Higher Physics - Learning Outcomes
Mechanics and Properties of Matter

Vectors

· Distinguish between distance and displacement.

· Distinguish between speed and velocity.

· Define and classify vector and scalar quantities.

· Use scale diagrams, or otherwise, to find the magnitude and direction of the resultant of a number of displacements or velocities.                                                         
· State what is meant by the resultant of a number of forces.

· Carry out calculations to find the rectangular components of a vector.

· Use scale diagrams, or otherwise, to find the magnitude and direction of the resultant of a number of forces.

Equations of motion

· State that acceleration is the change in velocity per unit time.

· Describe the principles of a method for measuring acceleration.

· Draw an acceleration–time graph using information obtained from velocity–time graph for motion with a constant acceleration.

· Use the terms ‘constant velocity’ and ‘constant acceleration’ to describe motion represented in graphical or tabular form.

· Show how the following relationships can be derived from basic definitions in kinematics: 
v = u + at, s = ut + ½at2, v2 = u2 + 2as.

· Carry out calculations using the above kinematic relationships.

Newton’s Second Law, energy and power

· Define the Newton
· Carry out calculations using the relationship F = ma in situations where resolution of forces is not required.

· Use free body diagrams to analyse the forces on an object.

· Carry out calculations involving work done, potential energy, kinetic energy and power.

Momentum and impulse

· State that momentum is the product of mass and velocity.

· State that the law of conservation of linear momentum can be applied to the interaction of two objects moving in one dimension, in the absence of net external forces.

· State that an elastic collision is one in which both momentum and kinetic energy are conserved.

· State that in an inelastic collision momentum is conserved but kinetic energy is not.

· Carry out calculations concerned with collisions in which the objects move in only 1 dimension.

· Carry out calculations concerned with explosions in one dimension.

· Apply the law of conservation of momentum to the interaction of two objects moving in one dimension to show that:

· the changes in momentum of each object are equal in size and opposite in direction.

· the forces acting on each object are equal in size and opposite in direction.

· State that impulse = force x time.

· State that impulse = change of momentum.

· Carry out calculations using the relationship, impulse = change of momentum.

Density and pressure

· State that density is mass per unit volume.

· Carry out calculations involving density, mass and volume.

· Describe the principles of a method for measuring the density of air.

· State and explain the relative magnitudes of the densities of solids, liquids and gases.

· State that pressure is the force per unit area, when the force acts normal to the surface.

· State that one Pascal is one Newton per square metre.

· Carry out calculations involving pressure, force and area.

· State that the pressure at a point in a fluid at rest is given by hρg.

· Carry out calculations involving pressure, density and depth.

· Explain buoyancy force (up thrust) in terms of the pressure difference between the top and bottom of an object.

Gas laws

· Describe how the kinetic model accounts for the pressure of a gas.

· State that the pressure of a fixed mass of gas at constant temperature is inversely proportional to its volume.

· State that the pressure of a fixed mass of gas at constant volume is directly proportional to its temperature measured in Kelvins (K).

· State that the volume of a fixed mass of gas at constant pressure is directly proportional to its temperature measured in Kelvins (K).

· Carry out calculations to convert temperatures in ºC to K and vice versa.

· Carry out calculations involving pressure, volume and temperature of a fixed mass of gas using the general gas equation.

· Explain what is meant by absolute zero of temperature.

· Explain the pressure-volume, pressure-temperature and volume-temperature laws qualitatively in terms of a kinetic model.

Electricity and Electronics

2.1 Electric fields and resistors in circuits

· State that, in an electric field, an electric charge experiences a force.

· State that an electric field applied to a conductor causes the free electric charges in it to move.

· State that work W is done when a charge Q is moved in an electric field.

· State that the potential difference between two points is a measure of the work done in moving one coulomb of charge between the two points.

· State that if one joule of work is done moving one coulomb of charge between two points, the potential difference between the two points is one volt.

· Carry out calculations involving the relationship between potential difference, work and charge.

· State that the e.m.f. of a source is the electrical potential energy supplied to each coulomb of charge which passes through the source.

· State that an electrical source is equivalent to a source of e.m.f. with a resistor in series, the internal resistance.

· Describe the principles of a method for measuring the e.m.f. and internal resistance of a source.

· Explain why the e.m.f. of a source is equal to the open circuit p.d. across the terminals of the source.

· Explain how the conservation of energy leads to the sum of the e.m.f.s round a closed circuit being equal to the sum of the p.d.s round the circuit.

· Derive the expression for the total resistance of any number of resistors in series, by consideration of the conservation of energy.

· Derive the expression for the total resistance of any number of resistors in parallel by consideration of the conservation of charge.

· Carry out calculations involving the resistances in a balanced Wheatstone bridge.

· State that for an initially balanced Wheatstone bridge, as the value of one resistor is changed by a small amount, the out-of-balance p.d. is directly proportional to the change in resistance.

· Carry out calculations involving potential differences, currents and resistances in circuits containing resistors.

· Use the following terms correctly in context: charge, current, p.d., resistance, terminal p.d., load resistor, bridge circuit, e.m.f., lost volts, short circuit current.

2.2 Alternating current and voltage

· Describe how to measure frequency using an oscilloscope.

· Carry out calculations involving peak and r.m.s. values of voltage and current.

· State the relationship between current and frequency in a resistive circuit.

2.3 Capacitance

· State that the charge Q on two parallel conducting plates is directly proportional to the p.d. V between the plates.

· Describe the principles of a method to show that the charge on a capacitor is directly proportional to the p.d. across the capacitor.

· State that capacitance is the ratio of charge to p.d.

· State that the unit of capacitance is the farad and that one farad is one coulomb per volt.

· Carry out calculations involving the relationship between capacitance, charge and potential difference.

· Explain why work must be done to charge a capacitor.

· State that the work done to charge a capacitor is given by the area under the graph of charge against p.d.

· Carry out calculations involving the relationships between capacitance, charge, potential difference and energy stored in a capacitor

· Draw qualitative graphs of current against time and of p.d. against time for the charge and discharge of a capacitor in a d.c. circuit containing a resistor and capacitor in series.

· Carry out calculations involving p.d. and current in CR circuits (calculus methods are not required).

· State the relationship between current and frequency in a capacitive circuit.

· Describe the principles of a method to show how the current varies with frequency in a capacitive circuit.

· Describe and explain the possible functions of a capacitor: storing energy, storing charge, blocking d.c. while passing a.c.

2.4 Analogue electronics

· State that an op-amp can be used to increase the voltage of a signal.

· State that for the ideal op-amp:

· input current is zero, ie it has infinite input resistance.

· there is no potential difference between the inverting and non-inverting inputs: ie both input pins are at the same potential.

· Identify circuits where the op-amp is being used in the inverting mode.

· State that an op-amp connected in the inverting mode will invert the input signal.

· Carry out calculations involving the relationship between input voltage, output voltage, resistances and gain in inverting mode op-amp circuits.

· State that an op-amp cannot produce an output voltage greater than the positive supply voltage or less than the negative supply voltage.

· Identify circuits where the op-amp is being used in the differential mode.

· State that a differential amplifier amplifies the potential difference between its two inputs.

· Carry out calculations involving the relationship between input voltages, output voltage, resistances and gain in differential mode op-amp circuits.

· Describe how to use the differential amplifier with resistive sensors connected in a Wheatstone bridge arrangement.

· Describe how an op-amp can be used to control external devices via a transistor.

Radiation and Matter

3.1 Waves

· State that the frequency of a wave is the same as the frequency of the source producing it.

· Carry out calculations involving the relationship between period and frequency.

· State that the energy of a wave depends on its amplitude.

· Use correctly in context the terms: ‘in phase’, ‘out of phase’ and ‘coherent’, when applied to waves.

· Explain the meaning of: ‘constructive interference’ and ‘destructive interference’, in terms of superposition of waves.

· State that interference is the test for a wave.

· State that reflection, refraction, diffraction and interference are characteristic behaviours of all types of waves.

· Describe the conditions for maxima and minima in an interference pattern formed by two coherent sources.

· Carry out calculations involving the relationships for maxima and minima in an interference pattern formed by two coherent sources.

· Describe the effect of a grating on a monochromatic light beam.

· Carry out calculations involving the relationship between wavelength, order, slit separation and angle for gratings.

· Describe the principles of a method for measuring the wavelength of a monochromatic light source, using a grating.

· State approximate values for the wavelengths of red, green and blue light.

· Describe and compare the white light spectra produced by: a grating and a prism.

3.2 Refraction of light

· State that the ratio sinθ1 / sinθ2 is a constant when light passes obliquely from medium 1 to medium 2.

· State that the absolute refractive index, n, of a medium is the ratio sinθ1 / sinθ2 where θ1 is in a vacuum (or air as an approximation) and θ2 is in the medium.

· Describe the principles of a method for measuring the absolute refractive index of glass for monochromatic light.

· State that the refractive index depends on the frequency of the incident light.

· State that the frequency of a wave is unaltered by a change in medium.

· Carry out calculations involving the relationships between refractive index, angle, wavelength, speed and frequency.

· Explain what is meant by total internal reflection.

· Explain what is meant by critical angle θc.

· Describe the principles of a method for measuring a critical angle.

· Derive the relationship between critical angle and absolute refractive index of a medium.

· Carry out calculations involving the relationship between critical angle and absolute refractive index of a medium.

3.3 Optoelectronics and semiconductors

· State that the irradiance at a surface on which radiation is incident is the power per unit area.

· Describe the principles of a method for showing that the irradiance is inversely proportional to the square of the distance from a point source.

· Carry out calculations involving the relationship between irradiance and distance.

· State that photoelectric emission from a surface occurs only if the frequency of the incident radiation is greater than some threshold frequency fo which depends on the nature of the surface.

· State that for frequencies smaller than the threshold value, an increase in the intensity of the radiation at the surface will not cause photoelectric emission.

· State that for frequencies greater than the threshold value, the photoelectric current produced by monochromatic radiation is directly proportional to the irradiance of the radiation at the surface.

· State that a beam of radiation can be regarded as a stream of individual energy bundles called photons, each having an energy dependent on the frequency of the radiation.

· Carry out calculations involving the relationship between energy and frequency of photons.

· Explain that if N photons per second are incident per unit area on a surface, the irradiance at the surface is I = Nhf.

· State that photoelectrons are ejected with a maximum kinetic energy which is given by the difference between the energy of the incident photon and the work function of the surface.

· State that electrons in a free atom occupy discrete energy levels.

· Draw a diagram which represents qualitatively the energy levels of a hydrogen atom.

· Use the following terms correctly in context: ground state, excited state, ionisation level.

· State that an emission line in a spectrum occurs when an electron makes a transition between an excited energy level and a lower level.

· State that an absorption line in a spectrum occurs when an electron in a lower energy level absorbs radiation and is excited to a higher energy level.

· Carry out calculations involving energy level transitions, photon energy and photon frequency.

· Explain the occurrence of absorption lines in the spectrum of sunlight.

· State that spontaneous emission of radiation is a random process analogous to the radioactive decay of nucleus.

· State that when radiation of energy hf is incident on an excited atom the atom maybe stimulated to emit its excess energy hf.

· State that in stimulated emission the incident radiation and the emitted radiation are in phase and travel in the same direction.

· State that the conditions in a laser are such that a light beam gains more energy by stimulated emission that it loses by absorption – hence Light Amplification by the Stimulated Emission of Radiation.

· Explain the function of the mirrors in a laser.

· Explain why a beam of laser light having a power even as low as 0.1 mW may cause eye damage.

· State that materials can be divided into three broad categories according to their electrical properties – conductors, insulators and semiconductors.

· Give examples of conductors, insulators and semiconductors.

· State that the addition of impurity atoms to a pure semiconductor (a process called doping) decreases its resistance.

· Explain how doping can form an n-type semiconductor in which the majority of the charge carriers are negative, or a p-type semiconductor in which the majority of the charge carriers are positive.

· Describe the movement of the charge carriers in a forward/reverse-biased p–n junction diode.

· State that in the junction region of a forward-biased p–n junction diode, positive and negative charge carriers may recombine to give quanta of radiation.

· State that a photodiode is a solid-state device in which positive and negative charges are produced by the action of light on a p–n junction.

· State that in the photovoltaic mode, a photodiode may be used to supply power to a load.

· State that in the photoconductive mode, a photodiode may be used as a light sensor. 

· State that the leakage current of a reverse-biased photodiode is directly proportional to the light irradiance and fairly independent of the reverse-biasing voltage, below the breakdown voltage.

· State that the switching action of a reverse-biased photodiode is extremely fast.

· Describe the structure of an n-channel enhancement MOSFET using the terms: gate, source, drain, substrate, channel, implant and oxide layer.

· Explain the electrical ON and OFF states of an n-channel enhancement MOSFET.

· State that an n-channel enhancement MOSFET can be used as an amplifier.

3.4 Nuclear reactions

· Describe how Rutherford showed that:

· the nucleus has a relatively small diameter compared with that of the atom

· most of the mass of the atom is concentrated in the nucleus.

· State what is meant by alpha, beta and gamma decay of radionuclides.

· Identify the processes occurring in nuclear reactions written in symbolic form.

· State that in fission a nucleus of large mass number splits into two nuclei of smaller mass numbers, usually with the release of neutrons.

· State that fission may be spontaneous or induced by neutron bombardment.

· State that in fusion two nuclei combine to form a nucleus of larger mass number.

· Explain, using E = mc2, how the products of fission and fusion acquire large amounts of kinetic energy.

· Carry out calculations involving the relationship between energy and mass loss for fission and fusion reactions.

3.5 Dosimetry and safety

· State that the activity of a radioactive source is the number of decays per second and is measured in Becquerels (Bq), where one Becquerel is one decay per second.

· Carry out calculations involving the relationship between activity, number of decays and time.

· State that the absorbed dose is the energy absorbed per unit mass of the absorbing material.

· State that the gray (Gy) is the unit of absorbed dose and that one gray is one joule per kilogram.

· State that a radiation weighting factor is given to each kind of radiation as a measure of its biological effect.

· State that the equivalent dose is the product of absorbed dose and radiation weighting factor and is measured in sieverts (Sv).

· Carry out calculations, for a single tissue, involving the relationship between equivalent dose, absorbed dose and radiation weighting factor.

· State that equivalent dose rate is the equivalent dose per unit time.

· State that the risk of biological harm from an exposure to radiation depends on:

· the absorbed dose.

· the kind of radiations, eg α, β, γ, slow neutron.

· the body organs or tissues exposed.

· Describe the factors affecting the background radiation level.

· State that the average annual effective dose that a person in the UK receives due to natural sources (cosmic, terrestrial and internal radiation) is approximately 2 mSv.

· State that annual effective dose limits have been set for exposure to radiation for the general public, and higher limits for workers in certain occupations.

· Sketch a graph to show how the intensity of a beam of gamma radiation varies with the thickness of an absorber.

· Describe the principles of a method for measuring the half-value thickness of an absorber.

· Carry out calculations involving half-value thickness.

· State that the equivalent dose rate is reduced by shielding or by increasing the distance from a source.

Uncertainties

4.1 Units, prefixes and scientific notation

· Use SI units of all physical quantities appearing in the Content Statements.

· Give answers to calculations to an appropriate number of significant figures.

· Check answers to calculations.

· Use prefixes (p, n, μ, m, k, M, G).

· Use scientific notation.

4.2 Uncertainties

· State that measurement of any physical quantity is liable to uncertainty.

· Distinguish between random uncertainties and recognised systematic effects.

· State that the scale-reading uncertainty is a measure of how well an instrument scale can be read.

· Explain why repeated measurements of a physical quantity are desirable.

· Calculate the mean value of a number of measurements of the same physical quantity.

· State that this mean is the best estimate of a ‘true’ value of the quantity being measured.

· State that where a systematic effect is present the mean value of the measurements will be offset from a ‘true’ value of the physical quantity being measured.

· Calculate the approximate random uncertainty in the mean value of a set of measurements using the relationship: approximate random uncertainty in the mean = (maximum value - minimum value) / number of measurements taken

· Estimate the scale-reading uncertainty incurred when using an analogue display and a digital display.

· Express uncertainties in absolute or percentage form.

· Identify, in an experiment where more than one physical quantity has been measured, the quantity with the largest percentage uncertainty.

· State that this percentage uncertainty is often a good estimate of the percentage uncertainty in the final numerical result of the experiment.

· Express the numerical result of an experiment in the form: final value ± uncertainty.
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