
Capacitance 
 
Q1. 
  
A capacitor is charged by a battery as shown in the circuit diagram. 

 

(a)  Calculate the e.m.f. of the battery and the energy stored in the charged capacitor. 
(4) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
E.m.f. = ........................................................... 

 
Energy = ........................................................... 

 
(b)  The capacitor is disconnected from the battery and discharged through a 20 MΩ 
resistor. 

Calculate the time taken for 80% of the charge on the capacitor to discharge through the 
resistor. 

(3) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 
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............................................................................................................................................. 

............................................................................................................................................. 

 
Time taken = ........................................................... 

 
(c)  Use an equation to explain whether the time taken for the capacitor to lose half its 
energy is greater or less than the time taken to lose half its charge. 

(3) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
(d)  A student carries out an experiment to record data so that she can plot a graph of 
potential difference against time as the capacitor discharges. 

State two advantages of using a datalogger rather than a voltmeter and stopwatch to 
record this data. 

(2) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

  
(Total for question = 12 marks) 
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Q2. 
  
A capacitor is discharged through a resistor of resistance 900 Ω. The graph shows how the 
charge on the capacitor decreases with time. 

 

 

 
Calculate the capacitance of the capacitor. 

(4) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
Capacitance = ........................................................... 

 
   

(Total for question = 4 marks) 
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Q3. 
  
A defibrillator is an electrical device designed to deliver a brief electrical signal to restore a 
normal rhythm to the heart. Electrodes are attached to the chest of a patient and a charged 
capacitor is discharged through the chest cavity. 

In one defibrillator a 56 μF capacitor is charged by a potential difference of 2500 V.  
During the discharge of the capacitor the resistance between the electrodes is 45 Ω. 

Show that the time taken for 99% of the discharge to take place is about 12 ms and hence 
calculate the average current delivered by the defibrillator during this period. 

(6) 
............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
Average current = ........................................................... 

 
  

(Total for question = 6 marks) 
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Q4. 
  
Some mobile phones have a capacitor touch screen made up of a sheet of glass with a thin 
metallic coating. The screen is charged and when it is touched some of the charge is 
transferred to the user. This causes a drop in electrical potential at the point where the 
screen is touched. 

A capacitor is charged by connecting it across a battery and then discharged through a 
resistor. In the case of the touch screen the user provides a discharge resistance of about 
900 Ω. 

Explain how the capacitor discharges. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 
   

(Total for question = 3 marks) 
 
 
Q5. 
  
A capacitor of 50 μF is charged to a potential difference of 12 V. 

The energy stored on the charged capacitor in joules is given by 

   A    0.5 × 50 × 10−6 × 122 

   B     

   C     

   D    0.5 × (50 × 10−6)2 × 12 

 
 
   

(Total for question = 1 mark) 
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Q6. 
 
A capacitor is connected to a power supply and charged to a potential difference V0. 

The graph shows how the potential difference V across the capacitor varies with the charge 
Q on the capacitor. 

 

At a potential difference V0 a small charge ΔQ is added to the capacitor. This results in a 
small increase in potential difference ΔV across the capacitor. 

Which of the following gives the approximate increase in energy stored on the capacitor due 
to this extra charge? 

 

  
(Total for question = 1 mark) 
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Q7. 
  
* Cameras usually have an inbuilt flash bulb that can be used to take photographs in poor 
light conditions. As a photograph is taken, the bulb should be able to produce a bright flash 
of light for up to 4 ms. 

A capacitor can be used along with a battery as a power supply for the flash bulb. The flow 
diagram shows a possible arrangement. 

 

Comment on the suitability of using this capacitor arrangement as a power supply rather 
than connecting the bulb directly to the battery. 

A typical flash bulb has a resistance of 6 Ω. 
(6) 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

............................................................................................................................................. 

 
  

(Total for question = 6 marks) 
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Q8. 
  
A circuit consists of a battery of e.m.f. 5 V and negligible internal resistance, a switch, a 100 
Ω resistor and an uncharged 50 μF capacitor. 

 

Describe what happens to the potential difference across the resistor and the potential 
difference across the capacitor after the switch is closed. 

(4) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
(Total for question = 4 marks) 

  
Q9. 
A capacitor of capacitance C is discharged through a resistor of resistance R. The initial 
discharge current is I0. 

Which of the following expressions gives the current after a time equal to RC? 

 
(Total for question = 1 mark) 
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Q10. 

A parallel plate capacitor consists of a thin layer of insulator of thickness d between two 
plates of conducting material of area A. 

 

The capacitor has a capacitance 0.1 μF and is charged to a p.d. of 100 V by connecting it to 
an electrical supply. 

The capacitor is then disconnected from the supply and the p.d. between the two plates 
slowly decreases. This is because the insulator is not perfect and a small charge can flow 
through it. 

The graph shows how the p.d. varies with time. 

 

The insulator is a type of plastic and should have a resistivity greater than 1014 Ω m. 
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Deduce whether the plastic used in this capacitor has a resistivity greater than this value. 

A = 5.6 × 10−3 m2 

d = 0.6 × 10−6 m 
(5) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 5 marks) 

  
 
 
Q11. 
  
A 'Gauss gun' can be made from five ball bearings of equal mass and two magnets, as 
shown. 

 

Pairs of ball bearings are placed to the right of two strong magnets. A single ball bearing is 
released from the left, as shown. The ball bearing is attracted to, and collides with, the first 
magnet. This and all subsequent collisions can be assumed to be elastic. 

A student set up the apparatus shown to measure the speed of the last ball bearing. The 
'Gauss gun' was placed at the end of a bench, so that the ball bearing left the gun and broke 
two strips of metal foil which formed part of an electric circuit. 
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As the ball bearing left the gun, it broke the first foil strip at its centre so that the capacitor 
started to discharge. When the ball bearing broke the second foil strip the capacitor 
discharge stopped. 

(i)  Calculate the energy stored in the capacitor when it was fully charged. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Energy stored = ...........................................................  

(ii)  The voltmeter reading halved in the time taken for the ball bearing to travel between the 
two foil strips. 

Show that the time taken for the ball bearing to travel between the two foil strips was 
about 0.1 s. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(iii)  The two foil strips were 0.50 m apart. 
Calculate the horizontal velocity of the ball bearing. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Horizontal velocity = ...........................................................  
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(iv)  The student positioned the second foil strip with its centre 8.0 cm lower than the centre 
of the first foil strip. 

Deduce whether the ball bearing broke the second foil strip at its centre. 
Assume the ball bearing was travelling horizontally as it broke the first foil strip. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 8 marks) 

  
 
 
Q12. 
  
A circuit consists of a battery of e.m.f. 5 V and negligible internal resistance, a switch, a 100 
Ω resistor and an uncharged 50 μF capacitor. 

 

The battery and switch are replaced by a signal generator providing a square wave output of 
peak potential difference 5 V. The signal generator has negligible internal resistance. 
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The graph shows the square wave output of the signal generator. The frequency of the 
square wave is 20 Hz. 

 

On the graph add values to the time axis and sketch a graph of the potential difference, Vout, 
across the capacitor for two cycles of the square wave. Assume the capacitor is initially 
uncharged. 

(5) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  
(Total for question = 5 marks) 
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Q13. 
  
Power supplies provide either alternating or direct currents and potential differences. 

It is possible to convert alternating currents and p.d.s, to direct currents and p.d.s using 
diodes. 

The power supply provides an input Vin to the circuit shown. The circuit includes four diodes 
D1, D2, D3 and D4 and a resistor R. The circuit produces an output potential difference Vout . 

 

A graph of Vin against time and a corresponding graph of Vout against time are shown below. 

 

(i)  Explain the operation of this circuit. Your answer should refer to D1, D2, D3 and D4. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  
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(ii)  A capacitor is added between points X and Y in the circuit. 

The new graph of Vout against time is shown below. 

 

Determine a value for the capacitance of the capacitor. 

resistance of R = 2.2 kΩ 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Capacitance = ...........................................................  

  
(Total for question = 6 marks) 
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Q14. 
  
The properties of capacitors make them useful in timing circuits. 

The following circuit is used to provide an input Y to an integrated circuit. 

 

When the potential at Y is 8.0 V, the switch S2 is closed. 

(i)  Calculate the time taken for the potential at Y to decrease to 2.0 V. 
(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Time taken = ...........................................................  

 
(ii)  Calculate the energy stored on the capacitor when the potential at Y is 2.0 V. 

(2) 
 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

Energy stored = ...........................................................  
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(Total for question = 5 marks) 

  
 
 
Q15. 
  
A capacitor is charged and then discharged through a resistor of resistance R.  
As the capacitor discharges, the maximum current is 5 mA and the time for the current to fall 
to 2.5 mA is 6 s. 

The experiment is repeated using the same charging potential difference but a lower value of 
R. 

Select the row of the table that shows possible values of current and time. 

 

  
(Total for question = 1 mark) 

  
 
 
Q16. 
  
A capacitor of capacitance C is charged to a potential difference V by a power supply.  
The energy stored on the charged capacitor is W. 

What would be the energy stored if the potential difference were 2V? 
(1) 
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(Total for question = 1 mark) 
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Mark Scheme - Capacitance 
 
Q1. 
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Q2. 

 
Q3. 

 

Q4. 
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Q5. 
  

 
Q6. 
  

 

 Q7. 
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Q8. 
  

 

  
Q9. 
  

 

  
 
 
Q10. 
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Q11. 
  

 

  
 
 
Q12. 
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Q13. 
  

 

 Q14. 
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Q15. 
  

 

  
 
 
Q16. 
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