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



   
  

 
   

   

    

 

 

  


   
 
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 
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 



Capacitors - Capacitance, Charge and Potential Difference
Capacitors store electric charge.
This ability to store electric charge is known as capacitance.

A simple capacitor consists of 2 parallel metal conducting plates separated by an
electrical insulator such as air.

To charge a capacitor, we connect a battery (or d.c. power supply) across its conducting plates:











When the switch is closed,
the capacitor "charges up".

  Electric charge is stored on the conducting plates.
  A potential difference is created between the

conducting plates which becomes equal to the
battery/supply voltage.  

 
 

αααα
∴  ∴  ∴  ∴  

∴  ∴  ∴  ∴  




 

















 

Hence the circuit symbol
for a capacitor:

The higher the potential difference (V) between the conducting plates,
the greater the charge (Q) stored on the plates.



Note about the Farad
The farad is a very large unit - Too large for the practical capacitors used in our household electronic
devices (televisions, radios, etc).
These practical capacitors have smaller "sub-units":

 µ    

 



 

  

  

  




  

  

  




  

  

  




  
µ

  




  


  




  


  




  

  

  
µ

  

  

  


  

  

  




Experiment to show that the potential difference (V) between the conducting
plates of a capacitor is directly proportional to the charge (Q) stored on the plates
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
potential difference

between
capacitor plates/ V

charge stored on
capacitor plates/

x 10-6 C
1.0 2.0
2.0 4.0
3.0 6.0
4.0 8.0
5.0 10.0
6.0 12.0


  




  





This circuit can be used to
determine the relationship
connecting the potential
difference between the
conducting plates of a

capacitor and the charge
stored on the plates. 


 

 








 




  


  


  


V Cvariable voltage
d.c. power supply

+

-

coulomb metercapacitor

A B resistor

switch



To push electrons onto the negatively charged capacitor plate, the battery must do work against
the potential difference between the capacitor plates.

WORK MUST BE DONE TO CHARGE A CAPACITOR.

  
              

 
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Work Done Charging a Capacitor
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This circuit represents the
charging of a capacitor.
When the switch is closed,

negatively charged electrons
flow from the negative terminal
of the battery and build up on
plate X of the capacitor - So

plate X becomes negatively
charged.

As a result, negatively charged
electrons on plate Y of the
capacitor are repelled and

travel through the wire to the
the positive terminal of the

battery - So plate Y becomes
positively charged.

This creates a potential difference (V) between the capacitor plates. This potential difference
increases until it becomes equal to the battery voltage, when the flow of electrons stops.

NO ELECTRONS TRAVEL THROUGH THE INSULATING MATERIAL (AIR)
BETWEEN THE CAPACITOR PLATES.   
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Work done by a battery/power supply in "charging" a capacitor is stored as electrical potential
energy in an electric field which exists between the charged capacitor plates.
This electrical potential energy is released when the capacitor is discharged, e.g., by connecting
both plates of the capacitor to a light bulb. 
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Energy Stored in a Capacitor
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  













 

Time/ seconds 0.0 2.0 4.0 6.0 8.0 10.0 12.0
Potential difference (voltage)

across capacitor / volts 2.6 4.0 5.0 5.6 6.0
Potential difference (voltage)

across resistor / volts
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This electric circuit can be used to investigate the charging
of a capacitor.
(The resistor is present to set the value of the
maximum current which can flow).
Current starts to flow immediately the switch is closed.

switch-+

V V

A

6.0 V

  


        ∴  
  
       ∴ 
  


        ∴  


  

 



Current-Time Graph for a Charging Capacitor
The resistor in the circuit sets the value of the maximum current which can flow.

At any instant during the charging process, the size of the current flowing depends on the
potential difference across the resistor at that instant and the resistance of the resistor.  







ΩΩΩΩ

Time/ seconds 0.0 2.0 4.0 6.0 8.0 10.0 12.0
Potential difference (voltage)

across capacitor / volts 2.6 4.0 5.0 5.6 6.0
Potential difference (voltage)

across resistor / volts
Circuit current/

amperes

 
  

Ω
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   

    


  





Current-Time and Voltage-Time Graphs for a
Discharging Capacitor

This electric circuit can be used to investigate the discharging
of a capacitor.
(The resistor is present to set the value of the
maximum current which can flow).
The capacitor is "fully charged" - No current is flowing.
The capacitor will discharge and current will start to flow
immediately the switch is moved to the right - Electrons
will flow from the bottom capacitor plate, through the resistor
and ammeter to the top capacitor plate, until the potential
difference (voltage) between the plates becomes zero, when
no more electrons will flow - The current will be zero. 

-
6.0 V

A

V

V

 

+

   

 


 

  

 
 


  

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 
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
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Comparison of Graphs For Charging and Discharging
Capacitors

Time For A Capacitor to Charge and Discharge
The time taken for a capacitor to charge or discharge depends on the capacitance of the
capacitor and the resistance of the resistor connected in series with it.

  


       


 
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switch-+

V V

A

50 V

100 µµµµF
1 kΩΩΩΩ





 

 
 

 
 

 
 

 
 



switch-+

V V

A

12 V

10 µµµµF
6 kΩΩΩΩ

 



 

 
 

 
 

 
 

 
 

  
µ 

Ω 




  

  
 


 

  





 
 

 

-
6.0 V

A

V

V

 

+

25 nF

3.0 kΩΩΩΩ

 
 

 
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