
Electricity and Magnetism study handout 1 

Covering sections 1.1 - 2.5 

Covering learning outcomes 1 - 8  

 

Non-assessed questions 

1. You rub a balloon on your head and stick the balloon on the wall. Has the balloon gained or lost 

electrons or is it impossible to say? Given that the wall is electrically neutral how is it possible to stick the 

charged balloon to the wall? Sketch a free body diagram for the stuck balloon.  

 

2. Two charged spheres both of mass 𝑀 and are attached to light strings of length 𝐿 and attached to the 

same point in a uniform gravitational field. It the charges are both charged to the same value +𝑄 find an 

expression for 𝑄 if the equilibrium position is with the strings at an angle 𝜃 apart. What is the tension in 

the strings? How could this arrangement be used to test Coulomb’s law? Would it be better or worse than 

a torsion balance?    

 

3. Two point charges of value +𝑄 are fixed in position at 𝑥 = −𝑎 and 𝑥 = +𝑎. Find the value of the 

force on another charge +𝑞  as a function of position along the 𝑥 -axis. Sketch a graph of force vs. 

position and comment on any interesting features. For 𝑥 ≫ 𝑎 find an approximate expression for the 

force. Would the charge experience any force at all at 𝑥 = 0? 

 

4. On page 9 of the lectures we saw a calculation to see the force between a point charge and radial line 

of charge. Repeat the calculation but for a line of charge perpendicular to the one in the example.  

 

5. This multi-part problem has been used as a tutorial discussion problem in previous years: a 

symmetrical charge distribution of total charge +𝑄 is placed somewhere on the 𝑦𝑧 plane with its centre at 

the origin and a test charge of value +𝑞 is constrained to move along the 𝑥-axis. The force between the 

two charges as a function of 𝑥 is thence considered: 

 a) Consider two point charges of +
1

2
𝑄 each positioned on the 𝑦-axis at 𝑦 = +𝑎 and 𝑦 = −𝑎. 

What would you expect the force on the test charge to be at (a) 𝑥 = 0 and (b) when 𝑥 ≫ 𝑎? Use 

Coulomb’s law and the principle of superposition to find an expression for the force as a function of 𝑥. 
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Does the expression confirm your initial guesses? Sketch a graph of force vs. distance, and show that the 

force is a maximum at 𝑥 =
1

√2
𝑎.  

 b) (i) Now consider four point charges each of value +
1

4
𝑄. Two of them are placed in the 

same positions as before on the 𝑦-axis at 𝑦 = +𝑎 and 𝑦 = −𝑎. The other two are placed on the 𝑧-axis at 

𝑧 = +𝑎 and 𝑧 = −𝑎 . Find the force on the test charge as a function of 𝑥  as before. NB no further 

detailed calculation is required to do this though it may help to start setting up the calculation in the same 

way as before to begin. 

  (ii) A large number, 𝑁, of equally spaced point charges of value +
1

𝑁
𝑄 are arranged in a 

circle of radius 𝑎 on the 𝑦𝑧 plane with the centre of the circle at the origin. What is the force on the test 

charge as a function of 𝑥 in this case? 

  (iii) Parts (i) and (ii) referred to discrete charge distributions. Now consider a continuous 

charge distribution: an infinitesimally thin circular hoop of radius 𝑎 with total charge +𝑄 and a uniform 

charge distribution is placed in the 𝑦𝑧 plane with its centre at the origin. Use the answers from the 

previous questions to guess the expression for the force on the test charge as a function of 𝑥. Using the 

principle of superposition and integral calculus to perform a calculation to confirm or refute your guess.     

 c) An infinitesimally thin, solid disc of radius 𝑎 and total charge +𝑄 with a uniform charge 

distribution is arranged in the same way: in the 𝑦𝑧 plane with its centre at the origin. Show that the force 

as a function of 𝑥 is given by 𝐹(𝑥) =
1

4𝜋𝜖0

2𝑄𝑞

𝑎2 (1 −
𝑥

√𝑥2+𝑎2
).  

Use the expression to determine the nature of the force close to and far away from the disc and sketch a 

graph of 𝐹(𝑥) vs. 𝑥.  

 

6. Three positively charged spheres form the vertices of a triangle. When the spheres are released from 

rest they all move in a straight line. Show that for this to happen the triangle they form remains similar to 

the original triangle at all times. The motion takes place in a vacuum and although the spheres are not 

massless gravitational forces can be ignored.  

 

7. In what ways are heat conduction and electrical conduction similar and different?   

 

8. We say that scalar quantities have a magnitude only and whereas vectors have a magnitude and 

direction. But it is common to talk about the direction a current travels in. Is it therefore proper to refer 

to current as a vector? 
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9. The Bohr model of a hydrogen atom consists of an electron orbiting a single positively charged 

proton in a circle according to Newton’s second law, akin to a planet orbiting the Sun but with the mutual 

force of attraction being electrostatic rather than gravitational. Compute the approximate value of the 

electrical current produced by the orbiting electron according to this model.   

 

10. In a second year lab experiment a student measures the current through a light emitting diode with 

time, and approximates the current flow to an empirical equation of 𝐼 =
0.06

20+𝑡
 Amperes where 𝑡 is the 

time in seconds. Estimate the charge that has passed through the ammeter in 1 minute. 

 

11. A current passes through a resistor with a time dependence given by 𝐼 = 𝐼0𝑒−𝑡
𝜏⁄  where 𝐼0, the initial 

current, is a constant, and 𝜏 is also a constant, known as the time constant. (This is a feature of circuits 

where a capacitor discharges through a resistor.) Sketch 𝐼 vs. 𝑡 and find a value for the charge that has 

passed through the resistor as a function of time. What value does this tend to when 𝑡 ≫ 𝜏? 

 

12. What distance from an electron would be required for its own individual field strength to be similar 

to that of the surrounding field if it were (a) in the Earth’s atmosphere on calm day, (b) between the 

ground and a thundercloud the moment before a lighting strike, (c) between the plates generating the field 

in Millikan’s oil drop experiment?  

  

13. If a free electron moves under the influence of the Earth’s electric field alone how far would it travel 

(in terms of distance and time) before reaching relativistic speeds? 

 

14. Show that a charged a charged particle moving in a uniform electric field always moves in a parabolic 

path.  

 

15. In lectures we said that test charges do not necessarily move along field lines. Under what 

circumstances would a test charge move along a field line?  

 

16. Sketch electric field lines for the following arrangements of charges: (a) two separated charges of 

magnitudes +𝑄 and −2𝑄, (b) two separated charges of magnitudes +𝑄 and +2𝑄, (c) three charges each 

of magnitude +𝑄 at the corners of an equilateral triangle. 
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17. Calculate the field strength as a function of distance from (a) an infinitely long line of charge of 

uniform charge density 𝜆 Cm−1 (b) an infinite sheet of charge of charge density 𝜎 Cm−2. 

 

18. We discussed the behaviour of an electric dipole in a uniform electric field. How would a dipole 

behave in a non-uniform electric field? 

 

19. In a water molecule, the separation of the effective charge centres is approximately 940 pm. Given 

the value of the dipole moment of water, and the bond angle in the notes, estimate the magnitude of the 

effective charges on the three atoms in the molecule. 

 

20. Show that a dipole placed at a small angle 𝜃 ≪ 𝜋 𝑟𝑎𝑑 does indeed undergo an angular oscillation 

that is simple harmonic in nature with period 2𝜋√
𝐼

𝑝𝐸
.   
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E&M Discussion Problem 1, 5th - 9th February 2018: Electric fields and forces  

Introduction and Aims 

This problem looks at an electrostatic quadrupole. It looks at sketching field lines and goes on to 

illustrate an important property of the inverse square law in electrostatics.  

 

The Problem 

Consider four charges arranged in a quadrupole as shown in the figure:  

 

The charges are fixed in position. As with the dipole example in the lecture notes the problem is to find 

the field strength as a function of distance along the 𝑥-axis; it should be clear from the symmetry of the 

setup that this will be equal in magnitude and opposite in sign to the field along the 𝑦- axis.   

 

Questions 

1. Sketch the electric field lines around the charges for the quadrupole. Label any sources, sinks and 

any points where the field strength is zero.  

 

2. What is the net electrostatic charge of the quadrupole?  

 

3. The quadrupole can be said to be made of two dipole moments. Show the two ways in which this 

can be done. What is the total dipole moment of the quadrupole?  

 

4. Find an expression for the field strength as a function of position along the 𝑥- axis for 𝑥 > 𝑎. 

Show that when 𝑥 ≫ 𝑎 then the field strength is approximately proportional to 
1

𝑥4.  
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5. The inverse square law states means that the field due to a point charge is proportional to the 

inverse square of the distance from the charge. Over the course of the last few lectures and the remainder 

of this problem sheet (notably questions 5 and 17) you have seen how certain arrangements of charges 

can be made to create a field strength that - over a certain range - varies according to:  

(i) 𝐸 ∝ 𝑟 

(ii) 𝐸 is independent of 𝑟 

(iii) 𝐸 ∝
1

𝑟
 

(iv) 𝐸 ∝
1

𝑟2 

(v) 𝐸 ∝
1

𝑟3 

(vi) 𝐸 ∝
1

𝑟4 

Clarify what situations correspond to which relationships and consider in your groups:  

(a) which of these would and wouldn’t be possible to create with gravitational fields 

(b) whether it would be possible to engineer a situation where the field increases according to 𝐸 ∝ 𝑟2 or 

with an even higher power 

(c) whether it would be possible to engineer a situation where the field decreases according to 𝐸 ∝
1

𝑟5 or 

with an even lower power 

(d) whether fractional power relationships are possible.  
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