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	2.1.1
	Define displacement, velocity, speed and acceleration.
	Displacement: linear distance of the position of an object from a given reference point

Velocity: rate of change of displacement

Acceleration: rate of change of velocity

Speed: rate of change of distance

	2.2.4
	State Newton’s first law of motion.
	An object remains stationary or remains at a constant velocity if there is no resultant force acting on the object.

	2.2.6
	State the condition for translational equilibrium.
	There is no resultant force on the object in any direction

	2.2.8
	State Newton’s second law of motion. 
	A resultant force acting on a body equals the rate of change of momentum of the body

	2.2.10
	Define linear momentum and impulse. 
	Linear momentum: product of mass and velocity
Impulse: product of force and time or change in momentum

	2.2.12 


	State the law of conservation of linear

momentum.
	If the net external force acting on a system is zero, then the total momentum of the system is constant (or in any one direction, is constant). 
Or the total momentum of a closed system is constant.

	2.2.14 
	State Newton’s third law of motion.
	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;
or
when a force acts on a body an equal and opposite force acts on another body
somewhere in the universe;



	2.3.6
	State the principle of conservation of energy.
	The total energy of a closed system is constant.

	2.3.9 
	Define power.
	Power: rate of transforming energy or rate at which work is done.

	2.3.10
	Define and apply the concept of efficiency.
	Efficiency: ratio of useful power of the system to the input power   or
Ratio of useful energy transformed to the total energy input

	3.1.1
	State:  temperature determines the direction of thermal energy transfer between two objects
	Students should be familiar with the concept of  thermal equilibrium.

	3.1.2
	State the relation between the Kelvin and Celsius scales of temperature.
	T /K =t /°C +273 is sufficient.

	3.1.3
	State : The internal energy of a substance is the total potential energy and random kinetic energy of the molecules of the substance . 
	Students should know that the kinetic energy of the molecules arises from their random/translational/ rotational motion and that the potential energy of the molecules arises from the forces between the  molecules.

	3.1.5
	Define the  mole  and  molar mass
	Mole: has as many molecules are there are atoms in 12g of 12C
Molar mass: the mass of one mole of substance in grams

	3.1.6
	Define the Avogadro constant.
	This is the number of atoms in 12g of 12C 

	3.2.1
	Define  specific heat capacity and thermal capacity
	Specific heat capacity: quantity of (thermal) energy required to raise temperature of unit mass by one degree

Thermal capacity: the quantity of (thermal) energy required to raise temperature of an object by one degree

	3.2.7
	Define specific latent heat.
	Specific latent heat: thermal energy absorbed or released per unit mass of a substance at constant temperature during a change of phase.

	3.2.9
	Define  pressure 
	Pressure: force per unit area

	3.2.10
	State the assumptions of the kinetic 

model of an ideal gas.
	An ideal gas obeys the ideal gas equation for all values of pressure, volume and temperature.

	3.2.11
	State:  temperature is a measure of the average random kinetic energy of the molecules of an ideal gas
	.

	4.1.2
	Define the terms displacement,

amplitude, frequency, period and phase

difference.  (SHM)
	The connection between frequency and  period should be known.

Phase difference: difference in phase angle between two oscillations with the same frequency

	4.1.3
	Define simple harmonic motion (SHM)

and state the defining equation as

a = -ω2x.


	The acceleration (and so the resultant force) on the body is directed towards equilibrium (position) and is proportional to its / the bodies displacement from equilibrium;

(Students are expected to understand the

significance of the negative sign in the equation and to recall the connection between ω and T. ω= 2π/T)

	4.3.1. 

	State what is meant by damping
	Damping involves a force that is always in the opposite direction to the direction of motion of the oscillating particle and the force is a dissipative force, which reduces the total energy of the system

	4.3.3
	State what is meant by natural frequency of vibration and forced oscillations.
	Natural frequency: the frequency at which an object will vibrate if “disturbed”

If an object is forced to oscillate by a periodic external force, the object will undergo forced oscillations.

	4.3.5
	State what is meant by resonance.
	When an object is (periodically) forced to vibrate at its natural frequency, either a very large increase in amplitude is seen or the body vibrates with maximum amplitude.

	4.4.2
	State: progressive (travelling) waves transfer energy  and there is no net motion of the medium through which the wave travels.
	

	4.4.6
	Define the terms displacement, amplitude, frequency, period, wavelength, wave speed and intensity.
	Displacement: distance of an oscillating particle in a given direction from its mean / equilibrium position

Wave speed: rate at which energy (or wavefronts)  is transferred/ propagated or the distance travelled by a wavefront per unit time. Note this is NOT the same as the speed of an individual particle as it oscillates.

Wavelength:  distance moved by wavefront during one oscillation of the source or the distance between consecutive neighbouring crests/ successive pont s which are in phase

Wavefronts are always at 90º to the direction of travel of the wave and are separated by a wavelength

Frequency: number of oscillations/vibrations of the source or of a particle per unit time

Time period: the time for one complete cycle

Equilibrium position: where the particle would rest if not disturbed

Amplitude,x0 : the  maximum displacement of a particle from its rest/equilibrium position

Intensity: the rate of flow of energy across the cross sectional area perpendicular to the direction of wave propagation. Students should know that intensity α amplitude2

	4.4.9
	State:  all electromagnetic waves travel with the same speed in free space
	

	4.5.2
	State and apply Snell’s law.
	Snells law: the ratio of the velocities of the waves in two media is equal to the ratio of the sines of the angles of incidence and reraction of the rays.

Students should be able to define refractive index in terms of the ratio of the speeds of the wave in the two media and also in terms of the angles of incidence and refraction.

	4.5.5
	State the principle of superposition and explain what is meant by constructive interference and by destructive interference. 
	When the paths of two waves of the same type coincide, move through each other or cross, the resultant displacement is the sum of the 2 individual displacements at that point.

Constructive interference:  when two waves meet, the resultant  displacement is greater than that of an individual wave.
Destructive interference:  when two waves meet, the resultant  displacement is less than that of an individual wave.

	4.5.6
	State and apply the conditions for constructive and for destructive interference in terms of path difference and phase difference.


	If two waves of the same type have a path difference of a whole number of wavelengths, n,  or have a phase difference of 2nπ  constructive interference occurs. 
Path or phase differences of

(n + ½) λ  or (2n + 1)π result in destructive interference

	5.1.1
	Define  electric potential difference 
	Work done per unit charge to move a small positive charge between two points.

	5.1.3
	Define the electronvolt .
	Work done in moving an electron through a potential difference of one volt.

	5.1.5
	Define electric current.
	It is sufficient for students to know that current is defined in terms of the force per unit length between parallel current-carrying conductors

	5.1.6
	 Define  resistance . 

	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 understand what is meant by a resistor.

	5.1.8
	State Ohm ’s law.
	Current is proportional to voltage at constant temperature for ohmic resistors.

	5.2.1
	Define  electromotive force emf 
	Total electrical energy supplied by the cell/ battery per unit charge as it flows through the cell/battery

	6.1.1
	State Newton’s universal law of

gravitation.


	Students should be aware that the masses in the force law are point masses. The force between two spherical masses whose separation is large compared to their radii is the same as if the two spheres

were point masses with their masses concentrated at the centres of the spheres.

	6.1.2 
	Define gravitational field strength.
	Gravitational field strength is the force per unit mass on a small mass placed at the point.

	6.2.1
	State there are two types of electric charge.
	

	6.2.2
	State and apply the law of conservation of charge.
	The total energy  of a closed system is constant.

	6.2.4
	State Coulomb’s law. 
	F = kq1 q2 / r2 with terms defined

Students should be aware that the charges in the force law are point charges. 

	6.2.5
	Define electric field strength.
	Electric field strength:  the force per unit charge felt by a positive test charge placed in the field 

	6.3.1
	State:  moving charges give rise to magnetic fields.
	eg. moving charge/current  in a wire creates a magnetic field around the wire

	6.3.5 


	Define the magnitude and direction of a magnetic field.
	Magnitude of magnetic field:  B= F/ILSin θ  with terms defined

Direction:  From N to S or the direction of force acting on small point north pole of a compass.

	7.1.5

	Explain the terms nuclide, isotope and  nucleon.
	Nuclide: a particular type of atom or nucleus determined by (in particular) its proton (atomic) number and its nucleon number / number of protons and number of neutrons
Nucleon: a proton or a neutron;

Isotopes: the nuclei of different isotopes of an element have the same number of protons but different numbers of neutrons.

	7.1.6
	Define  nucleon number A , proton number Z and  neutron number N .
	Nucleon number: the number of protons and neutrons in the nucleus

Proton number : number of protons in the nucleus

Neutron number: number of neutrons in the nucleus

	7.2.6


	State that radioactive decay is a random and spontaneous process and that the rate of decay decreases exponentially with time.


	Radioactive decay: a nucleus emits an α-particle / a β-particle / and / or γ-ray photon / ionizing radiations

Random and spontaneous: we cannot tell which nucleus will decay next and cannot state at what time a nucleus will decay.
Exponential decay need not be treated analytically. It is sufficient to know that any quantity reduces to half its initial value in a constant time decays exponentially. The nature of the decay is independent of the initial amount.

	7.2.7
	Define the term  radioactive half life
	Half life: the time that must elapse for the initial activity of the radioactive sample to be reduced by a factor of 2;

or
the time that must elapse for the initial number of radioactive nuclei to be reduced by a factor of 2;

Decay constant: probability of decay (of a nucleus) per unit time or
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	7.3.3
	Define the term unified atomic mass unit .
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th mass of a neutral 12C atom. 
Students must be familiar with the units MeV c-2 and GeV c-2 or mass.

	7.3.5
	Define the concepts of  mass defect , binding energy and binding energy per 

nucleon .
	Mass defect: the difference between the mass of the nucleus and the sum
of the masses of its individual nucleons 

Binding energy: the energy required to assemble a nucleus / to separate the nucleus from its constituent parts / into its individual components

	7.3.10
	State: nuclear fusion is the main source of the Sun ’s energy
	.

	8.1.1
	State: thermal energy may be completely converted to work in a single process, but that continuous conversion of this energy into work requires a cyclical process and the transfer of some energy from the system.
	

	8.1.2
	Explain what is meant by degraded energy.


	In any process that involves energy transformations, the energy that is transferred to the surroundings (degraded thermal energy) is no longer available to perform useful work.

	8.2.3 
	Define the energy density of a fuel
	Energy density: the energy liberated per unit mass of fuel consumed

	8.2.5
	State the relative proportions of world use of the different energy sources that are available.
	NB Only approximate values are needed. Coal 38%, natural gas 24%, oil 24%, nuclear 6%, other 8%

	8.3.4 


	State the overall efficiency of power stations fuelled by different fossil fuels.
	NB Only approximate values are required.
Coal 40%, oil 40% natural gas 50%

	8.5.2
	Define albedo.
	Albedo: ratio of total solar energy reflected back into space to the total incident solar energy 

OR the fraction of total solar energy reflected back into space

	8.5.10
	State the Stefan–Boltzmann law and apply it to compare emission rates from different surfaces.
	Power radiated per unit area of a black body is proportional to the temperature to the fourth power 
P = σAT4 with terms defined

	8.5.3
	State factors that determine a planet’s

albedo.


	Students should know that the Earth’s albedo varies daily and is dependent on season (cloud formations) and latitude. Oceans have a low value but snow a high value. The global annual mean albedo is 0.3 (30%) on Earth.

	8.5.12
	Define surface heat capacity CS

	Surface heat capacity:  the energy required to raise the temperature of unit area of a planet’s surface by one degree, and is measured in J m-2 K-1.

	8.6.2 


	State what is meant by the enhanced

greenhouse effect.
	It is sufficient for students to be aware that

enhancement of the natural greenhouse effect is caused by human activities.

	8.6.7 


	State: one possible effect of the enhanced greenhouse effect is a rise in mean sea-level.
	NB melting of icebergs will NOT raise sea levels but the melting of icecaps will.

	9.1.1

	State: The vertical and the horizontal components of velocity for a projectile in a uniform field can be treated separately
	

	9.2.1.


	Define gravitational potential and gravitational potential energy
	Gravitational potential: the work done per unit mass in bringing a small mass from infinity to that point.

Gravitational potential energy: the work done in bringing the small mass from infinity to that point

Students should understand the scalar nature of gravitational potential and that the potential at infinity is taken as zero.

Students should understand that the work done in moving a mass between two points in a gravitational field is independent of the path taken.

	9.2.2 


	State and apply the expression for gravitational potential due to a point mass.
	V = - GM / r    with terms defined

	9.2.3 


	State and apply the formula relating gravitational field strength to gravitational potential gradient.
	Gravitational field strength: force exerted per unit mass on a small / point mass

	9.2.6 


	State the relation between equipotential surfaces and gravitational field lines.
	Equipotential surfaces and gravitational field lines are at right angels to each other.

	9.3.1 


	Define electric potential and electric potential energy.
	Electric potential: work done per unit charge in bringing a small positive charge from infinity to that point in space.

electric potential energy: work done in bringing a small positive charge from infinity to that point in space.
Students should understand the scalar nature of electric potential and that the potential at infinity is taken as zero.

Students should understand that the work done in moving a point charge between two points in an electric field is independent of the path taken.

	9.3.2
	State and apply the expression for electric potential due to a point charge.
	V = -k q / r2 with terms defined

	9.3.3
	State and apply the formula relating electric field strength to electric potential gradient.
	E = -ΔV/Δx   with terms defined

	9.3.6
	State the relation between equipotential surfaces and electric field lines.
	Electric field lines are always at right angles to the equipotential surfaces.

	9.4.1
	State:  gravitation provides the centripetal force for circular orbital motion.
	

	10.1.1
	State the equation of state for an ideal gas.


	Students should be aware that an ideal gas is one that has the equation of state PV = nRT and that this equation also defines the universal gas constant R.

	10.2.2 

	State the first law of thermodynamics.
	The energy transferred between a system and its surroundings is equal to the work done by or on the system plus the change in internal energy of the system;

Students should be familiar with the terms system and surroundings. They should also appreciate that if a system and its surroundings are at different temperatures and the system undergoes a process, the energy transferred by non-mechanical means to or from the system is referred to as thermal energy (heat).

	10.2.4 


	Describe the isochoric (isovolumetric), isobaric, isothermal and adiabatic changes of state of an ideal gas.
	Isochoric: volume remains constant

Isobaric: Pressure remains constant

Isothermal: temperature remains constant

Adiabatic: no net energy transfer

In each process, the energy transferred, the work done and the internal energy change should be addressed. Students should realize that a rapid compression or expansion of a gas is approximately adiabatic.

	10.3.1
	State:   the second law of  thermodynamics implies that thermal energy cannot spontaneously transfer from a region of low temperature to a region of high temperature.
	

	10.3.2
	State: entropy is a system property that expresses the degree of disorder in the system
	

	10.3.3
	State the second law of thermo-dynamics in terms of entropy changes.


	A statement that the overall entropy of the universe is increasing will suffice or that all natural processes increase the entropy of the universe.

	11.4.2
	State the Raleigh criterion for images of two sources to be just resolved
	The maximum of one diffraction pattern is coincident with the first minimum of the other (or use a clear diagram)

For a single slit, θ = λ / b   with terms defined
The criterion for a circular aperture is 


[image: image4.wmf]b

l

q

22

.

1

=



	11.5.1
	State what is meant by polarized light
	In polarised light where the direction of the (electric) field is always / predominantly in the same plane

	11.5.3
	State and apply Brewster ’s law.
	When the angle of incidence is equal to the polarising angle called brewsters angle,φ, the angle of reflection and the angle of refraction are at right angles to each other. 

tan φ = refractive index, n

	12.1.3 


	Define magnetic flux and magnetic flux linkage
	Magnetic flux: the product of magnetic flux density and area

Magnetic flux linkage:  the product of magnetic flux and number of turns

	12.1.5
	State Faraday’s law and Lenz’s law. 
	Faraday’s law: the (induced) e.m.f.  is proportional to rate of change of magnetic flux (linkage)

Lenz’s law: the direction of (induced) e.m.f. is such as to tend to oppose the change producing it.

	12.2.5 


	State the relation between peak and rms values for sinusoidal currents and voltages.
	Rms voltage is 1/√2 times the peak voltage

Rms current is 1/√2 times the peak current


	13.2.5
	State the radioactive decay law as an exponential function and define the decay constant.


	Decay constant: the probability of decay of a nucleus per unit time.

	14.2.1
	Define capacitance.
	Capacitance: the ratio of the stored charge in a capacitor to unit pd across the capacitor
Or   C = Q / V with the terms defined

	14.2.5
	Define quantum efficiency of a pixel.
	Quantum efficiency is the ratio of the number of photoelectrons emitted to the number of photons incident on the pixel.

	14.2.6
	Define magnification.
	Students are required to know that magnification is the ratio of the length of the image on the CCD to the length of the object.

	14.2.7

	State that two points on an object may be just resolved on a CCD if the images of the points are at least two pixels apart.
	

	E.1.3
	Define the light year.
	The distance travelled by light in one year in a vacuum

	E.2.1
	State that fusion is the main energy source of stars.


	Students should know that the basic process is one in which hydrogen is converted into helium. They do not need to know about the fusion of elements with higher proton numbers.

	E.2.3
	Define the luminosity of a star. 
	Luminosity: (total) power radiated  or energy radiated per unit time

	E.2.4
	Define apparent brightness and state how it is measured.
	Apparent brightness: The energy from the star per second incident on 1m2 of the Earth’s surface.

Apparent magnitude: a measure of the brightness of a star as it appears from Earth (in a relative classification system).

	E.2.6
	State Wien’s (displacement) law and apply it to explain the connection between the colour and temperature of stars.
	Product of peak wavelength and temperature in Kelvin is a constant
λpeak x T = constant with terms defined

	E.3.1
	Define the parsec. 
	Parsec: the distance to a star whose parallax angle is one second

	E.3.6
	Define absolute magnitude. 
	Absolute magnitude:  a measure of how bright an object appears or the apparent magnitude, when it is observed from a distance of 10pc.

	E.3.9
	State that the luminosity of a star may be estimated from its spectrum.
	

	E.3.11
	State: the method of spectroscopic parallax is limited to measuring stellar distances less than about 10 Mpc.
	

	E.3.14
	State the relationship between period and absolute magnitude for Cepheid variables.
	The log of the time period is proportional to the peak absolute magnitude of the Cepheid variable.

	E.4.9
	Define the term critical density by reference to a flat model of the development of the universe.
	Critical density is the present day density of the universe for which the expansion rate (of the universe) will slow to zero but never reverse or the density such that the expansion of the Universe will stop after an infinite amount of time.
Density of the Universe: if less than critical density, ρ0, the Universe will expand for evermore; 
if greater than ρ0, the Universe will expand and then contract;

	E.4.12
	State: current scientific evidence suggests that the universe is open.
	

	E.5.2
	State the effect of a star’s mass on the end product of nuclear fusion.
	Low mass stars will finish burning helium (into carbon and oxygen) and collapse to a white dwarf. The maximum mass for a white dwarf is 1.4 Msun.

High mass stars will finish burning (silicon) to iron and collapse into a neutron star or black hole

 

	E.6.4
	State Hubble’s law. 
	The recessional speed of a galaxy is proportional to its distance from the Earth / galaxies move away from each other with a speed proportional to their separation

	G.2.1
	Define the terms principal axis, focal point, focal length and linear magnification as applied to a converging (convex) lens.
	Principal axis: the line which passes through the centre of curvature and the centre of the refracting surface

Focal point: the point on the principal axis through which a ray parallel to the principal axis passes after refraction by the lens

Focal length: the distance between the focal point and the centre of the refracting surface.

Real image: rays of light pass through the image

Virtual image: no rays pass through the image / cannot be formed on a screen



	G.2.2
	Define the power of a convex lens and the dioptre.
	Power is the reciprocal of the focal length of the lens, measured in dioptres
P = 1/f



	G.2.3
	Define linear magnification. 
	Linear magnification: the ratio of the height of the image to the height of its object 


m = hi / ho ​ = -v/u



	G.2.8
	Define the terms far point and near

point for the unaided eye.


	Near point: the position of or the distance to the closest object that can be brought into focus by the unaided eye 


Far point: the position of or the distance to the furthest object that can be brought into focus by the unaided eye. (This is when the eye muscles are relaxed)

For the normal eye, the far point may be assumed to be at infinity and the near point is conventionally taken as being a point 25 cm from the eye.

	G.2.9
	Define angular magnification. 
	Angular magnification: ratio of the angle subtended by the image at the eye with the instrument to the angle subtended by the object at the eye without the instrument (ie by the unaided eye)

	G.2.13

	State the equation relating angular magnification to the focal lengths of the lenses in an astronomical telescope in normal adjustment.
	Angular magnification is the ratio of the focal length of the objective lens to the focal length of the eyepiece. M = fo / f e

Distance between lenses = fo + f e

	G.6.5
	State the condition for light to undergo either a phase change of p, or no phase change, on reflection from an interface.
	If a wave is reflected from a boundary, it will undergo a phase change of π, if the speed of the wave decreases at the boundary ie if the refractive index increases.

So if the wave passes from air to water/glass/oil etc the reflected light has a phase change of π.
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