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	Topic area
	Text book pre-reading
	Syllabus ref
	Max possible score in exam questions
	Your score in exam questions

	Charging capacitors and capacitance
	

	6.1.1
	10
	

	Capacitors in series and parallel
	

	6.1.1
	15
	

	Energy stored in a capacitor
	

	6.1.2
	16
	

	Charging and discharging capacitors

	
	6.1.3
	11
	

	Total

	52
	







By the end of this topic you should be able to….
· Define and calculate capacitance for individual capacitors and capacitors in series and parallel
· Describe charging and discharging of capacitors in terms of flow of electrons, and describe techniques to investigate this
· Describe a graph showing the relationship between p.d. and charge for a capacitor and use this and other equations to find the energy stored in a capacitor
· Describe graphically the exponential changes in the voltage, energy and charge as a capacitor charges and discharges and use equations to calculate these variables using the time constant for a capacitor-resistor circuit




By the end of module 6.1 you need to be able to define the following key terms:

Capacitor

Capacitance

Time constant




Equations given in exam
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Charging capacitors and capacitance
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Capacitors in series and parallel
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Energy stored in a capacitor
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Charging and discharging capacitors
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(i) The initial charge on the capacitor is zero. After 100s, the potential difference across the
capacitor is 1.6V. The constant current in the circuit is 40pA.

1 Calculate the capacitance C of the capacitor.
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2.

Fig. 1 shows a football balanced above a metal bench on a length of plastic drain pipe.
The surface of the ball is coated with a smooth layer of an electrically conducting paint.

The pipe insulates the ball from the bench.

Fig. 1

(a) The ball is charged by touching it momentarily with a wire A connected to the
positive terminal of a 5000 V power supply. The capacitance C of the ball is

1.2 x 107" F. Calculate the charge Q, on the ball. Give a suitable unit for your
answer.

(3]
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4. The charge stored in the capacitor X of capacitance 5 uyF in the circuit given in the
figure below is 30 uC.

F----

Y| | 25uF

Z, 10uF
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(@) (i) Complete the table for this circuit.

capacitor | capacitance / yF | charge/ uC p.d./V energy / uJ

(6]
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(i) Using data from the table find

1 the e.m f. of the battery

(1]
2 the total charge supplied from the battery

(1]
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Fig.1 shows two capacitors, A of capacitance 2uF, and B of capacitance 4puF,
connected in parallel. Fig. 2 shows them connected in series. A two-way switch S can
connect the capacitors either to a d.c. supply, of e.m.f. 6 V, or to a voltmeter.

Fig. 1 Fig. 2
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(a) Calculate the total capacitance of the capacitors

(i)  when connected as in Fig. 1

capacitanCce = .........ccooeeeiiceeeeeeeee. MF
(1]

(i)  when connected as in Fig. 2

capacitanCe = .......cooeeeveeeeeeieeeeee e MF
[2]
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5.  You are provided with a number of identical capacitors, each of capacitance 3.0 puF.
Three are connected in a series and parallel combination as shown in the diagram
below.

3.0 uF

3.0 uF

3.0 uF
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(i) Show that the total capacitance between the terminals A and B is 2.0 pF.

(3]

(i) Draw a diagram in the space below to show how you can produce a total
capacitance of 2.0 uF using six 3.0 uF capacitors.

(2]
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Fig.1 shows two capacitors, A of capacitance 2uF, and B of capacitance 4puF,
connected in parallel. Fig. 2 shows them connected in series. A two-way switch S can
connect the capacitors either to a d.c. supply, of e.m.f. 6 V, or to a voltmeter.

Fig. 1 Fig. 2
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(c) The switch in the circuit shown in Fig.2 is then connected to the battery. Calculate
the total energy stored in the two capacitors.

BNEIJY = oeniieeeeeeiecee e e eeeeee e e e e e e aeanannnan .J
[2]
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3.  This question is about the energy stored in a capacitor.
(@) (i) One expression for the energy W stored on a capacitor is

1
w= —-QVv
2Q

where Q is the charge stored and V is the potential difference across the
capacitor.

Show that another suitable expression for the energy stored is
1
W= —CV?
2

where C is the capacitance of the capacitor.

(2]
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(ii)

Draw a graph on the axes of Fig. 1 to show how the energy W stored on a
2.2 F capacitor varies with the potential difference V across the capacitor.

2]
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(a) Capacitance is measured in farads. Define the farad.

S|

(b) Fig. 1.1 shows the graph of potential difference V against charge Q stored for a capacitor of
capacitance C.

Fig. 1.1

State the quantity represented by the

@) gradient of the graph

(ii) area under the graph.
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(c) You are given three capacitors of capacitances 100yF, 200F and 500pF. Calculate the
minimum total capacitance of these three capacitors in a combination. Show how the
capacitors are connected.

capacitance = WF 3]





image19.png
(d) A O0.10F capacitor is charged at a constant rate with a steady current of 40mA for a time of
60s. Calculate the final

() charge stored by the capacitor

charge =

.c 2

energy stored by the capacitor.

energy =
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(b)

The 2.2 F capacitor is connected in parallel with the power supply to a digital
display for a video/DVD recorder. The purpose of the capacitor is to keep the
display working during any disruptions to the electrical power supply. Fig. 2
shows the 5.0 V power supply, the capacitor and the display. The input to the
display behaves as a 6.8 kQ resistor. The display will light up as long as the
voltage across it is at or above 4.0 V.

6.8kQ display

Fig. 2

Suppose the power supply is disrupted.

(i)  Show that the time constant of the circuit of Fig. 2 is more than 4 hours.

(2]
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(i)  Find the energy lost by the capacitor as it discharges from 5.0 Vio 4.0 V.

energy lost = ... J
[2]

(i) The voltage V across the capacitor varies with time t according to the
equation

V= Ve RC

Calculate the time that it takes for the voltage to fall to 4.0 V.

(2]
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(iv) Calculate the mean power consumption of the display during this time.

MEAN POWET = ....eiiieeieeeeeeenneeeeeeneeeeeanneeeeesnnanns w

(1]




image23.png
2. Fig. 1 shows a football balanced above a metal bench on a length of plastic drain pipe.
The surface of the ball is coated with a smooth layer of an electrically conducting paint.
The pipe insulates the ball from the bench.

Fig. 1
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(b) The charge on the ball leaks slowly to the bench through the plastic pipe, which
has a resistance R of 1.2 x 10" Q.

(i)  Show that the time constant for the ball to discharge through the pipe is
about 1.5 x 10% s.

(1]

(i) Show that the initial value of the leakage current is about 4 x 1072 A.

(1]




image25.png
(iii)

Suppose that the ball continues to discharge at the constant rate calculated
in (ii). Show that the charge Q, would leak away in a time equal to the time

constant.

(2]
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(a) Define capacitance.

n

(b) Fig. 1.1 shows a circuit consisting of a resistor and a capacitor of capacitance 4 5yF.

s 7

45pF

Fig.1.1

SIS, iscosed and SWLCh S, i ft pen.The potental aiference across the capactor s

Calculate

@ the charge stored by the capacitor

charge = we [
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(a) Fig. 1.1 shows a circuit with a capacitor of capacitance C.

=T—®
X
Y

2

- s

Fig. 1.1
The switch S is closed. The resistance of the variable resistor is manually adjusted so that the

current in the circuit is kept constant.
(i) Explain in terms of movement of electrons how the capacitor plates X and Y acquire an

equal but opposite charge.





