
Electricity and Magnetism study handout 2 

Covering sections 3.2 - 4.2  

Revisits learning outcomes 1,2 and 5 - 8 

Covers learning outcomes 9 - 15 

 

Non-assessed questions 

1. A flat sheet of dimensions 10 cm ×  10 cm is held perpendicular to a uniform electric field of 

50 Vm−1. The sheet is spun round an a uniform rate of 3.0 rads−1. Find an expression for the electric 

flux through the sheet as function of time and plot the flux with time. 

 

2. How can Gauss’s law be used to deduce that field lines must begin and end on point charges? 

 

3. If a surface encloses a net charge of zero, must the field be zero at all points on the surface? If a field 

is zero at all points on a surface must the net charge enclosed be zero?  

 

4. A point charge of value +1.0 C is placed at in the corner of a cube of side 1 m. What is the flux 

through each face? 

 

5. A cube of side 𝐿 has one corner at the origin and its sides along the 𝑥, 𝑦 and 𝑧 axes. The electrostatic 

field in the area is given by 𝑬 = (𝑎 + 𝑏𝑥)�̂� . What is the net flux through the cube and the charge 

enclosed? 

 

6. An insulating solid sphere of radius 𝑅 has a uniform charge density of +𝜌 Cm−3. Find an expression 

for the field strength as a function of distance from the centre of the sphere. 

 

7. An insulating sphere of radius 𝑅 has a spherical cavity of radius 𝑎 at its centre. The charge density on 

the rest of the sphere varies according to 𝜌 =
𝐴

𝑟
 Cm−3 where 𝑟 is the distance from the centre. Find the 

electric field strength as a function of distance from the centre. 
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8. A spaceship lands on a spherical planet of size comparable to the Earth and approximately uniform 

density. During the final few metres of descent before landing on the planet the gravitational field 

strength is observed to increase at a rate of 5.0 μNkg−1m−1. Use Gauss’s law to estimate the density and 

mass of the planet.   

 

9. Starting from the integral form of Gauss’s law for gravity show how Newton’s law for gravity can be 

derived.  

 

10. A lightning strike transfers 30 C of charge across a potential difference of 100 MV. Calculate how 

much energy is involved and estimate how long this much energy could power a 60 W bulb for. 

 

11. Consider a point 1 m away from a point charge of +1 nC. How far along the radial direction is the 

potential due to the point charge (a) 1 V higher, (b) 1 V lower.  

 

12. An electric field is given by 𝑬 = 2𝑥�̂� − 3𝑦2�̂� Vm−1. What is the potential difference between �̂� −

2�̂� m and 2�̂� + �̂� + 3�̂� m? 

 

13. Show that the work done to rotate an electric dipole in a uniform electric field from a position of 

stable equilibrium to an angle of 𝜃 is 𝑝𝐸(1 − cos 𝜃). Find an expression for the work required to rotate a 

dipole about its own centre in a radial field from a point charge.  

 

14. The potential energy of a system of discrete point charges is given by 𝑈 =
1

4𝜋𝜖0
∑

𝑞𝑖𝑞𝑗

𝑟𝑖𝑗
 where the sum 

is taken over all distinct pairs of charges. Show that an equivalent expression is 𝑈 = ∑
1

2
𝑞𝑖𝑉𝑖 where the 

sum is over all the charges in the system, 𝑉𝑖 is the potential at the location of 𝑞𝑖 but does not include 𝑞𝑖 

itself. 

 

15. Calculate the electrostatic potential energy stored in a nonconducting charged sphere of radius 𝑅 and 

uniform charge density +𝜌 Cm−3 . Use this result to estimate the relative difference in gravitational 

binding energy between one planet and another of double the size.  
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E&M Multiple Choice Assessed Question 1: Electric fields and Gauss's law 

1. Four positive point charges of equal magnitude are at the corners of a square. Not including “at infinity” at 

how many points in space is the field strength exactly zero?                                                                          (1 mark)   

a) None 

b) One 

c) Four 

d) Five 

e) Infinite  

 

2. An electric dipole is placed in the vicinity of a static positive point charge. There are no other 

electromagnetic influences near the dipole. The dipole:                             (2 marks)  

a) moves towards the point charge without rotating  

b) remains stationary  

c) rotates without any linear movement in either direction  

d) undergoes some combination of linear movement and rotation  

e) will move but the exact nature of the motion cannot be determined without further information   

 

3. A point charge of value +𝑞 is placed at the centre of a spherical conducting shell of finite thickness that 

has a net charge of – 𝑄. Which of the following statements is true?                                             (3 marks)         

        

a) The field inside the shell is zero and the field outside the shell is equivalent to that of a point charge of value 𝒒 −

𝑸 at the centre of the shell  

b) The field inside the shell is that of a point charge of value 𝒒 at the centre and the charge on the outer wall of the 

shell is 𝒒 − 𝑸 

c) The charge on the inner wall of the shell is +𝒒 and the field inside the shell is zero  

d) The field inside the shell is equivalent to that of a point charge of value 𝒒 − 𝑸 at its centre and the charge on the 

inner wall of the shell is zero   

e) The field outside the shell is equivalent to that of a point charge of value 𝑸 − 𝒒 at its centre and the charge on 

the outer wall of the shell is +𝒒.     

 

4. A metal shell has a uniform surface charge density of +𝜎 on its outer surface of radius 𝑏 and a uniform 

charge density of – 𝜎 on its inner surface of radius 𝑎. What is the field strength at a distance 𝑟 > 𝑏 from the centre 

of the shell?                                     (4 marks)  

a) It is impossible to say; more information is needed  

b) 
𝝈

𝝐𝟎
∙

𝒂𝟐

𝒓𝟐 

c) 
𝝈

𝝐𝟎
∙

𝒃𝟐

𝒓𝟐 

d) 
𝝈

𝝐𝟎
∙

𝒃𝟐−𝒂𝟐

𝒓𝟐  

e) 
𝝈

𝝐𝟎
∙

(𝒃−𝒂)𝟐

𝒓𝟐  
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Electromagnetism discussion problem 2, 12th - 16th February, a 

problem on Gauss’s law, superposition and voids  

Overview 

This problem looks at finding the field strength inside a cavity within an object, with in this specific case 

both the cavity and the object being perfect spheres. It is easy-when-you-know-how but very difficult if 

you don’t, especially if no hints are provided. The initial problem uses electrostatics, and once the 

principal results are derived it is generalised to gravity. This serves the purpose of adding some intuitive 

values to the problem (albeit with a fanciful example) and also to show how the concept of negative mass 

can legitimately be invoked to solve certain gravity problems, which is something you may not have met 

before.   

 

(i) Consider a non-conducting sphere of radius 𝑅  and uniform charge density 𝜌 Cm−3 . Use 

Gauss’s law to show that the magnitude of the electric field strength inside the sphere at a 

distance 𝑟 < 𝑅 from the centre is given by 𝐸 =
𝜌𝑟

3𝜖0
.  

 

(ii) Explain why it is not possible to make a sensible sketch of the field lines inside the sphere.  

 

Now consider two overlapping spheres, 𝐴 and 𝐵 of different radii with vector displacement 

between the centres of the spheres 𝒅 as indicated on the diagram:   

  

 

(iii) If sphere 𝐴 has a charge density of +𝜌 Cm−3 and sphere 𝐵 has a charge density of −𝜌 Cm−3 

then what is the charge density of the overlapping volume shaded in the figure?  
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(iv) Consider a general point 𝑃 inside the overlapping volume with displacements 𝒓𝑨 and 𝒓𝑩 from 

the centres of the two spheres as indicated. Write down an equation relating the three vector 

displacements and thus go on to show, using the principle of superposition, that the field 

strength at any point inside the overlap is given by 𝑬 =
𝜌

3𝜖0
𝒅. Comment on your answer and 

sketch the field lines for a cross section through the overlapping volume.  

 

Now consider the case when sphere 𝐵 is entirely with sphere 𝐴 as shown:  

 

 

(v) In this case the charge densities cancel so it is as if there is a spherical void of charge within an 

otherwise uniform charged sphere. Can the analysis in part (iv) be applied now, and if so does it 

matter what size the spherical void takes? 

 

(vi) Now consider how the analysis would apply to gravity. Using the final section from the notes 

on Gauss’s law to assist you to make an educated guess the related equation for the gravitational 

field strength inside a cavity inside a sphere of otherwise uniform density. The analysis for 

electrostatics used charge densities of equal and opposite magnitude – how does this work 

when discussing gravity? 

 

(vii) In the 2003 science fiction film The Core (a movie which manages to make a splendid hash of 

the physics, chemistry, biology, geology and mathematics it uses) the intrepid heroes find 

themselves tunnelling through the Earth when they encounter a large cavity in the mantle 

(known as a geode). See https://www.youtube.com/watch?v=6BGmQ21EekY. They fall 

through the cavity which is a few hundred metres in size and crash. At the time they are about 

700 miles under the surface of the Earth. Estimate the rate at which they accelerate through 

the geode.   

 

https://www.youtube.com/watch?v=6BGmQ21EekY
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