Electric Potential Tutorial

a) The unit of field strength is N C-1 (or V m-1)

b) The unit of electric potential is the Volt (V)

c) The absolute electric potential at a point is the work done moving a unit charge from infinity to that point.
d) In practise the electric potential is the work done moving a unit charge from a point of known potential to a point at a different potential
e) Electric field lines meet an equipotential surface at right angles.

2. A hollow metal sphere of radius 5 cm has a charge of +20 nC.

a) What is the field strength at the outer surface?
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b) What is the potential at the outer surface?
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c) What is the field strength at the centre?

The field strength inside the sphere will be zero.

d) What is the potential at the centre?

The potential at the centre is the same as at the surface i.e. 3600 V.

e) Illustrate graphically how the field strength varies from the centre of the sphere to a distance of 20 cm.
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Similarly illustrate how the potential varies from the centre of the sphere to a distance of 20 cm.

g) Calculate the acceleration of an electron placed at a distance of 20 cm from the centre of the sphere.
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h) What will happen to the acceleration as it moves nearer to the sphere?

The force will increase as the electron moves towards the sphere and hence the acceleration will also increase, so long as the velocity does not exceed 10% of c, after which relativistic effects will have to be taken into account leading to a decrease in acceleration.

i) How much work will be done on the electron as it moves from a distance of 20 cm from the centre of the sphere onto the surface of the sphere?
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3. A series of electrons is emitted from the cathode of an electron gun. The anode is at a potential of +400 V to the cathode and is 10 mm from it.

a) Calculate the velocity of one of the electrons as it passes through the hole at the centre of the anode.
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b) Will a relativistic correction be required?

No, because the velocity is less than 10% of the speed of light.

c) What is the field strength between the plates?
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d) What is the acceleration of the electron?
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e) If the anode was moved to 20 mm from the cathode but maintained at the same potential difference would the acceleration or the final velocity change?

E would be halved and hence a would be halved, but the final velocity would be unchanged.

4. An oil drop of 4 x 10-12 g is midway between two horizontal parallel plates, which are 2 mm apart. The upper is at a potential difference of +200 V relative to the lower one. The oil drop has a charge of 4 surplus electrons.

a) Calculate the field strength between the plates.
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b) Show and name diagrammatically the forces acting on the oil drop.


c) What will be the acceleration of the oil drop?
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d) At what potential difference on the plates would the oil drop be balanced?
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