard); 
• providing a correct set of marking guidelines so that learners’ work will be marked to the same standard 

across different markers; 
• supporting teachers’ ability to work with the levels of questions required by the CAPS by providing a detailed 

analysis of the levels of questions asked in the tests (this strengthens their ability to set assessment tasks that 
comply with the weighting of cognitive levels themselves in future); and

• encouraging teachers to do an item analysis of the assessment tasks they have given learners to identify 
where learners’ strengths and weaknesses are. This enables them to focus remediation on topics and skills 
where it is most needed by the class as a whole or by individual learners.

  You can photocopy and use the exemplar test papers and practical investigation worksheets for formal or  
informal assessment, or adapt them in ways that make them more useful to you. 

3.6  A template for tracking, reflecting and reporting for collaborative problem solving

Planning is one activity on the curriculum completion support cycle (Figure 1), and you have seen how the material 
in this book supports teachers with planning. The templates provided as Resource 22 in Section C are tools to 
assist teachers with other aspects of the cycle. There is a template to use in conventional schools, and one for use 
in multigrade schools. The template for conventional schools is reproduced below, with annotations that show how 
it is used as a tool for curriculum coverage support. The template for multigrade schools works in the same way. 

Teachers should print a copy of the relevant template for each week of the term and use it together with the 
teaching plan for that week. This teaching plan could be the planner for their LTSM in this book or the ATP or 
another daily planning resource. They record curriculum coverage information and their reflection on it for all the 
Physical Sciences lessons with each class they teach in the week. 

Note that dates are not given in the tracking and reflecting template. Teachers should fill two dates into the spaces 
at the top of the template. Firstly, they should record the week in the planner when the work they are doing is 
scheduled to be done; secondly, they should record the week when they in fact are starting that work. These dates 
will help them see how well they are keeping up with the pace set in the planner they are following. 
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Week no. in planner ________________ 

Week no. in term when work planned for week started ________________ 

Refer to the planner for details of the week’s work (or the ATP for subjects without 
planners)

Class (or subject for FP)

On track by end of week? (Yes/no)

How many learners are working 
confidently? (Rough estimate)

How many learners in this class?

DAY BRIEF NOTES ON THE DAY’S WORK: Consider such things as:
What concepts/skills did the learners struggle with or  

manage well in this lesson? What could be the reasons for this?  
Did the class complete the work you had planned? Do you need to  

change your plans for the next lesson? What changes will you make?

1

2

3

4

5

Reflection on the week: 

What concepts and skills for the week  
did learners struggle with?  

What could you do differently next time  
to better support or extend learning?  
What good practice could you share? 

Did you cover the curriculum  
for the week? If not, what were some 
of the challenges? What can you do to 

catch up? What help do you need?  
How will your progress this week affect 

your plan for next week? 

DH: Date:

This is the no. of the week in the 
planner that is being followed.

This is the no. of the week in the term when the work 
actually starts. If curriculum coverage is behind, this 
might be a later week than the week in the planner.

At the end of the week, the teacher uses evidence from informal and 
formal assessment, to estimate for each class how many learners out 
of the total are working confidently at Level 4 or above. They use this 
information, together with the amount of work planned that they have 
taught, to state whether or not their curriculum coverage is on track. 

Prompts for daily reflection.

Each day, the teacher reflects on how their lesson went, and how they could improve it using 
the prompts provided. They also think about whether or not they can proceed as planned in 
the next lesson. This is a professional judgement they make based on informal and formal 
assessment. They note the main points here. 

At the end of the week, the teacher 
reflects on the week’s teaching and 

learning. They think about what 
learners found difficult, and how 
they can change their practice so 

learning improves. 

At the end of the week, the teacher considers 
whether or not the work planned for the week 
has been taught and learnt, and if not, what can 
be done to solve curriculum coverage problems 
and get back on track. 

The teacher writes their reflections here for their own professional 
development, but also to share them with their DH to get support 
in solving problems. 

At the end of the week, the DH reads the teacher’s reflections and record of curriculum coverage and signs the 
template. S/he uses the information shared in a supportive conversation with the teacher. Together they consider 
any curriculum coverage problems the teacher faces and work towards finding solutions. 



C. RESOURCES

1. PLANNERS FOR TERM 1
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1.1 Solutions for All Physical Sciences (Macmillan South Africa)

SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 1: Momentum

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Momentum
Introduction to the topics of momentum and impulse 
by checking learners’ understanding of terms and 
concepts from Grades 10 and 11, and placing 
these new concepts into context, e.g. change of 
momentum during collisions
• Define momentum
• Calculate the momentum of a moving object 

using p = mv
• Describe the vector nature of momentum and 

illustrate with some simple examples

56–59
62–65

99

13–15 Check 
myself
CP 1

1–6 20–25 36–37

Homework: Ex. 1.1 Q. 1–8 18 Ex. 1.1
Q. 1–8

6–7

2 • Draw vector diagrams to illustrate the relationship 
between the initial momentum, the final 
momentum and the change in momentum in 
each of the above cases

99 16–19 CP 2
Ex. 1.1
Q. 9–14

7–9 25–29 36–37

Homework: Ex. 1.1 Q. 15–16 19 Ex. 1.1
Q. 15–16

9

3 Newton’s second law expressed in terms of 
momentum
•  State Newton’s second law in terms of 

momentum: 
The net force acting on an object is equal to the 
rate of change of momentum

• Express Newton’s second law in symbols:  
Fnet = Δp

Δt  

• Explain the relationship between net force and 
change in momentum for a variety of motions

99 19–24 CP 3
Ex. 1.2
Q. 1–4

9–11 30–31 38

Homework: Ex. 1.2 Q. 5–7 20–21 Ex. 1.2 
Q. 5–7

11
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 2: Momentum

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Calculate the change in momentum when a 
resultant force acts on an object and its velocity 
increases in the direction of motion (e.g. 2nd stage 
rocket engine fires), decreases (e.g. brakes are 
applied), reverses its direction of motion (e.g. a 
soccer ball kicked back in the direction it came 
from)

99 22–24 Ex. 1.2 
Q. 8–13

11–12 31–35 38

Homework: Ex. 1.2 Q. 14–17 22–24 Ex. 1.2 
Q. 14–17

13

2 Conservation of momentum and elastic and 
inelastic collisions
• Explain what is meant by a system (in Physics)
• Explain (when working with systems) what is 

meant by internal and external forces
• Explain that an isolated system is one that has no 

net force (external) acting on it
• State the law of conservation of momentum as: 

The total linear momentum of an isolated system 
remains constant (is conserved)

• Apply the conservation of momentum to 
collisions of two objects moving in one 
dimension (along a straight line) with the aid of 
an appropriate sign convention

*Teacher demonstration: Collision types using 
trolleys (or air track)

100 28–32 CP 4 14–15 35–39 38–39

Homework: Ex. 1.3 Q. 1–7 34–35 Ex. 1.3
Q. 1–7

16–17

3 • Apply the conservation of momentum to 
collisions of two objects moving in one 
dimension (along a straight line) with the aid of 
an appropriate sign convention

• Distinguish between elastic and inelastic 
collisions

• Know that kinetic energy is only conserved in an 
elastic collision

100 35–36 Ex. 1.3
Q. 8–12

CP 5

17–19 40–53 38–39

Homework: Ex. 1.3 Q. 13–16 36 Ex. 1.2
Q. 13–16

18

4 Recommended demonstration for informal 
assessment
Investigate the conservation of momentum and 
energy using Newton’s cradle (qualitative) (Refer to 
Resource 6 in Section C Additional Information and 
Enrichment Activities: How Newton’s cradle works)
• Apply the conservation of momentum to 

collisions of two objects moving in one 
dimension (along a straight line) with the aid of 
an appropriate sign convention

100 36–39 Ex. 1.4 
Q. 1–5

20–24 37–53 39–40

Homework: Ex. 1.4 Q. 6–7 39 Ex. 1.4 
Q. 6–7

24–25
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 3: Momentum and impulse

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Apply the conservation of momentum to 
collisions of two objects moving in one 
dimension (along a straight line) with the aid of 
an appropriate sign convention 

• Define impulse as the product of the net force 
and the contact time: Impulse = Fnet.Δt

• Know that impulse is a vector quantity
• Know that impulse is a change in momentum, 

i.e. this relationship is referred to as the impulse-
momentum theorem: Impulse = Δp

100 40–43 Ex. 1.4 
Q. 8–9
CP 6

25–26 53–56 40–42

Homework: Ex. 1.5 1–4 46 27–28

2 • Use the impulse-momentum theorem  
(Fnet.Δt = Δp) to calculate the force exerted, time 
for which the force is applied and change in 
momentum for a variety of situations involving 
the motion of an object in one dimension

101 42–45 CP 7 & 8 27 56–61 40–42

Homework: Ex. 1.5 Q. 5–8 46 Q. 5–8 27–28

3 • Use the impulse-momentum theorem  
(Fnet.Δt = Δp) to calculate the force exerted, time 
for which the force is applied and change in 
momentum for a variety of situations involving 
the motion of an object in one dimension

• Apply the concept of impulse to safety 
considerations in everyday life, e.g. airbags, 
seatbelts and arrestor beds

101 46–49 Q. 9–16 28–29 61–65 42–44

Homework: Ex. 1.6 Q. 1–4 47–49 30

4 • Apply the concept of impulse to safety 
considerations in everyday life, e.g. airbags, 
seatbelts and arrestor beds

Extend yourself Q. 1–8

101 49–50 CP 9
Extend 
yourself
Q. 1–8

30–32 66–69 45–49

Homework: Extend yourself Q. 8–11 50 Extend 
yourself
Q. 8–11

31–32
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 4: Momentum and impulse and Vertical projectile motion

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Momentum and impulse informal assessment  
(30 minutes) 
See Worksheet 5: Momentum and impulse formative 
test in Resource 7 in Section C Additional worksheets 
with memorandums for Term 1 
Review Momentum and impulse formative test  
(30 minutes)

99–101 IA: Test

Homework: Review the key points in the chapter and the 
summary

51–52

2 Vertical projectile motion* (one dimension) 
represented in words, diagrams, equations and 
graphs (near the surface of the Earth and in the 
absence of air friction)
Introduction to vertical projectile motion:
Recall the equations of motion from Grade 10 
• Explain that projectiles fall freely with 

gravitational acceleration g accelerating 
downwards with a constant acceleration 
irrespective of whether the projectile is moving 
upward or downward or is at maximum height

• Know that projectiles can have their motion 
described by a single set of equations for the 
upward and downward motion

• Use equations of motion to determine the 
position, velocity and displacement of a projectile 
at any given time

56–57
102

53–60 Check 
myself

CP 1 & 2
Ex. 2.1

1–3

33–38 72–76 52

Homework: Ex. 2.1 4–7 60 Ex. 2.1 
4–7

38–39

3 • Use equations of motion to determine the 
position, velocity and displacement of a projectile 
at any given time

• Know that projectiles take the same time to reach 
their greatest height from the point of upward 
launch as the time they take to fall back to the 
point of launch; this is known as time symmetry

102 60–64 CP 3
Ex. 2.2

1–5

39–41 76–83 52–55

Homework: Ex. 2.2 6–8 64 41–42

4 • Use equations of motion to determine the 
position, velocity and displacement of a projectile 
at any given time

102 64–67 CP 4
Ex. 2.3

1–7

42–44 76–83 52–55

Homework: Worksheet 4: Measuring the acceleration due 
to gravity in Resource 7 in Section C Additional worksheets 
with memorandums for Term 1
Draw the graph for homework
Prepare for informal practical: Measuring the acceleration 
due to gravity

67–69
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 5: Vertical projectile motion and Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Recommended experiment for informal 
assessment
Investigate the motion of a falling body
Worksheet 4: Measuring the acceleration due 
to gravity in Resource 7 in Section C Additional 
worksheets with memorandums for Term 1
Answer questions from the worksheet with reference 
to the graph
Use the data to determine the acceleration due to 
gravity

102 67–69 PA 44–46 74–76

Homework: Reflect on the practical investigation
Complete the practical report

2 • Draw position vs time (x vs t), velocity vs time  
(v vs t) and acceleration vs time (a vs t) graphs for 
one-dimensional projectile motion

• Give equations for the graphs of position vs time, 
and velocity vs time graphs for one-dimensional 
projectile motion

• Given x vs t, v vs t or a vs t graphs, determine the 
position, velocity or acceleration at any time t

102–103 70–76 CP 5 & 6 46–48 83–91 55–57

Homework: Review pp. 70–76
Extend yourself Q. 2 

70–76
82

55–56

3 • Given x vs t, v vs t or a vs t graphs describe the 
motion of the object, e.g. graphs showing a ball 
bouncing, thrown vertically upwards, thrown 
vertically downward, and so on

103 76–81 Ex. 2.4
Q. 1–7
Extend 
yourself 

Q. 1

48–55 91–106 58–70

Homework: Extend yourself Q. 3 83 Extend
yourself 

Q. 3

56

4 Organic chemistry
• Define organic molecules as molecules 

containing carbon atoms
• Describe carbon as the basic building block 

of organic compounds, that recycles through 
the Earth’s air, water, soil, and living organisms 
including human beings

• Discuss the special properties of carbon that 
make it possible to form a variety of bonds

• Give condensed structural, structural, and 
molecular formulae for alkanes

• Explain the terms functional group, hydrocarbon 
and homologous series

104 85–89 CP 1 & 2 57–71 108–116 72–75

Homework: Review pp. 85–89; summarise facts
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 6: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Give the IUPAC name when given the formula 
• Give the formula when given the IUPAC name
• Naming is restricted to compounds with the 

following functional groups: alkanes, alkenes, 
alkynes, alkyl halides, aldehydes, ketones, alcohols, 
carboxylic acids and esters (up to a maximum of 
eight carbon atoms in the parent chain, i.e. in the 
longest chain)

• Organic compounds are restricted to one type of 
functional group per compound and to a maximum 
of two functional groups of the same type per 
compound

105 85–94 CP 3
Ex. 3

Q. 1–2

71–72 131–161 85–94

Homework: Review pp. 89–94; summarise facts 89–94

2 • Give condensed structural, structural, and molecular 
formulae for alkenes and alkynes

• Explain the terms functional group, hydrocarbon 
and homologous series

• Explain the terms saturated and unsaturated
Activity
(1)  Drawing structural formulae and writing systematic 

names for alkanes, alkenes, alkynes
(2)  Building molecular models of simple alkanes, 

alkenes, alkynes
(3)  Building molecular models of but-2-enes

104 94–100 CP 
4, 5, 6 & 7

73–76 131–142
117–118

87–94

Homework: Ex. 3.2 Q. 1–2 Ex. 3.2
Q. 1–2

76–78

3 • Identify compounds that are saturated or 
unsaturated (up to eight carbon atoms)

Recommended experiment for informal assessment
(1)  Use the reactions of alkanes and alkenes with 

bromine water and potassium permanganate to 
indicate saturated and unsaturated molecules

(2)  Prepare alkynes and investigate the reactions with 
bromine water and potassium permanganate

104 95–104 CP 
8,9 & 10
Ex. 3.3
Q. 1–3

79–80 118–119 87–94

Homework: Ex. 3.4 1–3 Ex. 3.4
Q. 1–3

4 • Give condensed structural, structural and molecular 
formulae for alkanes and compounds containing 
the following functional groups: (up to eight carbon 
atoms)

 − double carbon-carbon bonds
 − triple carbon-carbon bonds
 − alkyl halides
 − alcohols
 − carboxylic acids
 − esters
 − aldehydes
 − ketones

104 Ex. 3.1 
Q. 3

Ex. 3.5

81–84 120–128
142–161

95–109

Activity
(1)  Building molecular models of compounds with 

different functional groups
(2)  Building molecular models of butan–2-ol or 

propanoic (propionic) acid

Homework: Ex. 3.5 complete the questions; Ex. 3.6 Q. 1–3 Ex. 3.5
Ex. 3.6
Q. 1–3

85
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 7: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Explain the term: isomer
• Remember ALL possible isomers have the SAME 

molecular formula
• Emphasise the different representations of organic 

compounds: macroscopic, sub-microscopic and 
symbolic, and the links between them

• Isomers are restricted to structural isomers: 
 − chain isomers (different chain)
 − positional isomers (different position of the same 

functional group)
 − functional isomers (different functional group)

• Illustrate their 3-D orientation using models to build 
representations of the organic molecules

Activity
Building molecular models of isomers

105 104–110 Ex. 3.7
Q. 1–3

86–87 129–131 83–84

Homework: Search and present information on the principles 
and applications of the alcohol breathalyser

Research

2 Structure–physical property relationships
• Recognise and apply to given examples the 

relationship between:
 − physical properties and intermolecular forces 

(ethanol, dimethyl ether, ethanoic acid, ethane, 
chloro-ethane)

 − physical properties and number and type of 
functional groups (ethanol, dimethyl ether, 
ethanoic acid, ethane, chloro-ethane)

 − physical properties and chain length (methane, 
ethane, propane, butane, hexane, octane)

 − physical properties and branched chains 
(pentane, 2-methylbutane; 2,2-dimethylpropane)

• The physical properties to be considered are:
 − point
 − boiling point
 − vapour pressure
 − physical state at room temperature
 − density
 − molecular shape
 − flammability 
 − smell

• The intermolecular forces to consider are hydrogen 
bonds and Van der Waals forces

106 113–119 CP 13–18 88–92 162–167
168–179

112–118

Homework: Ex. 3.8 119–120
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Week 7: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

3 • Compare physical properties of the following 
compounds: propane, butane, ethanol, propan-1-ol 
and butan-1-ol

• Explain the physical properties of these compounds 
using 3-D models of the molecules

Applications of organic chemistry
Combustion
• Alkanes are our most important (fossil) fuels
• The combustion of alkanes (oxidation) is highly 

exothermic and carbon dioxide and water are 
produced: alkane + O2 → H2O + CO2 with ΔH < 0

106–107 121–125 CP 19–20 91–95 167–168
179–184

118–119

Homework: Study the summary of organic reactions and 
revise properties of functional groups

4 Esterification
• An ester is the product of an acid-catalysed 

condensation between an alcohol and a carboxylic 
acid

• Identify the alcohol and carboxylic acid used to 
prepare a given ester and vice versa, and write an 
equation to present this preparation

107 121–125 Ex. 3.9 92–95 179–184 118–119

Homework: Prepare for prescribed experiment: Preparing and 
identifying esters
Use safety data to learn the properties of these compounds: 
methanol, ethanol, pentanol, acetic acid, salicylic acid, 
concentrated sulfuric acid

126–127
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 8: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Formal assessment: Prescribed investigation
Prepare different esters and identify the esters by smell
See Resource 20.1 Practical: Preparation of esters in 
Section C

107 126–127 PA 95–96 184–186

Resources: Apparatus and materials
Per group: Six test tubes in test tube rack, water bowl, glass rod, glass beaker, burner, test tube holder, tripod stand, gauze, 
propette, spatula
Chemicals: Methanol, ethanol, pentanol, acetic acid, salicylic acid, concentrated sulfuric acid
Photocopies: Safety data should be available so that learners know the properties of these compounds and how to handle 
them

Homework: Study the summary of organic chemistry and 
revise all work covered thus far

2 Substitution, addition and elimination
• (ONLY alkanes, alkenes, alkynes, alcohols, halo-

alkanes, carboxylic acids, and esters)
• Describe criteria to classify elimination, substitution 

or addition reactions according to structural change
• Recall some organic compounds that are produced 

by people in their homes, e.g. alcohol from sorghum 
beer or grapes or malt or rice

Substitution reactions:
Haloalkanes from alkanes:
• CH4 + Br2 → CH3Br + HBr
• Reaction conditions: X2 (X = Cℓ, Br) added to alkane 

in the presence of light or heat 
(Refer back to the test for saturated and unsaturated 
organic compounds: Week 6: Lesson 2)

Reactions of bases with haloalkanes (hydrolysis) to 
produce alcohols: 
• C(CH3)3X + KOH → C(CH3)3OH + KX where X = Br, Cℓ
• Reaction conditions: Haloalkane dissolved in ethanol 

before treatment with aqueous sodium hydroxide 
and warming of the mixture

• The same hydrolysis reaction occurs more slowly 
without alkali, i.e. H2O added to the haloalkane 
dissolved in ethanol

112–113 128–132 CP 21–23 96–98 186–187
192–194

122

Interconversion between alcohols and haloalkanes:
• Reactions of HX (X = Cℓ, Br) with alcohols to produce 

haloalkanes
• Tertiary alcohols are converted into haloalkanes using 

HBr or HCℓ at room temperature:  
C(CH3)3OH + HBr → C(CH3)3Br + H2O 
The reaction works best with tertiary alcohols; 
primary and secondary alcohols react slowly and at 
high temperatures

• Write equations for simple substitution reactions

Homework: Ex. 3.10
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Week 8: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

3 Addition reactions:
• Unsaturated compounds (alkenes and cycloalkenes) 

undergo addition reactions to form saturated 
compounds

Halogenation:
• Use the reactions of alkane and alkenes with 

bromine water to indicate saturated and unsaturated 
molecules (refer back to Week 6: Lesson 2)

• Bromine discolours (from light brown to colourless)
• CH2=CH2 + Br2 → CH2Br–CH2Br reaction proceeds 

spontaneously
• CH3–CH3 + Br2 → CH3–CH2Br + HBr reaction 

proceeds slowly, in the presence of sunlight 
(Cyclohexane and cyclohexene could be used) 
(Similarly use potassium permanganate solution to 
test for saturated and unsaturated compounds)

• Addition of X2 (X = Cℓ, Br) to alkenes, e.g.  
CH2=CH2 + Cℓ2 → CH2Cℓ–CH2Cℓ 

• Reaction conditions: X2 (X = Cℓ, Br) added to alkene
Hydration: 
*Video clip: Preparing ethanol from ethene: 
www.youtube.com/watch?v=ZkX9rVtCa7c
• Addition of H2O to alkenes, e.g.  

CH2=CH2 + H2O → CH3-CH2OH
• Reaction conditions: H2O in excess and a small 

amount of HX or other strong acid (H3PO4) as catalyst
• During addition of H2O to unsaturated hydrocarbons, 

the H atom attaches to the C atom already having 
the greater number of H atoms

• The -OH group attaches to the more substituted C 
atom

Hydrogenation:
• Addition of H2 to alkenes e.g.  

CH2=CH2 + H2 → CH3–CH3 

108–109 132–138 CP 24–27 98–104 187–190 120–121

• Reactions conditions: Alkene dissolved in non-
polar solvent with a catalyst (Pt, Pd or Ni) in an H2 
atmosphere

*Video clip: Hydrogenation of vegetable oils to form 
margarine: 
www.youtube.com/watch?v=2iKczqO1TiE
Hydrohalogenation:
• Addition of HX to an alkene, e.g. CH2=CH2 + HCℓ → 

CH3–CH2Cℓ
• Reaction conditions: HX (X = Cℓ, Br, I) added to 

alkene; no water must be present
• During addition of HX to unsaturated hydrocarbons, 

the H atom attaches to the C atom already having 
the greater number of H atoms

• The X atom attaches to the more substituted C atom

Resources: Preparing ethanol from ethene: www.youtube.com/watch?v=ZkX9rVtCa7c
This video clip begins with an explanation of the preparation of ethanol from fermentation; it then goes on to the cracking 
of hydrocarbons to form smaller molecules (ethene), and moves on to the preparation of ethanol from ethene
Hydrogenation of vegetable oils to form margarine: www.youtube.com/watch?v=2iKczqO1TiE

Homework: Ex. 3.11 138
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Week 8: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

4 Elimination reactions:
• Saturated compounds (haloalkanes, alcohols, 

alkanes) undergo elimination reactions to form 
unsaturated compounds 
(If more than one elimination product is possible, 
the major product is the one where the H atom is 
removed from the C atom with the least number of 
H atoms)

Dehydrohalogenation:
• CH2Cℓ–CH2Cℓ→CH2=CHCℓ + HCℓ
• Reaction conditions: Heat under reflux (vapours 

condense and return to reaction vessel during 
heating) in concentrated solution of NaOH or KOH in 
pure ethanol as the solvent, i.e. hot ethanolic NaOH/
KOH

Dehydration of alcohols: 
• Elimination of H2O from an alcohol, e.g.  

CH3–CH2OH → CH2=CH2 + H2O
• Reaction conditions: Acid-catalysed dehydration – 

heating of alcohol with an excess of concentrated 
H2SO4 (or H3PO4)

110–111 138–142 CP 28–29 104–107 190–192 121

Cracking of hydrocarbons:
• Breaking up large hydrocarbon molecules into 

smaller and more useful bits
• Reactions conditions: High pressures and 

temperatures without a catalyst (thermal cracking) or 
lower temperatures and pressures in the presence of 
a catalyst (catalytic cracking)

*Video clip: Cracking alkanes: 
www.youtube.com/watch?v=Xsqlv4rWnEg

Resources: The industrial process of cracking: www.youtube.com/watch?v=Xsqlv4rWnEg

Homework: Ex. 3.12
Prepare a summary of the reactions

142

SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 9: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 *Summary of organic reactions
Present the summary of reactions, and explain how 
the students can use this summary for revision

194–195 122–125

Homework: Review or summarise, and learn all organic 
chemistry covered thus far
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Week 9: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

2 Plastics and polymers
• Make learners aware of materials made from 

polymers, e.g. What do you know about Kevlar 
and Mylar? What is the function of these materials 
and what are they used for? Who discovered or 
invented the materials?

• Analyse information about the discovery of 
polyethene and the development of addition 
polymers

• Describe addition reactions that are important in 
industry, e.g. addition polymerisation reactions 
to produce polyethylene, polypropylene and PVC

• Describe the terms: polymer, macromolecule and 
functional groups

• Illustrate the reaction to produce a polymer by 
an addition reaction using the polymerisation of 
ONLY ethene to produce polyethene 
[nCH2=CH2 → (–CH2–CH2–)n]

• What is the industrial use of polythene? Squeeze 
bottles, plastic bags, films, toys and moulded 
objects, electric insulation

Activities:
Build physical or computer models of addition 
polymers

113–116 143–147 CP 30
Build 

models of 
polymers

107–111 196–202 125–126

Homework: Search for information or read articles about 
the discovery of polythene and the development of 
addition polymers

149

3 Plastics and polymers
• Illustrate the reaction to produce a polymer 

by condensation reaction with the reaction to 
produce polyester 
Use ONLY the reaction to make the polymer 
polyethylene

•  Identify a polymer as the product of an addition 
or condensation polymerisation reaction from its 
structural formula 
Use ONLY polythene and polylactic acid (PLA)

• Identify the monomer used to produce a polymer 
from the structural formula of a section of a chain 
For the identification of monomers use ONLY 
the following polymers: PVC (polyvinyl chloride), 
polystyrene, polythene and PVA (polyvinyl 
acetate)

114–116 149–152 CP 31 111–113 202–209 126–128

Homework: Ex. 3.13 155–156 113–114

4 • Investigate plastics’ physical properties and 
recycling numbers (polythene has the recycling 
number 4)

• Discuss or present information on environmental 
issues related to the use of plastics

Extend yourself: Q. 1–4

114 156–160 Extend 
yourself
Q. 1–4

114–115 209–213

Homework: Extend yourself: Q. 5–7 160–161 115–118
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SOLUTIONS FOR ALL PHYSICAL SCIENCES

Week 10: Assessment and review of test

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Informal assessment: Recommended experiments
(1) Making slime using cross-linking polymers using 
white wood glue (polyvinyl alcohol, PVA) and borax 
powder (sodium borate)
(2) Making silly putty using cross-linking polymers 
white wood glue (polyvinyl alcohol, PVA) and borax 
powder (sodium borate)

116 209

Resources:  (1) 4% white wood glue solution, 1% borax solution, food colouring 
(2) 50% white wood glue solution (Alcolin or Red Devil), 15% borax solution, food colouring

Apparatus: Empty yoghurt containers, stirring rod (or wooden ice cream stick)

Homework: Summary of organic chemistry 104–116 161–164 213–218 128–133

2 Formal assessment: Term 1 Chemistry test * 426–435

3 Formal assessment: Term 1 Physics test * 426–435

4 Review the Chemistry and Physics tests

5 Review the Chemistry and Physics tests
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1.2 Study and Master Physical Sciences (Cambridge University Press)

STUDY AND MASTER PHYSICAL SCIENCES

Week 1: Momentum

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Momentum
Refer back to definitions and concepts covered in 
Grades 10 and 11 in the topic of Mechanics as you 
introduce these new concepts
• Define momentum
• Calculate the momentum of a moving object 

using p.mv
• Describe the vector nature of momentum and 

illustrate with some simple examples
• Draw vector diagrams to illustrate the relationship 

between the initial momentum, the final 
momentum and the change in momentum in 
each of the above cases

56–59
62–65

99

30–33 TYS 1
Q. 1–2

D5–D6 20–25 36–37

Homework: *ES Ex. 2.1 Q. 1 p. 29 35 *ES
29

*ES
37

2 • State Newton’s second law in terms of 
momentum: 
The net force acting on an object is equal to the 
rate of change of momentum

• Express Newton’s second law in symbols:  
Fnet = Δp

Δt   

• Explain the relationship between net force and 
change in momentum for a variety of motions

99 35–40 TYS 2
Q. 2–4

D6–D7 25–31 36–38

Homework: Read the Case study: Rocket motion
TYS 2 Q. 1
*ES Ex. 2.2 1–2 p. 35

38–40 TYS 2
Q. 1

*ES 35

D6–D7

*ES 38

3 • Calculate the change in momentum when a 
resultant force acts on an object and its velocity 
increases in the direction of motion (e.g. 2nd stage 
rocket engine fires), decreases (e.g. brakes are 
applied), reverses its direction of motion (e.g. a 
soccer ball) kicked back in the direction it came 
from)

* WS 1: Extra examples on Momentum and Newton’s 
second law; Q. 1–4

99 38–40 *WS 1
Q. 1–4

31–35 38

Homework: *ES Ex. 2.3 Q. 1–3 p. 39 *ES
39

*ES
38–39
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STUDY AND MASTER PHYSICAL SCIENCES

Week 2: Momentum

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Conservation of momentum and elastic and 
inelastic collisions
• Explain what is meant by a system (in Physics)
• Explain (when working with systems) what is 

meant by internal and external forces
• Explain that an isolated system is one that has no 

net force (external) acting on it
• State the law of conservation of momentum as:  

The total linear momentum of an isolated system 
remains constant (is conserved)

• Apply the conservation of momentum to 
collisions of two objects moving in one 
dimension (along a straight line) with the aid of 
an appropriate sign convention

100 40–42
47

TYS 3
Q. 1–2

D7 35–39 38–39

Homework: ES Ex. 2.4 Q. 1–2 p. 53 47 *ES
53

*ES
39–40

2 • Distinguish between elastic and inelastic 
collisions

• Know that kinetic energy is only conserved in an 
elastic collision

Teacher demonstration: Conservation of 
momentum, using trolleys

100 42–47 40–353 38–39

Homework: *Worksheet 2: Conservation of momentum  
Q. 1–7 in Resource 7 in Section C Additional worksheets 
with memorandums for Term 1

47 *WS 2
1–7

3 Recommended demonstration for informal 
assessment
Investigate the conservation of momentum and 
energy using Newton’s cradle (qualitative) (Refer to 
Resource 6 in Section C Additional Information and 
Enrichment Activities: How Newton’s cradle works)

100 46–47 D8 37–53 39–40

Homework: Prepare for informal practical assessment
Activity 1: 43–44

43–44 Act. 1

4 Informal practical
Verify the law of conservation of momentum

100 43–44 Act. 1 D7 53–56 40–42

Homework: Complete the report on the practical to verify 
the law of conservation of momentum

43–44 Act. 1
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STUDY AND MASTER PHYSICAL SCIENCES

Week 3: Momentum and impulse

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Define impulse as the product of the net force 
and the contact time: Impulse = Fnet.Δt

• Know that impulse is a vector quantity
• Know that impulse is a change in momentum, 

i.e. this relationship is referred to as the impulse-
momentum theorem: Impulse = Δp

• Use the impulse-momentum theorem  
(Fnet.Δt = Δp) to calculate the force exerted, time 
for which the force is applied and change in 
momentum for a variety of situations involving 
the motion of an object in one dimension

101 47–51 TYS 3
Q. 1–2
TYS 4 
Q. 1–3

D9 53–56 40–42

Homework: ES Ex. 2.5 Q. 1–6 p. 61–62 *ES
61–62

*ES
40–42

2 • Use the impulse-momentum theorem  
(Fnet.Δt = Δp) to calculate the force exerted, time 
for which the force is applied and change in 
momentum for a variety of situations involving 
the motion of an object in one dimension

• Apply the concept of impulse to safety 
considerations in everyday life, e.g. airbags, 
seatbelts and arrestor beds

101 47–51 D10 56–61 42–44

Homework: Summative Assessment: Q. 4–7 SA
Q. 4–7

D12–D13

3 • Apply the concept of impulse to safety 
considerations in everyday life, e.g. airbags, 
seatbelts and arrestor beds

*ES Ex. 2.7 Q. 11–16

101 47–51 TYS 5
Q. 1–2

*ES
68–69

D10
*ES

47–49

66–68 45–49

Homework: ES Ex. 2.7 Q. 1–10 *ES
66–68

*ES
45–47

4 *Momentum and impulse informal assessment  
(30 minutes) 
See Worksheet 5: Momentum and impulse formative 
test in Resource 7 in Section C Additional worksheets 
with memorandums for Term 1 
Review Momentum and impulse formative test  
(30 minutes)

99–101 *IA
Test 1

Homework: Review the key points in the chapter and 
complete summary notes
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STUDY AND MASTER PHYSICAL SCIENCES

Week 4: Vertical projectile motion

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Vertical projectile motion * (one dimension) 
represented in words, diagrams, equations and 
graphs (near the surface of the Earth and in the 
absence of air friction)
Introduction to vertical projectile motion:
Recall the equations of motion from Grade 10 
• Explain that projectiles fall freely with 

gravitational acceleration g accelerating 
downwards with a constant acceleration 
irrespective of whether the projectile is moving 
upward or downward or is at maximum height

• Know that projectiles can have their motion 
described by a single set of equations for the 
upward and downward motion

• Use equations of motion to determine the 
position, velocity and displacement of a projectile 
at any given time

• Know that projectiles take the same time to reach 
their greatest height from the point of upward 
launch as the time they take to fall back to the 
point of launch. This is known as time symmetry

56–57
102

52–56 72–76 52

Homework: *Worksheet 3: Vertical projectile motion:  
Resource 7 in Section C Additional worksheets with 
memorandums for Term 1 Q. 1–3

Q. 1–3

2 • Use equations of motion to determine the 
position, velocity and displacement of a projectile 
at any given time

102 62–63 76–83 52–55

Homework: *Worksheet 3: Vertical projectile motion:  
Resource 7 in Section C Additional worksheets with 
memorandums for Term 1 Q. 4–5

Q. 4–5

3 • Draw position vs time (x vs t), velocity vs time  
(v vs t) and acceleration vs time (a vs t) graphs for 
1-D motion

• Give equations for the graphs of position vs time, 
and velocity vs time graphs for one-dimensional 
motion

• Given x vs t, v vs t or a vs t graphs determine the 
position, velocity or acceleration at any time t

102 56–61 76–83 52–55

Homework: *Worksheet 3: Vertical projectile motion:  
Resource 7 in Section C Additional worksheets with 
memorandums for Term 1 Q. 6–7

64 Q. 6–7

4 Recommended experiment for informal 
assessment
Investigate the motion of a falling body
Use Worksheet 4: Measuring the acceleration due 
to gravity in Resource 7 in Section C Additional 
worksheets with memorandums for Term 1
Answer questions from the worksheet with reference 
to the graph
Use the data to determine the acceleration due to 
gravity

102 64 D10–D11 74–76

Homework: TYS 6: Q. 1–3 TYS 6
Q. 1–3

SA 
Q. 12

D11

D14
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STUDY AND MASTER PHYSICAL SCIENCES

Week 5: Vertical projectile motion and Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Given x vs t, v vs t or a vs t graphs describe the 
motion of the object, e.g. graphs showing a 
ball: thrown vertically upwards, thrown vertically 
downward, and so on

102–103 65–68 SA 
Q. 8–11

D13–D14 83–91 55–57

Homework: SA Q. 13–14 SA 
Q. 13–14

D15

2 • Given x vs t, v vs t or a vs t graphs describe the 
motion of the object e.g. graphs showing a ball 
bouncing, thrown vertically upwards, thrown 
vertically downward, and so on

103 68–73 TYS 4–6
Q. 4

D11 91–106 58–70

Homework: SA Q. 1–3 SA 
Q. 1–3

D12

3 Organic chemistry
• Define organic molecules as molecules 

containing carbon atoms
• Describe carbon as the basic building block 

of organic compounds, that recycles through 
the Earth’s air, water, soil, and living organisms 
including human beings

• Discuss the special properties of carbon that 
makes it possible to form a variety of bonds

• Explain the terms functional group, hydrocarbon 
and homologous series

104 74–81 108–116 72–75

Homework: TYS 1 1–5 81 TYS 1
Q. 1–5

D17

4 • Give condensed structural, structural, and 
molecular formulae for alkanes and compounds 
containing the following functional groups (up to 
eight carbon atoms):

 − double carbon-carbon bonds
 − triple carbon-carbon bonds
 − alkyl halides
 − alcohols
 − carboxylic acids
 − esters
 − aldehydes
 − ketones

104 82–89 120–128
142–161

95–109

• Explain the terms functional group, hydrocarbon 
and homologous series

• Explain the terms saturated and unsaturated

Homework: Learn to identify the functional groups of the 
compounds: refer to the table in LB p. 80 

80–89
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STUDY AND MASTER PHYSICAL SCIENCES

Week 6: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Structure–physical property relationships
• The physical properties to be considered are: 

 − melting point
 − boiling point
 − vapour pressure
 − physical state at room temperature
 − density
 − molecular shape
 − flammability 
 − smell

106 90–93 Act. 2 D18–D19 162–179 112–118

• The intermolecular forces to be considered are 
hydrogen bonds and Van der Waals forces

• Recognise and apply to ethanol, dimethyl ether, 
ethanoic acid, ethane and chloro-ethane the 
relationship between physical properties and 
intermolecular forces and physical properties 
and number and type of functional groups

• Summarise findings into a table and analyse the 
results

Homework:
• Recognise and apply to methane, ethane, propane, 

butane, hexane and octane the relationship between 
physical properties and chain length

• Explain how the physical properties are related to the 
intermolecular forces in substances

2 • Identify compounds that are saturated, 
unsaturated (up to eight carbon atoms)

Recommended experiment for informal 
assessment
(1)  Use the reactions of alkanes and alkenes with 

bromine water and potassium permanganate to 
indicate saturated and unsaturated molecules

(2)  Prepare alkynes and investigate the reactions with 
bromine water and potassium permanganate

104 90–95 Act. 3 D19–D20 118–119 87–94

Resources: Cyclohexane, cyclohexene, test tubes with stoppers in test tube stand, bromine water, acidified potassium 
permanganate solution calcium carbide pellets, conical flask with stopper, dropping funnel, delivery tube

Homework: Analyse the results of Activity 3 and complete 
the practical report

Act. 3 D19–D20
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Week 6: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

3 • Explain the term: isomer
• Remember ALL possible isomers have the SAME 

molecular formula
• Emphasise the different representations 

of organic compounds: macroscopic, sub-
microscopic and symbolic, and the links between 
them

• Isomers are restricted to structural isomers: 
 − chain isomers (different chain)
 − positional isomers (different position of the 

same functional group)
 − functional isomers (different functional group)

• Illustrate their 3-D orientation using models to 
build representations of the organic molecules

Activity
Building molecular models of isomers

105 95–97 
101

Act. 4
Q. 3–5

D21 129–131 83–84

Homework: TYS 2: Q. 1–3 TYS 2
Q. 1–3

D20

4 • Give the IUPAC name when given the formula
• Give the formula when given the IUPAC name
• Naming is restricted to compounds with the 

following functional groups: alkanes, alkenes, 
alkynes, alkyl halides, aldehydes, ketones, 
alcohols, carboxylic acids and esters (up to a 
maximum of eight carbon atoms in the parent 
chain, i.e. in the longest chain)

• Organic compounds are restricted to one type 
of functional group per compound and to a 
maximum of two functional groups of the same 
type per compound

Activity
(1)  Drawing structural formulae and writing 

systematic names for alkanes, alkenes, alkynes
(2)  Building molecular models of simple alkanes, 

alkenes, alkynes
(3)  Building molecular models of compounds with 

different functional groups
See Exercises from Everything Science:
*Ex. 4.8 Q. 1–2 p. 135
*Ex. 4.9 Q. 1–2 p. 138
*Ex. 4.10 Q. 1–2 pp. 140–141
*Ex. 4.11 Q. 1–2 p. 142
*Ex. 4.12 Q. 1–2 p. 144

105 98–101 Act. 4
Q. 1–2

ES
135–144

D21
ES

85–96

131–161 85–96

Homework: TYS 3: Q. 1–3 TYS 3
Q. 1–3

D22
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STUDY AND MASTER PHYSICAL SCIENCES

Week 7: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 • Give the IUPAC name when given the formula
• Give the formula when given the IUPAC name
*See Everything Science:
*Ex. 4.13 Q. 1–2 pp. 147–148
*Ex. 4.14 Q. 1–2 p. 152
*Ex. 4.15 Q. 1–2 p. 154
*Ex. 4.16 Q. 1–2 p. 157
*Ex. 4.17 Q. 1–2 p. 159

105 98–101 ES 
147–160

ES
96–109

131–161 96–109

Homework: *ES Ex. 4.18 Q. 1–3 pp. 160–161 ES
160–161

106–109

2 Structure–physical property relationships
• Recognise and apply to given examples the 

relationship between:
 − physical properties and intermolecular forces 

(ethanol, dimethyl ether, ethanoic acid, ethane, 
chloro-ethane)

 − physical properties and number and type of 
functional groups (ethanol, dimethyl ether, 
ethanoic acid, ethane, chloro-ethane)

 − physical properties and chain length (methane, 
ethane, propane, butane, hexane, octane)

 − physical properties and branched chains 
(pentane, 2-methylbutane; 2,2-dimethylpropane)

106 104–106 TYS 3
Q. 4

TYS 4 
Q. 1–2

D22–D23 162–179 112–118

Homework: SA: Q. 5–8 139–141 SA
Q. 5–8

3 Applications of organic chemistry
• Alkanes are our most important (fossil) fuels
• The combustion of alkanes (oxidation) is highly 

exothermic
• Carbon dioxide and water are produced:  

alkane + O2 → H2O + CO2 with ΔH < 0
• An ester is a product of an acid-catalysed 

condensation between an alcohol and carboxylic 
acid

• Identify the alcohol and carboxylic acid used to 
prepare a given ester and vice versa, and write an 
equation to present this preparation

107 107–108 TYS 5
Q. 1

D25 179–184 118–119

Homework: Prepare for the prescribed practical: Preparing 
and identifying esters

108–109 Act. 5 D23–D25

4 Formal assessment: Prescribed investigation
Prepare different esters and identify the esters by smell
See Resource 20.1 Practical assessment: Preparation of 
esters in Section C

107 108–109 Act. 5 D23–D25 184–186

Resources: Apparatus and materials
Per group: Six test tubes in test tube rack, water bowl, glass rod, glass beaker, burner, test tube holder, tripod stand, gauze, 
propette, spatula
Chemicals: Methanol, ethanol, pentanol, acetic acid, salicylic acid, concentrated sulfuric acid
Photocopies: Safety data should be available so that learners know the properties of these compounds, and how to handle 
them

Homework: Search and present information on the principles 
and applications of the alcohol breathalyser

Act. 2 D18
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STUDY AND MASTER PHYSICAL SCIENCES

Week 8: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Formal assessment: Prescribed investigation cont.
Write up the practical on preparing different esters and 
identify the esters by smell

D23–D25 184–186

Homework: TYS 6 Q. 1–2 TYS 6
Q. 1–2

D25–D26

2 Substitution, addition and elimination
• (ONLY alkanes, alkenes, alkynes, alcohols,  

halo-alkanes, carboxylic acids, and esters)
• Describe criteria to classify elimination, substitution 

or addition reactions according to structural change
• Recall some organic compounds that are produced 

by people in their homes, e.g. alcohol from sorghum 
beer or grapes or malt or rice

Addition reactions:
• Unsaturated compounds (alkenes and cycloalkenes) 

undergo addition reactions to form saturated 
compounds

Hydrohalogenation:
• Addition of HX to an alkene e.g.  

CH2=CH2 + HCℓ → CH3-CH2Cℓ
• Reaction conditions: HX (X = Cℓ, Br, I) added to 

alkene; no water must be present
• During addition of HX to unsaturated hydrocarbons, 

the H atom attaches to the C atom already having 
the greater number of H atoms

• The X atom attaches to the more substituted C atom
Halogenation:
• Use the reactions of alkane and alkenes with 

bromine water to indicate saturated and unsaturated 
molecules (refer to the demonstration on saturated 
and unsaturated compounds)

• Bromine discolours (from light brown to colourless)
• CH2=CH2 + Br2 → CH2Br–CH2Br reaction proceeds 

spontaneously
• CH3–CH3 + Br2 → CH3–CH2Br + HBr reaction 

proceeds slowly, in the presence of sunlight 
(Cyclohexane and cyclohexene could be used) 
(Similarly use potassium permanganate solution to 
test for saturated and unsaturated compounds)

• Addition of X2 (X = Cℓ, Br) to alkenes, e.g.  
CH2=CH2 + Cℓ2 → CH2Cℓ–CH2Cℓ 

• Reaction conditions: X2 (X = Cℓ, Br) added to alkene
Hydration: 
*Video clip: Preparing ethanol from ethene:
www.youtube.com/watch?v=ZkX9rVtCa7c
• Addition of H2O to alkenes e.g.  

CH2=CH2 + H2O →CH3–CH2OH
• Reaction conditions: H2O in excess and a small 

amount of HX or other strong acid (H3PO4) as catalyst
• During addition of H2O to unsaturated hydrocarbons, 

the H atom attaches to the C atom already having 
the greater number of H atoms

• The –OH group attaches to the more substituted 
C-atom

108–109 186–190 120–121
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Week 8: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

Hydrogenation:
• Addition of H2 to alkenes e.g.  

CH2=CH2 + H2 →CH3–CH3 
• Reactions conditions: Alkene dissolved in non-

polar solvent with a catalyst (Pt, Pd or Ni) in an H2 
atmosphere

*Video clip: Hydrogenation of vegetable oils to form 
margarine:
www.youtube.com/watch?v=2iKczqO1TiE

Resources: Preparing ethanol from ethene: www.youtube.com/watch?v=ZkX9rVtCa7c
This video clip begins with an explanation of the preparation of ethanol from fermentation; it then goes on to the cracking 
of hydrocarbons to form smaller molecules (ethene), and moves on to the preparation of ethanol from ethene
Hydrogenation of vegetable oils to form margarine: www.youtube.com/watch?v=2iKczqO1TiE

Homework: TYS 6: Q. 3
Review addition reactions: Learn conditions and examples of 
addition reactions

TYS 6
Q. 3

D25–D26

3 Elimination reactions:
• Saturated compounds (haloalkanes, alcohols, 

alkanes) undergo elimination reactions to form 
unsaturated compounds 
(If more than one elimination product is possible, 
the major product is the one where the H atom is 
removed from the C atom with the least number of 
H atoms)

Dehydrohalogenation:
• CH2Cℓ–CH2Cℓ→CH2=CHCℓ + HCℓ
• Reaction conditions: Heat under reflux (vapours 

condense and return to reaction vessel during 
heating) in concentrated solution of NaOH or KOH in 
pure ethanol as the solvent i.e. hot ethanolic  
NaOH/KOH

110–111 190–192 121

Dehydration of alcohols: 
• Elimination of H2O from an alcohol: e.g.  

CH3–CH2OH → CH2=CH2 + H2O
• Reaction conditions: Acid catalysed dehydration–

heating of alcohol with an excess of concentrated 
H2SO4 (or H3PO4)

Cracking of hydrocarbons:
• Breaking up large hydrocarbon molecules into 

smaller and more useful bits
• Reactions conditions: High pressures and 

temperatures without a catalyst (thermal cracking) or 
lower temperatures and pressures in the presence of 
a catalyst (catalytic cracking)

*Video clip: Cracking hydrocarbons:
www.youtube.com/watch?v=Xsqlv4rWnEg

Resources: The industrial process of cracking: www.youtube.com/watch?v=Xsqlv4rWnEg

Homework: TYS 6 : Q. 4 TYS 6
Q. 4

D26
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Week 8: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

4 Substitution reactions:
Interconversion between alcohols and haloalkanes:
• Reactions of HX (X = Cℓ, Br) with alcohols to produce 

haloalkanes
• Tertiary alcohols are converted into haloalkanes using 

HBr or HCℓ at room temperature: C(CH3)3OH + HBr 
→ C(CH3)3Br + H2O

• The reaction works best with tertiary alcohols; 
primary and secondary alcohols react slowly and at 
high temperatures

Reactions of bases with haloalkanes (hydrolysis) to 
produce alcohols:
• C(CH3)3X + KOH → C(CH3)3OH + KX where X = Br, Cℓ
• Reaction conditions: Haloalkane dissolved in ethanol 

before treatment with aqueous sodium hydroxide 
and warming of the mixture

• The same hydrolysis reaction occurs more slowly 
without alkali, i.e. H2O added to the haloalkane 
dissolved in ethanol

Haloalkanes from alkanes:
• CH4 + Br2 → CH3Br + HBr
• Reaction conditions: X2 (X = Cℓ, Br) added to alkane 

in the presence of light or heat
• Write equations for simple substitution reactions

112–113 192–194 122

Homework: TYS 6: Q. 5–6 TYS 6
Q. 5–6

D26

STUDY AND MASTER PHYSICAL SCIENCES

Week 9: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Plastics and polymers
• Make learners aware of materials made from 

polymers, e.g. What do you know about Kevlar 
and Mylar? What is the function of these materials 
and what are they used for? Who discovered or 
invented the materials?

• Analyse information about the discovery of 
polyethene and the development of addition 
polymers

• Describe addition reactions that are important in 
industry, e.g. addition polymerisation reactions to 
produce polyethylene, polypropylene and PVC

• Describe the terms: polymer, macromolecule and 
functional groups

• Illustrate the reaction to produce a polymer by 
an addition reaction using the polymerization of 
ONLY ethene to produce polyethene 
[nCH2=CH2 → (–CH2–CH2–)n]

• What is the industrial use of polythene? Squeeze 
bottles, plastic bags, films, toys and moulded 
objects, electric insulation

113–114 119–124 D28–D29 196–202 125–126

Homework: SA Q. 1–4 SA 
Q. 1–4
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Week 9: Organic chemistry

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

2 • Illustrate the reaction to produce a polymer 
by condensation reaction with the reaction to 
produce polyester 
Use ONLY the reaction to make the polymer 
polyethylene

• Identify a polymer as the product of an addition 
or condensation polymerisation reaction from its 
structural formula 
Use ONLY polythene and polylactic acid (PLA)

• Identify the monomer used to produce a polymer 
from the structural formula of a section of a chain 
For the identification of monomers use ONLY the 
following polymers:  
PVC (polyvinyl chloride), polystyrene, polythene 
and PVA (polyvinyl acetate)

115–116 125–126 202–209 126–128

Homework: TYS 7: Q. 1–3 TYS 7
Q. 1–3

3 • Investigate plastics’ physical properties and 
recycling numbers (polythene has the recycling 
number 4)

•  Discuss or present information on environmental 
issues related to the use of plastics

114 134–136 209–213

Homework: Summarise environmental issues related to the 
use of plastics

D29–D30

4 Informal assessment: Recommended experiments
(1)  Making slime using cross-linking polymers using 

white wood glue (polyvinyl alcohol, PVA) and 
borax powder (sodium borate)

(2)  Making silly putty using cross-linking polymers 
white wood glue (polyvinyl alcohol, PVA) and 
borax powder (sodium borate)

116 129–130 Act. 8 D27 209

Resources:  (1) 4% white wood glue solution, 1% borax solution, food colouring 
(2) 50% white wood glue solution (Alcolin or Red Devil), 15% borax solution, food colouring

Apparatus: Empty yoghurt containers, stirring rod (or wooden ice cream stick)

Homework: SA Q. 16–20 SA
Q. 16–20

STUDY AND MASTER PHYSICAL SCIENCES

Week 10: Assessment and review of tests

S # CAPS concepts, practical activities and assessment 
tasks

CAPS 
pp.

LB 
pp.

LB 
act. 

TG 
pp.

Everything Science

LB pp. TG pp.

1 Formal assessment: Term 1 Chemistry test

2 Formal assessment: Term 1 Physics test

3 Review Term 1 Chemistry test * B11, B13

4 Review Term 1 Physics test * B10, B12

5 Review any concepts learners struggled with 
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2.1 Physical Sciences Solutions for All (Macmillan South Africa) 

SOLUTIONS FOR ALL    Week 1: Work, energy and power
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 Revision of prior knowledge (from Grade 10)
Gravitational potential energy, kinetic energy, the law 
of conservation of mechanical energy, and the law of 
conservation of energy
Definition of work
• Define the work done on an object by a force as:  

W = F.Δx.cosθ
• Know that work is a scalar quantity which is 

measured in joules (J)
• Positive net work done on a system will increase the 

energy of the system and negative work done on the 
system will decrease the energy of the system

56–59
62–65

99

166–171 Check 
myself
CP 1
CP 2
CP 3
CP 4

119–124 219–226 135–140

Resources:  Mindset Learn: What is work? (4:29);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-power/01-what-work 
Mindset Learn: Appling the definition of work to calculations (5:54);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-power/02-applying-
definition-work-calculations

Homework: Ex. 4.1 Q. 1–5 171–172 Ex. 4.1
Q. 1–5

124–125 226
Ex. 5.1 
Q. 1–4

137–140

2 Net work done on an object
• Calculate the net work done on an object by 

applying the definition of work to each force acting 
on the object while it is being displaced and then 
adding up (scalar) each contribution

An alternative method of determining the net work
• Draw a force diagram showing only forces that act 

along the plane (of the displacement)
• Ignore perpendicular forces
• Calculate the resultant (net) force along the plane
• Calculate the net work done on an object by taking 

the product of the resultant (net) force along the 
plane acting on the object and its displacement 
along the plane

99 172–176 CP 5 126 227–230 135–140

Resource: Mindset Learn: Work and energy (7:56);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-power/03-work-and-energy

Homework: Ex. 4.2 Q. 1–4 176–177 Ex. 4.2
Q. 1–4

127 227 
Ex. 5.1
Q. 5–10

138–140

3 Review homework and practise two more examples: Ex. 
4.2 Q. 5 & 6
The work-energy theorem
• Know that the net work done on an object causes a 

change in the object’s kinetic energy
• This is known as the work-energy theorem:  

Wnet = Ekf – Eki
• Apply the work-energy theorem to objects on 

horizontal and inclined planes (frictionless and 
rough)

99 177–181 Ex. 4.2
Q. 5–6
CP 6
CP 7

Ex. 4.3
Q. 1–3

128–132 230–239

Resource: Mindset Learn: The work-energy theorem (16:14);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-power/04-work-energy-theorem

Homework: Ex. 4.3 Q. 4–5 181–182 Ex. 4.3
Q. 4–5

132–133 238
Ex. 5.2
Q. 1–3

140–141



Term 2 Solutions for All Physical Sciences   39

SOLUTIONS FOR ALL    Week 2: Work, energy and power
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Apply the work-energy theorem to objects on 
horizontal and inclined planes (frictionless and 
rough)

Conservation of energy with non-conservative forces 
present
• Define conservative forces and give examples
• Define non-conservative forces and give examples
• Know that when only conservative forces are 

present, mechanical energy is conserved
• Know that when non-conservative forces are 

present, mechanical energy (the sum of kinetic and 
gravitational potential energy) is not conserved, but 
total energy of the system is still conserved

99 182–188 Ex. 4.3
Q. 6–7
CP 8

133–135 230–241

Resource: Mindset Learn: Conservation of energy (7:38);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-power/05-conservation-energy

Homework: Ex. 4.4 Q. 1–5 188–189 Ex. 4.4
Q. 1–5

135–136

2 Conservation of energy with non-conservative forces 
present
• Solve conservation of energy problems (with 

dissipative forces present) using the equation:  
Wnc = ΔEp + ΔEk

• Use the above relationship to show that in the 
absence of non-conservative forces: Wnc = 0

100 189–190 Ex. 4.4
Q. 6–11

136–138 241–245

Homework: Ex. 4.4 Q. 12–13 191 Ex. 4.4
Q. 12–13

138–139 244–245
Ex. 5.3
Q. 1–3

142–144

3 Power
• Define power as the rate at which work is done
• Calculate the power involved when work is done

100 192–195 CP 9
CP 10
Ex. 4.5 
Q. 1–5

139–140 245–246

Resource: Mindset Learn: Power (11:80);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-power/06-power

Homework: Ex. 4.5 Q. 6–10 195 Ex. 4.5 Q. 
6–10

140–141 249–250
Ex. 1–6

145–146

4 Average power
• Understand the average power required to keep an 

object moving at a constant speed along a rough 
horizontal surface or a rough inclined plane and do 
calculations using Pav = Fvav

100 198–201 CP 11
CP 12
Ex. 4.6
Q. 1–6

143–145 246–248

Homework: Ex. 4.6 Q. 7–10 201–202 Ex. 4.3
Q. 7–10

145–146
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SOLUTIONS FOR ALL    Week 3: Work, energy and power, the Doppler effect
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Calculate the minimum power required of an electric 
motor to pump water from a borehole of a particular 
depth at a particular rate using:  
Wnc = ΔEp + ΔEk 

203–205 CP 13
Ex. 4.7 
Q. 1–4
EY 1–3

146–150 248–251

Homework: EY 4–7 206 EY 
Q. 4–7

150–151 250–251
Ex. 5.5
Q. 1–6

147–148

2 Doppler effect with sound and ultrasound
• State the Doppler effect for sound and give 

everyday examples
• Explain (using appropriate illustrations) why a sound 

increases in pitch when the source of the sound 
travels towards a listener and decreases in pitch 
when it travels away

• Use the following equation to calculate the 
frequency of sound detected by a listener (L) when 
either the source or the listener is moving: 

fL = 
v ± vL

v ± vS
fs

121 211–217 CP 1
CP 2

152–157 253–258 150

Resource:  Mindset Learn: The Doppler effect in everyday life (9:43);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/doppler-effect/01-doppler-effect-everyday-life

Homework: Ex. 5.1 Q. 1–2 217 157–158 262–263
Ex. 6.1
Q. 1–5

150–152

3 • Use the following equation to calculate the 
frequency of sound detected by a listener (L) when 
either the source or the listener is moving: 

fL = 
v ± vL

v ± vS
fs

• Describe applications of the Doppler effect with 
ultrasound waves in medicine, e.g. to measure the 
rate of blood flow or the heartbeat of a foetus in the 
womb

121 216–218 Ex. 5.1
Q. 3–6

158–159 258–263

Resources:  Mindset Learn: Calculations using the Doppler effect (11:27);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/doppler-effect/02-calculations-doppler-effect 
Mindset Learn: Applications of the Doppler effect (15:40);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/doppler-effect/03-applications-doppler-effect

Homework: EY Q. 1–3 222–223 EY
Q. 1–3

161–162 266–267
Ex. 6.2
Q. 1–6

152–153

4 • State that light emitted from many stars is shifted 
toward the red, or longer wavelength/lower 
frequency, end of the spectrum due to movement of 
the source of light

• Apply the Doppler effect to these ‘red shifts’ to 
conclude that most stars are moving away from the 
Earth and therefore the universe is expanding

121–122 219–222 Ex. 5.2
Q. 1–4

159–160 263–267

Resource: Mindset Learn: The expanding universe (8:54);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/doppler-effect/04-expanding-universe

Homework: Ex. 5.2 Q. 5–8 222 Ex. 5.2 
Q. 5–8

160–161
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SOLUTIONS FOR ALL    Week 4: Rate and extent of reaction
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 Rate and extent of reaction
• Explain what is meant by reaction rate
• List the factors that affect the rate of chemical 

reactions:
 − surface area (solid)
 − concentration (solution)
 − pressure (gas)
 − temperature
 − catalyst

• Explain in terms of the collision theory how the 
various factors affect the rate of chemical reactions

123 225–232 CP 1
Ex. 6.1

163–169 269–285 155–156

Resource:  Mindset Learn: Rates of reactions Lesson 1 (17:15); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/rate-and-extent-reaction/01-what-factors-affect-rate-reactions 

Homework: Prepare for Informal Assessment Task: 
Determining factors that affect the rate of chemical reactions 
(Parts 1 and 2: Concentration of vinegar and temperature of 
vinegar reacting with baking soda; Part 4: Catalysts)

229–231 270
Ex. 7.1
Q. 1

156–157

2 Teacher demonstration
• The effect of concentration on rate of reaction 

(vinegar + baking soda)
• The effect of temperature on rate of reaction 

(vinegar + baking soda)
• The effect of a catalyst (H2O2 + manganese dioxide,  

sugar cube + activated carbon, copper in Zn + 
dilute hydrochloric acid)

Measuring the rates of reactions
• Suggest suitable experimental techniques for 

measuring the rate of a given reaction including the 
measuring of gas volumes, turbidity 
(e.g. precipitate formation), change of the mass of 
the reaction vessel

123 229–234 CP 2 167–174 286–291 159–158

Resource:  Mindset Learn: Measuring the rates of reactions (Rates of reactions Lesson 2) (21:05); http://learn.mindset.co.za/
resources/physical-sciences/grade-12/rate-and-extent-reaction/02-how-measure-reaction-rates

Homework: Prepare for informal assessment to determine the 
quantitative rate of the reaction between sodium thiosulfate 
and dilute hydrochloric acid

235–236 172 272–273
Ex. 7.2
Q. 1–3

157–159

2 Recommended experiment for informal assessment:
To determine the quantitative reaction rate and draw 
graphs for the reaction between sodium thiosulfate and 
dilute hydrochloric acid

123 235–236 174–284 289–291 159–160

Homework: Ex. 6.2 Q. 1–4 237–238 Ex. 6.2 
Q. 1–4

173 285–286
Ex. 7.3
Q. 1

160–161
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S # CAPS concepts, practical activities and assessment 
tasks 

CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

3 Mechanism of reaction and catalysts
• Define activation energy – the minimum energy 

required for a reaction to take place
• Colliding molecules must have, apart from the 

correct orientation, a kinetic energy equal to or 
bigger than the activation energy of a reaction 
before the reaction can take place

• Use a graph showing distribution of molecular 
energies (number of particles against their kinetic 
energy) to explain why only some molecules have 
enough energy to react and hence how adding a 
catalyst and heating the reactants affects the rate

• Explain (in simple terms) how some catalysts 
function by reacting with reactants in such a way 
that the reaction follows an alternative path of lower 
activation energy

124 238–241 CP 3
Ex. 6.3 
Q. 1–2

174–175 291–294

Resource:  Mindset Learn: Reaction mechanism and catalysts (Rates of reaction Lesson 3) (15:43); http://learn.mindset.co.za/
resources/physical-sciences/grade-12/rate-and-extent-reaction/03-reaction-mechanism-and-catalysts

Homework: EY Q. 1 242–243 EY Q. 1 176–177 294–295
Ex. 7.4
Q. 1–3

162–163

4 Review Rates of reactions: EY Q. 2–3 243–246 EY
Q. 2–3

177–179 295–298
Ex. 7.5
Q. 1–7

163–167

Homework: Summarise and make notes on rate and extent of 
reaction

SOLUTIONS FOR ALL    Week 5: Chemical equilibrium
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 Chemical equilibrium
• Explain what is meant by:

 − open and closed systems
 − a reversible reaction
 − dynamic equilibrium

• List the factors that affect the position of an 
equilibrium

Application of equilibrium principles
• State Le Chatelier’s Principle
• Use Le Chatelier’s Principle to identify and explain 

the effects of changes of pressure, temperature, and 
concentrations and amounts of each substance in an 
equilibrium mixture

• Investigate equilibrium and the factors 
influencing equilibrium system of CoCℓ2 and H2O 
(recommended experiment for informal assessment)

125 248–257
261–263

CP 1 
CP 2

180–183 299–304 169–171
172–178

Resource:  Mindset Learn: Introduction to Chemical Equilibrium (17:19); http://learn.mindset.co.za/resources/physical-
sciences/grade-12/chemical-equilibrium/01-introduction-chemical-equilibrium

Homework: Read pp. 250–257; make a summary and notes 250–257 186–188 303
Ex. 8.1
Q. 1–2

171
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S # CAPS concepts, practical activities and assessment 
tasks 

CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

2 • Discuss the design of the experiment to investigate 
the effects of pH on the equilibrium system of 
dichromate and chromate ions

• Perform the experiment and record the results  
(30 minutes)

• List the factors that affect the position of an 
equilibrium

Application of equilibrium principles
• State Le Chatelier’s Principle
• Use Le Chatelier’s Principle to identify and explain 

the effects of changes of pressure, temperature, and 
concentrations and amounts of each substance in an 
equilibrium mixture

• Explain the use of a catalyst and its influence on an 
equilibrium mixture

257
261–263

Practical
CP 3
CP 4
CP 5

184
186–188

313–320

Resource:  Mindset Learn: Le Chatelier’s Principle (16:22);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/chemical-equilibrium/04-le-chatelier’s-principle

Homework: Ex. 7.1 Q. 1–5 259–260 Ex. 7.1
Q. 1–5

184–185 332
Ex. 8.5
Q. 1, 3

179

3 Application of equilibrium principles
• State Le Chatelier’s Principle
• Use Le Chatelier’s Principle to identify and explain 

the effects of changes of pressure, temperature, and 
concentrations and amounts of each substance in an 
equilibrium mixture

• Explain the use of a catalyst and its influence on an 
equilibrium mixture

• Apply the rate and equilibrium principles to 
important industrial applications, e.g. the Haber 
process

126 263–266 CP 6
CP 7

185 330–331
502–503

Homework: Review and learn about the Haber and the 
Contact processes 

263–266 189

4 The equilibrium constant
• Write down an expression for the equilibrium 

constant having been given the equation for the 
reaction

• Perform calculations based on Kc values
More equilibrium constant calculations
• List the factors which influence the value of the 

equilibrium constant, Kc

125 267–272 CP 8
CP 9
CP 10

189–191 304–313

Resource:  Mindset Learn: What is the equilibrium constant? (12:37); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/chemical-equilibrium/02-what-equilibrium-constant

Homework: Ex. 7.2 Q. 1–4; review pp. 270–271 (worked 
examples)

269–271 Ex. 7.2
Q. 1–4

191 312–313
Ex. 8.2
Q. 1–3

171–172
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SOLUTIONS FOR ALL    Week 6: Chemical equilibrium, acids and bases
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Explain the significance of high and low values of 
the equilibrium constant

125 272–273 CP 11
Ex. 7.3  
Q. 1–6

191–194 312

Resource:  Mindset Learn: Using the equilibrium constant (15:11);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/chemical-equilibrium/03-using-equilibrium-constant

Homework: EY 2–3 278–279 EY 
Q. 2–3

193–194

2 Application of equilibrium principles
• Interpret (only simple) graphs of equilibrium

125 274–276 Ex. 7.4 
Q. 1

194–196 320–328

Homework: Ex. 7.4 Q. 2 EY Q. 1 277–278 EX 7.4 
Q. 2

EY Q. 2

328–329
Ex. 8.3
Q. 1–2

173–175

3 Application of equilibrium principles
• Interpret (only simple) graphs of equilibrium

126 280–281 EY
Q. 4

328–332 175–178

Homework: Summarise Chemical equilibrium 331
Ex. 8.4
Q. 1

178

4 Acids and bases
• Explain what is meant by acids and bases
• State acid-base models (Arrhenius, Lowry-Brønsted)
• Write the reaction equations of aqueous solutions of 

acids and bases
• Give conjugate acid-base pairs for given 

compounds

127 283–289 CP 1
CP 2

201–205 331–339 181–183

Resources:  Mindset Learn: Arrhenius’ theory of acids and bases (14:49); http://learn.mindset.co.za/resources/physical-
sciences/grade-12/acids-and-bases/01-arrhenius%E2%80%99-acid-base-model 
Mindset Learn: Lowry-Brønsted theory of acids and bases (10:20); http://learn.mindset.co.za/resources/physical-
sciences/grade-12/acids-and-bases/02-lowry-bronsted-acid-base-model 
Mindset Learn: Conjugate acid-base pairs (14:20); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/acids-and-bases/03-acid-base-conjugate-pairs

Homework: Ex. 8.1 Q. 1–2 289 Ex. 8.1 
Q. 1–2

205 339
Ex. 9.1
Q. 1–3

183–184
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SOLUTIONS FOR ALL    Week 7: Chemical equilibrium, acids and bases
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Distinguish between concentrated and dilute acids
• Distinguish between strong and concentrated acids
• Compare strong and weak acids by looking at:

 − pH
 − conductivity
 − reaction rate

• Name some common strong and weak acids and 
bases

127–128 290–294 CP 3
CP 4

206–207 340–345

Resources:  Mindset Learn: Neutralisation (5:46); http://learn.mindset.co.za/resources/physical-sciences/grade-12/acids-
and-bases/04-neutralisation 
Mindset Learn: Indicators and strengths of acids and bases (18:28); http://learn.mindset.co.za/resources/
physical-sciences/grade-12/acids-and-bases/05-indicators-and-strength-acids-and-bases

Homework: Ex. 8.2 Q. 1–8 294 207 344–345
Ex. 9.2
Q. 1–3

184–185

2 • Compare Ka and Kb values of strong and weak acids 
and bases

• Give the neutralisation reactions of common 
laboratory acids and bases

127–128 294–298 CP 5
CP 6

Ex. 8.3
Q. 1–6

208–211 345–354 187

Resource:  Mindset Learn: Ionisation and dissociation constants (5:32); http://learn.mindset.co.za/resources/physical-
sciences/grade-12/acids-and-bases/08-ionisation-and-dissociation-constants

Homework: Ex. 8.4 Q. 1–4 301 213–214 348
Ex. 9.3
Q. 1–2

354
Ex. 9.4
Q. 1–3

186
188

3 • Explain the pH scale
• How do indicators work? 
• What is the range of methyl orange, bromothymol 

blue and phenolphthalein indicators?
• Calculate pH values of strong acids and strong 

bases
• Define the concept of Kw

• Explain the auto-ionisation of water

127–128 299–304 CP 7
CP 8
CP 9
CP 10

212–215 354–359 190

Resource: Mindset Learn: The pH scale (4:33);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/acids-and-bases/07-ph-scale

Homework: Ex. 8.5 Q. 1–6 304–305 EX 8.5
Q. 1–6

215–216 356
Ex. 9.5
Q. 1–3

189–190

4 • Determine the approximate pH of salts in salt 
hydrolysis

• Do simple acid-base titrations

127 305–310 CP 11
CP 12
CP 13

217–220 357–362 190–192

Homework: Ex. 8.6 Q. 1–2, Ex. 8.7 Q. 1–4 310 Ex. 8.6 
Q. 1–2 
Ex. 8.7
Q. 1–4

218
220

366
Ex. 9.6
Q. 1–2

193–194
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SOLUTIONS FOR ALL    Week 8: Acids and bases
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Do calculations based on titration reactions 127 310–312
314–315

CP 14
Ex. 8.8
Q. 1–6

220–222 372–373
Ex. 9.7
Q. 1–5

194–196

Resource: Mindset Learn: Titration (9:60);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/acids-and-bases/06-titration

Homework: Prepare for the formal assessment 314–314 220 192

2 Formal assessment: Prescribed investigation
• Preparing a standard solution of oxalic acid for 

volumetric analysis
• Performing an acid-base titration to determine the 

concentration of a solution of sodium hydroxide by 
titrating it against a standard solution of oxalic acid

127–128 312–314 220 362–366 192–193

Homework: Ex. 8.8 Q. 7–10 315 Ex. 8.8 
Q. 7–10

223–224 366–367
Ex. 9.6
Q. 1–2

193–194

3 Formal assessment: Prescribed investigation cont.
Complete the report on the prescribed experiment

362–366 192–193

Homework: Read Applications of acids and bases, i.e. the 
application of acids and bases in the chlor-alkali industry 
(chemical reactions only) and acids and bases in the chemistry 
of hair; CP 16, CP 17

320–322 CP 16
CP 17

227 367–370 194

4 • Do acid-base experiments to determine the 
presence of acid in a compound, e.g. percentage 
ethanoic acid in vinegar

128 316–319 CP 15
Ex. 8.9
Q. 1–3

224–226 371–372

Homework: EY 1–10 Revision of acids and bases 323–324 EY
Q. 1–10

SOLUTIONS FOR ALL    Week 9: Catch up, consolidation and revision: plan your week
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1

2

3

4

SOLUTIONS FOR ALL    Week 10: Mid-year examinations: plan your week
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2.2 Study and Master Physical Sciences (Cambridge University Press) 

STUDY AND MASTER    Week 1: Work, energy and power
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 Revision of prior knowledge (from Grade 10)
Gravitational potential energy, kinetic energy, the law 
of conservation of mechanical energy, and the law of 
conservation of energy
Definition of work
• Define the work done on an object by a force as:  

W = F.Δx.cosθ
• Know that work is a scalar quantity which is 

measured in joules (J)
• Positive net work done on a system will increase the 

energy of the system and negative work done on the 
system will decrease the energy of the system

56–59
62–65

99

147–149 219–226 135–140

Resources:  Mindset Learn: What is work? (4:29); http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-
energy-and-power/01-what-work 
Mindset Learn: Appling the definition of work to calculations (5:54); http://learn.mindset.co.za/resources/
physical-sciences/grade-12/work-energy-and-power/02-applying-definition-work-calculations

Homework: *ES Ex. 5–1 Q. 1–4 *ES 226 *ES
Ex. 5.1 
Q. 1–4

*ES
137–140

226
Ex. 5.1 
Q. 1–4

137–140

2 Net work done on an object
• Calculate the net work done on an object by 

applying the definition of work to each force acting 
on the object while it is being displaced and then 
adding up (scalar) each contribution

An alternative method of determining the net work
• Draw a force diagram showing only forces that act 

along the plane (of the displacement)
• Ignore perpendicular forces
• Calculate the resultant (net) force along the plane
• Calculate the net work done on an object by taking 

the product of the resultant (net) force along the 
plane acting on the object and its displacement 
along the plane

99 149–151 227–230 135–140

Resource:  Mindset Learn: Work and energy (7:56);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-power/03-work-and-energy

Homework: * ES Ex. 5.1: Q. 5–10 *ES 227 *ES
Ex. 5.1
Q. 5–10

*ES
138–140

227 
Ex. 5.1
Q. 5–10

138–140

3 The work-energy theorem
• Know that the net work done on an object causes a 

change in the object’s kinetic energy
• This is known as the work-energy theorem:  

Wnet = Ekf – Eki
• Apply the work-energy theorem to objects on 

horizontal and inclined planes (frictionless and 
rough)

99 152–154 TYS 7: 
Q. 1–3

D36 230–239

Resource:  Mindset Learn: The work-energy theorem (16:14); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/work-energy-and-power/04-work-energy-theorem

Homework: *ES Ex. 5.2 Q. 1–3 *ES
Ex. 5.2 
Q. 1–3

*ES
140–141

238
Ex. 5.2
Q. 1–3

140–141
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STUDY AND MASTER    Week 2: Work, energy and power
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Apply the work-energy theorem to objects on 
horizontal and inclined planes (frictionless and 
rough)

Conservation of energy with non-conservative forces 
present
• Define conservative forces and give examples
• Define non-conservative forces and give examples
• Know that when only conservative forces are 

present, mechanical energy is conserved
• Know that when non-conservative forces are 

present, mechanical energy (the sum of kinetic and 
gravitational potential energy) is not conserved, but 
total energy of the system is still conserved

99 154–160
168–169

Unit 3
Q. 4–6

D39–D40 230–241

Resource:  Mindset Learn: Conservation of energy (7:38); http://learn.mindset.co.za/resources/physical-sciences/grade-12/
work-energy-and-power/05-conservation-energy

Homework: TYS 8: Q. 1–2 160 TYS 8:
Q. 1–2

D36–D37

2 Conservation of energy with non-conservative forces 
present
• Solve conservation of energy problems (with 

dissipative forces present) using the equation:  
Wnc = ΔEp + ΔEk

• Use the above relationship to show that in the 
absence of non-conservative forces: Wnc = 0

100 156–160
169

TYS 8:
Q. 3–4
Unit 3  
Q. 11

D37 241–245

Homework: *ES Ex. 5.3: Q. 1–3 160 *ES 
Ex. 5.3: 
Q. 1–3

*ES 
142–144

244–245
Ex. 5.3
Q. 1–3

142–144

3 Power
• Define power as the rate at which work is done
• Calculate the power involved when work is done

100 162–163 Unit 3 
Q. 8

D40 245–246

Resource: Mindset Learn: Power (11:80); http://learn.mindset.co.za/resources/physical-sciences/grade-12/work-energy-and-
power/06-power

Homework: *ES Ex. 5.4: Q. 1–6 *ES 
249–250

*ES
Ex. 5.4
Q. 1–6

*ES
145–146

249–250
Ex. 1–6

145–146

4 Average power
• Understand the average power required to keep an 

object moving at a constant speed along a rough 
horizontal surface or a rough inclined plane and do 
calculations using: Pav = Fvav

100 161–163
169

Unit 3  
Q. 7, 9

D40–D41 246–248

Homework: TYS 9: Q. 1–3 163 TYS 9:  
Q. 1–3

D38 
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STUDY AND MASTER    Week 3: Work, energy and power, the Doppler effect
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Calculate the minimum power required of an electric 
motor to pump water from a borehole of a particular 
depth at a particular rate using: Wnc = ΔEp + ΔEk 

100 164–166
169

Unit 3 
Q. 10

D41 248–251

Homework: TYS 10: Q. 1; Mechanics (Unit 3) Q. 1–3 166–168 TYS 19: 
Q. 1

Unit 3 
Q. 1–3

D39 250–251
Ex. 5.5
Q. 1–6

147–148

2 Doppler effect with sound and ultrasound
• State the Doppler effect for sound and give 

everyday examples
• Explain (using appropriate illustrations) why a sound 

increases in pitch when the source of the sound 
travels towards a listener and decreases in pitch 
when it travels away

• Use the following equation to calculate the 
frequency of sound detected by a listener (L) when 

either the source or the listener is moving: fL = 
v ± vL

v ± vS
fs

121 171–174 253–258 150

Resource:  Mindset Learn: The Doppler effect in everyday life (9:43); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/doppler-effect/01-doppler-effect-everyday-life

Homework: TYS 1: Q. 1–3 175 TYS 1: 
Q. 1–3

D43 262–263
Ex. 6.1
Q. 1–5

150–152

3 • Use the following equation to calculate the 
frequency of sound detected by a listener (L) when 
either the source or the listener is moving: 

 fL = 
v ± vL

v ± vS
fs

• Describe applications of the Doppler effect with 
ultrasound waves in medicine, e.g. to measure the 
rate of blood flow or the heartbeat of a foetus in the 
womb

121 175–176
181–183

Q. 1–8 D44–D45 258–263

Resources:  Mindset Learn: Calculations using the Doppler effect (11:27);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/doppler-effect/02-calculations-doppler-effect 
Mindset Learn: Applications of the Doppler effect (15:40);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/doppler-effect/03-applications-doppler-effect

Homework: Waves, sound and light: Q. 9–10 183 Q. 9–10 D45 266–267
Ex. 6.2
Q. 1–6

152–153

4 • State that light emitted from many stars is shifted 
toward the red, or longer wavelength/lower 
frequency, end of the spectrum due to movement of 
the source of light

• Apply the Doppler effect to these ‘red shifts’ to 
conclude that most stars are moving away from the 
Earth and therefore the universe is expanding

121–122 176–180 TYS 2:  
Q. 1–2
TYS 3:
Q. 1

D43–D44 263–267

Resource: Mindset Learn: The expanding universe (8:54);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/doppler-effect/04-expanding-universe

Homework: Summarise the Doppler effect with sound and 
light; Waves, sound and light: Q. 11–13

183 Q. 11–13 D45
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STUDY AND MASTER    Week 4: Rate and extent of reaction
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 Rate and extent of reaction
• Explain what is meant by reaction rate
• List the factors that affect the rate of chemical 

reactions:
 − surface area (solid)
 − concentration (solution)
 − pressure (gas)
 − temperature
 − catalyst

• Explain in terms of the collision theory how the 
various factors affect the rate of chemical reactions

123 184–192 269–285 155–156

Resource:  Mindset Learn: Rates of reactions Lesson 1 (17:15); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/rate-and-extent-reaction/01-what-factors-affect-rate-reactions

Homework: Prepare for Informal Assessment Task: 
Determining factors that affect the rate of chemical reactions 
(Parts 1 and 2: Concentration of vinegar and temperature of 
vinegar reacting with baking soda; Part 4: Catalysts)

193–197 270
Ex. 7.1
Q. 1

156–157

2 Teacher demonstration
• The effect of concentration on rate of reaction 

(vinegar + baking soda)
• The effect of temperature on rate of reaction 

(vinegar + baking soda)
• The effect of a catalyst (H2O2 + manganese dioxide; 

sugar cube + activated carbon; copper in Zn + 
dilute hydrochloric acid)

Measuring the rates of reaction
• Suggest suitable experimental techniques for 

measuring the rate of a given reaction, including 
measuring gas volumes, turbidity (e.g. precipitate 
formation), change of the mass of the reaction 
vessel

123 193–197 D47–D48 286–291 159–158

Resource:  Mindset Learn: Measuring the rates of reactions (Rates of reactions Lesson 2) (21:05); http://learn.mindset.co.za/
resources/physical-sciences/grade-12/rate-and-extent-reaction/02-how-measure-reaction-rates

Homework: TYS 1: Q. 1–3 200 D50 272–273
Ex. 7.2
Q. 1–3

157–159

2 Recommended experiment for informal assessment:
To determine the quantitative reaction rate and draw 
graphs for the reaction between sodium thiosulfate and 
dilute hydrochloric acid

123 195, 198 D48–D49 289–291 159–160

Homework: Complete the analysis of results 195, 198 D48–D49 285–286
Ex. 7.3
Q. 1

160–161
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S # CAPS concepts, practical activities and assessment 
tasks 

CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

3 Mechanism of reaction and catalysts
• Define activation energy – the minimum energy 

required for a reaction to take place
• Colliding molecules must have, apart from the 

correct orientation, a kinetic energy equal to or 
bigger than the activation energy of a reaction 
before the reaction can take place

• Use a graph showing distribution of molecular 
energies (number of particles against their kinetic 
energy) to explain why only some molecules have 
enough energy to react and hence how adding a 
catalyst and heating the reactants affects the rate

• Explain (in simple terms) how some catalysts 
function by reacting with reactants in such a way 
that the reaction follows an alternative path of lower 
activation energy

124 201–203 291–294

Resource:  Mindset Learn: Reaction mechanism and catalysts (Rates of reaction Lesson 3) (15:43); http://learn.mindset.co.za/
resources/physical-sciences/grade-12/rate-and-extent-reaction/03-reaction-mechanism-and-catalysts

Homework: TYS 2: Q. 1–2 204 TYS 2:
Q. 1–2

D50 294–295
Ex. 7.4
Q. 1–3

162–163

4 Review Rates of reactions *ES Ex. 7.5 Q. 1–7 184–204
*ES 

295–298

*ES
Ex. 7.5
Q. 1–7

*ES 
163–167

295–298
Ex. 7.5
Q. 1–7

163–167

Homework: Summarise and make notes on Rate and extent 
of reactions

184–204
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STUDY AND MASTER    Week 5: Chemical equilibrium
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 Chemical equilibrium
• Explain what is meant by:

 − open and closed systems
 − a reversible reaction
 − dynamic equilibrium

• List the factors that affect the position of an 
equilibrium

• Investigate equilibrium and the factors 
influencing equilibrium system of CoCℓ2 and H2O 
(recommended experiment for informal assessment)

125 205–208 299–304 169–171
172–178

Resource:  Mindset Learn: Introduction to Chemical Equilibrium (17:19); http://learn.mindset.co.za/resources/physical-
sciences/grade-12/chemical-equilibrium/01-introduction-chemical-equilibrium

Homework: Read pp. 205–208; make a summary and notes 205–208 303
Ex. 8.1
Q. 1–2

171

2 • Discuss the design of the experiment to investigate 
the effects of pH on the equilibrium system of 
dichromate and chromate ions, and then perform 
the experiment and record the results (30 minutes)

• List the factors that affect the position of an 
equilibrium

The equilibrium constant
• Write down an expression for the equilibrium 

constant having been given the equation for the 
reaction

• Perform calculations based on Kc values

208–213 313–320

Resource:  Mindset Learn: What is the equilibrium constant? (12:37); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/chemical-equilibrium/02-what-equilibrium-constant

Homework: TYS 3: Q. 1–2 213 332
Ex. 8.5
Q. 1, 3

179

3 Application of equilibrium principles
• State Le Chatelier’s Principle
• Use Le Chatelier’s Principle to identify and explain 

the effects of changes of pressure, temperature, and 
concentrations and amounts of each substance in an 
equilibrium mixture

• Explain the use of a catalyst and its influence on an 
equilibrium mixture

• Apply the rate and equilibrium principles to 
important industrial applications, e.g. the Haber 
process

126 213–216 330–331
502–503

Resource:  Mindset Learn: le Chatelier’s Principle (16:22); http://learn.mindset.co.za/resources/physical-sciences/grade-12/
chemical-equilibrium/04-le-chatelier’s-principle

Homework: Act. 6: Q. 1 219–220 Act. 6: 
Q. 1

4 More equilibrium constant calculations
• List the factors which influence the value of the 

equilibrium constant, Kc
Application of equilibrium principles
• Interpret (only simple) graphs of equilibrium

125–126 217–222 Act. 6: 
Q. 2–3
TYS 4: 
Q. 1–3

304–313

Homework: TYS 4: Q. 4–5 222 TYS 4
Q. 4–5

312–313
Ex. 8.2
Q. 1–3

171–172
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STUDY AND MASTER    Week 6: Chemical equilibrium, acids and bases
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Explain the significance of high and low values of the 
equilibrium constant

Application of equilibrium principles
• Interpret (only simple) graphs of equilibrium

125–126 214–217 312

Resource:  Mindset Learn: Using the equilibrium constant (15:11); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/chemical-equilibrium/03-using-equilibrium-constant

Homework: Chemical change (Units 1–3) Q. 6–7 254–255 Units 1–3
Q. 6–7

2 Chemical change (Units 1–3) Q. 8–10 125 255–257 Units 1–3
Q. 8–10 

320–328

Homework: Chemical change (Units 1–3) Q. 11 258 Units 1–3
Q. 11 

328–329
Ex. 8.3
Q. 1–2

173–175

3 Chemical change (Units 1–3) 
Q. 1 a–j; Q. 2 a–j; Q. 3 a–j; Q. 4 first table a–j; Q. 5

126 250–254 328–332 175–178

Homework: Summarise Chemical equilibrium 331
Ex. 8.4
Q. 1

178

4 Acids and bases
• Explain what is meant by acids and bases
• State acid-base models (Arrhenius, Lowry-Brønsted)
• Write the reaction equations of aqueous solutions of 

acids and bases
• Give conjugate acid-base pairs for given 

compounds

127 223–226 TYS 5: 
Q. 3

331–339 181–183

Resources:  Mindset Learn: Arrhenius’ theory of acids and bases (14:49); http://learn.mindset.co.za/resources/physical-
sciences/grade-12/acids-and-bases/01-arrhenius%E2%80%99-acid-base-model 
Mindset Learn: Lowry-Brønsted theory of acids and bases (10:20); http://learn.mindset.co.za/resources/physical-
sciences/grade-12/acids-and-bases/02-lowry-bronsted-acid-base-model 
Mindset Learn: Conjugate acid-base pairs (14:20); http://learn.mindset.co.za/resources/physical-sciences/
grade-12/acids-and-bases/03-acid-base-conjugate-pairs

Homework: TYS 5: Q. 1–2, 4 226 TYS 5
Q. 1–2, 4

339
Ex. 9.1
Q. 1–3

183–184
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STUDY AND MASTER    Week 7: Chemical equilibrium, acids and bases
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Distinguish between concentrated and dilute acids
• Distinguish between strong and concentrated acids
• Compare strong and weak acids by looking at:

 − pH
 − conductivity
 − reaction rate

• Name some common strong and weak acids and 
bases

127–128 233–235 340–345

Resources:  Mindset Learn: Neutralisation (5:46);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/acids-and-bases/04-neutralisation 
Mindset Learn: Indicators and strengths of acids and bases (18:28); http://learn.mindset.co.za/resources/
physical-sciences/grade-12/acids-and-bases/05-indicators-and-strength-acids-and-bases

Homework: Read 223–226, 233–235 and make notes on Acids 
and bases

223–226, 
233–235

344–345
Ex. 9.2
Q. 1–3

184–185

2 • Compare Ka and Kb values of strong and weak acids 
and bases

• Give the neutralisation reactions of common 
laboratory acids and bases

127–128 228–232
245–247

TYS 6:
Q. 1–2

345–354 187

Teacher demonstration: 
Resource:  Mindset Learn: Ionisation and dissociation constants (5:32); http://learn.mindset.co.za/resources/physical-

sciences/grade-12/acids-and-bases/08-ionisation-and-dissociation-constants

Homework: Continue to make notes on Acids and bases,  
pp. 228–232, 245–247

228–232
245–247

348
Ex. 9.3
Q. 1–2

354
Ex. 9.4
Q. 1–3

186
188

3 • Explain the pH scale
• How do indicators work? 
• What is the range of methyl orange, bromothymol 

blue and phenolphthalein indicators?
• Calculate pH values of strong acids and strong 

bases
• Define the concept of Kw

• Explain the auto-ionisation of water

127–128 241–245 354–359 190

Resource:  Mindset Learn: The pH scale (4:33);  
http://learn.mindset.co.za/resources/physical-sciences/grade-12/acids-and-bases/07-ph-scale

Homework 304–305 247 TYS 8: 
Q. 1–2

356
Ex. 9.5
Q. 1–3

189–190

4 • Determine the approximate pH of salts in salt 
hydrolysis

• Do simple acid-base titrations

127 236–239 TYS 7:
Q. 1–3

357–362 190–192

Homework: Chemical change (Units 1–3) Q. 12–14 257 Units 1–3
Q. 12–14 

366
Ex. 9.6
Q. 1–2

193–194
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STUDY AND MASTER    Week 8: Acids and bases
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1 • Do calculations based on titration reactions 127 256–257 Units 1–3
Q. 15,  
17, 18 

372–373
Ex. 9.7
Q. 1–5

194–196

Resource: Mindset Learn: Titration (9:60); http://learn.mindset.co.za/resources/physical-sciences/grade-12/acids-and-
bases/06-titration

Homework: Prepare for the formal assessment 239–241 192

2 Formal assessment: Prescribed investigation
• Preparing a standard solution of oxalic acid for 

volumetric analysis
• Performing an acid-base titration to determine the 

concentration of a solution of sodium hydroxide by 
titrating it against a standard solution of oxalic acid

127–128 239–241 362–366 192–193

Homework: Chemical change Units 1–3 Q. 1 k–q; Q. 2 k–p;  
Q. 3 k–p; Q. 4 second table a–g

250–254 Units 1–3 366–367
Ex. 9.6
Q. 1–2

193–194

3 Formal assessment: Prescribed investigation cont.
Complete the report on the prescribed experiment

239–241 362–366 192–193

Homework: Read Applications of acids and bases, i.e. the 
application of acids and bases in the chlor-alkali industry 
(chemical reactions only) and acids and bases in the chemistry 
of hair

247–249 367–370 194

4 • Do acid-base experiments to determine the 
presence of acid in a compound, e.g. percentage of 
ethanoic acid in vinegar

128 258 Units 1–3
Q. 16

371–372

Homework: Complete the notes on Acids and bases 223–258

STUDY AND MASTER    Week 9: Catch up, consolidation and revision: plan your week
S # CAPS concepts, practical activities and assessment 

tasks 
CAPS
pp.

LB 
pp.

LB 
act.

TG 
pp.

Everything Science

LB TG

1

2

3

4

STUDY AND MASTER    Week 10: Mid-year examinations: plan your week
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3. Assessment term plans

3.1 Term 1: Formal and informal assessment tasks included in each set of LTSMs

FORMAL ASSESSMENT TASKS

Name of book Formal practical assessment Control test

Solutions for All 
Physical Sciences

Week 8
Preparation of esters 
LB pp. 126–127

Week 10
Term 1 Control Test 
TG pp. 426– 435

Study and Master 
Physical Sciences

Week 7
Preparation of esters 
LB pp. 108–109

Week 10
Term 1 Control Test 
TG pp. B10–B13

INFORMAL ASSESSMENT TASKS

Name of book Practical investigation Test

Solutions for All 
Physical Sciences

Week 4
Measuring acceleration due to gravity 
LB pp. 67–69
Week 6 
Saturated and unsaturated organic compounds
LB pp. 136–138
Week 9
Preparing polymers:
Polystyrene LB pp. 147–149
Silicon rubber LB pp. 152–154

Week 3
Momentum and impulse formative test
(Resource 7 in Section C Additional 
worksheets with memorandums for  
Term 1)

Study and Master 
Physical Sciences

Week 4
Measuring acceleration due to gravity 
LB p. 64
Week 6
Saturated and unsaturated organic compounds
LB pp. 93–95
Week 9
Preparing polymers: 
Silly putty and slime LB pp. 129–130

Week 3
Momentum and impulse formative test
(Resource 7 in Section C Additional 
worksheets with memorandums for  
Term 1)

3.2 Term 2: Formal and informal assessment tasks included in each set of LTSMs

FORMAL ASSESSMENT TASKS

Name of book Practical investigation Examination
*  Use for practice, not for formal assessment

Solutions for All Week 8
Titration with oxalic acid 
LB pp. 312–314

Week 10
Mid-year examinations
Term 2 Control tests 
TG pp. 436–448

Study and Master Week 8
Titration with oxalic acid 
LB pp. 239–241; TG pp. D61–D64

Week 10
Mid-year examinations
Term 2 Control tests 
TG pp. B14–B35

INFORMAL ASSESSMENT TASKS

Name of book Practical investigation

Solutions for All Week 5
To determine the quantitative rate and draw the graph of the reaction of sodium thiosulfate and 
dilute hydrochloric acid; LB pp. 195, 198

Study and Master Week 5
To determine the quantitative rate and draw the graph of the reaction of sodium thiosulfate and 
dilute hydrochloric acid; LB pp. 195, 198
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4. Guidelines for lesson planning and preparation

The planners provide details of the content that you need to teach to your class. However, to deliver the lessons 
successfully, you must do the necessary preparation yourself. This entails thinking about a number of key aspects, 
including those noted below.

4.1 Check the term focus

You should note the focus for the term. The CAPS document provides clear details regarding the focus of each term.  
For Grade 12, the focus of each term is set out below:

Term 1: 
Physics:   Momentum and impulse
              Vertical projectile motion in one dimension

Chemistry:  Organic chemistry

Term 2: 
Physics:   Work, energy and power
               The Doppler effect

Chemistry:  Rate and extent of reaction
                 Chemical equilibrium
                 Acids and bases

See Resource 5 for an overview of the topics for each term.

4.2 Prepare resources

This stage in your preparation is vital and it is a good idea to collect resources such as those listed below so that you have 
them when needed. Details regarding specific resources for certain lessons are given in the planners where relevant.

4.3 Check your own knowledge of the content

However well you know your work, it is easy to make small mistakes when in a classroom with learners asking questions. 
It is a good idea for you to read through the content to be covered and to ensure that you are very familiar with the 
work. Also do additional reading from other sources if possible. You should refer to Resource 5 for an overview of the 
Term 1 and Term 2 topics and to Resource 6, Additional Information and Enrichment Activities, where there is additional 
information about many of the topics for each term and where some common errors, not always made explicit in the 
Learner’s Books or Teacher’s Guides, are addressed.

4.4 Prepare the conceptual framework for the lesson topic

Before each lesson, the teacher needs to prepare the content to be taught. The involves many aspects, such as thinking 
carefully about how the concepts are organised in a conceptual framework; how to help learners develop this framework 
for themselves; what possible questions learners might ask; or difficulties they might have and how to address these.

A useful way for teachers to prepare the content is to summarise the topic in their own minds using a tool like a mind 
map or a concept map. A concept map is different from a mind map because we describe the links between the 
concepts to show the relationship between them. Below are two examples of concept maps. 
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EXAMPLE 1:  CONCEPT MAP FOR ORGANIC CHEMISTRY REACTIONS  
(full-page diagram at the end of Resource 7, Additional worksheets with memorandums 
for Term 1)

EXAMPLE 2: CONCEPT MAP FOR MECHANICS 

CHART OF ORGANIC CHEMISTRY REACTIONS

Key
Oxidation  add [O] or remove [H]
Reduction  remove [H] or add [O]

Polymer

Carboxylic acid

(?)anoic acid

R

O

OH

Water + Ester

(?)yl (?)anoate

R

O

OR'

CO2 + H2O

CO2 + H2O

CO2 + H2O

Addition 
(hydrogenation) H2 

Heat under pressure 
with Ni catalyst

Elimination   
Cracking

Elimination
Reflux with conc. 
alcoholic alkali

Substitution
Heat with dilute 
alkali aqueous 

solution

Substitution
Free radical with X2 and 
UV, room temperature  

& pressure heated  
H3PO4 acid

Secondary 
alcohol

distilled with 
acidified 
K2Cr2O7

Warm with 
LIAℓH4 producing 

secondary -OH

Reflux with excess 
acidified K2Cr2O7 or 
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When you introduce a topic learners will benefit from seeing the big picture and a concept map is a useful way to present 
this. It is also a useful way of showing learners how the class is progressing. At the end of the topic encourage your 
learners to make their own summaries in words and/or pictures. In this way, they will interact with concepts, and this in 
turn will promote deep learning.

While you prepare the conceptual framework, it is important to think about what prior knowledge learners should have 
and to have a clear idea of where and when they will need to draw on the concepts taught in the previous years. It is 
vital that you are familiar with the Grade 12 Examination Guides for Physical Sciences and the topics taught in Grades 10  
and 11. 

In your preparation, think carefully about the types of questions learners will ask. You may want to preempt some of 
these questions by asking open-ended questions to arouse learners’ curiosity and to engage them in the process of 
learning. It is also a good idea to leave a question unanswered for a short time and let the lesson activities suggest a 
possible answer. If the question is still unanswered, then you should provide the necessary help. Doing this will provide 
good opportunities for you to correct any wrong ideas or misconceptions.

4.5 Baseline assessment and remediation of misconceptions

Baseline assessment should take place at the beginning of each new topic to establish what learners already know and 
to pick up any possible misconceptions. Some of the most common of these misconceptions for Term 1 and Term 2 
have been addressed in relation to the relevant CAPS content in Resource 6, Additional Information and Enrichment 
Activities, of this document. Baseline assessment can take many forms – such as a quick question and answer session or 
a paper and pencil activity. Once a gap in understanding or a misconception has been identified (e.g. some people think 
that when you kick a ball, it continues to move forward because of the force of the kick) you need to find a way to help 
prepare learners for the new work which is going to be taught in the term. In this context the word remediation refers 
to overcoming the learners’ wrong ideas.

4.6 Learner activities

Give some thought to what learners will actually do in each lesson. Teaching Physical Sciences should not be based 
on reading and discussing the textbook. Some examples of activities they can do in each lesson include: answering 
questions by writing the answers (the CAPS encourages writing); completing translation activities by converting a 
drawing to a description, or a table to a graph. You set the stage for the learner activities by giving explanations about 
different concepts, asking questions, setting problem-solving activities, or giving clear instructions about what learners 
need to do. 

Think carefully about the questions you will ask learners to think about and discuss. You may plan these discussions in 
pairs or small groups. Through observation, reflection and discussion you will engage learners, helping them construct 
their own knowledge. It is important to challenge this knowledge and at times disagree with them, even if they are 
correct. You can also present a common misconception and encourage them to be critical of the proposed idea. 

Problem solving and application of knowledge are very important in Physical Sciences. Your learners will need to practise 
exam-type questions; the learner’s books all give worked examples. There are also end-of-chapter or unit questions, 
exam practice and additional worksheets. These have been referenced in the planner for each book and are included as 
homework activities. However, in some cases the learner’s book may not have enough questions and we have referred 
you to additional activities from the Everything Science books. There is a huge database of questions that will be very 
useful for learners to work through both for remediation, revision and extension. Not all the activities are referenced in 
the planner. If you identify that your learners are struggling in a particular section, select questions that are relevant to 
them. 

In Resource 6, Additional Information and Enrichment Activities, of this document you will find ideas for activities for 
Term 1 and Term 2 linked to several of the CAPS topics beyond those given in many of the LTSMs. You should refer to this 
resource when preparing your lessons. In some cases, a more appropriate practical activity than the one in the Learner’s 
Book is described and you can use it instead.

Always allow time in your lessons to review learners’ work and to give formative feedback on any assessment that has 
been done. Make sure when going over written work which you do not take in yourself, that you have a list of possible 
answers.
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4.7 Informal assessment

In addition to specifying the number and nature of the formal assessment tasks, the CAPS suggests that there should 
also be on-going informal assessment each term. Learners can do a variety of informal assessment tasks, both in class 
and for homework, and many of the Learner’s Book activities are useful for this purpose. Informal assessment tasks do 
not have to be marked by the teacher. You can allow learners to mark their own or each other’s work. You should consider 
taking in about five or six pieces of work from time to time to help you assess progress informally and also to keep 
learners attentive. Give learners a surprise by changing your review techniques from time to time.

While learners do not always need marks for their work, they do need feedback, and you need to know what they 
managed or did not manage in the task in order to correct and support their learning. You may like to record any marks 
that are awarded or key comments for your own interest.

4.8 Learners with special needs

As we know, people are not all the same. Learners will attend the Physical Science classes with different needs, styles 
of learning and also with a variety of alternative ideas about scientific phenomena. It is challenging for a teacher to 
accommodate all these different features. However, you are encouraged to consider these differences in your preparation. 
You should also consult resources provided by the DBE. The textbooks also provide additional suggestions. 

For different learning styles, the teacher can use a variety of teaching methods. These include whole class teaching, peer 
interaction, small-group learning, writing activities, drawing and mind-mapping activities, presentations, debates and 
role play. Wherever possible, encourage reading, writing and speaking skills. 

4.9 Enrichment

In certain tasks, learners will work at different speeds. For those learners who complete their work earlier than others 
refer to enrichment or extension activities in the Teacher’s Guide, those suggested in Resource 6, Additional Information 
and Enrichment Activities, or the worksheets in Resource 7, all in Section C of this planner. 

4.10 Homework

It is essential for Grade 12 learners to do homework every day. It is wise to examine the planner and decide what sorts of 
tasks are appropriate for homework each week. Allow a few minutes at the end of the each lesson to provide homework 
instructions. Homework can be a useful consolidation exercise and need not take learners very long. If well planned in 
advance, learners can sometimes be given a longer homework exercise to be handed in within a week. This arrangement 
allows for flexibility. It is absolutely essential to allow a few minutes at the start of lessons to review the previous day’s 
homework. 

4.11 Practical work

Practical work must be integrated with theory to strengthen the concepts being taught. It may take the form of a simple 
practical demonstration or an experiment or practical investigation. Some of these practical activities will be done as 
part of formal assessment and others can be done as part of informal assessment. Learners need to understand and 
experience that practical work in science distinguishes this discipline from other knowledge areas. 

In Term 1, learners are required to prepare esters and identify them by smell. To prepare learners for this formal  
assessment, give them opportunities to complete other experiments and investigations during the term. It is 
recommended that learners identify saturated and unsaturated organic compounds using bromine water and potassium 
permanganate as an informal assessment.

In Term 2, learners may choose either to validate the law of conservation of linear momentum or to carry out a titration 
with oxalic acid to determine the concentration of dilute sodium hydroxide. Both Learner’s Books have excluded the 
practical investigation of the law of conservation of momentum during this term, so we have focused only on the titration 
practical as the formal practical investigation for the term. To prepare learners for the formal assessment in Chemistry, 
it is important to give them opportunities to complete other experiments and investigations during the term, e.g. 
investigating the quantitative rate of the reaction of sodium thiosulfate and dilute hydrochloric acid, and/or the effect of 
pH on the chemical equilibrium system of dichromate and chromate ions. 

For learners to achieve the most from their experience of practical work, you need to be extremely well prepared. 
Think carefully and plan how to accommodate all learners in doing practical activities. In most schools, there may be a 
limited amount of equipment. This means that you may need to give groups of learners the opportunity to complete 
the practical work after school hours. If equipment is limited, one solution is to set up different stations with different 
equipment. Learners rotate from one station to the next in order to complete a series of experiments. Learners also need 
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to be well prepared for any formal or informal practical work. In the planners, you will see that learners are required to 
review the investigations for homework on the day before they are required to do the investigation. You could ask them 
to complete pre-practical questions. 

Safety is critical whenever doing practical work. Please ensure you regularly discuss safety rules with your learners. Refer 
to the websites below that deal with laboratory safety: 

• International chemical safety cards: www.inchem.org/pages/icsc.html
• Merck safety data sheets: www.merck-chemicals.com/msds-search/
• School chemistry laboratory safety guide: www.cdc.gov/niosh/docs/2007-107/ pdfs/2007-107.pdf
• WCED laboratory safety guidelines: www.curriculum.wcape.school.za/site/52/ pol/view/ 

To conduct a successful practical activity, the following procedures are suggested:
• Before the practical session, check that the materials are the correct ones so that no mistakes occur.
• Talk through the activity with learners or read the descriptions from the learner’s book with them.
• Stop from time to time to emphasise certain points. For example, ‘Remember to use safety glasses and not 

to look directly at burning magnesium.’
• Let learners sometimes work in their chosen groups of friends and change the groups on other occasions.
• Keep a watchful eye on the activity and walk around looking at what learners are doing. This teaching strategy 

provides the teacher with an opportunity to assess their skills of working with apparatus. 
• Drawing the experimental set-up on the chalkboard or another medium helps learners to focus.
• Ensure that books and bags are safely stowed away from the practical work area.
• Enforce a strict rule of no tasting. There should be no eating of any kind at all in the laboratory or classroom 

where investigations are conducted.
• Ensure that work areas are clean both before and after the practical activity.
• Encourage learners to wear plastic aprons and safety glasses and insist on closed shoes wherever possible.
• Insist on the correct labelling of all tubes and bottles.
• Set a good example by following correct procedures at all times.
• Insist that learners tidy their work places when they have finished.
• Have a supply of tap water at hand in case of accidental acid spills. Do not attempt to neutralise acids and 

bases on a learner or yourself. Simply wash with plenty of water.
• Have a fire extinguisher handy and know how to use it.
• Keep a supply of gauze and plasters in a simple first aid box. A plastic container works well.

4.12 Reflect on the lesson

At the end of each lesson you should reflect on how the lesson went and jot down your thoughts. The template provided 
in this book has prompts to assist you in this. Your reflection will help you identify ways in which you could better support 
your learners or where you need help in doing so. Notes you make will be useful when you prepare to teach the same 
lesson another time. 
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5. Overview of the Term 1 and Term 2 topics 

5.1 Term 1

A large amount of content and many varied and complex concepts are introduced in Physical Sciences during this term. 
Learners will need to engage in discussions and in problem solving so that they obtain a useful knowledge of these 
topics. There is no time to return to re-teach any of the Grade 12 topics in detail later in the year, though there are two 
weeks of revision available in Term 4. It is a good idea to share the term planner with the learners to make them aware 
of the demands of the course.

Momentum and impulse

The section on momentum and impulse helps learners to actively engage with the concepts of force and Newton’s laws 
from a new perspective. The idea of an amount of motion that an object has is intuitive. The idea of a heavy 110 kg 
rugby player moving at a fair pace and bumping a smaller 50 kg boy who is initially standing still invariably conjures up 
the picture of the boy being swept along or pushed over by the player. And the reason is quite often given as: the rugby 
player had a greater amount of motion, meaning he had a greater momentum. Defining and quantifying momentum 
and discussing its vector nature follows naturally once the learners can visualise what it means to have a larger or smaller 
momentum than some other object. The relationship between mass and momentum, and velocity and momentum also 
needs to be established. When the velocity of an object is increased (when it accelerates) its momentum also increases: 
momentum is directly proportional to velocity. Similarly an object of greater mass moving at the same velocity as another 
will have greater momentum than the other.

The idea of a change in momentum can present difficulties as learners very often simplify the phrase into momentum 
and forget about finding the change in momentum. Emphasise the fact that whenever we calculate a change in any 
physical quantity we are actually finding the difference between its final value and its initial value. It is also useful to 
remind learners that the net force and the change in momentum are both vector quantities, and they both act in the 
same direction, e.g. when a ball bounces on the floor, it receives an upward net force acting on it, therefore its change in 
momentum is also upward. The CAPS requirements include the use of vector diagrams to express change in momentum. 
Linking these diagrams with the net force acting on the object can help learners decide which is the correct direction of 
the change of momentum.

When solving problems using the law of conservation of momentum, learners must remember to show that they are 
applying this principle. For those learners who struggle with the notation of m1vi1 etc., it may be easier to simply preface 
their solution with Σpi = Σpf or to write down Applying the law of conservation of momentum as they begin writing their 
solution. 

It is very important that momentum is handled as a vector quantity and that a sign convention is used to assign one 
direction as positive and the opposite direction as negative. Failure to include the direction into the calculations is a 
common mistake. It may appear to arise from carelessness, but is usually an indication that the concept of momentum as 
a vector quantity has not yet been assimilated. It does no harm to continually remind learners to express momentum with 
its magnitude and its direction when writing the answers and when talking and discussing solutions to problems in class. 

Impulse is introduced as the last concept in this topic and it wraps up the study by bringing in many everyday examples 
of how we deal with change of momentum to minimise the net force acting on us, e.g. bending your knees when 
jumping down from a higher place or bringing your hands back towards you when you catch a fast-moving object like a 
cricket ball. By extending the time during which momentum is changed, we effectively decrease the net force. Applying 
these principles to vehicle safety features and design places these ideas in a familiar context.

Vertical projectile motion

Learners have been using the equations of motion for motion in one dimension since Grade 10, so they should find 
it relatively easy to apply these to objects in free fall. However, in our daily experience nothing actually free falls. Air 
resistance opposes the gravitational force, and despite us telling the learners that all objects of any size, shape and mass 
will all strike the ground at the same time, our learners know that some things manage to fall faster than others!

It is therefore very important to put the concept of free-falling bodies into context. This topic explores how we can 
determine the position, velocity, and acceleration of any object when it is in free fall, i.e. when the only force acting on an 
object is its weight (the force due to gravity). That objects are in free fall here on Earth is a simplification of what is really 
happening: if there was no air resistance, objects would free fall on Earth. The learners have to imagine that there is no 
air resistance and this goes against their experience of how things fall in everyday contexts. 
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It is useful to point out that there are really only three scenarios of free fall that can be examined: 
• An object is dropped (from rest)
• An object is thrown downwards (with an initial velocity (vi down))
• An object is thrown up (with an initial upward velocity (vi up))

The learners must state their choice of positive direction, as either up or down. Since everything that goes up, comes 
down, and the net force acting on the object is always down towards the centre of the Earth, it makes sense to choose 
the downward direction as positive. When an object is thrown up into the air, its initial velocity will then be negative, 
but, like all other cases, its acceleration remains 9,8 m∙s–2 downwards (i.e. +9,8 m∙s–2) all the time while it is in the air.  
Figure 1 shows graphs for an object that is thrown up with an initial velocity of 4 m∙s–1. In this case the origin of the frame 
of reference was the position from which the object was released.

FIGURE 1:  POSITION–TIME AND VELOCITY–TIME GRAPHS FOR AN OBJECT  
THROWN UP WITH AN INITIAL VELOCITY OF 4 m∙s–1

Note that if a particular question shows a graph which has DOWN chosen as negative (i.e. UP as positive) then the 
learners must answer the question using down as negative. 

The equations of motion are always linked to the graphs of motion (as they were in Grades 10 and 11). By studying 
graphs of motion, concepts can be consolidated, e.g. the graph of acceleration versus time for a free-falling body is 
always a straight-line graph parallel to the time axis, with the value of 9,8 m∙s–2. The visual representation of this data can 
aid understanding: the object is accelerating uniformly for the entire length of time that it is in the air. This includes the 
moment when it reaches maximum height.

It is a common misconception that an object stops when it reaches maximum height because its velocity is zero at this 
instant. If objects stopped at maximum height we would see them hanging up there in the air before they turned around 
to descend again. This clearly doesn’t happen. So what does the value of zero for the velocity actually tell us when an 
object is at maximum height? The velocity–time graph cuts through the time axis when the object reaches its maximum 
height. In that infinitesimally small moment in time the velocity is zero because the direction of the velocity is going to 
change (from going up to coming down). The velocity doesn’t remain zero for any length of time, so the object doesn’t 
stop moving!

The scenario of a bouncing ball may present difficulties for some learners, so learners should be given many opportunities 
to analyse and describe the motion of simple vertical projectile motion (up and down) before these more complex 
problems are introduced. Emphasise the fact that there are two places at which the velocity of the object is zero: at the 
top of its flight, and when it hits the ground and bounces up again. The data point and time when the velocity of the 
object is zero at the top of the object’s flight always occurs on the part of a graph which is sloping either upwards or 
downwards (Figure 2). The data point where the object bounces is usually associated with a sudden and large change in 
velocity such as a straight vertical (or almost vertical) line. 
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FIGURE 2:  VELOCITY–TIME GRAPH OF A BOUNCING BALL WITH INITIAL 
VELOCITY OF 3 m∙s–1

Encourage learners to note these data points on the graph as top of flight, ball hits the floor and ball leaves the floor. 
Also encourage them to describe what the object is doing at each stage of its motion before they start answering the 
questions, e.g. is it bouncing up, or returning to the ground? 

It is tempting to spend a little longer on a topic when learners struggle to grasp the principles. Do not slow down the 
pace at this point – rather move on, and set some additional tasks for those who battle so that they can practise a little 
more. Everything Science offers extra examples for this purpose.

Organic chemistry

Organic chemistry is an amazing example of the classification of carbon compounds and their reactions into a coherent 
and comprehensive framework. We use this framework to develop and produce new materials to suit our needs, e.g. 
plastics and polymers, products from fossil fuels, margarine from vegetable oils. Mastering this topic relies on a good 
understanding of covalent bonding, intermolecular forces and the physical structure of molecules. 

The prescribed practical for Term 1 is the preparation and identification of esters. The practical is marked on the learner’s 
skill in handling equipment, following instructions, and the ability to work efficiently in a small group. It is therefore 
useful to include an informal practical into the course before the learners carry out their prescribed practical, so they 
can develop these skills while paying attention to the progress of a reaction, and learning how to report the results of 
a chemistry experiment. There are two opportunities for this: the identification of saturated and unsaturated organic 
compounds, and investigating the physical properties of some organic compounds, e.g. viscosity, boiling point, melting 
point. Learners need to work collaboratively in small groups, be able to read and work through the given procedures, 
identify various substances by colour or smell, and to conduct their investigation with due regard to safety precautions. 
They should prepare for practical assessments in the previous day’s homework session and they should come to class 
ready to carry out the procedures. 

The International Union of Pure and Applied Chemistry (IUPAC) naming system is very specific in its requirements. 
Learners must pay attention to spelling the names of compounds correctly; ethane is a different substance from ethene 
and ethyne. Their writing must be clear and easy to read and their naming must identify the substance correctly. It is 
by practising naming that they will develop these skills. There is no shortcut to learning how to work with this system – 
learners must engage with it and practise drawing structures and naming them.

Identifying the different types of reactions and their reaction conditions is a memory-based activity. The terminology, 
reactants, catalysts (where appropriate), temperatures and products that are formed have to be committed to memory. 
Chemistry is a body of knowledge about matter and materials. Recalling systematic facts is a skill required in order to 
build up a personal chemistry knowledge bank. (A summary of organic chemical reactions is provided at the end of 
Resource 7 in Section C Additional worksheets with memorandums for Term 1.)



Teacher Toolkit: CAPS Planner Terms 1 & 2   65

Polymerisation gives learners another opportunity to store facts in memory. It also provides learners with useful 
information on why some plastics should be recycled and the environmental responsibilities of 21st century citizens. 

Finally, you need to remind learners to learn and recall the statements of the definitions, terminology and laws. The 
examinations allocate almost 15% of the marks to basic recall of facts, definitions, statements of laws and simple 
application of knowledge. In most cases, the marking memoranda indicate that there are no part marks for the statement 
of laws and definitions. It is therefore very important that learners learn these laws and definitions and are able to recall 
them verbatim in order to earn these marks in their final examinations.

We recommended that the formal practical assessment for Chemistry be completed at the end of Term 1, during the 
time many schools set aside for formal testing, even though this will be recorded in the Term 2 schedule. This will assist 
in better time management in Term 2.

5.2 Term 2

The mid-year examinations usually take up 3 weeks of the time allocated to teaching and learning, so it is essential 
during this term to keep up to date with the CAPS schedule of work for Grade 12. The mid-year examinations offer an 
opportunity for the learners to practise writing under similar testing conditions which they will face in their Preliminary 
and their final NSC Examinations. The results of these examinations form 20% of the portfolio marks (10% each for 
Physics and Chemistry) so it is important to remind the learners to revise all the work that will be examined at mid-year.

Mechanics: Work, energy and power

Work, energy and power are scalar quantities, whereas force, momentum and impulse are vector quantities. The study 
of work done by a force is limited to constant forces acting on an object. The formula to calculate the work done on an 
object is W = F.Δx.cosθ, where F and Δx are the magnitude of the force and displacement, respectively, and q is the 
angle between the force and the displacement of the object. Learners often substitute values that take into account the 
direction of the force and/or displacement instead of substituting the magnitude (absolute value) of the force and/or 
displacement. Remind learners that the cosine of q requires that they only substitute the magnitude of these quantities. 
(The reason for this is that mathematically work done is defined as the scalar (dot) product of force and displacement: 
W = F•Δx = |F ||Δx|cosθ.)

Be very consistent with the terminology you use when describing the work done on an object:

‘Work is done on an object by a force.’ Work is never done against a force, e.g. when the force of friction opposes the 
motion of an object, work is done by the force of friction on the object; work is not done against the force of friction. 

The work done by friction on an object will be negative work, and the work done by the applied force will be positive 
work. Negative is work is done on an object when the force opposes its motion. Essentially this means that the work 
done by, e.g. friction, was transferred from mechanical energy of the object to other forms of energy such as heat in the 
environment.

Work done by the applied force is positive work because the object is displaced forward by the force. Both the component 
of force in the direction of its displacement, and the displacement are in the same direction.

The net (total) force acting on an object is the algebraic sum of the work done by all the forces acting on the object:
 Wnet = ∑Wi 
 where Wi represents the work done by each of the forces acting on the object.

Remind learners how to analyse the forces acting on an object by drawing labelled force diagrams and free-body 
diagrams. They can choose to solve problems by either calculating the work done by each force, and finding the 
algebraic sum of these amounts of energy, or they can use the method of finding the net force acting on the object:
 Wnet = Fnet.Δx.cosθ 
  where Fnet is the net (resultant) force acting on the object, Δx is its displacement, and θ is the angle between the 

net force and the displacement of the object.

The work-energy theorem provides a very useful way to calculate the net work done:
 Wnet = ΔK = Kf – Ki.

Note that learners should be able to solve problems by applying this theorem to work done on horizontal, vertical and 
inclined planes, with and without friction (frictionless and rough surfaces).
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The Law of Conservation of Energy states that energy cannot be created or destroyed; it can only be transferred from 
one form of energy to another. This law applies everywhere in our universe.

The Law of Conservation of Mechanical Energy states that the total mechanical energy of an isolated system remains 
constant. 

It is important to note the distinct difference between these two laws. An isolated system is one in which no external 
forces operate. There are no dissipative forces present in an isolated system; e.g. no friction and no air resistance. In this 
case, ∑(Ep + Ek) = constant at all times in the system. 

One example of an isolated system is that of a pendulum, swinging freely, with no frictional force on the string, no elastic 
forces in the string, and no air resistance.

–A 0 +A 0–A

Total energy

Kinetic energy

Potential energy

At its maximum height above its rest position (–A), the pendulum bob has maximum gravitational potential energy, and 
no kinetic energy because its instantaneous velocity is zero at this moment. As it swings down to its rest position (0), the 
potential energy of the bob is transferred to kinetic energy, so that at the lowest point of its swing, it has zero potential 
energy, and maximum kinetic energy. Similarly, on its way up to its maximum height on the other side (+A), kinetic energy 
is transferred to gravitational potential energy, until at maximum height it again has no kinetic energy, and maximum 
potential energy. 

–A

C

0

B

+A

The work done (or energy transferred) by a conservative force is independent of the path taken by the object. 

Considering the pendulum, we can see that the bob gains a certain amount of potential energy when it is lifted in its 
arc to its maximum position (from 0 to C). However, it would gain the same amount of potential energy if it was moved 
vertically up (from 0 to B) and then across to its maximum position (from B to C). Gravitational force is therefore a 
conservative force. The elastic force of a spring and electrostatic forces are also conservative forces.
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The work done by non-conservative forces depends on the path taken. Examples of non-conservative forces are friction 
and air resistance. 

The general formula to calculate the work done by non-conservative forces is:

 Wnc = ΔEk + ΔEp

The syllabus requires learners to derive the Law of Conservation of Mechanical Energy for an isolated system from this 
equation:
 In the absence of any non-conservative forces Wnc = 0
 ΔEk + ΔEp = Ekf – EkI + Epf – EpI = 0
 Ekf + Epf = Eki+ Epi
 ∑(Ek + Ep)f = ∑(Ek + Ep)I = constant

Power is the rate of doing work. Learners will use both formulae P = 
W
Δt  and Pave = F.vave to calculate power. 

Note that the second formula only applies to objects moving at constant velocity along a rough surface. 

The formula can be applied to motion along a horizontal surface, in the vertical direction or on an inclined plane, so long 
as the object is travelling at constant speed. The syllabus specifically mentions that learners must be able to calculate 
the power output by a pump in lifting water through a height. 

Ten hours in total are allocated to this section of mechanics. During this time it is very useful to encourage the learners 
to work through homework exercises, as well as tackling problems from past NSC examinations.

The Doppler effect

It is important to note that learners will only be asked to solve problems using the Doppler effect formula for either 
the source moving or the listener moving. They will never have to deal with both the source and listener moving. This 
simplifies matters considerably as shown in the derivations below.

The formula for the Doppler effect is:

 fL = 
v ± vL

v ± vS
fs

If the listener is moving, the source is stationary, and the formula becomes:

 fL = 
v ± vL

v fs

To solve the problem, learners need to consider whether the listener is moving towards or away from the source. If (s)he 
is moving towards the source, the pitch (frequency) will be higher, therefore the velocity of the listener is added to the 
velocity of sound in air. This will result in the listener hearing a higher frequency (fL) than that of the source (fs).

If the listener is stationary and the source is moving, the formula becomes:

 fL = 
v

v ± vS
fs

Once again learners need to consider whether the listener’s frequency will be higher or lower than that of the source. 
When the source is moving towards the listener, (s)he will hear a higher pitch (frequency). In order for fL to be greater 
than fs, the denominator must be less than the numerator. Therefore, the velocity of the source is subtracted, from the 
velocity of sound in air, and the result will give fl > fs.

Applications of the Doppler effect include traffic monitoring systems, measuring the rate of flow of blood and monitoring 
the foetal heartbeat. Take careful note that learners do not confuse an ultrasound scan of the foetus during pregnancy 
with the monitoring of the foetal heartbeat. The ultrasound scan does not rely on the Doppler effect. It works on the 
principles of reflection, refraction and absorption of sound waves, and makes use of these phenomena to produce an 
image of the echoes of the ultrasound by using computer software.

The red and blue shifts of the light from stars involve analysis of the elements’ spectra as received from the stars. Learners 
need to know what line emission and line absorption spectra are before they can fully understand the significance of the 
shifts of light from the stars. It may be useful to briefly explain that each element has its own spectral line pattern due to 
the unique way in which its electrons are organised in their energy levels. 
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It is also important to point out that when the star is viewed through a telescope on Earth, it is unlikely that one would 
see red light or blue light from the star. The light must pass through a spectroscope to be diffracted into its line spectrum 
before anyone can say it has been red-shifted or blue-shifted. This process is carried out in observatories in South Africa 
and around the world, as well as by the Hubble telescope which is positioned out in space. The fact that many stars 
display red shifts leads us to conclude that those stars are moving away from the Earth, and therefore it suggests that 
the universe is expanding.

Rate and extent of reactions

The molecular collision theory of chemical reactions states that the particles taking part in a reaction must have sufficient 
kinetic energy and be in the appropriate orientation when they collide with each other in order for bonds to be broken 
and re-formed in a chemical reaction.

The rate of a reaction is a measure of the change in the concentration of the reactants or the products per unit time. The 
rate can also be measured as the change in the mass (volume or number of moles) of the reactants or products per unit 
time. The important point to note is that it is the ratio of the change in the property per unit time. (It is not just, e.g. the 
mass per unit time.)

Learners should be able to list the factors that affect the rate of reactions, and to explain how they affect the rate with 
reference to the molecular collision theory. 

It is useful to demonstrate how the rate of various reactions can be measured, e.g. by collecting a gas, or by measuring 
change in mass, so that when they tackle problems and graphs of data they have an understanding of how the 
experiments were conducted. 

In the NSC we only deal with positive catalysts that increase the rate of reactions. Learners must be able to explain 
the mechanism by which positive catalysts work, and to be able to interpret data from Maxwell-Boltzmann curves for 
reactions at different temperatures, with or without a positive catalyst.

A total of 4 hours is allocated for this topic. 

Chemical equilibrium

Learners often confuse the topic of rate and extent of reactions with the topic of chemical equilibrium. It is therefore 
important to clarify the terms open and closed systems, reversible and irreversible reactions, and that in chemical 
equilibrium the rate of the forward reaction is equal to the rate of the reverse reaction. Chemical equilibrium is about the 
position at which this equality in the rates occurs, and how we can alter the conditions to shift the position of equilibrium. 

The factors that affect chemical equilibrium are similar to those that affect the rates of reactions. This is what leads to 
some learners confusing these two topics. One way to help learners see the difference is to always display the chemical 
equilibrium equation, showing the reaction is reversible, and then to discuss the factors that could affect that particular 
reaction. 

Writing the expression for the equilibrium constant (KC) is usually accepted quite quickly by most learners; however, 
many of them insert a + sign between the concentration of the reactants and the products, instead of making these 
the product of the concentration of the reactants and the products. This error could have its origins in the fact that 
the equation of the reaction has + signs between the reactants and the products. It is worth spending a little time 
highlighting this common mistake and making sure your learners are sure of how to write the expression correctly.

The Haber process and the Contact process are specified as applications that can be examined in the NSC. 

Demonstrate some of the colourful chemical equilibria, such as the cobalt chloride system, when you discuss Le 
Chatelier’s Principle. It can help learners realise that all the ions are present in the test tube all of the time. The colour 
changes merely favour a greater concentration of one or other colour depending on conditions such as temperature. 

The graphs of concentration or number of moles or mass or volume against time pose many problems for learners. Take 
care to direct learners to read the values on the axes of the graphs, to follow the progress of the graphs to find positions 
of chemical equilibrium, and to explain what happened whenever the equilibrium was disturbed. If they learn to analyse 
the graphs systematically before they begin to tackle the questions, they will usually have a better chance of success. 

Be careful not to let this section of the work slow down your teaching plan as there is still a lot of work to cover before 
you get to the end of this term. Only 8 hours are allocated to teaching chemical equilibrium.
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Acids and bases

This topic introduces many new terms to the learners, e.g. the difference between strong and weak acids or bases, 
and between concentrated and dilute acids and bases, monoprotic and diprotic acids, conjugate acid-base pairs, 
amphiprotic substances, auto-ionisation of water and the ionic product of water, to name a few. Each new term needs to 
be defined carefully, so that learners understand what it means and how to make use of the terms.

Learners often experience cognitive conflict when hearing that the equivalence point of an acid-base titration may not 
occur at the neutral point (pH = 7). The equivalence point occurs when the protons from the acid have been neutralised 
by hydroxide ions from the base – there is an equivalent amount of moles of acid and base present in the reaction vessel. 
The neutral point is when the pH of the substances in the reaction vessel solution is 7. 

Learners should know how to select one of the following indicators for a successful titration: methyl orange, bromothymol 
blue or phenolphthalein. They should also be able to predict the approximate pH of dissolved salts, e.g. sodium 
carbonate will be slightly basic because the salt undergoes hydrolysis when added to water. It is the salt of a weak acid 
and a strong base, therefore it reacts with water to form a slightly basic solution (approximate pH = 10).

The practical for this term is based on this topic: How do you use the titration of oxalic acid against sodium hydroxide to 
determine the concentration of sodium hydroxide? It is advisable to allow two lessons for this practical – one lesson to 
set up the apparatus and record the results, and the next lesson to analyse the results and come to a conclusion.

This topic has been allocated 8 hours of teaching time.
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6. Additional information and ideas for extension

6.1 Term 1

Activities are listed in italics. The list is not exhaustive and more information can be found in the CAPS document.

CAPS concepts, 
practical activities  
and assessment tasks

Additional information and ideas for extension

Week 1: Momentum

Momentum Be aware of some preconceptions that your learners may have about this topic.
The following list of common misconceptions and the strategy for implementation of a 
conceptual approach were sources in an article entitled Helping Students Learn Physics 
Better which can be found at http://phys.udallas.edu/C3P/Preconceptions.pdf 
Common misconceptions of momentum and conservation of momentum
• Momentum is not a vector quantity
• Conservation of momentum only applies to collisions
• Momentum is the same as force
• Moving masses in the absence of gravity have no momentum
• Momentum is not conserved in collisions with ‘immovable’ objects, e.g. a ball hitting a 

wall
• Momentum and kinetic energy are the same
• Only animate things (people, animals) exert forces; passive things (tables, floors) do 

not exert forces
• Once an object is moving, heavier objects push more than lighter ones
• A force applied by, for example, a hand, still acts on an object after the object leaves 

the hand
A strategy for successful implementation of a conceptual approach
• Recognise preconceptions that exist
• Probe for learners’ misconceptions through demonstrations and questions, e.g.:

 − When throwing a ball into the air, ask whether the object is free falling
 − What force acts on it (if we ignore air resistance)? 
 − What force acts on it at the top of its flight? 
 − What is its acceleration at the top of its flight? 

• Ask the learners to clarify their conceptions
• Provide contradictions to learners’ misconceptions through questions, implications 

and demonstrations
• Encourage discussion, urging learners to apply physical concepts in their reasoning
• Foster the replacement of the misconception with new concepts through:

 − questions
 − thought experiments
 − hypothetical situations with and without underlying physical laws
 − experiments or demonstrations designed to test hypotheses

• Re-evaluate learners’ understanding by posing conceptual questions
A useful demonstration
Demonstrate the vector nature of momentum to emphasise that a change in direction of 
velocity results in a change in momentum as well, e.g.:
• Push a trolley to the left, and then to the right; stress that when the direction of velocity 

changes the direction of the momentum also changes; velocity and momentum are 
vector quantities

• Similarly any other object can be used to illustrate this concept, e.g. you could throw a 
ball to and fro with the learners
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CAPS concepts, 
practical activities  
and assessment tasks

Additional information and ideas for extension

Newton’s second law 
expressed in terms of 
momentum

This is the general form of Newton’s second law. 
The form applies only to the special case when the mass is constant, and should be 
presented as such. 
Stress that the motion of an object, and therefore its momentum, only changes when a 
net (resultant) force is applied. Conversely, a net force causes an object’s motion, and 
therefore its momentum, to change.
This can be demonstrated using a dynamics trolley on a track:
• The trolley remains at rest until a net force is exerted on it
• Once the trolley starts moving, resistive forces act on it (e.g. friction in the wheels): the 

trolley will slow down due to the net force opposing its motion
• If no net force acts on the trolley, its motion remains uniform (it moves at constant 

velocity)

Week 2: Momentum

Conservation of momentum 
Elastic and inelastic collisions

To establish the idea of conservation of momentum start by looking at simple collisions, 
first of all visually and then with some measurement of velocities. 
* Teacher demonstration: Collision types using trolleys (or air track) (see the next item in 
this section)

Week 3: Impulse and momentum 

Impulse and the impulse-
momentum theorem

A simple but effective demonstration of the idea of a reduced force when the stopping 
time is large can be shown by throwing raw eggs at a sheet:
• Some learners hold an ordinary bed sheet vertically
• The teacher throws an egg at the sheet
• The sheet will give a little and the egg will not break (until it rolls down and hits the 

ground)
• The extra stopping time allowed when the sheet gives slightly reduces the net force 

acting on the egg
This activity is taken from Resourceful Physics http://resourcefulphysics.org/

Week 4: Vertical projectile motion

Vertical projectile motion Common misconceptions of projectile motion
Here are some of the misconceptions presented by learners’ common sense ideas of 
motion:
• There are two forces acting on the object: the force of gravity and weight
• When a constant force acts on a body, it moves at a constant speed
• When a constant force acts on a body, its speed increases; the increase in speed is 

directly proportional to the force and to the distance travelled
• The force of gravity doesn’t act instantaneously when an object is dropped: initially the 

force is zero, but as it falls and gains velocity, the force of gravity also increases
• The force of gravity is a constant force = 9,8 N
• Objects of different mass fall at different accelerations, with heavier objects falling at 

faster rates
• There can be no motion in a vacuum because force can’t act in a vacuum
• There can be no force acting in a vacuum
• Acceleration is the same as velocity
• Freely falling bodies can only move downwards
• Gravity only acts on things when they are falling
It is very difficult to change the perceptions of each and every learner in the class, and 
many learners tend to just do what they are taught to get the correct answers without 
really believing the physics they are taught is true! 
It is useful to know that learners may have misconceptions, because if you understand 
what they are holding on to, you may be able to break their misconceptions down and 
open the way for that learner to realise her/his faulty reasoning. 
The overriding issues can often be traced back to the learner not being able to apply 
Newton’s laws of motion to situations.
NB Do not tell the learners about these misconceptions, as this may be the only things 
they remember!
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CAPS concepts, 
practical activities  
and assessment tasks

Additional information and ideas for extension

Week 5: Vertical projectile motion and Organic chemistry

Vertical projectile motion 
Organic chemistry

If you have a motion sensor, you can track the bounce of a ball by positioning the motion 
sensor above the ball and dropping the ball on the floor to let it bounce a few times. To 
keep the ball in a straight line it may be useful to drop the ball in a long tube with the 
motion sensor attached to the top of the tube. The graphs of position vs time,
velocity vs time and acceleration vs time will then be available for learners to see and 
discuss following the demonstration.
Organic chemistry presents many challenges to learners:
• They need to deal with the symbolic representations of molecules: structural, 

condensed structural and molecular formulae
• The polarity of the molecules and bonds within the molecules determines the physical 

and chemical properties of the substances: learners need to be able to distinguish 
between intermolecular forces and intra-molecular bonds, and their relationships to 
the properties of the compounds

• It helps learners to understand the properties of compounds if they can visualise the 
structure of the molecules – building physical models of molecules aids and develops 
their acquisition of this knowledge and understanding

Once learners have grasped the systematic organisation of organic chemistry as a body of 
knowledge, they generally begin to enjoy this topic, as it follows set patterns which they 
can study to make further predictions.

Week 6: Organic chemistry

Terminology, functional 
groups, homologous series, 
saturated and unsaturated 
compounds, isomers, IUPAC 
naming

When the hydrocarbons are introduced to learners, it is useful to demonstrate the test for 
saturated and unsaturated compounds. This will reinforce the fact that the presence of 
single or double/triple bonds affects the chemical behaviour of compounds. Prepare in 
advance for this demonstration so that all proceeds smoothly during the lesson.
The hydrocarbons also provide an excellent opportunity to introduce the concept 
of isomers and this leads on to the necessity of having a precise method of naming 
compounds (the IUPAC system). Learners need to learn the rules of the IUPAC naming 
system and practise applying them to many different compounds.

Week 7: Organic chemistry

Relationships between 
structure and the physical 
properties of organic 
compounds, applications of 
organic chemistry, combustion 
and esterification

*Prescribed practical: 
Preparation of esters

The relationship between the structure of compounds and their physical properties, the 
intermolecular forces, chain length, branched nature of the compound, etc. is deduced 
from data that is usually supplied in tables or graphs. These concepts often prove to be 
very difficult for learners to grasp in any depth. Generally the problems arise when learners 
have a poor understanding of intermolecular forces (IMF) acting between molecules. 
IMF are confused with chemical bonds between atoms in the molecules. One way to 
address these misconceptions is to use models of the molecules, and to provide visual 
representations of how molecules behave inside the substances. The time allowed to 
teach this topic is only 1 hour. Do not spend much more than an hour on it at present – 
move on – and make a note to re-visit it later (e.g. in an after-hours revision session or just 
before the preliminary examinations).
Combustion of alkanes can easily be demonstrated by burning laboratory gas (or referring 
to the burning of LP gas – in stoves, gas heaters, etc.). Emphasise that we are studying 
complete combustion (in an excess of oxygen) and therefore the products are only carbon 
dioxide and water. Learners should have no trouble in remembering that combustion of 
hydrocarbons is an exothermic process.
The prescribed practical for this term is the preparation of esters from a small variety of 
carboxylic acids and alcohols. Ensure that you have sufficient stock of all chemicals and 
apparatus required, and if possible, run through the practical yourself beforehand so that 
you are aware of any procedural difficulties the learners may encounter. Preferably the 
laboratory should be set up neatly with work stations with all the necessary apparatus laid 
out for each group before the learners come into the laboratory. The practical work will 
take about 30 minutes for each group to complete, and tidy up thereafter.
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CAPS concepts, 
practical activities  
and assessment tasks

Additional information and ideas for extension

Week 8: Organic chemistry

Reactions
Addition, substitution and 
elimination

The concept map of organic chemistry reactions (see Resource 7, Additional worksheets 
with memorandums for Term 1) will help learners place these reactions in context. There is 
a lot of recall required in this section of the work; alert the learners to this, and encourage 
them to start memorising conditions and reaction types as they progress through the 
topic.
To make the lessons more interesting and relevant, you can demonstrate some of these 
reactions:
Video clips
• Ethene → ethanol when heated in steam in the presence of phosphoric acid
• Vegetable oils → margarine by hydrogenation
• Alkanes are cracked into simpler parts (e.g. liquid paraffin → ethene and other 

fractions)

Week 9: Organic chemistry

Plastics and polymers
Addition and condensation 
polymerisation, recycling of 
plastics, making slime and/or 
silly putty

Plastics and polymers are in daily use around us: plastic bottles, containers, clothing, 
shoes, nylon ropes, fishing line, Kevlar, Teflon, rayon, etc. It therefore makes sense that 
this section of organic chemistry has been included in the syllabus. The learners need to 
identify the type of polymerisation (addition or condensation) that takes place and the 
properties of the polymer which is formed. 
Environmental concerns over the recycling of materials is also very topical. Some plastics can 
be recycled to relieve the load on rubbish dumps. These topics can be handled as debates 
or short research tasks where learners report their findings to the class or make a poster to 
inform others.
The informal practical of making slime or silly putty can be used as an investigative 
exercise where learners adapt the recipe and report how the polymer changes its 
properties.

Week 10: Term 1 tests

Physics 1 hour
Chemistry 1 hour
Review of Chemistry and Physics tests 
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6.2 Term 2

CAPS concepts, 
practical activities  
and assessment tasks

Additional information and enrichment activities

Week 1: Work, energy and power

Work, energy and power Be aware that your learners may have some misconceptions about this topic.

Common misconceptions about energy
• Energy is ‘a thing’.
• The terms ‘energy’ and ‘force’ are interchangeable.
• An object at rest has no energy.
• Gravitational potential energy is the only type of potential energy.
• Gravitational potential energy depends only on the height of an object.
• Doubling the speed of an object doubles its kinetic energy.
• Things ‘use up’ energy.
• Energy can be changed completely from one form to another without energy loss.
• Energy is truly lost in many energy transformations.
• If energy is conserved, why are we running out of it?

A strategy for successful implementation of a conceptual approach
• Recognise preconceptions that exist.
• Probe for learners’ misconceptions through demonstrations and questions, e.g. lift a 

cereal bar (or energy bar) up through a vertical height and let it remain at rest in its 
new position. Ask the learners whether this object has any energy. Did it have energy 
when it was at rest on the ground? Has its energy increased when it was raised up and 
put in its new position? If you eat it will you gain more energy from the cereal bar if you 
choose to eat it at this higher position? 

• Ask the learners to clarify their thoughts and describe their understanding.
• Provide contradictions to learners’ misconceptions through questions, implications 

and demonstrations.
• Encourage discussion, urging learners to apply physical concepts in their reasoning.
• Foster the replacement of the misconception with new concepts through

 − questions
 − thought experiments
 − hypothetical situations with and without underlying physical laws
 − experiments or demonstrations designed to test hypotheses. 

• Re-evaluate learners’ understanding by posing conceptual questions. 

From ‘Helping Students Learn Physics Better’, available at phys.udallas.edu/C3P/
Preconceptions.pdf

The work-energy theorem The work-energy theorem relates the net work done to the change in kinetic energy of an 
object.

 Wnet = ΔK

Learners must be made aware that this theorem deals with the net (total) work done on an 
object.

 Net work done = FnetΔxcosθ

The theorem often offers a quicker way of solving problems.
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CAPS concepts, 
practical activities  
and assessment tasks

Additional information and enrichment activities

Week 2: Work, energy and power

Conservation of energy, 
conservation of mechanical 
energy

One of the fundamental statements in physics is that energy is always conserved. 

Energy can change forms, e.g. from mechanical energy to thermal energy, or from 
electrical energy to mechanical energy. 

In an isolated system, total mechanical energy remains constant. This is a statement of 
the Law of Conservation of Mechanical Energy. 

Demonstrate the transformations of potential and kinetic energy using a pendulum, and 
emphasising that if there was no air resistance and no friction at the place where the 
string is clamped, a pendulum would be an example of an isolated system. In this case 
mechanical energy is conserved (remains constant). All the potential energy when the bob 
is at its maximum height is transformed into kinetic energy at the lowest point of its swing 
(i.e. at the rest position of the pendulum bob).

Conservative and non-
conservative forces

When a conservative force does work on an object, the amount of energy transferred does 
not depend on the path along which the object moved. Examples of conservative forces 
are electrostatic forces, gravitational forces and elastic forces. 

Friction and air resistance are non-conservative forces. The amount of energy transferred 
depends on the path of the displacement through which the force acts. Non-conservative 
forces always result in energy being ‘dissipated’, e.g. the work done by friction increases 
the thermal energy of the system (increases the temperature when heat is transferred). 

Learners should be able to solve problems using the formula:

 Wnc = ΔEp + ΔEk

Note: This formula refers to the CHANGE in potential and kinetic energy. 

If there are no non-conservative forces acting, then Wnc = 0.

Power Power is the rate of doing work or the rate at which energy is transferred. Learners need 
to pay attention to which quantity they are asked to calculate e.g. the net power or the 
power of the applied force etc. 

Week 3: Work, energy and power, the Doppler effect

Average power The average power of a machine can be calculated by finding the product of the force 
it exerts on an object, and the constant velocity at which the object moves. Learners 
should again take care to note that this formula only applies to objects moving at constant 
velocity.

The Doppler effect The frequency of the sound emitted by an object which moves relative to the listener 
remains constant. The Doppler effect is the apparent change in frequency which the 
listener hears as a change in pitch of the sound, when there is relative motion between the 
source of the sound and the listener. 

When using the Doppler effect formula help the learners think through the mathematics 
as they decide which ‘sign’ (+ or –) to use in the calculation. If the source of the sound is 
moving towards the listener, its pitch will be higher. Therefore, the numerator must be 
larger than the denominator when substituting into the formula. 

https://www.youtube.com/watch?v=h4OnBYrbCjY (3 minutes)
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CAPS concepts, 
practical activities  
and assessment tasks

Additional information and enrichment activities

The Doppler effect of light 
from stars

In Grade 10, learners were introduced to the fact that each element has its own unique 
electronic structure and this fact is supported by the unique line spectrum for each 
element. Remind them of the ‘fingerprint’ of each of the elements by showing them the 
line spectra of a few elements (or substances). There is no time to spend too long on the 
topic of line spectra at this time, so just touch on it, and mention that later in the course, 
there will be time to find out how line spectra are produced. In the meantime, all that is 
required is an understanding that we use spectral analysis to gather information about 
each star’s composition, and we can also find out in what direction the star is moving 
relative to the Earth.

Light from the stars can also be Doppler-shifted – either to a higher frequency (towards 
the ‘blue’ side of the spectrum) if the star is moving towards the Earth, or to a lower 
frequency (towards the ‘red’ side of the spectrum). We therefore talk about red- or blue-
shifted light from stars moving relative to the Earth. This does not mean that we actually 
see the light from these stars as red or blue. It simply means that the line absorption 
spectrum of light from the star will show that the spectrum of an element, such as 
hydrogen, has it spectral lines shifted by a very small amount either towards shorter 
frequencies or longer frequencies (blue- or red-shifted). Most of the stars show a slight 
shift towards the red side of the spectrum, which tells us that those stars are moving away 
from the Earth. This fact implies that the universe is expanding. 

https://www.youtube.com/watch?v=y5tKC3nEx2I

Week 4: Rate and extent of reaction

Rate and extent of reaction The collision theory of reactions explains the mechanism of how a chemical reaction is 
able to take place. In Grade 11, the energy profile of a reaction was introduced, with 
the terms energy of the reactants and products, activation energy, and heat of reaction. 
Learners also distinguished between endothermic and exothermic reactions.

The rate of a reaction is measured by the rate at which the concentration of the reactants 
(or the products) decreases (or increases). It helps learners to see and experiment with 
different methods of measuring the rate of reactions, e.g. collecting the gas given off and 
measuring the volume of gas collected per minute (or per second). 

Another issue with which some learners struggle is the ‘actual’ rate at any point in time, 
and the average rate of a reaction. By measuring the volume of gas collected at 10-s 
intervals and plotting the graph of volume of gas against time, these differences can 
be made explicit. The average rate is the total volume divided by the total time taken, 
whereas the instantaneous (actual) rate of reaction is the gradient of the graph at any 
particular point in time.

Mindset Learn videos are helpful in showing learners some of the reactions and in 
explaining these concepts. There is limited time in class to show the videos and teach 
your learners. It may be useful to give the learners the URL for these videos to watch them 
after class.
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CAPS concepts, 
practical activities  
and assessment tasks

Additional information and enrichment activities

Week 5: Chemical equilibrium

Chemical equilibrium Chemical equilibrium is not a continuation of the topic ‘Rates of reactions’. It is a new 
concept. These two concepts are linked by the overarching idea of chemical change. 

When a system is at chemical equilibrium, there is no observable change in the system 
because the rate of the forward reaction is equal to the rate of the reverse reaction. The 
amount of substances present in the reaction mixture remains constant, so the system 
appears to be ‘static’. It seems that nothing is happening because there is no observable 
change. 

Learners tend to link the ‘unchanging’ chemical equilibrium system to the notion of a 
static balanced system – a system in which everything has ‘stopped’ and is ‘stationary’ 
until the ‘balance’ is disturbed. 

Be careful about how you explain and describe chemical equilibrium. It is useful to use the 
term ‘dynamic’ equilibrium and to distinguish carefully between a dynamic ‘ever-changing’ 
system and the static equilibrium set up by (for example) a system of levers. Continually 
refer to the fact that both reactions continue to occur and that their rates are equal.

Learners also tend to treat the two reactions as two independent events, whereas the two 
reactions are the same reaction just occurring in different directions. Because their rates 
are equal at chemical equilibrium, these two reactions are interdependent. 

Le Chatelier’s Principle presents similar problems. Learners mistakenly believe that 
chemical equilibrium is re-established only when all the extra reactant that was introduced 
to disturb the system has been completely ‘used up’. We need to guide them to an 
understanding of a new position of equilibrium which may now lie in the reverse direction. 
Nothing gets used up in chemical equilibria because both reactions continue to occur 
simultaneously.

Some of the factors that affect chemical equilibrium are similar to those that affect the 
rate of reactions – and here again, learners must be made aware of the different emphasis 
of this new concept. We are dealing with factors that influence the position of the 
equilibrium, rather than factors that affect how quickly (or slowly) the reaction proceeds.

Week 6: Chemical equilibrium, acids and bases

The equilibrium constant Only when a chemical system is in chemical equilibrium can we calculate the value of the 
equilibrium constant at that particular temperature. The value of the constant gives an 
indication of the extent of a reaction. The higher the value of Kc, the more complete the 
reaction at a particular temperature. 

Learners hold onto the idea that chemical equations must be balanced, and very often 
they incorrectly transfer this idea of ‘balance’ to chemical equilibrium. The expression 
for Kc leads them to the faulty belief that it is a simple arithmetic formula to calculate the 
ratio of the amount of products to the amount of reactants, and that all these amounts are 
equal at equilibrium. 

Another misconception is that a high value of Kc implies that the forward reaction has a 
high rate. This is obviously not possible by itself, since the reverse reaction would also 
have the same high rate for the system to be in equilibrium. The high value of Kc merely 
gives information about the equilibrium position, not the rates of the reactions.



78   Grade 12 Physical Sciences

CAPS concepts, 
practical activities  
and assessment tasks

Additional information and enrichment activities

Acids and bases The topic of acids and bases is an example of a particular chemical equilibrium system 
related to the varying concentration of hydronium ions in solution. Learners should be 
able to recall both theories of acids and bases (Arrhenius and Lowry-Brønsted). It is a 
good idea to introduce the Lowry-Brønsted theory first because it is the accepted theory. 
The concept of acid-base pairs results from the Lowry-Brønsted theory. 

It is also worth noting that acids do not ‘donate’ protons easily. It takes a considerable 
amount of energy to rip a proton away from HCℓ (1,4 × 106 J.mol–1). Stephen J Hawkes, 
Oregon State University1, says ‘When that much energy is required, it makes no more 
sense to speak of HCℓ “donating” a proton than of “donating” your purse to a mugger. 
It creates a false concept of the action of an acid, as if it somehow expelled the proton by 
means of some internal force. A base must tear the H+ from the powerful attractive forces 
holding it to an acid, breaking its bonding by superior force.’

Hawkes suggests that acids and bases should be defined as follows:
 An acid is a substance from which a proton can be removed.
 A base is a substance that can remove a proton from an acid.

The topic of acids and bases requires a good understanding of the terminology: strong 
and weak acids, as opposed to concentrated and dilute acids; end point and neutral 
point, etc.

1 Journal of Chemistry Education Vol. 69, No. 7, July 1992, pp. 542–543

Week 7: Chemical equilibrium, acids and bases

Titrations When tackling titration calculations take note that using the abbreviated formula

 
na

nb
 = 

caVa

cbVb

is only valid when dealing with aqueous solutions of acids and bases. If the titration 
involved the neutralisation of an antacid tablet (base) against a dilute acid, the use of this 
formula will be inappropriate. 

The number of moles of the base will be found using the formula:

 n = 
m
M

Teach learners to think through how they are calculating values, and too be aware of when 
to apply the different formulae. 

Note that learners can be asked to determine the percentage purity of substances from 
data collected during a titration.

Week 8: Acids and bases

Prescribed experiment There are two parts to this experiment: 
• The preparation of a standardised solution of oxalic acid.
• The titration of the oxalic acid against sodium hydroxide to determine the 

concentration of the sodium hydroxide solution.

The learners need to be well prepared and well organised in order to complete the 
practical work within the time limit imposed by a 1-hour lesson. It would therefore be 
useful to set out the necessary apparatus at each work station in advance.

Week 9: Catch up and consolidation

Revision It would be useful for the learners to practise through past paper questions from the last 
three years of November NSC exam papers during this week. 
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7.  Additional worksheets with memorandums for Term 1

Worksheet 1: Momentum and Newton’s second law of motion 

1. A ball (mass 0,35 kg) strikes a wall with a speed of 20 m∙s–1, rebounding with a speed of 18 m∙s–1.  
The collision with the wall lasts for 0,05 s.

a) Calculate the initial momentum of the ball.

b) Calculate the final momentum of the ball.

c) Calculate the change in momentum of the ball.

d) Draw a vector diagram showing the initial momentum, final momentum and change in momentum of 
the ball.

e) State Newton’s second law of motion in terms of momentum.

f) Calculate the net force acting on the ball during its collision with the wall.

g) Determine the net force acting on the wall during the collision. Justify your answer.

h) Explain why the wall does not move during the collision.

2. A car (mass 1 200 kg) accelerates from 20 m∙s–1 to 40 m∙s–1 in 8 s.

a) Calculate the change in momentum of the car.

b) Draw vector diagrams to show the initial momentum, the final momentum, and the change in 
momentum of the car.

c) Calculate the net force acting on the car.

3. The maximum acceleration of a car (mass 800 kg) is 12,5 m∙s–2 forwards. 

a) Calculate the change in momentum of the car in 4 s. 

b) Calculate the maximum net force acting on the car. 

c) Calculate the maximum acceleration of the car when it carries a load of 200 kg.

4. A football player kicks a soccer ball (mass 450 g) away from him with a speed of 15 m∙s–1.  
His foot is in contact with the ball for 0,6 s. 

 The change in momentum of the ball is 8,1 kg∙m∙s–1 away from the player.

a) Calculate the initial speed of the ball.

b) Calculate the magnitude of net force of the player’s foot on the ball.
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Answers for Worksheet 1

1.  Choose the positive direction of motion to be towards the wall.

a.  pi = mv

  = (0,35)(20)

  = 7,00 kg∙m∙s–1 toward the wall

b.  pf = mv

  = (0,35)(–18)

  = – 6,30

  = 6,30 kg∙m∙s–1 away from the wall

c.  Δp = pf – pi

  = – 6,30 – 7,00

  = 13,30 kg∙m∙s–1 away from the wall

d. pi 

 pf  

 Δp = pf – pi

                Triangle p

e. The net force is directly proportional to the rate of change of momentum and in the same direction as 
the change in momentum. 

f. Fnet = Δp
Δt

  = –13,30
0,05

  = 665 N away from the wall

g. 665 N towards the wall. Newton’s third law states that if a body A exerts a force on body B, then body B 
simultaneously exerts force of the same magnitude but in the opposite direction on body A.

h. The wall does not move because its mass is infinitely larger than that of the ball, therefore even though 
it has the same change in momentum as the ball, its acceleration (change in velocity) is negligible.

2. a.  Δp = pf – pi

  = mvi – mvf

  = mΔv

  = (1 200)(40 – 20)

  = 2 400 kg∙m∙s–1 forwards

b. pi 

 pf 

 Δp = pf – pi

        

c. Method 1:

 Fnet = Δp
Δt

  = 2 400
8

  = 600 N forwards

 Method 2:

 Fnet = ma

  = (1 200)(40 – 20)
8

 

  = 600 N forwards

p_f_ p_i_

Triangle p

p_i_

p_f_
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3.  a.   Δp = pf – pi

  = mvf – mvi

  = mΔv

  = (800)(50)

  = 40 000 kg∙m∙s–1 forwards

  a = Δv
Δt

  12,5 = Δv
4

  
Δv = 50 m∙s–1 forward

b. Fnet = Δp
Δt

  = 40 000
4

  = 10 000 N forwards

c.   Fnet = ma

  10 000 = (800 + 200)a

  a = 10 m∙s–2 forwards

4.  a.  Δp = pf – pi

  = mvf – mvi 

  – 8,1 = (0,45)(–15) – (0,45)vi

  vi = 3 m∙s–1 

b.  Fnet = Δp
Δt

  = 8,1
0,6

  = 8,5 N

 Note: No direction is required for 4a because speed is a scalar quantity.

 Note: No direction is required for 4b because the question asks for the magnitude of the force.
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Worksheet 2: Conservation of momentum

1. Two boys on roller skates push off from each other. Tebogo, whose mass is 50 kg, moves away with a velocity 
of 0,8 m∙s–1 east, and John, whose mass is 40 kg, moves in the opposite direction with a velocity of 1 m∙s–1.

a. Calculate Tebogo’s momentum.

b. Calculate John’s momentum.

c. What is the sum of their momenta before they pushed apart?

d. What is the sum of their momenta after pushing apart?

2. Two trolleys, A with a mass of 4 kg, and B with a mass of 6 kg, are at rest on a bench with a compressed 
spring between them. When the spring is released, it pushes the trolleys apart. Trolley A moves with a 
velocity of 1,2 m∙s–1 north. With what velocity does trolley B move?

3. A boy of mass 60 kg stands in a boat of mass 100 kg. He jumps forwards out of the boat and the boat moves 
back with a speed of 2,4 m∙s–1. With what speed did the boy jump out of the boat?

4. A 50 kg cannon is used to fire a 4 kg shell at 200 m∙s–1. With what velocity does the cannon recoil?

5. A boy, mass 80 kg, stands on a 60 kg trolley as it moves forward over a smooth, horizontal surface at 5 m∙s–1. 
The boy then jumps forwards at 8 m∙s–1. What is the new velocity of the trolley?

6. Lebo, whose mass is 40 kg, is skating along on some smooth ice at 2 m∙s–1 when suddenly Mamello  
(mass 60 kg), moving at 1,5 m∙s–1, collides head-on with her. Lebo holds onto Mamello’s shoulders to prevent 
either of them from falling. Will they move after the collision? If so, in what direction and at what speed?

7. A stationary billiard ball A of mass 0,20 kg is struck by a ball bearing B of mass 0,25 kg, moving at 0,4 m∙s–1. 
The ball bearing is left stationary. What is the speed of the billiard ball after collision?
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Answers for Worksheet 2 

1. Tebogo: mass = 50 kg vi = 0 m∙s–1 vf = 0,8 m∙s–1 east

 John: mass = 40 kg vi = 0 m∙s–1 vf = 1,0 m∙s–1 west

a) pTebobgo = mv

  = (50)(0,8)

  = 40 kg∙m∙s–1 east

b) pJohn = mv

  = (40)(1,0)

  = 40 kg∙m∙s–1 west

c) ∑ (pTebobgo + pJohn)initial  = (50)(0) + (40)(0)

   = 0 kg∙m∙s–1

d) Take east as the positive direction.

 ∑ (pTebobgo + pJohn)final = (40) + (– 40)

   = 0 kg∙m∙s–1

2. Trolley A: mass = 4 kg vi = 0 m∙s–1 vf = 1,2 m∙s–1 north

 Trolley B: mass = 6 kg vi = 0 m∙s–1 vf = ?

 Choose north as the positive direction.

 By the law of conservation of momentum 

  ∑ pinitial = ∑ pfinal

  (4)(0) + (6)(0) = (4)(1,2) + (6)vf

  vf = – 0,8 m∙s–1

  vf = 0,8 m∙s–1 south

3. Boy: mass = 60 kg vi = 0 m∙s–1 vf = ?

 Boat: mass = 100 kg vi = 0 m∙s–1 vf = 2,4 m∙s–1

 Choose forward as the positive direction.

 By the law of conservation of momentum 

  ∑ pinitial = ∑ pfinal

  (60)(0) + (100)(0) = (60)vi + (100)(–2,4)

  vf = –0,4 m∙s–1

  vf = 0,4 m∙s–1 forward

4. Cannon: mass = 50 kg vi = 0 m∙s–1 vf = ?

 Shell: mass = 4 kg vi = 0 m∙s–1 vf = 200 m∙s–1 forward

 Choose forward as the positive direction.

 By the law of conservation of momentum 

  ∑ pinitial = ∑ pfinal

  (50)(0) + (4)(0) = (50)vi + (4)(200)

  vf = – 16 m∙s–1

  vf = 16 m∙s–1 backward
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5. Boy: mass = 80 kg vi = 5 m∙s–1 vf = 8 m∙s–1 forward

 Trolley: mass = 60 kg vi = 5 m∙s–1 vf = ?

 Choose forward as the positive direction.

 By the law of conservation of momentum 

  ∑ pinitial = ∑ pfinal

  (80)(5) + (60)(5) = (80)(8) + (60)vf

  vf = 1,0 m∙s–1 forward

6. Lebo: mass = 40 kg vi = 2 m∙s–1 right vf = ?

 Mamello: mass = 60 kg vi = 1,5 m∙s–1 left vf = ?

 Choose right as the positive direction.

 By the law of conservation of momentum 

  ∑ pinitial = ∑ pfinal

  (40)(2) + (60)(–1,5) = (40 + 60)vf

  vf = 0,4 m∙s–1 right

7. Billiard ball A: mass = 0,20 kg vi = 0 m∙s–1 vf = ?

 Ball bearing B: mass = 0,25 kg vi = 0,4 m∙s–1 vf = 0 m∙s–1

 Choose original direction of ball bearing as the positive direction.

 By the law of conservation of momentum 

  ∑ pinitial = ∑ pfinal

  (0,20)(0) + (0,25)(0,4) = (0,20)vf + (0,25)(0)

  vf = 0,5 m∙s–1 in the original direction of the ball bearing
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Worksheet 3: Vertical projectile motion

1. A stone dropped from a bridge strikes the water 1,85 s later. 

a. Calculate the height from which the stone was dropped.

b. Calculate the speed with which the stone hits the water.

2. A boy throws a ball vertically upwards at 7 m∙s–1. 

a. What maximum height does the ball reach?

b. How long does it take for the ball to return to his hand?

c. What is its velocity at 0,2 s?

d. At what times does the ball have a speed of 3 m∙s–1?

3. A stone is thrown downwards with an initial speed of 4,0 m∙s–1. It strikes the water with a speed of 6,4 m∙s–1.

a. How long does it take for the stone to strike the surface of the water?

b. From what height is the stone released?

4. A parachutist in free fall reaches a maximum speed of 15 m∙s–1 before her parachute opens.

a. Describe what is meant by the parachutist is ‘in free fall’.

b. For how long does she fall before opening her parachute?

c. What maximum distance does she fall during this time?

d. Draw a free-body diagram of the force which acts on her during free fall.

e. Draw a free-body diagram of the force which acts on her when she opens the parachute.

5. The velocity–time graph of a ball is shown below:

 

a. Determine the initial velocity of the ball.

b. Determine the maximum height of the ball above its original position.

c. Determine the displacement of the ball at 3 s.

d. Sketch a position–time graph of the ball motion.

e. Sketch an acceleration–time graph of the ball’s motion.

Velocity–time graph for a ball

Velocity
(m∙s–1)
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6. The position–time graph of a stone free-falling from rest is shown below.

 

Position–time graph for a stone in free fall

a. Determine the position of the stone at 1,75 s.

b. Describe the shape of the graph.

c. Write down a mathematical relationship between position Δy and time t for this graph.

d. At 1,0 s the stone has fallen exactly 4,9 m. Using these values determine the acceleration of the stone 
during free fall.

e. Sketch an acceleration–time graph for the stone’s motion.

f. Sketch a velocity–time graph for the stone’s motion.

7. The lunar landing module is descending towards the Moon’s surface. Its initial speed is 0,5 m∙s–1 when it is at 
a height of 25,25 m above the Moon’s surface. The module strikes the ground 1,7 s later.

a. Calculate the acceleration due to gravity on the Moon.

b. Calculate the speed of the lunar landing module when it hits the ground.

c. Sketch a graph of velocity–time for the module’s motion.

d. Sketch a graph of height against time for the module’s motion.
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Answers for Worksheet 3

Choose downward as positive.

1. vi = 0 m∙s–1   a = 9,8 m∙s–2   Δt = 1,85

a. Δy = viΔt + ½ aΔt2

  = (0)(1,85) + ½ (9,8)(1,85)2

  = 16,77 m

b. vf = vi + aΔt

  = 0 + (9,8)(1,85)

  = 18,13 m∙s–1

2. vi = –7 m∙s–1   a = 9,8 m∙s–2   vf = 0 m∙s–1 

a. vf
2 = vi

2 + 2aΔy

  0 = (–7)2 + 2(9,8) Δy

  Δy = 2,5 m

b. vf = vi + aΔt

 0 = (–7) + 9,8 Δt

 Δt = 0,46 s

c. vf = (–7) + (9,8)(0,2)

  = –5,04 m∙s–1

  = 5,04 m∙s–1 upwards

d. vf = vi + aΔt

 –3 = (–7) + (9,8) Δt

 Δt = 0,41 s

 vf = vi + aΔt

 3 = (–7) + (9,8) Δt

 Δt = 0,41 s

3. vi = 4 m∙s–1   a = 9,8 m∙s–2   vf = 6,4 m∙s–1 

 a. vf = vi + aΔt

  6,4 = (4) + (9,8) Δt

  Δt = 0,24 s

 b. vf
2 = vi

2 + 2aΔy OR Δy = vi Δt + ½ a Δt2

  (6,4)2 = (4)2 + 2(9,8) Δy = (4)(0,24) + ½ (9,8)(0,24)2

  Δy = 1,27 m = 1,24 m (round up error is accepted)

4. a. While she is falling the only force acting on her is the force due to gravity.

b.  vi = 0 m∙s–1   a = 9,8 m∙s–2   vf = 15 m∙s–1

  vf = vi + aΔt

  15 = (0) + (9,8) Δt

  Δt = 1,53 s

c.  vf
2 = vi

2 + 2aΔy OR Δy = vi Δt + ½ a Δt2

  (15)2 = (0)2 + 2(9,8) Δy = (0)(1,53) + ½ (9,8)(1,53)2

  Δy = 11,5 m = 11,5 m 

d.   e. 

 
Weight  
(or Force due to gravity)

  
Weight  
(or Force due to gravity)

Air resistance
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5. a. –8 m∙s–1 i.e. 8 m∙s–1 upwards

b.  Maximum height = area under v-t from t = 0 s to t = 0,80 s
  = ½ (8)(0,80)
  = 3,2 m

c.  Position of the ball at 3 s = ½ (21,5)(3,0 – 0,8) = 23,7 m

  Initial position of the ball = 3,2 m below maximum height

  Displacement of ball = change in position

  = 23,7 – 3,2

  = 20,7 m below original position (down)

d.

  

Position–time graph  
for the ball

 

e. 

  

6. a. 15,0 m below its original position.

b. The graph is a parabola (going through the origin).

c. Δy = mΔt2 OR Δy ∝ Δt2 

d. vi = 0 m∙s–1   Δy = 4,9 m   Δt = 1,0 s
  Δy = v Δt + ½ a Δt2

  4,9 = (0)(1,0) + ½ a (1,0)2

  4,9 = ½ a
  a = 9,8 m∙s–2 downwards

e.

 

Acceleration–time graph  
for the ball

a (m∙s–2)

Acceleration–time graph  
for the ball

a 
(m∙s–2)
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f.

 

7. vi = 0,5 m∙s–1   Δy = 195 m   Δt =15,0 s

a.  Δy = viΔt + ½ aΔt2

  195,0 = (0,5)(15,0) + ½ a (15,0)2

  a = 1,67 m∙s–2 downwards

b.  vf = vi + aΔt

  = (0,5) + (1,67)(15)

  = 25,55 m∙s–1 

c. 

    

  d. 

 

Graph of height against time

Velocity–time graph

Velocity
(m∙s–1)

Velocity–time graph

Velocity
(m∙s–1)
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Worksheet 4: Measuring the acceleration due to gravity 

NAME: _______________________________________          CLASS: __________________

A ticker tape is attached to a 200 g mass piece and threaded into a ticker timer. The ticker timer is started just 
before the mass piece is dropped from a vertical height of 5,0 m. The ticker tape is analysed by grouping sections 
of the tape into 0,2 s intervals and measuring the change in position in each interval. The table below shows these 
results for a section of the tape.

Interval
(0,2 s)

ΔPosition
(m)

1 0.19

2 0.58

3 0.97

4 1.36

5 1.75

1. Plot a best-fit graph of the change in position against interval number for these results. 

 NB. The graph will not pass through the origin. (7)

 

2. Determine the gradient of the graph (in terms of m per time interval). (4)

3. Each time interval lasts 0,2 s. 

 Calculate the value of the gradient of the graph in metres per second (m∙s–1). (3)
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4. The value calculated in Q. 3 represents the average change in velocity of the free falling object.

 Calculate the average acceleration of the free falling object using the definition of acceleration. (3)

5. Comment on the value of the acceleration determined in Q. 4. 

How does it compare with the accepted value of the acceleration due to gravity? 

What % accuracy does this result represent? (3)

6. Suggest a reason why the experimental value determined by this experiment differs from the accepted value. (2)

7. Suggest how the reliability of the result can be improved. (2)

 TOTAL MARKS: 24
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Answers for Worksheet 4 

1.

 interval number

Graph of change in position against interval number

change in 
position (m)

• Appropriate title for the graph ✓
• Choice of axes (interval number on horizontal) ✓
• Scale on y-axis ✓
• Scale on x-axis ✓
• Axes titles ✓
• Accurate plotting of data points ✓
• Line of best fit (drawn with a ruler – NB does not pass through the origin) ✓ (7)

2. Gradient =  Δx
Interval

  ✓ (method)

   = 1,20 – 0,60 ✓ 
3,6 – 2,0 ✓

 = 0,375 m per interval ✓ (choice of two points; accuracy)  (4)

3. Gradient = 0,375 ✓
0,2 ✓

 (method; c.o.e. Q. 2)

   = 1,875 m∙s–1 ✓ (accuracy, SI units) (3)

4. Acceleration = Δv
Δt  ✓ (method)

     = 1,875
0,2

 ✓ (substitutions; c.o.e. Q. 4)

     = 9,375 m∙s–2 ✓ (accuracy; SI units) (3)

5. The experimental result is less than 9,8 m∙s–2. ✓ (comparison)

 % accuracy  = (experimental value)
(accepted value)

  x 100% ✓ (method)

     = 9,4
9,8

 x 100

     = 95,9% ✓ (accuracy) (3)

6. ANY VALID REASON

 The ticker timer placed a dot on the tape (every 0,02 seconds) ✓ thus slowing the object down. ✓

 There was a frictional force acting on the tape as it passed through the ticker timer, ✓ therefore it  
accelerated at a lower rate. ✓ (2)

7. Repeat the experiment at least three time using the same mass piece each time. ✓ Take the average of the 
results. ✓ (2)

 TOTAL MARKS: 24
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Worksheet 5: Momentum and impulse formative test 

The combined mass of a sandbag on a trolley is 4,0 kg. The sandbag and trolley move initially at constant speed to 
the left. A bullet of mass 150 g is fired with a velocity of 200 m∙s–1 and embeds itself in the sandbag. Immediately 
after the collision the trolley + sandbag + bullet combination travels at a constant velocity of 5,0 m∙s–1 backwards 
(towards B, to the right in sketch).

150 g bullet
200 m∙s–1 RIGHT

Trolley + sandbag = 4,0 kg
initially moving LEFT

A B

1. Define linear momentum. (1)

2. Calculate the initial momentum of the bullet. (3)

3. State the law of conservation of linear momentum. (2)

4. Calculate the initial speed of the trolley + sandbag. (4)

5. Calculate the change in momentum of the bullet. (3)

6. Explain why the change in momentum of the trolley + sandbag has the same magnitude as that of the bullet. (2)

7. Calculate the net force exerted by the bullet on the trolley-sandbag combination if the collision lasted for 
0,05 s. (3)

8. Use calculations to show that this is an inelastic collision. (4)

9. A learner says that the sandbag acted in a similar way when it stopped the bullet as the crumple zone of a 
vehicle acts during a collision. He claims that the bullet could exert more force if it struck and embedded 
itself in a concrete wall.

 Apply principles of physics and/or a relevant equation to discuss the validity of the learner’s statements. (3)

 TOTAL MARKS: 25

 TIME: 30 MINUTES
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Answers for Worksheet 5 

1. The linear momentum of a body is the product of its mass and velocity. ✓ (1)

2.  p = mv ✓  (method)

  = (0,15) ✓ (200) (conversion from g to kg)

  = 30 kg∙m∙s–1 right ✓ (accuracy, SI units, direction) (3)

3. The linear momentum of an isolated system✓ of interacting bodies remains constant. ✓ (2)

4. mbulletvi bullet + mtrolley+sandbagvi trolley + sandbag = (mbullet + mtrolley + sandbag)vf ✓ (method)

    (0,15) (200) + (4,0) v ✓ = (4,0 + 0,15) (5,0) ✓ (substitutions)

    v = –2,31 

    = 2,31 m∙s–1 left ✓  (accuracy, SI units) (4)

5.  Δp = mvf – mvi ✓ (method)

  = (0,15)(5,0) – (0,15)(200) ✓ (substitutions)

  = 0,75 – 30,00

  = –29,25 

  = 29,25 kg∙m∙s–1 left ✓ (accuracy, SI units, direction) (3)

6. Method 1: Using Newton’s third law

 The force exerted by the bullet on the sandbag–trolley combination has the same magnitude as the force 
exerted by the sandbag–trolley combination on the bullet (N III). ✓

 Since Fnet..Δt = Δp (momentum-impulse theorem)

 and Fnet and Δt remain constant during the collision ✓

 therefore Δp has the same magnitude for both objects.

 Method 2: Using the law of conservation of momentum

 m1vi 1 + m2vi 2 = m1 vf 1 + m2vf 2

 – m2vf 2 + m2vi 2 = m1 vf 1 – m1vi 1 ✓

 – (m2vf 2 – m2vi ) = m1 vf 1 – m1vi 1

 – Δp2 = Δp1 ✓ therefore they both have the same magnitude. (2)

7.  Fnet = Δp
Δt   ✓  (method)

  = 29,25
0,05

 [c.o.e. from Q. 5] ✓ (substitutions)

  = 585 N right ✓  (accuracy, SI unit, direction) (3)

8. Method (finding the sum of initial kinetic energy and final kinetic energy ✓

Initial kinetic energy

= ∑ (½ mvi
2)

= ½ (0,15)(200)2 + ½ (4,0)(–2,31)2

= 3 010,67 J ✓ (accuracy [c.o.e.])

Final kinetic energy

= ∑ (½ mvf
2)

= ½ (0,15 + 4,0)(5,0)2

= 51,875 J ✓ (accuracy [c.o.e.])

 ∑ (½ mvi
2) ≠ ∑ (½ mvf

2) ✓ therefore this is an inelastic collision. (4)

9. A concrete wall will stop the bullet in a shorter length of time. ✓ 

 The bullet exerts greater force on the wall because the time is shorter AND the change in momentum is  
greater ✓ since Fnet = Δp

Δt  ✓ (3)

 TOTAL MARKS: 25
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Answers for Worksheet 5 

1. The linear momentum of a body is the product of its mass and velocity. ✓ (1)

2.  p = mv ✓  (method)

  = (0,15) ✓ (200) (conversion from g to kg)

  = 30 kg∙m∙s–1 right ✓ (accuracy, SI units, direction) (3)

3. The linear momentum of an isolated system✓ of interacting bodies remains constant. ✓ (2)

4. mbulletvi bullet + mtrolley+sandbagvi trolley + sandbag = (mbullet + mtrolley + sandbag)vf ✓ (method)

    (0,15) (200) + (4,0) v ✓ = (4,0 + 0,15) (5,0) ✓ (substitutions)

    v = –2,31 

    = 2,31 m∙s–1 left ✓  (accuracy, SI units) (4)

5.  Δp = mvf – mvi ✓ (method)

  = (0,15)(5,0) – (0,15)(200) ✓ (substitutions)

  = 0,75 – 30,00

  = –29,25 

  = 29,25 kg∙m∙s–1 left ✓ (accuracy, SI units, direction) (3)

6. Method 1: Using Newton’s third law

 The force exerted by the bullet on the sandbag–trolley combination has the same magnitude as the force 
exerted by the sandbag–trolley combination on the bullet (N III). ✓

 Since Fnet..Δt = Δp (momentum-impulse theorem)

 and Fnet and Δt remain constant during the collision ✓

 therefore Δp has the same magnitude for both objects.

 Method 2: Using the law of conservation of momentum

 m1vi 1 + m2vi 2 = m1 vf 1 + m2vf 2

 – m2vf 2 + m2vi 2 = m1 vf 1 – m1vi 1 ✓

 – (m2vf 2 – m2vi ) = m1 vf 1 – m1vi 1

 – Δp2 = Δp1 ✓ therefore they both have the same magnitude. (2)

7.  Fnet = Δp
Δt   ✓  (method)

  = 29,25
0,05

 [c.o.e. from Q. 5] ✓ (substitutions)

  = 585 N right ✓  (accuracy, SI unit, direction) (3)

8. Method (finding the sum of initial kinetic energy and final kinetic energy ✓

Initial kinetic energy

= ∑ (½ mvi
2)

= ½ (0,15)(200)2 + ½ (4,0)(–2,31)2

= 3 010,67 J ✓ (accuracy [c.o.e.])

Final kinetic energy

= ∑ (½ mvf
2)

= ½ (0,15 + 4,0)(5,0)2

= 51,875 J ✓ (accuracy [c.o.e.])

 ∑ (½ mvi
2) ≠ ∑ (½ mvf

2) ✓ therefore this is an inelastic collision. (4)

9. A concrete wall will stop the bullet in a shorter length of time. ✓ 

 The bullet exerts greater force on the wall because the time is shorter AND the change in momentum is  
greater ✓ since Fnet = Δp

Δt  ✓ (3)

 TOTAL MARKS: 25
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8. The exemplar Term 1 physics test

Question 1

Multiple choice questions

In each of the following questions, four possible answers are provided. On the Answer Sheet, place a cross (X) over 
the letter (A, B, C or D) which corresponds to the most correct answer to each question. 

1.1 A ball with mass m strikes the floor perpendicularly with a speed v. If it bounces up from the floor with the 
same speed v, the magnitude of the change in momentum is …
A 0
B ½ mv
C mv
D 2 mv (2)

1.2 Which of the following correctly defines impulse?

 Impulse is defined as …
A the product of force and time.
B the product of net force and time.
C the product of net force and time for which the force acts on the object.
D the change in momentum of an object. (2)

1.3 A ball is thrown vertically upwards. Which one of the following physical quantities has a non-zero value at the 
instant that the ball changes direction?
A acceleration
B kinetic energy
C momentum
D velocity (2)

1.4 A learner throws a ball up into the air and catches it on its return. 

 Which of the following position–time (Δy–t) graphs correctly shows the motion of the ball?

 

        A            B           C           D (2)
 [8]
SHOW ALL WORKING IN THE FOLLOWING THREE QUESTIONS

Question 2

A 5 000 kg truck, travelling at 20 m∙s–1, crashes into a 1 500 kg delivery van, travelling at 14 m∙s–1 in the opposite 
direction. The two vehicles lock together after the collision.

2.1 State the law of conservation of linear momentum. (2)

2.2 Calculate the combined velocity of the vehicles immediately after the crash. (4)

2.3 By means of calculations, determine whether this is an inelastic or an elastic collision. (4)

2.4 Which vehicle (truck, van or neither) exerts the greater force on the other? 

 Explain briefly. (2)
 [12]

Δy (m) Δy (m) Δy (m) Δy (m)
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Question 3

Ejection seats are designed to fire an aircraft pilot out of the plane at high velocity. One type of ejection system 
uses a constant explosive blast in the seat which accelerates the seat upwards for 0,25 s. 

The seat was tested in a plane standing on the runway.

The combined mass of the seat and pilot is 280 kg. When the ejection takes place, the mass accelerates upwards to 
a maximum vertical velocity of 55 m∙s–1.

The following information about the motion of the pilot–seat combination during a blast was recorded.

Average time 
taken (s)

Speed of pilot–seat 
combination (m∙s–1)

Change in momentum
(kg∙m∙s–1)

a) 0,066 15

b) 0,160 35

c) 0,250 55

3.1 Calculate the magnitude of the change in momentum of the pilot–seat combination from rest, for each 
velocity recorded. (2)

3.2 Plot a graph of change in momentum vs time on the graph paper provided on the Answer Sheet. (5)

3.3 Determine the gradient of the graph. (2)

3.4 What physical quantity does the gradient of the graph represent? (1)

3.5 Explain, with reference to an equation or principles of physics, why the pilot’s seat is cushioned with thick 
foam. (3) 

 [13]
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Question 4

A ball of mass 200 g was thrown down at 8 m∙s–1 from the balcony of a building onto the concrete floor beneath. 
The ball hit the ground and bounced vertically up. Down is taken as the positive direction.

Refer to the information given above and in the graph, to answer the following questions.

4.1 What is the velocity as the ball hits the floor for the first time? (2)

4.2 With what speed did the ball rebound (bounce) from the floor for the first time? (1)

4.3 Use the graph to determine the magnitude of the acceleration of the ball during the first 0,4 s. (3)

4.4 Use the graph to determine the height of the balcony above the ground. (4)

4.5 What was the position of the ball relative to the balcony at t = 1,44 s? (4)

4.6 Draw a sketch graph to represent the change of position of the ball over the time interval of 1,44 s using the 
initial position of the ball as the origin of the reference system. (3)

 [17]

 TOTAL MARKS: 50

 TIME: 1 HOUR

Velocity–time graph to represent the 
motion of a ball released from a balcony

-15.0

-10.0

-5.0

0.0

5.0

10.0

15.0

0.0 0.5 1.0 1.5 2.0

Velocity
(m.s-1)

Time (s)

Velocity - time Graph to represent the motion of a ball 
released from a balcony

Velocity
(m∙s–1)
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PHYSICAL SCIENCES GRADE 12 

END-OF-TERM 1 PHYSICS TEST: ANSWER SHEET

NAME: _______________________________________          CLASS: __________________

Question 1

Multiple choice questions

1.1 A B C D

1.2 A B C D

1.3 A B C D

1.4 A B C D

TOTAL

Question 3
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9. Memorandum for the Term 1 physics test

Question 1

Multiple choice questions

1.1 D ✓✓ (2)

1.2 C ✓✓ (2)

1.3 A ✓✓ (2)

1.4 B ✓✓  (2)

 [8]

Question 2

2.1 The linear momentum of an isolated system (of interacting bodies) remains constant. ✓✓ (2)

2.2 Choose the original direction of the truck as the positive direction.

 ∑ pi = ∑ pf ✓  (method)

 (5 000)(20) + (1 500)(–14) ✓= (5 000 + 1 500)v ✓ (substitutions)

 v = 12,15 m∙s–1 in the direction of the truck ✓  (accuracy; SI units; direction) (4)

2.3 

Initially Finally

∑ Ek initial = ½ (5 000)(20)2 + ½ (1 500)(–14)2 ✓

= 147 000 J 

∑ Ek final = ½ (5 000 + 1 500)(12,15)2 ✓ (c.o.e.)

= 479 773,10 J

 ✓ accuracy on both calculations (c.o.e.)

 ∑ Ek initial ≠ ∑ Ek final therefore it is an inelastic collision. ✓ (4)

2.4 Neither. They both exert force of the same magnitude on each other. ✓ 
Newton’s third law. ✓ (2)

  [12]

Question 3

3.1 Δp = mΔv

 a)  Δp = mΔv

   = (280)(15 – 0)

   = 4 200 kg∙m∙s–1 ✓ (accuracy; SI units)

 b)  Δp = (280)(35) = 9 800 kg∙m∙s–1 ✓ (accuracy for both answers)

 c)  Δp = (280)(55) = 15 400 kg∙m∙s–1 (2)
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3.2

 

0
2000
4000
6000
8000

10000
12000
14000
16000
18000

0 0.05 0.1 0.15 0.2 0.25 0.3

Δp (kg.m.s -1)

t (s)

Graph of Δp vs t Graph of Δp vs t

 Title for graph: Change in momentum vs (or against) time taken OR as shown above ✓

 Correct choice of axes (time on the horizontal axis) ✓

 Correct labels and appropriate scales on both axes ✓

 Accurate plotting of points (check 3 for accuracy) ✓

 Best-fit straight line graph ✓ (5)

3.3 gradient = Δp
Δt   ✓ (method)

 = 9 800
0,16

   (appropriate values chosen from graph or table)

 = 61 250 ✓  (accuracy – for appropriate values chosen) (2)

3.4 Net force (acting on the pilot–seat combination) ✓ (1)

3.5 A large force acts on the pilot–seat combination (see calculation in 3.3).  
The foam cushion compresses (squashes) therefore increasing the amount of time it takes ✓ for the 
momentum of the pilot to change, and reducing the net force that acts on him. ✓  
Fnet = Δp

Δt  ✓ (3)

 [13]

Question 4

4.1 12,0 m∙s–1 ✓ down ✓ (2)

4.2 10,2 m∙s–1 ✓ (Accept 10,0) (1)

4.3 Method 1: Finding the gradient of the graph

 acceleration = gradient of v –t graph ✓ (method)

    = Δv
Δt   

    = (12 – 8)
0,4

  ✓ (substitutions)

    = 10 m∙s–2 ✓ (accuracy)

 Method 2: Using the equations of motion

  vf = vi + a Δt ✓ (method)

  12 = 8 + a (0,4) ✓ (substitutions)

  a = 10 m∙s–2 ✓ (accuracy) (3)
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4.4 Method 1: Finding the area under the v–t graph

  Height = area under the v-t graph ✓ (method)

  = (8 x 0,4) ✓ + ½ (0,4)(12 – 8) ✓ (substitutions)

  = 4,0 m ✓ (accuracy)

 Method 2: Using the equations of motion

  Δx = vi Δt + ½ a Δt2 ✓ (method)

  = (8 x 0,4) ✓ + ½ (10)(0.4)2 ✓ (substitutions) [c.o.e. 4.3]

  = 4,0 m ✓ (accuracy) (4)

4.5  Height of ball at first bounce = area under v–t graph from 0,4 s to 1,44 s ✓  (method)

  = ½ (10)(1,44) ✓ (substitutions) 

  = 5,2 m

  The ball is (5,2 – 4,0) ✓ = 1,2 m above the balcony. ✓  (method) (accuracy) (4)

4.6 Position of the ball relative to the balcony (position (0;0))

 

•  Starts at (0;0) rises to (0,4;4,00) with slight parabolic curve ✓

•  Decreases from (0,4;4,00) to about 1,2 m below the x-axis ✓

•  Parabolic curve (as shown above) ✓

 DO NOT penalise for no scale: the shape and main positions should be present. (3)

 [17]

 TOTAL MARKS: 50
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10. Analysis of the cognitive levels in the Term 1 physics test

Please note that these levels are not all the same for every learner, every school and every teacher and textbook. 
A great deal depends on what is handled in class before the examination. However, in assessing cognitive level, a 
judgement is made based on a learner of average ability who has all the resources needed for the subject and who 
has covered the curriculum. 

L1 L2 L3 L4

Question Recall Comprehension Analysis 
Application

Synthesis 
Evaluation

Total Comment

Question 1

1.1 2 2 Learners must realise that velocity has 
changed direction

1.2 2 2

1.3 2 2 Routine comprehension

1.4 2 2 Routine comprehension

Question 2

2.1 2 2

2.2 4 4 Application of the law

2.3 4 4 Application of knowledge re: elastic 
collisions

2.4 2 2 Application of Newton’s third law

Question 3

3.1 2 2 Routine comprehension

3.2 2 3 5 Routine graphing – recall & comprehension

3.3 2 2 Application: finding the gradient of a graph

3.4 1 1 Analysis of data

3.5 3 3 Explanation involves synthesis and 
evaluation

Question 4

4.1 1 1 2 Routine reading from graph; including SI 
units and direction shows comprehension of 
vector nature of velocity

4.2 1 1 Reading from a graph

4.3 3 3 Routine: finding the gradient of v–t graph

4.4 4 4 Analysis of data to select relevant 
information

4.5 4 4 Analysis of data

4.6 3 3 Evaluation of data and synthesis: higher level 
question

TOTAL 8 15 21 6 50

% 16 30 42 12 100

% CAPS 15 35 40 10 100
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11. The exemplar Term 1 chemistry test

Question 1

Multiple choice questions

In each of the following questions, four possible answers are provided. On the Answer Sheet, place a cross (X) over the 
letter (A, B, C or D) which corresponds to the most correct answer to each question.

1.1 Identify the homologous series to which this compound belongs:

 

 
A alkenes
B ketones
C alcohols
D aldehydes (2)

1.2 The general formula for the alkynes is:
A CHn

B CnH2n+2

C C2nHn–2

D CnH2n–2 (2)

1.3 Which one of these monomers could be used to produce a polymer by condensation?
A ethene
B butane
C lactic acid
D ethanoic acid (2)

1.4 A structural isomer of butane is ...
A propane
B 2-methylbutane
C methylpropane
D dimethylpropane (2)

1.5 Ethene is oxidised by acidified potassium permanganate, and a colour change from purple to brown is 
observed. Distillation is required because a mixture of products results, but the major organic product of this 
reaction is:
A a diol (di-alcohol)
B a ketone
C a carboxylic acid
D an ester (2)

 [10]
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Question 2

Consider the condensed structural (semi-structural) formulae of the following organic compounds:

A CH3CH2CH2Cℓ B CH3COCH3 C CH3CH2CH3

D CH3CH2CH2OH E CH3CH=CH2 F HCOOH

2.1 Name compound A. (2)

2.2 Give the name of the homologous series to which compound B belongs. (2)

2.3 Explain what chemical test could be carried out to distinguish between compounds C and E. (3)

2.4 Explain with reference to the relevant intermolecular forces why compound D is a liquid at room  
temperature (boiling point 98oC) whereas compound C is a gas (boiling point –42oC). (4)

2.5 Compound B is a liquid at room temperature (25oC). Predict a possible boiling point for compound B. 

 Clearly explain the reasoning behind your prediction. (4)

2.6 Predict which of compounds B, C or D would be the most soluble in water. Clearly explain the reasoning 
behind your prediction in terms of the polarity of the molecules and the intermolecular forces. (4)

2.7 Compound E can be produced from compound D. What type of reaction does compound D need to 
undergo in order to form compound E? (1)

2.8 Which of compounds A to F would turn blue litmus red? (1)

2.9 Compound A undergoes hydrolysis when boiled with a solution of potassium hydroxide (KOH).

 2.9.1  Write a balanced equation for this substitution reaction using semi-structural formulae for the  
organic compounds. (2)

 2.9.2  Give the IUPAC name of the organic product formed. (1)

 2.9.3  With reference to the polarity of the bonds explain why compound A undergoes substitution  
reactions more easily than compound C. (3)

2.10 Compounds D and F are gently heated together in the presence of concentrated sulfuric acid.

 2.10.1 Give the structural formula and name of the organic product formed in this reaction. (2)

 2.10.2 Draw the structural formula of an isomer of the organic product formed in this reaction. (2)

 2.10.3 Name the type of isomer that is formed. (1)

2.11 Write a balanced chemical equation for the complete combustion of compound C in oxygen. (4)

 [36]

Question 3

Ethene undergoes polymerisation.

3.1 Name the polymer formed from the polymerisation of ethene. (1)

3.2 Draw the structure of the repeat unit that makes up this polymer. (2)

3.3 What type of reaction is used to make this polymer? (1)

 [4]

 TOTAL MARKS: 50

 TIME: 1 HOUR
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PHYSICAL SCIENCES GRADE 12 

END-OF-TERM 1 CHEMISTRY TEST: ANSWER SHEET

NAME: _______________________________________          CLASS: __________________

Question 1

Multiple choice questions

1.1 A B C D

1.2 A B C D

1.3 A B C D

1.4 A B C D

1.5 A B C D

TOTAL
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12. Memorandum for the Term 1 chemistry test

Question 1

1.1 B ✓✓ (2)

1.2 D ✓✓ (2)

1.3 A ✓✓ (2)

1.4 C ✓✓ (2)

1.5 A ✓✓ (2)

 [10]

Question 2

2.1 ✓ 1-chloropropane ✓ (2)

2.2 Ketone ✓✓ (2)

2.3 Bubble the substance through bromine water. ✓ Compound C will have no effect ✓ and compound E will 
rapidly decolourise the bromine water (red to colourless). ✓ (3)

2.4 Compound D (propanol) has hydrogen bonds between its molecules ✓which are stronger ✓ than the  
van der Waals forces ✓ found between the molecules of compound C (propane) ✓ 

 OR

 Compound D needs more energy ✓ to weaken hydrogen bonds between its molecules ✓and to change to 
its gas, whereas compound C needs less energy because it has weaker ✓van der Waals forces between its 
molecules. ✓ (4)

2.5 98 °C > B.Pt > 25 °C. ✓ Compound B has dipole-dipole forces ✓ between its molecules due to the polar 
carbonyl group ✓ but these forces are weaker than the hydrogen bonds ✓ found between the molecules 
of compound D. (4)

2.6 Compound D ✓ (propanol) will dissolve most easily in water since it will form hydrogen bonds ✓with the 
water molecules. Water and propanol are both polar molecules. ✓ Compounds C and B are both non-polar 
molecules so they will not dissolve in water. ✓ (4)

2.7 Elimination (or dehydration). ✓ (1)

2.8 Compound F (HCOOH) ✓ (1)

2.9.1 CH3CH2CH2Cℓ + KOH → CH3CH2CH2OH✓ + KCℓ✓ (2)

2.9.2 propanol ✓ (1)

2.9.3 The –C –Cℓ bond in compound A (1-chloropropane) is more polar than the –C–H bond in compound C 
(propane). ✓✓ The weak bond dipoles in compound C cancel due to symmetry in the molecule whereas the 
small positive charge on the carbon atom C of the –C–Cℓ bond is a reactive site attracting negative ions or 
nucleophiles. ✓ (3)

2.10.1 

     

propyl methanoate ✓

 (2)
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2.10.2 

 (2)

     

2.10.3     Functional isomer ✓ (1)

2.11

        (4)

 [36]

Question 3

3.1 Polyethene ✓ (or polythene) (1)

3.2 

      

✓✓

 (2)

3.3 Addition ✓ (polymerisation) (1)

 [4]

 TOTAL MARKS: 50
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13. Analysis of the cognitive levels in the Term 1 chemistry test

Please note that these levels are not all the same for every learner, every school and every teacher and textbook. 
A great deal depends on what is handled in class before the examination. However, in assessing cognitive level, a 
judgement is made based on a learner of average ability who has all the resources needed for the subject and who 
has covered the curriculum. 

L1 L2 L3 L4

Question Recall Comprehension Analysis 
Application

Synthesis 
Evaluation

Total Comment

Question 1

1.1     2 2 The product is ethandiol

1.2 2       2

1.3 2 2

1.4 2       2 Common routine question

1.5   2     2

Question 2

2.1   2     2

2.2 2       2

2.3   3     3 Learners must understand saturated and 
unsaturated nature of C and E; recall test for 
saturation

2.4   4     4

2.5   1 1 2 4 Higher level synthesis of information, with 
explanation of reasoning

2.6   2 2   4 Explanation of reasoning requires analysis 
and application of knowledge

2.7   1     1

2.8 1       1

2.9.1   2     2

2.9.2 1      1 Higher level evaluation – recall test for 
chloride

2.9.3     3   3 Application of knowledge to compare 
reaction of alkane with that of haloalkane

2.10.1   2     2 Routine comprehension

2.10.2     2   2 Application of knowledge

2.10.3 1     1

2.11   2 2   4 Comprehension for the two products; 
balancing correctly is a higher level 
application question

Question 3

3.1 1       1

3.2     2   2

3.3   1     1

TOTAL 10 24 12 4 50

% 16 42 34 8 100

% CAPS 15 40 35 10 100
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14. The exemplar Term 2 physics test

INSTRUCTIONS AND INFORMATION 

Read the following instructions carefully before answering the questions:

1.  This question paper consists of 6 questions, an information sheet and an answer sheet. The information 
sheet may be detached for easy use. 

2.  Answer all the questions. 

3. Start each question on a new page. 

4. Number the questions exactly as they are numbered in the paper.

5. Write neatly and legibly.

6.  Question 1 consists of 8 multiple choice questions. There is only one correct answer to each question. 
On the answer sheet, place a cross (X) over the letter (A, B, C or D) that corresponds to the most 
correct answer to each question. 

7. You may use non-programmable calculators.

8. The diagrams in the question paper are not necessarily drawn to scale.

9. Give brief motivations, discussions, etc. where required.

10. Show all working clearly in all calculations.

11. Round up answers to two decimal places where necessary.
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Question 1

Multiple choice questions

In each of the following questions, four possible answers are provided. There is only one correct answer to each 
question. On the answer sheet, place a cross (X) over the letter (A, B, C or D) that corresponds to the most correct 
answer to each question. 

1.1 Which ONE of the following forces is a conservative force?

 A air resistance

 B tension

 C net (resultant) force

 D gravitational force (2)

1.2   Two bodies undergo an ELASTIC collision in the absence of friction. Which ONE of the following combinations 
of momentum and kinetic energy of the system is CORRECT?

  MOMENTUM   KINETIC ENERGY

 A conserved   conserved

 B conserved   not conserved

 C not conserved   not conserved

 D not conserved   conserved (2)

1.3 The speed of a bicycle increases from 2 m∙s–1 to 4 m∙s–1. Its kinetic energy increases by a factor of …

 A 2

 B 2

 C 4

 D 8 (2)

1.4  A workman lifts boxes of identical mass from the ground onto a bench. At first, it takes him 2 s to 
lift each box. Later in the day it takes him 3 s. Which of the following is true when the workman lifts 
the boxes for the second time on that day?

 A Less work is done in lifting each box.

 B More work is done in lifting each box.

 C Smaller power is produced in lifting each box.

 D Greater power is produced in lifting each box. (2)

1.5 Which ONE of the following DOES NOT make use of the Doppler effect?

 A Blood flow meters used in hospitals.

 B An ultrasound scan of the foetus in the womb.

 C A ‘speed trapping’ device used by traffic police to monitor vehicle speeds.

 D Measuring the shift of red spectral lines in distant stars. (2)

 5 × (2) = [10]
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Question 2

NB: Take ‘up’ as the positive direction in this question.

Michael stands on the roof overlooking the street. He throws a 200 g ball up at a velocity of 5 m·s–1. 
It hits the street below the balcony with a speed of 25 m∙s–1. 

 

Michael 5 m∙s–1

25 m∙s–1

2.1  Write down the magnitude and direction of the acceleration of the ball when it reaches it 
maximum height. (2)

2.2 Calculate the height of the roof above the street. (4)

2.3 Calculate the time taken from when the ball was thrown up until it hit the street below. (4)

When Michael’s ball hits the ground, it is in contact with the ground for 0,15 s before bouncing upwards 
at a speed of 20 m∙s–1. 

2.4 Define (linear) momentum. (2)

2.5 Calculate the change in momentum of the ball as it hits the ground and bounces up again. (4)

2.6  Draw a labelled free-body diagram to show the forces acting on the ball at its time of impact 
with the ground. (2)

2.7  Calculate the magnitude and direction of the net (resultant) force experienced by the ball during 
the time of contact with the ground. (3)

2.8 Give the magnitude and direction of the force exerted by the ground on the ball at the time of impact. (3)

2.9  Sketch a velocity-time graph for the ball, from the time Michael threw it, until the time it reached its maximum 
height after the first bounce. Show all significant velocity and time values on the axes. (5)

 [29]
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Question 3

A

carriages

B

C

D

6,5 m

72 m

track

The diagram above shows part of a roller coaster track. The carriages are pulled from A to B at a constant speed by an 
electric motor of power output 52 kW. 

At B (72 m higher than A) the carriages have effectively no kinetic energy. They run freely down the frictionless track 
from B to C (which is at a height of 6,5 m above A). The total mass of the carriages is 3 400 kg. 

3.1 Define power. (2)

3.2 Calculate the gravitational potential energy gained by the carriages when they reach point B. (3)

3.3 Calculate the time taken for the carriages to rise from A to B. (4)

3.4 Calculate the speed of the carriages at C. (5)

3.5 State the Law of Conservation of Momentum. (2)

3.6  At C the carriages collide with and link to a fourth carriage of mass 1 000 kg.  
Calculate the speed of the four linked carriages immediately after the collision. (4)

 [20]

Question 4

A 4 kg block is released from rest from a height of 3 m. It slides down a frictionless slope to point P as 
shown in the diagram below. It then moves along a frictionless horizontal portion PQ and finally moves up a second 
rough plane which is inclined at 30° to the horizontal.

P Q
S

R

30°

3 m

Mass 4 kg

The block comes to rest at point R. The frictional force between the surface and the block as it travels  
from Q to R is 8 N.

4.1 State the principle of conservation of mechanical energy. (2)

4.2 Using ENERGY PRINCIPLES only, calculate the speed of the block at P. (4)

4.3 Explain why the kinetic energy at P is the same as that at Q. (2)

4.4 State the work-energy theorem in words. (2)

4.5 Calculate the height RS.  (7)

 [17]
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Question 5

5.1  A motor pumps water from a well 18 m deep, and expels the water at a constant speed of 
12 m∙s–1. The water pours out of the pipe at a rate of 1 000 kg∙min–1.  
Calculate the power of the motor. (7)

5.2  If the pump is adjusted to expel water at a lower speed, and it operates at the same power as calculated in 5.1, 
how does the maximum amount of water pumped per minute change?  
Explain briefly. (3)

 [10]

Question 6

A mosquito flaps its wings at 600 vibrations per second which produces the annoying buzz.  
The speed of sound in air is 340 m∙s–1.

6.1 What is the frequency of the buzz generated by the mosquito’s wings? (1)

6.2  How would you know from the sound of its buzz whether the mosquito is flying towards you 
as you lie in bed in a dark room? (2)

6.3 Name the effect that changes the sound of the mosquito’s buzz when it flies towards you. (1)

6.4  Using a sketch to show the compressions of the air made by the mosquito as it flies towards you, explain how 
the sound of the mosquito’s buzz changes. (4)

After a few more minutes the sound of the mosquito’s buzz changes to 598 Hz even though it is still 
flapping its wings at 600 vibrations per second. You are lying still in your bed in the dark room.

6.5 Calculate the speed of the mosquito relative to you when you hear the sound at 598 Hz. (4)

6.6 Is it good or bad news for you that the sound has changed to 598 Hz? Briefly explain your answer. (2)

 [14]

 TOTAL MARKS: 100

 TIME: 2 HOURS
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PHYSICAL SCIENCES GRADE 12: END-OF-TERM 2 PHYSICS TEST

ANSWER SHEET

NAME: __________________________________________________________________________

QUESTION 1

Multiple choice questions

1.1 A B C D

1.2 A B C D

1.3 A B C D

1.4 A B C D

1.5 A B C D

TOTAL
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15. Memorandum for the Term 2 physics test

Question 1

1.1 D   1.2 A   1.3 C 
1.4 C   1.5 B  [10]

Question 2

2.1 9,8 m∙s–2  down  (2)

2.2  vf
2 = vi

2 + 2aΔy 
 (25)2 = (–5)2  + 2(9,8)Δy 
  Δy = 30,61 m  (4)

2.3  vf = vi + aΔt 
 25 = –5  – 9,8Δt 
 Δt = 3,06s s  (4)

2.4 (Linear) momentum is the product of mass and velocity.  (1)

2.5 Δp = mvf – mvi 
   = (0,2)  (–20 – 25) 
   = –9 
   = 9 kg m∙s–1  up  (from the ground) (5)

2.6

  Upward force of street ball Up ↑ > Down ↓

    Weight of force of gravity (–1 if arrows are not touching) (2)

2.7  Fnet = Δp
Δt      (method)

   = –9
0,15

     (substitutions; c.o.e.)

   = –60 N  or 60 N  (accuracy; SI unit) (3)

2.8 Fground = Fnet + Fg    (method)
    = 60 + (0,2)(10)   (substitutions)
    = 92 N    (accuracy; SI unit) (3)

2.9  Note that the question says ‘take up as the positive direction’: –1 if this instruction is not followed
        Labelled axes 

        Lines parallel 

 

v (m∙s–1)

0,00 3,06 3,21

20

5

–25

t (s)

  (5)

 [29]
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Question 3

3.1 Power is the rate of doing work. 
 OR Power is the rate of transferring energy.  (2)

3.2 Ep = mgh 
  = (3 400)(10)(72) 
  = 2 399 040 J  (3)

3.3  P = 
W
Δt  

  Δt = 
W
P     (method)

  = 
2 399 040

52 000     (substitution; conversion)

  = 46,14 s    (accuracy; SI unit) (4)

3.4 Using the conservation of mechanical energy:
 Epat C = mgh
   = (3 400)(9,8)(6,5)   (substitutions)
   = 216 580 J   (accuracy; ignore SI units)

 Ek at C = ΔEp    (method)
 = 2 399 040 – 216 580   (method; c.o.e. from 3.2)
 = 2 182 460 J
 1

2
 × 3 400 × v2 = 2 182 460  (substitution of 1

2
(3 400)v2)

      v = 35,83 m∙s–1  (accuracy; SI unit) (5)

  Note that the equations of motion cannot be used to solve this problem because the track does not follow one 
straight line (it is curved).

3.5 The total momentum of an isolated system remains constant.  (2)

3.6 m1 vi1 + m2 vi2 = (m1 + m2)vf   (method)

 (3 400)(35,83)  + 0 = (4 400)vf   (substitution; c.o.e. from 3.4)

 vf = 27,69 m∙s–1     (accuracy; SI unit) (4)

 [20]

Question 4

4.1 The mechanical energy of an isolated system remains constant.  (2)

4.2 ∑(Ep + Ek)at the top = ∑(Ep + Ek)at P  (method)

 (4)(9,8)(3) + 0  = 0 + 1
2

(4)v2   (substitutions)

 v = 7,67 m∙s–1     (accuracy; SI unit) (4)

4.3  The system is isolated OR There is no dissipative (non-conservative) force between P and Q  therefore all the 
mechanical energy is conserved.  (2)

4.4  The net (total) work done is equal to the change in kinetic energy of the object.  (2)

4.5 Wnet = ΔEk = 1
2
mvf

2 – 1
2
mvi

2   (applying the work-energy theorem)

 Fnet.Δx.cosθ = 0 – 1
2
(4)(7,67)2   (substitutions; c.o.e. from 4.2)

 Fnet.Δx.cos 180°  = –117,6  (substituting 180°)

 –(mgsinθ + Ffriction)  .Δx = –117,6  (method of finding Fnet)

 ((4)(9,8)sin30° + 14).Δx = –117,6

 Δx = –3,5 m     (accuracy)

 sin30° = RS
Δx      (method)

 RS = 3,5 sin30°

  = 1,75 m     (accuracy) (7)

 [17] 
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Question 5

5.1 W = energy transferred to the water (in one minute)

  = ΔEp + ΔEk     (method)

  = (1 000)(9.8)(18)  + 1
2
(1 000)(12)2  (substitutions)

  = 176 400 + 72 000

  = 248 400  J     (accuracy; ignore SI units)

 P = 
W
Δt       (method)

  = 248 400
60

     (conversion)

  = 4 140 W     (accuracy; SI units) (7)

5.2 Alternative 1

 The pump is able to transfer 4 140 J of energy per second

 (4 140)(60) = 248 400 = m(9,8)(18) + 1
2
mv2  where v < 12

 Therefore 1
2
mv2 < 1

2
(1 000)(12)2 

 The maximum mass per minute increases. 

 Alternative 2

  The total amount of energy transferred in one minute remains constant  (248 400 J). 

 The kinetic energy of the water decreases  (because velocity decreases).

 Therefore, the mass of water pumped per minute increases.  (3)

 [10]
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Question 6

6.1 600 Hz  (1)

6.2  If the pitch of the buzz is higher  than the mosquito’s buzz when it is stationary,  then the mosquito is flying 
towards you.

  OR Whenever the pitch of its buzz becomes higher,  it is flying towards you. (2)

6.3 The Doppler effect  (1)

6.4  As the mosquito A flies towards you B, the compressions of the sound 
waves, set up by its flapping wings, bunch up in front of it.  

  The person B hears these waves as if they have a higher frequency, so they have a higher pitch. 

 

Mosquito flying in 
this direction 

A B

   Diagram must show position of A (mosquito) and B (listener) and appropriate distribution of wavefronts (4)

6.5 fL = 
v ± vL

v ± vS
fs 

  598  = 340
340 + vS

(600) 

 340 + vS = 340
598

(600)

    vS = 1,14 m∙s–1  (4)

6.6  It is good news.  The mosquito is flying away from you because you 
are now hearing the buzz as if it has a lower frequency (pitch).  (2)

 [14]

TOTAL MARKS: 100
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16. Analysis of the weighting of cognitive levels and topics in the Term 2 physics test
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TARGET 15 35 40 10 15 20 50 15 100 100 100

ACTUAL 15 34 39 12 15 22 47 16 100 100 100

1.1 2           2   2 2  

1.2   2       2     2 2  

1.3 2     2   2 2  

1.4     2       2   2 2  

1.5 2             2 0 2 10

2.1   2     2       2 2  

2.2   4     4       4 4  

2.3   2 2   4       4 4  

2.4 1         1     1 1  

2.5   2 3     5     5 5  

2.6   2       2     2 2  

2.7   3       3     3 3  

2.8     3     3     3 3  

2.9       5 5       5 5 29

3.1 2           2   2 2  

3.2   3         3   3 3  

3.3   1 3       4   4 4  

3.4   1 4       5   5 5  

3.5 2         2     2 2  

3.6   4       4     4 4 20

4.1 2           2   2 2  

4.2   4         4   4 4  

4.3     2       2   2 2  

4.4 2           2   2 2  

4.5     7       7   7 7 17

5.1     3 4     7   7 7  

5.2       3     3   3 3 10

6.1 1             1 0 1  

6.2   2           2 0 2  

6.3 1             1 0 1  

6.4     4         4 0 4  

6.5     4         4 0 4  

6.6   2           2 0 2 14
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17. Exemplar Term 2 chemistry test

INSTRUCTIONS AND INFORMATION 

Read the following instructions carefully before answering the questions:

1.  This question paper consists of 6 questions, an information sheet and an answer sheet. 
The information sheet may be detached for easy use. 

2. Answer all the questions. 

3. Start each question on a new page. 

4. Number the questions exactly as they are numbered in the paper.

5. Write neatly and legibly.

6.  Question 1 consists of 8 multiple choice questions. There is only one correct answer to each 
question. On the answer sheet, place a cross (X) over the letter (A, B, C or D) that corresponds to the 
most correct answer to each question. 

7. You may use non-programmable calculators.

8. The diagrams in the question paper are not necessarily drawn to scale.

9. Give brief motivations, discussions, etc. where required.

10. Show all working clearly in all calculations.

11. Round up answers to two decimal places where necessary.



122   Grade 12 Physical Sciences

Question 1

In each of the following questions, four possible answers are provided. There is only one correct answer to each question. 
On the answer sheet, place a cross (X) over the letter (A, B, C or D) that corresponds to the most correct answer to each 
question. 

1.1  Which one of the following represents the name and molecular formula of the compound that 
has six carbon atoms per molecule and belongs to the same homologous series as C3H8?

 A Hexene C6H14

 B Hexene C6H12

 C Hexane C6H14

 D Hexane C6H12 (2)

1.2 The formula of the organic product formed when methanol reacts with ethanoic acid is:

 A C2H4O2

 B C3H5O2

 C C3H6O2

 D C4H8O2 (2)

1.3 Which is the correct structure for 1,2,2-trichloropropane?

 A B C D

 

H

H

C CℓH

C HH

C CℓCℓ

H

C HH

C HH

Cℓ

Cℓ

C CℓH

H

C CℓH

C CℓH

C CℓH

H

H

C CℓH

C CℓCℓ

C HH

H

 (2)

1.4 The combustion of propanol is represented by pC3H7O + qO2 → rH2O + sCO2

 What are the coefficients p, q, r and s, respectively, in the balanced equation?

p q r s
A 1 1 3 7
B 2 1 7 6
C 3 13 7 9
D 4 17 14 12 (2)

1.5 Consider the organic compounds (I to IV) shown below.

I CH ≡ C – CH2 – CH3 II CH3 – CH = CH – CH3

III CH3 – C ≡ C – CH3 IV CH3 – CH2 – C ≡ CH

 Which of the compounds above are structural isomers?

 A I and II

 B I and III

 C I and IV

 D II and III (2)

 5 × (2) = [10]
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Question 2

A class is set the task of investigating the factors affecting the rate of reaction of magnesium ribbon 
with dilute hydrochloric acid. The balanced equation for the reaction is given:

 Mg(s) + 2HCℓ(aq) → MgCℓ2(aq) + H2(g)

The hydrogen gas produced in the reaction is collected by the downward displacement of water as 
shown in the diagram. 

The results of two of the experiments are shown in the tables below.

John: Experiment to determine the effect of temperature on the rate of reaction between 
Mg and 1,0 mol.dm–3 HCℓ

Temperature (°C) Volume of hydrogen collected in 20 s (cm3)

Reading 1 Reading 2 Reading 3 Average 

10 9,6 9,2 10,0 9,6

20 19,5 18,7 19,1 19,1

30 38,9 38,2 37,5 38,2

40 74,9 77,2 75,6 75,9

Tasneem: Experiment to determine the effect of concentration of HCℓ on the rate of reaction between 
Mg and HCℓ

Concentration of 
HCℓ (mol.dm–3)

Volume of hydrogen collected in 20 s (cm3)

Reading 1 Reading 2 Reading 3 Average 

0,5 20,2 20,2 20,2 20,2

1,0 40,0 39,9 40,1 40,0

1,5 59,9 60,0 60,1 60,0

2,0 80,1 80,1 80,1 80,1

2.1 State the independent variable in John’s experiment. (1)

2.2 State a suitable conclusion for the experiment conducted by John. (2)

2.3  State TWO variables that Tasneem needs to control in her experiment and explain why she 
needs to control these variables. (4)

2.4  Tasneem’s results indicate that the rate of reaction is directly proportional to the concentration 
of the hydrochloric acid. Consider Tasneem’s average results and hence prove mathematically 
that her results are directly proportional. (3)
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2.5  Copy the graph given below which shows the distribution of molecular energies at low temperature. 
Indicate on the graph how this distribution would change at a higher temperature.

 

Graph to show the distribution of molecular energies at low temperature (T1)
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EA = activation

Molecular (kinetic) energy
EA  (2)

2.6  Refer to the graph of the distribution of molecular energies to explain FULLY how the temperature 
of hydrochloric acid affects the rates of the reaction when John reacts Mg with 1,0 mol.dm–3 HCℓ. (4)

 [16]

Question 3

Nitrogen (IV) oxide (nitrogen dioxide, NO2) is one of the products that are produced in a motor car’ 
exhaust system. This brown gas, that is mainly responsible for the smog that hangs over cities, 
undergoes the following equilibrium reaction.

 N2O4(g) → 2NO2(g) ΔH > 0

3.1 What are the requirements for a chemical equilibrium to be established? (2)

3.2 Explain the term chemical equilibrium. (2)

3.3 State Le Chatelier’s Principle. (2)

3.4  0,4 moles of N2O4 gas are introduced into a sealed 2 dm3 reaction vessel. The system was allowed to reach 
equilibrium and then some changes were made to the equilibrium. The number of moles 
of reactant and product were recorded as these changes were made.

  The following graph shows the change in the amount (number of moles) of the substances in the reaction 
mixture over a time period of 8 minutes.

 Time (minutes)

A
m

o
un

t 
(m

o
le

s)

0,4

0,3

0,2

0,1

0
0 1 2 3 4 5 6 7 8

N2O4

NO2

 3.4.1 How long did the system take to reach chemical equilibrium for the first time? (2)

 3.4.2  What adjustment was made to the system to cause the change shown on the graph at 
3 minutes? (1)

 3.4.3  Explain why the system adjusted itself in the way shown in the graph during the 4th minute  
(between 3 and 4 minutes). (2)

 3.4.4 What was done at t = 5 minutes to cause the changes on the graph? (2)

 3.4.5 Explain your answer to 3.4.4. (3)

 [16]
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Question 4

Ammonia is manufactured by the Haber process. In this process nitrogen and hydrogen react in the  
presence of an iron oxide catalyst to form ammonia. 

 N2(g) + 3H2(g) →← 2NH3(g) ΔH < 0

In a particular reaction, 2,07 moles of nitrogen and 7,00 moles of hydrogen are initially placed in a  
0,5 dm3 reaction vessel which contains a mesh of the iron oxide catalysts. 

At equilibrium the temperature is 300 °C and 1,00 mole of hydrogen remains in the reaction vessel. 

4.1 Write an expression for the equilibrium constant Kc. (2)

4.2  Determine the number of moles of ammonia which are present in the reaction vessel when 
chemical equilibrium has been reached. (3)

4.3 Determine the concentration of ammonia in the reaction vessel at chemical equilibrium. (3)

4.4 Determine the value of the equilibrium constant for this reaction at 300 °C. (4)

4.5 The Haber process takes place in the presence of a catalyst (iron oxide).

 4.5.1 Give the meaning of the phrase positive catalyst. (1)
 4.5.2  Explain what effect it will have on the chemical equilibrium system if more iron oxide 

was added to the equilibrium system. (1)

4.6  Apply Le Chatelier’s Principle to the process of producing ammonia when the system is in  
dynamic chemical equilibrium in the closed reaction vessel. More hydrogen gas is introduced 
to the chemical equilibrium system.

 4.6.1 a)  What happens to the concentration of ammonia?  
Write only increases, decreases or remains the same. (1)

  b) Explain how the concentration of ammonia is affected. (3)
 4.6.2 a)  What happens to the value of the equilibrium constant?  

Write only increases, decreases or remains the same. (1)
  b)  Explain how the equilibrium constant is affected. (1)

 [20]

Question 5

5.1 Nitric acid ionises in water as shown in the equation:

  HNO3(aq) + H2O(ℓ) →← H3O+(aq) + NO3
–(aq)

 5.1.1 Explain the difference between the terms ionise and dissociate. (2)
 5.1.2 Write an appropriate balanced equation to illustrate the process of dissociation. (2)

5.2  The equilibrium constant (Ka) for the ionisation of nitric acid (as shown in the equation above) 
reaction is VERY high. What can you deduce from this information about the strength of nitric acid?  
Clearly explain your answer. (3)

5.3  25 cm3 of 0,2 mol.dm–3 nitric acid is titrated against 32 cm3 of sodium carbonate solution.  
Assume complete dissociation of the sodium carbonate solution. The equation for this reaction is shown below:

  2HNO3(aq) + Na2CO3(aq) → 2NaNO3(aq) + CO2(g) + H2O(ℓ)

 5.3.1 Calculate the pH of the nitric acid solution. (3)
 5.3.2 Calculate the concentration of the sodium carbonate solution. (4)
 5.3.3 Define the term equivalence point. (2)

 5.3.4 Select an appropriate indicator to measure the end point of the titration. (2)

Indicator Colour and pH range Colour and pH range

Methyl orange red 0–4,5 orange > 4,5

Bromothymol blue yellow 0–6,9 blue > 7

Phenolphthalein colourless 0–10,9 purple > 10,9

 5.3.5 Explain your choice of indicator in 5.3.4. (2)

 [20]
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Question 6

6.1 Define a Brønsted-Lowry acid. (1)

6.2 Copy the equation shown below, and identify the conjugate acid-base pairs in this reaction:

  NH3(g) + H2O(ℓ) →← NH4
+ (aq) + OH–(aq) (2)

6.3 Water is an ampholyte.

 6.3.1 Explain what is meant by the term ampholyte. (2)
 6.3.2 Write ONE equation to show the process of water acting as an ampholyte. (2)
 6.3.3  Give the name for the specific process whereby water acts upon itself as an ampholyte 

in the equation shown in 6.3.2. (1)

6.4 The pH of a solution of ammonium chloride (NH4Cℓ) in distilled water is less than 7.

 6.4.1  Name THE PROCESS which causes the pH of a solution of ammonium chloride to be 
less than 7. (1)

 6.4.2  Explain WHAT IS HAPPENING to make the pH of a solution of ammonium chloride in 
distilled water less than 7. Make use of an equation to support your answer. (4)

6.5  Determine the percentage purity of a 5 g tablet of magnesium carbonate which reacts with  
200 cm3 of 0,15 mol.dm–3 hydrochloric acid. Assume that all the magnesium carbonate in the 
tablet reacted completely with the hydrochloric acid. (5)

 [18]

 TOTAL MARKS: 100

 TIME: 2 HOURS
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PHYSICAL SCIENCES GRADE 12: END-OF-TERM 2 CHEMISTRY TEST

ANSWER SHEET

NAME: __________________________________________________________________________

QUESTION 1

Multiple choice questions

1.1 A B C D

1.2 A B C D

1.3 A B C D

1.4 A B C D

1.5 A B C D

TOTAL
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18. Memorandum for the Term 2 chemistry test

Question 1

1.1 C    1.2 C    1.3 A 
1.4 D    1.5 B  5 × (2) = [10]

Question 2

2.1 Temperature  (1)

2.2  An increase in temperature increases the rate of the reaction by increasing amounts.  (2)

2.3  The magnesium strips must of the same mass and dimensions, e.g. same length of magnesium  
ribbon OR same mass of magnesium powder.  
This is required because surface area can affect the rate of reaction.

  The temperature (of the acid) must be kept constant  because temperature affects the rate of reactions.

  In order to have a fair test,  variables which could also affect the rate of the reaction must be controlled  
so that the only variable that is manipulated (concentration in this case) is able to influence the  
outcome (results) of the experiment.  (4)

2.4 If the variables are directly proportional, volume = (k) × (concentration)

 OR  
volume

concentration = a constant   (method)

Conc. Volume K

mol.dm cm

0,5 20,2 40,40

1,0 40,0 40,00

1,5 60,0 40,00

2,0 80,1 40,05

Average 40,11   (calculations)

 Volume = 40,11 × concentration  (correct equation)

  Therefore, the volume of gas given off in 20 s is directly proportional to the concentration of the acid.  (3)

2.5
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EA = activation

Molecular (kinetic) energy
EA

  Lower maximum number of molecules
  Greater number of molecules with more Ek than EA. (2)

2.6  When the temperature is increased the average kinetic energy of the molecules increases.   
This means that more molecules have higher kinetic energies at higher temperature than were present at 
lower temperatures  and therefore there are more molecules with energy greater than the activation 
energy for the reaction.  When molecules collide they are more likely to have sufficient energy required 
to break bonds and combine to form products, i.e. to react. Having greater kinetic energy also means that 
the molecules are moving at higher velocity (speed), therefore their chances of having more collisions are 
increased because they are moving around more quickly. 

 ANY FOUR OF THESE ARGUMENTS PRESENTED IN LOGICAL ORDER (4)

 [16]
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Question 3

3.1 A closed system  and a reversible reaction.  (2)

3.2  Chemical equilibrium exists when the rate of the forward reaction is 
equal to the rate of the reverse reaction.  (2)

3.3  When any system at equilibrium is subjected to change in concentration, temperature, volume or  
pressure, then the system readjusts itself to counteract the effect of the applied change and a new  
equilibrium is established.  (2)

 3.4.1 2  minutes  (2)

 3.4.2 More N2O4 gas was added to the system.  (1)

 3.4.3  The system was disturbed when more N2O4 was added to it.  
According to Le Chatelier’s Principle the system adjusted itself to reduce the effect of the change,  
therefore the equilibrium position shifted to increase the production of NO2 until equilibrium was 
re-established.  (2)

 3.4.4 The temperature  was increased.  OR The pressure was decreased (2)

 3.4.5  The equilibrium shifted to favour the production of NO2.  An increase 
in temperature favours the endothermic reaction  which is the forward reaction  
(until equilibrium is re-established).  OR A decrease in pressure favours the reaction that has a  
greater molar volume i.e an increase in NO2 (3)

 [16]

Question 4

4.1 Kc = 
[NH3]2

[N2][H2]3  (2)

4.2  If 1 mol of hydrogen remains at equilibrium, then 6 mol of hydrogen 
has been combined to form ammonia. 

 Since 3 mol of hydrogen produce 2 mol of ammonia. 

 Then 6 mol of hydrogen produced 4 mol ammonia.  (3)

4.3 c = n
V 

  = 4
0,5

 

  = 8 mol.dm–3  (3)

4.4 Kc = 
[NH3]2

[N2][H2]3   c(N2) = (2,07 – 2,00)
0,5

 = 0,14 mol.dm–3 

       = [8]2 
[0,14]  [2]3 

       = 57,14  (4)

 4.5.1  A positive catalyst is a substance that increases the rate of a chemical reaction without being  
chemically changed by the reaction.  (1)

 4.5.2  A catalyst does not affect the position of chemical equilibrium  
because it increases the rate of both reactions equally.  (1)

 4.6.1 a) Increases.  (1)

  b)   The increase in the concentration of hydrogen  disturbs the system causing it to  
respond to minimise the effect of the change  until equilibrium is re-established.  
The forward reaction is favoured and more ammonia is produced.  (3)

 4.6.2 a)  Remains the same.  (1)

  b)   Only a change in temperature affects the value of the equilibrium constant.  (1)

 [20]
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Question 5

5.1.1  Ionisation occurs when a molecular substance reacts with water to form hydronium ions and an anion   
whereas dissociation occurs when an ionic substance splits up into its ions when it dissolves in water.  (2)

5.1.2  Any ionic substance split into its ions with correct formula and charges on 
the ions, e.g. 

 CuSO4(s)  → Cu2+(aq) + SO4
2–(aq)  (2)

 Candidates can omit states (s) and (aq)

5.2  If Ka is very high, the ionisation of nitric acid is almost complete (the equilibrium position lies to  
the ‘right’),  therefore very few molecules of nitric acid remain so there is a high concentration  
of hydronium ions.  This makes nitric acid a strong acid.  (3)

5.3 5.3.1 pH = -log10[H3O
+] 

    = –log10(0,2) 

    = 0,70  (3)

 5.3.2 nHNO3
 = cV

    = (0,2)(0,025) 

    = 0,005 mol

  2 mol of HNO3 neutralise 1 mol of Na2CO3 

  nNa2CO3 = 0,0025 mol 

  c = 0,0025
0,032

 = 0,078 mol.dm–3  (0,08 mol.dm–3) (4)

 5.3.3  The equivalence point occurs when there are an equivalent number 
of moles of acid and base, so that the acid has neutralised the base.  (2)

 5.3.4 Methyl orange  (2)

 5.3.5  Nitric acid is a strong acid, and sodium carbonate is a weak base.  
The end point of the titration will lie in the acid range rather than 
at the neutral point. It is likely to be at about pH 5–6  which 
coincides with the change in colour of the indicator. (2)

 [20]

Question 6

6.1 A substance which is able to donate (release) protons.  (1)

6.2 

   
 Base 1 Acid 2 Acid 1 Base 2

 NH3(g) + H2O(ℓ) →← NH4
+(aq) + OH–(aq)  (2)

6.3 6.3.1  An ampholyte is a substance which can act as an acid, by donating  
protons,  and as a base, by accepting protons.  (2)

 6.3.2 

    
  Base 1 Acid 2 Acid 1 Base 2

  H20(ℓ) + H2O(ℓ) →← H30
+(aq) + OH–(aq)  (2)

 6.3.3 Autoprotolysis  (1)
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6.4 6.4.1 Hydrolysis  (1)

 6.4.2  Ammonium chloride is the salt of a weak base (NHOH) and a strong acid (HCℓ). 

  The ammonium ion hydrolyses in water (reacts with water molecules): 

  NH4
+(aq) + H2O(ℓ) →← NH3(aq) + H3O

+(aq) 

   As can be seen by this reaction, the concentration of H3O
+ ions increases, therefore  

ammonium chloride forms a slightly acidic solution.  (4)

6.5 2HCℓ + MgCO3 → MgCℓ2 + CO2 + H2O

 Therefore na : nb = 2 : 1 

 Candidates may state the mole ratio without showing the equation

 nHCℓ = cV
   = (0,15)(0,20)

   = 0,03 mol 

 NMgCO3
 = 1

2
(0.03)

    = 0.015 

 m = nM
  = (0,015)(24 + 12 + 48)

  = 1,26 g 

 % purity = 1,26
5

 × 100%

   = 25,20%  (5)

 [18]

TOTAL MARKS: 100
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19. Analysis of the weighting of cognitive levels and topics in the Term 2 chemistry test
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TARGET 15 40 35 10 10 15 35 40 100 100 100

ACTUAL 16 37 36 11 10 16 36 38 100 100 100

1.1 2       2       2 2  

1.2   2     2       2 2  

1.3   2     2       2 2  

1.4     2   2       2 2  

1.5     2   2       2 2 10

2.1   1       1     1 1  

2.2   2       2     2 2  

2.3   2       2     2 2  

2.4     4     4     4 4  

2.5   4       4     4 4  

2.6       3   3     3 3 16

3.1 2           2   2 2  

3.2 2           2   2 2  

3.3 2           2   2 2  

3.4.1   2         2   2 2  

3.4.2   1         1   1 1  

3.4.3     2       2   2 2  

3.4.4     2       2   2 2  

3.4.5       3     3   3 3 16

4.1   2         2   2 2  

4.2   3         3   3 3  

4.3   3         3   3 3  

4.4     4       4   4 4  

4.5   2         2   2 2  

4.6.1     4       4   4 4  

4.6.2     2       2   2 2 20

5.1.1 2             2 0 2  

5.1.2   2           2 0 2  

5.2   3           3 0 3  

5.3.1   3           3 0 3  

5.3.2     4         4 0 4  

5.3.3 3             3 0 3  

5.3.4   1           1 0 1  

5.3.5     2         2 0 2 20

6.1 1             1 0 1  

6.2   2           2 0 2  

6.3.1 2             2 4 2  

6.3.2     2         2 0 2  

6.3.3     1         1 0 1  

6.4.1     1         1 0 1  

6.4.2     4         4 0 4  

6.5       5       5 0 5 18
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20.  Exemplar worksheets and memorandums for the prescribed practical investigations

20.1 Term 1 

Physical Sciences Grade 12: Practical assessment: preparation of esters: Technical 
information 

Apparatus (per group)
3 test tubes
Test tube rack
Plastic pipette
10 cm3 or 20 cm3 plastic syringe
50 cm3 or 100 cm3 beaker
250 cm3 beaker
Tripod
Gauze mat
Burner
Matches or hand-held gas lighter
Spatula (if using salicylic acid)

Chemicals 
Methanoic acid
Ethanoic acid
Propanoic acid
Salicylic acid
Ethanol
Propanol
Butanol
Concentrated sulfuric acid
Sufficient 1,0 mol.dm–3 solution of sodium carbonate (about 150 cm3 per group)
A small bucket of about 1,0 mol.dm–3 sodium carbonate (to neutralise any acid spills or contact)

Precautions
• Learners must not sniff the contents of any of the organic substances directly. Show them how to waft the odour 

towards their nose and gently smell the substances.
• The laboratory should be well ventilated at all times.
• Learners should wear protective plastic gloves and safety goggles.
• Concentrated sulfuric acid is a very dangerous substance. If the learners are inexperienced at carrying out 

experiments safely, then it is a good idea to place the 5–10 drops of sulfuric acid into their test tubes yourself 
before they begin the procedure. 

• Concentrated sulfuric acid is a dehydrating agent. When the acid and alcohol are added to it, the concentrated 
sulfuric acid will warm up, and it may spit or give off fumes. Learners should know this before they start the 
procedure. They must add the other substances gently and slowly to prevent overheating of the sulfuric acid.

• Ensure that you have a small bucket of weak sodium carbonate solution available to neutralise contact that any 
learner has with acids.

• Remain vigilant as the learners work with the burners and check that these are extinguished at the end of the 
practical.
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Physical Sciences Grade 12: Practical assessment: preparation of esters

Learner’s instructions and questions

Name: __________________________________ Class: ________________

Esters are produced by reacting carboxylic acids and alcohols in the presence of concentrated sulfuric acid. These 
fragrant substances have many different uses: food flavouring, the perfume industry, medicinal and aromatherapy 
being some of them. 

Aim of the investigation: Prepare esters from the reaction of carboxylic acids with alcohols, and identify the 
esters by their smell.

Resources available

List the acids and alcohols that are available.

Carboxylic acids Alcohols

Ethanoic acid Ethanol

A. Table of esters and their fragrances

Complete the table below by filling in the names of the carboxylic acids and alcohols that are used to prepare 
these esters. 

Ester Odour Acid Alcohol

isoamyl ethanoate banana ethanoic acid amyl alcohol

ethyl ethanoate nail polish remover

methyl salicylate wintergreen

ethyl butanoate pineapple

benzyl butanoate cherry butanoic acid benzyl alcohol

ethyl propanonate rum propanoic acid ethanol

ethyl benzoate fruity

benzyl ethanoate peach ethanoic acid benzyl alcohol

methyl butanoate apple

n-propyl ethanoate  pear

 [6]

Procedure

NB Smell the contents of the organic substance by wafting its odour towards your nose. Do not inhale the odour 
by sniffing directly over the test tube or beaker.

1. Wear safety goggles and protective plastic gloves throughout this procedure.
2. Set up a burner, a tripod and gauze.
3. Half fill a 250 cm3 beaker with tap water. 
4. Place three test tubes in a rack.
5. Using a plastic pipette add 5–10 drops of concentrated sulfuric acid to each of the test tubes.
6. Using a plastic syringe slowly add 10 cm3 of the carboxylic acid (selected for your group) to each of the three 

test tubes. 
7. Record the odour and appearance of the carboxylic acid.
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Carry out the following steps (8–15) for each of the three alcohols (selected for your group).
8. Wash the plastic syringe with tap water, and then rinse it with distilled water.
9. Using the clean plastic syringe, add 10 cm3 of one of the alcohols to one of the test tubes.
10. Record the odour and appearance of the alcohol.
11. Place the test tube into the 250 cm3 beaker half-filled  

with water.
12. Place the beaker onto the tripod and heat the water gently for 

about 8–10 minutes. If the contents of the test tube begin to boil, 
remove the burner until the contents have stopped boiling. 

13. Remove the test tube from the hot water.
14. Pour the contents of the test tube into a small beaker containing 

20 cm3 of sodium carbonate solution.
15. Record the odour and appearance of the product.

B.  Safety precautions or special procedures observed during the practical

State the reason why this procedure was necessary during the practical.

Procedure or precaution Reason
(2 marks per correct reason)

1 Wear goggles.

2 Place the test tube in a beaker of water and 
heat gently.

3 Add 5–10 drops of concentrated sulfuric acid to the 
test tube.

4 Waft the odour towards your nose. Do not smell 
the ester directly by placing your nose over the test 
tube.

5 Add the contents of the test tube to sodium 
carbonate solution.

 [10]

C.  Observations and equations

• Fill in the observations for each substance and its odour before and after the reactions.
• Write word equations and structural chemical equations for the first ester which you and your group prepared.

Reaction 1 Substance Odour

Before Ethanoic acid

Ethanol

After

 (3)
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Word equation: (2)

Structural equation:

 (4)

Reaction 2 Substance Odour

Before

After

 (3)

Reaction 3 Substance Odour

Before

After

 (3)

 [15]

D.  Questions to answer after the practical work

Sulfuric acid acts as a catalyst during this reaction.

1.  Define the term: catalyst. (2)

2.  Give another property of sulfuric acid and explain how it promotes the reaction. (1)

3.  Name the acid and the alcohol that could be used to prepare octyl ethanoate  
(an ester that smells like honey). (2)

Acid:

Alcohol:

 [5]

 TOTAL MARKS: 36
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Physical Sciences Grade 12: Practical assessment: preparation of esters memorandum

Resources available

Carboxylic acids Alcohols

Names of the acids available Names of the alcohols available

A.  Table of esters and their fragrances

Ester Odour Acid Alcohol

Isoamyl ethanoate banana ethanoic acid amyl alcohol

ethyl ethanoate fingernail polish remover ethanoic acid ethanol ✓

methyl salicylate wintergreen salicylic acid methanol ✓

ethyl butanoate pineapple butanoic acid ethanol ✓

benzyl butanoate cherry butanoic acid benzyl alcohol

ethyl propanonate rum propanoic – acid ethanol

ethyl benzoate fruity benzoic acid ethanol ✓

benzyl ethanoate peach ethanoic acid benzyl alcohol

methyl butanoate apple butanoic acid methanol ✓

n-propyl ethanoate  pear ethanoic acid propanol ✓

 1 mark each x (6) = [6]

B.  Safety precautions or special procedures observed during the practical

Procedure or precaution Reason ANY ONE OF THE FOLLOWING 
✓✓ each Maximum (10)

1 Wear goggles. The contents of the test tube could boil (bubble over). ✓✓

The vapours which are given off could sting (affect) your eyes. ✓✓

2 Place the test tube in a 
beaker of water and heat 
gently.

The beaker of water acts as a water bath distributing the heat evenly to the 
contents of the test tube. ✓✓

Heat gently so that the contents of the test tube do not boil. ✓✓

Alcohol is flammable. ✓✓

3 Add 5–10 drops of 
concentrated sulfuric acid 
to the test tube.

Concentrated sulfuric acid is a very dangerous substance – it dehydrates cell 
tissues – placing it at the bottom of the test tube reduces your chances of 
coming in contact with it. ✓✓

4 Waft the odour towards 
your nose. Do not smell the 
ester directly by placing 
your nose over the test 
tube.

This is always the procedure when smelling substances in the laboratory. 
Vapour may damage nasal tissues – you are less exposed to harmful 
substances in this way. ✓✓

5 Add the contents of 
the test tube to sodium 
carbonate solution.

Sodium carbonate will neutralise any remains of the carboxylic acid, so that 
the odour of the acid no longer influences the odour of the ester. ✓✓

 2 marks each x (5) = [10]
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C.  Observations and equations

Reaction 1 Substance Odour

Before ethanoic acid vinegar ✓

ethanol alcohol ✓

After ethyl ethanoate nail polish remover (or paint) ✓

 (3)

Word equation:

Ethanoic acid + ethanol → ethyl ethanoate ✓+ water ✓ (2)

Structural equation:

 (4)

Refer to the table below for the names of the acids and alcohols, their odours, and the names and odours of their 
esters.

Acid Odour Alcohol Odour Ester Odour

ethanoic acid vinegar amyl 
alcohol

camphor Isoamyl ethanoate banana

ethanoic acid vinegar ethanol pleasant perfume-
like odour

ethyl ethanoate fingernail polish 
remover

salicylic acid white powder; no 
odour

methanol antiseptic odour 
(highlyu toxic)

methyl salicylate wintergreen

butanoic acid human vomit or 
rancid butter

ethanol pleasant perfume-
like odour

ethyl butanoate pineapple

butanoic acid human vomit or 
rancid butter

benzyl 
alcohol

mild floral odour benzyl butanoate cherry

propanoic – 
acid

body odour ethanol pleasant perfume-
like odour

ethyl propanonate rum

benzoic acid faint pleasant 
odour like vanilla

ethanol ethyl benzoate fruity

ethanoic acid vinegar benzyl 
alcohol

mild floral odour benzyl ethanoate peach

butanoic acid human vomit or 
rancid butter

methanol antiseptic odour 
(highly toxic)

methyl butanoate apple

ethanoic acid vinegar propanol mild alcohol-like 
odour

n-propyl ethanoate  pear
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Fill in the appropriate answers in the two tables below, referring to the information in the table above.

Reaction 2 Substance Odour

Before ✓

✓

After ✓

 (3)

Reaction 3 Substance Odour

Before ✓

✓

After ✓

 (3)

 [15]

D.  Questions to answer after the practical work

1. A substance that speeds up the rate of the reaction ✓ without being chemically changed by the process. ✓ (2)

2. Sulfuric acid is a dehydrating agent. ✓ (1)

3. Octanol ✓

 Ethanoic acid ✓ (2)

 [5]

 TOTAL MARKS: 36

 (Reduce to a mark out of 20)

 Adapted from: www.nuffieldfoundation.org/practical-chemistry/making-esters-alcohols-and-acids 



140   Grade 12 Physical Sciences

20.2 Term 2

Physical Sciences Grade 12: Practical Assessment: Titration: Technical Information 

How can the concentration of sodium hydroxide be determined by titrating oxalic acid against 
sodium hydroxide?

FOR EACH GROUP

Apparatus

 250 cm3 volumetric flask

 Weighing boat 

 Glass funnel

 Spatula

 Plastic propette

 300 cm3 distilled water in a plastic squeeze bottle with a thin delivery tube

 200 cm3 sodium hydroxide (of ‘unknown’ concentration) in a labelled beaker

Note:  If you do not have access to weighing boats, replace these with a 10 cm × 10 cm piece of plastic bag for the 
learners to place their oxalic acid on. They need to pick up the edges of the plastic and tilt it carefully into the 
funnel. Using plastic, rather than paper, makes it easier for them to wash every grain of oxalic acid into the flask.

Access to the following:

 Mass meter (or triple beam balance)

 Oxalic acid dehydrate ((COOH)2.2H2O)

INSTRUCTIONS FOR PREPARATION

Prepare a 0,1 mol.dm–3 solution of sodium hydroxide

Each group will require about 200 cm3 of the sodium hydroxide solution to be able to carry out three titrations. Some 
groups may need to repeat their measurements so it would be a good idea to prepare 250 cm3 for each group, and 
to keep the remainder of the solution in storage until all the learners have completed their practical work and handed 
it in. Make up the standard solution of sodium hydroxide using the largest size of volumetric flask you have available, 
and store it in clean 2 litre bottles. 

Calculations N Volume (cm3) Mass (g)

Number of groups (N)

Amount of NaOH(aq) for each group 250

Volume of NaOH(aq)  
V = N × 250 cm3

Mass of NaOH required 
m = 0,1 × 40 × V
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Making a standard solution:

1. Measure the required mass of sodium hydroxide using the balance and the weighing boat.

2. Put the glass funnel into the neck of the volumetric flask.

3.  Add the mass of sodium hydroxide to the funnel, and wash the last few crystals from the weighing boat into the 
funnel.

4.  Gently wash the sodium hydroxide into the flask by spraying water onto it and letting the solution fall into the 
flask. Continue doing this until all the crystals of sodium hydroxide have been washed into the flask.

5. Swirl the contents of the flask to completely dissolve all the crystals of sodium hydroxide.

6.  Add distilled water to the flask, swirling to mix the contents, until the solution rises to about 1 cm below the 
mark on the neck of the flask.

7.  When sodium hydroxide dissolves in water the temperature of the solution rises significantly.  
Wait for about 15 minutes for the content of the flask to cool to room temperature.

8.  Use the propette to add the last few drops of water carefully until the bottom of the meniscus of the solution is 
in direct line with the mark when viewed at eye level. 

9. Insert the stopper in the neck of the volumetric flask.

Filling the storage bottles:

1. Rinse the storage bottle with distilled water, and throw the water down the sink.

2.  Rinse the storage bottle with about 100 cm3 of sodium hydroxide solution, and throw the rinsing solution down 
the sink. 

3. Fill the storage bottle with the sodium hydroxide solution.

4. Label the bottle: NaOH(aq): Sample 1 

5. Continue with the other bottles, labelling them Sample 2, 3, etc.

6.  When the learners work with the solutions, they must use NaOH(aq) from the same bottle each time in order to 
get an accurate result.

7. 2 litres of solution will be sufficient for 8–10 groups of learners.

Setting up the burettes:

1.  A burette holder usually has to clamps for burettes. It is therefore useful to set up the retort stands with two sets 
of apparatus at each so that two groups can work at one station. 

  To avoid confusion, give each group its entire set of apparatus so that no two groups need to share anything.

2. The retort stand must be secured in its base so that it stands rigidly (without wobbling).

3.  Test the burette clamps for rigidity. When both burettes are clamped into position, they should stand vertically 
(perpendicular to the table top).

  If you test each clamp before the practical session, you will be confident that very few learners will encounter 
any difficulties.

Safety measures

There is no need for learners to wear safety gloves during this practical. The concentrations of the oxalic acid and 
sodium hydroxide are low enough not to cause any burns to the skin (unless the skin has been wounded or cut prior to 
the practical). However, it is always useful to have a mild solution of sodium bicarbonate available in a plastic bucket so 
that learners can neutralise any acid spills, and then run tap water over their hands.

If a learner’s skin comes in contact with the sodium hydroxide solution, run tap water over the skin to remove it.

Learners should wear safety goggles to protect their eyes from the acid and the base.



142   Grade 12 Physical Sciences

Physical Sciences Grade 12: Practical Assessment: Titration

How can the concentration of sodium hydroxide be determined by titrating oxalic acid against sodium 
hydroxide?

Background

A titration is an experimental procedure which is used to determine the concentration of an unknown solution of acid 
or base by reacting it with an equivalent amount of base or acid of known concentration. 

If we are using oxalic acid to find the concentration of sodium hydroxide, then we must use a standard solution of 
oxalic acid. A standard solution has a known concentration at a particular temperature.

The titration therefore has two parts:

 1. Preparation of a standard solution of oxalic acid

 2.  The titration of the standard solution of oxalic acid against the solution of sodium hydroxide (with 
unknown concentration)

Preparation of a standard solution of oxalic acid

A volumetric flask is a glass flask which is used to prepare standard solutions. It has a mark on its neck which measures 
the exact volume e.g. 250 cm3. The meniscus of the solution should be exactly in line with the mark when it is viewed 
directly at eye level. 

Because the volume of glass is sensitive to temperature, the solution should be kept at the temperature stated on 
the flask (usually 20 °C). To ensure that the contents of the flask are not heated by your hand, the flask should be held 
gently and firmly by its neck. 

Apparatus

 250 cm3 volumetric flask

 Mass meter (or triple beam balance)

 Weighing boat

 Glass funnel

 Spatula

 Plastic propette

 300 cm3 distilled water in a plastic squeeze bottle with a thin delivery tube

 Oxalic acid dehydrate ((COOH)2.2H2O)

 200 cm3 sodium hydroxide (of unknown concentration) in a labelled beaker

Method

1.  Calculate the mass of oxalic acid required to prepare 250 cm3 of a standard solution of 0,1 mol.dm3 oxalic acid, 
using the formula:

  Concentration = Mass
Molar mass × Volume 

2. Measure the required mass of oxalic acid using the balance and the weighing boat.

3. Put the glass funnel into the neck of the volumetric flask.

4.  Add the mass of oxalic acid to the funnel, and wash the last few crystals from the weighing boat into the funnel.

5.  Gently wash the oxalic acid into the flask by spraying water onto it and letting the solution fall into the flask. 
Continue doing this until all the crystals of oxalic acid have been washed into the flask.

6. Swirl the contents of the flask to completely dissolve all the crystals of oxalic acid.

7.  Add distilled water to the flask, swirling to mix the contents, until the solution rises to about 1 cm below the 
mark on the neck of the flask.

8.  Use the propette to add the last few drops of water carefully until the bottom of the meniscus of the solution is 
in direct line with the mark when viewed at eye level. 

9. Insert the stopper.
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Titration of a standard solution of oxalic acid against sodium hydroxide

Apparatus

 Burette in a burette stand

 Distilled water in a squeezy wash bottle

 Conical flask

 Funnel (to fit burette)

 50 cm3 (ml) pipette

Chemicals

 Standard solution of oxalic acid

 Solution of sodium hydroxide

 Phenolphthalein indicator solution

Method

Setting up the burette which contains the acid

1. Remove the burette from its stand, and half-fill it with distilled water.

2. Tip it from top to bottom to rinse the burette with the distilled water.

3. Drain the distilled water, and add about 20 cm3 of oxalic acid to the burette.

4. Repeat the rinsing process using oxalic acid, then drain the acid.

5. Set the burette into its stand. Make sure that it stands vertically, and that its tap is closed.

6. Place a beaker under the burette.

7.  Place the funnel into the top of the burette, and add oxalic acid until the meniscus is about 3 cm above the zero 
mark of the burette.

8.  Open the tap of the burette while placing your finger in the tip (to block the flow of the solution). The solution 
will fill the space below the tap. There should be no air bubbles in this space. If there are air bubbles, release 
your finger from the tip and allow the acid to flow for a moment. The sudden flow will wash air bubbles out of 
this section of the burette.

9.  Check the burette tube for air bubbles. Tap the glass gently to remove air bubbles and let them rise through the 
solution. Top up the burette until the meniscus of the solution is about 2–3 cm above the zero mark.

10.  Open the burette tap to let solution run out until the bottom of the meniscus is exactly on the zero mark at eye 
level.

Setting up the conical flask with sodium hydroxide

11. Measure 50 cm3 of sodium hydroxide into the conical flask.

12. Add 2–3 drops of phenolphthalein to the conical flask.

13. Set the conical flask below the burette.

Performing the titration of acid against base

14.  Run a few cm3 into the conical flask while swirling the contents of the flask continuously.

  Proceed as described in Steps 15–16 until the contents of the flask show a change in colour when acid is added.

15.  Close the tap. Wash the last drop of acid from the tip of the burette into the conical flask, and swirl the contents 
of the flask.

16.  To determine the end point, add the acid at just a few drops each time, and swirl vigorously during and after 
each addition. Try to determine the position when the colour of the contents changes completely when one 
drop is added.

17. Record the volume of oxalic acid added.

18. Repeat the titration two more times to determine the volume more precisely.
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Analysis of results

1.  Calculate the exact concentration of the oxalic acid solution by using the exact mass of oxalic acid, 
and mark the volumetric flask with this concentration. (2)

2.  Draw up a table of the volume of oxalic acid required to neutralise 50 cm3 sodium hydroxide. (5)

3.  Determine the average of the best two results for the volume of acid added. (3)

4.  Write a balanced chemical equation for the reaction. (3)

5.  Determine the concentration of the sodium hydroxide solution. (5)

Questions

1. Explain why phenolphthalein was chosen as the indicator for this titration. (2)

2. Explain why the last drop of acid is washed into the flask using distilled water. (3)

3.  Explain why the addition of distilled water to the flask does not change the outcome of this experiment. (2)

4. Give two precautions which must be taken when preparing the standard solution of oxalic acid. (2)

5. Give two precautions that must be taken when filling the burette with oxalic acid. (2)

Application

A standard solution of 0,2 mol.dm3 sodium carbonate is titrated against dilute sulfuric acid. 

32 cm3 of sodium carbonate completely neutralised 25 cm3 of sulfuric acid. 

Determine the concentration of the sulfuric acid. (8)

 TOTAL MARKS: 40
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Physical Sciences Grade 12: Practical Assessment: Titration Memorandum

How can the concentration of sodium hydroxide be determined by titrating oxalic acid against sodium 
hydroxide?

Analysis of results

1.  Calculation of mass of oxalic acid (COOH)2.2H2O required to make 250 cm3 of 0,2 mol.dm–3 oxalic acid:

 Mass = Concentration × Molar mass × Volume  (method)

    = (0,2)(2(12 + 32 + 2) + 2(2 + 16))  (0,250)   (conversion; correct molar mass)

    = 6,4 g       (accuracy) (4)

 Actual concentration of oxalic acid solution

 Actual mass of oxalic acid:

 Concentration = Mass
Molar mass × Volume 

    = Mass
(128)(0,25) 

     (using the mass of oxalic acid)

    = ………. mol.dm–3   (accuracy) (2)

2. Table of volume of oxalic acid added to 50 cm3 of sodium hydroxide.

Volume of oxalic acid added  (cm3) 

TRIAL 1 TRIAL 2 TRIAL 3 

(5)

3. Average of the two best results:

  Choose the most precise results (the two results which are closest to each other)

  Average = 1
2 
(sum of the two results)

  Accuracy + SI units (3)

4. (COOH)2(aq) + 2NaOH  → 2COONa + 2H2O  (  balancing) (3)

5. nacid : nbase = 1 : 2     (method)

 nacid = (cacid) (Vacid)     (method)

   = (actual concentration of acid) (average volume from Q. 2)

   = ……….  moles    (accuracy)

 nbase = 2 × nacid = ……….    (method)

 cbase = n
V 

   = (…………)
0,050

   = ………. mol.dm–3    (accuracy) (5)
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Questions

1.  Oxalic acid is a weak acid; sodium hydroxide is a strong base.   
The end point lies in the range of a weak base, therefore since phenolphthalein changes colour  
in this range it is the most suitable indicator.  (2)

2.  Every drop of acid contains some oxalic acid,  and we are trying to measure the exact number of  
moles of acid that will react with the fixed amount of sodium hydroxide in the conical flask.  (2)

3.  The flask contains a fixed number of moles of sodium hydroxide which we added when we put 50 cm3  
of sodium hydroxide in the flask.  Adding distilled water doesn’t add any other type of substance  
to the flask  so it has no effect on the reaction. (2)

4. Any TWO of the following:
• Hold the volumetric flask by its neck – to keep it at constant temperature.
• Wash every crystal of oxalic acid into the flask.
• Use the propette to add the last few drops of water to the flask so that the bottom of the meniscus  

of the solution is exactly in line with the mark on the neck of the flask.
• Measure the volume at the bottom of the meniscus of the solution.  (2)

5. Any TWO of the following:
• Rinse the burette with distilled water first.
• Rinse the burette with the oxalic acid solution first.
• Remove air bubbles from the burette tube.
• Remove the air bubbles from the space below the burette tap.
• Fill the burette with the bottom of the meniscus of the solution at the zero mark.  (2)

Application

Balanced equation

H2SO4(aq) + 2NaHCO3(aq)  → Na2SO4(aq) + CO2(g) + H2O(ℓ)  (  balancing)

Mole ratio: nacid : nbase = 1 : 2 

  nbase = cV

    = (0,2)(0,32) 

    = 0,064 moles

  nacid = 1
2 
 × 0,064

    = 0,032  moles

  cacid = n
V 

    = 0,032
0,025

 

    = 1,28 mol.dm–3  (8)

TOTAL MARKS: 40
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21.  Exemplar item analysis sheets for the tests and practical investigations
SU

G
G

E
ST

E
D

 IT
E

M
 A

N
A

LY
SI

S 
R

E
C

O
R

D
 S

H
E

E
T 

FO
R

 F
O

R
M

A
L 

A
SS

E
SS

M
E

N
T

Te
rm

 1
In

ve
st

ig
at

io
n

P
ro

ce
ss

 s
ki

lls
M

ar
k 

P
ra

ct
ic

al
 

20

P
hy

si
cs

 t
es

t
C

he
m

is
tr

y 
te

st
M

ar
k 

Te
st

 
10

0
Le

ar
ne

rs
’ n

am
es

A
B

C
D

TO
TA

L
Q

. 1
Q

. 2
Q

. 3
Q

. 4
TO

TA
L

Q
. 1

Q
. 2

Q
. 3

TO
TA

L
N

am
e

Su
rn

am
e

16
27

4
5

50
8

12
13

17
50

10
36

4
50



148   Grade 12 Physical Sciences

SU
G

G
E

ST
E

D
 IT

E
M

 A
N

A
LY

SI
S 

R
E

C
O

R
D

 S
H

E
E

T 
FO

R
 F

O
R

M
A

L 
A

SS
E

SS
M

E
N

T

Te
rm

 2
In

ve
st

ig
at

io
n

P
ro

ce
ss

 s
ki

lls

Mark Prac 
20

P
hy

si
cs

 t
es

t
C

he
m

is
tr

y 
te

st

Mark Test 
100

Le
ar

ne
r 

su
rn

am
e 

Le
ar

ne
r 

na
m

e 
A

B
C

TO
T

Q
. 1

Q
. 2

Q
. 3

Q
. 4

TO
T

Q
. 1

Q
. 2

Q
. 3

TO
T

16
27

4
45

8
12

13
17

50
10

36
4

50



Teacher Toolkit: CAPS Planner Terms 1 & 2   149

21. Templates for tracking, reflecting on and reporting curriculum coverage

21.1 Conventional schools1

NAME OF TEACHER: _____________________________________________________  SUBJECT/GRADE: ________

Week no. in planner ________________ 

Week no. in term when work planned for week started ________________ 

Refer to the planner2 for details of the week’s work (or the ATP for subjects without planners)

Class (or subject for FP)

On track by end of week? (Yes/no)

How many learners are working 
confidently?3 (Rough estimate)

How many learners in this class?

DAY4

BRIEF NOTES ON THE DAY’S WORK: Consider such things as:
What concepts/skills did the learners struggle with or manage well in this lesson?  

What could be the reasons for this? Did the class complete the work you had planned?  
Do you need to change your plans for the next lesson? What changes will you make?

1

2

3

4

5

Reflection on the week: Think about and make a note of:

What concepts and skills for the week did learners 
struggle with? What could you do differently next time 

to better support or extend learning?  
What good practice could you share?

Did you cover the curriculum for the week? If not,  
what were some of the challenges? What can you do to 

catch up? What help do you need? How will your progress 
this week affect your plan for next week? 

DH: Date:

1 Please amend this draft template to suit the needs of your school.
2  You can use any planning document (such as the CAPS planner, the ATP or printed lesson plans) as the basis for your tracking.
3 Estimate of learners in that grade that are working confidently at Level 4 (adequate achievement) or above.
4 This can also be lessons if there are more than five lessons a week.
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21.2 Multigrade schools1

NAME OF TEACHER

Week no. in planner ________________ 

Week no. in term when work planned for week started ________________ 

Refer to the planner2 for details of the week’s work (or the ATP for subjects without planners)

Subjects

GRADE On track this week? 3 
Est. learners > Level 4 4 
# learners in grade

GRADE On track this week? 
Est. learners > Level 4 
# learners in grade

GRADE On track this week? 
Est. learners > Level 4 
# learners in grade

DAY

BRIEF NOTES ON THE DAY’S WORK: Consider such things as:
What concepts/skills did the learners struggle with or manage well in this lesson?  

What could be the reasons for this? Did the class complete the work you had planned?  
Do you need to change your plans for the next lesson? What changes will you make?

1

2

3

4

5

Reflection on the week: Think about and make a note of:

SUBJECT

What concepts/skills did the learners struggle with  
or manage well in this lesson? What could be the reasons  

for this? Did the class complete the work you had planned? Do 
you need to change your plans for the next lesson?  

What changes will you make?  
What good practice could you share? 

Did you cover the curriculum for the 
week? If not, what were some of the 
challenges? What can you do to catch 
up? What help do you need? How will 

your progress this week affect your 
plan for next week? 

Principal: Date:

1 Please amend this draft template to suit the needs of your school.
2  You can use any planning document (such as the CAPS planner, the ATP or printed lesson plans) as the basis for your tracking.
3 Yes/no?
4 Estimate of learners in that grade that are working confidently at Level 4 (adequate achievement) or above.
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