	Topic 1: Physics and Physical Measurement (11h) 

	A.S.
	 
	 
	Obj

	 
	 
	1.1 The Realm of Physics (2h)
	 

	 
	 
	Range of magnitudes of quantities in our universe
	 

	1.1.1
	 
	State (express) quantities to the nearest order of magnitude.
	1

	1.1.2
	 
	State the ranges of magnitude of sizes, masses and times that occur in the universe, from smallest to greatest.
	1

	 
	Sizes—from 10-15 m to 10+25 m (subnuclear particles to extent of the visible universe). 

Masses—from 10-30 kg to 10+50 kg (electron to mass of the universe). 

Times—from 10-23 s to 10+18 s (passage of light across a nucleus to the age of the universe).
	 

	
	
	 

	
	
	 

	1.1.3
	 
	State and compare the order of magnitude of selected (significant) systems in the universe.
	2

	 
	 
	Students should become familiar with the order of magnitudes of significant systems with which they deal, and aim to develop a familiarity with the orders of magnitudes of important masses, lengths, times and other quantities.
	 

	1.1.4
	 
	State (express) ratios of quantities as differences of orders of magnitude.
	1

	 
	 
	For example, the ratio of the diameter of the hydrogen atom to its nucleus is about 105 times, or a difference of five orders of magnitude.
	 

	 
	 
	1.2 Measurement and Uncertainties (2h)
	 

	 
	 
	The SI system of fundamental and derived units
	 

	1.2.1
	 
	State the fundamental units in the SI system. 
	1

	 
	 
	Students need to know the following: kilogram, meter, second, ampere, mole and kelvin.
	 

	1.2.2
	 
	Distinguish between, and give examples of, fundamental and derived units.
	2

	1.2.3
	 
	Convert between different units for quantities.
	2

	 
	 
	For example, J and kWh, J and eV, years and seconds, and between other systems and SI.
	 

	1.2.4
	 
	State units in the accepted SI format. 
	1

	 
	 
	Use m s-2 not m/s/s and m s-1 not m/s.
	 

	1.2.5
	 
	State values in scientific notation and in multiples of units with appropriate prefixes.
	1

	 
	 
	For example, use nanoseconds or gigajoules.
	 

	 
	 
	Uncertainty and error in experimental measurement
	 

	1.2.6
	 
	Describe, distinguish between and give examples of random uncertainties and systematic errors.
	2

	1.2.7
	 
	Distinguish between precision and accuracy.
	2

	 
	 
	For example, repeated measurements on a voltmeter may have great precision in that they are highly reproducible with small scatter and uncertainty, yet they may be inaccurate (for example if the voltmeter has a zero offset error).
	 

	1.2.8
	 
	Explain how the effects of random uncertainties may be reduced.
	3

	 
	 
	Students should be aware that systematic errors are not reduced by repeating readings.
	 

	1.2.9
	 
	State random uncertainty as an uncertainty range (±) and represent it graphically as an "error bar".
	1

	1.2.10
	 
	Identify values of quantities and results of calculations to the appropriate number of significant digits.
	2

	 
	 
	The number of significant digits should reflect the precision of the value or of the input data to a calculation. Only a simple rule is required: for multiplication and division, the number of significant digits in a result should not exceed that of the least precise value upon which it depends.
	 

	 
	 
	1.3 Mathematical and Graphical Techniques (3h)

	 
	 
	Estimation
	 

	1.3.1
	 
	Estimate approximate values of everyday quantities to one or two significant digits and/or to the nearest order of magnitude.
	2

	 
	 
	Reasonable estimates for common quantities, eg dimensions of a brick, mass of an apple, duration of a heartbeat or room temperature are expected.
	 

	1.3.2
	 
	State and explain simplifying assumptions in approaching and solving problems.
	3

	 
	 
	For example, reasonable assumptions that certain quantities may be neglected, others ignored (eg heat losses, internal resistance), or that behaviour is approximately linear.
	 

	1.3.3
	 
	Estimate results of calculations.
	2

	 
	 
	Examples: 174/118 ≈ 180/120 = 3/2 = 1.5 
or 6.3 x 7.6/4.9 ≈ 6 x 8/5 = 48/5 ≈ 50/5 = 10.
	 

	 
	 
	Graphs
	 

	1.3.4
	 
	Construct graphs from data, choosing suitable scales for the axes.
	3

	 
	 
	Include or suppress the zero on an axis as appropriate.
	 

	1.3.5
	 
	Draw qualitative graphs to represent dependencies and interpret graph behaviour.
	1

	 
	 
	Students should be able to give a qualitative physical interpretation of a particular graph, eg as the potential difference increases, the ionization current reaches a maximum.
	 

	1.3.6
	 
	Determine the values of physical quantities from graphs.
	3

	 
	 
	Include measuring and interpreting the slope (gradient), intercepts and area under a curve, and stating the units for these quantities.
	 

	1.3.7
	 
	Draw best-fit lines to data points on a graph.
	1

	 
	 
	These can be curves or straight lines as appropriate. Fitting by eye is expected. Mathematical fitting is not required. Students should not join data points with segments.
	 

	 
	 
	Graphical analysis and determination of relationships
	 

	1.3.8
	 
	Transform equations into generic straight-line form y = mx + c and plot the corresponding graph.
	2

	 
	 
	This can include plotting various functions of the variables such as reciprocals, powers and roots. Logarithmic functions are not required.
	 

	1.3.9
	 
	Analyse a straight-line graph to determine the equation relating the variables.
	3

	 
	 
	The parameters of the original function can be obtained from the slope m and intercept c.
	 

	 
	 
	1.4 Vectors and Scalars (4h)
	 

	 
	 
	Note: Although vectors are mentioned here at the beginning of the physics syllabus, this does not necessarily represent the order in which they should be taught. Vectors may be developed within other sections, for example in the context of particular quantities such as force, displacement or velocity.
	 

	1.4.1
	 
	Distinguish between vector and scalar quantities, and give examples of each.
	2

	 
	 
	When expressing a vector as a symbol, students should adopt a recognized notation.
	 

	1.4.2
	 
	Draw arrows of appropriate length and direction to represent vector quantities.
	1

	1.4.3
	 
	State vector quantities either in terms of magnitude and direction or by their components along chosen axes.
	1

	1.4.4
	 
	Add and subtract vector quantities by the graphical method.
	1

	 
	 
	Add and subtract accurately by construction, or approximately, if an estimate is required. Multiplication and division of vectors by scalars is also required.
	 

	1.4.5
	 
	Resolve vectors into perpendicular components along chosen axes.
	2

	 
	 
	For example, resolving parallel and perpendicular to an inclined plane. Choose appropriate axes along which to resolve according to the needs of the physical situation.
	 

	1.4.6
	 
	Interpret the physical meaning of vector components where appropriate.
	2

	 
	 
	For example, interpret vertical and horizontal components of velocity in projectile motion, or force components along and perpendicular to an inclined plane.
	 

	1.4.7
	 
	Add two or more vectors by the method of components.
	2

	 
	 
	First resolve into components, then add the components and recombine them into a resultant vector. Pythagoras' theorem and basic trigonometry are required but not the sine and cosine rules.
	 

	1.4.8
	 
	Solve problems involving the vector nature of physical quantities.
	3

	 
	 
	Problems may involve the vector nature of quantities such as displacement, velocity, acceleration, momentum, force and fields.
	 

	Topic 2: Mechanics (24h)
	 

	A.S.
	 
	 
	Obj

	 
	 
	2.1 Kinematics (6h)
	 

	 
	 
	Kinematic concepts
	 

	2.1.1
	 
	Define displacement, velocity, speed and acceleration.
	1

	 
	 
	Quantities should be identified as scalar or vector quantities.
	 

	2.1.2
	 
	Define and explain the difference between instantaneous and average values of speed, velocity and acceleration.
	3

	2.1.3
	 
	Describe an object's motion from more than one frame of reference.
	2

	 
	 
	Students should be familiar with the term relative velocity and should be able to calculate relative velocities in one dimension.
	 

	 
	 
	Graphical representation of motion
	 

	2.1.4
	 
	Draw and analyse distance–time graphs, displacement–time graphs, velocity–time graphs and acceleration–time graphs.
	3

	 
	 
	Students should be able to sketch and label these graphs for various situations. They should also be able to write descriptions of the motions represented by such graphs.
	 

	2.1.5
	 
	Analyse and calculate the slopes of displacement–time graphs and velocity– time graphs, and the areas under velocity–time graphs and acceleration–time graphs. Relate these to the relevant kinematic quantity.
	3

	 
	 
	Uniformly accelerated motion
	 

	2.1.6
	 
	Determine the velocity and acceleration from simple timing situations.
	3

	 
	 
	Students should be able to interpret data from devices such as a light gate, strobe photograph or ticker timer. Analysis may involve graphing the data, taking measurements and applying kinematics concepts.
	 

	2.1.7
	 
	Derive the equations for uniformly accelerated motion.
	3

	2.1.8
	 
	Describe the vertical motion of an object in a uniform gravitational field.
	2

	2.1.9
	 
	Describe the effects of air resistance on falling objects.
	2

	 
	 
	Only qualitative descriptions are expected. Students should understand the term terminal velocity.
	 

	2.1.10
	 
	Solve problems involving uniformly accelerated motion.
	3

	 
	 
	2.2 Forces and Dynamics (5h)
	 

	 
	 
	Forces and free-body diagrams
	 

	2.2.1
	 
	Describe force as the cause of deformation or velocity change.
	2

	2.2.2
	 
	Identify the forces acting on an object and draw free-body diagrams representing the forces acting.
	2

	 
	 
	Each force should be labelled by name or given a commonly accepted symbol. Vectors should have lengths approximately proportional to their magnitudes.
	 

	2.2.3
	 
	Resolve forces into components.
	3

	2.2.4
	 
	Determine the resultant force in different situations.
	3

	2.2.5
	 
	Describe the behaviour of a linear spring and solve related problems.
	3

	 
	 
	Spring combinations will not be assessed.
	 

	 
	 
	Newton's first law
	 

	2.2.6
	 
	State Newton's first law of motion.
	1

	2.2.7
	 
	Describe examples of Newton's first law.
	2

	 
	 
	Equilibrium
	 

	2.2.8
	 
	State the condition for translational equilibrium.
	1

	2.2.9
	 
	Solve problems involving translational equilibrium.
	3

	 
	 
	Newton's second law
	 

	2.2.10
	 
	State Newton's second law of motion.
	1

	 
	 
	Students should be familiar with the law in both the forms F = ma and F = p/t.
	 

	2.2.11
	 
	Solve problems involving Newton's second law.
	3

	 
	 
	Newton's third law
	 

	2.2.12
	 
	State Newton's third law of motion.
	1

	 
	 
	Students should understand that when two bodies A and B interact, the force that A exerts on B is equal and opposite to the force that B exerts on A.
	 

	2.2.13
	 
	Discuss examples of Newton's third law.
	3

	 
	 
	2.3 Inertial Mass, Gravitational Mass and Weight (1h)

	2.3.1
	 
	Define inertial mass.
	1

	 
	 
	Students should describe inertial mass as the ratio of resultant force to acceleration.
	 

	2.3.2
	 
	Compare gravitational mass and inertial mass.
	2

	 
	 
	Students should understand that although the concepts of gravitational mass and inertial mass are different, they have identical values. A simple argument should be given to show that the equivalence of gravitational mass and inertial mass accounts for objects having the same value for free-fall acceleration.
	 

	2.3.3
	 
	Discuss the concept of weight.
	3

	 
	 
	Students should understand that usage of the term weight can be ambiguous, eg weight can mean the gravitational force mg and the reading on a supporting scale; these have different values in non-equilibrium situations.
	 

	2.3.4
	 
	Distinguish between mass and weight.
	2

	 
	 
	2.4 Momentum (4h)
	 

	2.4.1
	 
	Define linear momentum and impulse.
	1

	2.4.2
	 
	State the law of conservation of linear momentum.
	1

	2.4.3
	 
	Derive the law of conservation of momentum for an isolated system consisting of two interacting particles.
	3

	 
	 
	The law is derived by applying Newton's second law to each particle and Newton's third law to the system.
	 

	2.4.4
	 
	Solve problems involving momentum and impulse.
	3

	 
	 
	Students should be familiar with elastic and inelastic collisions and explosions.
	 

	 
	 
	2.5 Work, Energy and Power (6h)
	 

	 
	 
	Work
	 

	2.5.1
	 
	Define work.
	1

	 
	 
	Students should be familiar with situations where the displacement is not in the same direction as the force.
	 

	2.5.2
	 
	Determine the work done by a non-constant force by interpreting a force– displacement graph.
	3

	2.5.3
	 
	Solve problems involving the work done on a body by a force.
	3

	 
	 
	Energy and power
	 

	2.5.4
	 
	Define kinetic energy.
	1

	2.5.5
	 
	Describe the concepts of gravitational potential energy and elastic potential energy.
	2

	2.5.6
	 
	State the principle of conservation of energy.
	1

	2.5.7
	 
	List different forms of energy and describe examples of the transformation of energy from one form into another.
	2

	2.5.8
	 
	Define power.
	1

	2.5.9
	 
	Define and apply the concept of efficiency.
	2

	2.5.10
	 
	Solve work, energy and power problems.
	3

	 
	 
	2.6 Uniform Circular Motion (2h)
	 

	2.6.1
	 
	Draw a vector diagram to show that the acceleration of a particle moving with uniform speed in a circle is directed toward the centre of the circle.
	1

	2.6.2
	 
	State the expression for centripetal acceleration.
	1

	2.6.3
	 
	Identify the force producing circular motion in various situations.
	2

	 
	 
	Examples include gravitational force (acting on the moon) and friction (acting sideways on the tyres of a car turning a corner).
	 

	2.6.4
	 
	Solve problems for particles moving in circles with uniform speed.
	3

	Topic 3: Thermal Physics (11h)
	 

	A.S.
	 
	 
	Obj

	 
	 
	3.1 Thermal Concepts (3h)

	 
	 
	Temperature and thermometers
	 

	3.1.1
	 
	State that temperature is a property that determines the direction of thermal energy transfer between two bodies in thermal contact.
	1

	 
	 
	Students should be familiar with the concept of thermal equilibrium.
	 

	3.1.2
	 
	Explain how a temperature scale is constructed.
	3

	3.1.3
	 
	State the relation between the Kelvin and Celsius scales of temperature.
	1

	 
	 
	T /K = t / °C+ 273is sufficient.
	 

	 
	 
	Heat and internal energy
	 

	3.1.4
	 
	State that temperature is a measure of the average kinetic energy of the molecules of a substance.
	1

	3.1.5
	 
	State that internal energy is the total potential and kinetic energy of molecules in a substance.
	1

	 
	 
	Students should know that the kinetic energy of the molecules arises from their translational/rotational motion and that the potential energy of the molecules arises from the forces between the molecules.
	 

	3.1.6
	 
	Explain and distinguish between the macroscopic concepts of temperature, internal energy and heat.
	3

	 
	 
	Thermal energy transfer
	 

	3.1.7
	 
	Describe qualitatively the processes of conduction, convection and radiation.
	2

	3.1.8
	 
	Describe examples of conduction, convection and radiation.
	2

	 
	 
	3.2 Thermal Properties of Matter (5h)
	 

	 
	 
	Specific heat capacity
	 

	3.2.1
	 
	Define and distinguish between heat capacity and specific heat capacity.
	2

	3.2.2
	 
	Explain why different substances have different specific heat capacities.
	3

	 
	 
	This should be understood in terms of the fact that unit masses of different substances contain different numbers of molecules of different mass.
	 

	3.2.3
	 
	Describe methods to measure the specific heat capacity of solids and liquids.
	2

	 
	 
	The electrical method and the method of mixtures are sufficient. The cooling correction is not included in the calculation. Sources of experimental error should be identified and ways to reduce these should be known. Constant flow techniques are not required.
	 

	3.2.4
	 
	Solve problems involving specific heat capacities.
	3

	 
	 
	Phases (states) of matter and latent heat
	 

	3.2.5
	 
	Describe the solid, liquid and gaseous states in terms of molecular structure and motion.
	2

	 
	 
	Only a simple model is required. The speed distribution in gases should be explained qualitatively. Students should be aware how microscopic structure explains bulk behaviour.
	 

	3.2.6
	 
	Describe and explain the process of phase changes in terms of molecular behaviour.
	3

	3.2.7
	 
	Explain in terms of molecular behaviour why temperature does not change during a phase change.
	3

	3.2.8
	 
	Define specific latent heat.
	1

	3.2.9
	 
	Describe a method for measuring the specific latent heat of fusion and a method for measuring the specific latent heat of vaporization.
	2

	 
	 
	Adding ice to water in a calorimeter would be suitable for fusion and an electrical method would be suitable for vaporization.
	 

	3.2.10
	 
	Solve problems involving specific latent heats.
	3

	 
	 
	Problems may include all three phases of a substance and specific heat calculations.
	 

	3.2.11
	 
	Describe the evaporation process in a liquid in terms of molecular behaviour.
	2

	 
	 
	Students should be aware that evaporation takes place at all temperatures and results in the cooling of a liquid.
	 

	3.2.12
	 
	Identify factors that affect evaporation rate.
	2

	 
	 
	3.3 Ideal Gases (3h)
	 

	 
	 
	Gas laws
	 

	3.3.1
	 
	State the macroscopic gas laws relating pressure, volume and temperature.
	1

	 
	 
	Students should be aware that real gases deviate from these laws under certain conditions and that an ideal gas is one that follows the gas laws for all values of p, V and T.
	 

	3.3.2
	 
	Define the terms mole and molar mass.
	1

	 
	 
	Students should be able to convert between mass and number of moles.
	 

	3.3.3
	 
	Define the Avogadro constant.
	1

	3.3.4 
	 
	State that the equation of state of an ideal gas is pV = nRT.
	1

	3.3.5
	 
	Describe the concept of the absolute zero and the Kelvin scale.
	2

	3.3.6
	 
	Solve problems using the equation of state of an ideal gas.
	3

	 
	 
	Kinetic model of an ideal gas
	 

	3.3.7
	 
	Describe the kinetic model of an ideal gas.
	2

	 
	 
	Students should be able to describe how the pressure arises from the collisions of the molecules with the walls of the container.
	 

	3.3.8
	 
	Explain the macroscopic behaviour of an ideal gas in terms of the molecular model.
	3

	 
	 
	Only qualitative explanations are required.
	 

	Topic 4: Waves (10h)
	 

	A.S.
	 
	 
	Obj

	 
	 
	4.1 Travelling Waves (3h)
	 

	 
	 
	Waves
	 

	4.1.1
	 
	Describe a wave pulse and a continuous travelling wave.
	2

	 
	 
	Students should be able to distinguish between the oscillations and the wave motion.
	 

	4.1.2
	 
	State that waves transfer energy.
	1

	 
	 
	Students should understand that there is no net motion of the medium through which the wave travels.
	 

	4.1.3
	 
	Describe and give examples of transverse and longitudinal waves.
	2

	 
	 
	Students should know that sound is a longitudinal wave and that light is a transverse wave.
	 

	4.1.4
	 
	Describe waves in two dimensions, including the concepts of wave fronts and rays.
	2

	 
	 
	Wave characteristics
	 

	4.1.5
	 
	Define displacement, amplitude, period, frequency, wavelength and wave speed.
	1

	4.1.6
	 
	Describe the terms crest, trough, compression and rarefaction.
	2

	4.1.7
	 
	Draw and explain displacement–time and displacement–position graphs for transverse and longitudinal waves.
	3

	4.1.8
	 
	Derive and apply the relationship between wave speed, wavelength and frequency.
	3

	 
	 
	4.2 Wave Properties (5h)
	 

	 
	 
	Note: Although the properties apply to all waves, students should be familiar with the particular cases of sound, light and water.
	 

	 
	 
	Reflection, refraction and transmission of waves
	 

	4.2.1
	 
	Describe the reflection and transmission of one-dimensional waves at a boundary between two media.
	2

	 
	 
	This should include the sketching of incident, reflected and transmitted waves, and the cases of reflection at free and fixed ends.
	 

	4.2.2
	 
	State Huygens' principle.
	1

	4.2.3
	 
	Apply Huygens' principle to two-dimensional plane waves to show that the angle of incidence is equal to the angle of reflection.
	2

	4.2.4
	 
	Explain refraction using Huygens' principle.
	3

	4.2.5
	 
	Derive, using Huygens' principle, Snell's law for refraction.
	3

	 
	 
	The concept of refractive index is not required but the ratio of speeds is expected.
	 

	4.2.6
	 
	State and apply Snell's law.
	2

	 
	 
	Wave diffraction and interference
	 

	4.2.7
	 
	Explain and discuss qualitatively, using Huygens' principle, the diffraction of waves by apertures and obstacles.
	3

	 
	 
	The effect of wavelength compared to obstacle size or aperture size should be discussed.
	 

	4.2.8
	 
	Describe examples of diffraction.
	2

	4.2.9
	 
	State the principle of superposition and explain what is meant by constructive and destructive interference.
	3

	4.2.10
	 
	Apply the principle of superposition to find the resultant of two waves.
	2

	 
	 
	Only one-dimensional situations need to be considered.
	 

	 
	 
	Doppler effect
	 

	4.2.11
	 
	Describe the Doppler effect.
	2

	 
	 
	Only a simple description of the effect for both sound and light is required.
	 

	 
	 
	4.3 Standing Waves (2h)
	 

	 
	 
	Nature and production of standing waves
	 

	4.3.1
	 
	Describe the nature of standing waves.
	2

	4.3.2
	 
	Explain the formation of standing waves in one dimension.
	3

	4.3.3
	 
	Compare standing waves and travelling waves.
	2

	 
	 
	Boundary conditions and resonance
	 

	4.3.4
	 
	Explain the concept of resonance and state the conditions necessary for resonance to occur.
	3

	4.3.5
	 
	Describe the fundamental and higher resonant modes in strings and open and closed pipes.
	2

	 
	 
	Note that fundamental and first harmonic are interchangeable terms.
	 

	4.3.6
	 
	Solve problems involving the fundamental and higher harmonic modes for stretched strings and open and closed pipes.
	3

	 
	 
	End correction is not required.
	 

	Topic 5: Electricity and Magnetism (15h)
	 

	A.S.
	 
	 
	Obj

	 
	 
	5.1 Electrostatics (6h)
	 

	 
	 
	Electric charge
	 

	5.1.1
	 
	Describe the process of "electrification" by friction.
	2

	5.1.2
	 
	State that there are two types of electric charge.
	1

	5.1.3
	 
	State and apply the concept of conservation of charge.
	2

	5.1.4
	 
	Describe and explain the properties of conductors and insulators.
	3

	 
	 
	Students should explain the properties in terms of the freedom of movement of electrons.
	 

	5.1.5
	 
	Explain and describe the process of electrostatic induction.
	3

	5.1.6
	 
	Describe the use of the gold leaf electroscope.
	2

	 
	 
	Electric force and electric Field
	 

	5.1.7
	 
	State Coulomb's law.
	1

	 
	 
	Students should be aware of the law in the forms    
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and    .
	 

	 
	 
	 
	

	5.1.8
	 
	Apply Coulomb's law.
	2

	 
	 
	The use of vector addition to determine the net force on a charge due to two or more other charges is expected.
	 

	5.1.9
	 
	Define electric field.
	1

	 
	 
	Students should understand the meaning of test charge.
	 

	5.1.10
	 
	Determine the electric field due to one or more point charges.
	3

	5.1.11
	 
	Draw and explain electric field patterns for different charge configurations.
	3

	 
	 
	Students should be familiar with a point charge, a charged sphere, two point charges and oppositely charged parallel plates. The latter includes edge effect. Students should be aware of the term radial field.
	 

	 
	 
	Electric potential energy and electric potential difference
	 

	5.1.12
	 
	Define the electric potential energy difference between two points in an electric field.
	1

	 
	 
	Calculations are to be confined to uniform electric fields.
	 

	5.1.13
	 
	Determine the change in potential energy or change in kinetic energy when a charge moves between two points at different potentials.
	3

	5.1.14
	 
	Define the electronvolt.
	1

	 
	 
	Students should be able to relate the electronvolt to the joule.
	 

	5.1.15
	 
	Define electric potential difference.
	1

	5.1.16
	 
	Solve problems involving electric potential difference and electric potential energy.
	3

	 
	 
	5.2 Electric Current and Electric Circuits (6h)
	 

	 
	 
	Electric current
	 

	5.2.1
	 
	Describe a simple model of electrical conduction in a metal.
	2

	 
	 
	Students should be aware of the term drift velocity and of the interactions of conduction electrons with the lattice ions.
	 

	5.2.2
	 
	Define electric current.
	1

	 
	 
	Students should recognize the ampere as a fundamental unit.
	 

	5.2.3
	 
	Define and apply the concept of resistance.
	2

	 
	 
	Students should be aware that R = V/I is a general definition of resistance. It is not a statement of Ohm's law. Students should be familiar with the term resistor.
	 

	5.2.4
	 
	State Ohm's law.
	1

	5.2.5
	 
	Compare ohmic and non-ohmic behaviour.
	2

	 
	 
	For example, students should be able to draw the I–V characteristics of a filament lamp.
	 

	5.2.6
	 
	Derive and apply expressions for electrical power dissipation in resistors.
	3

	 
	 
	Electric circuits
	 

	5.2.7
	 
	Define electromotive force.
	1

	5.2.8
	 
	Describe the concept of internal resistance.
	2

	5.2.9
	 
	Derive and apply the equations for equivalent resistances of resistors in series and in parallel.
	3

	5.2.10
	 
	Draw circuit diagrams.
	1

	 
	 
	Students should be able to recognize and use the accepted circuit symbols included in the Physics Data Booklet.
	 

	5.2.11
	 
	Describe the use of ammeters and voltmeters.
	2

	 
	 
	Students should be able to describe and draw the correct positioning of ideal ammeters and voltmeters in circuits. Students will not be required to know about shunts and multipliers.
	 

	5.2.12
	 
	Solve problems involving series and parallel circuits.
	3

	 
	 
	Students should appreciate that many circuit problems can be solved by regarding the circuit as a potential divider. Students should be aware that ammeters and voltmeters have their own resistance.
	 

	 
	 
	5.3 Magnetism (3h)
	 

	 
	 
	Magnets and magnetic fields
	 

	5.3.1
	 
	Draw the pattern of magnetic field lines of an isolated bar magnet.
	1

	5.3.2
	 
	Draw the magnetic field pattern for the Earth.
	1

	 
	 
	Students should understand that the Earth's magnetic field is similar to that of a bar magnet with a south magnetic pole near the geographic north pole, and that an isolated suspended magnet will orientate itself along the Earth's magnetic field with its magnetic north pole directed towards the Earth's geographic north pole. They should recognize the compass as one example of a suspended bar magnet.
	 

	5.3.3
	 
	Draw and annotate magnetic fields due to currents.
	2

	 
	 
	These include fields around a straight wire, a flat circular coil and a solenoid. Students should recognize that the magnetic field pattern of a solenoid is similar to that of a bar magnet.
	 

	 
	 
	Magnetic forces
	 

	5.3.4
	 
	Determine the direction of the force on a current-carrying conductor in a magnetic field.
	3

	 
	 
	Different rules may be used to determine the force direction. Knowledge of any particular rule is not required.
	 

	5.3.5
	 
	Determine the direction of the force on a charge moving in a magnetic field.
	3

	5.3.6
	 
	Define the magnitude of the magnetic field strength B.
	1

	 
	 
	This can be defined in terms of the force acting either on a current-carrying conductor or on a moving charge.
	 

	5.3.7
	 
	Solve problems involving the magnetic forces on currents and moving charges.
	3

	 
	 
	Students should be able to calculate the force for situations where the velocity is not perpendicular to the magnetic field direction.
	 

	5.3.8
	 
	Draw the magnetic field pattern due to two parallel current-carrying wires.
	1

	5.3.9
	 
	Solve problems involving the magnetic forces between two parallel current-carrying wires.
	3

	5.3.10
	 
	State and explain the definition of the ampere.
	3

	 
	 
	Students should be able to explain how the force between two long parallel currents is the basis of the definition of the ampere.
	 

	5.3.11
	 
	Explain the operation of a simple direct current (dc) motor.
	3

	 
	 
	Students should understand the components of dc motors, such as the commutator and the brushes.
	 

	 
	 
	The magnetic field due to currents
	 

	5.3.12
	 
	Solve problems involving the magnetic field strength around a straight wire.
	3

	5.3.13
	 
	Solve problems involving the magnetic field strength within a solenoid.
	3

	 
	 
	Students should be aware that B depends on the nature of the solenoid core.
	 

	Topic 6: Atomic and Nuclear Physics (9h)
	 

	A.S.
	 
	 
	Obj

	 
	 
	6.1 The Atom (2h)
	 

	 
	 
	Atomic structure
	 

	6.1.1
	 
	Describe a model of the atom that features a small nucleus surrounded by electrons.
	2

	6.1.2
	 
	Outline the evidence that supports a nuclear model of the atom.
	2

	 
	 
	A qualitative explanation of the Geiger–Marsden experiment and its results is all that is required.
	 

	6.1.3
	 
	Outline evidence for the existence of atomic energy levels.
	2

	 
	 
	Students should be familiar with emission and absorption spectra, but the details of atomic models are not required.
	 

	 
	 
	Nuclear structure
	 

	6.1.4
	 
	Describe the existence of isotopes as evidence for neutrons.
	2

	6.1.5
	 
	Explain the terms nuclide, isotope and nucleon.
	3

	6.1.6
	 
	Define mass number and atomic number.
	1

	6.1.7
	 
	Describe the interactions in the nucleus.
	2

	 
	 
	Students should be aware that there is a Coulomb interaction between protons and a strong, short-range nuclear interaction between the nucleons.
	 

	 
	 
	6.2 Radioactive Decay (3h)
	 

	 
	 
	Radioactivity
	 

	6.2.1
	 
	Describe the phenomenon of natural radioactive decay.
	2

	6.2.2
	 
	Describe alpha, beta and gamma radiation and their properties.
	2

	6.2.3
	 
	Describe the ionizing properties of radiation and its use in the detection of radiation.
	2

	 
	 
	The Geiger–Muller tube and the ionization chamber are examples of such detection devices. Only a qualitative understanding of the operation of these devices is required.
	 

	6.2.4
	 
	Explain why some nuclei are stable while others are unstable.
	3

	 
	 
	An explanation in terms of relative numbers of protons and neutrons and the forces involved is all that is required.
	 

	6.2.5
	 
	Determine the atomic and mass numbers of the products of nuclear decay in a transformation or in a series of transformations.
	3

	 
	 
	Positron decay and the inclusion of the antineutrino in beta minus decay are not required but teachers should not artificially avoid mentioning them.
	 

	 
	 
	Half-life
	 

	6.2.6
	 
	State that radioactive decay is a random process and that the average rate of decay for a sample of a radioactive isotope decreases exponentially with time.
	1

	 
	 
	Exponential decay need not be treated analytically. It is sufficient to know that any quantity that reduces to half its initial value in a constant time decays exponentially and that this law does not depend on the initial amount of the quantity.
	 

	6.2.7
	 
	Define the term half-life.
	1

	6.2.8
	 
	Determine the half-life of a nuclide from a decay curve.
	3

	 
	 
	It is sufficient for students to find a halving-time.
	 

	6.2.9
	 
	Solve radioactive decay problems involving integral numbers of half-lives.
	3

	 
	 
	6.3 Nuclear Reactions, Fission and Fusion (4h)
	 

	 
	 
	Nuclear reactions
	 

	6.3.1
	 
	Describe and give an example of artificial (induced) transmutation.
	2

	6.3.2
	 
	Construct and complete nuclear reaction equations.
	3

	 
	 
	For example, [image: image2.png]1He+ BN =0+ H



     [image: image3.png]Livm=]H+ He




	 

	6.3.3
	 
	Define the term unified mass unit.
	1

	6.3.4
	 
	State and apply Einstein's mass–energy equivalence relationship.
	2

	6.3.5
	 
	Explain the concepts of mass defect and binding energy.
	3

	6.3.6
	 
	Solve problems involving mass defect and binding energies.
	3

	 
	 
	Fission and fusion
	 

	6.3.7
	 
	Describe the processes of nuclear fission and fusion.
	2

	 
	 
	Students should be familiar with the concept of a chain reaction.
	 

	6.3.8
	 
	Draw and annotate a graph of binding energy per nucleon against atomic number Z, and apply it to predict nuclear energy changes for both the fission and fusion processes.
	2

	6.3.9
	 
	State that nuclear fusion is the main source of the Sun's energy.
	1

	6.3.10
	 
	Solve problems involving fission and fusion reactions.
	3

	Option A: Mechanics Extension (15h)
	 

	 
	 
	Note: This option is identical to topic 8.
	 

	A.S.
	 
	 
	Obj

	 
	 
	A.1 Projectile Motion (3h)
	 

	A.1.1
	 
	State the independence of the vertical and horizontal components for motion of a projectile in a uniform field.
	1

	A.1.2
	 
	Describe the trajectory of projectile motion as parabolic in the absence of friction.
	2

	 
	 
	Proof of the parabolic nature of the trajectory is not required.
	 

	A.1.3
	 
	Solve problems on projectile motion.
	3

	 
	 
	Problems may involve projectiles launched horizontally or at any angle above or below horizontal. Applying conservation of energy may provide a simpler solution to some problems than using projectile motion kinematics equations.
	 

	 
	 
	A.2 Gravitation (5h)
	 

	 
	 
	Gravitational force and field
	 

	A.2.1
	 
	State Newton's law of universal gravitation.
	1

	 
	 
	Students should be aware that the masses in the force law are point masses not extended masses, but that the interaction between two spherical masses is the same as if the mass were concentrated at the centres of the spheres.
	 

	A.2.2
	 
	Define gravitational field strength.
	1

	 
	 
	Students should recognize the vector nature of gravitational fields.
	 

	A.2.3
	 
	Derive an expression for the gravitational field as a function of distance from a point mass.
	3

	 
	 
	This includes the field outside a spherical mass. See A.2.1.
	 

	A.2.4
	 
	Derive an expression for the gravitational field at the surface of a planet.
	3

	 
	 
	Students should also understand how the gravitational field strength and the acceleration due to gravity at the surface are related.
	 

	A.2.5
	 
	Solve problems involving gravitational forces and fields.
	3

	 
	 
	Vector addition may be required to find the gravitational field strength due to more than one mass.
	 

	 
	 
	Gravitational energy and potential
	 

	A.2.6
	 
	Define gravitational potential energy and gravitational potential.
	1

	 
	 
	Students should understand that the work done in moving a mass between two points in a gravitational field is independent of the path taken and that gravitational potential energy is taken to be zero at infinity.
	 

	A.2.7
	 
	State the expression for gravitational potential due to a point mass.
	1

	A.2.8
	 
	Explain the concept of escape speed.
	3

	A.2.9
	 
	Derive an expression for the escape speed of an object from the surface of a planet.
	3

	A.2.10
	 
	Solve problems involving gravitational potential energy and gravitational potential.
	3

	 
	 
	These should include problems on escape speed.
	 

	 
	 
	A.3 Orbital Motion (2h)
	 

	 
	 
	Note: Although orbital motion can be circular, elliptical or parabolic, this section only deals with circular orbits. This section is not fundamentally new physics, but an application which synthesizes ideas from gravitation, circular motion, dynamics and energy.
	 

	A.3.1
	 
	State that gravitation provides the centripetal force for circular orbital motion.
	1

	A.3.2
	 
	State Kepler's third law: the law of periods.
	1

	A.3.3
	 
	Derive Kepler's third law.
	3

	 
	 
	This derivation is for the case of circular orbits and assumes Newton's law of universal gravitation.
	 

	A.3.4
	 
	Derive expressions for the kinetic, potential and total energy of an orbiting satellite.
	3

	A.3.5
	 
	Draw graphs showing the variation of the kinetic energy, gravitational potential energy and total energy with orbital radius of a satellite.
	1

	A.3.6
	 
	Discuss the concept of weightlessness in orbital motion and in free fall.
	3

	A.3.7
	 
	Solve problems involving orbital motion.
	3

	 
	 
	A.4 Friction (2h)
	 

	A.4.1
	 
	Describe the nature and properties of frictional forces.
	2

	 
	 
	Students should identify the factors affecting friction.
	 

	A.4.2
	 
	Distinguish between static and dynamic (sliding) friction.
	2

	A.4.3
	 
	Define coefficient of friction.
	1

	 
	 
	Both static and dynamic coefficients are required.
	 

	A.4.4
	 
	Solve static and dynamic problems involving friction.
	3

	 
	 
	A.5 Statics (3h)
	 

	A.5.1
	 
	Define torque (moment of a force).
	1

	 
	 
	The vector nature of torque need not be addressed but students should include the sense (eg clockwise or counterclockwise) of a torque.
	 

	A.5.2
	 
	State the conditions for translational and rotational equilibrium.
	1

	A.5.3
	 
	Describe the concept of centre of gravity.
	2

	 
	 
	Students are not required to calculate the centre of gravity of objects. However, they should be aware that the weight of an object may be taken as concentrated at the centre of gravity for determination of gravitational torques.
	 

	A.5.4
	 
	Solve problems involving extended objects in equilibrium.
	3

	Option E: The History and Development of Physics (15h)

	A.S.
	 
	 
	Obj

	 
	 
	E.1 Astronomy and Development of Models of the Universe (5h)

	 
	 
	Astronomical observations
	 

	E.1.1
	 
	Describe the observed motion of the stars during one night.
	2

	 
	 
	Nightly arcs or circles of stars, centred around the "celestial pole", is sufficient detail.
	 

	E.1.2
	 
	Describe the observed motion of the sun in the sky each day, and how this varies over the year, at different latitudes.
	2

	E.1.3
	 
	Describe how the observed motions of the planets vary with time with respect to the stars.
	2

	 
	 
	Students should be familiar with the term retrograde motion.
	 

	E.1.4
	 
	Describe the observed motion of the moon during a lunar month.
	2

	 
	 
	Development of models of the universe
	 

	 
	 
	Note: The structure and rationale of each model should be discussed, as well as its successes and limitations. Ideological perspectives and assumptions behind the models should also be included.
	 

	 
	 
	 
	 

	E.1.5
	 
	Describe the Aristotelian/Ptolemaic model of the universe and explain how it accounted for the motions of the stars, sun, moon and planets.
	3

	 
	 
	Students should be able to illustrate the model by constructing appropriate diagrams to explain the various observed motions and the relations between them.
	 

	E.1.6
	 
	Describe the Aristarchian/Copernican model of the universe and explain how it accounted for the motions of the stars, sun, moon and planets.
	3

	 
	 
	Students should be able to illustrate the model by constructing appropriate diagrams to explain the various observed motions and the relations between them.
	 

	E.1.7
	 
	Discuss the advantages of, and objections to, the heliocentric model. 
	3

	 
	 
	Students should be aware of the conflict between Galileo and the Church.
	 

	E.1.8
	 
	Discuss Kepler's model and his development of the three laws of planetary motion.
	3

	 
	 
	Students should appreciate the importance of Brahe's accurate data to Kepler, prior to which the previous models gave apparently satisfactory explanations.
	 

	 
	 
	Newton's synthesis
	 

	E.1.9
	 
	Explain why Newton's law of gravitation is called a universal law.
	3

	 
	 
	It is sufficient for students to know that Newton's insight was in connecting the local earthbound phenomenon of falling objects with the force required to keep bodies like the moon in orbit about the earth.
	 

	E.1.10
	 
	Describe and discuss the contributions of Newton to the derivation and explanation of Kepler's laws.
	3

	 
	 
	E.2 Mechanics (2h)
	 

	 
	 
	Development of concepts of motion, force and mass
	 

	E.2.1
	 
	Describe and discuss the Aristotelian views of motion and force.
	3

	 
	 
	Students should be familiar with the Aristotelian concept of "natural" motion in various circumstances.
	 

	E.2.2
	 
	Describe, discuss and apply the experimental methods used by Galileo to study motion.
	3

	 
	 
	Students should appreciate that Galileo's experimental approach was the birth of the scientific method. They should also be able to discuss Galileo's use of mathematics in understanding accelerated motion.
	 

	E.2.3
	 
	Compare Newtonian and Aristotelian theories of motion, force and mass.
	2

	E.2.4
	 
	Discuss the concept of mechanical determinism in the universe.
	3

	 
	 
	See also E.6.10 for HL students.
	 

	 
	 
	E.3 Concepts of Heat (2h)
	 

	E.3.1
	 
	Describe and evaluate the phlogiston/caloric theory of heat.
	3

	E.3.2
	 
	Describe and discuss the contributions of Rumford and Joule to the demise of the caloric theory.
	3

	E.3.3
	 
	Describe Joule's experiment to measure the mechanical equivalent of heat, interpret the results and solve related problems.
	3

	 
	 
	E.4 Electricity and Magnetism (3h)
	 

	 
	 
	Discovery of natural electrification and magnetism
	 

	E.4.1
	 
	Describe the early discoveries and investigations of electrification and electric effects.
	2

	 
	 
	Students should be familiar with the properties of amber etc, electrification by friction and by induction, attraction and repulsion, conductors and insulators.
	 

	E.4.2
	 
	Describe the early discoveries and applications of natural magnetism.
	2

	 
	 
	This includes lodestone, magnets, the compass, navigation and the Earth's magnetic field.
	 

	 
	 
	The concepts of electric charge, electric force and electric field

	E.4.3
	 
	Discuss the development of explanatory models for electrification and electric effects, leading to the modern concept of charge.
	3

	 
	 
	This should include the two fluid model of Du Fay, the single fluid model of Franklin and the modern atomic model of matter and concept of charge. Outline the successes and shortcomings of each model in accounting for the phenomena.
	 

	E.4.4
	 
	Compare the methods of Franklin/Priestley and Coulomb in establishing the inverse square nature of the electrostatic force.
	2

	 
	 
	Students should be able to discuss the nature of indirect and direct methods.
	 

	E.4.5
	 
	Outline Coulomb's experiments that established the inverse square distance relation and the proportionality of force to charge magnitude.
	2

	 
	 
	Magnetic effects of electric currents and electric effects of magnetic fields

	E.4.6
	 
	Describe and discuss the discoveries and investigations of Oersted and Ampere.
	3

	E.4.7
	 
	Discuss Faraday's search for, and eventual discovery of, electromagnetic induction.
	3

	 
	 
	E.5 Atomic and Nuclear Physics (3h)
	 

	 
	 
	The electron
	 

	E.5.1
	 
	Outline and discuss the discovery and investigation of cathode rays, hypotheses of their nature, and the discovery of the electron.
	3

	 
	 
	Students should be aware of the work of Lenard, Crookes and Hertz etc, as well as evidence and arguments for the wave and particle views of the nature of cathode rays.
	 

	E.5.2
	 
	Outline Thomson's experiment to measure the charge-to-mass ratio of the electron.
	2

	 
	 
	The atom and the nucleus
	 

	E.5.3
	 
	Compare Thomson's plum pudding model of the atom with Rutherford's nuclear model of the atom.
	2

	E.5.4
	 
	Describe and discuss Chadwick's discovery of the neutron.
	3

	Option G: Relativity (15h)
	 

	A.S.
	 
	 
	Obj

	 
	 
	G.1 Introduction (1h)
	 

	 
	 
	Frames of reference
	 

	 
	 
	Note: This links to core section 2.2. While it does not imply any further knowledge, it helps develop an understanding of the relative motion of two observers.
	 

	G.1.1
	 
	Explain what is meant by a frame of reference.
	3

	G.1.2
	 
	Describe what is meant by a Galilean transformation.
	2

	G.1.3
	 
	Calculate relative velocities using the Galilean transformation equations.
	2

	 
	 
	Electromagnetic theory and the speed of light
	 

	G.1.4
	 
	State that Maxwell's theory of electromagnetic radiation predicted a speed of electromagnetic waves in a vacuum that is independent of the velocity of the source.
	1

	 
	 
	Students should be familiar with the concept of oscillating electric and magnetic fields and that the speed of these fields is dependent only on the electric and magnetic constants of the medium through which they travel. The speed is therefore independent of the source. Students do not need any other details of Maxwell's four equations.
	 

	G.1.5
	 
	State that the Galilean transformation equations fail if applied to a moving source of light.
	1

	 
	 
	Students should know that Maxwell's prediction implies that the speed of light in a vacuum has the same value for all observers.
	 

	 
	 
	G.2 Concepts and Postulates of Special Relativity (2h)

	G.2.1
	 
	Explain what is meant by an inertial frame of reference.
	3

	G.2.2
	 
	State the two postulates of the special theory of relativity.
	1

	G.2.3
	 
	Discuss the concept of simultaneity.
	3

	 
	 
	Students should be able to describe a situation where two events that are simultaneous in one frame of reference are not simultaneous in another.
	 

	 
	 
	G.3 Relativistic Kinematics (5h)
	 

	 
	 
	Time dilation
	 

	G.3.1
	 
	Explain the concept of a light clock.
	3

	 
	 
	Only a very simple explanation is required here. For example, the time taken for a beam of light to bounce between two perfect, parallel mirrors can be used to measure time.
	 

	G.3.2
	 
	Derive the time dilation formula.
	3

	 
	 
	Students should be able to construct a simple proof of the time dilation formula based on the concept of the "light clock" and the postulates of relativity. Students should also understand that for two observers in two different inertial reference frames, all measurements are symmetrical.
	 

	G.3.3
	 
	Draw and annotate a graph of how the Lorentz factor varies with relative velocity.
	2

	 
	 
	Students do not need to remember values, but they should be aware that at low velocities (less than 0.5c) the Lorentz factor is very close to 1 and that it approaches infinity at very high velocities.
	 

	G.3.4
	 
	Define the term proper time.
	1

	G.3.5
	 
	Solve problems using the time dilation formula.
	3

	 
	 
	Length contraction
	 

	G.3.6
	 
	Describe the phenomenon of length contraction.
	2

	 
	 
	Students will not be examined on a proof of the length contraction formula.
	 

	G.3.7
	 
	Define the term proper length.
	1

	G.3.8
	 
	Solve problems involving length contraction.
	3

	 
	 
	G.4 Some Consequences of Special Relativity (4h)
	

	 
	 
	The twin paradox
	 

	G.4.1
	 
	Describe how the concept of time dilation leads to the "twin paradox".
	2

	 
	 
	Different observers' versions of the time taken for a journey at speeds close to light speed could be compared. Students should be aware that, since one of the twins makes an outward and return journey, this is no longer a symmetric situation for the twins. (See G.3.2.)
	 

	 
	 
	Velocity addition
	 

	G.4.2
	 
	Solve one-dimensional problems involving the relativistic addition of velocities.
	3

	 
	 
	The derivation of the velocity addition formula is not required. Students should realize that Galilean and relativistic velocity addition give the same answer at low relative velocities and that relativistic velocity addition does not give a relative velocity greater than the speed of light.
	 

	 
	 
	Relativistic mass increase
	 

	G.4.3
	 
	Define the term rest mass.
	1

	G.4.4
	 
	Solve problems involving relativistic mass increase.
	3

	 
	 
	The derivation of the mass increase formula will not be examined. Students should be able to calculate the total mass of a moving object and to apply this value in a subsequent calculation of, for example, an electron accelerated through a potential difference.
	 

	G.4.5
	 
	Explain in terms of the relativistic mass equation why no mass can ever attain or exceed the speed of light in a vacuum.
	3

	 
	 
	Mass–energy
	 

	G.4.6
	 
	State that the equivalence of mass and energy is predicted by special relativity.
	1

	G.4.7
	 
	Distinguish between rest mass energy and total energy.
	2

	 
	 
	G.5 Evidence to Support Special Relativity (3h)
	 

	 
	 
	Muon experiments
	 

	G.5.1
	 
	Discuss muon decay as experimental evidence for time dilation and length contraction.
	3

	 
	 
	The Michelson–Morley experiment
	 

	G.5.2
	 
	Outline the set-up of the Michelson–Morley experiment.
	2

	 
	 
	Students should be able to outline the principles behind the Michelson interferometer using a simple sketch of the apparatus.
	 

	G.5.3
	 
	Outline the result of the Michelson–Morley experiment and its implication.
	2

	 
	 
	The constancy of the speed of light and the fact that there is no absolute reference frame is the accepted explanation.
	 

	Option H: Optics (15h)
	 

	A.S.
	 
	 
	Obj

	 
	 
	H.1 The Nature of Light (3h)
	 

	 
	 
	Speed of light
	 

	H.1.1
	 
	Outline the electromagnetic nature of light.
	2

	 
	 
	It is sufficient for students to know that an oscillating electric charge produces sinusoidally varying electric and magnetic fields and that the energy of the oscillating charge is propagated by means of the varying fields. Students should know that electromagnetic waves are transverse waves and can travel in a vacuum.
	 

	H.1.2
	 
	Describe the different regions of the electromagnetic spectrum.
	2

	 
	 
	Students should know the order of magnitude of the frequencies for the different regions, and should also be able to identify a possible source of the radiation in each region.
	 

	H.1.3
	 
	Outline an experiment that measures the speed of light in a vacuum.
	2

	 
	 
	No specific experiment is required, but Michelson's method involving a rotating mirror would be appropriate. Experimental details are not required. Students should be aware that the speed of light in vacuum is now a defined value in terms of which the metre is defined.
	 

	 
	 
	Dispersion
	 

	H.1.4
	 
	Describe the dispersion of white light by a prism.
	2

	 
	 
	Students should know that different colours disperse in order of decreasing frequencies and that the colours can combine to produce white light.
	 

	H.1.5
	 
	Explain the dispersion of white light by a prism in terms of the frequency dependence of refractive index.
	3

	 
	 
	No quantitative discussion is required but students should know that the refractive index for glass is smaller for red light than it is for blue light.
	 

	 
	 
	Lasers
	 

	H.1.6
	 
	Identify laser light as a source of monochromatic, coherent light.
	2

	 
	 
	Students should be able to explain monochromatic and coherent.
	 

	H.1.7
	 
	Outline a laser application from technology, industry or medicine.
	2

	 
	 
	Possible examples include: 

· technology (bar-code scanners, laser discs) 

· industry (surveying, welding and machining metals, drilling tiny holes in metals) 

· medicine (destroying tissue in small areas, attaching the retina, corneal correction, cauterizing lymph vessels and capillaries).
	 

	 
	 
	H.2 Reflection at a Plane Surface (2h)
	 

	 
	 
	Nature of reflection
	 

	H.2.1
	 
	Distinguish between reflection at a mirror and diffuse reflection.
	2

	H.2.2
	 
	Define the terms normal, incident ray, reflected ray.
	1

	 
	 
	Students should know that the ray is a line that is perpendicular to the wave fronts. They should recognize geometric optics as a study in which the wave nature of light can be ignored.
	 

	H.2.3
	 
	State the law of reflection.
	1

	 
	 
	Formation of an image by reflection
	 

	H.2.4
	 
	Construct a ray diagram to determine the formation of an image by reflection at a plane surface.
	3

	H.2.5
	 
	Explain the difference between a real and a virtual image.
	3

	H.2.6
	 
	Describe the nature of the image formed by reflection.
	2

	 
	 
	H.3 Refraction at a Plane Interface (3h) 
	 

	 
	 
	Snell's law and refractive index
	 

	H.3.1
	 
	Define refractive index.
	1

	H.3.2
	 
	Solve problems involving Snell's law and refractive index.
	3

	 
	 
	Image formation
	 

	H.3.3
	 
	Describe the nature of the image formed by refraction at a plane surface.
	2

	H.3.4
	 
	Explain why when part of a stick is immersed in water it appears to be bent.
	3

	H.3.5
	 
	Explain why the apparent depth of a body immersed in a liquid is not its actual depth.
	3

	H.3.6
	 
	Derive the formula connecting real depth, apparent depth and refractive index.
	3

	H.3.7
	 
	Solve problems involving refraction at a plane interface.
	3

	 
	 
	Critical angle
	 

	H.3.8
	 
	State that, in general, light will be partially transmitted and partially reflected at a boundary between two media.
	1

	H.3.9
	 
	Describe the phenomenon of total internal reflection.
	2

	 
	 
	Students should understand the terms critical ray and critical angle.
	 

	H.3.10
	 
	Derive a relationship between the critical angle and the refractive indices of the media.
	3

	H.3.11
	 
	Solve problems involving total internal reflection.
	3

	H.3.12
	 
	Explain the view as seen by an underwater observer when looking at the water–air interface.
	3

	H.3.13
	 
	Describe the action of prismatic reflectors.
	2

	 
	 
	For example, periscopes or binoculars.
	 

	H.3.14
	 
	Discuss how a light ray is transmitted along the length of an optical fibre.
	3

	H.3.15
	 
	Outline the uses of optical fibres.
	2

	 
	 
	It is sufficient that students know how optical fibres are used in the transmission of data and in medicine (endoscopes).
	 

	 
	 
	H.4 Refraction by Lenses (3h)
	 

	 
	 
	Types of lenses
	 

	H.4.1
	 
	Explain qualitatively, in terms of refraction, the converging and diverging action of lenses.
	3

	H.4.2
	 
	Identify whether a lens is converging or diverging.
	2

	 
	 
	Image formation
	 

	H.4.3
	 
	Define the terms principal axis, focal point, focal length, linear magnification.
	1

	H.4.4
	 
	Construct ray diagrams to locate images formed by lenses.
	3

	 
	 
	Students should appreciate that any other rays incident on the lens from the object will also be focused, and that the image will be formed even if some of the rays are blocked off.
	 

	H.4.5
	 
	Determine the nature of images formed by different types of lenses with different object-to-lens separations.
	3

	H.4.6
	 
	Solve problems for a single lens and a combination of lenses using the thin lens equation.
	3

	 
	 
	Problems can be solved either by scale drawing or calculation. Students do not need to know the lensmaker's formula.
	 

	 
	 
	H.5 Optical Instruments (4h)
	 

	 
	 
	Note: Only single- and two-lens instruments will be considered.
	 

	 
	 
	The simple magnifying glass
	 

	H.5.1
	 
	Define the terms near point and far point for the unaided eye.
	1

	 
	 
	The near point is also known as the "least distance of distinct vision". For the normal eye, the far point can be taken to be infinity and the near point is conventionally taken as 25 cm. (The optical principles inside the eye are not required.)
	 

	H.5.2
	 
	Define angular magnification.
	1

	H.5.3
	 
	Derive an expression for the angular magnification of a simple magnifying glass when the image is formed at the near point and at infinity.
	3

	 
	 
	The compound microscope and astronomical telescope
	 

	H.5.4
	 
	Construct a ray diagram to determine the position of the final image formed by a compound microscope used in normal adjustment.
	3

	 
	 
	Students should be familiar with the terms objective lens and eyepiece lens.
	 

	H.5.5
	 
	Construct a ray diagram to explain how the image is formed by an astronomical telescope.
	3

	 
	 
	Only the case for image at infinity is required.
	 

	H.5.6
	 
	Derive the equation relating angular magnification and focal lengths of the lenses in an astronomical telescope.
	3

	H.5.7
	 
	Solve problems involving the compound microscope and the astronomical telescope. 
	3

	 
	 
	Problems can be solved either by scale ray diagrams or by calculation.
	 

	 
	 
	Aberrations
	 

	H.5.8
	 
	Describe the meaning of spherical aberration and chromatic aberration.
	2

	H.5.9
	 
	Describe a method to reduce or eliminate the effect of spherical aberration.
	2

	H.5.10
	 
	Describe a method to reduce the effect of chromatic aberration.
	2


