5.4 Module 2824      Forces, Fields and Energy
	Content
	In
	Comments

	5.4.1 Dynamics
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) state each of Newton’s laws of motion.
	3.20

3.22

3.23
	  

	(b) define, recall and use (linear) momentum as the product of mass and velocity.
	  
	  

	(c) define force as rate of change of momentum, and use this definition in situations where mass is constant.
(d) state the principle of conservation of momentum.
(e) use the principle of conservation of momentum in simple applications including elastic and inelastic interactions between two bodies in one dimension, and the separation of an initially stationary object into two parts. (Knowledge of the concept of coefficient of restitution is not required.)
	3.22, 3.23, 3.24
	  

	5.4.2 Work and Energy
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) give examples of energy in different forms, its conversion and conservation, and apply the principle of energy conservation to simple examples.
(b) calculate the work done by a constant force in situations including those where the force is not in the same direction as the displacement.

(c) recall and use the equation for kinetic energy, Ek = ½mv2 .
(d) recall and use, the equation (Ep = mg(h for potential energy changes near the Earth’s surface.
	3.11, 3.12, 3.13
	  

	5.4.3 Motion in a Circle
	  
	  

	Learning outcomes
Candidates should be able to:
	  
	  

	(a) describe qualitatively motion in a curved path due to a perpendicular force, and understand the centripetal acceleration in the case of uniform motion in a circle.
(b) express angular displacement in radians.
(c) recall and use centripetal acceleration a = v2/r.
(d) apply the equation F = ma to uniform motion in a circle to derive F = m v2 /r.
	3.29
	  

	5.4.4 Oscillations
N3.2, N3.3. WO3.2, WO3.3; PS3.1.
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) understand and use the terms displacement, amplitude, period, frequency and phase difference.
	3.32
	  

	(b) express period in terms of frequency.
	  
	  

	(c) define simple harmonic motion.
	3.33

3.34
	  

	(d) describe graphically the changes in displacement, velocity and acceleration during oscillations.
	3.33
	  

	(e) understand velocity as the gradient of the displacement-time graph.
	3.33
	  

	(f) recall and use a = -(2( f)2x, and the solutions x = Asin 2(f t, x = Acos2(f t for simple harmonic motion.
	3.34
	  

	(g) describe practical examples of damped oscillations with particular reference to the effects of the degree of damping in such cases as a car suspension system.
	3.35
	  

	(h) describe practical examples of forced oscillations and resonance.
	3.35
	  

	(i) describe graphically how the amplitude of a forced oscillation changes with frequency near to the natural frequency of the system.
	3.35
	  

	5.4.5 Gravitational Fields
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) understand a gravitational field as a field of force and define, recall and use gravitational field strength as force per unit mass.
	5.1
	  

	(b) use field lines to represent a gravitational field.
	5.1
	  

	(c) recall and use Newton’s law of gravitation for point masses in the form F = Gm1m2 / r2.
	5.2
	  

	(d) recall and use g = Gm / r2 for the gravitational field strength of a point mass.
	5.2
	  

	(e) appreciate that, on the surface of the Earth, the magnitude of g is approximately constant and equal to the acceleration of free fall.
	5.2
	  

	5.4.6 Electric fields
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) understand an electric field as an example of a field of force and define, recall and use electric field strength as force per unit positive charge.
	5.7
	  

	(b) use field lines to represent an electric field.
	5.7
	  

	(c) recall and use Coulomb’s law for point charges in a vacuum in the form F = kQ1Q2 / r2 , where k = 1 / 4((0.
	5.7
	  

	(d) recall and use E = kQ / r2 for the electric field strength of a point charge.
	5.7
	  

	(e) recall and use E = V / d for the magnitude of the uniform electric field strength between charged parallel plates.
	5.11
	  

	(f) recognise the similarities of, and differences between, electric fields and gravitational fields.
	5.13
	  

	5.4.7 Capacitors
N3.2, N3.3.
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) define capacitance and the farad.
	4.15
	  

	(b) recall and use C = Q / V.
	4.15
	  

	(c) use formulae for the capacitance of capacitors in series and in parallel.
	4.19
	  

	(d) recall and use W = ½QV, for the energy of a charged capacitor.
	4.18
	  

	(e) describe the discharge of a capacitor through a resistor, sketch graphs showing the variation with time of the potential difference, charge stored and current during this discharge.
(f) appreciate the practical importance of time constant for discharge of a capacitor through a resistor.
(g) recall t = CR for the time constant of a capacitor-resistor circuit.
(h) use equations of the form x = x0( -t/CR for the discharge of a capacitor.
	4.16 – 4.18
	  

	5.4.8 Electromagnetism
WO3.2, WO3.3.
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) recall and use F = BIlsin( , with directions as interpreted by Fleming’s left-hand rule, for the force on a current-carrying conductor in a uniform magnetic field.
	5.14
	  

	(b) recall and use F = BQv , for the force on a charge moving in a uniform magnetic field.
	5.14
	  

	(c) analyse the circular orbits of charged particles moving in a plane perpendicular to a uniform magnetic field by relating the electromagnetic force to the centripetal acceleration it causes.
	  
	  

	5.4.9 Electromagnetic Induction 
WO3.2, WO3.3.
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) define magnetic flux and the weber.
(b) recall and use ( = BA.
(c) define magnetic flux linkage, N(.
	5.22
	  

	(d) recall and use Faraday’s law of electromagnetic induction.
(e) recall and use Lenz’s law to determine the direction of an induced e.m.f.
(f) recall and use the equation magnitude of induced e.m.f. = rate of change of flux linkage.
	5.23
	  

	5.4.10 Thermal Physics
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) show an awareness that internal energy is determined by the state of the system and can be expressed as the sum of a random distribution of kinetic and potential energies associated with the molecules of the system.
	7.2
	  

	(b) relate a rise in temperature of a body to an increase in internal energy.
	7.2
	  

	(c) demonstrate knowledge that there is an absolute scale of temperature which does not depend upon the physical property of any particular substance, i.e. the thermodynamic scale.
	7.3
	  

	(d) appreciate that, on the thermodynamic (Kelvin) scale, absolute zero is the temperature at which all substances have a minimum internal energy.
	7.8
	  

	(e) show familiarity with temperatures measured in kelvin and degrees Celsius.
	7.3
	  

	(f) define and use specific heat capacity, and show an awareness of the principle of its determination by an electrical method.
	7.9
	  

	(g) recall and use (Q = mc((.
	  
	  

	(h) describe melting and boiling in terms of energy input without a change in temperature.
	7.10
	  

	(i) recall and use the ideal gas equation pV = nRT, where n is the amount of gas in moles.
	7.4
	  

	(j) appreciate that one mole is 6.02 x 1023 particles and that 6.02 x 1023 mole-1 is the Avogadro constant NA.
	7.5
	  

	(k) recall that the mean kinetic energy of a molecule of an ideal gas is proportional to the thermodynamic temperature.
	7.8
	  

	5.4.11 The Nuclear Atom
C3.1b.
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) demonstrate a qualitative understanding of the (-particle scattering experiment and the evidence this provides for the existence, charge and small size of the nucleus.
	8.1
	  

	(b) demonstrate a qualitative understanding of X-ray diffraction and the evidence this provides for crystal structure.
	8.34
	  

	(c) demonstrate a qualitative understanding of neutron diffraction and the evidence this provides for crystal structure.
	  
	  

	(d) demonstrate a qualitative understanding of electron diffraction and the evidence this provides for the spacing of atoms.
	8.6
	  

	(e) demonstrate a qualitative understanding of high-energy electron scattering and the evidence this provides for the radius of the nucleus.
	8.26
	  

	(f) show an awareness of the relative sizes of nuclei, atoms and molecules.
	  
	  

	(g) distinguish between nucleon (mass) number and proton (atomic) number.
	8.1
	  

	(h) understand that an element can exist in various isotopic forms, each with a different number of neutrons.
	8.1
	  

	(i) use the usual notation for the representation of nuclides and represent simple nuclear reactions by nuclear equations.
	  
	  

	(j) appreciate the equivalence between mass and energy, and recall and use the equation (E = (mc2 .
	8.25
	  

	(k) appreciate that nuclear processes involve the conservation of charge and of mass-energy.
	  
	  

	(l) describe the processes of nuclear fission and nuclear fusion and appreciate that these reactions involve a release of energy.
	8.27 – 8.29
	  

	5.4.12 Radioactivity
C3.2; N3.2. WO3.2, WO3.3.
	  
	  

	Learning Outcomes
Candidates should be able to:
	  
	  

	(a) appreciate the spontaneous and random nature of radioactive decay of unstable nuclei.
	8.11
	  

	(b) describe the nature, penetration and range of (-particles, (-particles and (-rays as different types of ionising radiation.
	8.11
	  

	(c) represent radioactive decay by nuclear equations.
	8.11
	  

	(d) show an awareness of the hazards of ionising radiation and the safety precautions which should be taken in the handling, storage and disposal of radioactive materials.
	11.3
	Radiation and the body.

	(e) define the terms activity and decay constant.
	8.12, 8.13
	  

	(f) recall and use A = (N.
	8.13
	  

	(g) recognise, use and represent graphically solutions of the decay law based on x = x0e-(t for activity, number of undecayed nuclei and corrected count rate.
	8.13
	  

	(h) define half-life as the mean time for the number of nuclei of a nuclide to halve.
	8.13
	  

	(i) use the relation (t½ = 0.693.
	8.13
	  


 

