Module 6.2 Electric Fields

	Topic area
	Text book pre-reading
	Syllabus ref
	Max possible score in exam questions
	Your score in exam questions

	Electric fields and field lines 
	p133-134

	6.2.1
	2
	

	Electric field strength 
	p133-136

	6.2.1 & 2
	6
	

	Coulomb’s law

	p134
	6.2.2
	13
	

	Uniform electric fields

	p137-138
	6.2.3
	16
	

	Capacitance

	p137 & 141
	6.2.3 & 4
	9
	

	Electric potential and potential energy

	p139-140
	6.2.4
	6
	

	Electric versus gravitational fields

	p142
	6.2.2
	-
	

	Total

	52
	



[bookmark: _GoBack]By the end of this topic you should be able to….
· Describe what is meant by an electric field and draw the electric field lines around single point charge
· Calculate the electric field strength
· Use Coulomb's law to calculate the force between two point charges.
· Calculate the electric field strength
· Describe the similarities and differences between gravitational fields and electric fields
· Calculate electric field strength
· Calculate capacitance and permittivity for parallel plate capacitors and capacitance for isolated spheres
· Describe the motion of charged particles in a uniform electric field
· Define and calculate electric potential and electric potential energy
· Draw force-distance graphs for point and spherical charges and link this to work done


By the end of module 6.2 you need to be able to define the following key terms:

Electric field strength

Coulombs law

Capacitance

Permittivity of free space

Electric potential

Electric potential energy

Equations given in exam
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 Electric fields and field lines
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Electric field strength
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Coulomb’s law
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Uniform Electric fields
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Capacitance 
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Electric potential and potential energy
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A, B and C are points on the grid. A positive charge Q is placed on the grid at point A. The
magnitude of the electric field strength at point B due to the charge Q is 8.0 x 10°NC~".

(i) Apart from the magnitudes of the electric field strength, state another difference between
the electric field at points B and C.

(ii) Determine the magnitude of the electric field strength at point C.

electric field strength = .......c.coooeveieieceeececce e NC'[2]
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21 (a) Fig. 21.1 shows two oppositely charged ions to the left of a point X.
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Fig. 21.1

The separation between the centres of the ions is 3.0 x 107'm. Each ion has charge of
magnitude 1.6 x 10719C.

(i) Explain why the direction of the resultant electric field strength at point X is to the left.
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A proton travelling at a high velocity is fired at a stationary proton. It stops momentarily at a distance
of 2.0 x 10~'m from the stationary proton.

(a) Calculate the electrostatic force acting on each proton when separated by 2.0 x 10~"5m.
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(b) The two protons fuse together. Explain how the protons are able to remain together.

(c) Explain why the proton must have a very large velocity for the fusion to occur and the protons
to remain together.

[Total: 5]
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(¢) The simplest atom is that of hydrogen with one proton and one electron, see Fig. 2.2.

electron
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Fig.2.2
The mean separation between the proton and the electron is shown in Fig. 2.2.

(i) Calculate the magnitude of the electrical force F acting on the electron.

LN 3]
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(if) The gravitational force 5 acting on the electron due to the proton is very small compared
with the electrical force F it experiences.
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A simplified model of the hydrogen atom suggests that the de Broglie wavelength of the
electron is four times the mean separation between the proton and the electron shown in
Fig.2.2.
Estimate

1 the momentum p of the electron

__kgms~' [3]

2 the kinetic energy £ of the electron

R |

[Total: 15]
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Fig. 1.1 shows a close up of the two electrodes of a spark plug.

electrodes

Fig. 1.1

The electrodes may be considered as two parallel plates. The electric field strength between the
electrodes is almost uniform.

(a) Define electric field strength.

M1

(b) The separation between the electrodes is 1.3mm. An electric spark is produced when the
electric field strength is 3.0 x 105Vm~".

(i) Estimate the potential difference V between the electrodes when the spark is produced.
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(ii) The electric spark lasts for 4.0 x 102s and produces an average current of 2.7 x 10-9A

1 Calculate the charge transferred between the electrodes.

charge = ...

2 Calculate the number of electrons transferred between the electrodes.

number = _.... M1
Estimate the total energy transferred by the electrons in
energy = ..... 2

[Total: 8]
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(c) Fig. 1.1 shows the uniform electric field between two vertical parallel plates A and B.

A B
>
>
o
lectf
electfon S
Fig. 1.1

The potential difference between the plates is 6V. An electron of kinetic energy 4eV is fired in
a direction parallel to the electric field through a tiny hole in plate A.

Describe and explain the subsequent motion of the electron in the space between A and B.
The weight of the electron has negligible effect on its motion between the plates.

hysicsAndMaths Tutor.com....





image14.png
(d) Two different minerals acquire opposite charges when they are crushed into tiny particles.
These oppositely charged mineral particles fall from a conveyor belt through the uniform
electric field between two vertical parallel plates, as shown in Fig. 1.2
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displacement of
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Fig.1.2

The potential difference across the plates is 60KV. The separation between the plates is
25¢m and each plate has length 1.8m. The mineral particles fall through the air between the
plates with a terminal velocity of 1.2ms-1. Each mineral particle has a charge of magnitude
1.5 x 10713C and a mass of 8.0 x 107kg.

(i) Calculate the horizontal electric force experienced by a positively charged mineral
particle as it falls between the plates.
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(i) Calculate the horizontal electric force experienced by a positively charged mineral
particle as it falls between the plates.

force = .. SN2
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(ii) Calculate the horizontal displacement of a positively charged mineral particle after
a1.8m fall through the electric field of the plates. lgnore any horizontal drag forces due
toair.

displacement = . - m3]
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(a) A capacitor of capacitance 7.2pF consists of two parallel metal plates separated by an
insulator of thickness 1.2mm. The area of overlap between the plates is 4.0 x 10™#mZ2.
Calculate the permittivity of the insulator between the capacitor plates.

PErmMIttivity = ...oovoveieeeeee e Fm™"[2]
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(b) Fig. 21 shows a circuit.
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Fig. 21

The capacitance of each capacitor is 1000 uF. The resistance of the resistor is 10kQ. The cell
has e.m.f. 1.5V and negligible internal resistance.

(i) Calculate the total capacitance C in the circuit.

c= ST Y ) |
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(ii) The switch S is closed at time t=0. There is zero potential difference across the
capacitors at t = 0.
Calculate the potential difference V across the resistor at time ¢ = 12s.
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(a) Fig. 20.1 shows a capacitor connected to a power supply.
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Fig. 20.1
The capacitor consists of two parallel metal plates separated by air.
The switch is closed to charge the capacitor.

The switch is then opened and the separation between the charged plates is doubled.
State and explain what happens to the energy stored by the capacitor.
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(b) Define electric potential at a point in space.

(c) A metal sphere is given a positive charge by connecting its surface briefly to the positive
terminal of a power supply. The electric potential at the surface of the sphere is + 5.0kV. The

sphere has radius 1.5cm.

(i) Show that the charge Q on the surface of the sphere is 8.3 x 10°C.

21
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(ii) Fig. 20.2 shows the charged sphere from (i) suspended from a nylon thread and placed
between two oppositely charged vertical plates.
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thread 407

Fig. 20.2 (not to scale)

The weight of the sphere is 1.7 x 1072N. The string makes an angle of 4.0° with the
vertical.

1. Show that the electric force on the charged sphere is 1.2 x 1073N.

W}
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2. Calculate the uniform electric field strength E between the parallel plates.

E= . NCTT 21
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(a) Fig. 20.1 shows a positively charged metal sphere and a negatively charged metal plate.

Fig. 20.1

On Fig. 20.1, draw a minimum of five electric field lines to show the field pattern between the
sphere and the plate. [2]
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(a) Define electric field strength at a point in space.

(b) Fig. 2.1 shows an evenly spaced grid.

Fig. 2.1

position of
positive charge




