Module 5          Fields and their Applications
	Content
	In
	Comments

	14.1 Electric and Gravitational Fields
	  
	  

	Concept of a force field as a region in which a body experiences a force
E = F/Q; g = F/m
Use of field lines to represent magnitude and direction of the fields.
	5.3
	  

	Use of graphs and equations for force and field strength for spherical charges and masses treated as points in a vacuum
	5.13

5.14
	  

	Force between point charges
Magnitude of force F = kQ1Q2r2.
k = ¼((0
Measurement of (0 is not required.
	5.7
	  

	Force between point masses
Magnitude of force F =Gm1m2r2.
Measurement of G is not required.
	5.2
	  

	Field strength for point charge
Magnitude of electric field strength E = kq/r2.
	5.7
	  

	Field strength for point mass
Magnitude of gravitational field strength g = GM/r2.
	5.3
	  

	Candidates should study the orbital periods and speeds of planets and satellites in circular orbits.
Geosynchronous orbit (links with Section 11.6).
	5.6
	  

	Uniform electric field
Field strength E = V/d.
	5.11
	  

	Energy transformed in fields
Concept of equipotentials and their relation to field lines; concept of a conservative field.
	5.4
	Concept of a conservative field mentioned on various spreads throughout the fields section.

	Quantitative application of conservation of energy in uniform gravitational and electric fields
mg(h; ½mv2; Vq
Candidates should be able to use mc(( in problems on energy transformations (links with Section 13.3 and 13.5).
	7.9
	7.9 covers mc((

	Use of force-distance graphs to determine changes in potential energy
	  
	  

	Calculation of potential energy changes in gravitational and electric fields
Magnitude of change in PE for point masses.
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Magnitude of change in PE for point charges.
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	5.4
	  

	The definition of absolute potential is required.
	5.4, 5.8
	and various parts of the field chapter

	Candidates should have a basic understanding of the role of gravitation in the arguments relating to whether the universe is open, critical or closed.
Candidates should be able to determine whether the potential energy change is an increase or decrease for the charge or mass concerned.
	  
	  

	Similarities and differences between electric and gravitational fields
Appreciation that masses always attract but charges may attract or repel.
	  
	  

	The strong nuclear force
Appreciation that the strong nuclear force is short range and much greater than the electrostatic repulsion of protons or gravitational attraction.
	9.1
	  

	Candidates should know of the existence of the strong interaction between quarks and hadrons.
	9.1
	  

	Appreciation that the strong force is responsible for holding nucleus together.
	9.16
	The strong nuclear force holds the nucleus together .

	Simple description of nuclear fission: nuclear deformation produced by absorbed neutron reaches point where there is no strong force so nuclei repel.
	  
	  

	14.2 Magnetic Fields
	  
	  

	Force on a straight wire.
F = Bil
Experiment using any form of current balance is expected. Definition of the tesla.
	5.14
	  

	Application to operation of a simple motor. Qualitative understanding of back emf in motors.
	5.14

5.25
	  

	Force on a moving charge
F = BQv
	5.14
	  

	The idea of balancing electric and magnetic forces on a moving charge in a velocity selector and other applications is expected.
The link with electron tubes and identification of charged particles should be made.
	  
	partially covered by 5.19.

	Use of Fleming's left hand rule to predict direction of movement of current or charge 
Examples will only be set in which a uniform field exists perpendicular to current or motion.
	5.14
	  

	Concepts of flux ¢ and flux linkage N¢
¢= BA
	5.22
	  

	Dependence of flux on flux density and area
	5.22
	  

	Electromagnetic induction: laws of Faraday and Lenz
Magnitude of induced emf = rate of change of flux linkage.
Induced emf = ((N¢)/t.
Candidates should know that the direction opposes the change that produces the emf.
Simple induction calculations are expected.
	5.22, 5.23, 5.24
	  

	Application of electromagnetic induction principles to the operation of a transformer, including turns ratio and efficiency
Candidates should appreciate the reasons for the use of transformers in transmission of electrical energy and be able to perform simple calculations on efficiency of the transmission.
Ns/Np =Vs/Vp = Ip/Is (for ideal transformer).
Causes of inefficiency of a transformer.
	5.27
	  

	Application of electromagnetic induction principles to the operation of a simple alternator consisting of a single coil
Qualitative understanding of the factors affecting the peak output voltage and the frequency.
	5.22
	  

	Eddy currents
Cause of eddy currents.
Use in damping and their significance in the design of motors and transformers.
	5.23
	  

	14.3 Nuclear Energy
	  
	  

	E = mc2 applied to nuclear processes
Appreciation that E = mc2 applies to all energy changes.
	8.25
	E = mc2 and variation of m with velocity.

	Simple calculations relating mass difference to energy change.
(Note that the alternative form (E = c2(m will not be used.)
Candidates should appreciate that the equation works both ways and that in particle physics research, massive particles are created by collisions between particles with high KE (links with Section 11.5 and 14.4).
	8.27
	Simple energy calculation for nuclear transformation.

	Applications to spontaneous radioactive decay and to typical fission and fusion reactions.
Apprecation that an isolated particle can only decay spontaneously into particles which have a lower total mass.
	8.27 – 8.32

9.2
	Plenty of examples of spontaneous decay / transformation in these spreads.

	Calculation of the binding energy of a nucleus
Candidates should be familiar with the curve relating binding energy per nucleon to proton number.
	8.28
	Deals with a nuclear binding energy and stability.

	Description of the processes of fission and fusion
Details of particular reactors are not required.
The functions of the moderator, the control rods and the coolant should be understood.
	8.31
	Detailed discussion of PWR and general comments about reactors.

	14.4 Particle Accelerators and Detectors
	  
	  

	Mass spectrometer: principles and understanding of its use to analyse the relative abundance and masses of nuclides
Experiment: electron tube to illustrate principles of q/m measurements.
	8.3
	e/m by deflection tube and fine beam tube.

	Particle accelerators and their uses
General overview of principles and problems of achieving high energy particles and the reason for their development in the context of research into fundamental particles (links with Section 11.5).
	9.3
	  

	Principles of simple accelerators such as the electron gun (links with Section 14.1 and 14.2).
	9.20
	  

	Principle of a cyclotron including knowledge of the cyclotron frequency (links with Section 13.1).
	9.3
	  

	Qualitative understanding of the operation of a synchrotron.
	9.3
	  

	Candidates should have a knowledge of the problem caused by relativistic increase in mass when accelerating particles.
No quantitative work on relativity is expected.
	8.23
	  

	Use of colliding beams and fixed targets in experimental physics to discover new particles
Appreciation that colliding beams provide greater energy than fixed targets whilst fixed targets provide data more readily (links with Sections 11.5 and 13.8).
	9.4
	  

	Candidates should be able to determine the energy of a particle that is needed to provide information about the substructure of a small particle by considering the appropriate de Broglie wavelength of the incident particle.
	  
	some coverage on 9.13.

	Particle detection
Use of cloud and bubble chambers to study particle interaction (links with Section 11.5).
	9.5
	  

	Candidates should know how charge and momentum of particles can be determined from the tracks.
No knowledge of the principles of operation of the chambers is expected.
	9.5
	  

	Quantitative treatment of radioactive decay
Decay constant ( and its relation to half-life.
t1/2 = 0.69/(
N = N0e– (t
A = A0e– (t
Activity A = (N.
This is an extension of the work done in Sections 11.4 and 13.6.
	8.11

8.12

8.13
	8.11 defines activity.

8.12 deals with decay through iteration using a constant probability of decay.

8.13 covers mathematical treatment of decay. Exponentials.


 

