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(a) State a similarity between the gravitational field lines around a point mass and the electric
field lines around a point charge.

(b) The variation with radius r of the electric field strength E due to an isolated charged sphere in
a vacuum is shown in Fig. 6.1.
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Fig. 6.1
Use data from Fig. 6.1 to:
(i) state the radius of the sphere

radius = oo cm [1]
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(ii) calculate the charge on the sphere.

Charge = e C [2]

(c) Using the formula for the electric potential due to an isolated point charge, determine the
capacitance of the sphere in (b).

capacitance = ............. o

\ [Total: 7]
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CHAPTER 9. CAPACITANCE

(a) State what is meant by the capacitance of a parallel plate capacitor.

............................................................................................................................................. [2]
(b) A capacitor of capacitance C is connected into the circuit shown in Fig. 7.1.
A B
—o o—
Q sensitive
o+ ammeter
v G
S— <
® ®
Fig. 7.1 *\
When the two-way switch is in position A, the capaci arged so that the potential
difference across itis V.
The switch moves to position B and the capaci ischarges through the sensitive

discharges with frequency f.

(i) Show that the average curre ammeter is given by the expression
=fCV.

(4

ammeter. Q
The switch moves repeatedly between@ o that the capacitor charges and then

(2]

?‘]'PapaCambridge



T‘f]’Papa(.‘.ambridge

(if) For a potential difference V of 150V and a frequency f of 60 Hz, the average current in
the ammeter is 4.8 pA.

367

Calculate the capacitance, in pF, of the capacitor.

capacitanCe = ... pF [2]

(c) A second capacitor, having the same capacitance as the capacitor in (b), is connected into
the circuit of Fig. 7.1. The two capacitors are connected in series. é

State and explain the new reading on the ammeter.

new reading = ........ccccoeenuns

[Total: 9]
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CHAPTER 9. CAPACITANCE

(a) Two flat metal plates are held a small distance apart by means of insulating pads, as shown

in Fig. 6.1.
metal plate
insulating
metal plate pad

Fig. 6.1

Explain how the plates could act as a capacitor.

\ ........................ [2]
(b) The arrangement in Fig. 6.1 has capacitance C.

The arrangement is connected into the circuit of Fig. 6.20 .

A B
——0
1 Q 0 sensitive
e ammeter
v ! @
Fig. 6.2
When the two- moved to position A, the capacitor is charged so that the potential

difference
thw the
9

The switch
discharges

hen the switch moves to position B, the capacitor fully discharges
meter.

repeatedly between A and B so that the capacitor charges and then
frequency f.
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(i) Show that the average current I in the ammeter is given by

369

I=CVf.

(2]

(ii) For a potential difference V of 180V and a frequency f of switching of 50Hz, the average
current I in the ammeter is 2.5uA.

Calculate the capacitance, in pF, of the parallel plates. o

capacitan? ............................................... pF [2]
(c) Asecond capacitor is connected into the uit Ig. 6.2.

The two capacitors are connected in pa

State and explain the change, if a verage current in the ammeter.

[Total: 8]
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CHAPTER 9. CAPACITANCE

(a) State what is meant by the capacitance of a parallel plate capacitor.

............................................................................................................................................. [2]
(b) A capacitor of capacitance C is connected into the circuit shown in Fig. 7.1.
A B
—o o—
Q sensitive
o+ ammeter
v G
S— <
® ®
Fig. 7.1 *\
When the two-way switch is in position A, the capaci arged so that the potential
difference across itis V.
The switch moves to position B and the capaci ischarges through the sensitive

discharges with frequency f.

(i) Show that the average curre ammeter is given by the expression
=fCV.

(4

ammeter. Q
The switch moves repeatedly between@ o that the capacitor charges and then

(2]
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(ii) For a potential difference V of 150V and a frequency f of 60 Hz, the average current in
the ammeter is 4.8 pA.

371

Calculate the capacitance, in pF, of the capacitor.

CapacitanCe = ..., pF [2]

(c¢) A second capacitor, having the same capacitance as the capacitor in (b), is connected into
the circuit of Fig. 7.1. The two capacitors are connected in series. é

State and explain the new reading on the ammeter.

new reading = .......ccceeeveenes

[Total: 9]
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(a)

(b)

(c)

Define electric potential.

An isolated conducting sphere in a vacuum has radius r and is initially uncharged. It is then
charged by friction so that it carries a final charge Q. This charge can be considered to be
acting at the centre of the sphere.

By considering the electric potential at its surface, show that the capacitance C of the sphere

is given by
C = dmeyr 0

where g, is the permittivity of free space.

@ (2]

The dome of an electrostatic gene spherical conductor of radius 13cm. It is initially
charged so that the electric poteatia e surface is 4.5kV.

A smaller isolated sphere ofadius 5.2 cm, initially uncharged, is brought near to the dome.
Sparking causes a ¢ ,{ een the two spheres until they reach the same potential.
1 phere may be considered to act as a point charge at its centre.

is transferred between the two spheres.

[Total: 7]
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Two positively charged identical metal spheres A and B have their centres separated by a distance
of 24cm, as shown in Fig. 6.1.

e 24cm

Y

sphere A sphere B

Fig. 6.1 (not to scale)

The variation with distance x from the centre of A of the electric field strength E due to the two
spheres, along the line joining their centres, is represented in Fig. 6.2. 0
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Fig. 6.2
(a) State the radius of the two spheres.

radils = oo cm [1]
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(b) The charge on sphere Ais 3.6 x 1072C. Determine the charge Qg on sphere B.
Assume that spheres A and B can be treated as point charges at their centres.

Explain your working.

Qg = q ................. C 3]
(c) (i) Sphere B is removed. P b

Use information from (b) to determine the electric pote@ the surface of sphere A.

C

cpotential = ... V [2]

(ii) Calculate the cap 't@ here A.

CapacitanCe = ... F [2]

[Total: 8]
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(a) State two different functions of capacitors in electrical circuits.

(b) Three uncharged capacitors of capacitances C,, C, and C; are connected in series with a
battery of electromotive force (e.m.f.) E and a switch, as shown in Fig. 6.1.

—

plate P
charge +q

When the switch is closed, there is a g on plate P of the capacitor of capacitance C,;.

Show that the combined capac@ f the three capacitors is given by the expression
1.1 1

ot A
Q@f el
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(c) A student has available four capacitors, each of capacitance 20 uF.

Draw circuit diagrams, one in each case, to show how the student may connect some or all of
the capacitors to produce a combined capacitance of:

(i) 60uF

<
(i) 15uF b@

>

[Total: 7]
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(a) State two different functions of capacitors in electrical circuits.

(b) Three uncharged capacitors of capacitances C,, C, and C; are connected in series with a
battery of electromotive force (e.m.f.) E and a switch, as shown in Fig. 6.1.

—

plate P
charge +q

When the switch is closed, there is a g on plate P of the capacitor of capacitance C,;.

Show that the combined capac@ f the three capacitors is given by the expression
1. 1 1

+ At
Q@f el
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(c) A student has available four capacitors, each of capacitance 20 uF.

Draw circuit diagrams, one in each case, to show how the student may connect some or all of
the capacitors to produce a combined capacitance of:

(i) 60uF

<
(i) 15uF b@

>

[Total: 7]
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(a) Explain what is meant by the capacitance of a parallel plate capacitor.

Fig. 7.1

When switch S is at position X, the battery of
resistance is connected to capacitor C.
When switch S is at position Y, the capacitor

otive force 120V and negligible internal
discharged through the sensitive ammeter.

The switch vibrates so that it is first@]tion X, then moves to position Y and then back to
position X fifty times each secon

The current recorded on th ris 4.5uA.

Determine

(i) the charge , passing through the ammeter in 1.0s,

L 2

0‘,‘

*
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(ii) the charge on one plate of the capacitor, each time that it is charged,

(iii) the capacitance of capacitor C.

(c) A second capacitor, having a capacitanc @ at of capacitor C, is now placed in series

with C.

Suggest and explain the effect on % t recorded on the ammeter.

[Total: 9]
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(a) Explain what is meant by the capacitance of a parallel plate capacitor.

Fig. 7.1

When switch S is at position X, the battery of
resistance is connected to capacitor C.
When switch S is at position Y, the capacitor

otive force 120V and negligible internal
discharged through the sensitive ammeter.

The switch vibrates so that it is first@]tion X, then moves to position Y and then back to
position X fifty times each secon

The current recorded on th ris 4.5uA.

Determine

(i) the charge , passing through the ammeter in 1.0s,

L 2

0‘,‘

*
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(ii) the charge on one plate of the capacitor, each time that it is charged,

(iii) the capacitance of capacitor C.

(c) A second capacitor, having a capacitanc @ at of capacitor C, is now placed in series

with C.

Suggest and explain the effect on % t recorded on the ammeter.

[Total: 9]
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Two capacitors P and Q, each of capacitance C, are connected in series with a battery of e.m.f.
9.0V, as shown in Fig. 6.1.

i switch S
9.0V | }

OCY

R

Fig. 6.1 9
A switch S is used to connect either a third capacitor T, also of C@ . or a resistor R, in

parallel with capacitor P.

(@) Switch S is in position X. 0‘

Calculate
(i) the combined capacitance, in terms of C. ree capacitors,
* CaAPACITANCE = ..o e 2]
oo

(ii) the poten ence across capacitor Q. Explain your working.

potential difference = ... V 2]

?‘]'PapaCambridge
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(b) Switch S is now moved to position Y.
State what happens to the potential difference across capacitor P and across capacitor Q.

(0= T 0= Lo | {0 gl RS TPRPR

[Total: 8]
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Two capacitors P and Q, each of capacitance C, are connected in series with a battery of e.m.f.
9.0V, as shown in Fig. 6.1.

Fig. 6.1
A switch S is used to connect either a third capacitor T, also of c@ , or a resistor R, in

parallel with capacitor P.

(@) Switch S is in position X. 0 >

Calculate
(i) the combined capacitance, in terms o ree capacitors,
* CaPACItANCE = ...ooooiiieie e 2]
oo

(ii) the poten ence across capacitor Q. Explain your working.

potential difference = ... V [2]

?‘]'PapaCambridge



"
] o
"P:er aCambrldge CHAPTER 9. CAPACITANCE

(b) Switch S is now moved to position Y.
State what happens to the potential difference across capacitor P and across capacitor Q.

(0= T 0= Lo | {0 gl RS TPRPR

[Total: 8]
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(@) (i) Define capacitance.

(i) Use the expression for the electric potential due to a point charge to show that an isolated
metal sphere of diameter 25cm has a capacitance of 1.4x 107" F.

& .

0\
(b) Three capacitors of capacitances 2.0 uF, 3.0 uF and 4.QuE &nnected as shownin Fig. 7.1
to a battery of eem.f. 9.0V.

Deteynine
o

(i) the combi acitance of the three capacitors,

CapACItANCe = ......cooveiie e uF [1]

?‘j_']'PapaCambridge
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(ii) the potential difference across the capacitor of capacitance 3.0 uF,

potential difference = ... V[2]

(iii) the positive charge stored on the capacitor of capacitance 2.0 uF.

[Total: 8]
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(a) A capacitor consists of two parallel metal plates, separated by air, at a variable distance x
apart, as shown in Fig. 6.1. The capacitance C is inversely proportional to x.

metal plates

NN o

Fig. 6.1

The capacitor is charged by a supply so that there is a poten ence (p.d.) V between

the plates.
@ one of the plates and for the

Q = oot . N [1]

State expressions, in terms of C and V, for the char
energy E stored in the capacitor.

(b) The charged capacitor in (a) is now discenne from the supply. The plates of the capacitor
are initially separated by distance L. T en moved closer together by a distance D, as
shown in Fig. 6.2.

new position

Fig. 6.2

State expressions, in terms of C, V, L and D, for:

(i) the new capacitance C

?‘]’PapaCambridge
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(i) the new charge Q, on one of the plates

(iii) the new p.d. V| between the plates.

(c) Explain whether reducing the separation of the plates in (b) results in an in se or decrease
in the energy stored in the capacitor. @

[Total: 5]
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(a) A capacitor consists of two parallel metal plates, separated by air, at a variable distance x
apart, as shown in Fig. 6.1. The capacitance C is inversely proportional to x.

metal plates

NN o

Fig. 6.1

The capacitor is charged by a supply so that there is a potenti ence (p.d.) V between

the plates.
@ one of the plates and for the

[ LT . T [1]

State expressions, in terms of C and V, for the char
energy E stored in the capacitor.

(b) The charged capacitor in (a) is now disconne from the supply. The plates of the capacitor
are initially separated by distance L. T en moved closer together by a distance D, as

shown in Fig. 6.2.
Q D new position

Fig. 6.2
State expressions, in terms of C, V, L and D, for:

(i) the new capacitance C

?‘]’PapaCambridge



"
] o
"P:sz aCambrldge CHAPTER 9. CAPACITANCE

(i) the new charge Q, on one of the plates

(iii) the new p.d. V| between the plates.

(c) Explain whether reducing the separation of the plates in (b) results in an in se or decrease
in the energy stored in the capacitor. @

[Total: 5]
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(a) Define the capacitance of a parallel-plate capacitor.

(b) A student has three capacitors. Two of the capacitors have a capacitance of 4.0 uF and one
has a capacitance of 8.0uF.

Draw labelled circuit diagrams, one in each case, to show how the three capacitors may be
connected to give a total capacitance of:

(i) 1.6uF

o 0 1]
( g 0(;
Q’O

&

?‘Q'PapaCambridge
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(c) A capacitor C of capacitance 47 uF is connected across the output terminals of a bridge
rectifier, as shown in Fig. 6.1.

[ i : 5 c
~ ;  bridge p— R
T ! rectifier : 47 uF
: 6

Fig. 6.1
The variation with time t of the potential difference Vacross the resistor R is shown in Fig. 6.2.

10

ViV = =

time t

Use data from Fig. 6.2 to determin ergy transfer from the capacitor C to the resistor R
between time t, and time t,.

ENEIGY = oot J [3]

[Total: 7]
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(@) Explain what is meant by the capacitance of a parallel plate capacitor.

(b) Three parallel plate capacitors each have a capacitance of 6.0 uF.

Draw circuit diagrams, one in each case, to show how the capacitors may be connected
together to give a combined capacitance of

(i) 9.0uF,

(i) 4.0uF. 0
&

(c) Two &apaci
ele%t‘rc?r‘tive

itances 3.0uF and 2.0uF are connected in series with a battery of
.f.) 8.0V, as shown in Fig. 6.1.

3.0uF 2.0uF

?‘]'PapaCambridge
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() Calculate the combined capacitance of the capacitors.

CAPACHANCE = .. uF [1]

(i) Use your answer in (i) to determine, for the capacitor of capacitance 3.0 uF,

1. the charge on one plate of the capacitor, :’0

2. the energy stored in the .

Q’é

e 1

g
ENEIGY = iieiieiie e eeee e e e e e e J
[4]
[Total: 10]
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A capacitor consists of two parallel metal plates, separated by an insulator, as shown in Fig. 7.1.

insulator

metal /

plates

Fig. 7.1

(@) Suggest why, when the capacitor is connected across the terminals of a battery, the capacitor
stores energy, not charge. &

................................................................................................. L 70 W S
............................................................................................................................. [2]
(b) Define the capacitance of the capacitor.
..................................................................................................................................... [2]
(c) The capacitor is charged so th otential difference between its plates is V.
The capacitor is then conne Ss a resistor for a short time. It is then disconnected.
The energy stored in t ris reduced to % of its initial value.
Determine, in ter he potential difference across the capacitor.
potential difference = ..., 2]
[Total: 6]
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(a) Define capacitance.

(b) Three capacitors of capacitances C,, C, and C, are initially uncharged. They are then
connected in series to a battery, as shown in Fig. 7.1.

- {F—

G G G

HHE

<
D

L/

The battery applies a potential difference V across the thri&}mitors.

Show that the combined capacitance C of the capaci iven by
LI S R
c ¢ cC

C
Q°Q0

nd negligible internal resistance is connected to a network of two

(c) A battery of

capagito r, as shown in Fig. 7.2.
| o :‘
®
200 uF %

L )
12v B
——
™7

Fig. 7.2

The capacitors have capacitances of 200uF and 600uF. The switch has two positions,
A and B.
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(i) The switch is moved to position A.
Calculate
1. the combined capacitance of the two capacitors,
combined capacitance = ........cccceei i uF [1]

2. the charge on the 600 uF capacitor,

charge = v& .................................. C[1]
3. the potential difference across the 600 uF ca !

(ii) The switch is nowamgv position A to position B.

Calculate the p difference across the 600 uF capacitor when it has discharged
50% of its initi
.

0‘“

*

potential difference = ........ccco i, V [3]

[Total: 9]
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