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CURRENT OF ELECTRICITY MCQ

A metal wire of length | and diameter d has a resistance of 10 Q. If another wire of the
same metal is 2| in length and 0.5d in diameter, what is its resistance?

A 5Q B 10 Q
C 40 Q D 80 Q

A potential difference of 10 V applied across a resistor produces a current of 4.0 A.
Given that the time of current flow is 20 s, which of the following correctly gives the
value of the resistance R of the resistor and the quantity of charge Q passing through
the resistor?

R/Q/C
A 2.580
B 2.540
C 0.40 80
D 0.50 200

A metal wire of length | and diameter d has resistance of 10 . If another wire of the same
metal is 2| in length and 0.5d in diameter, what is its resistance?

A 5

B 10
C 40
D 80

Bright Culture Tuition Centre Pte Ltd



BRIGHT

CULTURE Specialist in Secondary Science and Maths for 2000+ students
4 Jolyn connects the following circuit and obtains a resistance-temperature graph of the
wire as shown below.
|V
L
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resistance / Q
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T
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» temperature / °C

When the ammeter reading is 1.0 A, the temperature of the wire is 25 °C.

What is the reading of the ammeter when the temperature of the wire is 200 °C?

A 042 A
B 0.60 A
C 1.0A
D 1.5A
5 A metal wire of length land diameter d has a resistance of 20 n.

If another wire of the same metal is 2/ in length and 0.5d in diameter, what is its
resistance?

A 10 Q
B 20Q
C 80 Q
D 160 Q
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In a lightning strike, 20 C of charge is transferred from a cloud to the ground in 0.020 s
where the p.d. between the cloud and the ground is 1.5 x 108 V.

What is the current produced by this lightning strike?
A 04A B 1000 A
Cc 3.0x 10*A D3.8x10°A

A wire W of length 0.50 m has a cross-sectional area of 1.0 mmZ2. Which of the following
wires of the same material has the same resistance as wire W?

length/m cross-sectional area / mm?
A 0.50 2.0
B 0.50 0.50
Cc 0.25 2.0
D 0.25 0.50

Which of the following describes the electromotive force of a cell?

A The energy used to drive a unit charge through the resistance of the cell.

B The energy used to drive a unit charge round the complete circuit.

C The force exerted to drive a unit charge through the resistance of the cell.

D The force exerted by the cell to drive a unit charge round the complete Circuit.

An electrical signal is transmitted through a thick copper wire. The radius of the wire is
3.0 cm and the resistivity of copper is 1.72 x 108 Q m. For a clear transfer of signal, the
maximum resistance across the wire is 2.0 Q. What is the maximum transmission
distance through the wire?

A 574 m B 329 km
C 21900 km D 4.11 x 10"km
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10 The three graphs X, Y and Z show the |-V characteristics for three different circuit

components.
Iy I|/ I4
0 v —’o’ v
o .
graph X graph Y graph Z

Which of the following shows the possible circuit components displaying the |-V
characteristics of the graphs?

A filament lamp metallic conductor semiconductor diode
B metallic conductor filament lamp semiconductor diode
C semiconductor diode filament lamp metallic conductor
D metallic conductor semiconductor diode filament lamp

11 A conductor carries a current of 2.5 A.
How long does it take for 20 C of charge to pass a point in the conductor?
A 25s B 8.0s
Cc 20s D 50 s

12 Wire E has a resistance of 10 Q. Wire F, made of the same material, is twice the length
but has half the cross sectional area of wire E.

What is the resistance of wire F?
A 250 B 500Q
C 200 D 400
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13 The graph shows the variation of current, | in a lamp with potential difference, V across
it.

I/A

A

0 > VIV

From the graph, which statement about the resistance of the lamp is correct as the
potential difference increases?

A Resistance of the lamp increases at first then decreases.
B Resistance of the lamp decreases at first then increases.
C Resistance of the lamp increases.
D

Resistance of the lamp decreases.

14 What is an electromotive force?

A It is the work done by a voltage source to drive a unit charge through a
component.

It is the work done by an appliance in driving a unit charge around a circuit.
It is the work done by a voltage source in driving a unit charge around a circuit.

It is the product of current through a component and the resistance of the
component.

15 A metal wire of length | and diameter d has resistance of 10 Q.

If another wire of the same metal is 2| in length and 0.5d in diameter, what is its
resistance?

A 5Q B 10 Q C 40 Q D 80 Q
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16

17

18

What is electric current?

A Rate of work done.

B Rate of flow of charge.

C Rate of change of resistance.
D Rate of change of potential.

A 6.00 m long cable with a radius of 1.0 mm has a resistance of 80 Q. What is the
corresponding length and radius of the cable that is made of the same material, which

has a resistance of 15 Q?

length / m radius / mm
A 2.00 2.0
B 2.00 4.0
Cc 18.00 2.0
D 18.00 4.0

A conductor carries a current of 4.0 A. How long does it take for 20 C of charge to pass

a point in the conductor?
A 0.20s
C 24s

B 50s
D 80 s
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19

20

The diagram below shows the current-voltage (I-V) graph of electric components X and

Y.

/A
A

O =M W & 00, N 0 O O

- V/V

1 2345678 910

Which of the following statement is correct?

A
B
C

X and Y have constant resistance.
The resistance of X is larger than the resistance of Y.

When X and Y are connected in series to a 6.0 V battery, the current drawn from
the battery is 10 A.

When X and Y are connected in parallel to a 6.0 V battery, the current drawn
from the battery is 10 A.

Two wires P and Q of the same length 1.0 m and made of the same material are
connected in parallel to a battery. The cross-section area of P is half of that of Q.

What is the ratio of the current through P to that in Q?

A

B
C
D

0.50
20
0.25
4.0
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21 An electric toaster has 900 C flowing through it to toast two slices of bread in 1.5
minutes. What is the current through the electric toaster?

A 0.10 A B 10 A
Cc 600 A D 1400 A
22 Which circuit could be used to test whether a resistor R obeys Ohm’s Law?

A B

© (a)
P L
Cc D
R R
V | — | A | p——
(a)
& O,

23 The graph shows the variation with potential difference (p.d.) V of the current / in an
electrical component.

0 vo v)( VY v

The resistance of the component is measured to have the values:
Rx, when the current is /xand
Ry when the current is Iy.

What is the difference between the resistance values of Rxand Ry?

A zero
Vy =V
B y —Vx
Iy -1y
v %4
c x _ Xy
Iy Iy
Vy =V, Vx =V
D y=Vo _ Vx—-VW
Iy Ix
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24 A wire made of a material with resistivity p has length / and cross-section A. It
is connected to a d.c. supply and has a potential difference V across it.

What is the energy supplied to the wire in time t?

V3tA VtA Vplt Vitpl
A B c p D i

pl pl A? A

25 The graph shows how the resistance of a thermistor changes with temperature.

40— ;

R/KQ \ P . | |
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§ e
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Temperature / K

The thermistor is connected in the potential divider circuit shown.

+9.0V ——_—_I_

1.5kQ

|

/

output

1.5kQ ]’
oV I

In order to obtain an output of 6.0 V at 550 K, to which value should the variable resistor
be set?

A 1.5kQ B 3.0kQ C 45kQ D 6.0k Q

e
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A light bulb is rated 12 V, 200 mW.

What quantity of charge flows through this light bulb in 30 minutes when it is operating
normally?

A 2mC B 30 mC
C 2C D 30C

The diagram below shows the current-voltage (/-V) graph of electric components X and
Y.

A ‘
IIA B
4
3
2
i AN S S —
0 T 2 3 4 5 6 7 8 VIV
A When X and Y are connected in series, the current drawn from the battery is 3.5
A.
B When X and Y are connected in parallel, the current drawn from the battery is
3.5A.
C When X and Y are connected in series, the current drawn from the battery is 7.0
A.
D When X and Y are connected in parallel, the current drawn from the battery is
7.0 A.
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28 The diagram below shows a rectangular copper block with dimensions L, 2L, and 4L.

-'-I 4L

<>
2L

Electrical contact can be made to the block between opposite faces.

Assuming that the resistivity of the block is p, what is the smallest possible value of
electrical resistance that can be obtained?

A ploL
B p/8L
C pl2L
D 2o/L

29 Which is the |-V characteristic graph of a diode?

A I/A B I/

A A

>V /V »V/V

I/ I/A

A A

>V /V »V/V
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30 Two bulbs X and Y are connected to a 6.0 V battery as shown. If the potential difference
(p.d.) across bulb X is 2.0 V, which of the following statements is NOT correct?
6.0V

[HH)

X Y
A When 2.0 C of charge pass through bulb X, 4.0 J of energy is transferred to this

bulb.

B When 1.0 C of charge pass through bulb Y, 2.0 J of energy is transferred to this
bulb.

Cc The charge passing through bulb X in 1.0 s is equal to the charge passing
through bulb Y in 1.0 s.

D The work done to move 1.0 C of charge across bulb Y is 4.0 J.

31 A composite wire is made by connecting in series four uniform wires made of the same
material but having different diameters.

() ) ) ) E—1

X

The resistance R of this composite wire is measured between X and other points on the
wire at distances d from X.

Which graph best represents the relationship between R and d?

A B
4 y
R R
0 - 0 -
0 d 0 d
C D
/ \
R R
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32 In a lightning strike, 20 C of charge is transferred from a cloud (at a high voltage of 1.5 x
106 V) to the ground in 0.020 s.

What is the average current produced by this strike?

A

B
Cc
D

0.40 A
1000 A

30 000 A
3.8x 106 A

33 Which of the following is the correct unit for work done to move a charge through an
electrical component in a circuit?

A

B
C
D

vVC
Vs
AQ
C s-1

34 A copper wire is stretched so that its length increases and its diameter decreases.

What happens to the wire’s resistivity and resistance?

resistivity resistance
A stays the same decreases
B decreases stays the same
C stays the same increases
D increases stays the same

35 A wire of length 0.60 m has a cross-sectional area of 1.2 mm2.

Which row shows another wire of the same material with the same resistance?

e | i
A 2.0 0.50
B 0.5 0.50
c 2.0 0.25
D 0.5 0.25

Bright Culture Tuition Centre Pte Ltd



BRIGHT
CULTURE Specialist in Secondary Science and Maths for 2000+ students

36 The diagram shows a graph of current | against potential difference V for a filament

lamp.
4 /

I/A

o

0 2 4 6 8 10
Viv

What is the resistance when the potential difference across the lamp is 6.0 V?

A 0.25Q
B 0.58 Q
C 1.7Q
D 40Q

37 The diagram shows the voltage-current (V-I) graphs of two resistors X and Y.

VJI Y

region P X

region Q

o
b~
A4

Which statements is/are correct?
(1) The resistance of X is higher than that of Y.

(2) If X and Y are connected in series, the V-l graph of the combined resistor will lie
in region P.

(3) If X and Y are connected in parallel, the V-I graph of the combined resistor will lie
in region Q.

A (2) only.

B (3) only.

C (1) and (2) only.

D (1) and (3) only.
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CURRENT OF ELECTRICITY STRUCTURED QUESTIONS

(a) Define potential difference.

(b) A circuit was set up to enable a variable potential difference to be applied across
a wire, and for the current and the potential difference to be measured.

Two insulated wires A and B of the same material and length, but different
thicknesses were connected into the circuit one at a time.

Readings of current and potential difference were recorded for each of the wire.

The graphs below represent the results of the experiment.

I/mA N

A B
12 / S
8 5 :

4 H
f | »\//V
0 1.0 20 3.0 40
Fig. 20
(i) Draw the circuit diagram of a circuit which would enable the necessary

current and potential difference measurements to be made to plot the
above graph for each of the wires A and B. Include all the necessary
measuring instruments. [3]
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(i) From the graph, calculate the resistance of wire B. Show all your working
clearly.

Resistance = .........ccccceee. [2]

(iii)  Which wire has a smaller cross-sectional area?

Explain how you arrived at your answer.

(iv)  Both wires A and B are coiled and made into heating elements. They are
then connected in turn across a voltage supply.

State and explain which wire gives a larger power output.

Bright Culture Tuition Centre Pte Ltd
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2

The variation with current of the potential difference (p.d.) across a component X is
shown in Fig. 9.1.

12 o R

Fl

p.d./V EEa : T ! T
10 B4 :

oo |t |t {e

gt g

[
EERY

1
SEFEEENSE.

0 1.0 2.0 3.0
current/ A

Fig. 9.1

(a) (i) State how the resistance of component X varies, if at all, with increase of
current.

(i) On Fig. 9.1 (using the same axes), draw a line to show the variation with
current of the p.d. across a resistor R of constant resistance 3.0 Q.

[1]
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(b) The component X and a resistor R of resistance 3.0 Q are connected in series
with a battery as shown in Fig. 9.2.

X R=3.0Q
— 1 @@ O

Fig. 9.2

The current in the circuit is found to be 2.0 A.

(i) Use Fig. 9.1 to determine the p.d. across component X.

p.d. across X = .....ccccccvveviieninennenn. [1]

(i) Determine the p.d. across R.

p.d.across R = ......cccccoiiiiiiiinnnnns [1]

Bright Culture Tuition Centre Pte Ltd
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(c) The resistor R and the component X are now connected in parallel with the same
battery, as shown in Fig. 9.3.

R=3.0Q

Fig. 9.3

Using your answer to (b)(iii) and the graph of Fig.9.1, determine the current supplied by
the battery in Fig. 9.3.

current = ... [2]

Bright Culture Tuition Centre Pte Ltd



BRIGHT
CULTURE Specialist in Secondary Science and Maths for 2000+ students

3 Fig. 10.1 below shows how the readings of current through a metal wire changes when
different potential differences are applied across it.

current/ A a

0 *0.d./V
Fig. 10.1

(a) Describe how the resistance of the wire changes as the potential difference
applied across it increases. Explain your reasoning clearly.

(b) The change in resistance of a piece of metal wire can be used to monitor the
growth of cracks in a wall. Fig. 10.2 shows a piece of such wire being stretched
tightly and fixed firmly on two points X and Y across the gap on a wall to be
monitored.

crack \ /

oO—
X Y

wire

Fig. 10.2

X and Y are connected to an external circuit that measures the change in
resistance of the wire.

Bright Culture Tuition Centre Pte Ltd



BRIGHT
CULTURE Specialist in Secondary Science and Maths for 2000+ students

(i) If the crack opened slightly, state how the length, thickness and
resistance of the wire would be affected (if any).

(i) State one other physical factor that affects the resistance of a metal wire.

Explain how it introduces an error in determining the size of the crack in
(i).

(c) Fig. 10.3 shows an electric circuit connected to a battery with an e.m.f. of 12V
and negligible internal resistance.

12V

==L

3.0Q

200
—L

7.00Q

Fig. 10.3

The reading on the ammeter is 2.05 A.
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Calculate
(i) the combined resistance of the 3 resistors in the circuit,
resistance = ........cccccccviciieeennn. [2]

(i) the current through the 7.0 Q resistor.

current = ... [1]
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4 Fig. 7.1 shows a lamp L and a resistor R connected in series to a cell with an
electromotive force (e.m.f.) of 5.0 V.

= 50V

®

Fig. 7.1

(a) Explain what is meant by the term “electromotive force (e.m.f.) of 5.0 V”.

Fig. 7.2 shows how the current in lamp L varies with the potential difference (p.d.)
applied across it.

current / mA
r 3

500
400

300

200

100

> pd./V

5.0 10.0 15.0

Fig. 7.2

(b) Describe how the resistance of the lamp L varies as the p.d. applied increases.
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(c) The current in the circuit is 200 mA.

(i) Use the graph to determine the resistance of the lamp L in the circuit
shown in Fig. 7.1.

resistance of lamp L = .................. [2]

(i) Calculate the resistance of the resistor R.

resistance of resistor R = .................. [2]

(d) Sketch on the graph in Fig. 7.2, a line that shows the variation of current with the
p.d. for the resistor R. [2]

Bright Culture Tuition Centre Pte Ltd
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XY is a variable resistor made from a long bare resistance wire and a sliding contact C
is connected to a 12.0 V supply in a circuit as shown in Fig. 8.1. A thermistor with

resistance that decreases with increase in temperature, is connected between the
terminals A and B.

oV 120V

=

Fig. 8.1

(a) Draw the symbol of the thermistor in the circuit in Fig. 8.1. [1]

(b) Describe and explain how the voltmeter reading changes when the sliding
contact C is moved from X towards Y.
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(c) At a constant surrounding temperature of 70 °C, the resistance of the thermistor
is 200 Q and the maximum resistance of the variable resistor is 400 Q. The
sliding contact C in the circuit is set at a position midway between X and

Y. Calculate:
(i) the effective resistance of the circuit at 70 °C.
effective resistance = .................. [1]

(i) the current in the thermistor at 70 °C.

current=.................. [2]

(d) Sketch on Fig. 8.2 a graph showing how the resistance of the thermistor varies
with temperature. [1]

resistance / Q
y 3

500
400

300

200

100

0 » temperature / °C
50 100 150

Fig. 8.2
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(e) State and explain clearly how the voltmeter reading changes as the surrounding

temperature increases.

Fig. 7.1 show a circuit that Jeanette uses to find the resistance of a resistor X. The e.m.f.

6
of the cell E is 2.0 V and the voltmeter has a resistance of 2.5 x 103 Q.

20V
II c’/c
O
X
1 (A)
I \/
Fig. 7.1

If the actual resistance of X is 2.0 x 103 Q, and the resistance of the ammeter is

(a)
much smaller than that of X, calculate
(i) the reading of the ammeter, and
ammeter reading = .......cccceveeenn. [2]
(i) the value of the resistance of X that Jeanette gets.
value of resistance of X obtained = .................... [1
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(b) Explain why the value of X obtained by Jeanette is different from the actual
value.

(c) In the space below, draw the correct circuit that she should connect to determine
the value of X. [1]
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7

8

Wire P is made from the same material and of the same length as wire Q.

However, the radius of P is twice that of Q.

Determine the ratio of the resistance of wire P to the resistance of wire Q.

(a) An electrical component C has an |-V characteristic as shown in Fig. 10.1, where |
is the current passing through C and V is the potential difference (p.d.) across it.

(i)

(ii)

I I L1

% i
1 |

T L1 T
[‘[ [ }

1/A
1.5 =

=1 I
— [

1.0

0.5

0 2 B 6 8 10

Fig. 10.1

Explain what is meant by potential difference across a component.

Calculate the resistance of component C when a p.d. of 6.0 V is applied
across it.

resistance = ......ccccccvvvvveeiinnnnn. [2]
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(iii)  Deduce the minimum value of the resistance of component C over the
range 0 to 10 V. Show your reasoning clearly.

minimum resistance = ..............coeeeeeeen. [2]

(b) Component C is then connected into a circuit as shown in Fig. 10.2.

voltage supply 0800

s | | S

50Q

component C

Fig. 10.2

The current through the 5.0 resistor is found to be 0.85 A.

Calculate
(i) the p.d. across component C,
P.d. = [1]
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(i) the total current from the voltage supply,

total current = .......ccccoeeeiiiirinnn, [2]

(iii)  the e.m.f. of the voltage supply.
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9 Fig. 6.1 shows a uniform metal wire P of length 2.4 cm with a cross-sectional area 5.0 x
10°m2. The resistivity of the metal is 1.2 Q m.

2.4 cm

AN

)
B\

1)5.0x 10° m?

P
Fig. 6.1

(a) Define electrical resistance of a wire.

(b) Calculate the resistance of wire P.

resistance = ........cccccccceennn. [2]

(c) Another wire Q is constructed from the same material but has twice the length
and half the diameter of wire P.

Determine the ratio of the resistance of wire P to the resistance of wire Q.
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10 The |-V characteristics of a car headlamp are investigated using the circuit shown in Fig.
7.1.

The variable resistor can be adjusted to have resistance between 0 and 10 W .

Readings of potential difference (p.d.) V across the lamp and current | in the circuit are
taken. The results obtained are shown in Fig. 7.2.

2.0 T 1 T TT
1 T ! l\r
? A :
I/A , - :
| yasum 1 .
1.0 ‘ - '
I | Y11
T 1
] M
! i 1
O.Sﬁ ‘IT E . 1 | 1 J‘t
n t I
EEsSeE
S
O 11 IEEREEEE ! 1
0 2 4 6 8 10 12
VIV
Fig. 7.2

(a) Describe how the resistance of the lamp can be obtained from Fig. 7.2.

Bright Culture Tuition Centre Pte Ltd



BRIGHT
CULTURE Specialist in Secondary Science and Maths for 2000+ students

(b) On Fig. 7.3, sketch the variation in resistance of the lamp when the p.d. across it
is varied over the range of 2.0 V to 10.0 V. (Indicate the numerical values for the
extreme ends of your graph). [2]

A
resistance / Q
| T I | | | >
0 2 4 6 8 10 12 VIV
Fig. 7.3
11 Fig. 5.1 shows the I/V characteristic graph for a filament lamp and a resistor.
6
5 ‘ afinn
I/A | T
4 lamp .
e
3 FHHHH
V.d
1N
2 AT resistor
LA I

1 I

/ {
04£ ‘

0 1 2 3 4 .5 6 {4 8 8

Fig. 5.1

(a) Describe how Fig. 5.1 shows that the resistor obeys Ohm’s Law.
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(b) State the value of the potential difference where the lamp and the resistor have
the same resistance.

potential difference = ....................... [1

(c) Another resistor X is made of the same material as the original resistor but is
twice as long and has a diameter three times larger.

Calculate the resistance of resistor X.

resistance = ........ccccccceeeennn. [2]

(d) Another lamp labelled 6 V, 12 W is connected to a 6 V fully charged battery and
it shines at normal brightness for 12 hours.

Calculate the charge that passes through the lamp during this time.

[Total: 6]
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12 Fig. 6.1 shows a circuit with a light-dependent resistor (LDR) and a resistor with fixed
resistance of 8.0 kQ.

The LDR has a resistance of 600 Q in bright light.

(a) Calculate the output voltage Vout when the LDR is in bright light.

Vout=......coeeeiennne [2]
(b) In dim light, Vout is 8.0 V. For this level of brightness, determine

(i) the voltage across the fixed resistor,

V=, [1]
(i) the resistance of the LDR.

resistance = ................ol [1]
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(c) The output is now connected across the resistor. A lamp is connected across
the output, and this lamp only switches on when Vout is larger than 8.0 V.

Describe and explain the operation of this new device as the level of light
changes.

[Total: 6]
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ANSWERS FOR CURRENT OF ELECTRICITY MCQ

Q1:D Q11:B Q21: B Q31: A
Q2: A Q12:D Q22: A Q32: B
Q3:D Q13: C Q23: C Q33: A
Q4: A Q14: C Q24: A Q34: C
Q5:D Q15:D Q25: C Q35:D
Q6: B Q16:B Q26: D Q36: C
Q7:D Q17:D Q27:D Q37: B
Q8:B Q18: B Q28: B

Q9:B Q19:D Q29: A

Q10:D Q20: A Q30: B

ANSWERS FOR CURRENT OF ELECTRICITY STRUCTURED QUESTIONS

(a) Define potential difference.

Potential difference is the work done* to drive a unit / coulomb) of charge
through a component / between 2 points in the circuit. [1m]

* ‘energy converted from electrical to other forms’ accepted since it is given in
textbook but not encouraged. There can be instances when a charge is moved
but energy conversion does not take place. [1]

(b) A circuit was set up to enable a variable potential difference to be applied across
a wire, and for the current and the potential difference to be measured.

Two insulated wires A and B of the same material and length, but different
thicknesses were connected into the circuit one at a time.

Readings of current and potential difference were recorded for each of the wire.

The graphs below represent the results of the experiment.

I/mA N A
B
16 //
1 2 - / .............
o/
at

! | > \//V
0 1.0 20 3.0 4.0

Fig. 20
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(i) Draw the circuit diagram of a circuit which would enable the necessary
current and potential difference measurements to be made to plot the
above graph for each of the wires A and B. Include all the necessary
measuring instruments. [3]

insulated wire

Al —

e Voltmeter in parallel with insulated wire

e Ammeter in series with insulated wire
e Correct symbols used for circuit diagram

e Circuit allows for current and p.d. to be correctly measured for the insulated
wire

[1m to be deducted for each of the above not fulfilled. If insulated wire is
represented by resistor symbol, student shd label it as the wire]

(i) From the graph, calculate the resistance of wire B. Show all your working
clearly.

R=V/I=4.0/(16x10?)
[1m; other correct sets of values from the graph can be accepted]
=250 Q [1m] (2]
(iii)  Which wire has a smaller cross-sectional area?
Explain how you arrived at your answer.

A wire with a smaller cross-sectional area will have a higher resistance
since the resistance of a wire is inversely proportional to its cross-
sectional area. [1m]

Since R = V/I, it is the inverse of the gradient of the graph. The smaller
gradient will indicate the larger resistance. [1m]

Wire B has a smaller cross-sectional area. [deduct one mark if not stated,
but no mark for this if the explanation is wrong.] [2]
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(iv)  Both wires A and B are coiled and made into heating elements. They are
then connected in turn across a voltage supply.

State and explain which wire gives a larger power output.

Power output P = V¥ R. [1m]

Since V is a constant for both wires, wire A with the lower resistance will
give a larger power output. [1m] [2]

The variation with current of the potential difference (p.d.) across a component X is

shown

pd./V

(a)

in Fig. 9.1.
12 TT r . T
- ‘ —
J i ;
i . -HH T
10 H4
! - :
8 T ™
: - i ]
] 1 H
T : N | I
i I
ST , 4 HHH
- ‘ ., T
-1 T
i + HHH T
! n ] 1 ‘Ir '
4 T I : 1
: : HHHH 1
! 1 L n
I - 1 i
2 = : T
H L
LT 1
- l 1
0 - 1 ] A1
0 1.0 2.0 3.0
current / A
Fig. 9.1
(i) State how the resistance of component X varies, if at all, with increase of
current.

R is the ratio of p.d. to current. As the current increases, the ratio increases.

Resistance of X increases with the current [1]
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(i) On Fig. 9.1 (using the same axes), draw a line to show the variation with
current of the p.d. across a resistor R of constant resistance 3.0 Q.

straight line with “slope” = R = 3 Q, passing through (0, 0) and (3, 9)

[1]

(b) The component X and a resistor R of resistance 3.0 Q are connected in series
with a battery as shown in Fig. 9.2.

==l

X R=300

— A @

Fig. 9.2

The current in the circuit is found to be 2.0 A.

(i) Use Fig. 9.1 to determine the p.d. across component X.

From graph, when current = 2.0 A, p.d. across Xis 5.0 V. [1]
(i) Determine the p.d. across R.

From straight line graph drawn, p.d. of R=6.0V

ORV=IR=20x3.0=6.0V [1]

e.m.f. =sum of p.d.s =5.0+ 6.0
=110V
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(c) The resistor R and the component X are now connected in parallel with the same
battery, as shown in Fig. 9.3.

==l

R=3.0Q

Fig. 9.3

Using your answer to (b)(iii) and the graph of Fig.9.1, determine the current supplied by
the battery in Fig. 9.3.

e.m.f. = p.d. across both Xand Ris 11.0 V
Current from battery = current through X + current through R

= 2.9 A (from graph) + (11.0 V/ 3.0 Q)

= 6.567 = 6.6 A (2 s.f.)
(2]
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3 Fig. 10.1 below shows how the readings of current through a metal wire changes when
different potential differences are applied across it.

current/ A a

0 *0.d./V
Fig. 10.1

(a) Describe how the resistance of the wire changes as the potential difference
applied across it increases. Explain your reasoning clearly.

The resistance of the wire is the ratio of the potential difference applied to
the current flowing through it.

From the graph, this ratio increases as the potential difference

applied increases, (or the current increases at a slower rate than the
increase in p.d.) hence, the resistance of the wire increases with the
increase in potential difference. [2]

(b) The change in resistance of a piece of metal wire can be used to monitor the
growth of cracks in a wall. Fig. 10.2 shows a piece of such wire being stretched
tightly and fixed firmly on two points X and Y across the gap on a wall to be
monitored.

crack

wire

Fig. 10.2

X and Y are connected to an external circuit that measures the change in
resistance of the wire.
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(i) If the crack opened slightly, state how the length, thickness and
resistance of the wire would be affected (if any).

The length will increase.

The thickness will decrease (hence cross-section area will decrease).
The resistance of the wire will increase. [3]

(i) State one other physical factor that affects the resistance of a metal wire.
Explain how it introduces an error in determining the size of the crack in
(i).
Temperature of the environment.

If the temperature of the environment increases, (the resistivity of the
wire increases), the resistance of the wire will increase. This will result
in a wrong indication to the user that the crack has widened. [2]

(c) Fig. 10.3 shows an electric circuit connected to a battery with an e.m.f. of 12 V
and negligible internal resistance.

12V

==l

3.0Q
200
— 700
Fig. 10.3
The reading on the ammeter is 2.05 A.
Calculate
(i) the combined resistance of the 3 resistors in the circuit,

Effective resistance (in parallel) of 3.0 Q & 7.0 Q=21 Q

Hence, combined resistance =2.0Q+2.1Q=41Q [2]
(i) the current through the 7.0 Q resistor.

Iman=e.m.f./ Rex=12/4.1=2.927 A

I (through 7.0 Q resistor) = VIR = (e.m.f. — p.d.(across 2.0 Q)) / R
=(12—-(2.927 x2))/7.0=0.88 A [1]
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4 Fig. 7.1 shows a lamp L and a resistor R connected in series to a cell with an
electromotive force (e.m.f.) of 5.0 V.

= 50V

®

Fig. 7.1

(a) Explain what is meant by the term “electromotive force (e.m.f.) of 5.0 V”.

An e.m.f of 5.0V means that the cell will convert 5.0 J of chemical potential
energy to electrical energy to drive 1.0 C of charge round the circuit.[1]

Fig. 7.2 shows how the current in lamp L varies with the potential difference (p.d.)
applied across it.

current / mA
ﬂh
500
400

300

200
100}

5.0 10.0 15.0

Fig. 7.2

(b) Describe how the resistance of the lamp L varies as the p.d. applied increases.

The resistance of the lamp increases as the p.d. increases. [1]
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(c) The current in the circuit is 200 mA.

(i) Use the graph to determine the resistance of the lamp L in the circuit
shown in Fig. 7.1.

p.d. of the lamp when current is 200 mMA =3.0 V
RL=V+1=3.0V+0200A=150Q0 [2]
(i) Calculate the resistance of the resistor R.

P.d. across the resistor=5.0V-3.0V =20V
RR=V+1=20V+0200A=100Q [2]

(d) Sketch on the graph in Fig. 7.2, a line that shows the variation of current with the
p.d. for the resistor R. [2]

Straight line from the origin.
LinetocutV =50V,

Current = 500 mA
current / mA

[ | |
i1
500 H-HHHHHHERA T
A
sooFEEE /A o
| | | | [ |
i | j \ i |
300 / /I/ | | | I
[ |

200 / E :
100 // | i
14 i

A J

pd./V

Fig. 8.2
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XY is a variable resistor made from a long bare resistance wire and a sliding contact C
is connected to a 12.0 V supply in a circuit as shown in Fig. 8.1. A thermistor with
resistance that decreases with increase in temperature, is connected between the
terminals A and B.

oV 120V

(=] Q

Fig. 8.1

(a) Draw the symbol of the thermistor in the circuit in Fig. 8.1. [1]
Symbol of thermistor drawn with correct orientation in the circuit.

oV 120V
o

Q
C A B

(b) Describe and explain how the voltmeter reading changes when the sliding
contact C is moved from X towards Y.

Since XC section of the resistance wire and the thermistor are connected in
series, the same current flows through them. Hence, the p.d. is directly
proportional to the resistance (potential divider concept).

When C is at X, the resistance across CX is 0 Q. Applying the potential divider
concept, the p.d. across CXis 0 V and the p.d. across the thermistor is 12 V.

As C slid towards Y, the resistance across CX will gradually increases to a
maximum. Applying the potential divider concept, the p.d. across CX increases
and the p.d. across the thermistor decreases. [3]
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(c) At a constant surrounding temperature of 70 °C, the resistance of the thermistor
is 200 Q and the maximum resistance of the variable resistor is 400 Q. The
sliding contact C in the circuit is set at a position midway between X and

Y. Calculate:
(i) the effective resistance of the circuit at 70 °C.
Effective resistance Re = Rr+ Rcx =200 Q + 200 Q =400 O (1]

(i) the current in the thermistor at 70 °C.
Ir=V-+-Re=12V - 400Q=0.030 A [2]

(d) Sketch on Fig. 8.2 a graph showing how the resistance of the thermistor varies
with temperature. [1]

resistance / Q

500

400

300

200

100

temperature / °C

Fig. 8.2
Curve line drawn that shows decreasing resistance with increased in
temperature that pass through point when temp = 70 °C and resistance = 200 Q
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(e) State and explain clearly how the voltmeter reading changes as the surrounding
temperature increases.

As room temperature increases, the resistance of the thermistor decreases and
the resistance of the resistance wire increases. (both changes must be
mentioned) As room temperature increases, the ratio of the resistance of the
thermistor to that of the resistance wire decreases. Hence, based on potential
divider concept, the p.d. across the thermistor decreases. [2]

6 Fig. 7.1 show a circuit that Jeanette uses to find the resistance of a resistor X. The e.m.f.
of the cell E is 2.0 V and the voltmeter has a resistance of 2.5 x 103 Q.

20V
i o

O

X
] (A)
I NV

Fig. 7.1

(a) If the actual resistance of X is 2.0 x 103 Q, and the resistance of the ammeter is

much smaller than that of X, calculate
(i) the reading of the ammeter, and

Effective resistance of the voltmeter and X connected in parallel:

1 1 1
= +

R, 2500Q 20009

Re= 1111Q

. 20V
Reading of ammeter =
1111Q

=1.8x10° A 2]

(i) the value of the resistance of X that Jeanette gets.

20V
0.0018 A

= 1100 Q (2 s.f) [1]

value of X obtained =

(b) Explain why the value of X obtained by Jeanette is different from the actual
value.

As the resistance of X is close to the resistance of the voltmeter, the current that
flows through the voltmeter is not negligible.

The ammeter measures the total current flowing through X and the voltmeter.

2]
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(c) In the space below, draw the correct circuit that she should connect to determine
the value of X. [1]
20V
I: s/c
)
WV
X
] (n)
I \\_/

Wire P is made from the same material and of the same length as wire Q.
However, the radius of P is twice that of Q.

Determine the ratio of the resistance of wire P to the resistance of wire Q.

pL  pL

R="=— 2> Ro1/f? (same pand L)
o= (2=
RQ rp 2

=0.5%=0.25

[2]
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(a) An electrical component C has an |-V characteristic as shown in Fig. 10.1, where |
is the current passing through C and V is the potential difference (p.d.) across it.

17 T H L1
1/A ! M EE
15 HHHES
= i ]
1.0
i
J
0.5
T
0 B L1]
0 2 4 6 8 10
%
Fig. 10.1
(i) Explain what is meant by potential difference across a component.

p.d. across a component is the work done in driving a unit charge through
the component. [1]

(i) Calculate the resistance of component C when a p.d. of 6.0 V is applied
across it.

From the graph, whenV=6.0V,[=145A

Resistance R=V/1=6.0V/145A=4.138=4.1Q [2]

(iii)  Deduce the minimum value of the resistance of component C over the
range 0 to 10 V. Show your reasoning clearly.

From the graph, the steepest line from origin (0, 0) and touching the
curve gives the smallest resistance.

This line touches the point: =11 A&V =33V
Minimum R=V/1=33V/11A=3.0Q [2]
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(b) Component C is then connected into a circuit as shown in Fig. 10.2.

voltage supply 0800

s | | S

50Q

component C

Fig. 10.2

The current through the 5.0 resistor is found to be 0.85 A.

Calculate
(i) the p.d. across component C,
p.d.Vi=IR=085A-50Q0=425=43V [1]

(i) the total current from the voltage supply,

From the graph, whenV1=4.3V,[1=1.3

A passing through component C

Total current from voltage supply =0.85 A+ 1.3A=215A=22A [2]

(iii)  the e.m.f. of the voltage supply.

p.d. across 0.80 Q

resistor, Vo.=1R=215A-080Q=1.72V

Hence, em.f.=V1+V,=425+1.72=597=6.0V
OR

Resistance of C=V /1=4.25/1.3=3.27 Q

1

Effective resistance R = (i) + (3.27

5.0

)—1 +0.80=2780Q
emf =1R=215.278=5977~6.0 A
[2]
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9

Fig. 6.1 shows a uniform metal wire P of length 2.4 cm with a cross-sectional area 5.0 x
10°m2. The resistivity of the metal is 1.2 Q m.

2.4 cm

N,
C ( )5.0x10°m?
P
Fig. 6.1

N

(a) Define electrical resistance of a wire.

Resistance is defined as the ratio of the potential difference across the wire to
the current flowing through it. [1]

(b) Calculate the resistance of wire P.

_pl _120mx0.024m
R T A 50x10"6m? [1]
=5760 Q ~ 5800 O [1] [2]

(c) Another wire Q is constructed from the same material but has twice the length
and half the diameter of wire P.

Determine the ratio of the resistance of wire P to the resistance of wire Q.

=1:8[1]OR1/8  OR=0.125~0.13
[2]
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10 The |-V characteristics of a car headlamp are investigated using the circuit shown in Fig.
7.1.

The variable resistor can be adjusted to have resistance between 0 and 10 W .

Readings of potential difference (p.d.) V across the lamp and current | in the circuit are
taken. The results obtained are shown in Fig. 7.2.

2.0 T T -
| AN ¥ 11
} ] 4
T v.d i B
1.0 ‘ -
1 ! Tl
T [ ]
Emamam
t i 1
O.Sﬁ ‘I'E \ | 1 1 J‘t
' | 1
SeeEeeaas. i
A
0 11 IEEREEEE ! 1
0 2 < 6 8 10 12
VIV
Fig. 7.2

(a) Describe how the resistance of the lamp can be obtained from Fig. 7.2.

The resistance R can be obtained by calculating ratio V /|, (using (I, V) values
from the graph) (1]
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(b) On Fig. 7.3, sketch the variation in resistance of the lamp when the p.d. across it
is varied over the range of 2.0 V to 10.0 V. (Indicate the numerical values for the
extreme ends of your graph). [2]

resistance / Q

54--

2.5

o
NC i
N
[e)]
[o+]

10 12 VIV

Smallest R=2V/0.8A=25Q
Largest R =10V / 1.85A =5.4Q
Middle value of R =6V / 1.4A =4.3Q (> 3.95Q , average of 2.5 and 5.4 Q)
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11 Fig. 5.1 shows the I/V characteristic graph for a filament lamp and a resistor.
6
5 afl im
I/A B
4 lamp
3 o
Vd
N
2 “— resistor
]

1

7
04

0

Fig. 5.1

(a) Describe how Fig. 5.1 shows that the resistor obeys Ohm’s Law.

I varies linearly with V (resistance is constant) and passes through origin for the
resistor.

[Do not accept: I'is directly proportional to V (only) ] describe the features of the
graph [1]

(b) State the value of the potential difference where the lamp and the resistor have
the same resistance.

potential difference = 7.0 V.

do not accept 7 V must have unit [1]

(c) Another resistor X is made of the same material as the original resistor but is
twice as long and has a diameter three times larger.

Calculate the resistance of resistor X.
R=V/IN1=8/52=15Q

(choose a point that can be read accurately from the grid provided) (accept if V =
4Vandl=26A)

Rx=1.5x2/9=0.33Q (2 sf) 2]
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(d) Another lamp labelled 6 V, 12 W is connected to a 6 V fully charged battery and
it shines at normal brightness for 12 hours.

Calculate the charge that passes through the lamp during this time.
Q=1Ixt

=P/Vxt

=12/6 x 12 x 3600
(C1 is for either correct sub for P/V or correct conversion)

=86 000 C

Accept if student use | = 4.4 A (from graph).

Q =190 000 C. [2]
[Total: 6]
12 Fig. 6.1 shows a circuit with a light-dependent resistor (LDR) and a resistor with fixed

resistance of 8.0 kQ.

Fig. 6.1

The LDR has a resistance of 600 Q in bright light.
(a) Calculate the output voltage Vout when the LDR is in bright light.
Vout = 600/(600 + 8000) x 12
=0.84V [2]
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(b) In dim light, Vout is 8.0 V. For this level of brightness, determine
(i) the voltage across the fixed resistor,
V=12V -80V=4.0V [1]
(i) the resistance of the LDR.

4/12 = 8000/ (R + 8000)
R = 16000Q [1]

(c) The output is now connected across the resistor. A lamp is connected across the
output, and this lamp only switches on when Vout is larger than 8.0 V.

Describe and explain the operation of this new device as the level of light
changes.

When light is dim, Vout is low and when light is bright, Voutis high. The light will
switch on when the light is bright. [2]

[Total: 6]
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