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A solid metal sphere, of radius r, i5 insulated from its surmmoundings. The sphere has
charge +Q.

This charge is on the surface of the sphere but it may be considered to be a point charge at
its centre, as illustrated in Fig. 5.1.

Fig. 5.1

{a) (i) Define t:apat:.rtant:e
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(b} The sphere has radius 36cm.
Determine, for this sphere,

(i) the capacitance,
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(if) the charge required to raise the potential of the sphere from zero to 7.0 = 10° V.
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(e} Suggest why your calculations in (b) for the metal sphere would not apply to a plastic

sphere.
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(d) A spark suddenly connects the metal sphere in (b) to the Earth, causing the potential of
the sphere to be reduced from 7.0 = 10°V to 2.5 = 10°V

Calculate the energy dissipated in the spark.

At -

c (W)
L(W,V§
@%&@s

_ 22557

D e S T L

\“\05“’"0”[‘

\
(o]

'3@ ........... ‘“0\/ ..... chﬂk

5 (7-0) |

9.6

Qﬁ‘u&w __________

. [3]

J [3]

()

v v
Ry B

2



(a) (i) State what is meant by eleciric potential at a point.
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(ii) Define capacitance.
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{(b) The variation of the potential V/ of an isolated metal sphera with charge Q on its surface
is shown in Fig. 4.1.
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Fig. 4.1

An isolated metal sphere has capacitance.
Use Fig. 4.1 to determine

(i} the capacitance of the sphera,
£
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(if) the electric potential energy stored on the sphere when charged to a potential
of 150kWV.
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(c) A spark reduces the potential of the sphere from 150kV to 75k\V.

Calculate the energy lost from the sphere.
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An uncharged capacitor is connected in series with a battery, a switch and a resistor, as shown in
Fig.6.1.
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Fig.6.1

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

4700uF.

“
The switch is closed at time t = 0. C._ch.u\'b(
During the time interval { = 0 to f = 4.0s, the charge passing through the resistor is 22mC.

{a) (i) Calculate the energy transfer in the battery during the time interval t =01to t = 4.0s.
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energy transfer = ......... 0'20 .......................... J [2]
(i) Determine, for the capacitor at time { = 4.0s,

1. the potential difference V across the capacitor,

C:_(B__ = \1:9’; 227<\=? - LR
\ C M

2. the energy stored in the capacitor.
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(b) Suggest why your answers in (a){i) and (a)ii) E:: 2 are different.
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(a) (i) Define capacitance.

.............................................................................................................................. [1]
(i) A capacitor is made of two metal plates, insulated from one ancther, as shown in
Fig. 5.1.
insulaton metal
//’plale
o
Fig. 5.1

Explain why the capacitor is said to store energy but not charge.
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{(b) Three uncharged capacitors X, Y and Z, each of capacitance 12pF, are connected as
shown in Fig. 5.2. ]
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Fig.5.2

Q‘rz, T2 mC

A potential difference of 9.0V is applied between points A and B.

Q. 1 ,13°C

(i)} Calculate the combined capacitance of the capacitors X, Y and Z

T W =

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

1. the potential difference across capacitor X,

C.Q o 1N - Z%:)gg
N, N;

Vo 7L . 6
12

potential difference = é ...................... Vv [1]
2. the charge on one plate of capacitor Y.
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(a) State two uses of capacitors in electrical circuits, other than for the smoothing of direct current.

15
e o i B i £ o T e i i o S e a8 i B L [t ottt i E AT e
T (iii) Use your answer in (ii) to state the magnitude of the charge on one plate of
2]
(b) The combined capacitance between terminals A and B of the arrangement shown in Fig. 7.1 1. d Dﬂl]ﬂﬂi'll.'.llr ‘Df DEHEEitEI'IL".-E E
is 4.0 uF. L\ g
| |3-0uF C=6n% s T . uC

|
2. a capacitor of capacttance 3.0uF

Two capacitors each have capacitance C and the remaining capacitors each have
capacitance 3.0uF.

The potential difference (p.d.) between terminals A and B is 12V,

(i} Determine the capacitance C. -\
I R il
1 -
C/ s 6

(ii) Calculate the magnitude of the total positive charge transferred to the arrangement.

C < __Q___ ;> J’I*lof(o = Q
A% D2
CQ: L(g X\o’—g C,
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5 A sinusoidal alternating potential difference (p.d.) from a supply is rectified using a single diode.
The variation with time f of the rectified potential difference Vis shown in Fig. 5.1.
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Fig. 5.1

(a) (i) Determine the root-mean-square (rm.s.) value of the supply potential difference before

rectification. CS
'\/J.«\.s—_ Vo = 8 =S

/__’

Jz Jx

r.m.s. potential difference = ...~

(ii) State the type of rectification shown in Fig. 5.1.

I’\'\W‘w“‘éf N R RO e )

(b) The alternating potential difference is rectified and smoothed using the circuit in Fig. 5.2.

lm —T1

~ e R Vaur

| LI

Fig. 5.2

The capacitor has capacitance C of 85 uF and the resistor has resistance R.

The effect of the capacitor and the resistor is to produce a smoothed output potential
difference V.. The difference between maximum and minimum values of V is 2.0V

(i) OnFig. 5.1, draw a line to show V,  betweentimes t=1.0ms and = 5.0 ms. [3]

(ii) Determine the time, in s, for which the capacitor is discharging between times t=1.0ms
and f= 5.0 ms.

5Sx\os

time= ... FIRTRIE TSR I 18 Iy |

(iii) Use your answers in (b)(i) and (b)(ii) to calculate the resistance R.

O

é % e_t/{«' RC
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The vanation with potential difference V of the charge @ on one of the plates of a capacitor is
shown in Fig, 5.1
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Fig. 5.1

The capacilor is connected 1o an 8.0V power supply and two resistors R and S as shown in

Fig. 5.2,

a.0v
o o

]
220k

Fig. 5.2
The resistance of R is 25k and the resistance of S is 220 k.

The switch can be in either position X or position Y.

(@) The switch is in position X so that the capacitor is fully charged.,

Caloculate the energy E stored in the capacitar,

E. %\/Q
= Lr8x (124 \éu\>

- )1.%7&\0-‘1 7 -4

(b) The swiltch is now moved o position Y.

(1) Show that the ime constant of the discharge circuit 1s 3.3s.

T~ RyC

_ -
’ - L?,ox\o% £ (\,2 X\o
&

T 33 2

(i} The fully charged capacitor in (a) stores anargy E. = o

A
Determing the time t taken for the stored energy to decrease from E to £/9.= € \/_ \/° e RC

E-" —LC’Vl v L = _f/l- [:y@‘t/s'x @' Q C:L/RL
2 2z - Xo

P V V R 6 *

o g 2 —4. "-/
E()(i/‘:'> JO'VLI=W &Y\(% :D"\G’ 3> l . Toe RC

3
SV L,

v 0(3) = %3 .
fg 337( )"\()3‘>;"{'. ——-3“::.5. 2

. SC’E ]

£, y -
‘1. V}L A

\m

(c) Asecond identical capacitor is connected in parallel with the first capacitor,

State and explain the change, if any, to the time constant of the discharge circuit,

TQ\V:) ..... c *&u\—o‘ﬁ\cez;lc ............................................................................

OT= A« 20 = Tme codmd Lo

- (2]

[Total: 10]
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(a) Define the capacitance of a parallel-plate capacitor.

R¥o 4 oqe

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

has a capacitance of B.OuF.

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

(i) 16uF
| LI | |
1|
ﬁ”F AMF %uF
[1]
(i) 10uF guf
||
| | | |
| ] | |
Auf )'(V\F
[1]

10

le'lluf -1 bl L

(e) A capacitor C of capacitance 47uF is connected across the output terminals of a bridge
rectifier, as shown in Fig. 6.1.

: * .
‘J_; : . ' C
o y  bidge . = R
T ] rectifier ! A7 !.I.F
i 'i- L
Fig. 6.1

=
[
v,

time f

Fig. 6.2

Use data from Fig. 6.2 to determine the energy transfer from the capacitor C to the resistor R
between time £, and time £,

A LC@W

L (4758 5(71 i

77SSK\O 1



10 A bridge rectifier using four ideal diodes is shown in Fig. 10.1.

o K\T,
R = A e =
N F1S /NN
I 1\ |
N
R
< <
i I
| |
| |
Fig. 10.1

The sinusoidal altemating electromotive force (e.m.f.) applied betwean points A and B has a root-
mean-square (r.m.s.) value of 7.0V.

(a) () On Fig. 101, circle the diodes that conduct when point B is positive with respect to
point A. [1]

(if) Calculate the maximum potential difference V., across resistor .

4
\/{.«\-S: \fa => 7{55 - \L 20\80\

——

J2

e AT

(b) A capacitor is connected into the circuit to produce smoothing of the potential difference
across resistor R.

The variation with time f of the potential difference ¥ across resistor R is shown in Fig. 10.2.

k

" magnitude of
{__ripple

v
o fr'\“

-

Yo

Fig. 10.2

() On Fig. 10.1, draw the symbol for a capacitor, connected so as to produce smoothing.
[1]

(il) State the effect, if any, on the magnitude of the ripple on V whan, separataly: /\~

1. a capagtor of larger capacitance is usad

2. the resistor R has a smaller resistance.

aaiitesion, Ll dl s i LSRRl Rt
2]

[Total: 5]
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as.

Fig. 1 shows a football balanced above a metal bench on a length ol 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 ballis charged by touching it momentarily with a wire A connected to the
positive terminal of a 5000 V pawer 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

o (-8 » Q. N
T (120" (S0

= b x\o'q’ C

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

()  Show that the time constant for the ball to discharge thvough the pipe is
about 18 x 10°s

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

LTIR
Soco = LC\Q%\O}
2\ -2 —
S V20 VL N P L:%‘é
ball continues to at the constant rate calculated
(i) Wﬁmmmammmmmmmm

constant. T —

7.3 5 T LGSt

A NS
B 1S AL (Yo i T 0N
. )

(iv) Using the equation for the charge Q at time ¢
Q=Qe"™

show that, in practice, the ball only loses about 2/3 of its charge in a time
equal to one time constant. Ls

A ol L g
kY=

2o . 9

sF- T

() () R

(c) The ball is recharged to 6000 V by touching it momentarily with wire A. The ball is
mwcutmedhparaﬂelvlawireatomummedcapamoicapadm
1.2 x 107* F and a voltmeter as shown in Fig. 2.

A B I >
[_)} 1
I+ I
oy 12x10°F] B ¢
.
Flg. 2

()  The ball and the uncharged capacitor act as two capacitors in paraflel. The
total charge Q, is shared Instantly between the two capacitors. Explain why
the charge left on the ball is Q./1000.

Qs - 6&\54’(, CT - (\)7\\6‘\% *Ql + oj> - \,Zﬁ\o"g

C:_Qs’? ‘\I =_Q— =—,é_£—:5\[
v C et

C.,% 5@ G 5 ((266") xS . Gl C

6B @

(o0@

Qs = 6™



