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HOW TO USE THIS DOCUMENT

This document gives depth to the Physical Science concepts as outlined in the NCS document. The overview of the Physics component of the Physical Sciences gives guidance on the structure of the Physics curriculum. It shows the flow from concepts to application. and the overview of the Chemistry component gives guidance on the structure of the Chemistry curriculum.

The first column of the core knowledge and concepts section is an extract from the National Curriculum Statement for FET General (Physical Sciences). The second column gives the depth to concepts in the first column. The third column also gives depth to the concepts but these concepts will be examined when the curriculum is fully implemented after 2010. The last column contains commentary, advise and links on how to teach the concepts. The tips in this column are very useful as they help give the teacher insight into how ‘to teach’ and sometimes how ‘not to teach’ the concepts , it also gives guidance on the misconceptions that are inherent in some of these topics.

The practicals are not prescribed in this document, this does not mean that they should not be done. Practicals are central to the teaching of concepts in this document. Educators should as much as possible incorporate practicals that help to explain the concepts. Everyday examples about things that learners experience in their surroundings are a best way of explaining the concepts. Teachers can also devise their own practicals.

Overview of the Physics Component of the Physical Sciences NCS

In science teaching it is advisable to use a spiral approach. In a spiral approach, concepts are first introduced in a simple way.  Later in the year, or in later years, the concepts are revisited and studied in greater depth.  This approach allows learners to gradually build up an understanding of the concepts over a period of time without getting bogged down by too much detail all at once.  It also takes into account that learners mature and develop cognitively over time.  This means that their ability to cope with greater complexity and cognitive demand also increase.

The Physical Sciences NCS has been designed so that educators can use a spiral approach.  In many cases, a concept is introduced in one grade and revisited in later grades.  When the concept is first introduced, learners get an opportunity to develop a feel for the concept without going into detail.  When the concept is revisited in a later grade, the educator can build on learners’ existing understanding, rather than having to introduce the concept from scratch.  For example, in Grade 10 learners are introduced to the concept of weight. All they need to learn in Grade 10 is that the Earth exerts a force on any object that tends to pull it towards the Earth. This force is called the object’s weight.  In Grade 11 learners study forces in detail, both contact and non-contact. They then learn that weight is a special kind of non-contact force.  They go on to learn that not only the Earth but all masses exert forces of attraction on each other.  They learn how to calculate the magnitude of this type of force using Newton’s Law of Universal Gravitation.

The paragraph above illustrates a principle called conceptual progression.  Conceptual progression is one of two important principles that underlie the design of the NCS.  The other principle is conceptual coherence.  In the past, it was easy to think that Physical Sciences consisted of many unrelated topics.  In the Physical Sciences NCS there are many links between topics within each grade (conceptual coherence) and going up from one grade to the next (conceptual progression).  It is important to stress these links.  When learners are shown the links they will appreciate that Physical Sciences provides a powerful way of understanding the world because it uses only a few basic concepts and principles.  These concepts and principles can be applied to a wide variety of contexts.  Instead of trying to memorise a great number of facts, learners should be helped to understand and apply fundamental concepts and principles.

In order to promote conceptual progression in the Physics part of the NCS, only three areas of Physics have been selected: Mechanics, Waves, Sound and Light, and Electricity and Magnetism.  There is also a strand that integrates Physics and Chemistry, called Matter and Materials.  In each of the three Physics strands, concepts are built up over the three years of the FET band.  It is thus important to teach the topics assigned to each Grade in the Grade in which they are indicated in the NCS.  It is possible, however, to change the order of the strands within each grade.

Big ideas

There are several “big ideas” that thread through all of physics, from school physics all the way up to doctorate level.  By identifying these ideas you will help learners to see the unity of physics.  One big idea is fields. A field is a region of space in which something experiences a force.  A mass experiences a force in a gravitational field; an electric charge experiences a force in an electric field; a moving electric charge and a magnet experience a force in magnetic field.  In Grade 10 learners are introduced to all three kinds of field, gravitational, electric and magnetic.  In Grade 11 learners study the effects of gravitational field in more detail when they learn about gravitational attraction as a non-contact force.  In Grade 11 they also learn more about electric fields, and learn to calculate another kind of non-contact force, the electrostatic force between charges.  In Grade 11 and 12 they learn about the relationship between electric and magnetic fields.

Another big idea is boundary conditions.  There are many instances when something travels from one medium into another medium.  The place where the two media meet is called the boundary.  Boundary conditions determine what happens when a boundary is reached.  Boundary conditions are very important in the study of any kind of waves, whether they be transverse or longitudinal, waves on a string or electromagnetic waves.  In general, whenever a wave reaches a boundary between two media, part of the wave will be reflected and part will be transmitted.  This behaviour of a wave is what makes it possible to form ultrasound images of a foetus inside its mother.  The speed of the wave will change when it passes from one medium to another.  That is why light bends, or refracts, when it meets a boundary between two media, such as air and glass. In Grade 10 learners study boundary conditions for a pulse on a spring, standing waves and light passing from one medium to another.  In Grade 11 they study the effects of boundary conditions when they learn about ultrasound and again when they study standing waves in different kinds of instruments. In Grade 12 they learn about the effects of boundary conditions on electromagnetic waves when they study signal tuning in electronics.

A third big idea is superposition.  Superposition is the addition of two or more effects at the same point.  In Grade 10 learners are first introduced to superposition when they study what happens when two pulses on a spring reach the same point at the same time.  Later they explore standing waves, which result when two waves of specific frequencies superpose.  In Grade 11 they learn about superposition of forces and of electric fields. In Matter and Materials they also learn about superposition of energy levels in solids.  

Mathematical tools

Physics makes use of various mathematical tools. One of the most widely used mathematical tools is algebra.  In the FET band, learners need to be able to solve an equation containing one unknown.  Wherever possible, they should first rearrange the equation to make the unknown the subject of the equation, and then substitute the given numerical values into the equation. Another mathematical tool is trigonometry.  Learners need to know how to calculate the basic trigonometric functions of sine, cosine and tangent for any angle, and how to find the angle given its sine, cosine or tangent.  They also need to know how to use Pythagoras’s Theorem.  The third mathematical tool needed is vectors.  Learners need to know had to add and subtract parallel vectors, how to calculate the components of a vector and to determine the resultant vector given its components.

Quantities used in physics calculations must be in SI units (Sytème Internationale d’Unités).  In many cases, the quantities in a problem are given in other units, e.g. nm or km, because the SI unit is too big or too small to be convenient.  In these situations, learners must convert all quantities to SI units before substituting them into equations.

Representations

Physics uses a number of different representations.  Some representations are used in many different contexts, such as graphs and equations.  Other representations are only used in a particular area.  In the NCS we use several specific representations.  Light rays, which are lines with arrows in them, are used to represent the path that light travels.  They are very useful for showing how the path changes when light reflects or refracts.  Electric and magnetic field lines are used to show the shape and direction of the electric and magnetic fields, respectively.  They also indicate where the field is larger or smaller according to whether they are more closely spaced or further apart.  Circuit diagrams are used to indicate the electrical connections in an electric circuit.  Circuit diagrams do not, however, represent the physical layout of a circuit.

Conceptual pathways and links 

Mechanics

In Grade 10 learners are introduced to several concepts that are fundamental to mechanics: position, displacement, velocity and acceleration.  It is very important to lay the foundation for future learning by making sure that learners have a correct understanding of each of these concepts.  The concept of reference point is needed right at the beginning because position must always be measured relative to something.  Frame of reference can then be defined as a reference point combined with a set of directions.  A frame of reference can be represented by a set of coordinate axes.  In that case, the reference point is the origin. Once the position of an object is defined relative to a reference point, the displacement of the object is defined as its change in position (final minus initial). Displacement has magnitude and direction and is therefore a vector. In order to stress the fact that displacement is the change in position, it is useful to represent position by x (or y) and displacement by x (or y).  Displacement depends only on initial and final position, not on the path travelled.  Distance is how far an object travels along a particular path.  It does not have a direction, so it is a scalar. 

Velocity is the rate of change of position, which is the same as the displacement (not change in displacement) divided by the time taken.  Velocity is also a vector. Speed is the magnitude of velocity, so it is a scalar.  In order to distinguish between an instant in time and the time taken or time interval, it is useful to represent an instant by t and time taken by t. Then velocity can be expressed as 
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Instantaneous velocity is the velocity of an object at one instant. Average velocity is the velocity an object would have if it covered a certain displacement in a certain time interval and travelled at the same speed the whole time.  

Acceleration is the rate of change of velocity. Mathematically, it can be expressed as:
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Acceleration is also a vector.  Acceleration does not provide any information about a motion, but only about how the motion changes.  It is not possible to tell how fast an object is moving or in which direction from the acceleration. 

After learning the definitions, learners need to learn how to draw graphs of position versus time, velocity versus time and acceleration versus time.  They also need to know how to translate from one kind of graph to another, how to explain the motion represented by a graph using words, and how to sketch any of the three kinds of graphs given a description of a motion in words.  Given a position versus time graph, the velocity versus time graph can be obtained by taking the gradient. If the graph is a curve then to find the velocity at one instant, draw a tangent to the curve at that point and take the gradient of the tangent line.  Given a velocity versus time graph the acceleration versus time graph can be obtained by taking the gradient.  The displacement can be obtained from a velocity versus time graph by calculating the area under the curve.

In Grade 10 learners also learn how to use the equations of motion (kinematics equations) to solve problems involving motion in one-dimension. They then apply these same equations (they should not derive new equations) to freefall, i.e. situations where the acceleration is the acceleration due to gravity, g. In Grade 12 learners revisit the equations of motion and freefall when they study projectile motion. They also revisit frames of reference when they study situations involving relative motion.  

In Grade 10 learners are introduced to gravitational potential energy, kinetic energy and conservation of energy. In Grade 12 they revisit these concepts when they learn about the work done by a force, which causes the kinetic energy of an object or system to change.  

In Grade 10 learners are introduced to weight, a special kind of force.  In Grade 11 they study different kinds of forces, both contact and non-contact.  They learn about the forces between any two masses, which can be calculated using Newton’s Law of Universal Gravitation.  They apply the concept of gravitational field, which they first met in Grade 10, to explain how objects can exert forces on each other without touching. They study Newton’s First, Second and Third Laws of Motion, which explain the relationship between force and motion.  In Grade 10, when learners study kinematics they only consider a motion and not what causes it.  In Grade 11 they learn that any change in motion is caused by a net (unbalanced) force.  Learners are introduced to momentum in one dimension, and learn that a net force causes an object’s momentum to change. The change in momentum is equal to the impulse delivered by the force, which is the product of the force applied and the time for which it is applied. In Grade 12 learners revisit momentum when they study situations involving momentum in two dimensions, including elastic and inelastic collisions. 

Waves, sound and light

In Grade 10 learners start this strand by studying the motion of a single pulse, before going on to learn about waves.  A pulse is a single disturbance that travels through a medium.  A wave is a periodic, continuous disturbance.  A pulse has pulse length and amplitude.  A wave has wavelength, amplitude, period and frequency.   In Grade 11 learners see how these different characteristics of a sound wave relate to the features of sounds we hear, such as pitch and loudness. 

When the particles of a medium move at right angles to a wave, the wave is called transverse; when the particles of the medium move parallel to a wave, the wave is called longitudinal.  For either type of wave, there is no net displacement of the particles (they return to their equilibrium position), but there is a net displacement of the wave.  There are thus two different motions: the motion of the particles of the medium and the motion of the wave.

The motion of a single pulse travelling along a string or spring provides an excellent opportunity for learners to apply and extend what they learn in mechanics about motion graphs to a new context. A drawing of a single, transverse pulse overlaid with a set of x-y axes is like taking a snapshot of the string at one instant.  Using this y vs x graph, learners can then draw graphs of y vs t and vy vs t for a single particle of the string and x vs t and vx vs t for a point of the pulse shape (e.g. the peak).  These graphs are easier to draw if an ideal pulse is drawn that is straight-sided, rather than curved. It is also useful to draw a pulse that is asymmetrical as it shows the difference between the shape of the y vs x and y vs t graphs. In Grade 11 learners draw motion graphs for particles of the medium and a point on the wave for longitudinal waves.  

Grade 10 is the first time learners encounter boundary conditions, one of the big ideas in the NCS.  They should be given opportunities to see that when a pulse reflects from a fixed end it inverts and from a free end it does not invert. These experiments can all be done using long springs that are not too stiff.  

In Grade 10 learners see that when a pulse encounters another medium, part of it is reflected and part of it is transmitted. The behaviour of waves at a boundary is revisited in Grade 11 when learners study ultrasound, which makes use of the fact that part of a wave is reflected and part is transmitted at every boundary between two media in order to form images inside the human body.  

Another effect of a change in medium on a wave is that the speed of the wave changes.  Learners can observe the change in pulse speed using springs.  They can then apply this same concept to the refraction, or bending, of light, which is caused when light waves change speed in going from one medium to another.  The degree of bending is indicated by the refractive index of a material, which is the ratio of the speed of light in vacuum to its speed in the material.  The angles of incidence and refraction when light travels from one medium to another can be calculated using Snell’s Law.  The bending of light when it changes medium has many useful applications in devices that use lenses, such as eyeglasses, microscopes and telescopes, which learners study in Grade 11.  South Africa has the largest optical telescope in the world, called SALT, which is in Sutherland in the Northern Cape.  

In Grade 12 learners learn that not only light but also matter can sometimes act like a wave.  In that case, it has a wavelength associated with it, called the de Broglie wavelength.  Learners find out that very sensitive microscopes use electrons rather than light to observe tiny objects.  Conversely, in Matter and Materials in Grade 12 they learn that light sometimes behaves like a particle when they study the photoelectric effect.  It is important to remember that the particle model and wave model of light are just models, each of which describes some aspects of the behaviour of light.  Light is not a wave or a particle—it is a form of energy.

In Grade 10 learners also study reflection of light.  When light reflects from a very smooth surface, such as a plane mirror, a clear image is formed.  This is called specular reflection. When light reflects off an uneven surface, such as a wall, the surface is illuminated but no image is formed.  This is called diffuse reflection.  Diffuse reflection enables us to see all objects that are not sources of light. We cannot see an object unless light from that object enters our eyes.  Light rays are lines with arrows drawn on them that are used to represent the path of light. Learners also study total internal reflection, which occurs when light strikes the boundary between a material with bigger refractive index and one with smaller refractive index.  Total internal reflection has many important applications, including fibre optic cables used for communication and endoscopes used to see inside the human body.

Learners are also introduced to another big idea in Grade 10, superposition.  They should have the chance to observe the superposition of pulses on the same side and on opposite sides of a spring.  They should then observe standing waves, which also involve superposition.  Learners then study the effect on the frequency of standing waves of different boundary conditions, which cause there to be either a node or an antinode at the boundary.  They revisit standing waves in Grade 11 when they learn about the physics of music, and how different instruments produce different kinds of waves and therefore different sounds.  They revisit superposition when they study interference in Grade 12.

In Grade 12 learners can link their knowledge of reference frames to waves when they learn about the Doppler effect, which is a shift in wave frequency that occurs when either the wave source or receiver is moving. The Doppler effect has important applications, such as being able to tell the heart rate of a foetus in the womb, and to work out how far away distant stars are by measuring how much their emission spectra are shifted relative to stars that are close by. The latter application links to emission spectra in Grade 12 Matter and Materials.

In Grade 12 learners also study colour, which has many important applications in painting, printing, photography and television.  They learn about the relationship between colour and wavelength and frequency, which links to the section on the electromagnetic spectrum in Grade 12 Electricity and Magnetism. They study additive primary colours (red, green and blue), which are relevant to how the eye and a television work, and subtractive primary colours, magenta, yellow and cyan, which are relevant to pigments, paints and printing.

Electricity and Magnetism

In Grade 10 learners study permanent magnets and are introduced to a third type of field, a magnetic field.  They learn that it is not possible to isolate one magnetic pole—magnetic poles always come in pairs, called north and south.  As for electric charges, like magnetic poles repel and opposite magnetic poles attract.  The magnetic field can also be represented by field lines, which point from the North Pole to the south pole of a magnet.  The magnet field of a permanent magnet can be explained in terms of domains.  All objects have moving electrons with associated magnetic fields.  In most materials these fields point randomly in all directions and so cancel out.  In some materials, called ferromagnetic, there are regions called domains where the magnetic fields due to a number of electrons line up.  In permanent magnets, many of the domains line up, creating a net magnetic field. In Grade 11 learners learn about various interactions between charges and magnetic fields.  They learn that every electric current has an associated magnetic field. A changing magnetic field induces an emf in a circuit, which can be calculated using Faraday’s Law. A charge that moves in a magnetic field experiences a force due to the field.  These phenomena have important applications in everyday life, such as transformers and televisions. In Grade 12 the relationship between induced emf and changing magnetic field is used to explain how motors and generators work.  

In all situations involving magnetic fields and moving charges, only the Right hand Rule is used to find directions.  This is done to reduce confusion amongst learners who may struggle trying to remember which hand and which fingers to use if there is more than one rule.  It is also good preparation for learners who will study Physics after they leave school, since the same method is used to find vector cross products.  

In Grade 10 learners are introduced to electric charges. They learn that there are two types of electric charge, which are called positive and negative because when they are brought together they cancel out, resulting in an object that is neutral.  Neutral objects still contain positive and negative charges, but in equal numbers, while charged objects have extra charges. Learners again encounter the concept of field when they learn that an electric field is a region of space in which a charge experiences a force. Unlike a mass in a gravitational field that always experiences a force of attraction, a charge in an electric field can experience an attractive or a repulsive force. Simple experiments can be 

performed to show that like charges repel and opposite charges attract.  A charged object can also attract an uncharged object when the molecules in the uncharged object are polarised (have one side more positive and one side more negative); although the object as a whole remains neutral, the molecules may rotate so that one side of the object becomes more positive and the other side more negative.

In Grade 10 qualitative experiments can be done to show that the magnitude of the force between charges increases as the size of the charges increases or the distance between them decreases. In Grade 11 learners learn how to calculate the magnitude of the force between charges when they study Coulomb’s Law.  The equation representing Coulomb’s Law has the same form as the equation representing Newton’s Law of Universal Gravitation, which learners encounter in Grade 11 Mechanics.  Both equations represent the forces exerted by two objects on one another that interact by means of a field.  In both cases the forces are proportional to the product of a property of the two objects (mass or charge) and inversely proportional to the square of the distance between them.  In both cases, the forces due to a number of objects can be superposed. In Grade 11 learners also learn how to calculate the electric field due to a charge, and how to superpose the electric fields due to a number of charges in order to find the resultant electric field at a given point.  They represent the electric field at various points by drawing electric field lines that indicate the direction in which a positive test charge would move if it were placed at each of those points.  Larger electric fields are represented by field lines that are closer together.  Learners then calculate the electrical potential energy due to a number of charges. As with gravitational potential energy for a mass, the electrical potential energy of a charge is the energy it has because of its position relative to objects it interacts with.  Electric potential is then defined as the electrical potential energy per unit charge.  

In Grade 10 learners get a qualitative introduction to electric circuits.  They learn that there must be a closed circuit for charges to flow, and that the rate of flow of charge is called the current.  Which circuit elements are placed in the circuit and in which arrangement determines the resistance of the circuit, which can be thought of as the obstacle to the flow of charge. In order for charges to flow in a circuit there must be a difference in electrical potential energy across the circuit.  A battery is a device that provides potential difference, which is the difference in electrical potential energy per unit charge, also called voltage. The voltage across the battery when it is not in a circuit is called its emf.  (Note that in the past the word “battery” was used to mean a combination of cells; nowadays the word “battery” is used in physics, regardless of how many cells there are and “cell” is seldom used.) Learners learn that the voltage across a circuit element is proportional to its resistance, and the current through it is inversely proportional to its resistance, but they do not do detailed calculations. They learn that, in general, the current that flows through a battery depends on how many resistors there are in a circuit and how they are arranged.  More resistors in series create a greater obstacle to flow so there is less current; more resistors in parallel create more pathways for the flow of charge so there is more current.  Learner also learn how to measure the voltage across a circuit element and the current through it using a voltmeter and an ammeter, respectively.  In Grade 11 learners study Ohm’s Law, and use it to solve problems involving the resistance, voltage and current of circuits of different configurations.  They learn how to calculate the equivalent resistance for parallel and series circuits.  They also learn about series-parallel circuits, which are neither purely series nor purely parallel.  They study the Wheatstone Bridge as an important example of another type of circuit, namely a bridge circuit.  

In Grade 12 learners study alternating current (AC).  AC is the form in which electrical energy is generated and supplied by the national grid.  It allows power stations to generate very electric power at large voltages, which can be transmitted at low current along the power lines without losing too much energy as heat.  Transformers in substations step down the voltage so that buildings such as homes, offices, schools and factories are supplied with a lower voltage that is not so dangerous.  In Grade 11 learners are introduced to capacitors as devices for storing charge.  In Grade 12 learners see how capacitors can have a variety of uses in AC circuits, such as for filtering out certain frequencies.  They are also introduced to inductors, which can be used to regulate the current in an AC circuit.  When circuits contain resistors (R), capacitors (C) and inductors (L), instead of resistance learners must calculate the impedance of a circuit.  By changing the impedance of an LRC circuit, it can be used as a tuning circuit, such as in a radio.

In Grade 12 learners learn about diodes, including light-emitting diodes (LEDs), which are widely used in daily life, e.g. in digital clocks and remotes for television sets, cars and gate motors.  This builds on what they learnt in Grade 11 Matter and Materials when they learnt about electronic properties of matter.  

In Grade 12 learners study electromagnetic (EM) radiation. EM radiation consists of electric and magnetic fields that oscillate at right angles to one another.  In some cases, the behaviour of EM radiation can best be described using a wave model, in which case it has a wavelength and frequency.  In other cases, its behaviour is best described by thinking of it as a collection of particles, called photons, which have a discrete amount of energy. It is important to understand that EM radiation is a form of energy, and that wave and particle models provide different tools for describing various aspects of its behaviour.  In Grade 12 Matter and Materials learners study the photoelectric effect, where the particle model is appropriate for describing the behaviour of EM radiation.   In Grade 10, 11 and 12 Waves, Sound and Light, learners have studied light, which is one form of electromagnetic radiation, corresponding to a narrow range of frequencies.  In Grade 12 they learn that there are other forms of EM radiation, with higher and lower frequencies than light, such as microwaves and X-rays. They study various applications of different parts of the electromagnetic spectrum.

Overview of the Chemistry component of the Physical Sciences NCS

The chemistry content in the new NCS appears in three KAs (Knowledge Areas): Chemical change, Chemical systems, and Matter and Materials. The last of these is described as an integrated KA, but nevertheless it needs to be taken into account in the commentary.

Chemistry has often been called the “central science” because in several ways it lies between physics (on the one hand) and biology and geology (on the other hand). This centrality is increasingly evident today, as chemistry has thoroughly permeated the life sciences and the medical sciences. Today, chemistry news magazines are dominated by chemical developments in areas traditionally regarded as separate, for example, biology.

The reason that chemistry has “invaded” these other sciences (or has been adopted by them) is that molecular level knowledge is now so deep and so wide. This has meant that areas of science previously considered too complicated to study at the molecular level, are no longer so-regarded. Human biology, medical diagnosis and treatment, agriculture, global climate change, and new materials for demanding applications in IT, aerospace, low-cost housing, are all benefiting from this powerful new knowledge. Even molecular gastronomy is flourishing (especially in France). Truly, molecular design has come of age.

In view of this “molecular power”, it is perhaps unsurprising to discover that almost every object we touch today is, or contains, a product of chemical industry. South Africa has a relatively strong chemical industry in relation to the size of its manufacturing sector. This is very largely based upon South Africa’s own natural resources, which are substantial. South African scientists and engineers have a lot to their credit. We need to attract learners to the field for careers in maintaining, controlling, developing and leading the industry. Understanding its crucial role is a first step to achieving this.

Several things follow from this assessment of chemistry today. Chemistry is a critically important science for the future of the country. However we need to recognize that its character today is very different from what it was, when most of us learned chemistry. Things regarded as important even 25 years ago, may not be any more. They may still be true, but there are more important things now. Similarly some of the language and terminology of the past is rarely used any more. Often it was linked with outmoded models and theories, and to maintain it today only confuses. 

A number of respected science educators have drawn attention to the difficulty for beginners in managing, all at the same time, the macro-level, the micro-level, and the symbolic-level descriptions of chemical phenomena. It is indeed inherently difficult to think and comprehend in three ways, all more or less at the same time. Many chemistry teachers compound the problem by confusing dialogue and by avoiding the issue. The fact is that the “molecular power” referred to above demands the ability to handle this problem. Learners today really need to be inducted into this new arena; it cannot be ignored. Hence a continuing attention to this throughout the FET phase is a core requirement.

The content of the chemistry part of the NCS is a sound attempt to reflect all the above. The statements are on the whole not very detailed. This provides “space” for educators to make choices, especially for example in relation to their own knowledge and the circumstances (physical, environmental) in which they teach. National policy expects that educators will design their own curricula; for this to be realized they must have some space. The chemistry statements therefore provide guidelines or a framework.

All aspects of atomic and molecular structure are introduced in Matter and Materials. Also to be found in this KA, are all aspects of the relation between atomic and molecular characteristics and the “static” properties of substances and materials. By static is meant properties other than chemical reaction. This suits the situation that this KA is an integrated one of physics and chemistry emphases. Physics has no interest in chemical reaction. Chemists and physicists work together on materials science and technology. In this KA we therefore find the basics of the structure of the atom and chemical bonding. At grade 10 level these matters are related with rather simple bulk properties – mostly rather traditional. At grade 11 level they are related to electronic properties in the solid state. This is new ground at school level, but so clearly needed today. At grade 12 level they are related to structure and function in organic molecules and especially to macromolecules. Again, this is new ground at school level, but so right for our times.

The KA Chemical Change deals of course with exactly that. In particular its emphasis is on the basic ideas associated with this part of chemistry. In grade 10 the crucial distinction between physical and chemical change is a principal feature. The molecular understanding of this distinction and the use of balanced chemical equations, provide an opportunity to develop the ability to work with the three levels of description. It is implied that the treatment at grade 10 is mostly qualitative, but at grade 11 level it becomes clearly more quantitative. This is traditionally seen as difficult and of course it is right there that the macro-, micro- and symbolic are fused into one big problem-solving nightmare. It may be argued that giving consistent attention to this trio of descriptions right from the start of grade 10, should help. The more practice one gets the easier it becomes! And more practice is again available in the “Energy and chemical change” and “Types of reaction” components at grade 11. The KA concludes in grade 12 with major time being devoted to rate and equilibrium and to electrochemical reactions. These allow for some quantitative follow-up on the acid/base equilibrium ideas, the rates (activation energy) ideas and redox ideas that will have been introduced qualitatively in grade 11. Tracing the evolution of different chemical change concepts through grades 10-12, the progression is consistently from qualitative to quantitative aspects. 

Chemical systems is a new invention. Its title and content lend themselves to exploring some of the broad landscape now occupied by chemistry. It aims to take chemistry out of the test tube and the school classroom and to provide a chance to taste a bit of the real action. The test tube was simple; the environment is not. But that is what we live with and what we really need to learn about. It is a chemical system. This KA works with the other two, already discussed, providing for rich exemplification and application, either before or after theoretical ideas have been introduced. In other words, as the NCS document states, the educator can choose the sequence as well as the details of the content. Some educators have been conditioned to believe that first you do the theory and then the applications. That sequence is however negotiable in the way this KA is constructed. In grade 10, and subsequently in grade 11, a truly global perspective is adopted. In grade 10, the great global cycles, driven by the sun, and the immense hydrosphere, are a wonderfully vital and open canvas for today’s learners to study. The atmosphere (and its problems) and the lithosphere (and its exploitation), continue in the same style, providing opportunities for 

applying (and reinforcing) basic chemical knowledge at all three levels. A meaningful understanding of our environment and what we do to it, leads naturally to an understanding of what we should not be doing to it. The media give much attention to ‘the environment”, and much is unscientific and emotive. Today’s learners need to be scientifically informed about these popular words and phrases – global warming, greenhouse gases, etc. Educators in the physical sciences carry a great responsibility to achieve this. In grade 12 the global perspective is extended to chemical industry. Following naturally from a basic knowledge of the nature of the environment and the resources it offers, we can try to comprehend the nature and impact of the all-pervasive chemical industry. No other science has an industry to call its own, and it is a remarkable human achievement. The human population of our time would be decimated, and society as we know it would be crippled and destroyed without this industry providing in different ways for our food, our clothing, our housing and our transport. There is a wide-open opportunity here to apply and reinforce all the basic ideas that may previously have been covered, or else to proceed on a need to know basis, developing new concepts as required. A grade 12 educator may choose to leave this KA till last, or put it first and let the necessary concepts of rate and equilibrium and electrochemistry and macromolecules be confronted when they must.

The chemistry component of the NCS offers a chance to overcome the traditional 25 or more years gap between school chemistry and chemistry. The question is raised “how far must teachers go in teaching topics in the new curriculum?” A rather strange question in the OBE context, I think. Whatever the answers might be, the aim should be to allow learners to see and comprehend where we are and where we are going in three ways: macro-, micro- and symbolic.

	Core knowledge and concepts (Learning Outcome 2 - Grade 10)

	The learner is able to state, explain, interpret and evaluate scientific and technological knowledge and can apply it in everyday contexts.

Constructing and Applying Scientific Knowledge
Note: The core concepts to be learned are included under the underlined theme and form a coherent whole.

	Core knowledge and concepts as in the NCS for the Physical Sciences
	Core knowledge and concepts proposed for 2008 - 2010
	Core knowledge and concepts proposed for the full implementation of the NCS. To be updated before implementation.
	Comments, motivation and links

	MECHANICS 12,5%             

	Motion in one dimension:
	Learners must be able to: 
	Learners must be able to: 
	

	• Position, displacement, distance;
	· Define position relative to a reference point; position can be positive or negative.

· Define displacement as a change in position.  It has both magnitude and direction and is therefore a vector.

· Distinguish between displacement (change in position with respect to a reference point) and distance

· Convert between different units of distance and displacement, e.g. m, km, cm. 
	
	The concepts of position and reference point have been largely ignored or glossed over in the previous SA syllabus.  They are crucial in forming the foundation of all kinematics.

Use the symbol x (or y) for position and x (or y) for displacement to emphasise that displacement is a change in position.  Use d for distance.

Displacement is independent of path taken, while distance depends on the path. Displacement can be positive or negative; distance is always positive.  An object that moves away from its starting point and then comes back to the same point has zero displacement but travels a non-zero distance. Displacement is a vector; distance is a scalar.

	• Speed, average velocity, instantaneous velocity;
	· Define instantaneous velocity as the rate of change of position. Velocity has magnitude and direction so it is a vector.
· Explain what positive and negative values of velocity mean.
· Define average velocity as the displacement for the whole motion divided by the time taken for the whole motion.

· Define speed as the magnitude of velocity. Speed is a scalar.

· Distinguish between speed and velocity

· Distinguish between average and instantaneous speed and velocity.

· Calculate average speed and velocity and express answer in suitable units.

· Convert between different units of speed and velocity, e.g. m(s-1, km(h-1.
	
	Mathematically velocity is defined as 
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Use t to represent an instant and t to represent a time interval.  Learners have trouble differentiating between a quantity and the change in a quantity, so the distinction must be made from the beginning. 

Note that the symbol separating compound units is a multiplication dot, not a full stop.

	• Acceleration;
	· Define acceleration as the rate of change of velocity. Acceleration is a vector.

· Explain what positive and negative values of acceleration mean.

· Understand that acceleration provides no information about the direction of motion; it only indicates how the motion (velocity) changes.

· Give an example of constant acceleration 
	
	Mathematically acceleration is defined as 
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	• Description of motion in words, diagrams, graphs and equations;
	· Use positive and negative signs to denote direction of displacement, velocity and acceleration.

· Describe in words and distinguish between motion at constant velocity (uniform) and constantly accelerated motion.

· Describe the motion of an object given a position vs time, velocity vs time or acceleration vs time graph 

· Given a description of a motion in words, sketch graphs of position vs time, velocity vs time and acceleration vs time

· Given one of three motion graphs, i.e. x vs t, v vs t, or a vs t, sketch the other two graphs.

· Determine the velocity of an object from the gradient of the position vs time graph. 

· Determine the acceleration of an object from the gradient of the velocity vs time graph.

· Determine the displacement of an object by finding the area under a velocity vs time graph.

· Use the kinematics equations to solve problems involving motion in one dimension.   

Demonstrate an understanding of motion of a vehicle and safety issues, such as the relationship between speed and stopping distance
	
	The emphasis should be on concept formation and testing understanding and not on esoteric applications that force teachers to spend weeks drilling and practicing answers to application questions.

A description of the motion represented by a graph should include, where possible, an indication of whether the object is moving in the positive or negative direction, speeding up, slowing down, moving at a constant speed (uniform motion) or remaining at rest. The three graphs are very different representations of a motion.

Learners need to reason both from graphs to words and from words to graphs.

For example reference to using area under a velocity time curve need not be difficult and examples can be made concrete if calculating displacement is confined to adding up squares (the area of a square represents displacement; a car traveling at 20 m s-1 for 3 s travels 60 m. – the addition of three squares of dimensions 20 m(s-1 by 1 s).

Reduce the number of symbols used.  It is easiest to use vi for initial velocity, vf for final velocity, x for displacement and t for time taken. 

Symbols v and u are also used to show final and initial velocity respectively

Problem-solving strategies should be taught explicitly.  Problem solutions should include a sketch of the physical situation, including an arrow to indicate which direction is chosen as positive. Physical understanding should be stressed above mathematical manipulations.

	• Frames of reference.
	· Describe the concept of a frame of reference by, for example, describing the different view a person in a moving train and a person alongside the railway track has of the same ball being thrown vertically upward and then caught by person in the train 

· Explain that a frame of reference has a zero point, or origin, and a set of directions, e.g. right and left, or up and down. It can be represented using a set of coordinate axes.
	
	Frames of reference will be covered in more detail in grade 12.  Do not do relative motion problems in Grade 10.  Just introduce the concept and motivate for why it is important.

	Gravity and mechanical energy:
	
	
	

	• Weight (force exerted by the earth on an object);
	Describe weight as the gravitational force the Earth exerts on any object. 

Calculate weight using the expression mg, where g is the acceleration due to gravity.  Near the earth the value is approximately 9,8 m(s-2.

Calculate the weight of an object on other planets with different values of gravitational acceleration.

Distinguish between mass and weight.


	
	This is just an introduction to weight.  Wait until Grade 11 to introduce Newton’s Law of Universal Gravitation.

Stress that weight is a force and mass is a measure of how many molecules there are in an object.  Weight is measured in newtons, mass in kilograms. The weight of an object is different on different planets, but the mass is the same.

	• Acceleration due to gravity (acceleration resulting from the force exerted by the earth);
	· Define gravitational field as a region of space in which a mass experiences a gravitational force.

· Define free fall, i.e. motion (up or down) in the earth’s gravitational field when no other forces act

· Use a diagram of a multi-exposure photograph (supplied or self generated) of a falling object to explain that an object in free fall accelerates (e.g. the distance per time interval increases at a constant rate)

· Give the approximate value of the acceleration due to gravity (g =9,8 m(s-2) ignoring air friction 

· Use the equations of motion to solve 1-D kinematics problems for objects in freefall
	
	Introduce the concept of field as a region of space in which an object experiences a force.  In the case of a gravitational field, the force is a gravitational force.  Later in the year, make a link with electric field (where an electric charge experiences a force) and magnetic field (where a moving electric charge experiences a force). Field is one of the “big ideas” that threads through all of physics. The value of the gravitational acceleration, g, is the same as the value of the gravitational field.

Learners should realise that freefall motion is just a special case of motion with constant acceleration. Do not derive a new set of kinematics equations.  Use the same equations as before, but make the value of acceleration equal to g.  It is important to select either up or down as the positive direction in each problem and then check that the signs are correct for all quantities involved.

	• Gravitational potential energy;
	· Define potential energy of an object as the energy is has because of its position relative to objects it interacts with

· Determine the potential energy of an object using U = mgh or PE = mgh

· Give the relationship between potential energy of an object and its 

· mass and 

· height above a reference point
	
	Energy is another big idea.  In the past, the syllabus referred to many kinds of energy.  Fundamentally, there are only two kinds of energy – potential and kinetic (excluding rest mass energy).  

However, there are many kinds of potential energy.  Introduce gravitational potential energy as the energy of a mass due to its position above the earth (the object it interacts with).  Later on, make a link to electrical potential energy (the energy of a charge due to its position relative to other charges it interacts with).

	• Kinetic energy;
	· Grade 12
· Determine the kinetic energy of an object using KE= ½mv2
· Give the relationship between kinetic energy of an object and its
· mass and 
· velocity
	
	Introduce kinetic energy as the energy an object has because of its motion.

	• Mechanical energy (sum of gravitational potential energy and kinetic energy);
	Define mechanical energy as the sum of the potential and kinetic energy
	
	

	• Conservation of mechanical energy (in the absence of dissipative forces).
	· State the law of the conservation of energy

· State that ignoring factors like air resistance, the mechanical energy of an object moving in the earth’s gravitational field (or accelerating as a result of gravity) is constant (conserved)

· Use the conservation of mechanical energy to show that the velocity of a body in free fall is independent of its mass

· Use conservation of mechanical energy to carry out calculations on bodies accelerating due to gravity e.g. object dropped or thrown vertically upwards and the motion of a pendulum bob, roller coaster, and so on, where friction is ignored.
	
	Conservation of mechanical energy implies that the total amount of mechanical energy in a system remains constant.  That means that energy is transformed from kinetic to potential or vice versa.

In conservation of energy problems, the path taken by the object can be ignored.  The only relevant quantities are the object’s velocity and height above the reference point.

	WAVES, SOUND AND LIGHT 12,5% 


	Transverse pulses on a string or spring:
	
	
	

	• Pulse length, amplitude, speed;
	· Define a pulse.

· Identify the pulse length and amplitude on a drawing of a transverse pulse.

· Given the distance traveled and time to travel, calculate the pulse speed

 
	
	Sometimes learners are taught about waves without ever learning about pulses.  A pulse is a single disturbance.  It has an amplitude and pulse length, but no frequency, since it only happens once.

Try to let learners observe the motion of a single pulse travelling along a long, soft spring or a heavy rope.

	• Graphs of particle and pulse position, and velocity,;
	· Describe in words the motion of a particle of the string or spring and of the pulse itself and explain how these two motions are different.

· Draw graphs of transverse position and velocity versus time, y vs t and vy vs t, for a particle of a string or spring as a pulse move past it.

· Draw graphs of horizontal position and velocity versus time, x vs t and vx vs t, for a particular point on the pulse itself.


	
	Stress the fact that there are two different motions—the motion of the particles of the medium and the motion of the pulse.  These two motions are at right angles to each other when the pulse is transverse.

Link to motion graphs in mechanics. Now there is a position vs time and velocity vs time graph for a particle of the medium (in the y direction) and a position vs time and velocity vs time graph (x direction) for a point on the pulse. Just as in mechanics, learners can obtain the velocity vs time graph by taking the gradient of the position vs time graph. 

	• Transmission and reflection at a boundary between two springs (or strings);
	· Describe what happens when a pulse meets a boundary between two springs.


	
	Try to demonstrate this to learners by connecting two different types of springs and sending a pulse from the first one into the second.  Then reverse it and send a pulse from the second one into the first one.  At the boundary, part of the pulse will be reflected and part will be transmitted.  

	• Relation of pulse speed to medium;
	· Know that the pulse speed depends on the properties of the medium and not of the pulse 
	
	

	• Reflection from a fixed end and a free end;
	· Demonstrate and /or draw a diagram to show how a pulse is: 

· inverted when reflected from a fixed end

· not inverted when reflected from a free end
	
	This is the first time learners encounter boundary conditions, one of the big ideas. Fixed and free ends are examples of boundaries.

	• Superposition.
	· Explain (using diagrams) how two pulses that reach the same point in the same medium superpose

· constructively and

· destructively and

then continue in the original direction of motion

· Show how the amplitudes of pulses add together using superposition
	
	This is the first time learners encounter superposition, another big idea. 

	Transverse waves:
	
	
	

	• Wavelength, frequency, amplitude, period, wave speed;
	· Define a wave.

· Draw a diagram to represent a transverse wave in a spring, showing the direction of motion of the wave perpendicular to the direction in which the particles move.

· Identify the wavelength and amplitude on a drawing of a transverse wave, and define these terms.

· Explain the terms crest, trough, node and antinodes.

· Define the period and frequency of a wave and the relationship between the two quantities.

· Derive the equation for wave speed, v=f, from the definition of speed.

· Use the equation for wave speed, v=f, to solve problems involving waves.


	
	Make a link with the definition of speed as distance travelled/time taken.  For a wave the distance travelled in one period is one wavelength, and frequency is 1/period.

	• Particle position, displacement, velocity, acceleration;
	· Draw a graph to show the transverse position of the particle versus time
	· Use the velocity vs time and acceleration vs time graphs of the same particle to describe the motion of the particle.
	

	• Standing waves with different boundary conditions (free and fixed end) as a kind of superposition
	· Describe how a standing wave is generated by interference between the incident and reflected waves

· Draw a diagram and label:

· nodes as points where destructive interference takes place

· anti-nodes as points where constructive interference takes place
· Determine the possible values of wavelength and frequency for standing waves in a medium with different boundary conditions, e.g. nodes at both ends, node at one end and anti-node at the other.


	· Show, using a simple diagram and the principle of superposition how standing waves result from the interference between incident and reflected waves. 


	If a long spring or heavy rope (e.g. a skipping rope) is available, demonstrate standing waves to learners.  This will help them appreciate that only certain frequencies of standing waves are possible for a given length and given boundary conditions.

In Grade 11 learners will apply what they learn now about standing waves when they study the physics of music and musical instruments.

	Geometrical optics:
	
	
	

	• Light rays;
	· Give evidence to show that light travels in straight lines

· Draw ray diagrams to represent the way in which light travels.

· Explain how we are able to see an object using words and light ray diagrams
	
	Stress that light rays are not real—they are a representation used to indicate the path that light travels.

We only see an object when light from the object enters our eyes.  The object must be a light source or else it must reflect light from a source, and the reflected light enters our eyes.

	• Reflection;
	· Define ‘the normal’ to a surface, angle of incidence and angle of reflection.

· State the relationship between the angle of incidence and the angle of reflection  (the Law of Reflection)

· Draw a ray diagram to show the relationship between the angle of incidence and the angle of reflection

· Explain the difference between specular and diffuse reflection 
	
	

	• Refraction (change of wave speed in different media);
	·  Explain refraction in terms of change of wave speed in different media

· Define angle of refraction.

· Define the refractive index of a medium

· State the relationship between the angles of incidence and refraction and the refractive indices of the media when light passes from one medium into another (Snell’s Law)

· Apply Snell’s Law to problems involving light rays passing from one medium into another

· Draw ray diagrams showing the path of light when it travels from a medium with higher refractive index to one of lower refractive index and vice versa.
	
	It is useful to use analogies to explain why light waves bend inwards towards the normal when they slow down (pass into a medium with higher refractive index) or outwards when they speed up (pass into a medium with lower refractive index).  One analogy is a lawnmower that moves from a patch of short grass to a patch of long grass.  The tyre in the long grass will go slower than the one in the short grass, causing the path of the lawnmower to bend inwards.

In Grade 11 learners will study applications of refraction when they learn about lenses, microscopes and telescopes.

	• Mirrors;
	· Draw a ray diagram to show the position of the image for a plane mirror

· List the properties of the image formed in a plane mirror, namely:

· Image is the same distance behind the mirror as the object is in front of the mirror

· Image is the same size as the object

· Image is laterally inverted

· Image is virtual


	· Draw ray diagrams to show how light is reflected by a

· convex mirror

· concave mirror

· Explain how light converges to the focal point of a concave mirror and diverges away from the focal point of a convex mirror

· Identify the properties of images formed in convex and concave mirrors and their relationship to the position of the object.
	

	• Total internal reflection, fibre optics in endoscopes and telecommunications.
	· Explain what total internal reflection is.

· Use Snell’s Law to derive an expression for the critical angle for refraction at the surface between a given pair of media.

· Explain how optical fibres function and are used in 

· endoscopes and 

· telecommunications 

and give an advantage of each of these technological advances over the processes they have replaced  
	
	

	ELECTRICITY AND MAGNETISM 12,5% 


	Magnetism:
	
	
	

	• Magnetic field of permanent magnets;
	· Explain that a magnetic field is a region in space where another magnet or ferromagnetic material will experience a force (non-contact)

· Use words and pictures to explain why permanent magnets have a magnetic field around them by referring to domains.
	
	Electrons moving inside any object have magnetic fields associated with them.  In most materials these fields point in all directions, so the net field is zero. In some materials (ferromagnetic) there are domains, which are regions where these magnetic fields line up. In permanent magnets, many domains are lined up, so there is a net magnetic field.

	• Poles of permanent magnets, attraction and repulsion;
	· Describe a magnet as an object that has a pair of opposite poles, called north and south.  Even if the object is cut into tiny pieces, each piece will still have both a N and a S pole.

· Apply the fact that like magnetic poles repel and opposite poles attract to predict the behaviour of magnets when they are brought close together

· Show the shape of the magnetic field around a bar magnet and a pair of bar magnets placed close together, e.g. using iron filings or compasses.  Sketch magnetic field lines to show the shape, size and direction of the magnetic field of different arrangements of bar magnets


	
	Magnetic fields are different from gravitational and electric fields because they are not associated with a single particle like a mass or a charge.  It is never possible to find just a north pole or just a south pole in nature.  At the microscopic level, magnetic fields are a product of the movement of charges.

Field lines are a way of representing fields.  The more closely spaced the field lines are at a point the greater the field at that point. Arrows drawn on the filed lines indicate the direction of the field.  A magnetic field points from the north to the south pole. Field lines never cross and can be drawn in all three dimensions.  For simplicity, only two dimensions are usually shown in drawings.

	• Earth’s magnetic field, compass
	· Explain how a compass indicates the direction of a magnetic field.

· Compare the magnetic field of the Earth to the magnetic field of a bar magnet using words and diagrams

· Explain the difference between the geographical north pole and the magnetic north pole of the Earth.

· Give examples of phenomena that are affected by Earth’s magnetic field 


	
	The geographical north pole is determined by the position of the sun. The magnetic north pole is determined by a compass.  The magnetic north pole is constantly moving.  At present the angle between the two different north poles is about 11.5(.

One of the most important effects of the Earth’s magnetic field is that it traps charged particles that are blown towards the upper atmosphere by the solar wind and which could damage telecommunications on Earth. These particles spiral along the magnetic field lines until they get close to the Earth’s magnetic poles where they collide with air molecules, causing a beautiful glow in the sky called an aurora. A number of animals are able to detect magnetic fields, which helps them orient themselves. These include pigeons, bees, Monarch butterflies, sea turtles and fish.

	Electrostatics:
	
	
	

	• Two kinds of charge;
	· Provide evidence for the existence of two types of charge and justify the use of the names “positive” and “negative”

· Describe how objects (insulators) can be charged by contact (or rubbing)

· Apply the law conservation of charge to explain that materials charged by contact carry opposite charges of equal magnitude  
	
	It is reasonable to call the two types of charge “positive” and “negative” because when they are added the net charge is zero. 

Be sure that learners know that all objects contain both positive and negative charges, but we only say an object is charged when it has extra positive or negative charges.



	• Force charges exert on each other (descriptive);
	Recall that 

· like charges repel  

· opposite charges attract

· the force between charges increases when the magnitude of the charges increases or the separation of the charges decreases
	
	Coulomb’s Law is done in Grade 11, so it is only necessary to look at the qualitative relationship between the force charges exert on one another, charge separation and the magnitude of the charges now.

	• Attraction between charged and uncharged objects (polarisation);
	Explain how charged objects can attract uncharged insulators because of the movement of polarized molecules in insulators
	
	In materials that comprise polarised molecules, these molecules may rotate when brought near to a charged object, so that one side of the object is more positive and the other side more negative, even though the object as a whole remains neutral.

	• Conductors and insulators
	· Describe the difference between conductors and insulators in terms of how easily electrons can move inside them
	
	Link to Grade 10 Matter and Materials, electrical conductors and insulators

	Electric circuits:
	
	
	

	• Need for a closed circuit for charges to flow;
	· Give evidence for why a closed circuit is needed for charges to flow

· Identify and draw symbols for a: resistor, light bulb, battery, switch, voltmeter, ammeter, and  connecting leads

· Draw simple electric circuit diagrams using symbols

· For a given circuit diagram, draw a picture of one or more physical circuits and vice versa.

· Given a circuit diagram, set up a circuit; given a circuit, draw the circuit diagram
	
	Note that historically a battery was a collection of cells.  Nowadays, the term “battery” is used in physics for both. In practice, we do not need to know how many cells are involved.  We therefore no longer use the word “cell”. This also makes it easier for learners to make a link with their everyday experience.

Learners should try setting up a circuit to make a light bulb light using a battery and connecting leads. They will find that the bulb will only light if it is part of a closed loop that includes connections to two contacts on the bulb and both ends of the battery.

It is important to make the distinction between a circuit diagram and a picture of a circuit. A circuit diagram is a representation of a circuit that only shows electrical connections, not physical connections.  It is possible to set up circuits with different layouts that correspond to the same circuit diagram.

	• Electrical potential difference (voltage);
	· Define electrical potential difference as the difference in electrical potential energy per unit charge between two points. The units are volt (V), which is the same as joule per coulomb. Thus electrical potential difference is also called voltage.

· Explain why the voltage across resistors arranged in parallel is the same.

· Explain why the voltage across resistors arranged in series is the sum of the voltages across each resistor.

· Use the fact that voltage is proportional to resistance to calculate what proportion of the total voltage of a circuit will be found across each circuit element. 

· State that the electrical potential difference across the terminals of a battery is called the emf.

· Explain that the battery provides the difference in electrical potential energy needed to make charges in a circuit move.

· Solve problems in which the voltages across elements in a circuit add up to the emf.
	
	Ohm’s Law will be done in Grade 11, so only a qualitative introduction to electrical potential difference, current and resistance is needed now.

It is very important to distinguish between voltage and current, as learners often confuse these two concepts.  Stress that voltage is the difference in electrical potential energy per unit charge between two points in a circuit. Voltage is therefore always measured between or across two points, such as on either side of a resistor.  It is meaningless to say “voltage through”.  

The proportion of the total voltage of a circuit that is measured across a particular circuit element is proportional to the resistance of that element.

Whenever voltage is measured between the same two electrical points in a circuit, the same value will be obtained, no matter what is connected between those two points.  That is why the voltage is the same across parallel branches in a circuit—the voltage is being measured between the same two electrical points.

When circuit elements are arranged in series, there will be a difference in potential energy per unit charge across each element.  The voltage across the combination of elements in series will thus be the sum of the voltages across each element.

It is useful to make an analogy between a situation where there is a difference in gravitational potential energy, such as a hill or inclined surface, and a situation where there is a difference in electrical potential energy, such as a circuit containing a battery. Just as masses will move from a position of higher to lower potential energy in the first case, so charges will move from a position of higher to lower potential energy in the second case.

At this stage, learners can ignore the internal resistance of the battery and assume that the emf and the terminal voltage are equal.  Then the emf is a circuit equals the sum of the voltage drops across the other elements in the circuit.  In Grade 11 learners will study the effects of internal resistance.



	• Current;
	· Define current, I, as the rate of flow of charge. It is measured in ampere (A), which is the same as coulomb per second. 

· Calculate the current flowing using the equation
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· Indicate the direction of the current in circuit diagrams

· Determine the current through the battery in a circuit with several resistors in series relative to a circuit with as single resistor.

· Determine the current through the battery in a circuit with several resistors in parallel relative to a circuit with a single resistor.


	
	The direction of current in a circuit is from the positive end of the battery, through the circuit and back to the negative end of the battery.  In the past, this was called conventional current to distinguish it from electron flow.  However, it is sufficient to call it the direction of the current and just mention that this is by convention.

A very common misconception many learners have is that a battery produces the same amount of current no matter what is connected to it.  While the voltage produced by a battery is constant, the amount of current supplied depends on what is in the circuit.  

When resistors are connected in series, they act as obstacles to the flow of charge and so the current through the battery is reduced.  The current in the battery is inversely proportional to the resistance. When resistors are connected in parallel, they open up additional pathways, each of which allows the same amount of current to flow as a single pathway or branch.  The current through the battery therefore increases according to the number of branches.   

	• Resistance;
	· Give a microscopic description of resistance in terms of electrons moving through a conductor colliding with the particles of which the conductor (metal) is made and transferring kinetic energy

· Define the unit of resistance; one ohm () is one volt per ampere.

· Explain why a battery in a circuit goes flat eventually by referring to the energy transformations that take place in the battery and the resistors in a circuit

· Explain why adding resistors in series in a circuit increases the resistance of the circuit but adding resistors in parallel decreases the resistance of the circuit. 


	· Demonstrate (or describe) how to measure resistance directly using a multimeter


	One of the important effects of a resistor is that it converts electrical energy into other forms of energy, such as heat and light.

A battery goes flat when all its chemical potential energy has been converted into other forms of energy.

Learners will learn how to calculate equivalent resistance in Grade 11.  At this stage they just need to be able to explain qualitatively that more resistors in series create a greater obstacle to the flow of charge, which increases the total resistance of the circuit. More resistors in parallel open up more branches along which current can flow, which decreases the total resistance of the circuit.  An analogy with the flow of water in hosepipes is useful. 

	• Principles and instruments of measurement of voltage (P.D.), current and resistance.
	· Draw a diagram to show how to correctly connect an ammeter to measure the current through a given circuit element

· Draw a diagram to show how to correctly connect a voltmeter to measure the voltage across a given circuit element


	· Explain that a good quality meter used correctly will not significantly change the values it is used to measure and the implications of this are that

· an ammeter has very low resistance

· a voltmeter has a very high resistance


	Make sure that learners know that the positive side of the meter needs to be connected closest to the positive side of the battery.  An ammeter must be connected in series with the circuit element of interest; a voltmeter must be connected in parallel with the circuit element of interest.

If possible, give learners the opportunity to connect meters in circuits.  If the meters have more than one scale, always connect to the largest scale first so that the meter will not be damaged by having to measure values that exceed its limits.

	MATTER AND MATERIALS 25 % 


	Observing, describing, classifying and using materials - a macroscopic view
	Learners should be able to
	Learners should be able to
	

	• The material(s) of which an object is composed.
	· Introduce the importance of properties of material, e.g.

Strength 

Thermal and electrical conductivity

Waterproof or not

Brittle , malleable or ductile

Magnetic of not
	
	Apply the idea, throughout the rest of this theme, that the properties of a material are determined by its composition.

Illustrate that clothing (and/or shelter) for example, is made of materials with particular properties to fit its purpose: warm, dry, safe – biker’s helmet, protected from the sun - wide brimmed hat, wet suit – layer of air inside the suit keeps the wearer warm – air is a good thermal insulator, …)

Pick up detail in the later bullets of this section

 

	• Mixtures: heterogeneous and homogeneous.
	· Describe the properties of a mixture:

· Component parts not in a fixed ratio

· Component parts retain their physical properties

· Components can be separated 

· Describe a heterogeneous mixture as non-uniform, like a mixture with component parts in different phases, or obviously made of two different components like black motor car oil and water

· Describe a homogeneous mixture as a mixture with component parts that are indistinguishable from each other, like all in the same phase (the atmosphere is a mixture of oxygen, nitrogen, argon, ..) or salt water.

· Give examples of common mixtures 
	
	Linking macroscopic properties of materials to micro (particle) structure – one of the big ideas

	• Pure substances: elements and compounds.
	· Use microscopic representations for elements compounds and mixtures

· Describe an element as a substance that cannot be broken down into simpler substances.

· Describe a compound as a substance that can be broken down into two or more elements

· Describe pure substances as

· all those substances that are not mixtures are pure substances

· any element or compound
· Classify substances as pure, as compounds or as elements from a description
	
	Linking macroscopic properties of materials to micro (particle) structure – one of the big ideas

	• Names and formulae of substances.
	· Name compounds 

· using the names the elements from which they are made, 

· giving the element to the left and lower down on the Periodic Table first e.g.

· NaCℓ is called sodium chloride

· using prefixes (‘mono’ for one, ‘di’ for two and ‘tri’ for three, …) to indicate the ratio of atoms of component elements in the compound, e.g. 

· CO - carbon monoxide; 

· NO2 - nitrogen dioxide

· SO3 - sulphur trioxide

· by recalling the common names of substances like 

· Water - H2O

· Ammonia - NH3
· using the names of combinations of atoms that recur regularly

· CaSO4; MgSO4; CuSO4; e.g. calcium sulphate, magnesium sulphate, copper sulphate, …- so called sulphates
· KNO3; NaNO3, potassium nitrate, sodium nitrate  - so called nitrates
· like carbonate, phosphate

· write names given formulae

· given names write formulae

· Given a list of common ions write formulae e.g.  sulfides, sulfites, sulfates, 

· Pay attention to name endings like –ide, -ite and -ate
	
	This section is primarily about the symbolic representation of  matter – important to make links with the macro and microscopic representations. E.g. to show the difference between the 2 in 2Ca and H2O.

Work out formulae from pictures

	• Metals, semimetals and non-metals.
	· Classify substances as metals using their properties

· Thermal Conductors

· Electrical Conductors

· Shiny metallic luster

· Malleable 

· Ductile

· Range in melting points 

· Identify the metals, their position on the periodic table and their number in comparison to the number of non-metals

· Classify substances as non-metals using their properties

· Poor thermal conductors

· Electrical Insulators

· Neither malleable 

· nor ductile

· Identify the non-metals and their position on the periodic table

· Describe semi-metals as having mainly non-metallic properties

· Classify semi-metal by their characteristic property of increasing conductivity with increasing temperature (the reverse of metals) – two elements meet this classification – silicon 

· Identify the semi-metals and their position on the periodic table
	
	Link to electricity and magnetism in Grade 10

Link to electronic properties of matter in grade 11

	• Electrical conductors, semiconductors and insulators.
	· Describe how to test and classify materials as:

· Electrical conductors,

· semiconductors  

· insulators

· Give examples of materials that are:

· Electrical conductors,

· semiconductors  

· insulators

· Identify the substances and the ‘appliances or objects’, that are in common daily use in homes and offices, that are specifically chosen because of their electrical properties (conductors, insulators and semi-conductors)
	
	Link to electricity and magnetism in Grade 10

Link to electronic properties of matter in grade 11

There is some overlap between this section and Electricity and magnetism above – this is more descriptive

It may be useful to raise the idea that metals have outer electrons, which are free to move, through the crystal lattice, anticipating the atomic theory section below.

	• Thermal conductors and insulators.
	· Describe how to test and classify materials as:

· Thermal conductors 

·  insulators

· Give examples of materials that are:

· Thermal conductors 

·  Insulators
	
	It may be useful to raise the idea that metals have outer electrons which are free to move, through the crystal lattice, anticipating the atomic theory section below

	• Magnetic and nonmagnetic materials.
	· Describe how to test and classify materials as:

· magnetic

· non-magnetic

· Give examples of materials that are:

· magnetic (include modern permanent alnico and ceramic magnets, fridge magnets (magnetic material mixed with a polymer)

· non-magnetic (all but 3 metals!)

· Give examples of the use we make of magnets in daily life (in speakers, in telephones, electric motors, as compasses, ..)
	
	Link to electricity and magnetism in Grade 10

There is some overlap between this section and Electricity and magnetism above – this is more descriptive



	Particles substances are made of
	
	
	

	• Atoms and molecules (simple and giant)
	· Describe atoms as the very small particles of which all substances are made

· State that the only substances found in atomic form are the noble gases

· Describe a molecule as a group of two or more atoms that are attracted to each other by relatively strong forces or bonds

· Give examples of molecules based on the above description e.g.

· Small molecules (relatively few atoms per molecule): oxygen, water, petrol, sugar, 

· Giant molecules (millions of atoms per molecule): diamond, a sodium chloride crystal, a metal crystal like a piece of copper, …

· Recognize molecules from models (space filling, ball and stick, …) 

· Draw diagrams to represent molecules using circles to represent atoms 

· Represent molecules using

· Molecular formula for small molecules, e.g. O2, H2O, C8H18, C12H22O11, …

· Empirical formulae for giant molecules, e.g. C, NaCℓ, Cu,  

· Give the formula of a molecule from a diagram of the molecule and vice versa
	
	The focus in this theme is to use the concepts atom and molecule (the microscopic) to explain the macroscopic properties of substances.  This is attempted by using diagrams to represent the microscopic world of atoms and molecules.  .  The purpose of the microscopic diagrams is to help learners better link the macroscopic properties to symbolic representations, like chemical symbols and chemical formulae.

	• Linking macroscopic properties of materials to micro (particle) structure.

• Intermolecular and intramolecular forces (chemical bonds). Physical state and density explained in terms of these forces. Particle kinetic energy and temperature.
	· Describe the difference between inter and intra molecular forces

· using a diagram of a group of small molecules; and

· in words

· Represent a common substance, made of small molecules, like water, using diagrams of the molecules, to show microscopic representations of ice (H2O(s)), water liquid (H2O(ℓ)) and water vapour (H2O(g))

· Illustrate the proposition that intermolecular forces increase with increasing molecular size with examples e.g. He, O2, C8H18 (petrol), C23H48(wax), 

· Explain density of material in terms of the number of molecules in a unit volume, e.g. compare gases, liquids and solids

· Explain that increasing the temperature of a substance causes the movement of particles of which it is composed to increase. Refer to 

· Molecules in a substance composed of small molecules (vibrate, rotate, translate)

· Atoms in giant molecules (vibrate) 

· Discuss the distribution of kinetic energy amongst the particles of a substance .i.e. different particles move at different speeds and have different kinetic energy 

· State that the temperature of a substance is related to the average kinetic energy of the particles of which it is composed

· Explain the relationship between the strength of intermolecular forces and melting points and boiling points of substances composed of small molecules

· Contrast the melting points of substances composed of small molecules with those of giant molecules where chemical bonds must be broken for substances to melt

· Describe viscosity and explain 

· how it is related to intermolecular forces between small molecules

· how it is affected by temperature changes

· Describe thermal expansion of a substance and how it is related to the motion of molecules in a substance composed of small molecules e.g. alcohol in a thermometer

· Explain the differences between thermal conductivity in non-metals and metals.
	
	Consider using the word “chemical bond rather than intramolecular force as the similarity between the words causes confusion. The main distinguishing characteristic between intermolecular forces and bonds is the magnitude of the force.

Link to grade 11 section on chemical bonding – matter and materials

	The Atom: basic building block of all matter
	
	
	

	• Models of the atom.
	Given a list of key discoveries (or hypotheses) match these to the description of the atom that followed the discovery. Be able to do this for the period starting with the Greek suggestion that atoms constituted matter, through the electrical experiments of the 19th century, to the discovery of radioactivity, Rutherford’s gold foil experiment and the Bohr model.
	
	Historical approach very useful for highlighting nature of science in LO3.

	• Atomic mass and diameter.
	· Give a rough estimate of the mass and diameter of an atom 

· Describe and use the concept of relative atomic mass
	
	

	• Structure of the atom: protons, neutrons, electrons.
	· Given a periodic table or suitable data

· Identify the atomic number of an element 

· Calculate the number of protons present in an atom of an element

· Calculate the number of electrons present in a neutral atom

· Calculate the number of neutrons present

· Calculate the mass number for an isotope of an element
	
	

	• Isotope
	· Explain the term isotope

· Calculate the relative atomic mass of naturally occurring elements from the percentage of each isotope in a sample of the naturally occurring element and the relative atomic mass of each of the isotopes.

· Represent atoms (nuclides) using the notation 
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	Requires the introduction of a weighted average.  The calculation is included for understanding of the concept rather than mechanical calculation.  We recommend the use of the term relative atomic mass to mean relative average atomic mass. 

	• Energy quantization and electron configuration.
	· Explain how line emission spectra implies the energy of the electrons is quantized.

· Explain the concept of quantization

· Relate the lines on the atomic spectrum to electron transitions between energy levels 
	
	

	• Periodicity of ionization energy to support the arrangement of the atoms in the Periodic Table.
	· Describe the term ionization energy and explain how ionization energies are determined

· Explain the terms first, second, third (and so on) ionization energy

· Relate the periodicity of successive ionization energies for each particular atom to the number of electrons the atoms has in a particular energy level. 
	
	

	• Successive ionization energies to provide evidence for the arrangement of electrons into core and valence electrons.
	· Describe electrons in the outer energy level as valence electrons and the electrons in the inner energy levels as core electrons.

· Deduce the electron configuration of, and draw the energy level diagrams for, the first twenty elements
	
	

	CHEMICAL CHANGE 18,75 % 


	Physical and Chemical Change
	
	
	

	• Microscopic interpretation of macroscopic changes (for example changes in conductivity and temperature)
	· Explain the differences between a physical and chemical change, i.e.

· Energy transfers involved and their relevant magnitude

· **Chemical change e.g. chemical reactions: 
	
	Throughout this section cognizance should be taken of representations at macro, micro and symbolic level

	
	Energy transferred
	=
	Total energy absorbed to break bonds
	-
	Total energy released when new bond form
	· 
	

	
	· Physical change e.g. melting, evaporating, boiling

· Particle composition – represent the changes microscopically

· Forces between particles involved

· reversibility
	
	

	• Separation of particles in decomposition and synthesis reactions
	· Describe that the rearrangement of molecules occurs during physical changes e.g. describe

· molecules as separated when water evaporates to form water vapour

· disordering of water molecules when ice melts due to breaking of intermolecular forces

· energy change as small in relation to chemical changes

· mass, numbers of atoms and molecules as being conserved during these physical changes

· Describe examples of a chemical change that could include

· The decomposition of hydrogen peroxide to form water and oxygen; and

· the synthesis reaction that occurs when hydrogen burns in oxygen to form water. Describe 

· the energy involved in these chemical changes as much larger than those of the physical change i.e. hydrogen is used as a rocket fuel. 

· mass and atoms are conserved during these chemical change but the number of molecules are not.  Show this with microscopic diagrams
	
	This bullet point interpreted as: Separation of particles during physical change, decomposition and synthesis reactions as examples of chemical change.

	• Conservation of atoms and mass.
	· Illustrate the conservation of atoms and non-conservation of molecules during chemical reactions using models of reactant molecules (coloured marbles stuck to each other with ‘prestik’ will suffice) 

· Draw diagrams representing molecules at a microscopic level to show how the particles have been rearranged in chemical reactions to show that atoms are conserved
	
	

	• Law of constant composition
	· State the law of constant proportions

· Explain that the ratio in a particular compound is fixed as represented by its chemical formula

· Give evidence that multiple proportions are possible, for example: Water H2O and peroxide H2O2
	
	

	• Conservation of energy
	· Explain the source of energy during a chemical reaction, like the burning of methane, as the difference between the energy input required to break the chemical bonds of the reactant molecules and energy transferred to the surroundings when the bonds of the product molecules form 

· If during the reaction energy is released to the surroundings, as during burning, the reaction is described as exothermic.  

· If during the reaction energy is absorbed, as during photosynthesis, the reaction is described as endothermic.  
	
	

	• Volume relationships in gaseous reactions.
	· Describe explosions as exothermic reactions, during which a great many molecules are produced in the gas phase so that there is a massive increase in volume e.g. ammonium nitrate in mining or petrol in a car cylinder
	
	


	Representing chemical change
	
	
	

	• Balanced chemical equations
	· Represent chemical changes using reaction equations i.e. translate word equations into chemical equations 

· with formulae

· with subscripts to represent phases (s), (ℓ), (g) and (aq)

· Balance reaction equations by 

· using models of reactant molecules (coloured marbles stuck to each other with ‘prestik’ will suffice) and rearranging the ‘atoms’ to form the products by conserving atoms 

· representing molecules at a microscopic level using coloured circles and simply rearranging the pictures to form the product molecules by ‘conserving atoms’. 
· by inspection using reaction equations
· Interpret balanced reaction equations in terms of

· conservation of atoms

· conservation of mass (use relative atomic masses)

· volume relationships for gases under the same conditions of temperature and pressure (volume of gaseous is directly proportional to the number of particles)

· energy transferred 
	
	Throughout this section cognisance should be taken of representations at macro, micro and symbolic level

	CHEMICAL SYSTEMS 18,75 %

The content and context provides opportunities to focus assessment on Learning Outcome 3, viz. evaluating

· competing knowledge claims

· the impact of science on human development

· the impact of science on the environment

It is important that teachers create the opportunities for learners to 

· practice the skills they require to make such evaluations by getting them to

· know the structure of a scientific argument and use it (“Guess-deduce-test”; Identify the proposition/hypothesis, collect evidence that supports / refutes the proposition/hypothesis, evaluate the evidence (against relevant criteria), draw conclusions (refute/accept the hypothesis) from the evidence and substantiate the conclusion using the evidence.)

· select the relevant issues, e.g. from, say; 

· waste management, 

· use of energy (electricity), 

· use of (non-renewable) resources,  

· environmental issues …

· benefits to humans, positive impact on the environment say, …

· develop the skills they require to identify (from supplied data or a text or their own knowledge) the subject content they need to substantiate their arguments, viz.

· Use a knowledge of hazardous materials to identify risk associated with particular events/processes, e.g. manufacture and transport of fuels – fire risk, CO2, CH4, – greenhouse gases, CFC’s – negative impact on the ozone layer, Cℓ2, Hg … - toxic, oxides of nitrogen are produce by cars, CO2 by cars and CO2 and SO2 and coal burning power stations during the generation of electricity – these gases are responsible for acid rain, smoke and ash (from furnaces) can cause lung diseases, and so on

· Use criteria against which to evaluate the impact on humans, e.g. (health/ productivity – jobs / convenience/ technology (cell phones) / entertainment / safety / wealth creation

· Use criteria against which to evaluate the impact on the environment (sustainable development), e.g. (global warming/ exploitation of non-renewable resources/ ozone layer / eutrophication / solid waste - land fills;  nuclear waste, 




	Global cycles:
	
	
	

	* The water cycle:
	
	
	

	• Physical changes and energy transfers: The movement of water from the ocean and land surfaces as controlled by energy in sunlight. Reservoirs for water on Earth.
	· Describe the water cycle as a set of physical changes in which water undergoes evaporation, condensation, precipitation 

· Identify the different reservoirs of water on Earth

· Explain how sunlight drives the movement of water 

· in the water cycle

· to set up weather systems in the atmosphere

· List the importance of the water cycle for life on Earth
	
	

	• Macroscopic properties of the three phases of water related to their microscopic structure.
	· Describe the shape of the water molecule and its polar nature

· State that it is due to the polar nature (polar nature) of the water molecule that water absorbs infra-red radiation (heat) from the sun.  As a consequence the sea acts as reservoir of heat and is able to ensure the Earth has a moderate climate.

· Explain that because of its polar nature and consequent hydrogen bonding that

· there are strong forces of attraction between water molecules (hydrogen bonds) that cause water to have

· a high latent heat, 

· a high specific heat

· a high heat of vaporization, and 

· large difference between melting point and boiling point 

all of which help water moderate the temperature of the Earth and its climate

· the density of the ice is less than the density of the liquid and ice floats on water forming an insulating layer between water and the atmosphere keeping the water from freezing and preserving aquatic life 
	
	This is the first mention of polar molecules so a short introduction to polar molecules and the properties is necessary here. Also link to intermolecular forces above

	* The nitrogen cycle:
	
	
	

	• Chemical changes and energy transfers. The movement of nitrogen between interrelated biological and geological systems.
	· Give chemical equations wherever relevant

· Describe the role that nitrogen plays as essential to the production of proteins which are essential for all life

· Describe atmospheric nitrogen as inert and the need to get nitrogen to react to produce soluble nitrate salts and ammonia or ammonium salts that can be used by plants as a source of nitrogen

· Describe the formation of oxides of nitrogen and eventually nitrates as nitrogen fixing

· Describe the role of lightning in nitrogen fixing

· Describe the role of bacteria in nitrogen fixing

· Describe the role of the combustion engine in nitrogen fixing and atmospheric pollution

· Contrast the nitrogen cycle in which nitrogen atoms react chemically to form different molecules and ions at each stage of the cycle as opposed to the water cycle which incorporates only physical changes

· Describe the negative consequences of mans interference in the nitrogen cycle

· Motor car exhaust emissions of oxides of nitrogen produce

· acid rain

· green house gases and global warming

· nitrogen dioxide pollution of the air

· excessive use of inorganic fertilizers contributes to the eutrophication of water ways and dams 

· Describe the role of bacteria in returning nitrogen to the atmosphere
	
	Link to fertilizer under chemical systems in Grade 12

	• Industrial fixation of nitrogen
	· Describe industrial processes designed to fix nitrogen and make inorganic fertilizers – Haber Process

· Describe the Ostwald process to produce nitric acid

· Describe the production of ammonium nitrate by the neutralization of ammonia with nitric acid 
	
	Good opportunity to use the life story of Haber and address LO3

	The hydrosphere
	
	
	

	• Its composition and interaction with other global systems.
	· Identify the hydrosphere and give an overview of its interaction with the atmosphere, the lithosphere and the biosphere. Water moves through

· air (atmosphere) 

· rocks and soil (lithosphere)

· plants and animals 

dissolving and depositing, cooling and warming, …
	
	

	• Ions in aqueous solution: their interaction and effects.
	· Explain, using diagrams representing interactions at the microscopic level, with reference to the polar nature of the water molecule how water is able to dissolve ions

· Represent the dissolution process using balanced reaction equations using the abbreviations (s) and (aq) appropriately

· Explain with appropriate reaction equations how the passage of water through the atmosphere dissolves gases, CO2, SO2 and NO2 that give rise to acid (rain – mostly carbonic acid) 

· Explain with appropriate reaction equations where relevant

· how the passage of acidified water (carbonic acid) through the lithosphere, dissolves calcium carbonate to form calcium ions, Ca2+,

· that together with other ions like Mg2+, cause hardness in water

· what hard water is, and 

· how using ion exchange water is softened 

· the concept of pH and the pH scale as a measure of acidity

· the ions responsible for acidity and alkalinity

· the pH of (rain) water and soils

· the role of clay in providing the metal ions needed by plants, through a process of ion exchange 
	
	Link to acids and bases in grade 11 under chemical change – types of reaction.

	• Electrolytes and extent of ionization as measured by conductivity
	· Explain with appropriate reaction equations how the passage of water through the lithosphere dissolves ions that give rise to increasing conductivity of the water 

· Describe a simple circuit to measure conductivity of solutions

· Relate conductivity to 

· the concentration of ions in solution and this in turn to the solubility of particular substances, however

· the type of substance, since some substances, like sugar, dissolve but this does not affect conductivity, conductivity will not always be a measure of solubility 

· Explain that when substances dissolve to form ions this is a chemical process, as opposed to when sugar dissolves in water and no ions form, no chemical bonds break or are made and this is a physical process.
	
	

	• Precipitation reactions.
	· Write balanced reaction equations to describe precipitation of insoluble salts

· Explain how to test for the presence of the following anions in solution:

· Chloride – using silver chloride and nitric acid

· Bromide- using silver chloride and nitric acid

· Iodide -using silver chloride and nitric acid

· Sulphate – using barium nitrate and nitric acid

· Carbonate –using silver chloride, barium nitrate and acid (precipitate dissolves in nitric acid)

· Identify an ion or ions in a solution from a description of the reactants mixed and the observations that followed.
	
	


	Core knowledge and concepts (Learning Outcome 2 - Grade 11)

	The learner is able to state, explain, interpret and evaluate scientific and technological knowledge and can apply it in everyday contexts.

Constructing and Applying Scientific Knowledge
Note: The core concepts to be learned are included under the underlined theme and form a coherent whole.

	Core knowledge and concepts as in the NCS for the Physical Sciences
	Core knowledge and concepts proposed for 2008 - 2010
	Core knowledge and concepts proposed for the full implementation of the NCS. To be updated before implementation.
	Comment and links

	MECHANICS 12,5%: 
	

	Force, momentum and impulse:
	
	
	

	• Pairs of interacting objects exert equal forces on each other (Newton’s Third Law);
	· State Newton’s Third Law (N3): When pairs of objects interact they exert forces on each other. These forces are the same size and point in opposite directions.

· Differentiate between contact and non-contact forces

· Apply Newton’s Third Law (N3) to contact and non-contact forces

· Identify N3 pairs e.g. donkey pulling a cart, a book on a table
	
	Newton’s Third Law (N3) is a source of great confusion for students. Stress that pairs of objects interact; as a result each object exerts a force on the other one of the same size. 

Do not use the words “action” and “reaction” because learners might think that first one force acts and then the other. Both forces act simultaneously.



	• Momentum;
	· Define momentum

· Calculate the momentum of a moving object using p = mv

· Describe the vector nature of momentum and illustrate with some simple examples
	
	

	• A net force on an object causes a change in momentum – if there is no net force on an object/system its momentum will not change (momentum will be conserved);
	· State Newton’s Second Law (N2) in terms of momentum: the net (or resultant) force acting on an object is equal to the rate of change of momentum. 

· Express N2 in symbols:
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· Explain the relationship between net force and change in momentum for a variety of motions.

· 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

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

· Know that in the absence of an external force acting on a system momentum is conserved 

· m 

· Apply the conservation of momentum to collisions of two objects.
· moving in one dimension (along a straight line)
	
	This is the general form of Newton’s Second Law.  The form F=ma applies only to the special case when the mass is constant, and should be presented as such.

By introducing momentum now, the common confusion between momentum and force can be addressed. 

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. 

At this point it might be useful to use vector representation.

	• Impulse (product of net force and time for which it acts on an object, momentum change);
	· Define impulse as FΔt

· Know that Fat is a change in momentum, i.e. FΔt=Δp.

· Use the relationship between impulse and change in momentum 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.


	
	A very important application of impulse is improving safety and reducing injuries.  In many cases, an object needs to be brought to rest from a certain initial velocity.  This means there is a certain specified change in momentum.  If the time during which the momentum changes can be increased then the force that must be applied will be less and so it will cause less damage. This is the principle behind arrestor beds for trucks, airbags, and bending your knees when you jump off a chair and land on the ground.

	• a net force causes an object to accelerate (Newton’s Second Law);
	· State Newton’s Second Law in the special case of constant mass: the net force exerted on an object equals its mass times its acceleration.

· State Newton’s First Law: An object continues in a state of rest or moving with constant velocity unless it is acted on by an unbalanced (net) force.

· Draw force diagrams for objects at rest, moving with constant velocity and accelerating.

· Draw free body diagrams for objects at rest, moving with constant velocity and accelerating. 

· Calculate the acceleration of a single object on which several forces act simultaneously

· Calculate the acceleration of two objects that are joined together, e.g. two masses joined by a string.
	
	For static situations and uniform velocity, all the forces in the x-direction and all the forces in the y-direction must add up to zero.  This is another context in which the idea of superposition can be applied.

When an object accelerates, the equation Fnet=ma must be applied separately in the x and y directions.  If there is more than one object, a free body diagram must be drawn for each object and N2 must be applied to each object separately.

It is important to distinguish between a force diagram and a free body diagram.  A force diagram is a picture of the object(s) of interest with all the forces acting on it (them) drawn in as arrows. In a free-body diagram, the object of interest is drawn as a dot and all the forces acting on it are drawn as arrows pointing away from the dot. 

Be very careful to help learners distinguish between when to use N3 (when pairs of objects interact) and when to use N2 (when the forces acting on one object are being considered).



	• Objects in contact exert forces on each other (e.g. normal force, frictional force);
	· Identify a variety of contact forces, e.g. pushes, pulls, tension, normal and friction forces.

· Know that a surface exerts two types of contact forces, a normal force and a friction force perpendicular and parallel to the surface, respectively.

· Distinguish between static and dynamic friction forces and explain why there is difference.

· Calculate the value of the static friction force for an object at rest and of the dynamic friction force for a moving object.

· Solve problems for objects on a horizontal surface and on an incline.
	
	Normal forces are exerted at right angles to any surface by both objects that are in contact. For example, when a book rests on a table, the table exerts a normal force upwards on the book and the book exerts a normal force downwards on the table.

The force of static friction can have a range of values from zero up to a maximum value, s N. The force of dynamic friction on an object is constant for a given surface and equals d N. 

Friction forces can be explained in terms of the interlocking of the irregularities in surfaces, which impedes motion.

Be careful when solving problems involving objects on an inclined surface because the normal force acting on the object is not equal to its weight.

	• Masses can exert forces on each other (gravitational attraction) without being in contact, fields;
	· Understand that objects can interact with a field, which is how masses can exert forces on each other without touching.

· Know that gravitational field strength ‘g’ is the force per unit mass, g = F/m, with an approximate value of9.8m(s-2 on or near the surface of the Earth.

· Know that the weight of an object is the force the Earth exerts on the object on or near the surface of the Earth  (w= mg)
	
	Remind learners that they have already met these ideas in Grade 10. Remind them that a field is a region of space in which an object experiences a force.

	• Force two masses exert on each other (Newton’s Law of Universal Gravitation);
	· State Newton’s Law of Universal Gravitation

· Use the equation for Newton’s Law of Universal Gravitation to calculate the force two masses exert on each other
	
	

	• Moment of force, mechanical advantage.
	· Know that when an object is fixed or supported at one point and a force acts on it a distance away from the support, it tends to make the object turn.

· Know that the moment of a force, or torque, is the product of the distance from the support and the component of the force perpendicular to the object.  

· Calculate the moment of the force, or torque, due to each force when several forces act on the same object using the equation:

( = F( r

· Know that for an object to be in equilibrium both the sum of the forces acting on the object and the sum of the moments of the forces must be zero.

· Solve problems involving objects in equilibrium.

· Describe the terms “load” and “effort” for a lever

· Define “mechanical advantage” as the ratio of “load/effort” and calculate the mechanical advantage for simple levers

· Apply the concept of mechanical advantage to everyday situations.
	
	Any component of a force exerted parallel to an object will not cause the object to turn. Only perpendicular components cause turning.

The direction of the moment of a force, or torque, is either clockwise or anticlockwise.  When moments are summed, choose one direction as positive and the opposite direction as negative.  If equal clockwise and anticlockwise torques are applied to an object, they will cancel out and there will be no net turning effect.

There are many examples in everyday life in which objects can be moved more easily by increasing the mechanical advantage, e.g. by inserting a plank that rests on a support under a heavy object and applying a force far from the support.

	WAVES, SOUND AND LIGHT 12,5% 
	

	Geometrical optics:
	
	
	

	• lenses, image formation, gravitational lenses, spectacles, the eye;
	· Describe the two general types of lenses, those that converge parallel beams of light (converging lenses), and those that diverge parallel beams of light (diverging lenses).

· Describe all converging lenses as thicker in the middle than at the edge (convex), and all diverging lenses as thicker at the edge than in the middle (concave).
· .
· Define optic axis focal point and focal length (f).

· Draw ray diagrams for converging and diverging lenses to locate the position of the image when the object is placed at distances from the lens greater than 2f, equal to 2f, between 2f and f, and less than f.

· Describe the image in each of the cases mentioned above.

· Describe how the human eye has a converging lens to create real, inverted, reduced images on the retina at the back of the eye.  Focusing is achieved by muscles, which change the focal length of the lens.

· Understand the meanings of long-sightedness, short-sightedness and astigmatism what causes these defects of vision.

· Use simple diagrams to show how converging lenses can correct long-sightedness and diverging lenses can correct short-sightedness. 
	· State that the gravitational field of massive objects like galaxies, black holes and massive stars bend rays of light that pass close-by in accordance with predictions made by Einstein’s Theory of General Relativity, and therefore act as a kind of gravitational lens, distorting, and altering the apparent position of, the image of a star.

· Describe how astigmatism is corrected by a special lens, which has different focal lengths in the vertical and horizontal planes. 


	Learners should not try to memorise the ray diagrams for different lenses and object positions.  The image of a point on an object can be located as follows:

1. For a converging lens, draw one ray from the point on the object straight through the centre of the lens. Draw a second ray from the object, parallel to the optic axis, and passing through the focal point on the other side of the lens.  The image position is where these two lines cross.

2. For a diverging lens, draw one ray from the point on the object straight through the centre of the lens. Draw a second ray from the object, parallel to the optic axis that emerges on the other side of the lens at an angle that makes it look as if it came from the focal point on the same side of the lens as the object. Extend this ray back to this focal point using a dotted line. The image position is where the two lines cross.



	• Telescopes, SALT;
	· Draw ray-diagrams illustrating image formation by the refracting astronomical telescope and the reflecting telescope.

· Know about the kinds of telescopes used at the Sutherland Observatory in the Western Cape and about the new SALT (South African Large Telescope).
	
	Here is an excellent opportunity to contextualise the curriculum for South Africa.  With the building of SALT, South Africa has become a world leader in optical telescopes.

	• Microscopes
	· Draw a ray diagram showing how a compound microscope uses two converging lenses to produce a magnified image of a tiny object.
	
	


	Longitudinal waves:
	
	
	

	• On a spring;
	· Generate a longitudinal wave in a spring 

· Draw a diagram to represent a longitudinal wave in a spring, showing the direction of motion of the wave relative to the direction in which the particles move.

· 
	
	

	• Wavelength, frequency, amplitude, period, wave speed;
	· Defined the wavelength and amplitude of a longitudinal wave

· Define compression and rarefaction

· Define the period and frequency of a longitudinal wave and the relationship between the two quantities.

· Use the equation for wave speed, v=f, to solve problems involving longitudinal waves.

·  
	
	

	• Particle position, displacement, velocity, acceleration;
	Explain the motion of a particle of the medium through which a longitudinal wave travels in terms of its

· position

· displacement

· velocity and

· acceleration
	
	

	• Sound waves.
	· Explain that sound waves are created by vibrations in a medium in the direction of propagation.  The vibrations cause a regular variation in pressure in the medium

· Describe a sound wave as a longitudinal wave

· Explain the relationship between wave speed and the properties of the medium in which the wave travels (gas, liquid or solid)
	
	Learners should understand that sounds waves are pressure waves.  For this reason, the more closely spaced the molecules of the medium, the faster the wave travels.  That is why sound travels faster in water than in air and faster in steel than in water.

	Sound:
	
	
	

	• Pitch, loudness, quality (tone);
	· Relate the pitch of a sound to the frequency of a sound wave

· Relate the loudness of a sound to both the amplitude of a sound wave and the sensitivity of the human ear

· Relate the quality of a sound to the harmonics that are superposed in a given sound wave

· 
	
	The human ear is more sensitive to some frequencies than to others.  Loudness thus depends on both the amplitude of a sound wave and its frequency (whether it lies in a region where the ear is more or less sensitive).

Make a link between the quality of the sound and the standing waves produced in different musical instruments.  The quality of the sound produced by a particular instrument depends on which harmonics are superposed and in which proportions.

	• Physics of the ear and hearing;
	· Identify the important features on simple diagram of the human ear showing the outer ear, eardrum, ear canal, ossicles, inner ear and auditory nerve.

· Refer to the features listed above to explain how sound is transmitted from the outer ear to the auditory nerve, from where a signal is sent to the brain.

· State that the intensity of sound is measured in decibels (dB).  
· Indicate the relative intensities of a variety of sounds

· Explain the dangers of exposure to very loud sounds and what can be done to reduce these dangers.


	
	Learners should get a table of intensities for a variety of different sounds.  They should know that permanent damage can be caused by exposure to very loud sounds.  This is an opportunity to discuss the importance of safety equipment such as ear protectors for workers in loud environments, e.g. those who use jack hammers or direct airplanes to their parking bays.  

	• Ultrasound.
	· Describe sound with frequencies higher than 20 kHz as ultrasound, up to about 100 kHz. 

· Explain how an image can be created using ultrasound based on the fact that when a wave encounters a boundary between two media, part of the wave is reflected and part is transmitted. 

· Describe some of the medical benefits and uses of ultrasound, e.g. safety, diagnosis, treatment, pregnancy.

· 
	
	Make a link to Grade 10, reflection and transmission at a boundary.  When an ultrasound wave travels inside an object comprising different materials such as the human body, each time it encounters a boundary, e.g. between bone and muscle, or muscle and fat, part of the wave is reflected and part of it is transmitted.  The reflected rays are detected and used to construct an image of the object.

	Physics of music:
	
	
	

	• Standing waves in different kinds of instruments.
	·  Describe how sounds are produced in string and wind instruments in terms of standing waves.

· Draw pictures to show the fundamental and higher frequency harmonics for standing waves on a string fixed at both ends and in a pipe open at one end and open at both ends.

· Calculate the frequency and wavelength for various harmonics for different wind and string instruments. 


	
	Make a link to Grade 10 standing waves with different boundary conditions. The boundary conditions for a string fixed at both ends are that there must be nodes at both ends.  For a pipe open at one end and closed at the other there must be an antinode at one end and a node at the other.  For a pipe open at both ends there must be antinodes at both ends.

	ELECTRICITY AND MAGNETISM 12,5%
	

	Electrostatics:
	
	
	

	• Forces charges exert on each other (Coulomb’s Law);
	· State Coulomb’s Law, which can be represented mathematically as
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· Solve problems using Coulomb’s Law to calculate the force exerted on a charge by one or more charges in one dimension.


	· Solve problems using Coulomb’s Law to calculate the force exerted on a charge by one or more charges in two dimensions.


	Here is another context in which to apply superposition—the forces exerted on a charge due to several other charges can be superposed to find the net force acting on the charge.  

Make a link to Grade 11 Mechanics.  Get learners to draw free body diagrams showing the forces acting on charges. Also link to N3-- two charges exert forces of equal magnitude on one another in opposite directions.

When substituting into the Coulomb’s Law equation, it is not necessary to include the signs of the charges. Instead, select a positive direction. Then forces that tend to move the charge in this direction are added, while forces that act in the opposite direction are subtracted. 

Make a link with Grade 11 Mechanics, Newton’s Law of Universal Gravitation.  The two equations have the same form. They both represent the force exerted by particles (masses or charges) on each other that interact by means of a field.

	• Electric field around single charges and groups of charges;
	· Describe an electric field as a region of space in which an electric charge experiences a force. The direction of the electric field at a point is the direction that a positive test charge would move if placed at that point.

· Draw electric field lines for various configurations of charges.

· Define the magnitude of the electric field at a point as the force per unit charge (E = F/q).  E and F are vectors.

· Deduce that the force acting on a charge in an electric field is F = Eq

· Calculate the electric field at a point due to a number of point charges, using the equation 
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 to determine the contribution to the field due to each charge. 


	
	Here is another opportunity to discuss field, one of the big ideas. Discuss the fact that electric field lines, like magnetic field lines (see Grade 10), are a way of representing the electric field at a point.  Arrows on the field lines indicate the direction of the field, i.e. the direction a positive test charge would move. Electric field lines therefore point away from positive charges and towards negative charges. Field lines are drawn closer together where the field is stronger.  Also, the number of field lines passing through a surface is proportional to the charge enclosed by the surface.

The electric fields due to a number of charges can be superposed. As with Coulomb’s Law calculations, do not substitute the sign of the charge into the equation for electric field.  Instead, choose a positive direction, and then either add or subtract the contribution to the electric field due to each charge depending upon whether it points in the positive or negative direction, respectively.

 

	• Electrical potential energy and potential;
	· Define the electrical potential energy of a charge as the energy it has because of its position relative to other charges that it interacts with

· Use the equation
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 to calculate the potential energy of a charge due to other charges.

· Define the electric potential at a point as the electrical potential energy per unit charge, i.e. the potential energy a positive test charge would have if it were placed at that point.

· Explain lightning in terms of electric potential and potential difference and describe measures that can be taken to reduce the risk of being struck by lightning
	
	Electrical potential energy due to other charges can be positive or negative depending on whether the force between the charges is attractive (U is negative) or repulsive (U is positive). 

Link electric potential to voltage (Grade 10 and 11), which is the potential difference between two points in a circuit.

Lightning provides a good everyday context in which to show the dangers associated with a high potential difference.  Since lightning is so common in South Africa and causes so much damage, it is worth spending time discussing it and helping learners think about how to protect themselves and their families. 

	• Capacitance, physics of the parallel plate capacitor, relation between charge, potential difference and capacitance;
	· Describe a parallel plate capacitor as a device that consists of two oppositely charged conducting plates separated by a small distance, which stores charge.

· Define capacitance as the charge stored per volt, measured in farad (F).  Mathematically, C=Q/V.

· Solve problems involving the charge stored by, and voltage across, capacitors. 

· Use the equation 
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to determine the capacitance of a capacitor of given dimensions or design a capacitor of given capacitance.

·  Calculate the electric field between the plates of a parallel plate capacitor using the equation E=V/d.

· Explain using words and pictures why inserting a dielectric between the plates of a parallel plate capacitor increases its capacitance.


	
	Note that Q is the magnitude of the charge stored on either plate, not on both plates added together.  Since one plate stores positive charge and the other stores negative charge, the total charge on the two plates is zero.

When a dielectric is inserted between the plates of a parallel plate capacitor the dielectric becomes polarised so 

 An electric field is induced in the dielectric that opposes the field between the plates. When the two electric fields are superposed, the new field between the plates becomes smaller.  Thus the voltage between the plates decreases so the capacitance increases.

	• Capacitor as a circuit device.
	· Describe what happens to a capacitor in a DC circuit over time.

· Describe how a charged capacitor can be used to provide a large potential difference for a very short time.


	
	When a capacitor is connected in a DC circuit, current will flow until the capacitor is fully charged.  After that, no further current will flow.   If the charged capacitor is connected to another circuit with no source of emf in it, the capacitor will discharge through the circuit, creating a potential difference for a short time. This is useful, for example, in a camera flash.

	Electromagnetism:
	
	
	

	• Magnetic field associated with current;
	· Provide evidence for the existence of a magnetic field near a current carrying wire.

· Use the Right Hand Rule to determine the magnetic field associated with: (I) a straight current carrying wire, (ii) a current carrying loop of wire and (iii) a solenoid.


	
	A simple form of evidence for the existence of a magnetic field near a current carrying wire is that a compass needle placed near the wire will deflect (link to Grade 10).  Try to give learners the opportunity to observe this. 



	• Current induced by changing magnetic field
	· State Faraday’s Law.

· Use words and pictures to describe in words and pictures what happens when a bar magnet is pushed into or pulled out of a solenoid connected to an ammeter. 

· Use the Right Hand Rule to determine the direction of the induced current in a solenoid when the north or south pole of a magnet is inserted or pulled out.

· Calculate the induced emf and induced current for situations involving a changing magnetic field using the equation for Faraday’s Law:
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where (=BA is the magnetic flux.


	
	Stress that Faraday’s Law relates induced emf to the rate of change of flux, which is the product of the magnetic field and the cross-sectional area the field lines pass through.  When the north pole of a magnet is pushed into a solenoid the flux in the solenoid increases so the induced current will have an associated magnetic field pointing out of the solenoid (opposite to the magnet’s field).  When the north pole is pulled out, the flux decreases, so the induced current will have an associated magnetic field pointing into the solenoid (same direction as the magnet’s field) to try to oppose the change. 

The directions of currents and associated magnetic fields can all be found using only the Right Hand Rule. When the fingers of the right hand are pointed in the direction of the current, the thumb points in the direction of the magnetic field. When the thumb is pointed in the direction of the magnetic field, the fingers point in the direction of the current.

	• Transformers;
	· Draw a sketch of the main features of a transformer

· Use Faraday’s Law to explain how a transformer works in words and pictures.

· Use the equation for Faraday’s Law to derive an expression involving the ratio between the voltages and number of windings in the primary and secondary coils.

· Use the expression
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to perform calculations for transformers with various specifications.

· State the difference between a step up and a step down transformer in both structure and function.

· Give an example of the use of transformers


	
	The essential features of a transformer are two coils of wire, called the primary and the secondary, which are wound around different sections of the same iron core. When an alternating voltage is applied to the primary coil it creates an alternating current in that coil, which induces an alternating magnetic field in the iron core.  This changing magnetic field induces an emf, which creates a current in the secondary coil.

Transformers are very important in the supply of electricity nationally. In order to reduce energy losses due to heating, electrical energy is transported from power stations along power lines at high voltage and low current.  Transformers are used to step the voltage up from the power station to the power lines, and step it down from the power lines to buildings where it is needed.

	• Motion of a charged particle in a magnetic field.
	· State that when a charged particle moves through a magnetic field it experiences a force.

· Use the equation F=qvB to calculate the force exerted on a charge that moves at right angles to a magnetic field.

· Use the Right Hand Rule to determine the direction of the force.

· Explain how this effect is used in a television


	
	To use the Right Hand Rule to find the direction of the force the magnetic field exerts on the moving charge, point your fingers in the direction of the velocity of the charge and turn them (as if turning a screwdriver) towards the direction of the magnetic field.  Your thumb will point in the direction of the force.  If the charge is negative, the direction of the force will be opposite to the direction of your thumb.

By only using the Right Hand Rule in the NCS learners are less likely to get confused than when there are different rules to remember.  For learners who study Physics after school, they will be well prepared to deal with vector cross products.

	Electric circuits:
	
	
	

	• Relation between current, voltage and resistance (Ohm’s Law);
	· Determine the relationship between current, voltage and resistance at constant temperature using a simple circuit

· State the difference between Ohmic and non-Ohmic conductors, and give an example of each

· Solve problems using the mathematical expression of Ohm’s Law, R=V/I
	
	Link to Grade 10.

A light bulb is a common example of a non-Ohmic conductor.  Nichrome wire is an Ohmic conductor. Try to let learners do experiments in which they measure the current through, and voltage across an Ohmic and a non-Ohmic conductor.  If they use nichrome wire, ensure that they only close the circuit for a very short time or else the nichrome will heat up and its resistance will change.

	• Resistance, equivalent resistance, internal resistance;
	· Calculate the equivalent resistance of series and parallel arrangements of resistors.

· Solve problems involving current, voltage and resistance for circuits containing arrangements of resistors in series and in parallel.

· State that a real battery has internal resistance

· Explain why there is a difference between the emf and terminal voltage of a battery if the load (external resistance in the circuit) is comparable in size to the battery’s internal resistance

· Solve circuit problems in which the internal resistance of the battery must be considered.


	
	Some books use the term “lost volts” to refer to the difference between the emf and the terminal voltage. This is misleading.  The voltage is not “lost”, it is across the internal resistance of the battery. 

The internal resistance of the battery can be treated just like another resistor in series in the circuit.  The sum of the voltages across the external circuit plus the voltage across the internal resistance is equal to the emf:

= Vload + Vinternal resistance

	• Series, parallel networks;
	· Solve circuit problems involving resistors in series with parallel networks of resistors


	
	A parallel network is an arrangement of resistors that are in parallel with each other but not with the battery. A circuit containing one or more resistors in series with parallel network(s) is a series-parallel circuit.

	• Wheatstone bridge.
	
	· Given a circuit diagram, explain how the Wheatstone bridge can be used for determining resistances very accurately

· Derive an expression for the unknown resistance in terms of the known resistances when the bridge circuit is balanced
	The Wheatstone Bridge enables very accurate measurements of resistance to be made by inserting an unknown resistor into a bridge circuit containing three resistors that are already accurately known, one of which is variable.  The resistance of the variable resistor is changed until a galvanometer reads zero, indicating that the bridge circuit is balanced.

	MATTER AND MATERIALS 25 %
	

	Electronic properties of matter:
	Learners must be able to
	Learners must be able to
	

	• Conduction in semiconductors, metals, ionic liquids;
• intrinsic properties and doping – properties by design;
• principles of the p-n junction and the junction diode;
• insulators, breakdown.


	· Explain how energy levels of electrons in an atom combine with those of other atoms in the formation of crystals

· Explain how the resulting energy levels are more closely spaced than those in the individual atoms, forming energy bands; and thus

· Explain the existence of energy bands in metal crystals as the result of superposition of energy levels

· Explain and contrast the conductivity of conductors, semi-conductors and insulators using energy band theory.

· Explain how insulators can break down and conduct under extreme conditions.

· Explain the process of doping.

· Explain how doping improves the conductivity of semi-conductors.

· Compare p and n type semi-conductors

· Explain how a p – n junction works.

· Give everyday examples of the application of semi conductors 
	
	This is a new topic and teachers may wish to read further on this area.

But it is relevant to many aspects in modern living, such as electronics, computers, cell phones, solar cells. 

	Atomic combinations: molecular structure
	
	
	

	• A chemical bond as the net electrostatic force two atoms sharing electrons exert on each other. 
	· Recall the role of models in science and describe the explanations of chemical bonding in this course as an application of a model

· Deduce the number of valence electrons in an atom of an element 

· Represent atoms using Lewis diagrams

· Explain, referring to diagrams showing electrostatic forces between protons and electrons, and in terms of energy considerations, why 

· two H atoms form an H2 molecule, but 

· He does not form He2
· Draw a Lewis diagram for the hydrogen molecule

· Describe a chemical bond as a shared pair of electrons

· Describe and apply simple rules to deduce bond formation, viz.

· different atoms, each with an unpaired valence electron can share these electrons or form a chemical bond

· different atoms with paired valence electrons called lone pairs of electrons, cannot share these four electrons and cannot form a chemical bond 

· different atoms, with unpaired valence electrons can share these electrons and form a chemical bond for each electron pair shared (multiple bond formation)

· atoms with an incomplete complement of electrons in their valence shell can share a lone pair of electrons from another atom to form a co-ordinate or dative covalent bond (e.g. NH4+, H3O+,  
	
	Link to 

Grade 10
Matter and materials: The atom: the arrangement of electrons into core and valence electrons

Increased stability due to lower potential energy to be used as the main reason for bonding. The mainstay of Lewis diagrams is the “rule of two” – i.e. two electrons for a bond, rather than the “octet” rule which only applies rigorously to the second period.

	• Chemical bonds as explained by Lewis theory and represented using Lewis diagrams. 

• Multiple bonds
	Draw Lewis diagrams, given the formula and using electron configurations, for

· simple molecules (e.g. F2, H2O, NH3, HF, OF2, HOCℓ)

· molecules with multiple bonds e.g. (N2, O2 and HCN) 

· molecules of compounds where atoms display variable valencies (e.g. CO, CH4, H2S, SO2, SO3)

· molecules where a molecule (or molecules) donates a lone pair of electrons (Lewis base) to a molecule or ion with vacant orbitals in the valence shell (Lewis acid) to form a dative covalent bond e.g. H3NBF3, Cu(NH3)42+
	
	.

	• Molecular shape as predicted using the Valence Shell Electron Pair Repulsion (VSEPR) theory.
	
	Deduce the shape of 

· molecules like CH4, NH3, H2O, BeF2 and BF3 

· molecules with more than four bonds like PCℓ5 and SF6, and

· molecules with multiple bonds like CO2 and SO2 and C2H2
from their Lewis diagrams using VSEPR theory
	

	• Electro-negativity of atoms to explain the polarity of bonds....
	· Explain the concepts

· “electro-negativity”

· Non-polar bond with examples, e.g.-H

· Polar bond with examples e.g. H‑Cℓ

· Show polarity of bonds using partial charges
	
	Link back to Grade 10 intermolecular forces
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	· Explain the difference between H+ and H

· Compare the polarity of chemical bonds using a table of electro-negativities 

· Show how polar bonds do not always lead to polar molecules
	
	

	• Oxidation number of atoms in molecules to explain their relative “richness” in electrons …
	· Explain the meaning of ‘oxidation number’ 

· Deduce oxidation numbers by assigning a -1 to the more electronegative atom in each bond and +1 to the more electropositive atom in each bond and finding the algebraic sum of the numbers assigned to a particular atom once this is done for all the bonds involving the particular atom.  Atoms in non-polar bonds are assigned zero.

· Assign oxidation numbers to atoms in various molecules like H2O, CH4, CO2, H2O2, HOCℓ

· Use rules of oxidation to assign oxidation numbers to atoms in a  variety of molecules and ions
	
	Forms a basis for electrochemistry in Grade 12

	• Bond energy and length
	· Explain what is meant by bond strength

· Describe ways in which atoms in a molecule can move (vibrate) relative to each other

· Explain the relationship between strength of bond between two chemically bonded atoms and

· the length of the bond between them

· the size of the bonded atoms

· the number of bonds (single, double, triple) between the atoms


	
	Link to potential energy diagram used to explain bonding above and point out the bond energy and bond length on that diagram 


	Atomic nuclei:
	
	
	

	• Nuclear structure and stability;
• Radioactivity;
• Ionising radiation;
• Fission and fusion and their consequences;
• Nucleosynthesis – the Sun and stars;
• Age determination in geology and archaeology.
	
	· Explain what is meant by “binding energy”

· Explain what is meant by “strong nuclear force” Link “strong nuclear force” to other non contact forces dealt with previously and explain the cohesiveness of the smaller nuclei in terms of competition between the strong nuclear force (attractive) and electrostatic repulsion forces of protons.

· Compare and contrast α, β, and γ decay

· Represent nuclear change using equations

· Describe “half-life” and its variation between isotopes and atoms.

· Describe radioactive dating.

· Perform simple calculations relating half-life, time and age and the concentration of nuclides.

· Compare and contrast nuclear fission and nuclear fusion. 

· Explain the process of nucleosynthesis that takes place in stars.
	Link back to the following topics in Grade 10

· Describe a simple model for the atom that includes protons, neutrons and orbital electrons.

· Explain the difference between mass number and atomic number

· Explain how an element can exist in various isotopic forms.

LO3 possibilities

  Controversy over nuclear energy weapons and power and effects of radiation on the human body



	Ideal gases and thermal properties:
	
	
	

	• Motion of particles;

• Kinetic theory of gases;


	· Describe the motion of individual molecules i.e.

· collisions with each other and the walls of the container

· molecules in a sample of gas move at different speeds

· Explain the idea of ‘average speeds’ in the context of molecules of a gas

· Describe an ideal gas in terms of the motion of molecules

· Use kinetic theory to explain the gas laws
	
	Integrate the teaching of this section into the treatment of the ideal gas laws below 

	• Ideal gas law.
	· Describe the relationship between volume and pressure for a fixed amount of a gas at constant temperature (Boyle’s Law)

· Describe the relationship between volume and temperature for a fixed amount of a gas at constant pressure (Charles’ Law) and

· Describe the relationship between pressure and temperature for a fixed amount of a gas at constant temperature 

· practically using an example 

· by interpreting a typical table of results

· using relevant graphs (introducing the Kelvin scale of temperature where appropriate)

· using symbols (‘(’ and ‘1/(’) and the words ‘directly proportional’ and ‘inversely proportional’ as applicable

· writing a relevant equation

· Combine the three gas laws into the ideal gas law

· Use the gas laws to solve problems

· Give the conditions under which the ideal gas law does not apply to a real gas and explain why 
	
	This section is an excellent opportunity to show the relationship between macro and micro, e.g. explain the pressure volume relationship in terms of particle motions.

It is an important section for illustrating and assessing understanding of investigative process, the relationship between theory and experiment, the importance of empirical data and mathematical modeling of relationships.

	• Temperature and heating, pressure;
	· Explain the temperature of a gas in terms of the average kinetic energy of the molecules of the gas

· Explain the pressure exerted by a gas in terms of the collision of the molecules with the walls of the container
	
	

	CHEMICAL CHANGE 18,75 %
	

	Quantitative aspects of chemical change:
	
	
	

	• Atomic weights;
	· Describe the mole as the SI unit for amount of substance

· Relate amount of substance to relative atomic mass

· Describe relationship between the mole and Avogadro’s number 

· Conceptualise the magnitude of Avogadro’s number

· Describe the relationship between molar mass and relative molecular mass

· Calculate the molar mass of a substance given its formula
	
	Refer back to atomic mass in grade 10

	• Molecular and formula weights;
	· Reason qualitatively and proportionally the relationship between number of moles, mass and molar mass

· Calculate mass, molar mass and number of moles according to the relationship n= m/M 

· Determine the empirical formula for a given substance from percentage composition
	
	Refer back to Dalton’s reasoning in the history of atomic theory in Grade 10

	• Determining the composition of substances;
	· Describe practical quantitative methods for determining chemical composition

· Determine the percentage composition from the chemical formula of substance
	
	

	• Amount of substance (mole), molar volume of gases, concentration;
	· Recall that 1 mole of gas occupies 22.4 dm3 at 00C (273 K) and 1 atmosphere (101.3 kPa) 

· Calculate molar concentration of a solution
	
	Link back to gas laws above

Express as SI units

	• Stoichiometric calculations
	· Perform stoichiometric calculations using balanced equations that may include limiting reagents 
	
	Use microscopic representations to explain how stoichiometric ratios work

	Energy and chemical change:
	
	
	

	• Energy changes in reactions related to bond energy changes;
	· Explain the concept enthalpy and its relationship to heat of reaction

· Define exothermic and endothermic reactions

· Identify that bond breaking requires energy (endothermic) and that bond formation releases energy (exothermic)


	
	Link bond making and breaking to potential energy diagram used in bonding above

	• Exothermic and endothermic reactions;
	· State that ΔH > 0 for endothermic reactions.

· State that ΔH<0 for exothermic reactions
	
	

	• Activation energy.
	· Define activation energy

· Explain a reaction process in terms of energy change and relate this change to bond breaking and formation and to the “activated complex”.
	
	

	Types of reaction:
	
	
	

	• Acid-base and redox reactions;
	· Define an acid as an H+ donor and a base as an H+ acceptor in reaction.

· Identify conjugate acid/base pairs

· Define an ampholyte

· List common acids (including hydrochloric acid, nitric acid, sulfuric acid and acetic acid) and common bases (including sodium carbonate, sodium hydrogen carbonate and sodium hydroxide) by name and formula and.

· Write the overall equation for simple acid-base and acid carbonate reactions and relate these to what happens at the macroscopic and microscopic level.

· Determine the oxidation number from the chemical formula and electro-negativities

· Identify a reduction - oxidation reaction

· Describe electro-chemical reactions as involving electron transfer

· Describe oxidation - reduction reactions as always involving changes in oxidation number
	
	Link to oxidation numbers above In this section, care must be taken to emphasise the relationship between the symbolic (equations) and the macroscopic and microscopic representations of the reaction.

	• Substitution, addition and elimination.


	· Describe criteria to use to classify elimination, substitution or addition reactions according to structural change

· Identify a reaction as an example of an elimination, substitution or addition reaction from a list of example reaction equations 

· List and describe elimination reactions that are important in manufacturing processes i.e. in the manufacture of alkenes, i.e.

· Dehydrohalogenation of alkyl halides

· Dehydration of alcohols

· Naphtha and ethane cracking (SASOL)

· Describe addition reactions that are important in manufacturing processes i.e. 

· Many polymers (addition polymerization, i.e. PVC and polystyrene)

· Ethanol from ethene 

· Hydrogenation of vegetable oils to form margarine

· Write equations for simple substitution reactions i.e. Organic reactions:

· CH4 + Cℓ2 → CH3Cℓ + HCℓ

· CH3Cℓ + H2O  →  CH3OH  +  HCℓ

· Inorganic reactions:

· Cu(H2O)42+ + 4Cℓ-  ⇌ Cu(Cℓ)42- + 4H2O

· Cu(H2O)42+ + S2-  → CuS(s)  +  4H2O
	
	Link to 

Grade 12
matter and materials: substitution, addition and elimination.

SASOL – polymers

Link to organic chemistry in grade 12

	CHEMICAL SYSTEMS 18,75 %

The content and context provides opportunities to focus assessment on Learning Outcome 3, viz. evaluating

· competing knowledge claims

· the impact of science on human development

· the impact of science on the environment

It is important that teachers create the opportunities for learners to 

· practice the skills they require to make such evaluations by getting them to

· know the structure of a scientific argument and use it (“Guess-deduce-test”; Identify the proposition/hypothesis, collect evidence that supports / refutes the proposition/hypothesis, evaluate the evidence (against relevant criteria), draw conclusions (refute/accept the hypothesis) from the evidence and substantiate the conclusion using the evidence.)

· select the relevant issues, e.g. from, say; 

· waste management, 

· use of energy (electricity), 

· use of (non-renewable) resources,  

· environmental issues …

· benefits to humans, positive impact on the environment say, …

· develop the skills they require to identify (from supplied data or a text or their own knowledge) the subject content they need to substantiate their arguments, viz.

· Use a knowledge of hazardous materials to identify risk associated with particular events/processes, e.g. manufacture and transport of fuels – fire risk, CO2, CH4, – greenhouse gases, CFC’s – negative impact on the ozone layer, Cℓ2, Hg … - toxic, oxides of nitrogen are produce by cars, CO2 by cars and CO2 and SO2 and coal burning power stations during the generation of electricity – these gases are responsible for acid rain, smoke and ash (from furnaces) can cause lung diseases, and so on

· Use criteria against which to evaluate the impact on humans, e.g. (health/ productivity – jobs / convenience/ technology (cell phones) / entertainment / safety / wealth creation

· Use criteria against which to evaluate the impact on the environment (sustainable development), e.g. (global warming/ exploitation of non-renewable resources/ ozone layer / eutrophication / solid waste - land fills;  nuclear waste, 




	Exploiting the lithosphere/Earth’s crust:
	Learners must be able to
	Learners must be able to
	

	• Mining and mineral processing – gold, iron, phosphate, (South Africa’s strengths); environmental impact of these activities;
	· Give a brief history of humankind across the ages 

· linking their technology and the materials they have used to their tools and their weapons

· referring to evidence of these activities in South Africa.

· Describe the Earth’s crust as a source of the materials man uses

· What is available? (the abundance of the elements on Earth)

· Where is it found? (the uneven distribution of the elements across the atmosphere, the hydrosphere, the biosphere and the lithosphere.  The uneven distribution of elements across the lithosphere

· How is it found? (Seldom as elements, inevitable as minerals) 

· How are the precious materials recovered? (the need to mine and process the minerals be separating them from their surroundings and then processing them to recover the metals or other precious material – use terms like resources, reserves, ore, ore body)

· Describe the recovery of gold referring to 

· why it is worth mining?

· the location of the major mining activity in South Africa?

· the major steps in the process 

· deep level underground mining

· separation of the ore from other rock

· the need to crush the ore bearing rock

· separating the finely divided gold metal in the ore by dissolving in a sodium cyanide oxygen mixture (oxidation) – simple reaction equation 

· the recovery of the gold by precipitation (Zn) (reduction) – simple reaction equation

·  smelting

· Describe the recovery of iron

· why it is worth mining? 

· why does South Africa export iron ore? 

· the location of the major mining activity in South Africa?

· the major steps in the process

· open pit mining

· separation of the ore from other rock

· the need to crush the ore bearing rock

· reducing the iron ore to iron in a blast furnace using coke to produce CO

· Describe the recovery of phosphates

· why it is worth mining? 

· the location of the major mining activity in South Africa?

· the major steps in the process

· open pit mining

· the need to crush the ore bearing rock

· the insoluble calcium phosphate that is mined is made into a water soluble salt by treatment with sulphuric acid to produce “superphosphate” and with phosphoric acid to produce “triple superphosphate”.  Give reaction equations for these processes.

· The environmental impact of 

· mining operations 

· mineral recovery plants
	
	Important links here to LO3

Link to aspects of chemical reactions – oxidation, factors affecting rates of reaction etc



	• Energy resources and their use
	· Describe the recovery/processing of coal (and crude oil)

· why do humans recover oil and coal (fossil fuels)? 

· the original source of oil and coal their non-renewable nature 

· the location of the major coal mining activity in South Africa?

· the source of South Africa’s crude oil (imported from the middle east and Africa - Nigeria)

· the major steps in the process

· open pit mining (and underground) of coal

· oils and natural gas from oil wells

· fractional distillation of natural petroleum mixtures for different purposes

· systematic naming of alkanes, alkenes and alkynes hydrocarbons (up to 8 carbon atoms)

· cracking to increase the proportion of molecules most needed (liquid fuels)

· octane rating

· Describe the consequences of the current large scale burning of fossil fuels many scientists and climatologists are predicting (global warming) 
	
	Important links here to LO3

Link to organic chemistry below

	The atmosphere:
	Learners must be able to
	Learners must be able to
	

	• Atmospheric chemistry;
	· Describe the composition of the Earth’s atmosphere, emphasizing how it makes life possible

· Describe the reason we have weather i.e. refer to

· Rain (relative humidity)

· Wind

· Describe the layered atmosphere

· troposphere, 

· stratosphere, 

· mesosphere and 

· thermosphere and 

how these layers relate to altitudes of differing change in temperature

· Describe the ionosphere and its characteristics. It 

· is a part of the thermosphere 

· is very thin

· is an area in the thermosphere where the atmosphere is ionized by solar radiation

· has a temperature that increases with height because it is warmed by the ionization process

· is home to the auroras

· makes radio communication possible

· Explain how water is trapped beneath the stratosphere and the significance of this

· Describe the interaction of nitrogen, oxygen and ozone molecules with high energy solar radiation in the mesosphere (see the ionosphere above)

· explain the role of CFCs in the depletion of ozone and why there is anxiety about this
	
	Important links here to LO3



	• Global warming and the environmental impact of population growth.
	· Explain that because the lithosphere contains polar molecules that absorb in the infra red region of the spectrum the world is warm which helps the Earth support life 

· List substances responsible for air pollution 

· List four of the most important greenhouse gases 

· Explain why there is greater production of greenhouse (pollutant) gases with an increase in human population 

· Explain the ‘greenhouse effect’ and why an increase in the concentration of greenhouse gases can cause global warming 

· Explain why climate change caused by global warming is regarded by many as so potentially harmful  
	
	Link to

Gr 12 IR spectroscopy

Link to polar molecules in grades 10 and 11


	Core knowledge and concepts (Learning Outcome 2 - Grade 12)

	The learner is able to state, explain, interpret and evaluate scientific and technological knowledge and can apply it in everyday contexts.

Constructing and Applying Scientific Knowledge
Note: The core concepts to be learned are included under the underlined theme and form a coherent whole.

	Core knowledge and concepts as in the NCS for the Physical Sciences
	Core knowledge and concepts proposed for 2008 - 2010
	Core knowledge and concepts proposed for the full implementation of the NCS. To be updated before implementation.
	Comment and links

	MECHANICS 12,5%
	

	Motion in two dimensions:
	Learners must be able to,
	Learners must be able to,
	

	• Projectile motion represented in words, diagrams, equations and graphs;
	for vertical projectile motion (near the surface of the Earth if air friction is ignored)

· Explain that projectiles

· fall freely with gravitational acceleration ‘g’ 

· accelerate downwards with a constant acceleration whether the projectile is moving upward or downward

· have zero velocity at their greatest height 

· take the same the 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 

· can have their motion described by a single set of equations for the upward and downward motion

· Use equations of motion, e.g. to determine 

· the greatest height reached given the velocity with which the projectile is launched upward (initial velocity) 

· the time at which a projectile is at a particular height given its initial velocity

· the height relative to the ground of the position of a projectile shot vertically upward at launch, given the time for the projectile to reach the ground

· Draw position vs time (x vs t), velocity vs time (v vs t) and acceleration vs time (a vs t) graphs for projectile motion 

· Give equations for position versus time and velocity versus time for the graphs of motion of particular projectiles and vice versa.

· Given x vs t, v vs t or a vs t graphs

· determine position, displacement, velocity or acceleration at any time t 

· describe the motion of the object e.g. graphs showing a ball, 

· bouncing,

· thrown vertically upwards

· thrown vertically downward, and so on
	for two dimensional projectile motion (near the surface of the Earth if air friction is ignored)

· calculate the horizontal and vertical components of a projectile launched at an angle, θ, to the horizontal

·  Use the equations of motion to calculate displacement and velocity for the vertical component of projectile motion, setting the acceleration equal to g

· use the equations of motion to calculate displacement and velocity for the horizontal component of projectile motion, setting the acceleration equal to zero

· Use the equations of motion for the horizontal and vertical components of projectile motion to calculate the time taken for the motion.

· Calculate the initial and final velocity from the horizontal and vertical components, i.e. calculate the magnitude and angle relative to the horizontal.

· 
	Link to Grade 10
motion in one dimension.

Link to Grade 11Newton’s second Law and the Law of Universal Gravitation

The equations of motion are identical to the equations introduced in Grade 10.  Do not derive a special set of equations – use the general equations and set a=g for the vertical component of the motion and a=0 for the horizontal component. Be sure to select positive and negative directions, and make sure that the signs of the displacement, velocity and acceleration are consistent with the directions you choose.  The acceleration of gravity always points downwards.

When the velocity has a horizontal and a vertical component, the magnitude of the velocity can be obtained using Pythagoras theorem, 
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	• Conservation of momentum in 2D;
	· Know that the momentum of a system is conserved when no external forces act on it

· Calculate x and y components of momentum

· Solve problems involving conservation of momentum in both the x direction and the y direction

· Know that an external force causes the momentum to change. The impulse delivered by the force is Ft=p. 

· Solve problems involving impulse and momentum when the applied force is in the horizontal or vertical direction.

· Distinguish between elastic and inelastic collisions.

· Solve problems involving elastic and inelastic collisions for objects moving parallel or at right angles to each other.


	· Solve problems involving impulse and momentum when the applied force is neither horizontal nor vertical but is at an angle

· Solve problems involving elastic and inelastic collisions for objects moving at an angle other than 90( to each other.

· 
	Link to Grade 11 conservation of momentum. As before, use the equation:

pi=pf
except now use one equation for components in the x direction and one equation for components in the y direction

Link to grade 11 impulse.

Link to

Grade 10 “kinetic energy” 

Traffic accidents provide a very good context for studying inelastic collisions.



	• Frames of reference.
	· Define a frame of reference

· Give examples of the importance of specifying the frame of reference

· Define relative velocity

· Specify the velocity of an object relative to different frames of reference, e.g. for a person walking inside a train give the velocity relative to the train and relative to the ground.

· Use vectors to find the velocity of an object that moves relative to something else that is itself moving, e.g. if the velocity of a bird relative to the air is 
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	Link to Grade 10 “frames of reference in one dimension”

	Work, power and energy:
	Learners must be able to
	Learners must be able to
	

	• When a force exerted on an object causes it to move, work is done on the object (except if the force and displacement are at right angles to each other);
	· Define the work done on an object by a force

· Give examples of when an applied force does and does not do work on an object

· Calculate the work done by an object when a force F applied at angle  to the direction of motion causes the object to move a distance d, using W=Fd cos 

	
	Link to Grade 11 forces.

Stress the difference between the everyday use of the word “work” and the physics use. Only the component of the applied force that is parallel to the motion does work on an object. So, for example, a person holding up a heavy book does no work on the book.



	• The work done by an external force on an object/system equals the change in kinetic energy of the object/system;
	· Know that an object with larger potential energy has a greater capacity to do work

· Solve problems using the work energy theorem, i.e. the work done on an object is equal to the change in its kinetic energy: W = Ek = Ekf - Eki 


	
	Link to grade 10:
 conservation of energy

Give examples showing that objects with greater potential energy can do more work, e.g. a hammer dropped from a greater height can do more work than one dropped from a lower height.

NOTE: a force only does work on an object if it stays in contact with the object. For example, a person pushing a trolley does work on the trolley, but the road does no work on the tyres of a car if they turn without slipping (the force is not applied over any distance because a different piece of tyre touches the road every instant).

	• Power (rate at which work is done).
	· Define power as the rate at which work is done or energy is expended

· Calculate the power involved when work is done

· If a force causes an object to move at a constant velocity, calculate the power using P=Fv.

· Apply to real life examples, e.g. the minimum power required of an electric motor to pump water from a borehole of a particular depth at a particular rate, the power of different kinds of cars operating under different conditions
	
	

	WAVES, SOUND AND LIGHT 12,5% 
	


Doppler Effect (source moves relative to

	observer):
	Learners must be able to
	Learners must be able to
	

	• With sound and ultrasound;
	·  State what theDoppler Effect is for sound and give everyday examples.

· Explain 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 equation
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 to calculate the frequency of sound detected by a listener (L) when either the listener or the source (S) is moving.

· 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.
	
	Link to Grade 11, pitch of sounds.

Link to reference frames (relative motion) in Grade 12 mechanics.

	• With light – red shifts in the universe (evidence for the expanding universe).
	· State that light emitted from many stars is shifted toward the red, or longer wavelength/lower frequency, end of the spectrum. 

· Apply the Doppler effect to these “redshifts” to conclude that most stars are moving away from Earth and therefore the universe is expanding
	
	Link to Grade 12 Electricity and Magnetism, Electromagnetic Spectrum. The red end of the spectrum corresponds to lower frequency and the blue end to higher frequency light.

Link to Grade 12 Matter and Materials, emission spectra and discuss the fact that stars emit light of frequencies that are determined by their composition.

	Colour:
	Learners must be able to
	Learners must be able to
	

	• Relationship to wavelength and frequency;
	· Know that each colour is associated with light of a particular frequency

· Use the equation c=f to calculate the wavelength of light of a given frequency and vice versa.

· Explain why when white light is refracted through a prism it separates into light of different colours by referring to the difference in the speed of light of different frequencies in glass


	
	Link to Grade 10 and 11, wavelength and frequency, refraction

Link to Grade 12 Electricity and Magnetism, Electromagnetic Spectrum


	• Pigments, paints;
	· Explain what determines the colour of an opaque object and of a transparent object when illuminated with white light

· Explain that pigments give an object its colour by absorbing certain frequencies of light and reflecting other frequencies. For example, a red pigment reflects red light and absorbs cyan (blue + green). 
· Use the concept of colour subtraction to predict how paints can create any colour by using varying amounts of the three primary colours of paint (cyan, magenta, yellow). 
	
	An opaque object reflects light of some frequencies and absorbs other frequencies. Its colour is determined by the light it reflects. 

A transparent object transmits light of some frequencies and absorbs others. Its colour is determined by the light it transmits.



	• Addition and subtraction of light.
	· Know that the superposition of red, blue and green light produces white light. All other colours are produced by different combinations of these colours. Red, blue and green are therefore the additive primary colours.

· Use colour addition to make predictions about the colours produced when different coloured light is mixed. 

· Describe the ability of the eye to perceive any colour due to its three types of cones (in the retina) that are sensitive to red, green and blue light, respectively.

· Explain why a TV screen comprises red, green and blue dots

· Know that the subtractive primary colours are magenta, yellow and cyan, and explain how these colours are obtained.

· Define complementary colours as two colours which add together to give white 

· Determine the complementary colours for red, green and blue.


	
	Addition of light provides another context to apply the concept of superposition.

Subtractive primary colours are obtained by subtracting one of the three additive primary colours:

Magenta = Red + Blue

Yellow = Red + Green

Cyan = Blue + Green

The complementary colours are:

   Red and Cyan

   Green and Magenta

   Blue and Yellow.



	2D and 3D wavefronts:
	Learners must be able to
	Learners must be able to
	

	• Diffraction;
	· Define a wavefront as an imaginary line that connects waves that are in phase (e.g. all at the crest of their cycle).

· State Huygen’s principle.

· Define diffraction as the ability of a wave to spread out in wavefronts as they pass through a small aperture or around a sharp edge.

· Apply Huygen’s principle to explain diffraction qualitatively. Light and dark areas can be described in terms of constructive and destructive interference of secondary wavelets.

· Sketch the diffraction pattern for a single slit.

· Use the approximation sin 
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 for a slit of width a to calculate the position (angle from the horizontal) of the dark bands in a single slit diffraction pattern, where m=​+1, +2, +3, ...
	
	It is very helpful to use water waves in a ripple tank to demonstrate diffraction and interference.  



	• Interference (special kind of superposition);
	· Define interference as when two waves pass through the same region of space at the same time, resulting in superposition of waves.

· Explain the concepts of constructive and destructive interference.

· Predict areas of constructive and destructive interference from a diagram / source material.

· Investigate the interference of waves on the surface of water from two coherent sources, vibrating in phase. 

· Draw an interference pattern marking nodal lines and noting positions of maximum interference.


	
	

	• Shock waves, sonic boom. • diffraction
	· Describe, with the aid of a diagram, the formation of a shock wave as an example of interference of wavefronts formed when the object emitting waves is traveling faster than the speed of the waves in the medium

· Define the terms:

· subsonic

· supersonic

· “Mach” number

· Explain the phenomenon of shockwaves in terms of the Doppler Effect and constructive interference of sound waves.

· State that a “sonic boom” is the sound heard by an observer as a shockwave passes.
	· Show that the half-angle of the cone of the sonic boom may be calculated from  

vw  = vs sin ө.
	

	Wave nature of matter:
	Learners must be able to
	Learners must be able to
	

	• de Broglie wavelength;
	· Derive the formula for calculating the de Broglie wavelength.

= 
[image: image24.wmf]mv
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· Show that a wavelength calculated for something like a moving cricket ball is so small as to be meaningless but that for a fast-moving electron, the wavelength is such as to expect it to undergo diffraction in the right circumstances.
· Calculate the de Broglie wavelength for electrons of varying speeds.

· Relate the de Broglie wavelength of the electron to wavelengths within the electromagnetic spectrum.  i.e. they are much smaller than that of visible light. 
	
	Learners should already be able to:

· Describe structure of an atom.

· Apply the concept of momentum.

· Describe the electromagnetic spectrum.

· Describe the dual nature of electromagnetic radiation.

· Describe that light is transmitted as tiny particles known as photons.



	• Electron microscope
	· Compare, by means of a simple diagram, the principle of operation of an electron microscope with an optical microscope in terms of the specimen, focusing and image formation.
	· Explain that electron microscopes, both transmission (TEM) and scanning (SEM), produce images based on the wave properties of electrons, just as light microscopes produce images based on the wave properties of light.

· State that extremely small de Broglie wavelengths of high-speed electrons permit imaging with a high resolution and magnification, whereas the magnification of a light microscope is limited by the wavelength of light.

· Compare the internal operating mechanisms of the light microscope with the transmission electron microscope.

i.e.
	

	
	
	source
	Light Microscope
	Transmission Electron Microscope (TEM)
	

	
	
	
	visible light transmitted through specimen
	invisible beam of electrons transmitted through specimen
	


	
	
	focusing mechanism
	optical lenses
	magnetic field of solenoid (acts like a converging lens for electrons)
	

	
	
	imaging
	the eye
	fluorescent screen or photographic plate
	

	
	
	· Discuss the differences between the operation of the transmission electron microscope (TEM) and the scanning electron microscope (SEM).
	

	ELECTRICITY AND MAGNETISM 12,5% 
	

	Electrodynamics:
	Learners must be able to
	Learners must be able to
	

	• Electrical machines (generators, motors);
	· State that generators convert mechanical energy to electrical energy and motors convert electrical energy to mechanical energy

· Use Faraday’s Law to explain why a current is induced in a coil that is rotated in a magnetic field.

· Use words and pictures to explain the basic principle of an AC generator (alternator) in which a coil is mechanically rotated in a magnetic field

· Use words and pictures to explain how a DC generator works and how it differs from an AC generator.

· Explain why a current-carrying coil placed in a magnetic field (but not parallel to the field) will turn by referring to the force exerted on moving charges by a magnetic field and the torque on the coil

· Use words and pictures to explain the basic principle of an electric motor. 

· Give examples of the use of AC and DC generators.

· Give examples of the use of motors.


	
	The basic principles of operation for a motor and a generator are the same, except that a motor converts electrical energy into mechanical energy and a generator converts mechanical energy into electrical energy.  Both motors and generators can be explained in terms of a coil that rotates in a magnetic field. In a generator the coil is attached to an external circuit and mechanically turned, resulting in a changing flux that induces an emf (refer to Grade 11).  In an AC generator the two ends of the coil are attached to a slip ring that makes contact with brushes as it turns. The direction of the current changes with every half turn of the coil.  A DC generator is constructed the same way as an AC generator except that the slip ring is split into two pieces, called a commutator, so the current in the external circuit does not change direction. In a motor, a current-carrying coil in a magnetic field experiences a force on both sides of the coil (refer to Grade 11), creating a torque (refer to Grade 11 Mechanics), which makes it turn.

	• Alternating current;
	· Explain the advantages of alternating current

· Write expressions for the current and voltage in an AC circuit

· Define the rms (root mean square) values for current and voltage as 

Irms.  = 
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respectively, and explain why these values are useful.

· Draw a graph of voltage vs time and current vs time for an AC circuit.


	
	The main advantage to AC is that the voltage can be changed using transformers.  That means that the voltage can be stepped up at power stations to a very high voltage so that electrical energy can be transmitted along power lines at low current and therefore experience low energy loss due to heating.  The voltage can then be stepped down for use in buildings, street lights, and so forth. 

	• Capacitance and inductance
	
	· Revise capacitance from Grade 11

· Define the reactance of a capacitor as 
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where reactance in an AC circuit plays a similar role to resistance in a DC circuit

· Explain that a capacitor blocks the flow of DC and low frequency AC but allows the flow of high frequency AC because its reactance decreases with increasing frequency.

· Describe an inductor as a solenoid, and inductance, L, as the ability of the solenoid to create an induced voltage when a changing current passes through it 

· Define the reactance of an inductor as

 XL = 2fL

·   Calculate the inductance of a solenoid using the expression
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, where inductance is measured in henry (H).
· Explain that an inductor blocks high frequency AC because its reactance increases with frequency, but allows low frequency AC and DC to pass.

·  
	

	Electronics:
	Learners must be able to
	Learners must be able to
	

	• Capacitive and inductive circuits;
	 
	· Perform calculations on capacitive circuits using the formula:



V2  =  I2(R2 + XC2)

· Understand that in a circuit containing both resistive and reactive components, the ratio 
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 is neither pure resistance nor pure reactance.  The ratio is called impedance.



Z  =  
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      where Z: impedance ()

· Understand that any coil has inductance, but also resistance.  So a coil can be considered as a resistance and an inductance in series.  The impedance of an inductor is given by:



Z  =  
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	• Filters and signal tuning;
	
	· Describe how capacitors and inductors can be used as filters for currents of certain frequencies

· For a circuit containing both an inductor and a capacitor (LRC circuit), calculate the impedance using the expression Z=
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· State the relationship between the phase of the voltages across an inductor, a resistor and a capacitor in an LRC circuit.

· Explain what is meant by resonance and calculate the resonant frequency of an LRC circuit

· Explain how LRC circuits are used for signal tuning and calculate values of relevant quantities needed to receive specific frequencies


	

	• Active circuit elements, diode, light emitting diode (LED) and field effect transistor (FET), operational amplifier;
	· Describe a diode as a device used in electronics that allows current to flow in one direction only.

· Explain that a diode consists of two doped semi-conductors joined together so that the resistance is low when connected one way and very high the other way. 

· Describe the LED as a diode that emits light when conducting.  

· Give examples of the use LEDs in everyday life


	· Describe the essential difference between the working of a transistor as a current amplifier and the FET as a voltage amplifier.

· Describe the structure of an FET and give the meanings of the terms source, drain and gate. 

· Describe how the depletion layer forms and that its width is controlled by a negative voltage applied to the gate.

· Describe that an output voltage of an FET is equal to the input voltage multiplied by a constant.  

· Explain that for mathematical operations such as multiplication and addition, a special amplifier is required.  Such a device is an operational amplifier or op-amp.

· Use the 741 op-amp as an example and explain that it has two input terminals called the inverting and non-inverting inputs.  

Explain the need for a trimming potentiometer when using an op-amp.
	

	• principles of digital electronics – logical gates,
	
	· Describe digital electronics as all-pervasive in modern technology: it is the ability to encode information with digital symbols that has made information processing the most important of modern technologies.

· State that in digital electronics, two symbols are used: 1, which means “high” and 0, which means “low” (binary system). 

· Describe a logic gate as a device made with groups of transistors on a single chip called an integrated circuit (IC).

· Recall the five main types of logic gates: i.e. NOT;  AND;  OR;  NAND;  NOR.

· Illustrate the correct symbol for each logic gate.

· Compile the relevant truth table for each of the five logic gates.

· Perform simple problem-solving exercises with two gates joined together to find the equivalent gate using truth tables.

Describe and explain how to use transistors to make a circuit that can count in the binary system.
	

	• Counting circuits.
	
	· State that the basis of all computer memories is the bistable or flip-flop.  

· Demonstrate and explain that two NOR gates in series form a flip-flop and can remember one bit of information;

· State that one bit is short for binary digit.

· Demonstrate that all numbers can represented as binary numbers and be expressed in terms of 0s and 1s.    

· Show that counting circuits use flip-flops to “divide by two”.

· Describe that the modulo of a counter is the number of pulses needed to reset its output states to 0.  For example, a modulo counter counts up to seven then resets itself to zero.

· Describe and explain a modulo 8 counter to allow counting from 0 (=000) to 7 (=111) using three flip-flops.

· Explain that computers use millions of NOR gates to count.

Describe how to use NOR gates to make a circuit that can count
	

	Electromagnetic radiation:
	Learners must be able to
	Learners must be able to
	

	• Dual (particle/wave) nature of EM radiation;
	· Explain that some aspects of the behaviour of EM radiation can best be explained using a wave model and some aspects can best be explained using a particle model


	
	Link to Grade 12 Matter and Materials, photoelectric effect

	• Nature of an EM-wave as mutual induction of oscillating magnetic/electric fields;
	· Describe the source of electromagnetic waves as an accelerating charge

· Use words and diagrams to explain how an EM wave propagates when an electric field oscillating in one plane produces a magnetic field oscillating in a plane at right angles to it, which produces an oscillating electric field, and so on  

· State that these mutually regenerating fields travel through space at a constant speed of 3x108m/s, represented by c.


	
	Mention that unlike sound waves, EM waves do not need a medium to travel through

	• EM spectrum;
	· Given a list of different types of EM radiation, arrange them in order of frequency or wavelength.

· Given the wavelength of EM waves, calculate the frequency and vice versa, using the equation c=f. 

· Give an example of the use of each type of EM radiation, i.e. gamma rays, X-rays, ultraviolet light, visible light, infrared, microwave and radio and TV waves.
	
	Link to Grade 10 Waves, Sound and Light

	• Nature of EM as particle – energy of a photon related to frequency and wavelength;
	· Calculate the energy of a photon using 

E = hf = hc/λ 
	
	

	• penetrating ability.
	· Indicate the penetrating ability of the different kinds of EM radiation and relate it to energy of the radiation.

· Describe the dangers of gamma rays, X-rays and the damaging effect of ultra-violet radiation on skin
	
	Link to Grade 11 Matter and Materials, atomic nuclei

	MATTER AND MATERIALS 25 %
	

	Optical phenomena and properties of materials:
	Learners must be able to
	Learners must be able to
	

	• Transmission and scattering of light;
	Explain the interaction of uv and visible radiation with:

metals: reflect (absorb and re-emit)

in terms of the interaction with electromagnetic radiation 

Explain why the sky is blue
	explain the interaction of uv and visible radiation with:

· non-metals – transparent (glass, )

· non metals - coloured (graphite, chlorophyll, dyes e.g. cyanine, β-carotene, lycopene)

in terms of the interaction with electromagnetic radiation
	Link the interaction of matter with light to the electronic properties of matter (grade 11 electrical conduction)

	• Photoelectric effect.
	· Describe the photoelectric effect as the process that occurs when light shines on a metal and it ejects an electron

· Give the significance of the photo-electric effect: 

· it establishes the quantum theory

· it illustrates the particle nature of light


	
	Link the interaction of matter with light to the electronic properties of matter (grade 11 electrical conduction)
.

This is a good opportunity to show how certain models are applicable in one case, but not in another, so the link needs to be made here to the dual nature of electromagnetic radiation in the grade 12 section on electricity and magnetism.

Also link to de Broglie wavelength in the waves sound and light , grade 12.

	• Emission and absorption spectra;
	· explain the source of atomic emission spectra (cf discharge tubes) and their unique relationship to each element

· relate the lines on the atomic spectrum to electron transitions between energy levels 

· explain the difference between of atomic absorption and emission spectra 

· use E = hf to determine the energy of photons of uv and visible light of varying colours

· relate uv visible light to atomic absorption spectra 
	· relate colour of non-metals to conjugated double bonds (chlorophyll and β-carotene)

· infra red spectra to vibrations of polar bonds within molecules (CO2; H2O) non-absorption by O2 and N2 
	Link to the balance required for the Earth to maintain a constant average temperature and to global warming and greenhouse gases in grade 10 chemical systems.. Also link to atmospheric chemistry and the making and breaking of bonds by solar radiation.

Link to red and blue shift in Doppler effect in waves sound and light section.

Link to colour section in waves sound and light  - pigments and paints, grade 12.

Link to quantization of energy levels under the atom in matter and materials Grade 10

	• Lasers;
	· Explain and contrast the concepts of spontaneous emission of radiation and stimulated emission of radiation.

· State that Lasers emit light which is monochromatic and in phase.

· Explain – in simple terms – how a laser works. Include concepts of a meta-stable state, population inversion and the consequence of decay of some atoms from the meta-stable state and their subsequent stimulation of other excited atoms to emit photons in phase with this emission.

· Recognise that the materials used for Lasers all allow a population inversion to be set up and that materials which have been used include synthetic ruby, a mixture of helium and neon (He-Ne lasers) and various semiconductors.

· Describe the arrangement of the Laser cavity and its effects of:

· Increasing amplification

· Concentrating beam intensity 

· Improving the spectral purity of the beam (Narrowing the frequency of the beam.)

· Identify some advantages of Laser applications in respect of:

· Barcodes

· Laser communication and Fibre-optics

· Medical Lasers

· Laser printers

· Optical storage media
	
	

	Organic molecules:
	Learners must be able to
	Learners must be able to
	

	• Organic molecular structures – functional groups, saturated and unsaturated structures, isomers;
	· give, condensed structural, structural and shorthand formulae for alkanes and compounds containing the following functional groups: double carbon-carbon bonds (including conjugated double bonds), triple carbon-carbon bonds, alkyl halides, alcohols, carboxylic acids, esters, amines, amides, ketone, arene (benzene ring) 

· explain the terms saturated, unsaturated and isomer

· identify compounds that are saturated, unsaturated and are isomers (up to 8 carbon atoms) 
	
	Links to 

Gr 11 multiple bonds (matter and materials)

Gr 12 polymers biological macro-molecules (matter and materials) and chemical systems

To recognize structures of polymers and biological macro-molecules learners will need to work with compounds containing an unlimited number of carbon atoms.  

The functional groups listed are required for the recognition of common polymers and biological macro-molecules 

	• Systematic naming and formulae, structure physical property relationships;
	Give the systematic name given the formula, and vice versa, for compounds with the functional groups listed under Gr 12 Organic Molecules above, up to a maximum of 8 carbon atoms 

Recognize and apply to particular examples the relationship between melting points, boiling points, vapour pressure, viscosity and intermolecular forces (hydrogen bonding, Van der Waals forces including dispersion or London forces number and type of functional group, chain length, branched chains) 
	
	Link to

grade 10 
matter and materials intermolecular forces.

	• Substitution, addition and elimination reactions.


	Unsaturated compounds undergo addition reactions to form saturated compounds e.g.

CH2=CH2 + Cℓ2 → CH2Cℓ-CH2Cℓ

Saturated compounds undergo elimination reactions to form unsaturated compounds e.g.

CH2Cℓ-CH2Cℓ  →  CH2=CHCℓ  +  HCℓ

Two types of saturated structure can be inter-converted by substitution e.g.

(CH3)3OH  +  HBr →  (CH3)3Br   +  H2O

(CH3)3Br   +  KOH  →  (CH3)3OH  +  KBr  


	
	Link to 

grade 11
Chemical Change: Types of reaction addition and elimination reactions

grade 12
Chemical Systems: SASOL fuels (cracking) - elimination

grade 12 
Chemical systems: polymerization addition 



	Mechanical properties:
	Learners must be able to
	Learners must be able to
	

	• Hooke’s Law, stress-strain, ductile and brittle materials;
	· Appreciate that deformation is caused by a force that can either be compressive or tensile when applied in 1 plane

· Describe behaviour of a spring in terms of the relationship between applied force and extension of a spring [Hooke’s Law].

· Demonstrate an understanding of the similarities and differences between force-extension graphs for typical ductile, brittle and polymeric materials 

· Recognize the point of ultimate tensile stress and the point beyond which permanent deformation takes place (elastic limit) and the point beyond which Hooke’s Law is no longer obeyed (Limit of proportionality)
	
	

	• Elasticity, plasticity, fracture, creep (descriptive);
	· Compare and contrast elastic and plastic deformation

· Compare and contrast creep and fracture as modes of failure in material.
	
	

	• Fracture, strength of materials.


	· Compare and contrast the brittle and ductile modes of failure

· Explain the behaviour and properties of materials by using an understanding of structure of materials. Terms should include vacancies, dislocations, impurities, and terms like grain boundaries and slip planes

· Understand that a material’s mechanical properties can be described in terms of ductile, malleable, tough and elastic.

· Demonstrate understanding of how a material’s mechanical properties can be controlled by cold working, annealing, tempering, and introduction of impurities, alloying and sintering.   
	
	

	Organic macromolecules:
	Learners must be able to
	Learners must be able to
	

	• Plastics and polymers – thermoplastic and thermoset

	· Describe the term polymer using a mind map (or concept map) that includes terms that refer to 
· their microscopic structure like macromolecule, chain, monomer, heterogeneous mixture, functional groups, …
· their macroscopic properties like resistance to chemicals, thermal and electrical insulators, (varying) low density and varying (great) strength and versatility (foamed, molded, extruded into fibre, …)
· their uses like packaging; fibres for clothing; tyres; adhesives; products from thin film to plastic ‘crockery and cutlery’ even furniture, sports equipment, automobile parts, floor coverings, paint, … 
· their commercial importance by giving the quantities of the most commercially important polymers produced annually,
· the typical length (size) and molecular mass of these macromolecules relative to each other
· examples
· Illustrate the reactions to produce polymers by addition reaction using the radical polymerization of ethene to produce polythene.  Refer to initiation, propagation and termination. 
· Illustrate the reactions to produce polymers by condensation reaction with the reactions to produce NYLON and polyester. 
· Identify the monomer used to produce a polymer from the structural formula of a section of a chain.
· Identify a polymer as the product of an addition or condensation polymerization reaction, from its structural formula.
· Draw the structural formula of an addition polymer that could be produced from monomers containing one carbon–carbon double bond, given the structural formula(e) of the monomer(s), or vice versa.
· Identify the ester link in a polyester and the amide link in a polyamide.
· Draw the structural formula of the polyester or polyamide polymers that could be produced from monomers, given the structural formula(e) of the monomer(s), or vice versa.
· Describe the effects of heating on thermoplastic and thermoset polymers, and the consequent difference in ease of recycling.
· Describe the advantages and disadvantages of the use of materials composed of polymers and fillers.
(Adapted from SENIOR SECONDARY ASSESSMENT BOARD OF SOUTH AUSTRALIA, STAGE 2 CHEMISTRY, WEEK 27 ASSIGNMENT, Subtopic 6.1: Polymers


	
	Maybe overload here – identify sections for examination

	• Biological macromolecules – structure, properties, function.
	
	Carbohydrates

· Describe photosynthesis as a reaction that produces carbohydrates (glucose)

· Describe respiration as the process during which glucose reacts with oxygen to form carbon dioxide and water with the simultaneous transfer of energy to cells.

· Explain the role of the glucose molecule as a store of solar energy

· Draw the structure of glucose in open chain form and cyclic form

· Describe, using structural formulae, the polymerisation of glucose in plants to form starch and cellulose

Proteins

· Given a structural formula of an amino acid, identify the carboxyl group, the amino group and the carbon side chain, R, 

· Draw the zwitterions structure of amino acids to show regions of positive and negative charge.

· Describe how the side chain of amino acids determines the hydrophilic and hydrophobic properties of the molecule.

· Draw the structure of glycine, alanine and serine

· Illustrate how amino acids combine to form a peptide using combinations of glycine, alanine and serine.

· Describe a peptide bond

· Identify the amino acid (monomer) used to produce a protein (polymer) from the structural formula of a section of a chain.
· Explain how the sequence of combining three amino acids results in the formation of different proteins. 
· Describe the primary and secondary structure of a simple protein

· Explain the importance of hydrogen bonding in the higher order structure of proteins

· Describe how the shape and structure of fibrous and globular proteins have different functions

· List three functions of proteins in supporting life.

Nucleic Acids

· Explain the chemical groups present in the nucleic acids, DNA and RNA namely:

· Five-carbon sugars, ribose and deoxyribose

·  Nitrogenous bases – adenine, guanine, cytosine, thymine and uracil  

· Phosphate group   

· Explain how nucleotides combine in different sequences 

· Describe the double helix structure of the DNA molecule

· Explain how the sequence of nitrogenous bases carries the genetic code

Illustrate how the sequence of nitrogenous bases allows for the synthesis of particular proteins.
	Proteins are essential for life and are synthesized in cells from the DNA molecule. Learners are introduced to simple biological monomers when studying the structure of amino acids. The properties of different amino acids are directly related to their structure. 

Amino acids combined to form biological polymers – proteins. There are only 20 amino acids but millions of different proteins. The sequence of the amino acids in a protein gives it its particular properties. To illustrate this variety we have chosen three simple amino acids.

The protein is not a linear molecule. The primary structure forms as amino acids are linked by peptide bonds. The secondary structure forms as proteins wrap around each other in a helix. Hydrogen bonding is crucial in these giant biological molecules. Two main types of proteins exist, fibrous protein found in feathers, skin, silk and hair and globular protein found in eggs, enzymes and blood. The different structure of these molecules results in materials with different properties and functions. 
Proteins are synthesized on the DNA molecule. This is another macro-biological molecule.

The structure of this very complicated molecule can best be understood by explaining the chemical groups that make up the larger molecule.

The sequence of the nitrogenous bases makes an infinite number of DNA molecules possible.  This sequence is the genetic code and explains why there is diversity within living organisms. Unlocking this code has led to genetic engineering and cloning. With a simple understand of the structure of the molecule, learners will be able to engage in the on going public debate, in a meaningful way. This context gives opportunity to assess Learning Outcome 3. 

The link between the DNA molecule and the proteins synthesized illustrates how structure of molecules results in properties that contribute to the functioning of a biological system.

Look for overlap with life sciences curriculum

Maybe overload here – identify sections for examination

	CHEMICAL CHANGE 18,75 %
	

	Rate and Extent of Reaction:
	Learners must be able to
	Learners must be able to
	

	• Rates of reaction and factors affecting rate (nature of reacting substances, concentration [pressure for gases], temperature and presence of a catalyst);
	· Explain what is meant by reaction rate

· List the factors which affect the rate of chemical reactions. (Surface area (solid), concentration (solution), pressure (gas), temperature, and catalyst.)

· Explain in terms of collision theory how the various factors affect the rate of chemical reactions.
	
	Link chemical systems grade 12 – industrial processes

	• Measuring rates of reaction;
	· 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 colour and the change of the mass of the reaction vessel.
	
	This is an important section for illustrating and assessing understanding of investigative process, the relationship between theory and experiment, the importance of empirical data and mathematical modeling of relationships

	• Mechanism of reaction and of catalysis;
	· Define activation energy – the minimum Ek of reacting molecules that can result in a reaction.

· Use a graph showing the 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 the reactants in such a way that the reaction follows an alternative path of lower activation energy.
	
	Link to grade 11 activation energy

	• Chemical equilibrium and factors affecting equilibrium;
	· Explain what is meant by: 

· Open and closed systems

· A reversible reaction

· Dynamic equilibrium

· List the factors which influence the position of an equilibrium
	
	Use liquid vapour equilibrium in a closed system to illustrate reversibility

	• Equilibrium constant;
	· List the factors which influence the value of the equilibrium constant

· Write down an expression for the equilibrium constant having been given the equation for the reaction.

· Explain the significance of high and low values of the equilibrium constant.
	
	

	• Application of equilibrium principles.
	· Explain qualitatively, given appropriate data, the effects of changes of pressure, temperature, concentration and the use of a catalyst on the concentrations and amounts of each substance in an equilibrium mixture

· Apply the rate and equilibrium principles to important industrial applications.
	
	

	Electrochemical reactions:
	Learners must be able to
	Learners must be able to
	

	• Electrolytic and galvanic cells;
	· Define the galvanic cell in terms of

· self sustaining electrode reactions

· conversion of chemical energy to electrical energy

· Define the electrolytic cell in terms of

· electrode reactions that are sustained by a supply of electrical energy

· conversion of electrical energy into chemical energy.

· Define oxidation and reduction in terms of electron (e-) transfer

· Define anode and cathode in terms of oxidation and reduction.
	
	Link to

Grade 11
matter and materials – oxidation number


chemical change – redox reactions

	• Relation of current and potential to rate and equilibrium;
	· Give and explain the relationship between current in an electrochemical cell and the rate of the reaction

· State that the pd of the cell (Vcell) is related to the extent to which the spontaneous cell reaction has reached equilibrium

· State and use the qualitative relationship between Vcell and the concentration of product ions and reactant ions for the spontaneous reaction viz. 

Vcell decreases as the concentration of product ions increase and the concentration of reactant ions decrease until equilibrium is reached at which the Vcell = 0 (the cell is ‘flat’).
	
	Illustrate processes microscopically

	• Understanding of the processes and redo reactions taking place in cells;
	· Describe 

· the movement ions through the solutions 

· the electron flow in the external circuit of the cell and

· and their relation to the half reactions at the electrodes 

· the function of the salt bridge
	
	

	• Standard electrode potentials;
	· Give the standard conditions under which standard electrode potentials are determined

· Describe 

· the standard hydrogen electrode and 

· explain its role as the reference electrode

· Explain how standard electrode potentials can be determined using the reference electrode and state the convention regarding positive and negative values.

· Use the Table of Standard Reduction Potentials to deduce the emf of a standard galvanic cell 

· Use a positive value of the standard emf as an indication that the reaction is spontaneous under standard conditions
	
	

	• Writing of equations representing oxidation and reduction half reactions and redox reactions
	· Predict the half-cell in which oxidation will take place when connected to another half-cell.

· Predict the half-cell in which reduction will take place when connected to another half-cell.

· Write equations for reactions taking place at the anode and cathode. 

· Deduce the overall cell reaction by combining two half-reactions
· Describe, using half equations and the equation for the overall cell reaction, the following electrolytic processes 
· The decomposition of copper chloride

· A simple example of electroplating (e.g. the refining of copper)
· Describe, using half equations and the equation for the overall cell reaction, the layout of the particular cell using a schematic diagram and potential risks to the environment of the following electrolytic processes used industrially:
· The production of chlorine (see grade 12 chemical systems: the chloral-alkali industry)  

· The recovery of aluminium metal (in South Africa) from Bauxite mined in Australia
	
	Link to oxidation numbers in Grade 11

	CHEMICAL SYSTEMS 18,75 %

The content and context provides opportunities to focus assessment on Learning Outcome 3, viz. evaluating

· competing knowledge claims

· the impact of science on human development

· the impact of science on the environment

It is important that teachers create the opportunities for learners to 

· practice the skills they require to make such evaluations by getting them to

· know the structure of a scientific argument and use it (“Guess-deduce-test”; Identify the proposition/hypothesis, collect evidence that supports / refutes the proposition/hypothesis, evaluate the evidence (against relevant criteria), draw conclusions (refute/accept the hypothesis) from the evidence and substantiate the conclusion using the evidence.)

· select the relevant issues, e.g. from, say; 

· waste management, 

· use of energy (electricity), 

· use of (non-renewable) resources,  

· environmental issues …

· benefits to humans, positive impact on the environment say, …

· develop the skills they require to identify (from supplied data or a text or their own knowledge) the subject content they need to substantiate their arguments, viz.

· Use a knowledge of hazardous materials to identify risk associated with particular events/processes, e.g. manufacture and transport of fuels – fire risk, CO2, CH4, – greenhouse gases, CFC’s – negative impact on the ozone layer, Cℓ2, Hg … - toxic, oxides of nitrogen are produce by cars, CO2 by cars and CO2 and SO2 and coal burning power stations during the generation of electricity – these gases are responsible for acid rain, smoke and ash (from furnaces) can cause lung diseases, and so on

· Use criteria against which to evaluate the impact on humans, e.g. (health/ productivity – jobs / convenience/ technology (cell phones) / entertainment / safety / wealth creation

· Use criteria against which to evaluate the impact on the environment (sustainable development), e.g. (global warming/ exploitation of non-renewable resources/ ozone layer / eutrophication / solid waste - land fills;  nuclear waste, 




	Chemical industry – resources, needs and the chemical connection:
	Learners must be able to
	Learners must be able to
	

	· SASOL, fuels, monomers and polymers, polymerisation; 
	· 
	· Identify the needs South Africans have for chemicals that coal as a resource can meet

· Use a simplified flow diagram of, for example, SASOL processes, to answer questions on aspects of the process.  

· Interpret and use data about production, consumption of raw materials, safety, to take and support a point of view

· Identify economic and social benefits of SASOL

· Identify environmental issues associated with SASOL production

· Supplied with a text describing an operation at the plant be able to make a simple risk assessment and propose precautions that need to be taken 

· Describe and explain processes that SASOL uses like

· Fractional distillation of air and the separation of petroleum products

· Steam reforming of natural gas (methane)

· Gasification of coal and its commercial and environmental significance 

· those in the SAS and slurry phase distillate reactors and their complementary nature

· hydrocracking and the advantage for producing diesel

· steam cracking of ethane

· and their role in the production at SASOL of products like

· Ammonium nitrate (fertilizer and explosive)

· Hydrocarbons (fuels - also give relevant combustion reaction equations)

· Ethene (elimination)

· Polypropylene

Describe issues concerned with the recycling of polymers 
	Link to

Gr 11:
Lithosphere – mining and mineral processing (especially coal and the fractional distillation of petroleum to produce fractions)


Elimination and addition reactions

Gr 12
rate and extent of reactions 


Matter and materials, plastics and polymers


Chemical systems SASOL, polymerization and the manufacture of PVC


Elimination and addition reactions

	· The chloroalkali industry (soap, PVC, etc);
	· Given diagrams of any one of the three types of cell used industrially to produce chlorine electrolytically:

· explain the process using half reactions and the overall redox reaction taking place in the cells 

· identify all the products and give a use of each

· make clear the meaning of the term electrolytic cell

· identify the cathode (reduction, H2) and anode (oxidation, Cℓ2)

· describe the function of the cell membrane where applicable (ion exchange)

· Identify the benefits to humankind of the products of this process

· Identify risks associated with operating each of these cells 

· *Compare the three cell types provided with a table of data, for example

· Cell voltage (V) 

· NaOH strength (wt%)  

· Steam consumption (kWh/MT Cl2) for concentration to 50% NaOH 

as to which cell is more efficient.

· Given a flow diagram of, for example, the membrane cell (or even an unknown process pertinent to the manufacture of these products), be able to answer questions on aspects of the process.  For example identify the reactants and products of a particular step, or the purpose of a sequence of steps. 

· Give an equation for the production of soap from animal fat and NaOH and describe how the structure of the soap molecule relates to its function

· Describe how the structure of a detergent is different to that of soap and the consequent advantage of detergents over soaps

· Evaluate the impact of the use of detergents on humankind and the environment.
	
	

	· the fertiliser industry (N, P, K).
	· List, for plants,

· three essential nutrients and their source; C, H and O (atmosphere (CO2) and rain)

· three primary nutrients and their source N, P and K (the soil)

· Explain the function of N, P and K in plants

· List for humans the four major elements, and their source, on which the body relies for form and function; C, H, O and N (atmosphere, water and food – animals and plants)

· Match the parts of the human body that utilize particular chemical elements with those from a list of primary, secondary and micronutrients in plants (e.g. P, K, Fe, Ca, …)

· Give the form in which plants and animals absorb N, P and K (e.g. nitrates, phosphates, potassium salts, … implies the need to fix nitration)

· Give the source of N (guano), P (bone meal) and K (German mines) before and after the first world war)

· Interpret the N:P:K fertilizer ratio

· Describe and explain (rates, yields, neutralization, …), using chemical equations where ever appropriate, these aspects of the industrial manufacture of fertilizers, given diagrams, flow charts and so on 

· N2 – fractional distillation of air

· H2 – at SASOL from coal and steam

· NH3 – Haber process; 

· HNO3 – the Ostwald process; 

· H2SO4 – including the contact process; 

· H3PO4; Ca (H2PO4)2 (super phosphates)

· NH4NO3; (NH4)2SO4; H2NCONH2 (urea); 

· Give sources of potash (mined imported potassium salts like KNO3, K2SO4, KNO3, ….) 

· Describe the term eutrophication and

· what causes it

· its consequences

· be able to identify circumstances that can lead to it from a supplied text 

· suggest ways to prevent it

· suggest ways to solve the problems that arise from it

· Evaluate the use of inorganic fertilizers on humans and the environment . 
	
	Link to

Gr 10:
Chemical Systems - the nitrogen cycle 

Gr 11:
Lithosphere – mining and mineral processing (especially phosphates and potassium salts)


Acid and base reactions – especially neutralisation

Gr 12
rate and extent of reactions 


Chemical systems SASOL the manufacture of fertilizers



	· Batteries, torch, car, etc.
	· Use the knowledge gained studying galvanic cells to provide, for an unknown cell

the equation for the cell reaction given the half equations

the cell voltage if supplied with the voltage of the half cells

· Explain and use the concepts: 

energy stored in cells and batteries W = Vq

cell capacity and use the unit Amp-hour (Ah and mAh) and the equation q = It

primary cells and secondary cells

· Describe features of cell structure and explain qualitatively the relationship between 

cell emf and the electrochemical reaction (e.g. lithium-ion is 3,6 V while NiCad is 1,2 V)

internal resistance and the distance between electrodes

cell current and the surface area of the electrodes

cell capacity and amount of electrolyte

· Give a labeled schematic diagram of a lead-acid accumulator showing its structure and components.  Use the lead acid accumulator to

Explain the relationship between the structure of the battery and its internal resistance, maximum current, capacity and emf 

Explain the relationship between battery elf and the connection of cells

· Show the relationship between the half reactions and overall reactions during the discharge and recharge cycles

· Determine the emf using the voltages for the half reactions

· Explain the functioning of a secondary cell including the relationship between the elf and the voltage at which it needs to be charged

· Discuss issues around disposal / recycling of battery components

· Give a labeled schematic diagram of a zinc-carbon dry cell (Leclanché) showing its construction and components

· Give the half reactions and overall reactions during discharge 

· Determine the emf from the voltages of the half reactions

· Explain the functioning of the cell

· Explain the relationship between the structure of the battery and its internal resistance, maximum current, capacity and emf 

· Given a diagram of an unknown primary or secondary cell, the half equations and half cell voltages be able to comment on issues relating structure and reaction equations to discharge and recharge cycles (secondary cells), cell emf, capacity, internal resistance and maximum current,  

· Evaluate the impact of the use of batteries on humans and the environment 


	
	· One of the main benefits of recycling batteries lie in the energy savings of recapturing a product compared with mining a virgin resource. 

· Link to electrochemistry

· Maybe overload here – identify sections for examination
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