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QL.

8 (a) Define capacitance.

I

{b) (i} ©One use of a capacitor is for the storage of electrical energy.
Briefly explain how a capacitor stores energy.

2]

(ii} Calculate the change in the energy stored in a capacitor of capacitangeN] 200 puF
when the potential difference across the capacitor changes from 50 Vo )5V

energyssiiange = . .....J[3]

Q2.

5 A capacitor C is charged usiiig, a%supply of em.f. 8.0V It is then discharged through a For

resistor R. Examin
The circuit is shown in Fig, 5.1. Use
0 s
o]
gov R
? _1c
Fig. 5.1
The variation with time t of the potential difference V across the resistor R during the
discharge of the capacitar is shown in Fig. 5.2.
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Fig. 5.2

(a) During the first 1.0s of the discharge of the capacitor, 0.13 J of energy is transferred to
the resistor R.
Show that the capacitance of the capacitor C is 4500 pF

[3]
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(b) Some capacitors, each of capacitance 4500 pyF with a maximum working voltage of 6V,
are available.

Draw an arrangement of these capacitors that could provide a total capacitance of
4500 pF for use in the circuit of Fig. 5.1.

[2]

Q3.

5 A solid metal sphere, of radius r, is insulated from its surrofipdings. The sphere has '
charge +Q. Exar,
This charge is on the surface of the sphere but it may be corsidered to be a point charge at L
its centre, as illustrated in Fig. 5.1.

Fig. 5.1
(a) (i) Define capadiapce.
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(ii) Show that the capacitance C of the sphere Is given by the expression
C = dngy.
[11
(b) The sphere has radius 36 cm.
Determine, for this sphere,
(i) the capacitance,
capacitance = F [1]
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(ii) the charge required to raise the potential of the sphere from zero to 7.0 = 100V

charge = . C [1]

(e) Suggest why your calculations in (b) for the metal sphere would not apply to a plastic
sphere.

(d) A spark suddenly connects the metal sphere in (b) to%he Earth, causing the potential of
the sphere to be reduced from 7.0 x 10%V to 2.5 {10V

Calculate the energy dissipated in the spark.

ENETOY = J [3]

Q4.
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5 (a) State two functions of capacitors in electrical circuits. i
Exa
U !
e n e e em e n e e n e e e n e
[2]

Fig. 5.1

Determine, far the arrangement shown in Fig. 5.1,

(i) the total capacitance,

capacitance = uF [2]

(ii) the maximum potential difference that can safely be applied between points A
and B.

potential difference = . Vo [2]
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(¢) A capacitor of capacitance 4700 uF is charged to a potential difference of 18V. It is then
partially discharged through a resistor. The potential difference is reduced fo 12V. Exs
Calculate the energy dissipated in the resistor during the discharge.

BNEIOY = e J [3]
Q5.

3 A capacitor consists of two metal plates separated by an insulator, as shown in Fig. 3.1 ‘

Exar

L

‘ _-niggal plate
~
= - insulator
—-

‘ T~ metal plate

Fig. 3.1

The potential difference betweeri the plates is V. The variation with V of the magnitude of the
charge Q on one plate i§ shown in Fig. 3.2
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20

Q/mC 7

Vi

Fig. 3.2
(a) Explain why the capacitor stores energy but not charge.
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(b) Use Fig. 3.2 to determine ;

Exar

(i) the capacitance of the capacitor, t
capacitance = uF [2]

(ii) the loss in energy stored in the capacitor when the potential difference Y 1sveduced
from 10.0V to 7 5V
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(c) Three capacitors X, Y and Z, each of capacitance 10uF, are connected as shown in

Fig. 3.3 E

Y

| |

2 ||

A | | | 8

| | ,

| |

||

Fig. 3.3

Initially, the capacitors are uncharged.
A potential difference of 12V is applied between points A and B.
Determine the magnitude of the charge on one plate of capacitor X.

Charge = i, uC [3]

Q6.
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Some capacitors are marked ‘48 uF, safe working voltage 25V,

Show how a number of these capacitors may be connected to provide a capacitor of capacitance

(a) 48uF, safe working voltage 50V,

(b) 72uF, sate working voltage 25 V.

WWW.MEGr#
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5 (a) State one function of capacitors in simple circuits.

(b) A capacitor is charged to a potential difference of 15V and then connected in series with
a switch, a resistor of resistance 12kQ and a sensitive ammeter, as shown in Fig. 5.1.

\\_\\\
12 kQ
N
| |
'\f“,‘/
Fig. 5.1
The switch is closed and the variation with time ¢ of the current I in the circuit is shown in
Fig. 5.2.
1.5
I'mA
1|
ll\
1.0 bt
Al
A
Al
iy
A
Ay
kY
0.5 y
)
[~
[} [
0 5 10 15 tis 20

Page 12 of 28

WWW.MEGr#LECTU E.COM
WWW. yout ube. com neqgal ect ur e



what sapp: +92 323 509 4443, enmil: negal ecture@mail . con
o0

MEGA LECTURE

(i) State the relation between the current in a circuit and the charge that passes a
point in the circuit.
______________________________________________________________________________________________________________________________ M

(ii) The area below the graph line of Fig. 5.2 represents charge.

Use Fig. 5.2 to determine the initial charge stored in the capacitor.
charge = . . uc [4]
(iii) Initially, the potential difference across the capécitor was 15V.
Calculate the capacitance of the capacitor.
capacitance = ... uF [2]

(e) The capacitosn (b) discharges one half of its initial energy. Calculate the new potential
difference across the capacitor.

potential difference = ... vV [3]
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Q8.

4 (a) Define capacitance.

For
Examiners
.......................................................................................................................................... blse
.................................................................................................................................... [1]
(k) An isolated metal sphere of radius R has a charge +Q on it.
The charge may be considered to act as a point charge at the centre of the sphere.
Show that the capacitance C of the sphere is given by the expression
C=4ngR
where &4 is the permittivity of free space.
[1]

(¢) In order to investigate electrical discharges (lightning) in a laboratory, an isolated metal
sphere of radius 63 cm is charged to a potential of 1.2 x 106V,

At this potential, there is an electrical discharge in which the sphere loses 75% of its
energy.

Calculate

(i) the capacitance of the sphere, stating the unit in which it is measured,

capacitance = .. [3]
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the potential of the sphere after the discharge has taken place. For
Examiner:

Lise

potential = ... Vo[3]
4 (a) Define capacitance. A
Exam
...................................................................................................................................... 'LII:
................................................................................................................................... [1]

(b) An isolated metal sphere has a radius r. When cRarged to a potential V, the charge on

the sphere is g.
The charge may be considered to act as a peiniebarge at the centre of the sphere.

(i) State an expression, in terms of rand g, for the potential V of the sphere.

(ii) This isolated sphere hat gapaeiiance. Use your answers in (a) and (b)(i) to show
that the capacitance @\thersphere is proportional to its radius.
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(c) The sphere in (b) has a capacitance of 6.8 pF and is charged to a potential of 220V

Calculate

(i) the radius of the sphere,

radius = . m [3]
(ii) the charge, in coulomb, on the sphere.

Use

charge = el C 1

(d) A second uncharged metal sphere is brought up to the sphere in (¢) so that they touch.
The combined capacitance of the two spheres is 18pF.

Calculate

(i) the potential of the two spheres,

potential =
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(ii) the change in the total energy stored on the spheres when they touch.

change = o J [3]
Q10.
4 (a) (i) State whatis meant by electric potential at a point. For
Examiner’s

............................................................................................................................... USE

____________________________________________________________________________________________________________________________ 2]
(ii) Define capacitance.

__________________________________________________________________________________________________________________________ [1]

(b) The variation of the potential V of anysalaied metal sphere with charge @ on its surface
is shown in Fig. 4.1.
200 I t[:'_
diEa -
150 e -
REN- Zis
ViKYV ‘ —+F
>
100
b
50 LT
e
=
02
0 0.5 1.0 1.5 20 25 3.0
Q/uc
Fig. 4.1
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An isolated metal sphere has capacitance. For
Examiner.
Use Fig. 4.1 to determine Use

(i) the capacitance of the sphere,

capacitance = ... F [2]

(ii) the eleciric potential energy stored on the sphere when charged to a potential
of 150 kV.

BNEIOY = J [2]

(c) A spark reduces the potential of the sphere from 150kV to 75kV.
Calculate the energy lost from the sphere.

BNETOY = e J [2]

Q11.
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4 (a) State two functions of capacitors in electrical circuits. Eor
Examiners
et b i i B i i o B e e b e g e w g £ e B b dmad e b et Use
7 S S SR S S A S S S S S A A S
(2]

(b) Three uncharged capacitors of capacitance C,, C, and C, are connected in series, as
shown in Fig. 4.1.

plate A __

Fig. 4.1

A charge of +Q is put on plate A of the capacitor of capacitafce C,.

(i) State and explain the charges that will be obsétved on the other plates of the
capacitors.
You may draw on Fig. 4.1 if you wish.

(i) Use your answer in (i)do derive an expression for the combined capacitance of the
capacitors.
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(c) A capacitor of capacitance 12uF is charged using a battery of e.m.f. 9.0V, as shown in

For
Fig. 4.2. Examiner's
Lise
Sy Sy
S 12uF 20uF
9.0V T -
Fig. 4.2

Switch S, is closed and switch S, is open.

(i) The capacitor is now disconnected from the battery by opening S,.
Calculate the energy stored in the capacitor.

BNEIOY = J [2]

(ii) The 12uF capacitor is now connected to an uncharged capacitor of capacitance
20uF by closing S,. Switch S, remains open.
The total energy now stored in the two capacitors is 1.82 = 10744,

Suggest why this value is different from your answer in (i).

Q12.
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5 (a) (i) Define capacitance.

.............................................................................................................................. [1]
(ii) A capacitor is made of two metal plates, insulated from one another, as shown in
Fig 5.1
insulation metal
plate
Fig. 5.1

Explain why the capacitor is said to store energy but not charge.

(b) Three uncharged capacitors X, Y and ZN\each of capacitance 12uF, are connected as
shown in Fig. 5.2.

* 12puF
Ao——| |7- e
Fd

12pF | |

12pF

Fig. 5.2

A potential difference of 9.0V is applied between points A and B.
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(i) Calculate the combined capacitance of the capacitors X, Y and Z. For
Examiners
Use
capacitance = ... uF [2]

(ii) Explain why, when the potential difference of 9.0V is applied, the charge on one
plate of capacitor X is 72pC.

______________________________________________________________________________________________________________________________ [2]
(iii) Determine
1. the potential difference across capacitor X,
potential difference = ... VO[]
2. the charge on one plate of capacitor Y.
charge = ... uC [2]

Q13.
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State two functions of capacitors connected in electrical circuits.

a |V o

The capacitors have capacitances C;, C, and Cy. The power supplyprovides a potential
difference V.

Explain why the charge on the positive plate of €ach capacitor is different.

Use your answer in (i) talsiow that the combined capacitance C of the three

capacitors is given by thexexpression

C=C+Cy+ Cy

Examiners

WWW.MEGr#LECTU E.COM
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(c) A student has available three capacitors, each of capacitance 12uF.

Fo'r
Draw circuit diagrams, one in each case, to show how the student connects the three |Examiers
capacitors to provide a combined capacitance of Use
(i) BuF
[1]
(i) 18puF

[1]
Q14.

6 Anuncharged capacitor is connected in series with a battery, a switch and a resistor, as shown in

Fig.6.1.
-

———— 4700uF

Fig.6.1

The battery has e.m.f. 9.0V and negligible internal resistance. The capacitance of the capacitor is
4700 uF.

The switch is closed at time t = 0.
During the time interval t = 0 to t = 4.0s, the charge passing through the resistor is 22mC.
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(a) (i) Calculate the energy transfer in the battery during the time interval t =0 to t = 4.0s.

energy transfer = ... J [2]
(i) Determine, for the capacitor at time t = 4.0s,

1. the potential difference V across the capacitor,

2. the energy stored in the capacitar.

BNEIOY = oeieeeeeeceeeee et e eeeeeeensaeensaeeeseeeenans J [2]

(b) Suggest why your answers in (a){i) and (a)(ii) part 2 are different.

Q15.
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6 Three capacitors, each of capacitance 48uF, are connected as shown in Fig. 6.1.

48uF
A | ‘48|.LF B
| N )
48uF
Fig. 6.1

(a) Calculate the total capacitance between points A and B.

Ccapacitance = .....ccceimrerien s eeeesemnenesneenes WF[2]

(b) The maximum safe potential difference that can be applied across any one capacitor is 6V.

Determine the maximum safe potential difference that can be applied between points A and B.

potential difference = ..o VO [2]
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