Pre-U Physics Part B

14. Electromagnetism

Content headings mapped to spreads

	Specification heading and statements
	Spread Name and number
	Pages in Advanced Physics
	Includes

	Concept of a magnetic field

13.1, 13.2


	1.2 Fields
	14 - 15
	An introduction to field theories, including background historical information about Faraday and Maxwell.

	
	5.15 Magnetic forces between currents
	200 - 201
	Field of a current in a long straight wire.

Definition of B.

	
	5.16 Magnetic Fields generated by currents
	202-203
	Field due to a narrow coil, solenoid and the Earth.

	Comment: Advanced physics starts from the magnetic force on a moving charge and the equation

F  = BQv sin ( , using this (and the microscopic equation for current, I = nAve) to derive the equation for the force on a current-carrying conductor: F = BIl sin ( ). Some teachers may prefer to reverse the order.

	Extension
	10.13 Magnetic Materials
	462 - 463
	Extension/background information.

Paramagnetism.

Diamagnetism.

Ferromagnetism.

	Force on a current-carrying conductor

13.3
	5.14 Magnetic forces on charges
	198 - 199
	Force on a current-carrying wire – derived from the force on a moving charge.

	
	5.15 Magnetic forces between currents
	200 - 201
	Force between two current-carrying conductors.

Fleming’s left hand rule,

	
	5.17 EM devices – The Motor
	204 - 205
	Force and moment on a rectangular coil.

DC motor.

	
	5.18 EM devices – the loudspeaker and the relay.
	206 - 207
	Moving coil loudspeaker.

Relay.

Solenoid lock.

	Force on a moving charge

13.4, 13.5, 13.8


	5.14 Magnetic forces on charges
	198 - 199
	F  = BQv sin (
Fleming’s left hand rule.

	
	5.19 Deflecting electron beams
	209
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	9.4 Accelerating Particles

9.5 Modern Accelerators
	404 – 405

406 - 407
	The cyclotron – extension material for those interested in particle physics.

	Electromagnetic induction

13.6, 13.7
	5.22 Electrically induced currents
	214 - 215
	Faraday’s law of induction.

	
	5.23 Electromagnetic induction
	216 - 217
	Faraday’s law.

Lenz’s law.

	
	5.24 Examples of Induction
	218 - 219
	EMF induced in a rotating coil.

Mutual induction.

	Comment: Spread 5.21 shows how the emf induced in a conductor moving through a magnetic field can be derived from the force exerted on moving charge carriers in a magnetic field. It can, of course, also be derived from Faraday’s law. See the introduction to spread 5.23 on p216 for further discussion of this link.

	
	5.21 Magnetically induced electric currents
	212 – 213
	EMF induced when a wire moves across a magnetic field.

	
	5.25 Self Induction
	220 - 221
	Extension – self-inductance and back emf in motors.

	
	5.27 Transformers and Power Supplies

5.28 Power Generation and Transmission
	224 - 225

226 - 227
	Important practical applications of electromagnetism (whilst these are not explicitly mentioned in the specification they might well be candidates for context based questions).

	The Hall effect

13.9, 13.10
	10.16 The Hall Effect
	468 - 469
	The Hall Effect.

The Hall Probe.


The detailed Pre-U syllabus statements are listed below with suggested exercises from Advanced Physics:

Learning outcomes

Concept of a magnetic field - Candidates should be able to:

1.
understand and use the terms magnetic flux density, flux and flux linkage

2.
understand that magnetic fields are created by electric current

Force on a current-carrying conductor - Candidates should be able to:

3.
recognise and use the expression
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Force on a moving charge - Candidates should be able to:

4.
recognise and use the expression


[image: image3.wmf]q

sin

BQv

F

=


5.
use Fleming’s left hand rule to solve problems

8.
derive, recall and use the equation 
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for the radius of curvature of a deflected charged particle

Exercises

P199
Q1-3
Forces on currents and moving charges.

P201
Q5
Force on a current-carrying wire in the Earth’s field.

P203
Q1-3
Magnetic field strength and forces between currents.

P205
Q1-3
Forces and turning effects on a current-carrying coil in a magnetic field.

P207
Q1-3
Forces on charged particles in a magnetic field.

P232
Q23
Forces on a moving coil loudspeaker (needs shm equations). (Past A-level

question).

P231
Q21
Force between two current carrying conductors (equation form the field on

a long straight wire carrying current is given).

P228
Q6
Deflection of electrons in a CRO (past A-level question).

Electromagnetic induction - Candidates should be able to:

6.
explain qualitatively the factors affecting the emf induced across a coil when there is relative motion between the coil and a permanent magnet or when there is a change of current in a primary coil linked with it

7.
recognise and use the expression 
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and explain how it is an expression of Faraday's and Lenz's laws

Exercises

P213
Q1-4
Induced emf in a conductor moving through a magnetic field – these 

questions can be solved using FLHR or Faraday’s law.

P215
Q1-2
Induced emf in a coil.

P217
Q1-3
Electromagnetic induction.

P218
Q1-5
Rotating coil and mutual inductance.

P219
Q1-3
Self inductance.

P225
Q1-4
Transformers.

P231
Q20
Transformers (past A-level question).

P230
Q13
Induced emf in a solenoid (past A-level question). 

P230
Q14
Laws of electromagnetic induction (past A-level question).

The Hall effect - Candidates should be able to:

9.
explain the Hall effect, and derive and use the equation:
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10.
explain how electric and magnetic fields are used as a velocity selector in a mass spectrometer and derive, recall and use:
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Exercises

P469
Q1-3
The Hall Effect.

P479
Q14
The Hall Effect (past A-level question).

P229
Q11
A propulsion system linked to the Hall Effect (magnetohydrodynamic

force) (past A-level question).
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