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o 1 (@) Alampisrated as 12V, 36 W. For
Examiner’s
(i) Calculate the resistance of the lamp at its working temperature: Use

resistance = .......cocoviiiiiiii e Q [2]

(ii) 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

Fig. 6.1
(3]
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15

(b) Some heaters are each labelled 230V, 1.0kW. The heaters have constant resistance. For

Examiner's
Determine the total power dissipation for the heaters connected as'shown in each of the | Use
diagrams shown below.

- (M)
230V
— LT+
— (T T +—
POWET = it kW [1]
(i)
— [ [ ]
(iii)

POWED' S ccivasunisssssvessnonmassnassssvmvsnans kW [2]

© UCLES 2010 9702/21/0IN/10 [Turn over




0 2 (@) 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.

(]

(b) The variation with potential difference V of the current I'in a lamp is shown in Fig. 6.1.

0.15 =
IIA 1
0.10
Ve
,/
,A
/
,l
'/
0.05 .
/
A
0
0 1.0 2.0 3.0
VIV
Fig. 6.1
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17

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

Examiner's
Use

PESISTANGCE = 1uvwesgseans snammss s simsoss s vessmses sasas Q [2]

(c) Two lamps, each having the I-V characteristic shown in Fig. 6.1, are connected first

in series and then in parallel with a battery of e.m.f. 3.0V and negligible internal
resistance.

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

p.d. across resistance of combined resistance
each lamp/V each lamp/Q of lamps/Q
lamps connected in
SEMHBS | sieerererrrrnnnenninesnens | seeernenieisnisiisariiiiens | sssesiesesinininesessaanses
lamps connected in
parallel | [ [
Fig. 6.2
(4]

(d) () 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 -

(ii) 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.

..................................................................................................................................
..................................................................................................................................

..................................................................................................................................

............................................................................................................................ [3]

© UCLES 2009 9702/22/0/N/09 [Turn over




0 3(a) A variable resistor is used to control the current in a circuit, as shown in Fig. 5.1. For

Examiner's
Use

Fig. 5.1

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

() The maximum possible current in the circuit is 2.0A. Calculate the minimum
possible current.

I1 /A §3~\ i T e
1.0
0
0 4 8 12 RIO
[2]
Fig. 5.2

© UCLES 2011 9702/21/M/J/11 [Turn over




12

(b) The variable resistor in (a) is now connected as a potential divider, as shown in Fig. 5.3.

12V

6.0Q

Fig.5.3

Calculate the maximum possible and minimum possible current L, in the ammeter.

MAAIRIM L, = o fiiiiccnrer e resesesn, A
% MINMUM Iy = s A
v (2]
(c) () Sketch on Fig. 5.4 the I - V.charactéristic of a filament lamp.
A
I
0 g
0 V
(2]

Fig.5.4

© UCLES 2011 9702/21/M/JN1
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13

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

..................................................................................................................................

4 =
& 4
]

© UCLES 2011 9702/21MINT [Turn over




04

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

4.0

I/mA

3.0

AN

2.0

X

1.0

4.0 5.0 6.0
VIV

(a) (i) State, with a reason, whethe A{(Q'is/tance of component C increases or
decreases with increasing potential differe

...................................................................................................................................

(i) Determine the resistance of component C at a potential difference of 4.0 V.

resistance = ... Q [2]

© UCLES 2004 9702/02/0/N/04
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13

(b) Component C is connected in parallel with a resistor R of resistance 1500Q and a
battery of e.m.f. E and negligible internal resistance, as shown in Fig.6.2.

I

E T C 1500

|

Fig. 6.2

(i) On Fig. 6.1, draw a line to show the variation with potential difference V of the
current /in resistor R. [2]

(i) Hence, or otherwise, use Fig.6.1 to determine the current in the battery for an
e.m.f. of 2.0V.

current = ... A [2]

(c) The resistor R of resistance 15002 and the component C are now connected in series
across a supply of e.m.f. 7.0V and negligible internal resistance.

Using information from Fig. 6.1, state and explain which component, R or C, will
dissipate thermal energy at a greater rate.

© UCLES 2004 9702/02/0/N/04 [Turn over
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05 (a) (i) State whatis meant by an electric current.

(b) A power supply of electromotive force (e.m.f.) 8.7V and negligible internal resistance is
connected by two identical wires to three filament lamps, as shown in Fig. 5.1.

connecting wires

power supply
8.7V

Y

0.30A

Fig. 5.1 (not to scale)

The power supply provides a current of 0.30A to the circuit.
The filament lamps are identical. The I-V characteristic for one of the lamps is shown in

Fig. 5.2.
0.40
I/A p
0.30 L
0.20
'/
,l
0.10 A
IV
A
/
0
0 1.0 2.0 3.0 4.0
VIV
Fig. 5.2
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(i) Show that the resistance of each connecting wire is 2.0 Q.

(2]
(ii) The resistivity of the metal of the connecting wires does not vary with temperature.
On Fig. 5.2, sketch the I-V characteristic for one of the connecting wires. [2]
(iii) Calculate the power loss in one of the connecting wires.
POWET = iiiiiiiieeree e e e e rnr e e e e snneee e W [2]
(iv) Some data for the connecting wires are given below.
cross-sectional area = 0.40mm?
resistivity = 1.7 x 10°8Q m
number density of free electrons = 8.5 x 1028m=3
Calculate
1. the length of one of the connecting wires,
JSTOIN S .sorumeisaresasssssammnsissssmmesisosmmuassomvasesss m [2]
2. the drift speed of a free electron in the connecting wires.
drift SPEEA = ...voeeeeeeeerierecteee e ms~! [2]
[Total: 12]

© UCLES 2016 9702/22/F/IM/16 [TUI'I"I over




06 (a) State Kirchhoff's second law.

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................

— e

_________________________

The battery has electromo

The I-V characteristics of

0.40

ITA

—-lamp B

0.30 P

0.20 7

lamp A

0.10 A

ViV

Fig. 5.2

© UCLES 2016 9702/22/0IN/16




13

The potential difference across the battery terminals is 6.0V.

() Use Fig. 5.2 to show that the current in the battery is 0.40A.

(if) Calculate the internal resistance rof the battery.

(iii) Determine the ratio

© UCLES 2016

R l% 2 b %%ﬁ
Iniresistance of flamp B o

Bob: +874

Eenathrashed

(2]

9702/22/0IN/16
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14
(iv) Determine

1. the total power produced by the battery,

2. the efficiency of the battery in the circuit.

[Total: 12]

© UCLES 2016 9702/22/0/N/16




0’ 7 (@) The I-V characteristic of a semiconductor diode is shown in Fig. 5.1.

14.0

12.0

10.0
I/mA

8.0

S\

N

6.0

AN

4.0

2.0 &

0 0.20 0.40 - 0.60 0.80
ViV

_Fig. 5.1

() Use Fig. 5.1 to explain the variation of the resistance of the diode as V increases from
zeroto 0.8V.

(i) Use Fig. 5.1 to determine the resistance of the diode for a current of 4.4 mA.

TESISTANCE = oiiiei et e e e e e e e v Q [2]

© UCLES 2015 9702/23/0/N/15
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(b) Acellof e.m.f.1.2V and negligible internal resistance is connected in series to a semiconductor
diode and a resistor R,, as shown in Fig. 5.2.

—

2V

T

|
7.6 mA I

375Q
Fig. 5.2

A resistor R, of resistance 375Q is connected across the cell.
The diode has the characteristic shown in Fig. 5.1. The current supplied by the cell is 7.6 mA.

Calculate

(i) the currentin R,,

(ii) the resistance of R,

TESISLANCE = Looviiiiieii e Q [2]

(iii) the ratio

power dissipated in the diode
power dissipated in R,

© UCLES 2015 9702/23/0/N/15 [Turn over




d 8 (@ (i) State whatis meant by an electric current.

For
Examiner’s
---------------------------------------------------------------------------------------------------------------------------------- Use
.............................................................................................................................. [1]
(i) Define electric potential difference.
.............................................................................................................................. [1]
(b) The variation with potential difference V of the current I in a component Y and in a
resistor R are shown in Fig. 6.1.
0.7
I7A
0.6
componentY
/
= | /
X |
]
0.5
/
y resistor R
0.4 TS B my
X i N i
8 ik i .
: i L | /l /
: J:/. ;
0.3 ‘ »
/
0.2 ;
//
0.1 Za
0 F=10
0 2 4 6 8 10
2,
Fig. 6.1
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15

Use Fig. 6.1 to explain how it can be ded

uced that resistor R has a constant resistance
of 20Q.

For
Examiner's
Use
...................................................................................................................................... [2]
() The component Y and the resistor R in (b) are connected in paraltel as~shown in
Fig. 6.2.
—t
y E Y Rl [20Q
S (R
A battery of e.m.f. E and negligible’inter Sistance is connected across the parallel
combination. o
Use data from Fig. 6.1 to detéfﬁffhef&., A4
() the current in the battery for an'e.m.f. £ of 6.0V,
CUMTeNt = ... A [1]
(ii) the total resistance of the circuit for an e.m.f.of 8.0V.
reSIStanCe = ........c..ocoovveereeeeooo Q [2]
© UCLES 2010 9702/23/M/J/10 [Turn over




16

(d) The circuit of Fig. 6.2 is now re-arranged as shown in Fig. 6.3.

Y 5 R

For
Examiner's
Use

e

Fig. 6.3

The current in the circuit is 0.20A.

() Use Fig. 6.1 to determine the e.m.f. E of the battery.

© UCLES 2010 9702/23/M/J110




09 (a) Describe the I-V characteristic of

() a metallic conductor at constant temperature,

...........................................................................................................................................

...........................................................................................................................................

(b) Two identical filament lamps are connected in series and then in parallel to a battery of
electromotive force (e.m.f.) 12V and negligible internal resistance, as shown in Fig. 6.1a and
Fig. 6.1b.

=

Fig. 6.1a Fig. 6.1b

The I-V characteristic of each lamp is shown in Fig. 6.2.

6.0
I/A
4.0 EEasms
2.0 T
0
0 2.0 4.0 6.0 8.0 10.0 12.0
VIV
Fig. 6.2

© UCLES 2017 9702/23/MIJI7




15
(i) Use the information shown in Fig. 6.2 to determine the current through the battery in

1. the circuit of Fig. 6.1a,

current= .......cocovnnn b S SC e A0 2 L A

2. the circuit of Fig. 6.1b.
CUITBNT = e A
[3]

(ii) Calculate the total resistance in

1. the circuit of Fig. 6.1a,

B N Q
2. the circuit of Fig. 6.1b.
FESISTANCE = ...c..covnricrrrieenieceerinrerseeereeesesssesasossssnens Q
(3]
(iii) Calculate the ratio
power dissipated in a lamp in the circuit of Fig. 6.1a

power dissipated in a lamp in the circuit of Fig. 6.1b "

A0 = i [2]

[Total: 11]
© UCLES 2017 9702/23/M/J/17 [Turn over




10 The variation with potential difference (p.d.) V of current I for a semiconductor diode is shown in
Fig. 5.1.

oo

P—t——]

et
QRITT1oT N

o
=

IT
=
3

>

—

oo o

NI TH OO

— -

O

-0.5 0 0.5 1.0
viv

i
(@) Use Fig. 5.1 to describe th sistance of the diode between

V=-0.5Vand V=0.8V.

R R ETRY RE PR PREN T PPRTTY N L. T R

....................................................................................................................................

(b) On Fig. 5.2, sketch the variation with p.d. V of current I for a filament lamp. Numerical values
are not required.
&

Fig. 5.2
[2]

© UCLES 2015 9702/21/M/JI15
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(c) Fig. 5.3 shows a power supply of electromotive force (e.m.f.) 12V and internal resistance
0.50€2 connected to a filament lamp and switch.

Fig. 5.3
The filament lamp has a power of 36 W when the p.d. across itis 12V.

(i) Calculate the resistance of the lamp when the p.d. across it is 12V,

(ii) The switch is closed and the current nﬂt’he/ lamp is 2.8 A. Calculate the resistance of the

lamp. N
TESISTANCE = .ovoiiiieeeeeeeeeeeee e, Q[3]

(d) Explain how the two values of resistance calculated in (c) provide evidence for the shape of
the sketch you have drawn in (b). :

...................................................................................................................................................

© UCLES 2015 9702/21/M/J/15 [Turn over




J 1 Distinguish between melting and evaporation.

melting:

O T 80 0 e 0o e o et e e r oo e oenen s oo rs 0000000 a000e00000000000000000000000008806000 0000000800000 80686850509550080080488800000800008000000080080s0000000800n0s

7 (a) A cellwith internal resistance supplies a current. Explain why the terminal potential difference
(p.d.) is less than the electromotive force (e.m.f.) of the cell.

0. connected to a variable resistor X
and a resistor Y of constant resistance wh in Fig. 7.1.

" —

Fig. 7.1

The resistance R of X is increased from 2.0Q to 16 Q. The variation with R of the current I in
the circuit is shown in Fig. 7.2.

© UCLES 2014 9702/21/0/IN/14
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3.0
I/A

2.0 .

10 e easnnmmsaeas

0 .

0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

RIQ
Fig.7.2

Calculate, for I = 1.2A,

() the p.d.across X,

(ii) the resistance of Y,

resistance = ..., Q [3]

(iii)) the power dissipated in the battery.

(c) Use Fig. 7.2 to explain the variation in the terminal p.d. of the battery as the resistance R of X
is increased.

© UCLES 2014 9702/21/0/N/14 [Turn over




12 (a) Define electrical resistance. e

Examiner’s
Use

..........................................................................................................................................

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

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

(3]

(i) Readings for p.d. Van are obtained. These are shown

in Fig. 2.1.

0.30

0.25 =

0.20 &

LA 0.15 s

0.10

0.05

Viv

Fig. 2.1

© UCLES 2012 9702/21/0IN/I12




9

Explain how Fig. 2.1 indicates that the readings are subject to

For
Examiner's
1. a systematic uncertainty, Use
............................................................................................................................. (1]
2. random uncertainties.
............................................................................................................................. [1]
(iii) Use data from Fig. 2.1 to determine R. Explain your working.
R = iiifiriiiiienienronnesnseessersnens Q [3]
(c) In another experiment, a value of F?IS dgiq;;rni’ned from the following data:
Current I = 0.64 + 0.01A and'pid. Vi=
%«%«, 2 f»: ,«:?gg
Calculate the value of R, to: ether with its uncertainty. Give your answer to an appropriate
number of significant figures. .
R= i, N Q [3]
© UCLES 2012 9702/21/0/N/12 [Turn over




13

The resistance R of a uniform metal wire is measured for different lengths [ of the wire.
The variation with 7 of R is shown in Fig. 3.1.

4.0

N
\

3.0

RIQ

N\

1.0 “

(@) The points shown in Fig. 3.

(b) Determine the gradient of the line shown in Fig. 3.1.

gradient = ... [2]
(c) The cross-sectional area of the wire is 0.12mm?.

Use your answer in (b) to determine the resistivity of the metal of the wire.

resistivity = ..o, Qm [3]
© UCLES 2014 9702/21/0/N/14




7

(d) The resistance R of different wires is measured. The wires are of the same metal and same
length but have different cross-sectional areas A.

On Fig. 3.2, sketch a graph to show the variation with A of R.

A

(2]

© UCLES 2014 9702/21/0/IN/14 [Turn over




14 (a) Define the ohm.

(b) Determine the SI base units of resistivity

base units of resistivity =

(c) Acellof em.f.2.0V and negligible internal r
R and a metal wire, as shown in Fig. 5.1.

20V

esistance is connected to a variable resistor

‘metal W!l'({ "

¥ 900 mm

~ Fig. 5.1

The wire is 900mm long and*has an-are

resistance of the wire is 3.4.Q

a_hgf) fycrossg_;section of 1.3 x10"m2. The

(i) Calculate the resistivity of the metal wire.

resisti

© UCLES 2011 9702/21/0/N/11
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12

(i) The resistance of R may be varied between 0 and 1500%. For
Calculate the maximum potential difference (p.d.) and minimum p.d. possible across  |Examiners

the wire. Use
Maximum p.d. = ..o \"%
MINIMUM P.d. = ..o \Y
(2]

(iii) Calculate the power transformed in the wire when the potential difference across
the wire is 2.0V.

SR

o 3
S

(d) Resistance R in (c) is now%ireplaced.i)vitﬁ*(vavg djfférent variable resistor Q. State the power
transformed in Q, for Q having

(i) zero resistance,

POWET = ..oiiiiiiiiieeesiiee e W [1]
(i) infinite resistance.
POWET = .ottt W [1]
© UCLES 2011 9702/21/0/N/11




15 Anelectric heater has a constant resistance and is rated as 1.20kW, 230V. For

. Examiner's
The heater is connected to a 230V supply by means of a cable that is 9.20m long, as | |Use
illustrated in Fig. 8.1.

copper wires
in cable

heater,
R e L T —— —_— rated
___________________________ ety 1.20KW
| 230V
= 9.20m o
Fig. 8.1

The two copper wires that make up the cable each have a circular cross-section of diameter
0.900mm. The resistivity of copper is 1.70 x 108 Qm.

(a) Show that

(i) the resistance of the heater.is.44.1.Q

S

[2]

(ii) the total resistance of the cable is 0.492 Q.

(2]

© UCLES 2010 9702/23/0/N/10
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(b) The current in the cable and heater is switched on. Determine, to three significant

F
figures, the power dissipated in the heater. v

Examiner’s
Use

POWET = i, W [3]

(c) Suggest two disadvantages of connecting the heater to the 230V supply using a cable
consisting of two thinner copper wires.

Please turn over for Question 9.

© UCLES 2010 9702/23/0/N/10 lTUl'I"I over




4.0

1 6 The variation with temperature of the resistance R; of a thermistor is shown in Fig. 6.1.

3.0

R, /kQ

2.0

1.0

10 15 20 25

The thermistor is connected into the circult of Fig:6.2.

1.2kQ

L 16kO

temperature/°C

© UCLES 2010

9702/22/0/N/10
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15

The battery has e.m.f. 9.0V and negligible internal resistance. The voltmeter has infinite
resistance.

(a) For the thermistor at 22.5°C, calculate

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

resistance = ...........ccccoeeiiiiiiiiieeeee Q2]

- (ii) the reading on the voltmeter.

voltmeterreading = ..., V2]

(b) The temperature of the thermistor.is changed. The voltmeter now reads 4.0V.
Determine

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

resistanCe = ...........ccccceevivieiiiiiieee e Q[2]

For
Examiner’s
Use

© UCLES 2010 9702/22/0/N/10 lTU rn over




16

(ii) the temperature of the thermistor. For

Examiner’s
Use

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 voltmeter for the
measurement of temperature in the range 0°C to 25°C.

© UCLES 2010 9702/22/0IN/10




5 For
Examiner’s
1 T A household electric lamp is rated as 240V, 60 W. The filament of the lamp is made from e
_ tungsten and is a wire of constant radius 6.0 x 10-6m. The resistivity of tungsten at the
normal operating temperature of the lamp is 7.9 x 107 Qm.
(a) For the lamp at its normal operating temperature,
(i) calculate the current in the lamp,
current = e, A
(i) show that the resistance of the filament is 960 Q.
{ [3]
(b) Calculate the length of the fildf
‘ |
length = e, m [3]
(c) Comment on your answer to (b).
.................................................................................................................................... [1]
© UCLES 2004 9702/02/M/J/04 - 7. [Turn over




For
Examiner’s

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

thermistor
1.50V

Fig. 8.1

The battery of e.m.f. 1.50V has negligible internal resistance and the voltmeter has infinite
resistance.

(@) The voltmeter is to read 1.00V at 0 °Q,.M-S'h:c1w;1hat the resistance of resistor R is 7800 Q.

[2]

(b) The temperature of the thermistor is increased to 30 °C. Determine the reading on the
voltmeter.

reading = ..ooooceeeeeeieeeeeee e V [2]

© UCLES 2004 9702/02/M/J104




17 For

Examiner's
u
(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 =

s R

s

© UCLES 2004 9702/02/M/J/04




19 An electric heater is to be made from nichrome wire. Nichrome has a resistivity of .~ .
1.0 x 10°°Qm at the operating temperature of the heater. Examiner's

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

(@) For the heater operating at its designed power,

(i) calculate the current,

(2]

(b) Calculate the length of nichrome wire of diameter 0.80mm required for the heater.

© UCLES 2010 9702/21/M/J1N0 — G [Turn over




16

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

For
same nichrome wire but using half the length of that calculated in (b). Examiner's
Explain quantitatively the effect of this change in length of wire on the power of the | Use
heater.
...................................................................................................................................... {3]
© UCLES 2010 9702/21/M/J/10




28 (@ (i) On Fig. 5.1, sketch the I -V characteristic for a filament lamp.

A

I/A

vViv

Fig. 5.1
(2]

(i) Explain how the resistance of the lamp may be calculated for any voltage from its
I -V characteristic.

..................................

(b) Two identical filament lamps are conﬁécteﬂ first in series, and then in parallel, to a 12V
power supply that has negligible internal resistance. The circuits are shown in Fig. 5.2
and Fig. 5.3 respectively.

12V 12V

1F--—

—Q—
—R—® ®

Fig. 5.2 Fig. 5.3

© UCLES 2011 9702/23/M/J111
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13

(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.

..................................................................................................................................
..................................................................................................................................
..................................................................................................................................

(i) Each lamp is marked with a rating '12V, 50W'. Calculate the total resistance of the
circuit for the two lamps connected such that each lamp uses this power.

tot/alfresist\ance =

For
Examiner’s
Use

© UCLES 2011 9702/23/M/J111 [Turn over




2 1 (@) On Fig. 5.1, sketch the temperature characteristic of a thermistor.

!

resistance

0 T —

0 100
temperature/°C

Fig. 5.1
[2]

(b) A potential divider circuit is shown in Fig. 5.2.

12V

Fig.5.2

The battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected
in series with resistors X and Y and thermistor Z. The resistance of Y is 15kQ and the
resistance of Z at a particular temperature is 3.0kQ. The potential difference (p.d.) across Y

is 8.0V.

(i) Explain why the power transformed in the battery equals the total power transformed in
X, Y and Z.
...................................................................................................................................... [1]

(ii)) Calculate the current in the circuit.

GLITTRIME, S+ ovssow s1ssmmms 50024 ey s mameso s ummammen s 19 A [2]

© UCLES 2015 9702/22IM/J11 5
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(iii) Calculate the resistance of X.

resistance =

(iv) The temperature of Z is increased.

State and explain the effect on the potential difference across Z.

© UCLES 2015 9702/22/M/J115

..................................

[Turn over




2 9 A battery is connected in series with resistors X and Y, as shown in Fig. 6.1.

I 24V
Z | I_ - ‘l |
Y I |
X B Y
A |' ,' |' |l C
6.0Q
R
Fig. 6.1

The resistance of X is constant. The resistance of Y is 6.0Q. The battery has electromotive force
(e.m.f.) 24V and zero internal resistance. A variable resistor of resistance Ris connected in parallel

with X.
The current I from the battery is changed by varying R from 5.0Q to 20Q. The variation with R of
I'is shown in Fig. 6.2. /

2.5Px

‘\ G
IIA N
2.0 R aas
1.5
5 10 15 20
RIQ
Fig. 6.2

© UCLES 2014 9702/22/M/JN4_ ¢
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(@) Explain why the potential difference (p.d.) between points A and C is 24V for all values of R.

...................................................................................................................................................

(b) Use Fig. 6.2 to state and explain the variation of the p.d. across fesistor Y as| R is
increased. Numerical values are not required.

...................................................................................................................................................

.............................................................................................................................................. [2]
(c) ForR=6.0Q,
(i) show that the p.d. between points A and B is 9.6V,
[2]
(ii) calculate the resistance of X,
FESISTANCE = ..ovvvcviiceeccecce e Q [3]

(iii) calculate the power provided by the battery.

(d) State and explain qualitatively how the power provided by the battery changes as the
resistance R s increased.

...................................................................................................................................................

© UCLES 2014 9702/22/M/J/14 [Turn over




24 3 (@) A metal wire of constant resistance is used in an electric heater.

In order not to overload the circuit for the heater, the supply voltage to the heater is Exa,Fn%e,fs
reduced from 230V to 220V.

Use

Determine the percentage reduction in the power output of the heater.

reduction = .......ccceeiiieieeeeeeeee e % (2]

(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
-t
A § | - " i
Bt Moo o s - o Al
Eos bgren i a s I Foang ¥
-
¢

Fig. 6.1

An ammeter of internal resistance 5.0Q is connected to end A of the wire and to a
contact C that can be moved along the wire.

Determine the reading on the ammeter for the contact C placed

(i) atA,

reading = ..oooooeeiiiiieeeeee e A[1]
© UCLES 2010 9702/22/MIJ10__
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(i) atB.

reading = ......cocoovveidovnnnnn A

(c) Using the circuit in (b), the ammeter reading I is recorded for different-distances ¢ of the

contact C from end A of the wire. Some data points are shown on F ig. 6.2.

0.4
I/A
0.3
2
0.2
0.1 NP
1.
A
- ihtetationat
RgiE
0 = =
0 20 4 60 80
L/cm

Fig. 6.2

() Use your answers in (b) to plot data points on Fig. 6.2 corresponding to the

contact C placed at end A and at end B of the wire.

(i) Draw a line of best fit for all of the data points and hence determine the ammeter

reading for contact C placed at the midpoint of the wire.

reading = ..ccccoovvieiiiieecie e A[1]

© UCLES 2010 9702/22/M1J/10
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(iii) Use your answer in (i) to calculate the potential difference between A and the

F
contact C for the contact placed at the midpoint of AB. Exam%er's

Use

potential difference =

(d) Explain why, although the contact C is at the midpoint of wire AB, the answer in (c)(iii) is
not numerically equal to one half of the e.m.f. of the cell.

nternational Examination

Mob: +474

Semathrashes

© UCLES 2010 9702/22/M/J110
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2 ’ An electric shower unit is to be fitted in a house. The shower is rated as 10.5 kW, 230V. The vee

shower unit is connected to the 230V mains supply by a cable of length 16 m, as shown in

Fig. 6.1.
copper wire cable
\\ ---- shewer unit
230V supply 16:5-KW
___________ 230V
copper wire ' 16m
Fig. 6.1

(@ Show that, for normal operation of the shower unit, the current is approximately 46 A.

(2]

(b) The resistance of the two wires:in the cable causes the potential difference across the
shower unit to be reduced. The potential difference across the shower unit must not be
less than 225V.

The wires in the cable are made of copper of resistivity 1.8(110-8Qm.
Assuming that the current in the wires is 46 A, calculate

(i) the maximum resistance of the cable,

resistanCe = ..ccccccveveeveveiirineennnn, Q [3]

© UCLES 2007 9702/02/O/N/07-G
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(i) the minimum area of cross-section of each wire in the cable. *
ArCA = ovvieeiieeeeeeee e, m? [3]
(c) 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 -
ratio = ., [2]
(i) Suggest and explain one further disadvantage of using wires of small cross-sectional
area in the cable.
............................................................................................................................ [2]
© UCLES 2007 9702/02/0/N/07 [Turn over
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A straight wire of unstretched length L has an electrical resistance R. When it is stretched by
a force F, the wire extends by an amount AL and the resistance increases by AR. The area of
cross-section A of the wire may be assumed to remain constant.

(@) (i) State the relation between R, L, A and the resistivity p of the material-of the wire.

.............................................................................................................................. 1

. : . . AR . O R .

(i) Show that the fractional change in resistance -3 is equal to the strain'in'the wire.
[2]

The tension in the wire is i . The wire obeys Hooke's law at

these values of tension.

Determine the strain in the wire and hence its change in resistance. Express your
answer to an appropriate number of significant figures.

© UCLES 2006 9702/02/0/N/06 —7& [Turn over
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2 © Two resistors A and B have resistances R, and R, respectively. The resistors are connected
in series with a battery, as shown in Fig. 6.1.

| E%
Ll

For
Examiner’s
Use

Fig. 6.1
The battery has electromotive force (e.m.f.) E and zero internal resistance.

(@) State the energy transformation that occurs in

(i) the battery,

..................................

(i) the resistors.

...................................

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

© UCLES 2013 9702/21/MIN3 —¢,
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(¢) The resistors are made from metal wires. Data for the resistors are given in Fig. 6.2.

For
Examiner's
Use
resistor A B
resistivity of metal P pl2
length of wire l l
diameter of wire d 2d
Fig. 6.2
Use information from Fig. 6.2 to determine the ratio
power dissipated in A
power dissipated in B
.......................................... [3]
(d) The resistors A and B are e same battery of e.m.f. E.
Determine the ratio
power dissipated in A
‘power dissipated in B
FALIO = oo [2]
9702/21/M/J/13 [Turn over
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2 7 (a) Define potential difference (p.d.).

For
Examiner’s

...................................................................................................................................... (1] Use

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

240V

Fig. 6.1

The wires used to connect the heater to the power supply each have length 75m. The

wires have a cross-sectional area 2.5mm? and resistivity 18nQm. The heater has a
constant resistance of 38 Q.

(i) Show that the resistance of eachﬁ”nre;8054 Q.

(3]
(ii) Calculate the current in the wires.
CUMTENt = ..o, A [3]
. (iii) Calculate the power loss in the wires.
POWET = ..ot W 3]

© UCLES 2013 9702/21/0IN/13 ~—¢,
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(c) The wires to the heater are replaced by wires of the same length and material but For
having a cross-sectional area of 0.50 mm?. Without further calculation, state and explain |Examiners
the effect on the power loss in the wires. s
...................................................................................................................................... [2]

© UCLES 2013 9702/21/0/N/13 [Turn over




A battery of e.m.f. 4.50 V and negligible internal resistance is connected in series with a fixed
resistor of resistance 1200 Q and a thermistor, as shown in Fig. 7.1.

_LC

1200Q

450V 1 IB

T\

A

Fig. 7.1

~a-resistance of 1800Q. Deduce that the
cross AB) is 2.70 V.

(a) At room temperature, th%mthermistw%h
potential difference across the thermistc

i
@
@

(2]

(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
) '
1200Q
450V _:_ B 1.00m
M
]
& Lo T,
A Q
Fig. 7.2
© UCLES 2005 9702/02/O/N/05-7'
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A sensitive voltmeter is connected between point B and a moveable contact M on the
wire.

(i) Explain why, for constant current in the wire, the potential difference-between-any
two points on the wire is proportional to the distance between the paints.

............................................................................................................................... [2]
(ii) 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 Vv [1]
2. Calculate the length of wire between M and Q.
[enGth = .o, cm [2]

(iii) The thermistor is warmed slightly. State and explain the effect on the length of wire
between M and Q for the voltmeter to remain at zero deflection.

...................................................................................................................................

...................................................................................................................................
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