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A solid metal sphere, of radius r, is insulated from its surroundings. 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.

Cf&/\/

Fig. 5.1

(i) Show that the capacitance C of the sphere is given by the expression

C = 4negyr.

=7 wV- { C%’( HACor
\4 Yalor A

C = CL - ? C = 4meor
HAEor 1]

(b) The sphere has radius 36cm.
Determine, for this sphere,

(i) the capacitance,
C' = 4megr

C = 4m (8.85 x 10%) (36 x 1077)

capacitance = .......ccccciiiiien F [1]
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(ii) the charge required to raise the potential of the sphere from zero to 7.0 x 10° V.

For
Examiner’s
Use
q=CV
Aq =CAV

Ag=(4x107") (7x1077)

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

/Y)OSI{' S/oke/es a’ré (Oﬁééchoms dnc{ C%w%in

s s unitormly ditibuded oo can b ...

(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 x 105V t0 2.5 x 10°V.

Calculate the energy dissipated in the spark.

1
E=-0V?
2

AE = %C vpgw?
-0

ENEIGY = occcirrrrieeeeiee e e e e e e e J [3]

1 _ 2 2
§x4x10“x[@-5xmﬂ-—wx1&)]
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5 (a) State two functions of capacitors in electrical circuits.

S QTORE ENERGY. oo
—~—
o Dsen i luwwe C L) S ———
[2]
(b) Three capacitors, each marked ‘30 uF, 6V max’, are arranged as shown in Fig. 5.1.
A || B
O ‘ ‘ ® e—O
30ur~
Fig. 5.1
Determine, for the arrangement shown in Fig. 5.1,
(i) the total capacitance,
1 1 n 1
L @ a’a
0nr COMF 1 1 1
CT 30 60 20
capacitanCe = ... uF [2]

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

and B. = o S—
—_———— =42
- q= a Qi = CaV, V=b+3
Max
: ies 30x%6 = boxVa =qy
q Same in 5o Y
“n 0 awa
o *‘ | }7&7- A Smallgr "€ moce 1\
T 30ur GOMF V4
WE &ssume ma X é\/ on o q
potential difference = .........cooiiii, V [2]

MAUM (%)a(i]LUVJ LC}O#F @ol'ﬁo ‘- C(\/l = CTOTA\_ \/A&
(30010°)(6)= (20107) Va3
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(c) A capacitor of capacitance 4700 uF is charged to a potential difference of 18V. It is then For
partially discharged through a resistor. The potential difference is reduced to 12V. Examiner’s
Calculate the energy dissipated in the resistor during the discharge. Use

1 2
AE = -C V=V’
% (4700 x 1078) (12? — 18?)

- O "(23 ENEIJY = eerieiiiiiiiiieeeeeeeesasneneeeeeeeeens J [3]

%ﬁg ‘o

DISCHAR& A &
l.
——%F— Vi, {P/e)(m"‘l’a’//
L
Vo
v, ~ ¢ L
3
te

L\IL\QU\ f_‘:fE(/ :_/?_(3}4

Rc = Gime c_d\asfa_/l.z ,/(-LQJ
- -
(%)= =
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7 A student sets up the circuit shown in Fig. 7.1 to measure the charge on a capacitor C for different
values of potential difference across the capacitor.

o ’[_:
‘\/ Vov a'Obéﬂ__,__ _1C meter to
(\D C’ / V—— < measure charge

T Q=2k

Fig. 7.1

The variation with potential difference V of the charge Q stored on the capacitor is shown in
Fig.7.2.

15 m

Q/mC
= A
10 :
” 1
i [
5 aus
9 CV

f 0 1 2 3 4 5 6
VIV

Fig. 7.2

(a) (State and explain)how Fig. 7.2 indicates that there is a systematic error in the readings of one
of the meters.

© UCLES 2016 9702/41/M/J/16
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(b) Use Fig. 7.2 to determine the capacitance, in uF, of capacitor C.
C= %fa cix et

ngl“é)
XD —X)

(s 5)a0”— 2780 x 107°
5-2.%

capacitance = ... S uF [3]

(c) Use your answer in (b) to determine the additional energy stored in the capacitor C when the
potential difference across its increased from 6.0V to 9.0V.

1 .
AE = C{Vf - Vi}

AE = - (27180 x 107°) (6°—-§") = —(.06255

DO | —

6.255 x 102

[Total: 8]

© UCLES 2016 9702/41/M/J/16 [Turn over



QA=CV =84

4 (a) Define capacitance.

Rakio of ckargfu 3%0/@4 1o pofen+ia1

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

the sphere is q.
The charge may be considered to act as a point charge 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 has capacitance. Use your answers in (a) and (b)(i) to show
that the capacitance of the sphere is proportional to its radius. -

q-¢cVv C=Urtor
C‘-i _ %/ HASo is constol <o,

\ %\_{OV> C xr

[1]
(c) The sphere in (b) has a capacitance of 6.8 pF and is charged to a potential of 220V.
Calculate o o
(i) the radius of the sphere,
e 6-8x 10712
C=HYACor) FE35 <10 )
=r’
L')\_ 20 _9
radius = ....... 61><1O ........... m [3]

© UCLES 2010 9702/42/0/N/10
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(ii) the charge, in coulomb, on the sphere. For
= — ~— Examiner's
Use

Q=0CV=6.8x10"1 x 220

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

—_—

Calculate

(i) the potential of the two spheres,

_ 1.5x107%
%CV% sxi02 "V

*_y

C

potential =

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

AFE = %Q (vf— v;)

x (1-5x 1071) (83 — 220)

DO | =

© UCLES 2010 9702/42/0/N/10 [Turn over



7 (a)

C= Q/\/
12

(X=CV

Explain what is meant by the capacitance of a parallel plate capacitor.

Rabio of chasge stored on ore Dlate of capacitor to

............................................................................................................................................... [3]
(b) A parallel plate capacitor C is connected into the circuit shown in Fig. 7.1.
X Y
haf . OX o
( 3"”?# s D/sumkce
S X Y p— X Y >
A S 120V | A s
= —— —_—C e -8
120V | cibe <A> —‘7 120V | qx10
PR PR
C p— C
T L.
< ' ' <
Fig. 7.1
When switch S is at position X, the battery of electromotive force 120V and negligible internal
resistance is connected to capacitor C. -
When switch S is at position Y, the capacitor C is discharged through the sensitive ammeter.
I -~
The switch vibrates so that it is first in position X, then moves to position Y and then back to
position X fifty times each second. -
: l 6
The current recorded on the ammeter is 4.5 uA. — = 000y
5o
Determine
(i) the charge, in coulomb, passing through the ammeter in 1.0s,
Q = [t = 45x10%x1
charge = 4°5><]‘0 ............... C[1]
© UCLES 2018 9702/41/M/J/18
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(ii) the charge on one plate of the capacitor, each time that it is charged,

(Dra = H 51107

@ = H-9x10 -
50

—8
charge = 90 X 10 C[1]

(iii) the capacitance of capacitor C.

Q —8
O == -9 x10
V C="%

capacitance = ...l F [2]

(c) A second capacitor, having a capacitance equal to that of capacitor C, is now placed in series
with C.

Suggest and explain the effect on the current recorded on the ammeter.

“lotal Capaci‘rmce is halved Clw total charge Pawsin

[Total: 9]

—HiH— ¢c;%\l

@’ﬁ ! Curvear |
2
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6 (a) Explain what is meant by the capacitance of a parallel plate capacitor.

C_apaci tance S ratio oF Chafg,e ona. 5/)29(0, ﬁ/az‘e of a

(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, ,é
AV 1 1 ‘1+6
6 6

[1]

(i) 4.0uF.

G ur

H EMF ] B
646 =e —| o Zj) =Jur

|
EMF [1]

(c) Two capacitors of capacitances 3.0uF and 2.0uF are connected in series with a battery of
electromotive force (e.m.f.) 8.0V, as shown in Fig. 6.1.

3.0uF 2.0uF

B

Fig. 6.1

© UCLES 2018 9702/42/M/J/18
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(i) Calculate the combined capacitance of the capacitors.
—_

1 1\ !
Cr= (g + 5)

CaPACIANCE = ..o uF [1]

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

_—

1. the charge on one plate of the capacitor,
~ T —————

Q

Q=CV

Q=(1-2x1079(8)

charge = .....cccccuveeeee. 9'6 ......................... uC
j. the energy stored in the capacitor. \/: g ) q | @ KM
E-1 QV ¢
2
L0607)(32) ~—
O R energy = ............. /.5X/0 .................... J

[4]
- = J_u @2' [Total: 10]
2C 7
-6\ 2
> S0 Iy
2 T 2

ol
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6 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. -
—_—

T switch S

Fig. 6.1

A switch S is used to connect either a third capacitor T, also of capacitance C, or a resistor R, in
. . _/\/v_, —_———
parallel with capacitor P. E—— g

(@) Switch S is in position X.

Calculate

(i) the combined capacitance, in terms of C, of the three capacitors,

Col 3 (Y

C+C

| iy
T
2.C C —2~C

CAPACITANCE = ..ooiiiiiiiiiiiiimg e T e e e e e e e e eeeeeeeeenaees [2]

(ii) the potential difference across capacitor Q. Explain your working.

&l:Ql \/|+\/D_: qV
CiVi=CiVa V4 Va =4V

V) - Cs

—_—

Vy G <

potential difference = ... V [2]

Charge dored in QL is Ve =2 V=2V,
e {'DCLG/?’Q shred Vs |

© UCLES 2017 9702/41/0/N/17
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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.

capacitor P: ... d d.QC(M 6"000 3-0V 1o ov

capacitor Q: ...l e
...’f.JL.?.rf.'..afn?r.fv;n..a?;.q\..of.."..;Q.\./.f.eerf.s.c.%me%}...49.(9%.%..T?.{T5%.9.?..% -

[Total: 8]

/l\V ﬂﬁ--’-{—%*\'«\ eX’*TOx 1‘0 Moo (JaQaust\ =9 \/
—r— & (ho
RN E— /\C- < Z.
T N <~ switch S
40V ! !W \/ X}XY<
N CA
— 3V R
v N C\ —
v a4 ~

ov

© UCLES 2017 9702/41/0/N/17 [Turn over
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7 (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.

— - {—

c, C G,

-

Fig. 7.1
The battery applies a potential difference V across the three capacitors.

Show that the combined capacitance C of the capacitors is given by

1 1 1 1

c~c tc, ey

\/:\/l‘{'\/l'f‘\/\g JQ=CV ; \/:Q/C
O -8 .08 +Qs Q=Q1= Q:=Qe
C

Cl C—l C%

= Tt — +

C C | C 2 C?)

(c) A battery of e.m.f. 12V and negligible internal resistance is connected to a network of two
capacitors and a resistor, as shown in Fig. 7.2.

[2]

1

200 uF

— ;l' .
12v !

T-mwé

Fig. 7.2

The capacitors have capacitances of 200uF and 600uF. The switch has two positions,
A and B.

© UCLES 2016 9702/42/F/M/16



15 | 200 uF

(i) The switch is moved to position A. 12V - A 8

Calculat .

alcuiate —[ 600 P-F p—
1. the combined capacitance of the two capacitors,

| I —\
( _L _L ) B L
C C2 200 GO0
combined capacitance = /50 ..................... uF [1]

2. the charge on the 600 uF capacitor, _l

Q _ C \/ 12v_::__
Q) = (150x107 (12) FL
-3 .
M &: {gX,O c charge = ....cooceeeeiiiieeeennne /XX/O ......... C[1]

Lﬂ%‘ Q 3. the potential difference across the 600 uF capacitor.
CA " ‘\d’ '

v=CQ . 12x107°

C L500x10°

potential difference = ...,

(ii) The switch is now moved from position A to position B.

—m—

Calculate the potential difference across the 600uF capacitor when it has discharged
| 50% of its initial energy.

£=lcovr ExV©

200 A )
v ¢ AL é‘( \/l
600 uF _ =
I =, T — — 2> \/3‘

© UCLES 2016 9702/42/F/M/16 q [Turn over
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6 (a) Define the capacitance of a parallel-plate capacitor.

...... Rabio of chos <. stored o o0 plake of fhe copacilor

(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 <I_+_|_+,)'{
& 4 7q
TMFE vy
|| || ||
| | |
[1]
(i) 10uF.
F HuF I B
S (L+2)i8-10mr
| |
||
|
g UF [1]

© UCLES 2019 9702/42/F/IM/19
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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.

: . .
! ' brid 5 _lc
A(v Y regtiﬁgr ' _Z7MF R
— -
"""""""" smoo\'ﬁun@ i
Fig. 6.1

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

&l e=—— o |
10 . | W(
|
| )
8 t
VIV + = = =
6 R TN ’ TN
/ 4
\ ~ 4 B ~ 4 ~ ~
4 ~ I~ ~
2
0 .
0 t t time t

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 t,.

de- ¢ (VezV, 2)

2.

-‘%"(H?Y\OFC) [ #547)

[Total: 7]

© UCLES 2019 9702/42/FIM/19 [Turn over
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4 (a) State two functions of capacitors in electrical circuits.

1 Store eaer 4 gmoo‘rﬁx_mg rechbed 4C

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

shown in Fig. 4.1.
'm&lwky ro -4 36 @

= &-)| o
e T
—_

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

(i) State and explain the charges that will be observed on the other plates of the

capacitors.
You may draw on Fig. 4.1 if you wish.

— Q s inducee on olake of C/ opposite 71‘0/)/.456”

+Q, - 0. ¥Q,-Q,+Q, - Q&
(ii) Use your answer in (i) to derive an expression for the combined capacitance of the
capacitors. T ——
L=CV
C ingeries=> Ve Q

V'r: V(‘l-\/)__'l-v_g c
Q G+ 0, c R, Shee &.:@f@g:@

—

E Cl C)/ Cg

( _ ( (

__/-—_’_‘l__ﬁ_(,\

C_T’O'f'a)/ C( C)_ E,:

.................................................................................................. TN
6&6%//@&’6/ éwg /@La”’ p/afgﬁ o 2]

[2]

For
Examiner’s
Use
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(c) A capacitor of capacitance 12 uF is charged using a battery of e.m.f. 9.0V, as shown in
Fig. 4.2. — —_—

1 12uF 20 uF
9.0V |

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.

L G:—:{LC\/l
T =L (pa0™)(7) ;

‘(%w Y, L0 e Q-=cv

o 1-86¢10 "

r\/lg,//tp: \/7,0 i~ =108 ue L= 110)  E e J 2]

s, S,

_(_ FR2uF

sov (\"Ti; o‘li

(i) The 12uF capacitor is now connected to an uncharged capacitor of capacitance

20uF by closing S,. Switch S, remains open. o
The total energy now stored in the two capacitors is 1.82 x 1074J.

hy this value is different from your answer in (i).
o lbete s eoegy dissipilabed dus b cesitonce o rtes

© UCLES 2011 9702/43/0/N/11

For
Examiner’s
Use



15

5 The variation with potential difference V of the charge Q on one of the plates of a capacitor is
shown in Fig. 5.1.

1.8 »
16 a5 H-cV
Q/10™4C 7 P
14 7 ? :m X
1.2 A
1.0 A
0.8 —
0.6 A
0.4 -
0.2 —
0
0 2 4 6 8 10 12
VIV
Fig. 5.1
The capacitor is connected to an 8.0V power supply and two resistors R and S as shown in
Fig. 5.2. - —
8.0V
O O
R
25kQ
X
| ]
I
Y
S
220kQ
Fig. 5.2

The resistance of R is 25kQ and the resistance of S is 220 kQ.
—_—

The switch can be in eW or position Y.

© UCLES 2022 9702/42/FIM/22 [TU rn over
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(@) The switch is in position X so that the capacitor is fully charged.

Calculate the erjirgy E stored in the capacitor.
C= 1
467
[ (-0 ) ( 7 )

=

|
>

E = e J [2]
(b) The switch is now moved to position Y.
(i) Show that the time constant of the disvcharge circuit isif_s_. / _H
— | }
L = R C (
7 ~ -5
= [BQOHO)( [-5x10 ) / Q=cV 3
c=Q _2xI0
- DDe \ v g @
(ii) The fully charged capacitor in (a) stores energy E. C = { Sx [O “‘5
gjjscha/g«& Determine the time t taken for the stored energy to decrease from E to E/9.
¢ 0N -
§ VE VR e €<l C"°ﬁ3+M
( - = l C\/ -t g ”“\/2
fom € = — g ke or V6 - €
Q\ 2~z C 0 - )/6
B Y
E ( l y ) ¢ RC
C\ —
- -\ 3
E> v L Y ’;L—/
_G,;(Loy “<?>‘33 t 3.6 Y
E/ \/ s S
q L9635 s
q-/8)* Qoo
’J\/’> Q-cv  Q=&¢
G‘ =2V /TL/ZC
/3— / _5’ V= Zﬂ é- t/ec
V=Y’ d = ZO

© UCLES 2022 9702/42/FIM/22
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(c) A second identical capacitor is connected in parallel with the first capacitor.
— N~

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

s ng)adjrcmCe s 0[9%&&6/ heon €€ fme.

.......................................................................................... 1 T e N

constunk s ahwo dousled .

[Total: 10]
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