QL.

5 A filament lamp operates normally at a potential difference (p.d.) of 6.0V. The variation with
p.d. Vof the current I'in the lamp is shown in Fig.5.1.




(a) Use Fig. 5.1 to determine, for this lamp,
(i) the resistance when it is operating at a p.d. of 6.0V,

resistance = ...........coevuueenn. :‘!0

0 é
(ii) the change in resistance when the p.d. increases from OV

O
&
’0'00
\%
Q’bc

into the circuit of Fig. 5.2.

(b) Tr

R
—
200Q

Fig.5.2

hange in resistance = ........cccoceiinniinnennens

....... Q

.......... Q

[4]




R is a fixed resistor of resistance 200 Q. The battery has e.m.f. E and negligible internal
resistance.

(i) On Fig.5.1, draw a line to show the variation with p.d. V of the current I in the
resistor R.

(ii) Determine the e.m.f. of the battery for the lamp to operate normally.

Q2. 0‘

7 A household electric lamp is rated as 240V, 60
tungsten and is a wire of constant radius 6.
normal operating temperature of the lampi

(a) Forthe lamp at its normal operati

(i) calculate the currentint

current =




(if) show that the resistance of the filament is 960 Q.

(3]

(b) Calculate the length of the filament.

. m[3]




8  Athermistor has resistance 3900Q at 0°C and resistance 1250€ at 30 °C. The thermistoris
connected into the circuit of Fig. 8.1 in order to monitor temperature changes.

thermistor

Fig. 8.1
The battery of e.m.f. 1.50V has negligible internal resistanceonlt eter has infinite
resistance.

(@) The voltmeter is to read 1.00V at 0°C. Show that th@nce of resistor R is 7800 Q.

2
0&0
4

(b) The‘tém \ thermistor is increased to 30 °C. Determine the reading on the

1.50V

(2]

ter.

vd;m”

®

reading = ... V [2]




(c) The voltmeter in Fig. 8.1 is replaced with one having a resistance of 7800 Q.
Calculate the reading on this voltmeter for the thermistor at a temperature of 0°C.

reading = oo V [2]

6 Two parallel metal plates P and Q are situated 8.0 cm apart ibairén in Fig. 6.1.

8.0cm

'
|
1
[
|
|
|

+160V 00
Q Fig. 6.1

plate P is maintained at a potential of +160V.

Pl?
PN
(@ (i) BhFi

plate

aw lines to represent the electric field in the region between the
(2]
(i) Show that the magnitude of the electric field between the plates is 2.0x10°V m'.

(]




(b} A dust particle is suspended in the air between the plates. The particle has charges of
+1.2x107'°C and -1.2x 10-'5C near its ends. The charges may be considered to be
point charges separated by a distance of 2.5 mm, as shown in Fig. 6.2.

+12x 1015 C

S _ direction of
electric field
-1.2x 10715 C q
L/

Fig. 6.2 \

The particle makes an angle of 35° with the directio@e ectric field.

(i) On Fig. 6.2, draw arrows to show the dire of'the force on each charge due to
the electric field. [1]

(if} Calculate the magnitude of the for&ch charge due to the electric field.

force = o N [2]
(iii) *D hitude of the couple acting on the particle.
®
COUPIE'S semvmemme s sy Nm [2]




(iv) Suggest the subsequent motion of the particle in the electric field.

Q5.

7 (a) Define the resistance of a resistor.

(b) Inthe circuit of Fig. 7.1, the battery has an e.m.f. of 3.00V and an
R is a variable resistor. The resistance of the ammeter is )
has an infinite resistance.




The resistance of R is varied. Fig. 7.2 shows the variation of the power P dissipatedin R
with the potential difference V across R.

120777777
PIW |
EEE BE W -
110 T I NN RN e ST
S R P R RERN
! 1T ::k/:. .,..\\
! AT
| / I N
1.0 ’ —

0.8 1.0 1.2

Fig. 7.2

(I} Use Fig. 7.2to determine

°
1. the maximum power dissipation 6
@ POWBE'S cuceeisivscesssivimiaasssiavaesssivstenii e w
2. the potential differen QR when the maximum power is dissipated.
Qﬁential difference = [‘1\;

sistance of R when the maximum power is dissipated.

(it} Hence calc

o

*

resistance = .. Q [2]

Fo
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(iff) Use your answers in (i) and (ii) to determine the internal resistance rof the battery.

(c) By reference to Fig. 7.2, it can be seen that there are two values of potential difference
V/ for which the power dissipation is 1.05W.
State, with a reason, which value of V/ will result in less power being ated in the
internal resistance.

Q6.

7 A circuit contains three similar lamps A

S,.S, and S;, as shown in Fig.7.1. 0

®——oF

Fig.7.1
One of the lamps is faulty. In order to detect the fault, an ohm-meter (a meter that measures
resistance) is connected between terminals X and Y. When measuring resistance, the ohm-
meter causes negligible current in the circuit.

Fig.7.2 shows the readings of the ohm-meter for different switch positions.

10




switch meter reading
S, S, = /8
open open open oo
closed open open 15Q
open closed open 30Q
open closed closed 15Q
Fig.7.2

(a) Identify the faulty lamp, and the nature of the fault.

(c) Determine the resistance of one of the n
meter. (

Q"’Q@

lamps, as measured using the ohm-

resistance= ........................ Q1]

11




(d) Each lamp is marked 6.0V, 0.20A.
Calculate, for one of the lamps operating at normal brightness,

(i) its resistance,

(ii) its power dissipation.

(e} Comment on

Q7.

12




2

(a) Define electric field strength.

{b) Two flat parallel metal plates, each of length 12.0cm, are separated by a distance of
1.5cm, as shown in Fig. 2.1.

electron
speed 5.0 x 10" ms™'

12.0cm ' 0

Fig. 2.1
g 0\
The space between the plates is a vacuum. ‘
The potential difference between the plates is 210V tric field may be assumed
to be uniform in the region between the plates an side this region.
Calculate the magnitude of the electric field str etween the plates.

2
0&0
4

field strength = ..o NC[1]

13




(c) An electron initially travels parallel to the plates along a line mid-way between the plates,
as shown in Fig. 2.1. The speed of the electron is 5.0 x 107 ms™!.

For the electron between the plates,

(i) determine the magnitude and direction of its acceleration,

acceleration =

direction

(if) calculate the time for the electron to travel a horj
of the plates.

stance equal to the length

14




(d) Use your answers in (c) to determine whether the electron will hit one of the plates or
emerge from between the plates.

0 [3]

ng a battery charger
in Fig. 6.1.

Q8.

6 A car battery has an internal resistance of 0.06002. It is re-c
having an e.m f. of 14V and an internal resistance of 0.10¢,

i car
0.060 ¢ battery

battery
charger

%
+

*
(a) At be he re-charging process, the current in the circuit is 42A and the
e.m#. of the is £ (measured in volts).

(i) Forthe circuit of Fig. 6.1, state
1. the magnitude of the total resistance,
resistance = .....cccoocciee e €

2. the total e.m f. in the circuit. Give your answer in terms of E.

15




(if} Use your answers to (i) and data from the question to determine the e.m f. of the
car battery at the beginning of the re-charging process.

(b} Forthe majority of the charging time of the car battery, the e.m mcar batteryis 12V
and the charging current is 12.5A. The battery is charg i rrent for 4.0 hours.
Calculate, for this charging time,

(i) the charge that passes through the battery,

(ii) the energ om the battery charger,

*

"”

®

BNEIGY = i nisnarsssan J [2]

16




(iii) the total energy dissipated in the internal resistance of the battery charger and the
car battery.

BNEIGY = e eier e J [2]

{c) Use your answers in (b) to calculate the percentage efficiency of transfer of energy from
the battery charger to stored energy in the car battery.

Q9.

6  An electric heater consists ofIthar heating elements A, B and C, connected as shown

in Fig. 6.1. \Exani
s

240V 0\317

Fig. 6.1

Each heating element is rated as 1.5kW, 240V and may he assumed to have constant
resistance.
The circuit is connected to a 240V supply.

17



(a) Calculate the resistance of one heating element.

resistance = ..o

(b) The switches S,, S; and S; may be either open or closed.

Complete Fig. 6.2 to show the total power dissipation of th

the positions indicated.

er / KW

S S; S;
open closed close
closed closed pen
closed closed 03%
closed ope open
closed 6 closed

Fig. 6.2

18
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[3]
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6 Two vertical parallel metal plates are situated 2.50cm apart in a vacuum. The potential

difference between the plates is 350V, as shown in Fig. 6.1. Exai
350V
electron
+ -

250cm |

Fig. 6.1 0

An electron is initially at rest close to the negative plate and in electric field
between the plates. Q\
(a) (i) Calculate the magnitude of the electric field be lates.

Q@e ric field strength = .......occooooeveccece e, NCTT 2]

the electron due to the electric field is 2.24 x 10~'%N.

(ii) Show that

K, -

*

[2]

19



(b) The electron accelerates horizontally across the space between the plates. Determine
E.Examm
(I) the horizontal acceleration of the electron, Uze

acceleration = ..... e M [2]

(if) the time to travel the horizontal distance of 2.50cm between the @ '
0\

(c) Explain why gravitational effects @electron need not be taken into consideration in
your calculation in (b).

. [2

Q11.

20



7

A network of resistors, each of resistance R, is shown in Fig. 7.

A Z

Fig. 7.1

(@) Calculate the total resistance, in terms of R, between point!\

() AandC, O

1.

C

Qstance=

Q"’Q

L ”‘
(iif) AandZ!

resistance = ..o

21

reSiStanCe = ..o

(1]

(1]




(b) Two cells of em.f. E, and E, and negligible internal resistance are connected into the
network in (a), as shown in Fig. 7.2. =1

L/

N

Fig. 7.2

The currents in the network are as indicated in F@&:

Use Kirchhoff's laws to state the relation 0
(i) between currents I, I, and I, o

(i) between E,, R, I, and I CXYB,

-]

M1

(iii) between E,, nd I, in loop ABCXYZA.

".’?’)

Q12.
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7

(@) A network of resistors, each of resistance R, is shown in Fig. 7.1.

Fig. 7.1 Py

Switches S, and S, may be ‘open’ or ‘closed’. 0
e f
“

Complete Fig. 7.2 by calculating the resistanc s of R, between points X and Y
for the switches in the positions shown.

w

1ce between points X and Y

switch S, switch S,

open

open

closed

[3]

&

*

23




(b) Two cells of em.f. E, and E, and nedligible internal resistance are connected into a |
="

network of resistors, as shown in Fig. 7.3.

M

I

The currents in the network are as indicated in
Use Kirchhoff's laws to state the relatic:
(i) between currentsI,, I.,, I, an

! [1]

Q13.
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(a) State what is meant by an electric field. For

Eramin
s

{b) The electric field between an earthed metal plate and two charged metal spheres is
illustrated in Fig. 5.1.

earthed
metal plate

charged

charged
sphere

sphere \

)@o show its charge. [1]

gnhitude of the electric field is

(il ©OnFig.5.1, label each sphere wit
(i) ©On Fig.5.1, mark a region wh
[1]
[1]

1. constant (label this r

decreasing (|

o

&

®

25



(c) A molecule has its centre P of positive charge situated a distance of 2.8 x 10~'"m from

its centre N of negative charge, as illustrated in Fig.5.2.

Jwal 0—1 ] m
=

Pe.
. : applied
£ ey e electric field
3”/ 5.0 %104 Vm"’
Yy
i
e
molecule 0
Fig. 5.2
The molecule is situated in a uniform electric field of field stre 10V m-". The
axis NP of the molecule is at an angle of 30° to this uniform electric field.
The magnitude of the charge at P and at Nis 1.6 x 107
(I} On Fig. 5.2, draw an arrow at P and an arro show the directions of the
forces due to the applied electric field at ea e points. [1]

(ii} Calculate the torque on the molecule pc@the forces in {i).

Q14.
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An electric heater is to be made from nichrome wire. Nichrome has a resistivity of

1.0 x 108 @m at the operating temperature of the heater.

The heater is to have a power dissipation of 60W when the potential difference across its
terminals is 12V.

(a) Forthe heater operating at its designed power,

(i) calculate the current,

current= ..o B ... A[2]
L/
(if) showthat the resistance of the nichrome wire is 2.4 9‘\
o
(b) Calculate the length of EEQwire of diameter 0.80 mm required for the heater.
d
%

®

length = e m [3]

27




{c) A second heater, also designed to operate from a 12V supply, is constructed using the

Q15.

6

same nichrome wire but using half the length of that calculated in (b).

Explain quantitatively the effect of this change in length of wire on the power of the !

heater.

(a) A metal wire of constant resistance is used in an electric heater.
In order not to overload the circuit for the heater, the supply e heater is g i
reduced from 230V to 220V.

Determine the percentage reduction in the power output OOater

o’b

reduction =

Q°Q

28
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(b) A uniform wire AB of length 100cm is connected between the terminals of a cell of
e.m f. 1.5V and negligible internal resistance, as shown in Fig. 6.1.

1.5V

|
|I

100 em

0\£ >
An ammeter of internal resistance 5.0 is co ed to end A of the wire and to a
contact C that can be moved along the wire.

Determine the reading on the ammeter @gmact C placed

(i) atA, Q@Qﬁ

Fig. 6.1

¥

A g [QAAING = oo A1]
(ii) atB. For
Ex aming
Use
reading'=: svossmsmenearnmrnsaEs A [1]

29



(¢} Using the circuit in (b}, the ammeter reading I is recorded for different distances L of the
contact C from end A of the wire. Some data points are shown on Fig. 6.2.
04 T
I/A —H
0.3 =
0.2 +—H—+
0.1 e
0 20 40
Fig. 6.2
(i) Use your answers in (b) to plot a ts on Fig. 6.2 corresponding to the
contact C placed at end A and at e the wire, [1

(ii) Draw a line of best fit for all aftl e flata points and hence determine the ammeter
reading for contact C place @ e midpoint of the wire.

Q’b

reading = ..o A[1]

&

30




(iff) Use your answer in (ii) to calculate the potential difference between A and the

.F
contact C for the contact placed at the midpoint of AB. Exa.woi;
Lse
potential difference = ... V[2]
(d) Explain why, although the contact C is at the midpoint of wire AB, the answ
not numerically equal to one half of the e.m f. of the cell.
.................................................................................... 0[2]
Q16.
6 (a) (i) State whatis meant by an elect For
Craming
.......................................................................................................................... L@.e
................................................................................................................... 1
(ii) Define electric pote
........................................................................................................... 1

tential difference V of the current I in a component Y and in a
n in Fig.6.1.

*
(b) mﬁfgiatio

resisfor R ar

31



o7

ITiA

0B

0.5

0.4

0.3

0.2

| cormponent ¥

resistor R

......

32
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Use Fig. 6.1 to explain how it can be deduced that resistor R has a constant resistance

of 204Q. 1=

2]

(c) The component Y and the resistor R in (b) are connected in parallel as shown in
Fig.6.2.

_T_E Y R| |200 e
__I__

0\£ >
Fig. 6.2 0

A battery of em.f. E and negligible internal resi ce is connected across the parallel

combination.
Use data from Fig. 6.1 to determine o
(i) the currentinthe batteryQ@f. E of 6.0V,

0 current = .. JA ]

fthe circuit for an e.m.f. of 8.0V.

(i) thetotal r

&

®

FESISANEEE .o vvismmsommamns i e snes 58 12)
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(d) The circuit of Fig. 6.2 is now re-arranged as shown in Fig. 6.3.

The current in the circuitis 0.20A. Q
(i) Use Fig. 6.1 to determine the e.m.f. E of the battery. Q
L/
E= ‘\ ........................ V 1]

(if) Calculate the total power dissipated in compon @resistor R.

34
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5

(a) A variable resistor is used to control the current in a circuit, as shown in Fig. 5.1.

I 12V
=0
®
6.09
e
Fig. 5.1

The variable resistor is connected in series with a 12V power supply of negligible internal
resistance, an ammeter and a 6.0 X2 resistor. The resistance R of the e resistor
can he varied between 0 and 12 %.

(I} The maximum possible current in the circuit is 2.0A. e minimum

possible current. 0\

minimum :E .............................................. A[2]
(if) On Fig. 5.2, sketch the variatio @of current I, in the circuit.
o
2 a5 i
e '
8 12 pio
[2]

Fig. 5.2

35
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(b) The variable resistorin (a) is now connected as a potential divider, as shownin Fig.5.3. , ;

Eran
12V :
-
| |
—
LYy A
A
6.0
| —
| I
Fig. 5.3 z
Calculate the maximum possible and minimum possible current I, inE @r.
H
0 | i .-____
g v
(2]
Fig. 5.4

36



(1) The resistor of resistance 6.0% is replaced with a filament lamp in the circuits of
Fig. 5.1 and Fig. 5.3. State an advantage of using the circuit of Fig. 5.3, compared
to the circuit of Fig 5.1, when using the circuits to vary the brightness of the filament
lamp.

Q18.

5 (a) Fora cell, explain the terms z .
Examit
(i) electromotive force (e.m.f.), é

...................................... [1]

(if}) internal resistance.

{(b) The circuit of Fig. 5.1 shows @ries A and B and a resistor R connected in
series.
O -
[ ]
L 1

jt ity

0:3’ | Tflzvl
o A B: = :
: 0.2(%-9

|__ S—

Fig. 5.1

Battery A has an e.m.f. of 3.0V and an internal resistance of 0.10%2. Battery B has an
e.m.f. of 12V and an internal resistance of 0.20 2. Resistor R has a resistance of 3.3 Q2.

37
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(i) Apply Kirchhoff's second law to calculate the current in the circuit.

CUMTENE = e A[2]

(if} Calculate the power transformed by battery B.

POWET Sy éq ........ W [2]

(iii) Calculate the total energy lost per second istor R and the internal
resistances.
energ Fsecond = ussnanannininanainas Js71[2]

{c) The circuit of Fig. 5.1 may Qd to store energy in battery A. Suggest how your

nt.

answers in (b) support thj

38
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5 (a) (i) OnFig.5.1, sketch the I —V characteristic for a filament lamp. For

Examing
A s
I/A
0 -
a VIV
Fig. 5.1 0
[2]
(if} Explain how the resistance of the lamp may be calculated ge from its
I -V characteristic. 0\
........................................................................ 0[1]

(b} Two identical filament lamps are connected
power supply that has negligible internal r
and Fig. 5.3 respectively.

series, and then in parallel, to a 12V
e. The circuits are shown in Fig. 5.2

12V 12V

—{F--{—

Fig. 5.2 Fig. 5.3

39



(I} State and explain why the resistance of each lamp when they are connected in

series is different from the resistance of each lamp when they are connected in

parallel.

.............................................................................................................................. [3]
(if} Each lamp is marked with a rating 12V, 50W’. Calculate the total resi of the

circuit for the two lamps connected such that each lamp uses this

o

4 (a) The output of a heateris 2.5 kah&ectedto a 220V supply.

(i) Calculate the resistance of@ter.

total resistance =

Q20.

| (=T =) [o] e R ——— o I ] |

40
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(i) The heater is made from a wire of cross-sectional area 2.0 x 10" m? and resistivity
1.1x10%Qm.

Use your answer in (i) to calculate the length ofthe wire.

(b) The supply voltage is changed to 110V. 9
() Calculate the power output of the heater at this volta: hg there is no

change in the resistance of the wire.

e way that the wire of the heater could be

sin (a).

5 (@) (i) State Kirchhoff's second law.

| Bt

11

(if) Kirchhoff's second law is linked to the conservation of a certain quantity. State this
quantity.

-1
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(b) The circuit shown in Fig. 5.1 is used to compare potential differences.

oosellA L
©2.0V
: | 0.50Q
C ; I T D
' | I S
Iy
R
0.90m
X :
_____________ N 0
L E ;o
! || — uniform resis ire
I |' — len
e 3 L/
cell B ‘\
Fig. 5.1
The uniform resistance wire XY has length 1. d resistance 4.0Q. Cell A has

e.m.f. 2.0V and internal resistance 0.50¢. T. nt through cell A is I. Cell B has
e.m.f. E and internal resistance r.

The current through cell B is made z& the movable connection J is adjusted so
that the length of XJis 0.90m.Th resistor R has resistance 2.5Q.
(i) Apply Kirchhoff's secon e circuit CXYDC to determine the current I.

Q

L
&

®

42




(if) Calculate the potential difference across the length of wire XJ.

potential difference = ... V2]

<

(iv) State why the value of the internal resistanc B is not required for the
..................................................... 0[1] |

4 A battery of electrom
resistors and a lig resistor (LDR), as shown in Fig. 4.1. Exan

(iif) Use your answer in (ii) to state the value of E.

Q22.

8.0k
X S
12ka _|:IJ ¥
(a0
A
Y
Fig. 4.1

An ammeter is connected in series with the battery. The LDR and switch S are connected
across the points XY.

43



(a) The switch S is open. Calculate the potential difference (p.d.) across XY.

(b) The switch S is closed. The resistance of the LDR is 4.0 k<. Calculate the current in the
ammeter.

current MW s R A [3]

(¢} The switch S remains closed. The intensity ght on the LDR is increased. State
and explain the change to

(i) the ammeter reading,

(i) the p.d.

Q23.

44
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4 (a) Define electric field strength.

(b) A uniform electric field is produced by applying a potential difference of 1200V across
two parallel metal plates in a vacuum, as shown in Fig. 4.1.

o] —~
1200V 14mm metal plates
o]
8
: 20
P E}
Fig. 4.1

g 0\
The separation of the plates is 14mm. A particle P with ¢ 2x107" C and mass
6.6 x 10727 kg starts from rest at the lower plate and is rtically to the top plate

by the electric field.

Calculate
(i) the electric field strength between t pla@

Qelectric field strength = ... vm' [2]

the electric field,

(if} the work do
23

""

®

WOrk done = oo J[2]

45




(ifi) the gain in gravitational potential energy of P,

gain in potential ENergy = .....ccoccceivi i J[2]

(iv) the gain in kinetic energy of P,

gain in kinetic energy = ...............4. é .. ! ........... J[1]
(v) the speed of P when it reaches the top plate. ‘\

00
Q,bQ ot e

Q24.

&

*
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5

(a) (i) State Kirchhoff’s first law.

(if) Kirchhoff’s first law is linked to the conservation of a certain quantity. State this
quantity.

(b) A variable resistor of resistance R is used to control the current in a circuit, as shown in
Fig.5.1.

The generator G has e.mf. 20V and in@sistance 0.50Q. The battery has e.mf.
12V and internal resistance 0.10 Q. Th t in the circuit is 2.0A.

(i) Apply Kirchhoff's second | ircuit to determine the resistance R.

L
&

®
(ii} Calculat total power generated by G.

47
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(iii} Calculate the power loss in the total resistance of the circuit.

(iv) The circuit is used to supply energy to the battery from the generator. Determine

the efficiency of the circuit.
0\£ >
efficiency = o ................................. [2]
Q25.

6 Two resistors A and B have resistances f[ibd@pectively. The resistors are connected

in series with a battery, as shown in Fig.

o

Q’é

A B
L 2
o0 ’?0 R R,
®
Fig. 6.1

The battery has electromotive force (e.m f.) £ and zero internal resistance.
(a) State the energy transformation that occurs in

(1) the battery,

48
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(if) the resistors.

............................................................................................................................. [1]
(b) The current inthe circuit is I.
State the rate of energy transformation in
(i) the battery,
............................................................................................................................. [1]

(if) the resistorA.

é Fo
‘ Exami,
resistor A ‘ 9 B
resistivity of metal P pl2

length of wire 1 1
diameter of wire d 2d
6.2
Use information from Fig. 6 ermine the ratio

dissipated in A
ower dissipated in B~

&

= T —— [3]
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(d) The resistors A and B are connected in parallel across the same battery of e.m.f. E.
Determine the ratio

power dissipated in A
power dissipated in B~

Q26.

6 (a) Define charge. 0.

{b) A heater is made from a wire of resistanc
240V. The heater is switched on for M

and is connected to a power supply of

Calculate

(i) the power transmrmec&er,

in the heater,

currant = . amnaame A[1]

50
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(iii)} the charge passing through the heater in this time,

CHARGEIS s rene s sy s e imsm e io i e s o C[2]

(iv) the number of electrons per second passing a given point in the heater.

Q27.

6 (a) Define potential difference (p.d.).

(b) A battery of electro
with two resist

20\ and zero internal resistance is connected in series
. as shown in Fig. 6.1.

| 20V_||

—400¢

Fig. 6.1

The resistance of R, is 600£2. The resistance of R, is varied from 0 to 400 Q.

51
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Calculate

(i} the maximum p.d.across R.,

maximum p.d.= ..

(1) the minimum p.d. across R,.

minimum p.d.= ..

@&2, as shown in Fig. 6.2.

(c) A light-dependent resistor (LDR) is connected in par

Wh e

1 .tkg’
®

(i) Forthe

total resistance =

52

— ey A8

is varied, the resistance of the LDR changes from 5.0kez to

aximum light intensity, calculate the total resistance of R, and the LDR.




(ii) The resistance of R, is varied from 0 to 4002 in the circuits of Fig. 6.1 and
Fig. 6.2. State and explain the difference, if any, between the minimum p.d. across
R, in each circuit. Numerical values are not required.

Q28.

6 An electron travelling herizontally in a vacuum enters the region between twe, horizontal
metal plates, as shown in Fig. 6.1. é
T + 400V

0\
electron P 0‘

path

Pk

region of /
electric field

>

per plate is at a potential of + 400 V. The separation of

The lower plate is earthed
the plates is 0.80 cm.

The electric fial the plates may be assumed to be uniform and outside the plates

to be zero.

&

®
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(a) OnFig. 6.1,

(i) draw an arrow at P to show the direction of the force on the electron due to the
electric field between the plates,

(if) sketchthe path of the electron as it passes between the plates and beyond them.
[3]

(b) Determine the electric field strength E between the plates.

e
...

(i) theforce onthe electron,

(c) Calculate, for the electron between the plates, the mE@d

54




(i) its acceleration.

acceleration =

(d) State and explain the effect, if any, of this electric field on the horizontal co nent of
the mation of the electron.

Q29.

©

7 A student set up the circuit shown in Fig. 7.1. E

Fig. 7.1

The resistors are of resistance 15 Q and 45 Q. The battery is found to provide 1.6 x 10%J of

electrical energy when a charge of 1.8 x 10*C passes through the ammeter in a time of
1.3x 10%s.
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(a) Determine

(i) the electromctive force (e.m f.) of the battery,

(ii) the average current in the circuit.

56




(b) During the time for which the charge is moving, 1.1 x 105J of energy is dissipated in the
45Q) resistor.

(i) Determine the energy dissipated in the 15 Q resistor during the same time.

@g 9.0 cm apart in a vacuum, as illustrated in

Q30.

5 Two large flat metal plates A and B

Fig. 5.1,
plate B
9.0cm '
0:? -
A g
|
| -"-.I I
450V
Fig. 5.1
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A potential difference of 450V is maintained between the plates by means of a battery.

(@) (i) On Fig.5.1, draw an arrow to indicate the direction of the electric field between
plates A and B.

(ii) Calculate the electric field strength between A and B.

fieldstrength = ................. ! '»....NC'
L/

(b) An electron is released from rest at the surface of plw \

(i) Show that the change in electric potential e
is 7.2x10717J.

oving from plate A to plate B

58




(ii) Determine the speed ofthe electron on reaching plate B.

T, T . O ms™

Q )
(c) On the axes of Fig.5.2, sketch a graph to show the variation‘rité\ d from plate

A of the speed vofthe electron. ‘\ [1
'y q '
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7

An electric heater is rated as 240V, 1.2k and has constant resistance.

(a) For the heater operating at 240V,

(i) show thatthe currentin the heater is 5.0 A,

(ii) calculate its resistance. é a

[4]

¥
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(b) The heater in (@) is connected to a mains supply by means of two long cables, as
illustrated in Fig. 7.1.

mains cables, heater
supply total resistance 4.0 ?420&;
C ..............
Fig. 7.1

so that the heater operates normally at 240V. Using your answ ), where
appropriate, calculate

(i) the potential difference across the cables, O\é
eQential difference = .. ...l v

supply,

The cables have a total resistance of 4.0 Q2. The voltage of the mains sum adjusted

(ii) thevoltage of t

&

*

voltage = ....oii A
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(ili) the power dissipated in the cables.

power dissipated = ... W

(c) Using information from (bh), determine the efficiency & at which power is tra@ed from

the supply to the heater. That is, calculate
power dissipated in heater é

e =

power input from supply

~o
0

Q,‘,Q . m

Q32. ":?0

*
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6

(a)

Fig. 6.1 shows the variation with applied potential difference V of the current Iin an electrical
component C.

0T RS RN ENERASEEEESSSESSEEYSENNNNSEESRSSEY a8

I/mA

3.0

Fig. 6.1

(i} State, with a reason, whether the g@si
decreases with increasing potential differe

................................................................................................................... [2]
(i) Determine the resQ@mponent C at a potential difference of 4.0V.
e 1
A
*®
resistance = ... Q [2]
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{(b) Component C is connected in parallel with a resistor R of resistance 1500 and a
hattery of e.m.f. E and negligible internal resistance, as shown in Fig.6.2.

-
E | c q{| 15000
—_

Fig. 0.2 <

(i) On Fig. 6.1, draw a line to show the variation with¢p téﬁ rence V of the

current 7in resistor R. [2]

(if) Hence, or otherwise, use Fig.6.1 to determi *rrent in the battery for an
emf of 2.0V. &

(c) The resistor R of res

Q? current = ., A [2]
ﬁ 0 @2 and the component C are now connected in series
FO7.0V and negligible internal resistance.

Q33.
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6 Two horizontal metal plates X and Y are at a distance 0.75cm apart. A positively charged
particle of mass 9.6x 10-'%kg is situated in a vacuum between the plates, as illustrated in
Fig. 6.1.

Exa

plate X

0.75cm o

plate Y

<

Fig. 6.1 PN
N

The potential difference between the plates is adjusted u@ icle remains stationary.
ged

(@) State, with a reason, which plate, X orY, is positi

-2

@ i the particle to be stationary between the plates is

(b) The potential difference re
found to be 630V. Calcul

(i) the electri gth between the plates,

L
&

®

fieldstrength = ... iiiiii i NC' [2]
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(if)

the charge on the particle.

charge =

Q34.
7  Abattery of em.f. 4.50V and nedligible internal resistance is conn
resistor of resistance 1200 Q and a thermistor, as shown in Fig’.7.
c ‘\
oQ
450V ¢ (: 0 B
! A
Fig. 7.1
Py 4 | |
(a) Atrfoom t re, the thermistor has a resistance of 1800Q. Deduce that the

pofential d

66

ce across the thermistor (across AB) is 2.70V.

s with a fixed

(2]

rm




(b) A uniform resistance wire PQ of length 1.00m is now connected in parallel with the
resistor and the thermistor, as shown in Fig. 7.2.

c p
G remam====en .
12000
4.50V _T_ B 1.00m
M
B T o)
Qo

Fig. 7.2 ‘\

A sensitive voltmeter is connected between poin g moveable contact M on the
wire.

(i) Explain why, for constant current i the potential difference between any
two points on the wire is proportional to distance between the points.
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(i) The contact M is moved along PQ until the voltmeter shows zero reading.
1. State the potential difference between the contact at M and the point Q.
potential difference=...................oll V [1]

2. Calculate the length of wire between M and Q.

(ili) The thermistor is warmed slightly. State and explct on the length of wire
fle

ction.

between M and Q for the voltmeter to remair@

Q35.
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7 (a) Distinguish between the electromotive force (e.m f.) of a cell and the potential difference

(p.d.) across a resistor. E“:?
s
..................................................................................................................................... [3]
(b) Fig.7.1.is an electrical circuit containing two cells of e.m f. E, and E,.
£, Ry
§ | ——°
Iy 0
E, R,
X | - L,
L PY
RS
B — C
Fig. 7@
The cells are connected to resistors @ance R;. R, and Ry and the currents in the
branches of the circuit are I, I a? hown.
(i) Use Kirchhoff's first law own an expression relating I, I, and L.
........................................................................................................... [1]
{if) Use Kirch nd law to write down an expression relating
1.
*
Mo 30 T —_— [1]
2 5, Ry, Ry, Iy and I in the loop AXYDA.
...................................................................................................................... [1]

Q36.
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6

An electric shower unit is to be fitted in @ house. The shower is rated as 10.5kW, 230V. The
shower unit is connected to the 230V mains supply by a cable of length 16 m, as shown in
Fig.6.1.

copper wire

shower unit
230V supply 10.5 KW
230V
copper wire ! 16m
Fig. 6.1

(a) Show that, for normal operation of the shower unit, the current is app Qy 46A.

°
00 2]

the cable causes the potential difference across the
ential difference across the shower unit must not be

(b) The resistance of the t
shower unit to he re
less than 225V
The wires int
Assuming th

re made of copper of resistivity 1.8 x10-Qm.
nt in the wires is 46 A, calculate
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(i)

the maximum resistance of the cable,

resistance = ... @
(if) the minimum area of cross-section of each wire in the cableé@

N
‘O‘
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(¢} Connecting the shower unit to the mains supply by means of a cable having wires with
too small a cross-sectional area would significantly reduce the power output of the
shower unit.

() Assuming that the shower is operating at 210V, rather than 230V, and that its
resistance is unchanged, determine the ratio

power dissipated by shower unit at 210V
power dissipated by shower unit at 230V °

({if} Suggest and explain one further disadvan ingwires of small cross-sectional

area in the cable. ::
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Two parallel plates P and Q are separated by a distance of 7.6mm in a vacuum. There isa ..

potential difference of 250V between the plates, as illustrated in Fig. 4.1. \Exanine
Lisa
7.6 mm
plate P~ | X [ plate @
S —

250V

plate Q.

—

Fig. 4.1 9
Electrons are produced at X on plate P. These electrons accelerate ‘; and travel to

The electric field between the plates may be assumed to be un

(a) (i) Determine the force on an

(if) Show th

” §Iat

£,

electron due to t ic field.

o@’

’b

ge in kinetic energy of an electron as it moves from plate P to

(2]
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(ili) Determine the speed of an electron as it reaches plate Q. o

Examiners
Lise

(b) The positions of the plates are adjusted so that the electric field between them is not
uniform. The potential difference remains unchanged.
State and explain the effect, if any, of this adjustment on the speed of an as it

reaches plate Q.
___________________________________________________________________________________________________ ,

Q38. c 0
7 A potential divider circuit consists % sistors of resistances P and Q, as shown in

Fig.7.1.

Fig. 7.1

The battery has e.m f. £ and negligible internal resistance.
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(a) Deduce thatthe potential difference V' across the resistor of resistance Pis given by the
expression

Q -
(b} The resistances P and Q are 2000 Q and 5000 2 respectively. q
A voltmeter is connectedin parallel with the 2000 Q resistor angl @; Nistor is connected

in parallel with the 50002 resistor, as shown in Fig. 7.2. ‘

"

2000Q 0Q

o

49
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The battery has e.m f. 6.0V. The voltmeter has infinite resistance.

() State and explain qualitatively the change in the reading of the voltmeter as the
temperature of the thermistor is raised.

(if) The voltmeter reads 3.6V when the temperature of the thermistor is 19°C.
Calculate the resistance of the thermistor at 19 °C. 0

Q39.

6 A cell has electromotive force (
with a variable resistor R, as

nd internal resistance r. It is connected in series For

ig. 6.1. Ecaminers
Use

Fig. 6.1

(a) Define electromative force (e.m f.).




(b) The variable resistor R has resistance X.Show that
power dissipated inresistorR _ X
power produced in cell X +r
&
(c) The variation with resistance X of the power P, dissip is shown in Fig. 6.2.
20T
Pn /W i I I I 1 i . ]
151 b = = - . . 1 I :
1.04ff ~
f 4 . . 4 q da ] . 45 =
L] . ] _: N 4_'-_-....__5;,: N EEEENEN
0.5+— - - — -
" ] |
0 0.5 1.0 1.5 20 25 3.0
X182
Fig. 6.2
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(i} UseFig. 6.2 to state, for maximum power dissipation in resistor R, the magnitude of
this power and the resistance of R.

MaxXimUM POWET = i ee e W
resistance = e Q
[2]

(i) The cell has e.m f. 1.5V.
Use your answers in (i) to calculate the internal resistance of the cell.

internal resistance = 0 . Y e 2 [3]

, the power dissipation decreases.
ge, despite the lower power output, of
is larger than the internal resistance of

(d) In Fig.6.2, it can he seen that, for larger val
Use the relationship in (b) to suggest
using the cell in a circuit where the rﬂsta

the cell.

Q40.
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(a) Two resistors, each of resistance R, are connected first in series and then in parallel.

Show that the ratio

combined resistance of resistors connected in series
combined resistance of resistors connected in parallel

is equal to 4.

<
O
’\é [1]

(b) The variation with potential difference V of the curr amp is shown in Fig. 6.1. ‘

Bziiaas

I/A

VIV

3.0

79



Calculate the resistance of the lamp for a potential difference across the lamp of 1.5V.

in series and then in parallel with a battery of emf. 3.0V and

resistance =

ible internal

(c) Two lamps, each having the I-V characteristic shown in Fig. 6.1, ar@ecled first

resistance.

Complete the table of Fig. 6.2 for the lamps connected to we

&

p.d. across
each lamp/V

resistanc

lamps connected in
series

lamps connected in
parallel

80

combined resistance
of lamps/Q)

[4]




(d) (i) Use data from the completed Fig. 6.2 to calculate the ratio

combined resistance of lamps connected in series
combined resistance of lamps connected in parallel

(if) The ratios in {(a) and (d)(i) are not equal.

By reference to Fig. 6.1, state and explain qualitatively the change in the resistance
of a lamp as the potential difference is changed.

Q41.

6 (a) Alamp is rated as 12V, 36W. ; 0

(i) Calculate the resistance of the

its working temperature.

resistance = ... e [2]
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{(iij On the axes of Fig. 6.1, sketch a graph to show the current-voltage (I-V)
characteristic of the lamp. Mark an appropriate scale for current on the y-axis.
I/A
o &6 12
ViV
Fig. 6.1 ‘\
(b) Some heaters are each labelled 230V, 1.0kW. The have constant resistance. For

Examiner
Determine the total power dissipation for connected as shown in each of the tse
diagrams shown below.

230V Q
o
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(i)

230V
O =3

e S I I e, O N Y B

POWET = e kW [1]

(1ii)

Q42.
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6  The variation with temperature of the resistance R- of a thermistor is shown in Fig. 6.1.

A0 T

3.0+

R /KR

1.0+

perature /°C

Fig. 6.1

The thermistor is connected into the cic@ 6.2.
a 1.6k

W—r7
qov
“% !
s | F---11
Fig. 6.2
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The hattery has e.m.f. 9.0V and negligible internal resistance. The voltmeter has infinite =~
resistance. Exanin
Lise
(a) Forthe thermistor at 22.5°C. calculate

(i) the total resistance between points A and B on Fig. 6.2,

resistance = ...........cceeeeee 0 2 [2]

(ii) the reading on the voltmeter. VS

@nmeter reading = ... V [2]

(b) The temperature of t stor is changed. The voltmeter now reads 4.0V.
Determine

(i) the nce between points A and B on Fig. 6.2,

&

®

resistance’= suosvrrsssars samnreeEas Q1121
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(if) the temperature of the thermistor.

Far
Ecaminers
Lse
temperature = ... “C[2]
(c) A student suggests that the voltmeter, reading up to 10V, could be calibrated to measure
temperature.
Suggest two disadvantages of using the circuit of Fig. 6.2 with this v &r the
measurement of temperature in the range 0°C to 25°C.
B oo pierarpinnegiersaargieesansgiens aargieeag e naamgéeesnnsgien aangieesnrbonaangi e esanns
B R T R T e R
Q43.
7  Two oppositely-charged parallel met &
Exami
Us

negatively-c

positively-charged | R
metal plate

I
I ]
|
I

Fig. 7.1
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Q44

The plates have length L.

The uniform electric field between the plates has magnitude £. The electric field outside the
plates is zero.

A positively-charged particle has mass m and charge +q. Before the particle reaches the
region between the plates, t is travelling with speed v parallel to the plates.

The particle passes between the plates and into the region beyond them.

(a) (i) OnFig.7.1, draw the path of the particle between the plates and beyond them. [2]

(if} For the particle in the region between the plates, state expressions, in terms of E,
m, q, vand L, as appropriate, for

1. the force Fon the particle,

2. the time £ for the particle to cross the region between the p

(b) (i) State the law of conservation of linear momentu

(i)

(ili) Suggest
tothe p

n whether the law of conservation of linear momentum applies
g between the plates.
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An electric heater has a constant resistance and is rated as 1.20kW, 230V.
The heater is connected to a 230V supply by means of a cable that is 9.20m long, as
illustrated in Fig. 8.1.
copper wires
in cable
heater,
___________________________ S § rated
230V . . 1.20kW
: 230V
~ 9.20m -
Fig. 8.1
diameter

The two copper wires that make up the cable each have a circular cross-s
0.900mm. The resistivity of copper is 1.70 x 105 Qm.
L/

(a) Show that \
(i} the resistance of the heater is 44.1%2, a‘

>
&
0

e cable is 0.492¢.

(ii) the total resist

&

®
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(b) The curmrent in the cable and heater is switched on. Determine, to three significant
figures, the power dissipated in the heater.

Q45. 00

5 (a) Define the ofiim.

.................................... ? TP | ||
(b) Determine th units of resistivity.

&

base units of resistivity = ... [3]

89
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{c) A cell ofe.m.f. 2.0V and negligible internal resistance is connected to a variable resistor
R and a metal wire, as shown in Fig. 5.1.

20V R
-

}: I

metal wire

T T

| 900 mm |
Fig. 5.1

The wire is 900mm long and has an area of cross-section of 1.3 “m2. The
resistance of the wire is 3.4 €.

(i} Calculate the resistivity of the metal wire.
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{if} The resistance of R may be varied between 0 and 1500 .
Calculate the maximum potential difference (p.d.) and minimum p.d. possible across
the wire.

AT U P S S s e V
MINIMUM P.d. = Y
(2]

(ifi) Calculate the power transformed in the wire when the potential di r@across
the wire is 2.0V.

(d) Resistance R in {c) is now replaced a rent variable resistor Q. State the power

transformed in Q, for Q having
(i) zero resistance, Q@

*
i) 4infin
g

Q46.
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4 (a) Define electric field strength.

(b) Two horizontal metal plates are 20mm apart in a vacuum. A potential difference of
1.5kV is applied across the plates, as shown in Fig. 4.1.

metal plate
// p

+1.5kV

>

o oil drop 20mm

oV métal plzqe
Fig. 4.1 é

L/
A charged oil drop of mass 5.0 x 10~ kg is held stationa{&e electric field.

(I} OnFig.4.1, draw lines to represent the electritween the plates. [2]

(if) Calculate the electric field strength betw e plates.

elec@i strength = o nnmnmms Vvm' [1]

(ifi) Calculate the charge p.

*

Y
g
¢ Charge = o C [4]

(iv) The potential of the upper plate is increased. Describe and explain the subsequent
motion of the drop.

Q47.

92

A
Exam



Q48.

5

A potentiometer circuit that is used as a means of comparing potential differences is shown

in Fig.5.1.
y :"|E'1"rf] R; .
—| o —
I |
] ]
metal wire
B
by
I
C :E2| !'2_5 D

Fig. 5.1 z

A cell ofe.m f. E; and internal resistance r; is connected in series with a sistance
R, and a uniform metal wire of total resistance R,.

A second cell of em f. E; and internal remstance r, is connecteddn
ammeter and is then connected across the wire at BJ. The conne
the wire. The current directions are shown on Fig. 5.1.

(a) Use Kirchhoff's laws to obtain the relation

(i)} between the currents I;, I, and I, 0

93
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(a) Distinguish between potential difference (p.d.) and electromotive force (e.m f.) in terms
of energy transformations.

{(b) Two cells A and B are connected in series with a resistor R of resistance 5.5Q, as
shown in Fig. 4.1.

Cell A has em f. 4.4V and internal 2.3 Q. Cell B has e.m.f. 2.1V and internal
resistance 1.8%.

(I} State Kirchhoff's secon

............................................................................................................. [1]
(ii) Calc nt in the circuit.
*
Do
A
®
CUITBNE S o A [2]

(ifi) On Fig. 4.1, draw an arrow to show the direction of the current in the circuit. Label
this arrow I. [1]
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(iv) Calculate For
Ex aminer
1. the p.d. across resistor R, Use

A R——— V [1]

2. theterminal p.d. across cell A,

3. the terminal p.d. across cell B. 0 |

Q49.
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2 (a) Define electrical resistance. For
Examiners
Lise

(b) A circuit is set up to measure the resistance R of a metal wire. The potential difference
(p.d.) V across the wire and the current I in the wire are to be measured.

(i) Draw a circuit diagram of the apparatus that could be used to make these
measurements.

Z

L/

N

O
(Q .

(ii) Readings for p.d. VV and the corr @Arrent I are obtained. These are shown
in Fig. 2.1.
030 T T
,jé‘“’% :
B5°22aatans
B il
I/A T
e 1
A
*®
0 1.0 2.0 3.0 4.0 5.0
ViV
Fig. 2.1
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Explain how Fig. 2.1 indicates that the readings are subject to For

Exdminers
1. a systematic uncertainty, tse
............................................................................................................................. [1]
2. random uncertainties.
............................................................................................................................. [1]
(iff) Use data from Fig. 2.1 to determine R. Explain your working.
0\
R =0‘ ............................ Q [3]
{c) In another experiment, a value of R is determi he following data:
CurrentI=0.64+ 0.01Aand pd.V = %
Calculate the value of R, together wit rtainty. Give your answer to an appropriate
number of significant figures.
RIS womsmsmammn + s € [3]

Q50.
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5 Fig. 5.1 shows a 12V power supply with negligible internal resistance connected to a uniform For

metal wire AB. The wire has length 1.00m and resistance 10 Q2. Two resistors of resistance |Eainer
4.0Q and 2.022 are connected in series across the wire. Use
12V
—
I
I C metal wire
A B
L 40cm
40 20
D
Fig. 5.1
Currents I, I, and I in the circuit are as shown in Fig. 5.1. e
(a) (1) Use Kirchhoff’s first law to state a relationship hetween I, I 3

.................................................................................... ‘\ A | ||
(i) Calculate I,. 0

(ifi) Calculate the ratio x,

_ W power in metal wire
power in series resistors

&
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{b) Calculate the potential difference (p.d.) between the points C and D, as shown in Fig. 5.1.
The distance AC is 40cm and D is the point between the two series resistors.

Q51.

4  Acircuit used to measure the power transfer from a battery is shown in Fi & power is
transferred to a variable resistor of resistance R.
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The battery has an electromotive force (e.m.f) E and an internal resistance r. There is a
potential difference (p.d.) V across R. The current in the circuit is I.

(a) By reference to the circuit shown in Fig. 4.1, distinguish between the definitions of e.m.f.
and p.d.

is shown in Fig.4.2.

3.0 4.0
IIA

Fig. 4.2

100




Use Fig. 4.2 to determine

(i) theemf E

(i) the internal resistance r.

(d) (1) Using data from Fig. 4.2, calculate the power transferred to R for a current of 1.6A.

(ii) Use your answers from (c)(i) and (d)(i) to cal efficiency of the battery for

a current of 1.6A.
qﬁa efficiency = ... % [2]

Q52.

&

*
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6 (a) Define potential difference (p.d.). For

Ex aminer

...................................................................................................................................... [1] e

(b) A power supply of e.m.f. 240V and zero internal resistance is connected to a heater as
shown in Fig. 6.1.

o
240V
o]
Fig. 6.1 q
The wires used to connect the heater to the power supply e ength 75m. The
wires have a cross-sectional area 2.5mm? and resistivity. . The heater has a

constant resistance of 38 Q2. 0

(I} Showthat the resistance of each wire is 0.
0 3]

in the wires.

(if} Calculate t

&

®

CUIMTENt = e A[3]
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(ifi) Calculate the power loss in the wires.

(c) The wires to the heater are replaced by wires of the same length and material but

having a cross-sectional area of 0.50 mm<. Without further calculation, state and explain
the effect on the power loss in the wires. é

6 A battery connected in series with a resisC@stance 5.0 is shown in Fig.6.1.

r = - —

)

R
’:’?’ 5.0

Fig. 6.1

The electromotive force (e.m f.) of the battery is 9.0V and the internal resistance is r.
The potential difference (p.d.) across the battery terminals is 6.9V.
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FUTSINRAE * 2

The electromotive force (e.m.f.) of the battery is 9.0V and the internal resistance is r.
The potential difference (p.d.) across the battery terminals is 6.9V.

{a) Use energy considerations to explain why the p.d. across the battery is not equal to the
e.m f. of the battery.

{b) Calculate

(i) the current in the circuit,

Q’oo
Q’b

¥

AT e L A S

*
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(c) Calculate, for the battery in the circuit, f

Exami,
(i} the total power produced, Us
POWEE = oo W [2]
{ii} the efficiency.
0\
efficiency = . e [2]
Q54.
7 (a) Two horizontal metal plates are ¢ il to a power supply, as shown in Fig. 7.1.
Ex
metal plate
o~
---1
’ 40mm
S |
I metal plate

Fig. 7.1
The separation of the plates is 40 mm.

The switch S is then closed so that a potential difference of 1.2kV is applied across the
plates.

(i ©On Fig. 7.1, draw six field lines to represent the electric field between the metal
plates. [2]
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(if) Calculate the electric field strength £ between the plates.

{b) The switch S is opened and the plates lose their charge. Two very small metal spheres
A and B joined by an insulating rod are placed between the metal plates as shown in

Fig. 7.2.
metal plate
S |
15mm
+o | |
1.2kV e < &
-5 -8 *
insulating (\

etal plate

Sphere A has charge —e and sphere B ha a&, where e is the charge of a proton. | ..
The length AB is 15mm. The rod is supported at its centre C so that the rod is horizontal  eamines

and in equilibrium. Use

The switch S is then closed so otential difference of 1.2kV is applied across

the plates.
C <@ e to the electric field between the plates.

4.8 x1075N.

(i} Thereis aforc
Show that thi

(2]
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{if} The insulating rod joining A and B is fixed in the position shown in Fig. 7.2.
Calculate the torque of the couple acting on the rod.

{iff} The insulating rod is how released so that it is free to rotate about C.
State and explain the position of the rod when it comes to rest.
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