TAP 127- 2: Capacitors in series and parallel questions
The diagram below shows three capacitors of capacitance C1, C2 and C3 connected in parallel to a potential difference V. Work through question 1 in order to obtain the value, in terms of C1, C2 and C3, of a single capacitor C that would replace all three.
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Question

1. (a) 
Write down expressions for the following:

      (i) 
C1 in terms of V and Q1
      (ii) 
C2 in terms of V and Q2
      (iii) 
C3 in terms of V and Q
      (iv) 
C in terms of V and Q3
   (b) 
What is the total charge Q of all three capacitors in terms of Q1, Q2 and Q3?

   (c) 
Using your answers to (a) and (b), obtain an expression for C in terms of C1, C2 and C3.
Capacitors in series

Three capacitors C1, C2 and C3 connected in series are shown below. A potential difference V is applied across all three.
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Work through question 2 in order to obtain the value, in terms of C1, C2 and C3, of a single capacitor C that would replace all three.

2. (a) 
The diagram above shows that each capacitor has an identical charge.

Explain how this comes about.

    (b) 
Write down expressions for the following

       (i) 
V1 in terms of Q and C1
       (ii) 
V2 in terms of Q and C2
       (iii) 
V3 in terms of Q and C3
      (iv) 
V in terms of Q and C

  (c) 
What is the total potential difference V across all three capacitors in terms of V1, V2 and V3?

  (d) 
Using your answers to (b) and (c), obtain an expression for C in terms of C1, C2 and C3.

You should have noticed that the expressions for capacitors joined in series and parallel are ‘the other way round’ to the expressions for resistors. Resistors in series are simply added together; for capacitors in series you need to add reciprocals and find the reciprocal of the result. Capacitors in parallel add together, whereas for resistors in parallel it is the reciprocals that must be added.

3.
 What is the combined capacitance of a 10 F capacitor, a 20 F capacitor and a 30 F capacitor connected (a) in parallel (b) in series?

4.
 What is the combined capacitance of a 10 F capacitor and a 20 F capacitor connected in parallel, and then connected in series to a 30 F capacitor as shown below.
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Answers and worked solutions

1.
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2. (a) 
Charge cannot be created or destroyed (it is conserved), so it can only be redistributed between capacitors. The charges have to be produced within the plates and connecting wires so, when a positive charge is produced on one plate, the one next to it will be made negative. This positively charged plate will attract the electrons from the adjacent plate and connectors, so making the one next to it negatively charged and the plate next to that positively charged. The effect of that positively charged plate is the same on its neighbour, and so on.

[image: image5.png]=2 -2 =2 V-
BOVi=F 0 =g V=g MV
©V=Vi+h+h
() From (b) and (c)

alo




3. (a) 
From the equation derived in question 1:  
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   (b) 
From the equation derived in question 2:
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4. 
Taking the two in parallel first, we have

[image: image8.png]€y = 104F + 20 4F = 30 iF.




Combining this with the other capacitor in series, we have
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External references

This activity is taken from Salters Horners Advanced Physics, Medium is the Message, Activity 22, Additional Sheet 3 

