Pre-U Physics Part B

12. Electric Fields

Content headings mapped to spreads

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

	Concept of an electric field
	5.7 Force and Field Strength 2 - Electricity
	184-185
	Definition of field strength

Basic equations

Superposition of fields

	
	
	
	

	Uniform electric Fields

12.2 –12.3

Capacitance

12.4 – 12.6
	5.11 Parallel-plate capacitors
	192-193
	Electric field between parallel plates.

Capacitance of a parallel plate capacitor.



	
	4.18 Energy stored in a capacitor
	162-163
	Derivation of energy equations for a capacitor

	Comment: The equations for discharging a capacitor do not appear explicitly within the syllabus. However, the mathematical tools (exponentials etc…) are included in the course (and used in radioactive decay) so it is possible that questions will be set requiring a student to make an analogy between decay in one physical system and decay in another (see ‘mathematical requirements part A.28’). This would be a good place to make that analogy and to reinforce the ideas of exponential decay. The two spreads referenced below provide background material and questions for this extension work.

	Extension
	4.16 Charging and discharging capacitors 1
	158-159
	Derivation of equations

Time constant

	
	4.17 Charging and discharging capacitors 2
	160-161
	More mathematical treatment of charging and discharging.

	Electric Potential

12.7-12.9
	5.9 Field lines and equipotentials
	188-189
	Equipotential lines

Field and potential gradient

Conservative fields

	
	5.10 Conductors in electric fields
	190-191
	Equipotentials in conductors

Induced charges

Faraday cage

This spread shows how ideas of field strength, induction and equipotentials can be used to shield volumes of space from electromagnetic radiation. 

	Electric field of a point charge

12.10 – 12.13
	5.7 Force and Field Strength 2 - Electricity
	184-185
	Field of a point charge

Coulomb’s law

	Maths support

12.12,12.13
	MT8 Differential calculus

MT9 Integral calculus
	608-611
	

	
	5.4 Potential energy and potential
	178
	This spread derives gravitational PE and potial from the inverse-square law. The maths is the same as for the electric field (but watch out for signs!)

	Extension
	5.13 Contrasting electric and gravitational fields
	196-197
	Some teachers might prefer to teach electric fields by making an analogy with gravitational fields and emphasizing the similar mathematical forms. This spread explores the similarities and differences between the two fields.


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

Learning outcomes

The learning outcomes marked with an * asterisk will only be assessed in the optional questions in Section B of Paper 3.

Concept of an electric field - Candidates should be able to:

1.
explain what is meant by an electric field and recall and use the expression

electric field strength 
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Exercises

P185
Q1,2
Force, field strength and potential gradient.

Uniform electric fields - Candidates should be able to:

2.
recall that applying a potential difference to two parallel plates stores

charge on the plates and produces a uniform electric field in the central

region between them

3.
derive the equations
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for a charge moving through a potential difference in a uniform electric field

Exercises

P187
Q1
Accelerating an electron in an electric field

P189
Q1
Equipotentials in a uniform field

P229
Q10
Uniform electric field between cloud and earth (Past A-level question)

P228
Q3
General question about electrostatics (Past A-level question)

Capacitance - Candidates should be able to:

4.
recall that the charge stored on parallel plates is proportional to the

potential difference between them

5.
recall and use the expression for capacitance 
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6.
recognise and use the expression
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for the energy stored by a capacitor, derive the expression from the area under a graph of charge stored against potential difference, and derive and use related expressions such as 
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Exercises

P157
Q1,2, 4

The capacitor equation

P193
Q1-4

Practice with the equation for a parallel plate capacitor.

P163
Q1-5

Energy stored on capacitors

P168
Q12-14
Capacitors and energy (Past A-level question)

Electric potential - Candidates should be able to:

7.
understand that the direction and electric field strength of an electric field may be represented by field lines (lines of force), and recall the patterns of field lines that represent uniform and radial electric fields

8.
 understand electric potential and equipotentials

9 
understand the relationship between electric field and potential gradient, and recall and use the equation 
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Exercises

P189
Q1-3
Field and potential

Electric field of a point charge - Candidates should be able to:

10.
recognise and use the expression 
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for a point charge

11.
derive and use the expression 
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for the electric field due to a point charge

12. * 
use integration to derive 
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 for point charges

13. * 
recognise and use the equation for electric potential energy for point charges 
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Exercises

P187
Q2-4
Field and potential of a point charge 

(Q4 deals with closest approach of alpha particles to a gold nucleus).

P189
Q2-3
Equipotentials and point charges.

P228
Q4
Potential of a point charge (Past A-level question)

P228
Q5
Coulomb’s law (Past A-level question)

P228
Q7
Force on an electron in an electric field (Past A-level question)

P229
Q8
Electric field near overhead transmission lines (Past A-level question)
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