AQA A2 Physics
Unit 4 - Capacitance


4.4 Fields 
Capacitance
Breithaupt pages 94 to 101
	Lessons
	Topics

	1
	Capacitance
Definition of capacitance; C = Q / V

	2
	Energy stored by a capacitor
Derivation of E = ½ Q V and interpretation of area under a graph of charge against p.d.   

E = ½ Q V = ½ C V2 = ½ Q2/ C

	3 to 5
	Capacitor discharge
Graphical representation of charging and discharging of capacitors through resistors, 

Time constant = RC,

Calculation of time constants including their determination from graphical data,

Quantitative treatment of capacitor discharge,  

Q = Qo e- t/RC
Candidates should have experience of the use of a voltage sensor and datalogger to plot discharge curves for a capacitor.


Capacitors
A capacitor is a device for storing electrical charge.

Most capacitors consist of two parallel conductors (plates) separated by a thin insulator (air in the simplest case), or dielectric.
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Uses of capacitors include: 
· voltage regulation in power supplies, 
· timing circuits, 
· tuning circuits 
· in back-up power supplies.

http://electronics.howstuffworks.com/capacitor.htm
MAKE presents: The Capacitor http://www.youtube.com/watch?v=ZYH9dGl4gUE

Capacitor charging
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When a voltage is connected to the capacitor electrons flow off one of the plates (which becomes positive) and onto the other (which becomes negative) 

The rate of flow of charge (electric current) falls exponentially in time from an initial value, Io as the capacitor becomes fully charged. This is because it becomes more and more difficult to remove electrons from the positive plate.
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The charging of a capacitor is analogous to the inflating of a tyre with a pump:

tyre size = capacitance

pump pressure = applied voltage

air flow rate = charge flow rate, current

Capacitance (C)

The capacitance of a capacitor is defined as the charge stored per unit potential difference change
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unit of capacitance: farad (F)
also: Q = CV    and   V = Q / C

Question
A capacitor of 500μF is charged by a power supply 4V through a 200Ω resistor. Calculate (a) the initial charging current and (b) the final charge stored on the capacitor.

(a) Initially the capacitor voltage is zero and all 4V of the power supply will be across the resistor.

(b) At the end of the charging process, all 4V will be across the capacitor.

	charge
	potential difference
	capacitance

	300 μC
	6 V
	

	
	5 V
	40 μF

	720 μC
	
	60 μF

	500 nC
	
	20 nF

	2 μC
	40 mV
	

	
	9 V
	100 pF


Energy stored by a capacitor
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Consider a capacitor of capacitance C with charge q.

To add a further small amount of charge Δq requires work ΔW where

v = average potential difference during the process.

The work ΔW is represented by the green area on the graph.

The total work W done in charging the capacitor by charge Q to potential difference V is equal to the area under the curve.

= ½ x base x height

W = ½ QV

This is also the energy stored by the capacitor
Energy equations
W = ½ QV

substituting Q = C V gives:

substituting V = Q / C gives:

Question
Calculate the energy stored when:

(a) a 10μF capacitor is charged by 12V

(b) 200μC is placed on a capacitor using 6V

(c) a 0.05μF capacitor receives 40 nC of charge.
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Capacitor Discharge

A capacitor C is discharged through a resistor R.

The charge Q left on a capacitor, initially charged to Qo after time t is given by:

Q = Qo e – t / RC
Also: 

and:
Time Constant (RC)
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This is the time taken for the capacitor to discharge to 0.37 of its initial charge.

It is also the time taken for the discharge current and potential difference to fall to 0.37 of their initial values.
Why RC is called the time constant 

time constant = RC

Substituting R = V / I  and  C = Q / V gives:

time constant = (V x Q) / (I x V)

= Q / I

but Q = I x t

time constant = I x t / I  

= t
Why 0.37 ?

Q = Qo e – t / RC
When the time t = RC

Q = Qo e – 1
Q / Qo = e – 1
Q / Qo = 0.3679

Which is approximately 0.37

Questions
1. Calculate the time taken for a capacitor of 1500 μF to discharge to 0.37 of its initial charge through a resistance of 2 kΩ.

2. A capacitor of 5000 μF is charged by a 12 V supply and then discharged through a 150 Ω resistor. 
Calculate (a) its initial charge, 
(b) the time constant 

(c) the charge remaining after 1.5 seconds.
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