LOWER SIXTH – PHY2 Electricity Questions

1.(Jan 2002,3) A negative temperature coefficient thermistor is used in the 
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circuit opposite to make a temperature sensor.

Explain how the circuit works. [2]
The graph shows how the resistance of the thermistor 

varies with temperature.

What will the reading on the milliammeter be when 

the thermistor is at a temperature of 20°C? [3]
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2.  (Jan 2002,6) A student wants to determine the e.m.f. E of a cell and its 

internal resistance r.

He uses the circuit shown and measures the terminal 

voltage V across the cell and the current I in the circuit for 

each setting of the variable resistor.

He plots the graph shown of terminal voltage V against 

current I.

Show how the relationship V = E - Ir 

can be used with his graph to determine the e.m.f. E of 

the cell. State its value. [2]

Show how the graph can be used to determine the internal 

resistance r of the cell. Calculate its value. [2] 

The student repeats the experiment using 

two of these cells in series. On  a copy of this 

graph, draw the line that he obtains. [3]
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Suggest why the student includes the 

filament lamp in the circuit. [2]

[image: image6.wmf] 

3. (Jan 2003,2) An electric room heater consists of three heating     

elements connected in parallel across a power supply.                

Each element is made from a metal wire of resistivity 

5.5 x 10 - 5 Ω m  at room temperature. The wire has a 

cross-sectional area 8.0 x 10 - 7 m2 and length 0.65 m. 

The heater is controlled by two switches, X and Y. 
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Show that the resistance of one heating element at 

room temperature is approximately 45  Ω. (3)
Calculate the total resistance of the heater for the 

combinations of switches, shown in the table, 

at the moment the switches are closed. (3)

Calculate the maximum power output from the 

heater immediately it is connected to a 

230 V supply. (2)

After being connected to the supply for a few minutes the power output falls to a lower steady value. 

Explain why this happens. (2) 

4. (Jan 2003,3) A thick wire is connected in series with a thin wire of the same material and a battery. In which wire do the electrons have the greater drift velocity? Explain your answer. (3)
A battery is connected across a large resistor and a small resistor is connected in parallel. The currents through the resistors are different. Which resistor has the higher dissipation of power? Explain your answer. (3) 
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5. (Jan 2003,4) The circuit opposite can be used as a lightmeter.

The maximum value of resistance of the light-dependent resistor (LDR) is 950 k Ω. 

What is the reading on the voltmeter for this resistance ?

The minimum value of resistance of the LDR is 1.0 k Ω.  .

What is the reading on the voltmeter for this resistance?  (3)

For this lightmeter the voltmeter is connected across the 10 k Ω resistor, 

rather than the LDR. Explain how the readings on the voltmeter enable 

this circuit to be used as a lightmeter. (2)

6. (Jan 2003,5) A student investigates how the current in a resistor varies as the potential difference across the resistor is varied. Draw a suitable circuit diagram for the investigation.  (3)

The graphs show the variation of current with potential difference for a filament lamp and for an ohmic resistor.
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Identify which graph is for the lamp and which is for the resistor.  (1)

The lamp and resistor are connected in series as shown. There is a current of 0.50 A.

 Use the graph to find the total potential difference across the combination. (2) 

What is the resistance of the lamp under these conditions?  (2) 
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7. (June 2002, 2) A lightning stroke passes between a cloud and a

lightning conductor attached to a tall building. 

A very large current of 20 000 A passes for 4.0 x l0-4s.

Calculate the charge flowing to the ground in this time. [2]

The lightning conductor is 50m high and has a cross-sectional 

area of 1.0 x 10-3 m2. It is made from copper which has a 

resistivity of 1.7 x 10-8 Ωm. Calculate the resistance of the 

lightning conductor [3]

Hence calculate the potential difference between the top 

and bottom of the current-carrying lightning conductor. [2]
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If lightning strikes a tree such that there is the same current through it as there was through the conductor, then a much larger potential difference exists between the top and bottom of the tree. Explain why this is so. [1]
8. (June 2002,5) Two resistors of resistance 2.0 MΩ and 4.0 Ω are connected in series 

across a supply voltage of 6.0V. Together they form a simple potential 

divider circuit. State the potential difference across each resistor. [2]

A second potential divider circuit uses a resistor and a diode connected 

in series with the same supply. Calculate the potential difference across 

each component when the resistance of the resistor and diode are 

45 Ω and 5.0 Ω respectively. [2]

In this circuit the diode is in forward bias. Make a copy of  the axes 
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opposite and sketch a graph of current I against potential difference V 

for a diode in forward bias. [1]

9. (June 2003, 2) From the list of values below select a typical value for each physical 

quantity listed. 

Each value may be used once, more than once or not at all.

Values:
0.05 Ω 

6.0 Ω 

2 kΩ 

10 MΩ 
    

0.3 mm s-1    
30 cms-1    

2.0xl0-8 Ωm   
2.0xl015 Ωm    

300 K
   
3000 K
Physical quantities:        

Resistance of a voltmeter
 


Internal resistance of a car battery  

Internal resistance of an e.h.t. supply   

Resistivity of an insulator  

Drift velocity of electrons in a metallic conductor  
Temperature of a working bulb


 (6)
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10. (June 2003,4)The diagram opposite shows a type of resistor commonly used in electronic circuits. 

It consists of a thin film of carbon wrapped around a cylindrical insulator. 

The diagram below this (not to scale) shows a typical film of carbon, resistivity ρ, 

before it is wrapped round the insulator.
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Show that the resistance R of the carbon film is given by:
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(2)

This film has length l = 8.0mm, width w = 3.0mm and thickness t = 0.0010mm  (i.e. t = 1.0 x l0-6m). 

If the resistivity of carbon is 6.0 x l0-5 Ωm, calculate the resistance of the carbon film. (3)
Show that the resistance of a square piece of carbon film of uniform thickness 

is independent of the length of the sides of the square.  (2)
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11. (June 2003,8) Define the term e.m.f. of a cell. (2)

A student wants to use a graphical method to determine the internal resistance r of a cell 

of known e.m.f. E.                                                                        

Copy and complete the diagram opposite showing how the cell should be connected in a 

circuit to allow the student to do this.  (2)

Sketch the graph the student should plot and state how she could determine r from the graph. (2)

12. (Jan 2004,4) Lord Kelvin discovered that the electrical resistance of iron wire changed when the wire was stretched or compressed. This is the principle on which a resistance strain gauge is based. Such a gauge consists of a length of very fine iron wire cemented between two very thin sheets of paper.
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The cross-sectional area of the wire is 1.1 x 10 -7 m2 and the gauge length as shown in the diagram is 2.4 x 10 -2 m. 

The resistivity of iron is 9.9 x 10 -8 Ωm. 

Calculate the resistance of the strain gauge. [4]
When this gauge is stretched its length is increased by 0.1% but its cross-sectional area remains the same. 

What is the change in the resistance of the gauge? [2]

Explain the effect that stretching the wire will have on the drift velocity of electrons in the wire. Assume that the other physical dimensions of the wire remain unchanged and that there is a constant potential difference across the wire. [3]
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13. (June 2001,2) A student is planning an experiment 

to measure the resistivity of aluminium. 

She plans to use an ohmmeter to measure the

resistance of a rectangular strip of aluminium 

foil fastened between two bulldog clips.

She also intends to measure the thickness t of the foil and the length l and width w of the strip. 

Explain how she should calculate the resistivity from her measurements. [2]

The student decides that for sufficient accuracy the resistance of the strip must be at least 1.0 Ω. To see 

what dimensions would be suitable, she does some preliminary experiments using strips 20 mm wide cut from foil 0.15 mm thick. She finds that for strips of a convenient length the resistance is far too small.
Calculate the length of strip, 20mm wide and 0.15 mm thick, which would have a resistance of 1.0 Ω. (Resistivity of aluminium = 2.7 x 10-8 Ω m.) [3]
Suggest a way, other than increasing its length, by which she could increase the resistance of her strip. Comment on whether this change would lead to a more precise measurement of the resistivity. [2]
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14. (June 2001,3) The diagram shows a cell, of e.m.f. E and internal resistance r, driving a current I 

through an external resistance R. 

Using these symbols, write down a formula for (i) the power dissipated in the external 

resistance (ii) the power dissipated in the internal resistance (iii) the rate of conversion 

of chemical energy in the cell Using these formulae, write down an equation 

expressing conservation of energy in the circuit, and hence show that I = E / (R +r)  [5]

The equation I = E / (R +r) shows that the internal resistance of a power supply limits 

the current which can be drawn from it. Explain this.  [2]

A 5 kV laboratory supply can be made safe for student use by connecting an internal series resistor. The following resistors are available: lkΩ; 10 kΩ;  l00kΩ; 1MΩ.  Explain which resistor should be used to make the supply as safe as possible.  [2]
15. (Specimen,5) A pencil “lead” is made from non-metallic 

material which has a resistivity, at room 

temperature, of 4.0 x 10-3 (m.

A piece of this material has a length of 0.15 m (15 cm) and a diameter of 1.40 x 10-3 m  (1.4 mm).

Show that the resistance of this specimen, to two significant figures, 390(. (2 marks)

The material from which pencil lead is made has a negative temperature coefficient of resistance. Explain what this means. (2 marks)

During an experiment to measure its resistance, a specimen of pencil lead is found to have a resistance of 420( when the current in it is 250 mA. Calculate the power dissipated in the specimen under these conditions. (2 marks)

When left for a few minutes after a potential difference is applied, it is observed that the current through the specimen increases substantially although the applied potential difference remains constant. Explain why the current should increase in this way. You may be awarded a mark for the clarity of your answer. (3 marks)

(Total 9 marks)
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