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Chapter 11

Current of electricity

11.1 Electric current
1080. 9702_m20_qp_12 Q: 32

Electrons move in a vacuum from one metal plate to another metal plate. As a result of this, there
is an electric current of 48 A between the two plates.

How many electrons are emitted by the first plate in a time of 5.0 minutes?

A 14x10 B 15x10%" C 18x10" D 9.0x10%

1081. 9702_s20_qp_11 Q: 33

The current in the circuit shown is 3.2 mA.

What are the direction of flow and the rate of flow of electrons through the resistor R?

direction of flow rate of flow/s™
A XtoY 2.0x 10"
B XtoY 51x102%
Cc Y to X 2.0x 10"
D Y to X 51x 1072
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1082. 9702_s20_qp_12 Q: 33
The number density of free electrons in copper is 8.0 x 102 m™=,
A copper wire has diameter 0.42 mm.

What is the average drift speed of the free electrons in the wire when the current in the wire is
0.57A?

A 80x10""ms™
B 32x10"ms™
C 80x10°ms™
D

3.2x10%ms™

1083. 9702_s20_qp_13 Q: 33

The unit of electric charge is the coulomb.

What is meant by 1 coulomb?

A the charge passing a point in 1 second when a current produces 1 joule of work

B the charge passing a point in 1 second when a current produces 1 watt of power
C the charge passing a point in 1 second when there is a current of 1 ampere
D

the charge passing a point in 1 second when there is 1 ohm of resistance

1084. 9702_s20_qp_13 Q: 34

Two copper wires are joined together and carry a current, as shown.

e
curren AN \ e
wire P i
| wire Q
diameter d diameter 2d

Wire P has diameter d and wire Q has diameter 2d.

average drift speed of the free electronsin wire P ,

What is the ratio - — 1
average drift speed of the free electrons in wire Q

A 1 B 1 c 2 D 4
4 2
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1085. 9702_m19_qgp_12 Q: 32
The electric current in a wire may be calculated using the equation I'=Anvq.
Which statement is not correct?

A nis the number of charge carriers per unit volume of the wire.
B nAis the number of charge carriers per unit length of the wire.
C ¢ is the charge of each charge carrier.
D

v is the velocity of each charge carrier.

1086. 9702_s19_gp_12 Q: 33
A length of wire is connected into a circuit.
area A

ki [

R

area %A

—
—
P

The area of the cross-section of the wire changes from AatRto 1A atS.

There is a constant current in the wire. Charge Q passes R in time &.

What is the charge passing point S in the same time ¢?

A 1Q B Q C Q2 D 2Q
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1087. 9702_wi9_qp_11 Q: 30

A metal plate of uniform thickness is connected to a cell as shown.

metal plate:

-
viewed from electron
above flow

Electrons move clockwise around the circuit.

Which statement about the metal plate is correct?

A

B

The average drift speed of the conduction electrons decreases as they move from right to left
through the plate.

The average drift speed of the conduction electrons increases as they move from right to left
through the plate.

The number density of the conduction electrons decreases from right to left through the
plate.

The number density of the conduction electrons increases from right to left through the plate.

1088. 9702_w19_qp_11 Q: 31

The diagram shows the direction of the current in a metal block. The charge carriers enter the
block through the face PQRS and leave the block through the opposite face.

The number density of charge carriers is n. Each charge carrier has charge e. The average drift
speed of the charge carriers is v.

Which expression gives the current in the block?

A envx? B envxy C envy’ D envx'y
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1089. 9702_wi9_qp_12 Q: 31

When the current in a wire is 5.0 A, the average drift speed of the conduction electrons in the wire
is7.4x10%*ms™.

Which row gives a possible cross-sectional area and number of conduction electrons per unit
volume for this wire?

cross-sectional number of conduction
area/ me electrons per unit
volume/m™
A 7.2x107 1.2 x 10%
B 7.2x 107 59 x 10%
Cc 23x107° 7.3x10%
D 2.3x10° 3.7 x 107

1090. 9702_w19_qp_13 Q: 33

A metal electrical conductor has a resistance of 5.6kQ. A potential difference (p.d.) of 9.0V is
applied across its ends.

How many electrons pass a point in the conductor in one minute?

A 6.0x10% B 1.0x10" C 6.0x10" D 1.0x10%

1091. 9702_mi8_qp_12 Q: 35

Charge carriers, each of charge q, move along a wire of fixed length. The number density of the
charge carriers in the wire is n.

What is also required, for this wire, to determine the average drift velocity of the charge carriers in
terms of n and g?

A current per unit of cross-sectional area
B potential difference per unit of length

C resistance and cross-sectional area
D

resistivity and length
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1092. 9702_s18_qp_11 Q: 30

The current I in a metal wire is given by the expression shown.

I = Anvg

What does the symbol n represent?

A

B
c
D

the number of atoms per unit volume of the metal
the number of free electrons per atom in the metal
the number of free electrons per unit volume of the metal

the total number of electrons per unit volume of the metal

CURRENT OF ELECTRICITY

1093. 9702_s18_qp_13 Q: 29

What is a possible charge on a particle?

A

B
c
D

6.40 x 107%°C
4.00 x 10°'°C
1.12 x 1078 C
9.11x 107"°C

1094. 9702_s18_qp_13 Q: 30

A slice of germanium of cross-sectional area 1.0cm? carries a current of 56 pA. The humber

density of charge carriers in the germanium is 2.0 x 10" cm™. Each charge carrier has a charge
equal to the charge on an electron.

slice of
area 1.0 cm? germanium
current
56 pA

What is the average drift velocity of the charge carriers in the germanium?

A

0.18ms™’ B 18ms™’ C 180ms™ D

1800 ms™’
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1095. 9702_wi8_qp_11 Q: 33

When there is a current of 5.0A in a copper wire, the average drift velocity of the free electrons is
8.0 x 10*ms™.

What is the average drift velocity in a different copper wire that has twice the diameter and a
current of 10.0A?

A 40x10%*ms™’
B 80x10*ms™
C 16x10°ms™
D 32x10°ms™

1096. 9702_wi8_gp_12 Q: 33
Which twao units are used to define the coulomb?
A ampere and second
B ampere and volt
C voltand ohm
D

volt and second

1097. 9702_wi8_qp_13 Q: 32

The current I in a copper wire can be calculated using the equation shown.
I=Anvg
What does the symbol v represent?

A the average drift velocity of the charge carriers

B the instantaneous velocity of the charge carriers
C the voltage applied across the wire
D

the volume of the wire



https://stemup.co.uk

528

1098. 9702_mi17_qp_12 Q: 32

CHAPTER 11.

CURRENT OF ELECTRICITY

An electric current I is given in the list of formulae on page 3 as I = Anvg.

What do each of the symbols represent for an electric current in a metal wire?

A n v q
area of number of free voltage charge of
cross-section electrons each molecule
area of number of free average charge of
cross-section electrons per drift speed each electron

unit volume of electrons
current number of free average charge of
electrons drift speed each molecule
of electrons
current number of free voltage charge of

electrons per

each electron

unit volume

1099. 9702_s17_qp_11 Q: 32

The diagram shows the symbol for a wire carrying a current I.

I

N
>

What does this current represent?

A

B
c
D

the charge flowing past a point in the wire per unit time
the number of electrons flowing past a point in the wire per unit time
the number of positive ions flowing past a point in the wire per unit time

the number of protons flowing past a point in the wire per unit time

1100. 9702_s17_qp_12 Q: 32

The current in a circuit component is 2.00 pA.

How many electrons pass through the component each second?

A

1.25x 10" B 1.25x10' C 1.25x10" D 1.25x10%
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1101. 9702_s17_qp_13 Q: 31

Two metal plates are a distance of 30cm apart in a vacuum.

A current exists between the two plates consisting of electrons moving at a constant speed of
1.5x10°ms™.

At any instant, there is always just one electron travelling between the plates.
What is the current between the plates?

A 32x10%A

B 8.0x10"A

C 16x10"A

D 20x107A

1102. 9702_wi17_qp_11 Q: 33

The current in the circuit shown is 3.2 mA.

What are the direction of flow and the rate of flow of electrons through the resistor R?

direction of flow rate of flow/s™
A XtoY 2.0x10"
B XtoY 51x 1072
Cc Y to X 2.0x 10"
D Y to X 51x10%
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1103. 9702_wi7_qp_12 Q: 33

Two copper wires are joined together and carry a current, as shown.

e
t / t
curren ~_ \ curren
wire P
. wire Q
diameter ¢ diameter 2d

Wire P has diameter d and wire Q has diameter 2d.

average drift speed of the free electrons in wire P o
average drift speed of the free electronsin wire Q

What is the ratio

A B c 2 D 4

1
2

TN

1104. 9702_wi7_qp_13 Q: 33
The number density of conduction electrons in copper is 8.0 x 102 m™.

What is the average drift speed of electrons in a copper wire of diameter 0.42mm when the
current in the wire is 0.57 A?

A 80x10"ms™
B 32x10"ms™
C 80x10°ms™’
D

32x10%*ms™

1105. 9702_m16_qp_12 Q: 30

An electrical conductor has a resistance of 5.6 kQ2. A potential difference (p.d.) of 9.0V is applied
across its ends.

How many electrons pass a point in the conductor in one minute?

A 6.0x10% B 1.0x10" c 6.0x10" D 1.0x 10"
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1106. 9702_s16_gp_13 Q: 31
In an electrolyte, the electric current is carried by charged particles (ions) in solution.
What is not a possible value for the charge on an ion in solution?

A -48x107"C
B +1.6x107"°C
C +3.2x107°C
D +4.0x107"C

1107. 9702_wi6_qp_12 Q: 33

A wire carries a current of 2.0 A for 1.0 hour.
How many electrons pass a point in the wire in this time?

A 12x10" B 7.2x10° Cc 1.3x10" D 45x10%

11.2 Potential difference and power
1108. 9702_s20_qp_12 Q: 34

An electric kettle is rated at 2.0kW, which describes the power supplied to the heating coil in the
kettle.

The coil has a resistance of 5.0k(.

What is the current in the coil?

A 040A B 0.63A C 16A D 25A

1109. 9702_m19_qp_12 Q: 16

A crane is being used to lift containers off a ship. One container has a mass of 14 000 kg and is
being lifted vertically with a speed of 3.2ms™".

The electric motor being used to supply the power to lift the container is using a current of 240 A
at a potential difference of 2200V.

What is the efficiency of the system?

A 81% B 85% C 48% D 83%
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1110. 9702_s19_qp_11 Q: 33

A voltmeter connected between two points P and Q in an electrical circuit shows a reading of 1V.

Which statement is correct?

A The energy needed to move +1C of charge from P to Qs 1J.
B The energy needed to move +1C of charge from Qto Pis 1J.
C The energy needed to move one electron from P to Qis 1J.
D

The energy needed to move one electron from Qto P is 1J.

1111. 9702_s19_gp_13 Q: 32
Which two units are used to define the volt?
A ampere and ohm
B coulomb and joule
C coulomb and ohm
D

coulomb and second

1112. 9702_s19_qp_13 Q: 35
A wire supplying a shower heater with a current of 35A has a resistance of 25 mQ.
What is the power dissipated in the wire?

A 31W B 49W C 31kwW D 49kW

1113. 9702_wi9_qp_11 Q: 32

What could not be used as a unit of potential difference?

N[

A AQ B Nm'cC c WA D QW)
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1114. 9702_wi9_qp_12 Q: 32

A fixed resistor of resistance 120} is connected to a battery. There is a current of 0.20A in the
resistor. The current is now doubled.

What is the new power dissipated in the resistor?

A 0.48W B 0.96W Cc 19W D 48W

1115. 9702_w19_qp_12 Q: 33

There is a current in a resistor for an unknown time.

Which two quantities can be used to calculate the energy dissipated by the resistor?

A the current in the resistor and the potential difference across the resistor

B the resistance of the resistor and the current in the resistor

C the total charge passing through the resistor and the potential difference across the resistor
D

the total charge passing through the resistor and the resistance of the resistor

1116. 9702_s18_qp_11 Q: 31

The circuit diagrams show two lamps X and Y each connected to a cell. The current in lamp X is
0.50 A and its resistance is 9.6 Q. The current in lamp Y is 3.0 A and its resistance is 1.2Q.

0.50A Y 3.0AY
lamp X lamp Y
9.6Q 1.20

power inlamp X -
power inlampY

A 022 B 0.75 c 13 D 45

What is the ratio
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1117. 9702_s18_qp_11 Q: 37

A motor is required to operate at a distance of 800 m from its power supply. The motor requires a
potential difference (p.d.) of 16.0V and a current of 0.60 A to operate.

Two wires are used to supply power to the motor as shown.

wires
ES;%T; / motor
- 800m g
The resistance of each of these wires is 0.0050 Q2 per metre.
What is the minimum output p.d. of the power supply?
A 11.2V B 16.0V C 184V D 208V

1118. 9702_s18_qp_12 Q: 32

The power output of an electrical supply is 2.4kW at a potential difference (p.d.) of 240V. The
two wires between the supply and a kettle each have a resistance of 0.500Q, as shown.

supply kettle
0.50Q

240V

24W |
0.50Q

What is the power supplied to the kettle and what is the p.d. across the kettle?

power/kW p.d./V
A 23 230
B 23 235
c 24 230
D 24 235

1119. 9702_wi8_qgp_11 Q: 34
What is equivalent to one volt?
A one coulomb per second
B one joule per coulomb

C one joule per second

D

one joule second per coulomb squared
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1120. 9702_m17_qp_12 Q: 33

The potential difference across a resistor is 12V. The current in the resistor is 2.0 A.

A charge of 4.0C passes through the resistor.

535

What is the energy transferred in the resistor and the time taken for the charge to pass through
the resistor?

energy/J time/s
A 3.0 2.0
B 3.0 8.0
(o 48 2.0
D 48 8.0

1121. 9702_s17_qp_11 Q: 33

Which values of current and resistance will produce a rate of energy transfer of 16 Js™'?

current/A resistance/Q
A 1 4
B 2 8
c 4 1
D 16 1

1122, 9702_s17_qp_12 Q: 33

The filament of a 240V, 100W electric lamp heats up from room temperature to its operating
temperature. As it heats up, its resistance increases by a factor of 16.

What is the resistance of the filament at room temperature?

A 36Q

B 580Q c

1.5kQ

D 9.2kQ
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1123. 9702_s17_qp_13 Q: 32

The diagram shows a portable generator connected by cables to floodlights. The generator
produces a current of 10 A at a constant potential difference (p.d.) of 240V.

The total resistance of the cables is 2 Q2.

generator
10 pmmm=- )
214(?X cables : : floodlights
10 toeen- ;

What is the p.d. V across, and the power P delivered to, the floodlights?

ViV P/W
A 220 2000
B 220 2200
(o 230 2000
D 230 2300

1124. 9702_wil7_qp_11 Q: 34

A filament lamp has a resistance of 180 Q when the current in it is 500 mA.

What is the power dissipated in the lamp?

A 45W B 90W C 290W D 360W
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1125. 9702_wi7_qp_12 Q: 34

537

A cell of negligible internal resistance is connected to resistors R, R; and R, as shown. The cell
provides power to the circuit and power is dissipated in the resistors.

R
— 1
RZ RS
— — —

Which word equation must be correct?

A

B
c
D

power loss in Ry = power loss in R; + power loss in R
power loss in Ry = power loss in R;
power output of cell = power loss in R; + power loss in R; + power loss in Rs

power output of cell = power loss in R,

1126. 9702_m16_qp_12 Q: 31

A fixed resistor of resistance 12Q is connected to a battery. There is a current of 0.20A in the
resistor. The current is now doubled.

What is the new power dissipated in the resistor?

A 048W B 0.96W Cc 1.92wW D 48w

1127. 9702_m16_qp_12 Q: 33

A 12V battery is charged for 20 minutes by connecting it to a source of electromotive force
(e.m.f.). The battery is supplied with 7.2 x 10*J of energy in this time.

How much charge flows through the battery?

A 50C B 60C C 100C D 6000C
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1128. 9702_s16_qp_11 Q: 30

There is a current in a resistor for an unknown time.

Which two quantities can be used to calculate the energy dissipated by the resistor?

A

B
Cc
D

the current in the resistor and the potential difference across the resistor
the resistance of the resistor and the current in the resistor
the total charge passing through the resistor and the potential difference across the resistor

the total charge passing through the resistor and the resistance of the resistor

1129. 9702_s16_qp_11 Q: 32

A 100 Q resistor conducts a current with changing direction and magnitude, as shown.

current/A

A
2 —

0 5 . >
time/ms

-1 -

What is the mean power dissipated in the resistor?

A

100W B 150w C 250W D 400W

1130. 9702_s16_qp_12 Q: 33

Two lamps are connected in series to a 250V power supply. One lamp is rated 240V, 60W and
the other is rated 10V, 2.5W.

Which statement most accurately describes what happens?

A

Both lamps light at less than their normal brightness.
Both lamps light at their normal brightness.

Only the 240V lamp lights.

The 10V lamp blows.
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1131. 9702_s16_qp_13 Q: 33

What describes the electric potential difference between two points in a wire that carries a
current?

A the force required to move a unit positive charge between the points
B the ratio of the energy dissipated between the points to the current

C the ratio of the power dissipated between the points to the current
D

the ratio of the power dissipated between the points to the charge moved

1132. 9702_wi6_qp_11 Q: 33

An electric kettle is marked 3.10kW. It is used with an electrical supply of 240V.

What is the electric current in the kettle and what is the kettle’'s electrical resistance when
working?

current/A resistance/Q
A 0.0129 18600
B 0.0770 3100
c 12.9 18.6
D 12.9 3100

1133. 9702_wl6_qp_12 Q: 34

The diagram shows an electric circuit in which the resistance of the external resistor is 2R and
the internal resistance of the source is R.

power ininternal resistance
power in external resistor

What is the ratio ?

A 1 B 1 c 2 D 4
4 2



https://stemup.co.uk

540 CHAPTER 11. CURRENT OF ELECTRICITY

1134. 9702_wi6_qgp_13 Q: 33
An electric kettle is marked 3.10kW. It is used with an electrical supply of 240V.

What is the electric current in the kettle and what is the kettle’'s electrical resistance when
working?

current/A resistance/Q
A 0.0129 18600
B 0.0770 3100
c 12.9 18.6
D 12.9 3100

1135. 9702_s15_qp_11 Q: 35
The charge that an electric battery can deliver is specified in ampere-hours.

For example, a battery of capacity 40 ampere-hours could supply, when fully charged, 0.2A for
200 hours.

What is the maximum energy that a fully charged 12V, 40 ampere-hour battery could supply?

A 1.7kJ B 29kJ c 17MJ D 29MJ

1136. 9702_s15_qp_12 Q: 31

Which unit is not used in either the definition of the coulomb or the definition of the volt?

A ampere
B joule
C ohm
D second

1137. 9702_s15_qp_13 Q: 32
A pedal bicycle is fitted with an electric motor. The rider switches on the motor for a time of
3.0 minutes. A constant current of 3.5A in the electric motor is provided from a battery with a
terminal voltage of 24 V.
What is the energy supplied by the battery?

A 84J B 250J C 630J D 15000J
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11.3 Resistance and resistivity
1138. 9702_m20_qp_12 Q: 34

A manufacturer recommends that the longer the extension cord you use with an electric drill, the
bigger the cross-sectional area of the cord should be.

What is a reason for this recommendation?

A Resistance is inversely proportional to both the length and the cross-sectional area.

B Resistance is inversely proportional to the length and directly proportional to the
cross-sectional area.

Resistance is proportional to both the length and the cross-sectional area.

D Resistance is proportional to the length and inversely proportional to the cross-sectional
area.

1139. 9702_s20_qp_11 Q: 34

Which graph best represents the way the current I through a filament lamp varies with the
potential difference V across it?

A B c
I / I V ! V I
% v % v % v % =

1140. 9702_s20_qp_11 Q: 35

A cylindrical metal wire X has resistance R. The same volume of the same metal is made into a
cylindrical wire Y of double the length.

What is the resistance of wire Y7

A R B 2R C 4R D B8R
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1141. 9702_s20_qp_12 Q: 35

A conductor consists of three wires connected in series. The wires are all made of the same
metal but have different cross-sectional areas. There is a current I in the conductor.

X conductor Y
et M ———
E— E—
Point Y on the conductor is at zero potential.

Which graph best shows the variation of potential \/ with distance along the conductor?

V I
A
0 —= distance
X Y
v A
B
0 —= distance
X Y
V I
c | 1
0 = distance
X Y
v I
D
0 —= distance

X Y
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1142. 9702_s20_qp_13 Q: 36

The wire of a heating element has resistance R. The wire breaks and is replaced by a different
wire.

Data for the original wire and for the replacement wire are shown in the table.

length diameter rsfins,’ltg::r
original wire l d P
replacement wire l 2d 2p
What is the resistance of the replacement wire?
A R B R C R D 2R

4 2

1143. 9702_m19_qp_12 Q: 33

Three resistors are connected in parallel across a power supply, as shown.

+
O O

2Q
| ——

3Q
| ——

40
—{

The power dissipated in each of the resistors of resistance 2Q, 3Q and 4Q is P,, P; and P,
respectively.

What is the ratio Ps: Ps3: P,?
A 2:3:4 B 4:3:2 C 6:4:3 D 36:16:9
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1144. 9702_m19_qp_12 Q: 34
Which graph shows the variation with current I of the potential difference V of a filament lamp?

A B o D
A

_—

1145. 9702_m19_qp_12 Q: 35
A wire of cross-sectional area 5.0 x 10°m? is made of a metal of resistivity 50 x 10°Qm.
The potential difference across the wire is 6.0V and the current is 3.0A.
What is the length of the wire?

A 0.050m B 0.20m C 50m D 20m
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1146. 9702_s19_qp_11 Q: 34

Which graph best represents the variation with current I of potential difference V for a filament
lamp?

A B

Vi VA

0 = =
0 I 0 I
(] D

VA VA

0 = =
0 I 0 I

1147. 9702_s19_qp_12 Q: 34

Four wires are made of the same metal. The cross-sectional areas, lengths and thermodynamic
temperatures of the wires are shown.

Which wire has the largest resistance?

cross:r,z;tional length temperature
A A 2L 2T
B A L T
Cc 2A 2L 2T
D 2A L T
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1148. 9702_s19_qp_13 Q: 33
The graph shows the variation with length of the resistance of a uniform metal wire.

1
resistance

0 =
length

The gradient of the graph is G.
The wire has cross-sectional area A.

Which expression could be used to calculate the resistivity of the metal of the wire?

A GxA B & c A D GxA?
A G

1149. 9702_wi19_qp_11 Q: 33

Which graph could show how the resistance R of a filament lamp varies with the applied potential
difference (p.d.) V, as Vis increased to the normal operating p.d.?

A B C D
A

/
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1150. 9702_wi19_qp_13 Q: 35

A box containing two electrical components is connected into a circuit.

|
p
©[=] ©
____4;;:23féj____

The variable resistor is adjusted and measurements are taken to determine the I-V characteristic
for the box, as shown.

=

Which arrangement of two electrical components in the box would create the best fit to the
measured I-V characteristic?

A

B
c
D

a filament lamp and a fixed resistor in parallel
a filament lamp and a fixed resistor in series
a semiconductor diode and a filament lamp in parallel

a semiconductor diode and a filament lamp in series

1151. 9702_m18_qgp_12 Q: 33

A resistor has resistance R. When the potential difference across the resistor is V, the current in

the resistor is I. The power dissipated in the resistor is P. Work W is done when charge Q flows
through the resistor.

What is not a valid relationship between these variables?

A I=§ B =W c rR=F D R

o<

1% I?
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1152. 9702_mi8_qp_12 Q: 34

A wire of resistance 9.550 has a diameter of 0.280 mm.

It is made of metal of resistivity 4.90 x 107 Qm.

What is the length of the wire?

A 120m B 480m C 190m D 76.8m

1153. 9702_s18_qp_11 Q: 32

A cylindrical piece of a soft, electrically-conducting material has resistance R. It is rolled out so
that its length is doubled but its volume stays constant.

What is its new resistance?

A% B R C 2R D 4R



https://stemup.co.uk

11.3. RESISTANCE AND RESISTIVITY 549

1154. 9702_s18_qp_12 Q: 33

Which graph shows the variation of voltage V with current I for a semiconductor diode?

A B

VA VA

8 - 0 -
0 I p I
C D

VA VA

o - 0 -
0 I I
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1155. 9702_s18_qp_13 Q: 32

The graph shows the I-V characteristic of an electrical component.

I

What is the component?
A afilament lamp

B a metallic conductor at constant temperature
C aresistor
D

a semiconductor diode

1156. 9702_s18_qp_13 Q: 33
A metal wire of length 1.4 m has a uniform cross-sectional area of 7.8 x 107 m?.
The resistivity of the metal is 1.7 x 10 Qm.
What is the resistance of the wire?

A 0.016Q B 0.031Q C 330 D 64Q
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1157. 9702_wi8_qp_11 Q: 35

The diagram shows a rectangular block with dimensions x, 2x and 3x.

top face P
2X

3x

\ bottom face P

Electrical contact can be made to the block between opposite pairs of faces (for example,
between the faces labelled R).

Which statement describing the electrical resistance of the block is correct?

A
B
o]
D

It is maximum between the faces labelled P.
It is maximum between the faces labelled Q.
It is maximum between the faces labelled R.

It is the same, whichever pair of faces is used.

1158. 9702_wi8_qp_12 Q: 35

A wire of length L has resistance R. The cross-section of the wire is circular with radius r.

A second wire, also of circular cross-section, and of the same material, has resistance %R.

What could be the radius and the length of the second wire?

radius length

A r L

2 2

r L
B —_ -

V2 2

Cc r2 2L
D 2r 2L
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1159. 9702_wi8_qp_13 Q: 34

Gold is sometimes used to make very small connecting wires in electronic circuits.

A particular gold wire has length 2.50 x 10 m and cross-sectional area 6.25 x 10°m?. Gold has
resistivity 2.30 x 10°Qm.

What is the resistance of the wire?

A

B
c
D

3.6x107"0
5.8x 1070
9.2x107%Q
6.8x10°Q

1160. 9702_m17_qp_12 Q: 34

A coil contains N turns of insulated copper wire wound on to a cylindrical iron core of diameter D.

The copper wire has a diameter d. The resistivity of copper is p. Diameter D is much greater than
diameter d.

What is the total resistance between the two ends of the coil?

A 4Np D B 4Npd c 8NpD D 8Npd
d? D? d? D?
1161. 9702_s17_qp_11 Q: 34
Which component has the I-V graph shown?
I\
0 >
0 v

o 0 w >

filament lamp
metallic conductor at constant temperature
resistor of fixed resistance

semiconductor diode
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1162. 9702_s17_qp_12 Q: 34

Two wires have the same length and the same resistance. Wire X is made of a metal of resistivity
1.7 x 10°Qm and wire Y is made of a metal of resistivity 5.6 x 102 Qm.

The diameter of wire X is 0.315 mm.

What is the diameter of wire Y?

A 0.17mm B 0.33mm C 0.57mm D 1.0mm

1163. 9702_s17_qp_13 Q: 33

A metal cube with sides of length a has electrical resistance R between opposite faces.

What is the resistance between the opposite faces of a cube of the same metal with sides of
length 3a?

A 9R B 3R c R p R
3 9

1164. 9702_wi7_qp_11 Q: 35

Two copper wires X and Y have the same volume. Wire Y is four times as long as wire X.

L - 4L -
O ¢ .
X Y

resistance of wire Y »
resistance of wire X °

A 1 B 4 Cc 8 D 16

What is the ratio
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1165. 9702_wil7_qp_12 Q: 35

Which graph represents a metallic conductor, where the resistance of the conductor is given by
the gradient of the graph?

A B o D

1166. 9702_m16_qp_12 Q: 32

Which measurements are taken in order to calculate the resistivity of the metal of a piece of
wire?

A p.d., current, area, length

B p.d., current, diameter, length
C resistance, area, length
D

resistance, length, radius

1167. 9702_s16_qp_11 Q: 31

Two copper wires of equal length are connected in parallel. A potential difference is applied
across the ends of this parallel arrangement. Wire S has a diameter of 3.0mm. Wire T has a
diameter of 1.5mm.

currentinS ,

What is the value of the ratio :
currentin T

1 1
A4 32 cC 2 D 4
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1168. 9702_s16_qp_11 Q: 33

Which graph shows the I-V characteristic of a filament lamp?

A B C D

1169. 9702_s16_qp_12 Q: 32

The potential difference V across a filament lamp is slowly raised from zero to its normal
operating value.

Which graph represents the variation with V of the current I in the lamp?

A B c D
T4 I I\ I

1170. 9702_s16_qp_12 Q: 34
Which equation is used to define resistance?

A energy = (current)’ x resistance x time

B potential difference = current x resistance
C power = (current)® x resistance
D

resistivity = resistance x area + length
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1171. 9702_s16_qp_12 Q: 35

The charge that a fully charged 12V car battery can supply is 100kC. The starter motor of the car
requires a current of 200 A for an average period of 2.0s. The battery does not recharge because

of a fault.
What is the maximum number of times the starter motor of the car can be used?

A 21 B 25 C 42 D 250

1172, 9702_s16_qp_13 Q: 19

The diagram shows the design of a water wheel which drives a generator to produce electrical
power. The flow rate of the water is 200kg s The generator supplies a current of 32A at a
voltage of 230V.

water

direction of rotation
8.0m

generator

| Y

Ignoring any changes in kinetic energy of the water, what is the efficiency of the system?

A 14% B 16% C 22% D 47%
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1173. 9702_s16_qp_13 Q: 32

The graph shows the variation with length of the resistance of a uniform metal wire.

A
resistance

0 =
length

The gradient of the graph is G.
The wire has cross-sectional area A.

Which expression could be used to calculate the resistivity of the metal of the wire?

A GxA B G c A D GxA?
A G

1174. 9702_s16_qp_13 Q: 34

The graphs show possible current-voltage (I-V) characteristics for a filament lamp and for a
semiconductor diode.

P Q R S
14 I\ I I

/

0 v 0 v 0 v 0 v

Which row in the table best specifies the correct I-V graphs for the lamp and for the diode?

filament lamp semic_onductor
diode
A P R
B P S
Cc Q R
D Q S
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1175. 9702_wi6_qp_11 Q: 34

A thick copper wire is connected to a thin copper wire in series with a cell, as shown.

thick wire thin wire

What is significantly less in the thick wire than in the thin wire?
A the charge passing a point per unit time

B the drift speed of the electrons

C the number density of the free electrons

D

the number of free electrons passing a point per unit time

1176. 9702_wi6_qp_11 Q: 35
What is a typical value for the order of magnitude of the resistivity of copper?

A 10"0m B 10°%Qm C 107°0m D 10°Om
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1177. 9702_wi6_qp_12 Q: 35

The graph shows the variation with potential difference V of the current I in components X, Y
and Z.

T A
Z
Y
0 [=
0 v

Which row correctly identifies the components?

metallic conductor at | semiconductor filament
constant temperature diode lamp
A X z Y
B Y X z
Cc Y z X
D Z Y X

1178. 9702_wi6_qp_13 Q: 34

A thick copper wire is connected to a thin copper wire in series with a cell, as shown.

thick wire thin wire

What is significantly less in the thick wire than in the thin wire?
A the charge passing a point per unit time

B the drift speed of the electrons

C the number density of the free electrons

D

the number of free electrons passing a point per unit time
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1179. 9702_w16_qp_13 Q: 35
What is a typical value for the order of magnitude of the resistivity of copper?

A 10"0m B 10°%Qm cC 10°0Om D 10°Om

1180. 9702_s15_qp_12 Q: 32

When a thin metal wire is stretched, it becomes longer and thinner. This causes a change in the
resistance of the wire. The volume of the wire remains constant.

Which graph could represent the variation with extension x of the resistance R of the wire?

A B Cc D
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Paper 1 Multiple Choice Answers: Electricity

Question Paper Q. No. Answer
1080 9702_m20_qgp_12 32 D
1081 9702_s20_qp_11 33 C
1082 9702_s20_qp_12 33 D
1083 9702_s20_qgp_13 33 C
1084 9702_s20_qgp_13 34 D
1085 9702_mI19_qp_12 32 D
1086 9702_s19_qp_12 33 B
1087 9702_w19_qp_1 30 B
1088 9702_w19_qgp_TI 31 B
1089 9702_w19_qp_12 3l B
1090 9702_w19_qp_13 33 C
1001 9702_mi8_qp_12 35 A
1092 9702_s18_qp_1 30 C
1093 9702_s18_qp_13 29 C
1094 9702_s18_qp_13 30 A
1095 9702_w18_qp _T 33 A
1096 9702_w18_qp_12 33 A
1097 9702_w18_qp_13 32 A
1098 9702_mi7_qp_12 32 B
1099 9702_s17_qp_N 32 A
1100 9702_s17_qp_12 32 A
1101 9702_s17_qp_13 31 B
1102 9702_w17_qp_1 33 C
1103 9702_wl17_qp_12 33 D
1104 9702_w17_qp_13 33 D
1105 9702_mi6_qp_12 30 C
1106 9702_s16_qp_13 31 D
1107 9702_w16_qp_12 33 D
108 9702_s20_qgp_12 34 B
1109 9702_mI19_qp_12 16 D
mo 9702_s19_qp_TI 33 B
m 9702_s19_qp_13 32 B
m2 9702_s19_qgp_13 35 A
m3 9702_w19_qp_N 32 B
ma 9702_w19_qp_12 32 C
ms 9702_w19_qp_12 33 c
M6 9702_s18_qp_1 31 A
m7 9702_s18_qp_T1 37 D
ms 9702_s18_qp_12 32 A
mo 9702_w18_qp _T 34 B
120 9702_ml17_qp_12 33 Cc
1121 9702_s17_qp_N 33 C
1122 9702_s17_qp_12 33 A
1123 9702_s17_qp_13 32 B
1124 9702_w17_gp_TI 34 A
1125 9702_wl17_qgp_12 34 c
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Paper 1 Multiple Choice Answers: Electricity (continued)

Question Paper Q. No. Answer
1126 9702_ml6_qp_12 31 Cc
127 9702_ml6_qp_12 33 D
128 9702_sl6_qgp_N 30 C
129 9702_sl6_qgp_N 32 Cc
130 9702_sl6_qgp_12 33 B
1131 9702_sl6_qgp_13 33 Cc
1132 9702_wli6_qgp_11 33 C
1133 9702_wl6_qp_12 34 B
1134 9702_wl6_qp_13 33 Cc
1135 9702_s15_qgp_N 35 C
1136 9702_sl5_qp_12 31 c
137 9702_s15_qgp_13 32 D
138 9702_m20_qgp_12 34 D
139 9702_s20_qp_T1 34 B
1140 9702_s20_qp_1 35 C
1141 9702_s20_qp_12 35 A
1142 9702_s20_qgp_13 36 B
143 9702_mI19_qp_12 33 Cc
144 9702_mI9_qgp_12 34 A
1145 9702_mI19_qp_12 35 D
1146 9702_s19_qgp_N 34 B
n47 9702_s19_qgp_12 34 A
148 9702_s19_qgp_13 33 A
1149 9702_wl19_qgp_1I 33 A
1150 9702_wl19_qp_13 35 D
1151 9702_mI18_qgp_12 33 D
1152 9702_mI8_qp_12 34 A
153 9702_s18_qp_N 32 D
1154 9702_s18_qgp_12 33 B
1155 9702_s18_qgp_13 32 D
1156 9702_s18_qgp_13 33 B
157 9702_w18_qp_T 35 B
1158 9702_w18_qp_12 35 D
1159 9702_wl18_qp_13 34 C
1160 9702_ml7_qp_12 34 A
1161 9702_s17_qp_1 34 A
1162 9702_s17_qgp_12 34 Cc
163 9702_s17_qp_13 33 c
1164 9702_wl7_qgp_ 35 D
1165 9702_wl7_qp_12 35 A
1166 9702_ml6_qp_12 32 B
ne7z 9702_sl6_qp_ 31 D
168 9702_s16_qgp_1 33 D
1169 9702_sl6_qgp_12 32 A
1170 9702_sl6_qgp_12 34 B
171 9702_sl6_qgp_12 35 D
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Paper 1 Multiple Choice Answers: Electricity (continued)

Question Paper Q. No. Answer
n72 9702_s16_qp_13 19 D
1173 9702_s16_qp_13 32 A
n74 9702_s16_qp_13 34 A
1175 9702_wl16_qgp_T1 34 B
1176 9702_wl16_qp_TI 35 B
177 9702_w16_qp_12 35 B
1178 9702_w16_qp_13 34 B
179 9702_w16_qp_13 35 B
1180 9702_s15_qgp_12 32 A
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11.1 Electric current
199. 9702_s20 qp_23 Q: 6

The current I in a metal wire is given by the expression
I=Anve
where v is the average drift speed of the free electrons in the wire and e is the elementary charge.

(a) State what is meant by the symbols A and n.

A e e ettt oot e b et e e et et ehe e e et e et e r et e e n e e
£ PSSRSO
(2]
(b) Use the above expression to determine the SI base units of e.
Show your working.
base units ..o [2]

(c) Two lamps P and Q are connected in series to a battery, as shown in Fig. 6.1.

Fig. 6.1

The radius of the filament wire of lamp P is twice the radius of the filament wire of lamp Q.
The filament wires are made of metals with the same value of n.

Calculate the ratio

average drift speed of free electrons in filament wire of P
average drift speed of free electrons in filament wire of Q

[Total: 6]

STEMUP.CO.UK
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200. 9702 w18 qp 22 Q: 7

(@) The current I in a metal wire is given by the expression
I=Anve.

State what is meant by the symbols A and n.

(b) The diameter of a wire XY varies linearly with distance along the wire as shown in Fig. 7.1.
X
Y

current I g current [

—_— —_ —_—

. ) ¢

drift speed v,
Fig. 7.1

There is a current I in the wire. At end X of the wire, the diameter is d and the average drift
speed of the free electrons is V- At end Y of the wire, the diameter is g

On Fig. 7.2, sketch a graph to show the variation of the average drift speed with position
along the wire between X and Y.

5 v,

4 v,

3 vy

average
drift e e e e e
speed HHEH '

2v,

X

position along wire

Fig.7.2
(2]

[Total: 4]

STEMUP.CO.UK
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201. 9702_w18 qp 23 Q: 6

(a) Define the coulomb.

............................................................................................................................................... 1]
(b) An electric current is a flow of charge carriers.
In the following list, underline the possible charges for a charge carrier.
8.0x 10719C 4.0x10719C 1.6 x10719C 1.6 x 10720C [1]

(c) The diameter of a wire ST varies linearly with distance along the wire as shown in Fig. 6.1.

S T
current I d od current I
drift speed v,
Fig. 6.1

There is a current I in the wire. At end S of the wire, the diameter is d and the average drift
speed of the free electrons is v,. At end T of the wire, the diameter is 2d.

On Fig. 6.2, sketch a graph to show the variation of the average drift speed with position
along the wire between Sand T.

1.00v,
0.75v,
average
drift 0.50v
speed s
0.25v,
0 !
S T

position along wire

Fig. 6.2
(2]

[Total: 4]

STEMUP.CO.UK
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202. 9702_w17 _gp_ 22 Q:5

(a) Define the coulomb.

(b) Two vertical metal plates in a vacuum have a separation of 4.0cm. A potential difference of
2.0 x 102V is applied between the plates. Fig. 5.1 shows a side view of this arrangement.

| 4.0cm |

I I smoke particle
weight 3.9 x 10-'°N
charge —-8.0 x 1071°C

———— metal plate

1

metal plate —— |

|1

+2.0 x 102V —

Fig. 5.1

A smoke particle is in the uniform electric field between the plates. The particle has weight
3.9 x 10~'®N and charge —8.0 x 1071°C.

(i) Show that the electric force acting on the particle is 4.0 x 10~15N.

(2]

(ii) On Fig. 5.1, draw labelled arrows to show the directions of the two forces acting on the
smoke particle. [1]

373
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(iii) The resultant force acting on the particle is F.
Determine

1. the magnitude of F,

MagNitUde = ... N

2. the angle of Fto the horizontal.
angle = .. °
3]

(c) The electric field in (b) is switched on at time {=0 when the particle is at a horizontal
displacement s=2.0cm from the left-hand plate. At time ¢=0 the horizontal velocity of the
particle is zero. The particle is then moved by the electric field until it hits a plate at time t=T.

On Fig. 5.2, sketch the variation with time ¢ of the horizontal displacement s of the particle
from the left-hand plate.

4.0
s/cm
2.0
0 >
0 T t
Fig.5.2
[2]
[Total: 9]

STEMUP.CO.UK
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11.2. POTENTIAL DIFFERENCE AND POWER

11.2 Potential difference and power

203. 9702_s15_qp_22 Q: 1

(a) Use the definition of work done to show that the SI base units of energy are kgm?s=2.

(b) Define potential difference.

(¢) Determine the SI base units of resistance. Show your working.

375
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11.3 Resistance and resistivity
204. 9702_s20 qp_22 Q: 5

One end of a wire is attached to a fixed point. Aforce F is applied to the wire to cause extension x.
The variation with F of x is shown in Fig. 5.1.

0.6

AN

0.5 -
x/mm r
0.4

0.3 v

0.2

N\

0.1 o

0 5 10 15 20 25 30 35 40 45
FIN

Fig. 5.1
The wire has a cross-sectional area of 4.1x107"m? and is made of metal of Young modulus
1.7x10" Pa. Assume that the cross-sectional area of the wire remains constant as the wire
extends.

(a) State the name of the law that describes the relationship between F and x shown in Fig. 5.1.

............................................................................................................................................. [1]
(b) The wire has an extension of 0.48 mm.
Determine:
(i) the stress
SIrESS = 1o, Pa [2]
(ii) the strain.
Strain = s 2]

STEMUP.CO.UK
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(¢) The resistivity of the metal of the wire is 3.7 x 1077 Qm.

Determine the change in resistance of the wire when the extension x of the wire changes
from x = 0.48 mm to x = 0.60 mm.

change in resistance = ... Q [3]
(d) Aforce of greater than 45N is now applied to the wire.

Describe how it may be checked that the elastic limit of the wire has not been exceeded.

[Total: 9]

377
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205. 9702 s19 qp 23 Q: 1

(@) (i) Define resistance.

....................................................................................................................................... [1]
(ii) A potential difference of 0.60V is applied across a resistor of resistance 4.0 GQ.
Calculate the current, in pA, in the resistor.
CUMENt = ..o pA [2]

(b) The energy E transferred when charge Q moves through an electrical component is given by
the equation

E=QV
where Vis the potential difference across the component.

Use the equation to determine the SI base units of potential difference.

SIDase UNitS ......oooovviiieiiiciiie e [3]

[Total: 6]
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206. 9702 w18 qp 22 Q: 6

(a) Define the volt.

(b) A battery of electromotive force (e.m.f.) 7.0V and negligible internal resistance is connected
in series with three components, as shown in Fig. 6.1.

7.0V “
z 1.4V
X Y
52Q 6.00
Fig. 6.1

Resistor X has a resistance of 5.2Q. The resistance of the filament wire of lamp Y is 6.0%.
The potential difference across resistor Z is 1.4 V.

(i) Calculate the current in the circuit.

CUMENT = L., Al2]

(ii) Determine the resistance of resistor Z.

FESISTANCE = ..o Q1]

(iii) Calculate the percentage efficiency with which the battery supplies power to the lamp.

efficiency = ..o % [3]

379
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(iv) The filament wire of the lamp is made of metal of resistivity 3.7 x 10~/ Qm at its operating
temperature in the circuit.
Determine, for the filament wire, the value of « where

_ cross-sectional area
length

[Total: 9]
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207. 9702 w17 qp 21 Q: 7

(a) Define the ohm.

(b) Wires are used to connect a battery of negligible internal resistance to a lamp, as shown in
Fig. 7.1.

wire___| i F--{ — | wire

&

Fig. 7.1

The lamp is at its normal operating temperature. Some data for the filament wire of the lamp
and for the connecting wires of the circuit are shown in Fig. 7.2.

filament wire connecting wires

diameter d 14d

total length L 7.0L

resistivity of metal

(at normal operating temperature) P 0.028p
Fig.7.2

(i) Show that

resistance of filament wire
total resistance of connecting wires

=1000.

(2]

STEMUP.CO.UK
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(i) Use the information in (i) to explain qualitatively why the power dissipated in the filament
wire of the lamp is greater than the total power dissipated in the connecting wires.

(iii) The lamp is rated as 12V, 6.0W. Use the information in (i) to determine the total
resistance of the connecting wires.

total resistance of connecting WIreS = .......oooooiiiieviiceie e Q[3]

(iv) The diameter of the connecting wires is decreased. The total length of the connecting
wires and the resistivity of the metal of the connecting wires remain the same.

State and explain the change, if any, that occurs to the resistance of the filament wire of
the lamp.

[Total: 10]

STEMUP.CO.UK
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208. 9702 w17 qp 22 Q: 6

(a) State what is meant by an electric current.
(b) A metal wire has length L and cross-sectional area A, as shown in Fig.6.1.

- 0

Fig.6.1

I is the current in the wire,
n is the number of free electrons per unit volume in the wire,

vis the average drift speed of a free electron and
e is the charge on an electron.

(i) State, intermsof A, e, L and n, an expression for the total charge of the free electrons in
the wire.

(ii) Use your answer in (i) to show that the current I is given by the equation

I = nAve.

(2]

(c) A metal wire in a circuit is damaged. The resistivity of the metal is unchanged but the cross-
sectional area of the wire is reduced over a length of 3.0mm, as shown in Fig. 6.2.

. 3.0mm .
! damaged length i—
current — o d 0.69d
0.50A
| |
cross-section X cross-section Y
Fig.6.2

The wire has diameter d at cross-section X and diameter 0.69d at cross-section Y.
The current in the wire is 0.50A.
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(i) Determine the ratio

average drift speed of free electrons at cross-section Y
average drift speed of free electrons at cross-section X~

(ii) The main part of the wire with cross-section X has a resistance per unit length of
1.7 x102Qm™".

For the damaged length of the wire, calculate

1. theresistance per unit length,

resistance per unitlength = ... Qm[2]

2. the power dissipated.

POWEE = .o W 2]

(iii) The diameter of the damaged length of the wire is further decreased. Assume that the
current in the wire remains constant.

State and explain qualitatively the change, if any, to the power dissipated in the damaged
length of the wire.

[Total: 12]
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209. 9702_wl17_qp_23 Q: 6

Afilament lamp is rated as 30 W, 120 V. A potential difference of 120V is applied across the lamp.
(@) For the filament wire of the lamp, calculate

(i) the current,

CUMTENT = ..o, Al2]

(ii) the number of electrons passing a point in 3.0 hours.

NUMDEE = .ottt eee 2]

(b) Show that the resistance of the filament wire is 480 Q.

(2]

(c) The filament wire has an uncoiled length of 580mm and is made of metal. The metal has
resistivity 6.1 x 1077 Qm at the operating temperature of the lamp.

Calculate the diameter of the wire.

diameter = ..o m [3]

(d) The potential difference across the lamp is now reduced. State and explain the effect, if any,
on the resistance of the filament wire.

[Total: 10]

385
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210. 9702_s16_qp_21 Q: 6

(a) Define the coulomb.

(b) A resistor X is connected to a cell as shown in Fig. 6.1.

Iy
X
- "
Fig. 6.1

The resistor is a wire of cross-sectional area A and length . The current in the wire is I.

Show that the average drift speed v of the charge carriers in X is given by the equation

oo L
~ nAe

where e is the charge on a charge carrier and n is the number of charge carriers per unit
volume in X.

(3]

(c) A 12V battery with negligible internal resistance is connected to two resistors Y and Z, as
shown in Fig. 6.2.

12V

e
SIS
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The resistors are made from wires of the same material. The wire of Y has a diameter d and
length 7. The wire of Z has a diameter 2d and length 21

(i) Determine the ratio

average drift speed of the charge carriers inY
average drift speed of the charge carriers in Z

FAIO = Lt [3]

(ii) Show that

resistance of Y _ »
resistance of Z

(2]
ifi) Determine the potential difference across Y.
potential difference = ......c.ccccoviiiiieiein e V(2]
iv) Determine the ratio
power dissipated in Y
power dissipated in Z
FAHO = (oo [1]

[Total: 12]

387
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211. 9702_s16_qp_23 Q: 6

(a) Define the ohm.

(b) A 15V battery with negligible internal resistance is connected to two resistors P and Q, as
shown in Fig. 6.1.

Fig. 6.1

The resistors are made of wires of the same material. The wire of P has diameter d and
length 21 The wire of Q has diameter 2d and length L

The resistance of P is 12 Q.

(i) Show that the resistance of Q is 1.5Q.

(3]

(ii) Calculate the total power dissipated in the resistors P and Q.
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(iii) Determine the ratio

average drift speed of the charge carriers in P
average drift speed of the charge carriers in Q

[Total: 10]
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198. 9702 _s15 qp 21 Q: 7

(a) a region/space/area where a (stationary) charge experiences an (electric) force

(b) (i)

(ii)

(iii)

(iv)

at least four parallel equally spaced straight lines perpendicular to plates

consistent direction of an arrow on line(s) from left to right
electric field strength £= V/d

E =(450/16 x 107)
=28 x 10° (28125)Vm™"

W= Eqdor Vq

g =3.2x107°(C)

W=28125%x3.2x 107° x 16 x 10 or 450 x 3.2 x 107"
=1.4(4)x 107"%)

450x3.2x107"°

ratio = 450 % 1 6109 (evidence of working required)

=()2

B1

B1

B1

C1

A1

C1

C1

A1l

A1

(1]

(2]

(2]

(3]

(1]

APPENDIX A. ANSWERS

199. 9702_s20_qp_23 Q: 6

Answer Mark
(a) A: cross-sectional area B1
n:  number density of free electrons B1
(b) units of I: A and units of A:m? and units of v: ms™' B1
units of e: A/ (m2m2ms')=As A1
(c) ratio = Aq/ Ap c1
= [nr]/ [m(2r)] A1

=0.25

200. 9702 w18 qp_ 22 Q: 7

Answer Mark
(a) A: (cross-sectional) area (of wire) B1
n: number of free electrons per unit volume or number density of free electrons B1
(b) line drawn between (X, v,) and (Y, 4v,) M1
line has increasing gradient A1



https://stemup.co.uk

201. 9702_w18 qp 23 Q: 6
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Answer Mark
(a) (coulomb is an) ampere second B1
(b) 8.0 x 10™°C and 1.6 x 107'°C both underlined (and no others underlined) B1
(c) line drawn between (S, 1.00v) and (T, 0.25v;) M1
line with decreasing magnitude of gradient A1
202. 9702_ w17 _qgp_ 22 Q:5

Answer Mark
(a) (coulomb is) ampere second B1
(b)(i) E=VidorE=FIQ c1
F=VvQ/d A1

F=(2.0x10°x8.0x107'%/4.0x102=4.0x 10°'°N
(b)(ii) arrow pointing to the left labelled ‘electric force’ and arrow pointing downwards labelled ‘weight’ B1
(b)iii) | 1. resultantforce = [(3.9 x 107'%)? + (4.0 x 1079} c1
=56x10""N A1
2. angle =tan™ (3.9 x 107/4.0 x 107") A1

=44°

(c) downward sloping line from (0, 2.0) M1
magnitude of gradient of line increases with time and line ends at (7, 0) A1

203. 9702_s15_qp_22 Q: 1

(a) (work =) force x distance or force x displacement or (W =) F x d

(b)

(c)

units of work: kgms™ x m = kgm?s~

(pd.=)

work (done) or energy (transformed) (from electrical to other forms)
charge

R=V/I
units of V: kgm?s?/As and units of I: A

or

R=P/PorP=VIand V= IR]
units of P: kgm?s~ and units of I: A

or

R=VIP
units of V: kgm?s2/As and units of P: kgm?s™

units of R: (kgm?s?/A%s =)kgm?s3A~?

M1

A1

B1

B1
C1

(B1)
(C1)

(B1)
(C1)

A1l

(2]

(1]

(3]

STEMUP.CO.UK
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204. 9702_s20 _qp_22 Q: 5

APPENDIX A. ANSWERS

Answer Mark
(a) Hooke’s (law) B1
(b)i) |o=FlA c1
=36/(4.1x 107) Al
=8.8x 10" Pa
(b)(ii) Young modulus = g/ ¢ or F/Ae c1
£ =8.8x107/(1.7 x 10") A1
=52x10"
(c) R=pLI/A c1
AR = pAx/A c1
=37x107x012x 103/ (4.1 x 10-7)
=1.1%x104Q A1
(d) remove the force/F and wire returns to original length B1
205. 9702_s19_qp 23 Q: 1
Answer Mark
@)(i) potential difference / current B1
(a)(ii) R =4.0x10°(Q) c1
I =0.60/4.0x10°=1.5x 1017 (A) A1
I =150pA
(b) units of energy: kgm?s 2 c1
units of charge: As c1
units of potential difference: (kgm?s2/As =) kgm?A-'s= A1
206. 9702_ w18 gp 22 Q: 6
Answer Mark
(a) joule/coulomb B1
(b)i) |7.0=(Ix52)+(Ix6.0)+1.4 ci1
I=050A A1
(b)ii) | R=1.4/0.50 A1
=28Q
(bXiii) |P=EI or P=VI or P=FR or P=V’IR c1
efficiency = [(0.50%x6.0)/(7.0 x0.50)] (x100) c1
:frﬁciency =[(0.50 x 3.0)/(7.0x0.50)] (x100)
:frﬁciency =[(3.02/6.0)/(7.0x0.50)] (x100)
efficiency = 43% A1
(b)(iv) | R=pllA c1
a=p/lR A1
=3.7x107/6.0
=62x10°%m

STEMUP.CO.UK
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Answer Mark
(a) (the ohm is) volt/ ampere B1
(b)) |R=pLIA c1
ratio = [oL/(rnd?/4)]/[0.0280 x 7.0L / {n(14d)*/ 4}] = 1000 A1
:’arlio =14%/(0.028 x7) = 1000
(b)(ii) same current (in connecting and filament wires) and the lamp/filament (wire) has greater resistance B1
(b)ii) | P=V?%Ror P=VIorP=PR c1
(for filament wire) R = 12%/6.0 or R = 6.0/0.50% or R = 12/0.50 c1
(for filament wire) R = 24Q A1
(for connecting wire) R = 24/1000
=24x107Q
(b)(iv) resistance of connecting wire increases B1
current in circuit/lamp/filament (wire) decreases M1
:c:tential difference across lamp/filament (wire) decreases
(so) resistance of lamp/filament (wire) decreases A1
208. 9702_wl7 _qgp_ 22 Q: 6
Answer Mark
(@) flow of charge carriers B1
(b)(i) | nALe B1
(b)(ii) (tis time taken for electrons to move length L) B1
I=Qit
I=nALelt B1
or
I=nALel(Llv)
or
I=nAvte/tand I = nAve
(c)(i) ratio = area at X/area atY Cc1
= [nd 2/4]/[n(0.69d)’/ 4] or d?/(0.69d)’ or 1/0.69?
=21 A1
(e)ii) 1. R=pL/AorRIL=1/A c1
resistance per unit length =1.7 x 1072 x (area at X/area atY) A1
=1.7x107 x 2.1
=36x102Qm’
2. P=I’RorP=V?R c1
R=36x102x3.0x107(=1.08 x 10 Q) A1
P =0.50%x1.08x 10 or P= (5.4 x 10°)*/1.08 x 107*
=27 x10°W
Answer Mark
(c)(iii) (cross-sectional area decreases so) resistance increases M1
(P = IR, so) power increases A1

STEMUP.CO.UK
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209. 9702_wl17_qp_23 Q: 6

APPENDIX A. ANSWERS

Answer Mark
@@ |pP=vI c1
I=30/120 A1
=0.25A
(@)i) | @=0.25x 3.0 x 3600 (= 2700) c1
number = (0.25 x 3.0 x 3600)/1.60 x 107'"¢ A1l
=1.7 x 102

(b) R =VII or R =P/I? or R =V%P c1
=120/025 or =30/025 or =120°/30 =480Q A1
Answer Mark
(c) R=pllA c1
A=(6.1x10" x 580 x 107%)/480 (= 7.37 x 107') c1
d =[(4x7.37x107"%/x]" A1

=31x10"m
(d) temperature decreases and so resistance decreases B1

210. 9702_s16_qp_21 Q: 6

(a) (coulomb is) ampere second

(b) (total) charge or Q = nAle
I=Q/tandl/t=v

I =nAle/t = nAve therefore v = I/ nAe

(c) (i) ratio = (I/nAve)l(I/nAze)
= Az/ Ay or 4A[ A or nd?/ (nd?/4)
=4

(il R=pllAorR=4plind®

Ry=pl/AMRz=p(21)/4A SO RyfRz=2

or

Ry = 4pl Ind? and Rz=4p(2]) In4d” or 2pl/nd® so Ry/R; =2

(i) V =12Ry/(Ry+Rz)orI=12/(Ry+ R;) and V = IRy

V =12x2/3

=8(.0)V

(iv) ratio = I’Ry/PR; or (W*/Ry)/ (V1 Rz) or (WI)/ (V=I)

=2

B1

M1

M1

A1l

C1

C1

A1

B1

A1

C1

A1

A1

(1]

(3]

(3]

(2]

(2]

(1]
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211. 9702_s16_qp_23 Q: 6

(a) ohmis volt per ampere or volt/ampere

(b) (i)

(ii)

(iii)

R=pllA
Re = 4p(20)/nd? or 8pl/ nd” or Rq = pl/ nd?
or
ratio idea e.g. length is halved hence R halved and diameter is halved hence
Ris 1/4
Raq (= 4plindd®) = pllnd®
= Rp/8
(=12/8)=15Q
power = I°R or V*/R or VI
=(1.25)2 x 12+ (10)* x 1.5 or (15)2/12 + (15)%/1.5 or 15 x 11.25
=(18.75 + 150 =) 170 (168.75) W
Ir=(15/12=)1.25 (A) and Io= (15/1.5 =) 10 (A)
welvg = IpnAge!IgnApe or (1.25 x nd?)/(10 x nd?/4)

=05

B1

B1

C1

A1

C1

C1

A1l

C1

C1

A1l

(1]

(3]

(3]

(3]

611

212. 9702 _m20 qp_ 22 Q: 6

=2

Answer Mark
(@) E=V/d c1
d=350/1.4x 10°

=0.025m A1

(b)i) |E=FIQ c1

Q =6.7x105/1.4% 10 (=4.8x 1019 C) c1
=(4.8x1019/1.6x 1019 e

=30e A1

(b)) |mass =8.3x10%/1.66x10% A1

=50u
(b)(iii)) | number =5-3 A1
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215. 9702_m20 qp_42 Q: 7

(a) OnFig. 7.1, sketch the temperature characteristic of a negative temperature coefficient (n.t.c.)
thermistor. Label the axes with quantity and unit.

A

Fig. 7.1
(2]

(b) An n.t.c. thermistor and a resistor are connected as shown in Fig. 7.2.

-

Fig. 7.2
The temperature of the thermistor is increased.

State and explain the change, if any, to the reading on the voltmeter.


https://stemup.co.uk

403

(c) The variation with the fractional change in length Ax/x of the fractional change in resistance
AR/R for a strain gauge is shown in Fig. 7.3.

10
ARIR pd
8
102
A
6 4
,J
4
4
2
7
"4

0

0O 05 10 15 20 25 30
AxIx
102

Fig. 7.3

The unstrained resistance of the gauge is 120 Q. Calculate the new resistance of the gauge
when it is extended to a strain of 0.020.

resistancCe = ... e Q [3]

[Total: 7]

STEMUP.CO.UK
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216. 9702 s19_qp 42 Q: 7

(@) Use band theory to explain why the resistance of an intrinsic semiconductor decreases as its
temperature rises.

(b) The variation with temperature t of the resistance R of a thermistor is shown in Fig. 7.1.

3.5

.

3.0 N

v

R/KQ

2.5

"
7

2.0

1.5

1.0

t/°C

Fig. 7.1

STEMUP.CO.UK
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(c)

405

The thermistor is connected into the circuit shown in Fig. 7.2.

Fig. 7.2
The battery has electromotive force (e.m.f.) 9.00V and negligible internal resistance.

When the temperature of the thermistor is 25°C, the potential difference between the
terminals Aand B is 1.00 V.

The temperature of the thermistor changes from 25°C to 10°C.
Determine, to two significant figures, the change in potential difference between A and B.

The temperature of the thermistor in (b) changes from 25°C to 10°C at a constant rate.

State two reasons why the potential difference between A and B does not change at a
constant rate.

[Total: 10]



https://stemup.co.uk

406 CHAPTER 10. CURRENT OF ELECTRICITY

217. 9702 _ml7 qp 42 Q: 7
(a) Describe, with a labelled diagram, the structure of a metal-wire strain gauge.

(b) In a strain gauge, the increase in resistance AR depends on the increase in length AL.
The variation of AR with AL is shown in Fig.7.1.

8
AR/Q §y

6 4

4 <

2 4

O P

0 2 4 6 8 10
AL/107°m

Fig.7.1

The strain gauge is connected into a circuit incorporating an ideal operational amplifier
(op-amp), as shown in Fig.7.2.

+6.00Y O———

strain
gauge

+2.00V \k
o— 1

153.0€ -V )gs Y

oVo —t—

Fig.7.2

STEMUP.CO.UK
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() The strain gauge is initially unstrained with resistance 300.0Q.

Use data from Fig.7.1 to calculate the increase in length AL of the strain gauge that gives
rise to a potential of +2.00V at point Ain Fig.7.2.

(i) The strain gauge undergoes a further increase in length beyond the value in (b)(i).

State and explain which one of the light-emitting diodes, X or Y, will be emitting light.

[Total: 10]
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214.9702_ml16_MS 42 Q:7

(a) (capacitance =) charge/ potential (difference) B1 [1]
(b) V=V+V+V; B1
either Q/C=Q/Ci+Q/Co+Q/Cs or V/Q=Vi/Q +V2/Q+ V3/Q
andso 1/C=1/C4+1/Co+1/C4 B1 [2]

(¢) (i) 1. 1/Cr=(1/200)+ (1/600)

Cr =150 uF A1 1]
2. Q=cv
=150 x 10 x 12 or 600 x 10° x 3.0 or 200 x 10°x 9.0
=1.8x10°C Al [1]
3. V=Q/C=18x102/600x10"° or V=[200/(200 + 600)] x 12
=3(.0)V A1 1]
(i) energy = %CV?2 or energy = %:QV and C= Q/V C1
Tox Cx3%=2x",xCx V? C1
V=21V A1 [3]

215. 9702_m20_MS_42 Q: 7

Answer Marks

@) axes labelled with resistance and temperature MO
concave curve not touching temperature axis A1

line with negative gradient throughout A1

(b) resistance of thermistor decreases B1
total circuit resistance decreases so voltmeter reading increases B1

or
current increases so voltmeter reading increases

or

greater proportion of resistance in fixed resistor so voltmeter reading increases
or

p-d. across thermistor decreases so voltmeter reading increases

(c) (0.020 strain means) AR/ R = 0.090 c1

AR=0.090 x 120 =10.8Q c1

resistance = 120 + 10.8 =130 Q A1
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Answer Marks
(a) Any five from: B5
s (as temperature rises) energy of electrons increases
+ electrons (have enough energy to) cross forbidden band
+ electrons enter conduction band
¢ leaving holes in valence band
¢ both holes and electrons act as charge carriers
* more charge carriers results in lower resistance
* increased lattice vibrations outweighed by increase in (number of) charge carriers
(b) (at 10 °C resistance is) 2.55 kQ c1
new potential difference =9.00 x 2.55/(2.55 + 12.0) c1
=158V
change inp.d. =0.58V A1
(c) change of resistance with temperature is not linear B1
change in potential with resistance is not linear B1
or
potential divider equation is nen-linear
217. 9702_m17_MS_42 Q: 7
Answer Marks
(a) correct grid shape (of wire) B1
fine wire/foil strip B1
plastic/insulating envelope containing the wire B1
(b)(i) 2.00/6.00=153.0/ (R + 153.0) c1
or
4.00/6.00=R/(R+ 153.0) (so R = 306.0)
AR =306.0 — 300.0 = 6.0 (Q) c1
so AL =8(.0) x 10°m A1l

STEMUP.CO.UK
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APPENDIX A. ANSWERS

Answer Marks
(b)(ii) R or AR increases B1
V¥ <V or Vi <2.00 or V*/ Vs decreases M1
output is negative/ -5V A1
diode X emits light/is ‘on’ A1
218.9702_s21 _MS 42 Q:7
Answer Marks
(a)(i) no current enters/leaves the input B1
(a)(ii) gain is the same for all frequencies B1
(b)(¥) Vin=1.5x400/(400 + 1100) =040V A1
?/IFN =1.5-(1.5x1100/1500) = 0.40V
?1r.5— Vin) /1100 = Vin/ 400 so Vin = 0.40V
(b)(ii) | gain=(-)Ri/Ri c1
Vour/0.40 = (360 + 100)/96 c1
Vour=1.9V A1
(b)(iii) | resistance of thermistor decreases B1
(magnitude of) gain decreases so reading decreases B1
(b)(iv) | (at gain 12.5) Vouris 5.0V, so (above gain 12.5) output becomes saturated B1
219. 9702_w21_MS 42 Q: 7
Answer Marks
(a) output voltage / input voltage M1
input (voltage) is difference between (inverting and non-inverting) inputs A1
(b) « reduces the gain B2
« greater bandwidth
* more stable
Any two points, 1 mark each
(c)(i) inverting amplifier B1
(c)(i) | X marked anywhere between right-hand edge of 480 Q resistor, left-hand edge of 1.2k resistor and the inverting input B1
(e)(iii) |gain =(-)R/R c1
=(-)1200/480 A1
=-25
(c)iv) | Vin =6.5/(=2.5) A1
=-26V
(c)(v) (—2.5) x (-5.4) = +13.5V, and so output saturates A1
Vour = (+)8.0V

STEMUP.CO.UK
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1

2

1

The graphs show the variation with potential difference V of the current I for three circuit elements.

1

graph X

1

1

graph 'Y

9702/1/M/J/02/Q30

graph Z

v

The three circuit elements are a metal wire at constant temperature, a semiconductor diode and a
filament lamp.

Which row of the table correctly identifies these graphs?

metal wire semiconductor filament
at constant temperature diode lamp
A X z Y
B Y X z
Cc Y Z X
D z X Y

In the circuit below, the battery converts an amount E of chemical energy to electrical energy

when charge Q passes through the resistor in time ¢.

Which expressions give the e.m.f. of the battery and the current in the resistor?

e.m.f. current
A EQ Q/t
B EQ Qt
Cc E/Q Qi
D EQ Qt

Current Electricity

9702/1/M/J/02/Q31
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3 The diagrams show connected wires which carry currents 1,, I,, I; and I,. 9702/1/M/3/02/Q33

The currents are related by the equation I, + I, = I; + I,.

To which diagram does this equation apply?

4 A potential divider is used to give outputs of 2V and 3V from a 5V source, as shown.srozimurziass

+5V e

OVe

What are possible values for the resistances R,, R, and R,?

R/KQ | R/kQ | RykQ
A 2 1 5
B 3 2 2
c 4 2 4
D 4 6 10

5 Which equation is used to define resistance?

O O W

power = (current)? x resistance

resistivity = resistance x area + length
potential difference = current x resistance

energy = (current)? x resistance x time

9702/1/0/N/02/Q30

Current Electricity
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3

6 When four identical lamps P, Q, R and S are connected as shown in diagram 1, they have normal
brightness. 9702/1/M/J/02/Q34

4 .
®

S R s
1 diagram 2

P
=y
=y

R
diagram

When the four lamps are connected as shown in diagram 2, which statement is correct?

The lamps do not light.

The lamps are less bright than normal.
C The lamps have normal brightness.

D The lamps are brighter than normal.

7 The filament of a 240V, 100 W electric lamp heats up from room temperature to its operating
temperature. As it heats up, its resistance increases by a factor of 16. 9702/1/M1J/02/Q32

What is the resistance of this lamp at room temperature?

A 36Q B 580Q C 1.5kQ D 9.2kQ

8 Ata circuit junction, a current I divides into currents I,, I, and /5. 9702/1/0/N/02/033
I
I I
I3

These currents are related by the equation
I=1+1,+1,
Which law does this statement illustrate and on what principle is the law based?

Kirchhoff’s first law based on conservation of charge

B Kirchhoff’s first law based on conservation of energy
C Kirchhoff’s second law based on conservation of charge
D Kirchhoff’'s second law based on conservation of energy

Current Electricity
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9 The graph shows how the current through a lamp filament varies with the potential difference

across it.

current

Which statement explains the shape of this graph?

O O W

As the filament temperature rises, electrons can pass more easily through the filament.
It takes time for the filament to reach its working temperature.
The power output of the filament is proportional to the square of the current through it.

The resistance of the filament increases with a rise in temperature.

10 The combined resistance R; of two resistors of resistances R, and R, connected in parallel is
given by the formula 9702/1/0/N/02/Q34

1 1 1
= +

R, R, R,

Which statement is used in the derivation of this formula?

The currents through the two resistors are equal.
The potential difference across each resistor is the same.

The supply current is split between the two resistors in the same ratio as the ratio of their
resistances.

The total power dissipated is the sum of the powers dissipated in the two resistors separately.

11 The sum of the electrical currents into a point in a circuit is equal to the sum of the currents out of
the point. 9702/01/M//03/Q31

Which of the following is correct?

O O W

This is Kirchhoff’s first law, which results from the conservation of charge.
This is Kirchhoff’s first law, which results from the conservation of energy.
This is Kirchhoff’'s second law, which results from the conservation of charge.

This is Kirchhoff’'s second law, which results from the conservation of energy.

Current Electricity
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12 The variation with potential difference V of the current I in a semiconductor diode is shown below.
9702/1/0IN/02/Q32

e
N
N~

What is the resistance of the diode for applied potential differences of +1.0V and —1.0V?

resistance
at+1.0Vv at-1.0Vv
A 20Q infinite
B 20Q zero
C 0.05Q infinite
D 0.05Q zero

13 Six resistors, each of resistance 5 Q, are connected to a 2 V cell of negligible internal resistance.
9702/1/0/N/02/Q36

1
oy T 5Q T 5Q _|_ N
il Il
5Q 5Q
Y
5Q 5Q

What is the potential difference between terminals X and Y?

A 5v B Sv cC 3V D 2V

Current Electricity
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14 In the potentiometer circuit below, the moveable contact is placed at N on the bare wire XY, such
that the galvanometer shows zero deflection. 9702/1/0/N/02/Q35

o
o

The resistance of the variable resistor is now increased.

What is the effect of this increase on the potential difference across the wire XY and on the
position of the moveable contact for zero deflection?

potential difference across XY position of moveable contact
A increases nearer to X
B increases nearerto Y
Cc decreases nearer to X
D decreases nearerto Y

15 The current in a component is reduced uniformly from 100 mA to 20 mA over a period of 8.0s.
9702/01/M/J/03/Q30
What is the charge that flows during this time?

A 160mC B 320mC C 480mC D 640mC

16 The e.m.f. of the cell in the following circuit is 9.0V . The reading on the high-resistance voltmeter
is7.5V. 9702/01/M/J/08232

o
0

What is the current 17?

A O0.1A B 0.5A C 0.6A D 20A

Current Electricity
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17 The diagram shows an arrangement of four resistors. 9702/01/M//03/Q33
10kQ 6 kQ
— "
X Y
6 kQ 10kQ
— "

What is the resistance between X and Y?

A 4kQ B 8kQ C 16kQ D 32kQ

18 The diagram shows a potential divider connected to a 9.0V supply of negligible internal
resistance. 9702/01/M/J/03/Q34

10kQ

__'__ }P
9.0V |
—_—
P

/1 50 kQ

la

What range of voltages can be obtained between P and Q?

zeroto 1.5V
B zeroto7.5V
C 15Vto7.5V
D 15Vto9.0V
19 A wire carries a current of 2.0 amperes for 1.0 hour. 9702/01/0/N/03/Q30

How many electrons pass a point in the wire in this time?

1.2x10715
B 7.2x10°
C 1.3x10"
D 45x10%

Current Electricity
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20 The diagram shows a circuit in which the battery has negligible internal resistance. 9702/01/0/N/03/Q31

20Q

What is the value of the current 7?

A 1.0A B 16A C 20A D 3.0A

21 Two wires made of the same material and of the same length are connected in parallel to the
same voltage supply. Wire P has a diameter of 2mm. Wire Q has a diameter of 1 mm.

9702/01/M/J/04/Q31
What is the ratio currentinP -
currentin Q
A 1 B 1 c 2 D 4
4 2
22 The diagram shows currents I, I,, 15, I, and I in different branches of a circuit. 9702/01/0/N/03/Q32
I
L
1 I
I3
I Is

Which one of the following is correct?

A L =L+,
B IL=I+I,
C =1+
D I,=I+1,

Current Electricity
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Which diagram shows a potential divider circuit that can vary the voltage across the lamp?
9702/01/0/N/03/Q33

A B C D

H o L - £ —{] ©

24

The diagram shows two circuits. In these circuits, only the internal resistances differ.  ero2o10mn03/a34

| 05Q: ’ | 20Q :
— | —
. .
3.0Q 3.0Q
1 1
| S| | S|
circuit X circuit Y
Which line in the table is correct?
potential difference power dissipated
across 3.0 Q resistor in 3.0 Q resistor
A | greaterin XthaninY less in X thaninY
B | greaterin XthaninY | greaterin XthaninY
C less in X thanin Y less in X thanin Y
D lessin XthaninY greaterin X thaninY
25 What is an equivalent unit to 1 volt? 9702/01/M/J/04/Q32
A 1JAT B 1JC™ c 1wc’ D 1wWs™
26 The potential difference between point X and point Y is 20V. The time taken for charge carriers to

move from X to Y is 155, and, in this time, the energy of the charge carriers changes by 12J.

9702/01/M/J/04/Q34
What is the current between X and Y?

A 0.040A B 0.11A C 9.0A D 25A

Current Electricity
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27 The terminal voltage of a battery is observed to fall when the battery supplies a current to an
external resistor. 9702/01/M/J/04/Q33

What quantities are needed to calculate the fall in voltage?
A the battery's e.m.f. and its internal resistance

B the battery's e.m.f. and the current

C the current and the battery's internal resistance

D

the current and the external resistance

28 The diagram shows a battery, a fixed resistor, an ammeter and a variable resistor connected in
series. 9702/01/M/J/04/Q35

A voltmeter is connected across the fixed resistor.

The value of the variable resistor is reduced.

Which correctly describes the changes in the readings of the ammeter and of the voltmeter?

ammeter voltmeter
A decrease decrease
B decrease increase
C increase decrease
D increase increase

29 Kirchhoff’'s two laws for electric circuits can be derived by using conservation laws.  9702/01/M/0/04/Q36

On which conservation laws do Kirchhoff's laws depend?

Kirchhoff's Kirchhoff's
first law second law
A charge current
B charge energy
Cc current mass
D energy current

Current Electricity
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30 The diagram shows a parallel combination of three resistors. The total resistance of the
combination is 3 Q. 9702/01/M/J/04/Q37

120

1
| I—

What is the resistance of resistor X?

A 2Q B 3Q C 6Q D 12Q

31 The diagram shows four heaters and the current in each. 9702/01/0/N/04/Q32

Which heater has the greatest power dissipation?

A —>—
B
4A 60Q
c —>—|
D —> |

32 The diagram shows a junction in a circuit where three wires P, Q and R meet. The currents in P

and Q are 1A and 3 A respectively, in the directions shown. 9702/01/0/N/04/Q35
Q
3A
1A
P >
R

How many coulombs of charge pass a given point in wire R in 5 seconds?

A 04 B 038 CcC 2 D 10

Current Electricity
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33 The resistance of a thermistor decreases significantly as its temperature increases.  9702/01/0/N/04/Q34
The thermistor is kept in air. The air is at room temperature.

Which graph best represents the way in which the current / in the thermistor depends upon the
potential difference V across it?

A B Cc D

34 When a potential difference V is applied between the ends of a wire of diameter d and length I,
the current in the wire is I. 9702/01/0/N/04/Q33

What is the current when a potential difference of 2V is applied between the ends of a wire of the
same material of diameter 2d and the length 21 ? Assume that the temperature of the wire
remains constant.

A I B 2/ C 4/ D 81

35 In the circuit shown, the ammeters have negligible resistance and the voltmeters have infinite

resistance. 9702/01/0/N/04/Q37
-4
L 30 L, 20
— *—o o——
6Q 20
O, O,
v, v,

The readings on the meters are I, I, V4 and V,, as labelled on the diagram.
Which is correct?

A Li>Land V>V,

B Ii1>Land V<V,

C L<LhandV;>V,

D Ii<LandV;<V,

Current Electricity
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36 The diagram shows a potential divider circuit designed to provide a variable output p.d.
9702/01/0/N/04/Q36
5.0kQ
9.0v O
5.0kQ output
O
Which gives the available range of output p.d?
maximum output minimum output
A 3.0V 0
B 45V 0
C 9.0V 0
D 9.0V 45V

37 A copper wire of cross-sectional area 2.0 mm? carries a current of 10A. 9702/01/M/J/05/Q32
How many electrons pass through a given cross-section of the wire in one second?

A 1.0x10 B 5.0x10° C 6.3x10" D 3.1x10%

38 A cylindrical piece of a soft, electrically-conducting material has resistance R. It is rolled out so
that its length is doubled but its volume stays constant. 9702/01/M/J/05/Q33
What is its new resistance?

A % B R C 2R D 4R
39 Which electrical component is represented by the following symbol? 9702/01/M/J/05/Q35

13

N\

a diode
a light-dependent resistor

a resistor

o o0 w >»

a thermistor

Current Electricity
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40 The I-V characteristics of two electrical components P and Q are shown below. 9702/01/M/J/05/Q34

2.0
ITA

1.5

1.0

0.5

Which statement is correct? VIV
A Pis aresistor and Q is a filament lamp.
The resistance of Q increases as the current in it increases.

At 1.9 A the resistance of Q is approximately half that of P.

O O W

At 0.5A the power dissipated in Q is double that in P.

41 The diagram shows a circuit with four voltmeter readings V, V;, V, and V. 9702/01/M/1J/05/Q36

Which equation relating the voltmeter readings must be true?
A V=Vi+V,+V;

B V+Vi=V,+V;
C V3=2(Vy)

D V-V,=V,

Current Electricity
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42 In the circuit below, P is a potentiometer of total resistance 10Q and Q is a fixed resistor of
resistance 10 Q. The battery has an em.f. of 4.0V and negligible internal resistance. The
voltmeter has a very high resistance. The slider on the potentiometer is moved from X to Y and a
graph of voltmeter reading V is plotted against slider position.

1 x

P <

=T Y
4.0V I
RN I

Which graph is obtained?

slider position Y

D

A
%4 %4
4- 4-
2- 2-
0 0
X slider position Y X
C
%4 %4
4- 4-
2- 21
0 0

slider position

43 Which equation is used to define resistance?

A

B
C
D

energy = (current)® x resistance x time
potential difference = current x resistance
power = (current)’ x resistance

resistivity = resistance x area + length

Current Electricity
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44 The graphs show

components.

I A

the variation with

graph X

<Y

16

potential difference V of the current I for three circuit

<Y

graph 'Y

9702/01/0/N/05/Q32

1A

graph Z

The components are a metal wire at constant temperature, a semiconductor diode and a filament
lamp.

Which row of the table correctly identifies these graphs?

metal wire . ,
semiconductor filament
at constant )
diode lamp
temperature
A X Z Y
B Y X Z
C Y Z X
D Z X Y

45 Tensile strain may be measured by the change in electrical resistance of a strain gauge. A strain
gauge consists of folded fine metal wire mounted on a flexible insulating backing sheet. The
strain gauge is firmly attached to the specimen, so that the strain in the metal wire is always
identical to that in the specimen.

§

=

/A

/

strain gauge

9702/01/0/N/05/Q33

Jr specimen

When the strain in the specimen is increased, what happens to the resistance of the wire?

A

B
Cc
D

It decreases, because the length decreases and the cross-sectional area increases.

It decreases, because the length increases and the cross-sectional area decreases.

It increases, because the length decreases and the cross-sectional area increases.

It increases, because the length increases and the cross-sectional area decreases.

Current Electricity
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46 The graph shows how the electric current / through a conducting liquid varies with the potential

47

48

49

difference V across it.

At which point on the graph does the liquid have the smallest resistance?

A

An electrical component has the following circuit symbol.

|
IS

What does this symbol represent?
A variable resistor (rheostat)

B fuse

C light-dependent resistor

D thermistor

9702/01/0/N/05/Q34

9702/01/0/N/05/Q35

Three resistors are connected in series with a battery as shown in the diagram. The battery has

negligible internal resistance.

120Q

6.0V ' 180Q

150 Q

What is the potential difference across the 180 Q resistor?

A 16V B 24V C 36V D 6.0V

9702/01/0/N/05/Q36

Two heating coils X and Y, of resistance Rx and Ry respectively, deliver the same power when

12V is applied across X and 6V is applied across Y.

What is the ratio Rx/Ry?
A Y B % C 2 D 4

Current Electricity
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50 In the circuit below, the reading V+ on the voltmeter changes from high to low as the temperature
of the thermistor changes. The reading V| on the voltmeter changes from high to low as the level

of light on the light-dependent resistor (LDR) changes.

The readings on V¢ and V| are both high.

What are the conditions of temperature and light level?

temperature light level
A low low
B low high
C high low
D high high

51 The diagram shows an arrangement of resistors.

XO

YO

What is the total electrical resistance between X and Y?

A lessthan1Q

O O W

40Q

10Q

between 1Q and 10Q

between 10Q and 30Q

Current Electricity

10Q

9702/01/0/N/05/Q37

9702/01/M/J/06/Q35


https://stemup.co.uk

19

52 The current in the circuit is 4.8 A. 9702/01/M/J/06/Q31
||
| |
R
1
X Y

What is the rate of flow and the direction of flow of electrons through the resistor R?

A 30x10"s"  indirection XtoY
B 6.0x10"s™" indirection X toY
C 3.0x10"s™ indirectionY to X
D 6.0x10"s™" indirectionY to X

53 A p.d. of 12V is connected between P and Q.

9702/01/M/J/06/Q33
500Q X 1000 Q
P Q
Y
2000Q 1000 Q
What is the p.d. between X and Y?
A 0V B 4V C 6V D 8V
54 The diagram shows a low-voltage circuit for heating the water in a fish tank. 9702/01/M/J/06/Q34
source | heater

{ [ [TF

The heater has a resistance of 3.0 Q. The voltage source has an e.m.f. of 12V and an internal
resistance of 1.0Q.

At what rate does the voltage source supply energy to the heater?

A 27TW B 36W C 48W D 64W

Current Electricity
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55 When four identical lamps P, Q, R and S are connected as shown in diagram 1, they have normal
brightness. 9702/01/M/J/06/Q36

—

-

1
1
R R

®
@T

®
o ¢

diagram 1 diagram 2

The four lamps and the battery are then connected as shown in diagram 2.

Which statement is correct?

A

B
C
D

The lamps do not light.
The lamps are less bright than normal.
The lamps have normal brightness.

The lamps are brighter than normal.

56 The diagram shows a light-dependent resistor (LDR) and a thermistor forming a potential divider.

9702/01/M/J/06/Q37

4

O

Under which set of conditions will the potential difference across the thermistor have the greatest

value?
illumination temperature
A low low
B high low
C low high
D high high

Current Electricity
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57 Which graph shows the I — V characteristic of a filament lamp? 9702/01/0/N/06/Q32
A B Cc D
A A A A
I 1 1 1
0 j > 0 > 0 > 0 >
0 1% 0 1% 0 Vv 0 Vv
58 The resistance of a device is designed to change with temperature. 9702/01/0/N/06/Q35
What is the device?
A alight-dependent resistor
B a potential divider
C a semiconductor diode
D athermistor
59 The diagram represents a circuit. 9702/01/0/N/06/Q36

/NS

10.6 mA

10.8 mA

Some currents have been shown on the diagram.

What are the currents /; and ,?

I I
A 0.2mA 10.8 mA
B 0.2mA 30.8 mA
C -0.2mA 20.0mA
D -0.2mA 30.8 mA

Current Electricity


https://stemup.co.uk

22

60 An electrical component has a potential difference V across it and a current / through it. A graph

of 7 against V is drawn and is marked in three sections WX, XY and YZ. 9702/01/0/N/06/Q33
A Z
1 Y
X
W
0 =
0 %

In which ways does the resistance of the component vary within each of the three sections?

WX XY YZ
A constant decreases increases
B constant increases increases
C increases decreases constant
D increases increases decreases

61 The diagram shows a potentiometer and a fixed resistor connected across a 12 V battery of
negligible internal resistance. 9702/01/0/N/06/Q34

1

20Q
——
L 12V I
—_—
20Q
output
e} O

The fixed resistor and the potentiometer each have resistance 20 Q2. The circuit is designed to
provide a variable output voltage.

What is the range of output voltages?

A 0-6V B 0-12V C 6-12V D 12-20V

62 The current in a resistor is 8.0 mA. 9702/01/M/J/07/Q32
What charge flows through the resistor in 0.020s%?
A 0.16mC B 1.6mC C 40mC D 040C

Current Electricity
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63 Which circuit has a resistance of 40 Q between the terminals? 9702/01/0/N/06/Q37
A B
100Q 100Q
— +—— —
L
100Q 100Q
1
—T 4 1000 o - o
1 100Q g 100Q  100Q
—L +—1 e
100Q
— ——
C D
20Q 20Q 20Q 20Q 20Q
o B -
20Q 20Q 20Q
|—|
64 What is a correct statement of Ohm’s law? 9702/01/M/J/07/Q31

A The potential difference across a component equals the current providing the resistance and
other physical conditions stay constant.

The potential difference across a component equals the current multiplied by the resistance.
The potential difference across a component is proportional to its resistance.

The potential difference across a component is proportional to the current in it providing
physical conditions stay constant.

65 A circuit is set up with an LDR and a fixed resistor as shown. 9702/01/M/J/07/Q34
5kQ
.
CAVARNS
R E—

Y ®

The voltmeter reads 4V.
The light intensity is increased.

What is a possible voltmeter reading?

A 3V B 4V C 6V D 8V

Current Electricity
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66 A cell of em.f. 2.0V and negligible internal resistance is connected to the network of resistors

67

shown. 9702/01/M/J/07/Q33
5.0kQ 2.0kQ
—2.0V P Q
5.0kQ 3.0kQ
S

V, is the potential difference between S and P. V; is the potential difference between S and Q.

What is the value of V; — V,?
A +0.50V B +0.20V C -0.20V D -0.50V

A researcher has two pieces of copper of the same volume. All of the first piece is made into a
cylindrical resistor P of length x. 9702/01/M/J/07/Q37

< »
=} =

resistor P +€) )—) current

All of the second piece is made into uniform wires each of the same length x which he connects
between two bars of negligible resistance to form a resistor Q.

X

A
\

resistor Q ——— ———> current

bar of

41— negligible

- - resistance
wires

How do the electrical resistances of P and Q compare?
A P has a larger resistance than Q.
Q has a larger resistance than P.

B
C P and Q have equal resistance.
D

Q may have a larger or smaller resistance than P, depending on the number of wires made.

Current Electricity
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68 In the circuit below, the battery converts an amount E of chemical energy to electrical energy

when charge Q passes through the resistor in time t.

s B S

Which expressions give the e.m.f. of the battery and the current in the resistor?

e.m.f. current
A EQ Q/t
B EQ Qt
C E/Q Q/t
D E/Q Qt

69 A battery has an e.m.f. of 3.0V and an internal resistance of 2.0 Q.

: 30V : battery
| 2.0Q |
- —
| — _ _ _ _ |

40Q

The battery is connected to a load of 4.0Q2.

What are the terminal potential difference V and output power P?

70

VIV PIW
A 1.0 0.50
B 1.0 1.5
C 2.0 1.0
D 2.0 1.5

9702/01/M/J/07/Q35

9702/01/M/J/07/Q36

Two wires P and Q have resistances Rp and Rq respectively. Wire P is twice as long as wire Q

and has twice the diameter of wire Q. The wires are made of the same material.

What is the ratio &?
RQ

A 05 B 1 CcC 2 D 4

Current Electricity
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71 A battery of negligible internal resistance is connected to two 10Q resistors in series.

9702/01/0/N/07/Q30
6.0V
-]
| |
10Q 10Q
-

What charge flows through each of the 10Q resistors in 1 minute?

A 0.30C B 0.60C C 3.0C D 18C

72 A potential divider consists of a fixed resistor R and a light-dependent resistor (LDR). 9702/01/0/N/07/Q32

O,

What happens to the voltmeter reading, and why does it happen, when the intensity of light on
the LDR increases?

A The voltmeter reading decreases because the LDR resistance decreases.
B The voltmeter reading decreases because the LDR resistance increases.
C The voltmeter reading increases because the LDR resistance decreases.
D

The voltmeter reading increases because the LDR resistance increases.

73 A power cable X has a resistance R and carries current I. 9702/01/M/J/08/Q32

A second cable Y has a resistance 2R and carries current %1.

power dissipatedin Y "

What is the ratio — - /
power dissipated in X

A% B% c 2 D 4

Current Electricity
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74 The circuit is designed to trigger an alarm system when the input voltage exceeds some preset
value. It does this by comparing V. with a fixed reference voltage, which is set at 4.8 V.

9702/01/0/N/07/Q33
1
15k Q
Vil © T N
o T ]
10kQ \Vout
Vout is equal to 4.8 V.
What is the input voltage Vi,?
A 48V B 7.2V C 96V D 12V
75 A potentiometer is used as shown to compare the e.m.f.s of two cells. 9702/01/0/N/07/Q34
| driver cell
|
|I metre rule
0.70m 0.90m
L1 L0
A A
X
| q\
ANV
Y
| q\
AN/

The balance points for cells X and Y are 0.70m and 0.90m respectively.

If the e.m.f. of cell X is 1.1V, what is the e.m.f. of cell Y?

A 069V B 0.86V C 099V D 14V

76 Which electrical quantity would be the result of a calculation in which energy transfer is divided by

charge? 9702/01/0/N/07/Q28
A current

B potential difference

C power

D resistance

Current Electricity
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77 When four identical resistors are connected as shown in diagram 1, the ammeter reads 1.0A and

the voltmeter reads zero. 9702/01/0/N/07/Q35
diagram 1 diagram 2
|+ 6.0V
I

The resistors and meters are reconnected to the supply as shown in diagram 2.

What are the meter readings in diagram 2?

voltmeter reading/V | ammeter reading/A
A 0 1.0
B 3.0 0.5
Cc 3.0 1.0
D 6.0 0
78 A total charge of 100 C flows through a 12W light bulb in a time of 50s. 9702/01/M/J/08/Q33

What is the potential difference across the bulb during this time?

A 012V B 20V C 6.0V D 24V

79 Two copper wires X and Y have the same volume. Wire Y is four times as long as wire X.

L 41 9702/01/M/J/08/Q34
> < >
X Y

resistance of wire Y o

What is the ratio - - ‘
resistance of wire X

A 4 B 8 C 16 D 64

80 The charge that a fully-charged 12V car battery can supply is 100 kC. The starter motor of the
car requires a current of 200 A for an average period of 2.0 s. The battery does not recharge
because of a fault. 9702/01/0/N/08/Q34

What is the maximum number of times the starter motor of the car can be used?

A 21 B 25 C 42 D 250
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81 The potential difference across a resistor is 12V. The current in the resistor is 2.0A.  9702/01/M/J/08/Q35

4.0 C passes through the resistor.

What is the energy transferred and the time taken?

energy/J time/s
A 3.0 2.0
B 3.0 8.0
Cc 48 2.0
D 48 8.0

82 A thermistor and another component are connected to a constant voltage supply. A voltmeter is
connected across one of the components. The temperature of the thermistor is then reduced but
no other changes are made. 9702/01/M/J/08/Q36
In which circuit will the voltmeter reading increase?

A B

v T

T C[]P © @

\ 4

Cc

I/
O, ©

83 Two wires P and Q made of the same material and of the same length are connected in parallel
to the same voltage supply. Wire P has diameter 2mm and wire Q has diameter 1 mm.

9702/01/0/N/08/Q31

What is the ratio -currentinP -
currentin Q

A B

1 1
4 2
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84 In the circuit shown, the 6.0V battery has negligible internal resistance. Resistors R, and R, and

the voltmeter have resistance 100 kQ. 9702/01/M/J/08/Q37
6.0V
-
| [
R, R,
o S B
100kQ 100kQ
N
W)
100 kQ

What is the current in the resistor R,?
A 20pA B 30pA C 40pA D 60pA

85 The unknown e.m.f. E of a cell is to be determined using a potentiometer circuit. The balance
length is to be measured when the galvanometer records a null reading. 9702/01/M/J/08/Q38

What is the correct circuit to use?

>
w

86 A 12V battery is charged for 20 minutes by connecting it to a source of electromotive force
(e.m.f.). The battery is supplied with 7.2 x 10*J of energy in this time. 9702/01/M/J/09/Q31

How much charge flows into the battery?

A 50C B 60C C 100C D 6000C

Current Electricity
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88

89 The diagram shows a circuit containing three resistors in parallel.

90

31

An electric power cable consists of six copper wires ¢ surrounding a steel core s. 9702/01/0/N/08/Q32

1.0 km of one of the copper wires has a resistance of 10 Q and 1.0 km of the steel core has a
resistance of 100Q.

What is the approximate resistance of a 1.0 km length of the power cable?

A 061Q B 16Q C 160Q D 610Q

Which graph best represents the way the current I through a filament lamp varies with the

potential difference V across it? 9702/01/0/N/08/Q33
A B C D
I / I |/ ! V I
0 - 0 - 0 = 0 -
0 4 0 v 0 4 0 4

9702/01/0/N/08/Q35

12V
=

CAD 10Q

The battery has e.m.f. 12V and negligible internal resistance. The ammeter reading is 3.2A.

What is the resistance of X?

A 21Q B 46Q C 6.0Q D 15Q

A copper wire is cylindrical and has resistance R. 9702/11/0/N/10/Q33
What will be the resistance of a copper wire of twice the length and twice the radius?

A R B R C R D 2R
4 2
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91 The e.m.f. of the battery is 9.0V. The reading on the high-resistance voltmeter is 7.5V.

9702/01/0/N/08/Q36
9.0V
||___I
| |
(V)
! Y
15Q
>
What is the current I?
A 0.10A B 0.50A C 0.60A D 20A
92 The diagram shows a potentiometer circuit. 9702/01/0/N/08/Q37
E, R
|| 1
|| | IS
LH\MH\‘\H\\\H\‘\\H\\\H‘\\H\HH‘HH\HH‘HH\HH‘\H\\\H\‘\H\\\\H‘HH\HH‘HH\HH|
X T Y
E2
F—®
! U/

The contact T is placed on the wire and moved along the wire until the galvanometer reading is
zero. The length XT is then noted.

In order to calculate the potential difference per unit length on the wire XY, which value must also
be known?

A the e.m.f. of the cell E;

B the e.m.f. of the cell E,

C the resistance of resistor R
D

the resistance of the wire XY

93 What is the unit of resistivity? 9702/11/M/J/10/Q31

A Qm? B Om™ cC Q D Om
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94 What is meant by the electromotive force (e.m.f.) of a cell? 9702/01/M/J/09/Q32

A The e.m.f. of a cell is the energy converted into electrical energy when unit charge passes
through the cell.

B The e.m.f. of a cell is the energy transferred by the cell in driving unit charge through the
external resistance.

C The e.m.f. of a cell is the energy transferred by the cell in driving unit charge through the
internal resistance of the cell.

D The e.m.f. of a cell is the amount of energy needed to bring a unit positive charge from
infinity to its positive pole.

95 Two cells of em.f. 3.0V and 1.2 V and negligible internal resistance are connected to resistors of
resistance 9.0Q and 18 Q2 as shown. 9702/01/M/J/09/Q33

30V 12V
|
|

18Q
3

What is the value of the current I in the 9.0 Q resistor?

A 0.10A B 0.20A C 0.30A D 047A

96 Which amount of charge, flowing in the given time, will produce the largest current? 9702/01/M/J/09/Q30

charge/C time/s

1
A 4 1
B 4 1
C 1 4

1
D T 4
97 A source of e.m.f. of 9.0mV has an internal resistance of 6.0 Q2. 9702/11/M/J/10/Q35

It is connected across a galvanometer of resistance 30 Q.
What will be the current in the galvanometer?

A 250pA B 300pA C 1.5mA D 25mA
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98  Six identical 12 Q resistors are arranged in two groups, one with three in series and the other with
three in parallel.

_|

12Q

12Q

9702/01/M/J/09/Q34

12Q

—1L

12Q 12Q

|_|

|_|

— —t—1 1

series

12Q

—

parallel

What are the combined resistances of each of these two arrangements?

series parallel
A 40Q 0.25Q
B 400 36Q
Cc 36Q 0.250Q
D 36Q 400

99 The diagrams show a light-dependent resistor in circuit P, and a thermistor in circuit Q.

]

circuit P

]

1

|_|
A\

|

|

—

-

circuit Q

9702/01/M/J/09/Q35

How does the potential difference across the fixed resistor in each circuit change when both the
brightness of the light on the light-dependent resistor and the temperature of the thermistor are

increased?
circuit P circuit Q
A decrease decrease
B decrease increase
C increase decrease
D increase increase
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100 A cell is connected to a resistor.

101

102

103
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9702/11/0/N/09/Q30

At any given moment, the potential difference across the cell is less than its electromotive force.

—L

Which statement explains this?

A

B
Cc
D

The cell is continually discharging.
The connecting wire has some resistance.
Energy is needed to drive charge through the cell.

Power is used when there is a current in the resistor.

Which values of current and resistance will produce a rate of energy transfer of 16Js™'?

current/A resistance/Q
A 1 4
B 2 8
Cc 4 1
D 16 1

9702/11/0/N/09/Q31

A cylindrical wire 4.0 m long has a resistance of 31 Q and is made of metal of resistivity
1.0 x 10°Qm.

What is the radius of cross-section of the wire?

A

B
C
D

A source of e.m.f. of 9.0mV has an internal resistance of 6.0 Q2.

1.0x10%m
2.0x10°m
6.4 x10°m
2.0x10™"m

It is connected across a galvanometer of resistance 30Q.

What will be the current in the galvanometer?

A 250pA B 300pA C 15mA

Current Electricity
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104 Each of Kirchhoff's two laws presumes that some quantity is conserved.

Which row states Kirchhoff's first law and names the quantity that is conserved?

statement quantity
the algebraic sum of
A | currents into a junction is charge
zero

the algebraic sum of
B | currents into a junction is energy
zero

the em.f.inaloop is
equal to the algebraic sum
Cc | of the product of current charge
and resistance round the
loop

the e.m.f. in aloop is
equal to the algebraic sum
D | of the product of current energy
and resistance round the
loop

105 The diagram shows the symbol for a wire carrying a current I.

I
X Y

What does this current represent?

A the amount of charge flowing past a point in XY per second

B the number of electrons flowing past a point in XY per second

C the number of positive ions flowing past a point in XY per second
D

the number of protons flowing past a point in XY per second

106 A network of resistors consists of two 3.0 Q) resistors and three 6.0 Q) resistors.

300 6.0Q
309 —1___
| I |
6.0Q
X—¢ [ +—+—1Y
3.0Q
| | 6.0Q
E— —

What is the combined resistance of this network between points X and Y?

A 0.86Q B 1.2Q C 350 D 24Q

Current Electricity
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107 A potential divider consisting of resistors of resistance R; and R, is connected to an input

potential difference of V, and gives an output p.d. of V. 9702/11/0/N/09/Q35

A

|j:| )
Vo
|j:| )

%
\ \
What is the value of V?
A VoRy B VR c VoR, D Vo(Ri +R;)
R, R, +R, R, +R, R,

108 A cell is connected to a resistor. 9702/12/0/N/09/Q29

At any given moment, the potential difference across the cell is less than its electromotive force.

—

Which statement explains this?

A The cell is continually discharging.

B The connecting wire has some resistance.

C Energy is needed to drive charge through the cell.
D

Power is used when there is a current in the resistor.

109 A cylindrical wire 4.0 m long has a resistance of 31 Q and is made of metal of resistivity
1.0 x 10°Qm. 9702/12/0/N/09/Q31

What is the radius of cross-section of the wire?
A 1.0x10°m
B 20x10°%m
C 6.4x10°m
D 20x10"m
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110 Which values of current and resistance will produce a rate of energy transfer of 16Js™'?

current/A resistance/Q
A 1 4
B 2 8
C 4 1
D 16 1

111 Each of Kirchhoff's two laws presumes that some quantity is conserved.

Which row states Kirchhoff's first law and names the quantity that is conserved?

statement

quantity

the algebraic sum of
currents into a junction is
zero

charge

the algebraic sum of
currents into a junction is
zero

energy

the e.m.f. inaloop is
equal to the algebraic sum
of the product of current
and resistance round the
loop

charge

the e.m.f. in aloop is
equal to the algebraic sum
of the product of current
and resistance round the
loop

energy

112 The diagram shows the symbol for a wire carrying a current I.

What does this current represent?

A

B
C
D

X

I

the amount of charge flowing past a point in XY per second
the number of electrons flowing past a point in XY per second
the number of positive ions flowing past a point in XY per second

the number of protons flowing past a point in XY per second

Current Electricity
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113 A potential divider consisting of resistors of resistance R; and R, is connected to an input

potential difference of V, and gives an output p.d. of V.

|j:| )

Vo I\
R1

\

%
\ 4
What is the value of V?
A VoR; B VoR; c VoR: D Vo(Ri +R;)
R, R, +R, R, +R, R,

114 A network of resistors consists of two 3.0 Q2 resistors and three 6.0 Q2 resistors.

6.0Q
3.0Q — 1
—1_
6.0Q
X—¢ { _ +—¢+—vY
3.0Q
— 6.00
—
What is the combined resistance of this network between points X and Y?
A 0.86Q B 1.2Q C 35Q D 24Q
115 The resistors P, Q and R in the circuit have equal resistance.
P
ki Q R

The battery, of negligible internal resistance, supplies a total power of 12W.

What is the power dissipated by heating in resistor R?

A 2W B 3W C 4w D 6W
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116 The resistance of a thermistor depends on its temperature, and the resistance of a
light-dependent resistor (LDR) depends on the illumination. 9702/11/M/J/10/Q32

Under which conditions will the resistance of both a thermistor and an LDR be highest?

thermistor LDR
A highest temperature highest illumination
B highest temperature lowest illumination
C lowest temperature highest illumination
D lowest temperature lowest illumination

117 In deriving a formula for the combined resistance of three different resistors in series, Kirchhoff’s
laws are used. 9702/11/M/J/10/Q34

Which physics principle is involved in this derivation?

A the conservation of charge

B the direction of the flow of charge is from negative to positive
C the potential difference across each resistor is the same

D the current varies in each resistor, in proportion to the resistor value

118 In each arrangement of resistors, the ammeter has a resistance of 2Q. 9702/11/MIJ/10/Q36

Which arrangement gives the largest reading on the ammeter when the same potential difference
is applied between points P and Q?

A B

10 20

A ION:

P Q
20
119 What is the unit of resistivity? 9702/12/M/J/10/Q36
A Om? B Om™ cC QO D Om
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120 The resistance of a thermistor depends on its

light-dependent resistor (LDR) depends on the illumination.

41

temperature, and the resistance of a
9702/12/M/J/10/Q30

Under which conditions will the resistance of both a thermistor and an LDR be highest?

thermistor

LDR

o oo W »

highest temperature
highest temperature
lowest temperature

lowest temperature

highest illumination
lowest illumination
highest illumination

lowest illumination

121 In each arrangement of resistors, the ammeter has a resistance of 2Q.

9702/12/M/J/10/Q32

Which arrangement gives the largest reading on the ammeter when the same potential difference
is applied between points P and Q?

A
10 20

o] R H(a)—o
P Q

C

1Q

B e (Y o
P Q

20

—L

10
|/\|
O A 0}
PL&I—IQ

20

122 The resistance of a thermistor depends on its temperature, and the resistance of a

light-dependent resistor (LDR) depends on the illumination.

9702/13/M/J/10/Q33

Under which conditions will the resistance of both a thermistor and an LDR be highest?

thermistor

LDR

o 0O w >

highest temperature
highest temperature
lowest temperature

lowest temperature

highest illumination
lowest illumination
highest illumination

lowest illumination
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123 The resistors P, Q and R in the circuit have equal resistance. 9702/12/M/J/10/Q34

The battery, of negligible internal resistance, supplies a total power of 12W.

What is the power dissipated by heating in resistor R?

A 2W B 3W C 4w D 6W

124 In deriving a formula for the combined resistance of three different resistors in series, Kirchhoff's
laws are used. 9702/12/M/J/10/Q35

Which physics principle is involved in this derivation?

A the conservation of charge
B the direction of the flow of charge is from negative to positive
C the potential difference across each resistor is the same

D the current varies in each resistor, in proportion to the resistor value

125 A source of e.m.f. of 9.0mV has an internal resistance of 6.0 Q. 9702/13/M/J/10/Q31
It is connected across a galvanometer of resistance 30Q.

What will be the current in the galvanometer?

A 250pA B 300pA C 15mA D 25mA

126 |n deriving a formula for the combined resistance of three different resistors in series, Kirchhoff's
laws are used. 9702/13/M/1J/10/Q36

Which physics principle is involved in this derivation?

A the conservation of charge

B the direction of the flow of charge is from negative to positive
C the potential difference across each resistor is the same
D

the current varies in each resistor, in proportion to the resistor value

Current Electricity
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127 In each arrangement of resistors, the ammeter has a resistance of 2Q.

43

9702/13/M/J/10/Q34

Which arrangement gives the largest reading on the ammeter when the same potential difference

is applied between points P and Q7?

A B
10
1020 —
P T ) P
P a B —
20

o D

(e,
P

—1

2Q

128 The resistors P, Q and R in the circuit have equal resistance.

The battery, of negligible internal resistance, supplies a total power of 12W.

What is the power dissipated by heating in resistor R?

A 2W B 3W C 4w D 6W

129 Which electrical component is represented by the following symbol?

—=—

a diode
a potentiometer

a resistor

o o w »

a thermistor

Current Electricity
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130 The current in the circuit shown is 4.8 A. 9702/11/0/N/10/Q31

What is the direction of flow and the rate of flow of electrons through the resistor R?

direction of flow rate of flow
A XtoY 3.0x 10"s™
B XtoY 6.0 x 10"8s™"
(o Y to X 3.0x 10"s™
D Y to X 6.0 x 10"®s™"
131 Which component has the I-V graph shown? 9702/11/0/N/10/Q32
I A
0 >
0 v
A filament lamp
B light-dependent resistor
C semiconductor diode
D thermistor
132 The diagram shows part of a circuit. 9702/11/0/N/10/Q35

40Q

:l 160 Q
—1 S ——
120Q

What is the total resistance of the combination of the three resistors?

A 320Q B 240Q C 190Q D 80Q
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133 The diagram shows part of a circuit.

45

9702/12/0/N/10/Q35

6.00Q 4.00

What is the resistance between the points P and Q due to the resistance network?

A 13Q B 400 C 10Q D 370
134 The diagram shows an arrangement of resistors. 9702/11/0/N/10/Q36
10Q
XO
10Q 10Q
YO
10Q

What is the total electrical resistance between X and Y?

A lessthan 1Q

B between1Qand 10Q
C Dbetween 10Q and 30Q
D 40Q

135 When there is no current in a wire, which statement about the conduction electrons in that wire
is correct? 9702/12/0/N/10/Q31

A

B

Electrons in the wire are moving totally randomly within the wire.

Equal numbers of electrons move at the same speed, but in opposite directions, along the
wire.

No current is flowing therefore the electrons in the wire are stationary.

No current is flowing therefore the electrons in the wire are vibrating around a fixed point.

Current Electricity
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136 In the circuit below, P is a potentiometer of total resistance 10 Q and Q is a fixed resistor of
resistance 10 Q. The battery has an e.m.f. of 4.0 V and negligible internal resistance. The

voltmeter has a very high resistance. 9702/11/0/N/10/Q37
x L
> P
i 4.0V
T Q
1

The slider on the potentiometer is moved from X to Y and a graph of voltmeter reading V is
plotted against slider position.

Which graph would be obtained?

A B C D

74 74 74 "4

) 4_\ 4_/ *

2- 2- 2- 2-

0 0 0 0

X Y X Y X Y X Y
slider position slider position slider position slider position

137 The current in the circuit shown is 4.8 A. 9702/13/0/N/10/Q32
|
||
R

What is the direction of flow and the rate of flow of electrons through the resistor R?

direction of flow rate of flow
A XtoY 3.0x10"s™
B XtoY 6.0 x 10"s™
C Y to X 3.0 x 10"s™"
D Y to X 6.0 x 10"s™
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138 A high-resistance voltmeter connected across a battery reads 6.0V. 9702/12/0/N/10/Q32

When the battery is connected in series with a lamp of resistance of 10 Q, the voltmeter reading
fallsto 5.6 V.

Which statement explains this observation?

A The electromotive force (e.m.f.) of the battery decreases because more work is done across
its internal resistance.

B The e.m.f. of the battery decreases because work is done across the lamp.

The potential difference (p.d.) across the battery decreases because more work is done
across its internal resistance.

D The p.d. across the battery decreases because work is done across the lamp.

139 A relay is required to operate 800 m from its power supply. The power supply has negligible
internal resistance. The relay requires 16.0V and a current of 0.60A to operate.  9702/13/0/N/10/Q31

A cable connects the relay to the power supply and two of the wires in the cable are used to
supply power to the relay.

The resistance of each of these wires is 0.0050Q per metre.

What is the minimum output e.m.f. of the power supply?

A 166V B 18.4V C 208V D 29.3V
140 \What is the unit of resistivity? 9702/13/M/J/10/Q30
A om? B am” cC Q D Om
141 The diagram shows part of a circuit. 9702/13/0/N/10/Q33
40Q

:l 160 Q
—1t S ——
120Q

What is the total resistance of the combination of the three resistors?

A 3200 B 240Q C 190Q D 80Q

142 A copper wire of cross-sectional area 2.0 mm? carries a current of 10 A. 9702/11/M/J/11/Q31
How many electrons pass through a given cross-section of the wire in one second?

A 1.0x10' B 5.0x10° C 6.3x10" D 3.1x10%
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143 A battery of e.m.f. 12V and internal resistance 2.0 Q is connected in series with an ammeter of
negligible resistance and an external resistor. External resistors of various different values are

Used. 9702/12/0/N/10/Q33
12V !
! | 200 !
! 1 !
: I--- | | I | :

______________________

Which combination of current and resistor value is not correct?

current/A external resistor
value/Q
A 1.0 10
B 1.2 8
C 1.5 6
D 1.8 4

144 A wire PQ is made of three different materials, with resistivities p, 2p and 3p. There is a current I

in this composite wire, as shown. 9702/12/0/N/10/Q34
I P 2p 3p
\
—( ) I ——
P Q

Which graph best shows how the potential V along the wire varies with distance x from P?

A B
Vv Vv
05 - 05 -
c D
v v A
I
05 - 0g -
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145 The diagram shows a potential divider circuit. 9702/12/0/N/10/Q36

5

output
voltage

o

The light level increases.

What is the effect on the resistance of the light-dependent resistor (LDR) and on the output

voltage?
resistance
of the LDR output voltage
A decreases decreases
B decreases increases
C increases decreases
D increases increases

146 A relay is required to operate 800 m from its power supply. The power supply has negligible
internal resistance. The relay requires 16.0V and a current of 0.60A to operate.  9702/11/0/N/10/Q34

A cable connects the relay to the power supply and two of the wires in the cable are used to
supply power to the relay.

The resistance of each of these wires is 0.0050 Q) per metre.

What is the minimum output e.m.f. of the power supply?

A 166V B 184V C 208V D 293V

147 A battery is marked 9.0V. 9702/11/M/J/11/Q32

What does this mean?

A Each coulomb of charge from the battery supplies 9.0J of electrical energy to the whole
circuit.

B The battery supplies 9.0J to an external circuit for each coulomb of charge.
The potential difference across any component connected to the battery will be 9.0V.

There will always be 9.0V across the battery terminals.
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148 Three resistors, with resistances Ry, R, and Rs, are connected in series and are found to have a

combined resistance of 500 Q. When connected in parallel, the combined resistance is found to
be 50 Q. 9702/12/0/N/10/Q37

Which values will correspond to these results?

R{/1Q R, /1Q R3/Q
A 160 160 80
B 200 200 100
c 225 225 50
D 230 230 40
149 A copper wire is cylindrical and has resistance R. 9702/13/0/N/10/Q34

What will be the resistance of a copper wire of twice the length and twice the radius?

A R B R C R D 2R

4 2

150 In the circuit below, P is a potentiometer of total resistance 10 Q and Q is a fixed resistor of
resistance 10 Q. The battery has an e.m.f. of 4.0 V and negligible internal resistance. The
voltmeter has a very high resistance. 9702/13/0/N/10/Q35

X L

Y
T

L YT Cv)

The slider on the potentiometer is moved from X to Y and a graph of voltmeter reading V is
plotted against slider position.

Which graph would be obtained?

A B C D
v v % v
) 4-\ 4_/ “
2+ 2- 2- 2-
0 0 0 0
X Y X Y X Y X Y
slider position slider position slider position slider position
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151 Which component has the I-V graph shown? 9702/13/0/N/10/Q36
I A
0 >
0 v
A filament lamp
B light-dependent resistor
C semiconductor diode
D thermistor
152 The diagram shows an arrangement of resistors. 9702/13/0/N/10/Q37
10Q
X O
10Q 10Q
Y o
10Q

What is the total electrical resistance between X and Y?
A lessthan 1Q
between 1Q and 10Q

between 10Q2 and 30Q

O O W

400

153 What describes the electric potential difference between two points in a wire that carries a
current? 9702/12/M/J/11/Q32

A the force required to move a unit positive charge between the points
B the ratio of the energy dissipated between the points to the current
C the ratio of the power dissipated between the points to the current

D the ratio of the power dissipated between the points to the charge moved

Current Electricity
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154 The graphs show possible current-voltage (I-V) relationships for a filament lamp and for a
semiconductor diode. 9702/11/M/J/11/Q33

P Q R S

<YV

0 v 0 v 0 v 0

Which row best specifies the correct I-V graphs for the lamp and the diode?

filament lamp semic_onductor
diode
A P R
B P S
C Q R
D Q S

155 In the circuit shown, XY is a length L of uniform resistance wire. R; and R, are unknown resistors.
J is a sliding contact that joins the junction of Ry and R; to points on XY through a small signal

lamp S. 9702/11/M/J/11/Q37

A
\

R, R,

- -

4
To determine the ratio V—1 of the potential differences across Ry and R;, a point is found on XY at

2
which the lamp is off. This point is at a distance x from X.

4
What is the value of the ratio V—1 ?
2

A L B X
X L X L—x
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156 The diagram shows part of a current-carrying circuit. The ammeter has negligible internal

resistance. 9702/11/M/J/11/Q35
1.0Q
200
—1 +(A———
5.0A 5.0A
5.0Q

-

What is the reading on the ammeter?

A O0.7A B 1.3A C 1.5A D 1.7A
157 Four resistors of equal value are connected as shown. 9702/11/M/J/11/Q36
o O
W Y

How will the powers to the resistors change when resistor W is removed?
A The powers to X, Y and Z will all increase.

B The power to X will decrease and the powers to Y and Z will increase.
C The power to X will increase and the powers to Y and Z will decrease.
D

The power to X will increase and the powers to Y and Z will remain unaltered.

158 Which graph best represents the way in which the current I through a thermistor depends upon

the potential difference V across it? 9702/12/M/J/11/Q35
A B C D
A A A A
I I I I
0 - 0 = 0 = 0 -
0 % 0 % 0 Vv 0 Vv
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159 A cylindrical piece of a soft, electrically-conducting material has resistance R. It is rolled out so
that its length is doubled but its volume stays constant. 9702/12IMIJM1/Q33

What is its new resistance?
A % B R C 2R D 4R

160 A source of electromotive force (e.m.f.) E has a constant internal resistance r and is connected to
an external variable resistor of resistance R. 9702/12/M/J/11/Q34

As R is increased from a value below r to a value above r, which statement is correct?

A The terminal potential difference remains constant.
B The current in the circuit increases.

C The e.m.f. of the source increases.
D

The largest output power is obtained when R reaches r.

161 Safety on railways is increased by using several electrical switches. 9702/12/MIJ/11/Q36

In the diagram, switches P, Q, R, S and T control the current through a green lamp.

=

P Q

R > — ®

T~ green lamp

Which row does not allow the green lamp to light?

P Q R S T
A closed closed closed open closed
B closed open closed closed open
C closed open open closed closed
D open open closed open closed
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162 The resistance of a metal cube is measured by placing it between two parallel plates, as shown.
9702/11/MIJ/11/Q34

o

The cube has volume V and is made of a material with resistivity p. The connections to the cube
have negligible resistance.

Which expression gives the electrical resistance of the metal cube between X and Y?

2
3

1
A pV?3 B pV

163 A battery is marked 9.0V. 9702/13/M/J/11/Q31

What does this mean?

A Each coulomb of charge from the battery supplies 9.0J of electrical energy to the whole
circuit.

The battery supplies 9.0J to an external circuit for each coulomb of charge.
The potential difference across any component connected to the battery will be 9.0V.

There will always be 9.0V across the battery terminals.

164 Four resistors of equal value are connected as shown. 9702/13/M/J/11/Q33

How will the powers to the resistors change when resistor W is removed?
A The powers to X, Y and Z will all increase.

B The power to X will decrease and the powers to Y and Z will increase.
C The power to X will increase and the powers to Y and Z will decrease.
D

The power to X will increase and the powers to Y and Z will remain unaltered.
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165 The diagram shows a fixed resistor and a light-dependent resistor (LDR) in series with a constant
low-voltage supply. 9702/12/MIJ/11/Q37

5/
— 1+

When the LDR is in the dark, the fixed resistor and the LDR have the same value of resistance.

Light is shone on the LDR.

What happens to the potential differences across the two components?

p.d. across resistor p.d. across LDR
A decreased increased
B increased decreased
C no change increased
D no change decreased

166 The graphs show possible current-voltage (I-V) relationships for a filament lamp and for a
semiconductor diode. 9702/13/M/J/11/Q34

P Q R S

<YV

0 v 0 v 0 v 0

Which row best specifies the correct I-V graphs for the lamp and the diode?

filament lamp semic_onductor
diode
A P R
B P S
C Q R
D Q S
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167 The diagram shows a d.c. circuit. 9702/12/M/J/11/Q38

What is the resistance between the points P and Q due to the resistance network?

A 047Q B 21Q C 3.0Q D 21Q

168 A copper wire of cross-sectional area 2.0 mm? carries a current of 10 A. 9702/13/M/J/11/Q32
How many electrons pass through a given cross-section of the wire in one second?

A 1.0x 10’ B 5.0x10° C 6.3x10" D 3.1x10%®

169 The resistance of a metal cube is measured by placing it between two parallel plates, as shown.
9702/13/M/J/11/Q35

o

The cube has volume V and is made of a material with resistivity p. The connections to the cube
have negligible resistance.

Which expression gives the electrical resistance of the metal cube between X and Y?
1 2

3 3 P L
A pVvV B pVv? C - D —
V3 74

170 Which statement is not valid? 9702/11/0/N/11/Q35

A Current is the speed of the charged particles that carry it.

B Electromotive force (e.m.f.) is the energy converted to electrical energy from other forms, per
unit charge.

C The potential difference (p.d.) between two points is the work done in moving unit charge
from one point to the other.

D The resistance between two points is the p.d. between the two points, per unit current.
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171 In the circuit shown, XY is a length L of uniform resistance wire. R; and R, are unknown resistors.
J is a sliding contact that joins the junction of R; and R, to points on XY through a small signal

lamp S. 9702/13/M/J/11/Q36

A
\

R, R,

- -

v
To determine the ratio V—1 of the potential differences across Ry and R, a point is found on XY at

2
which the lamp is off. This point is at a distance x from X.

"4
What is the value of the ratio V—1 ?
2

A L B X
X L X L—x

172 A cell, two resistors of equal resistance and an ammeter are used to construct four circuits. The
resistors are the only parts of the circuits that have resistance. 9702/11/0IN/11/Q37

In which circuit will the ammeter show the greatest reading?

A B
| |
| |
H | >T< —
®
Cc D

|
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173 A cell of e.m.f. E and internal resistance r is connected in series with a switch S and an external
resistor of resistance R. 9702/11/0/N/11/Q36

The p.d. between P and Q is V.

When S is closed,

AV decreases because there is a p.d. across R.

B V decreases because there is a p.d. across r.

C V remains the same because the decrease of p.d. across r is balanced by the increase of

p.d. across R.
D Vremains the same because the sum of the p.d.s across rand R is still equal to E.
174 Which of the equations that link some of the following terms is correct? 9702/11/0/N/11/Q34

potential difference (p.d.) %4
current I
resistance R
charge Q
energy E
power P
time t

A p= QR

t
B ER*=V%
c Ay
P
D PQ=EI
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175 The diagram shows a potential divider circuit designed to provide a variable output p.d.

9702/11/0/N/11/Q39
- o
«
9.0V | o
5.0kQ
E—

Which row gives the available range of output p.d.?

maximum output minimum output
A 3.0V 0
B 4.5V 0
Cc 9.0V 0
D 9.0V 4.5V

176 The diagram shows part of a current-carrying circuit. The ammeter has negligible internal
resistance. 9702/13/M/J/11/Q37
1.0Q

200
5.0A 5.0A
500
What is the reading on the ammeter?
A O0.7A B 1.3A C 15A D 1.7A
177 There is a current of 10mA in a conductor for half an hour. 9702/11/MIJ/12/Q33

How much charge passes a point in the conductor in this time?

A 03C B 5C C 18C D 300C

178 A charge of 8.0 C passes through a resistor of resistance 302 at a constant rate in a time of 20s.

9702/12/0/N/11/Q32
What is the potential difference across the resistor?

A 040V B 53V c 12v D 75V
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179 Three resistors of resistance R, 2R and 3R are connected in parallel.

R
—1

2R

—t—1 1

3R

—

61

9702/11/0/N/11/Q38

Using I to represent the current through the resistor of resistance R, which row represents the

relationships between the currents through the resistors?

resistor resistance
R 2R 3R
A I 31 31
B I 11 31
c I 27 11
D I 21 31

180 An iron wire has length 8.0m and diameter 0.50 mm. The wire has resistance R.

A second iron wire has length 2.0m and diameter 1.0mm.
What is the resistance of the second wire?

A B B 2 c B
16 8 2

181 Two electrically-conducting cylinders X and Y are made from the same material.

Their dimensions are as shown.

o¢(;) ZD]Q )

The resistance of each cylinder is measured between its ends.

What is the ratio resistance of X ,
resistance of Y

(=N
w)
|

A 2 B 1 c
1 1
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182 The graph shows the variation with potential difference (p.d.) of the current in a lamp filament.

9702/12/0/N/11/Q33
A

current

p.d.

Which statement explains the shape of this graph?

A As the filament temperature rises, electrons can pass more easily through the filament.
B It takes time for the filament to reach its working temperature.

C The power output of the filament is proportional to the square of the current in it.

D

The resistance of the filament increases with a rise in temperature.

183 A power supply of electromotive force (e.m.f.) 12V and internal resistance 2Q is connected in
series with a load resistor. The value of the load resistor is varied from 0.5Q to 4 Q.

Which graph shows how the power P dissipated in the load resistor varies with the resistance of
the load resistor? 9702/12/0/N/11/Q35

A B

P /\ P

0 1 2 3 4 0 1 2 3 4
resistance of load/Q resistance of load/Q
C D

A A

P P
T T T | | | |}

0 1 2 3 4 0 1 2 3 4

resistance of load/Q resistance of load/Q
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184 The diagram shows a potential divider circuit which, by adjustment of the contact X, can be used

to provide a variable potential difference between the terminals P and Q. 9702/12/0/N/11/Q37
X
4kQ P
25V ! Q
1kQ

What are the limits of this potential difference?

A Oand5V B 0Oand 20V C O0Oand25V D 5Vand25V

185 Each of Kirchhoff’s laws is linked to the conservation of a physical quantity. 9702/12/0/N/11/Q36

Which physical quantities are assumed to be conserved in the formulation of Kirchhoff’s first law
and of Kirchhoff’'s second law?

Kirchhoff's Kirchhoff's
first law second law
A energy charge
B energy momentum
Cc charge energy
D momentum energy
186 Which statement about electrical resistivity is correct? 9702/11/0/N/11/Q33

A The resistivity of a material is numerically equal to the resistance in ohms of a cube of that
material, the cube being of side length one metre and the resistance being measured
between opposite faces.

B The resistivity of a material is numerically equal to the resistance in ohms of a one metre
length of wire of that material, the area of cross-section of the wire being one square
millimetre and the resistance being measured between the ends of the wire.

C The resistivity of a material is proportional to the cross-sectional area of the sample of the
material used in the measurement.

D The resistivity of a material is proportional to the length of the sample of the material used in
the measurement.
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187 A constant 60V d.c. supply is connected across two resistors of resistance 400k and 200 kQ.
9702/12/0/N/11/Q38

60V
d.c. supply
0 O0—

I — |
400k 200kQ

What is the reading on a voltmeter, also of resistance 200 kQ2, when connected across the
200kQ resistor as shown in the diagram?

A 12V B 15V Cc 20V D 30V

188 Which statement is not valid? 9702/13/0/N/11/Q34

A Current is the speed of the charged particles that carry it.

B Electromotive force (e.m.f.) is the energy converted to electrical energy from other forms, per
unit charge.

C The potential difference (p.d.) between two points is the work done in moving unit charge
from one point to the other.

D The resistance between two points is the p.d. between the two points, per unit current.

189 The circuit below has a current I in the resistor R. 9702/11/M/J/12/Q38

O O

9Q  4A

R I
What must be known in order to determine the value of I?

A e.m.f. of the power supply
B resistance of resistor S
C Kirchhoff’s first law

D Kirchhoff's second law
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190 A cell, two resistors of equal resistance and an ammeter are used to construct four circuits. The
resistors are the only parts of the circuits that have resistance. 9702/13/0/N/11/Q36

In which circuit will the ammeter show the greatest reading?

A B
| |
| |
| - T 1
®
Cc D

|

191 Three resistors of resistance R, 2R and 3R are connected in parallel. 9702/13/0/N/11/Q37

R
—1L
2R
—t—L 1

3R

—L

Using I to represent the current through the resistor of resistance R, which row represents the
relationships between the currents through the resistors?

resistor resistance
R 2R 3R
A I 11 11
B I 11 11
2 1
C I 31 31
D I 21 31
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192 A cell of e.m.f. E and internal resistance r is connected in series with a switch S and an external
resistor of resistance R. 9702/13/0/N/11/Q38

The p.d. between P and Q is V.

When S is closed,
AV decreases because there is a p.d. across R.
B V decreases because there is a p.d. across r.

C V remains the same because the decrease of p.d. across r is balanced by the increase of
p.d. across R.

D Vremains the same because the sum of the p.d.s across rand R is still equal to E.

193 A potential divider consists of a light-dependent resistor (LDR) in series with a variable resistor of
resistance R. The resistance of the LDR decreases when the light level increases. The variable
resistor can be set at either high resistance or low resistance. 9702/11/M/J/12/Q37

+1OVO—_|_

LDR

4

.

/
output
R / voltage

oV o T o]

Which situation gives the largest output voltage?

light level at LDR R
A high high
B high low
Cc low high
D low low
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194 The diagram shows a potential divider circuit designed to provide a variable output p.d.

9 O
#

5.0kQ

9.0V © [

5.0kQ

E—

Which row gives the available range of output p.d.?

maximum output

minimum output

o o W >

3.0V
45V
9.0V
9.0V

0

0

0
45V

195 Two copper wires of the same length but different diameters carry the same current.

Which statement about the flow of charged particles through the wires is correct?

A

output

9702/13/0/N/11/Q40

9702/12/M/J/12/Q33

Charged particles are provided by the power supply. Therefore the speed at which they
travel depends only on the voltage of the supply.

The charged particles in both wires move with the same average speed because the current
in both wires is the same.

The charged particles move faster through the wire with the larger diameter because there is
a greater volume through which to flow.

The charged particles move faster through the wire with the smaller diameter because it has
a larger potential difference applied to it.

196 A power cable X has resistance R and carries current I.

A second cable Y has resistance 2R and carries current 1 I

What is the ratio

A

power dissipatedin Y ”

a1
4

power dissipatedin X

B

1

cC 2
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197 In the circuit below, the ammeter reading is I and the voltmeter reading is V. 9702/11/M/J/12/Q36

O (e,

®

When the switch is closed, which row describes what happens to I and V?

I 4
A decreases decreases to zero
B increases decreases to zero
C increases stays the same
D stays the same increases
198 The diagram shows a circuit with four voltmeter readings V, V;, V, and Vs. 9702/12/M/J/12/Q35
4 V.
(V) (V»
N4 N
| R
I___ | | ]
| [ L
V.
O3
Oy B
® o
2R
V3
O,

Which equation relating the voltmeter readings must be true?
A V=V +V,+V;

B V+Vi=V,+V;
C V;=2(V,)

D V-V,=V;
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69

A The resistivity of a material is numerically equal to the resistance in ohms of a cube of that

200 The diagram shows a simple circuit.

material, the cube being of side length one metre and the resistance being measured
between opposite faces.

The resistivity of a material is numerically equal to the resistance in ohms of a one metre
length of wire of that material, the area of cross-section of the wire being one square
millimetre and the resistance being measured between the ends of the wire.

The resistivity of a material is proportional to the cross-sectional area of the sample of the
material used in the measurement.

The resistivity of a material is proportional to the length of the sample of the material used in
the measurement.

Which statement is correct?

A

When switch S is closed, the electromotive force (e.m.f.) of the battery falls because work is
done against the internal resistance of the battery.

When switch S is closed, the e.m.f. of the battery falls because work is done against the
resistance R.

When switch S is closed, the potential difference across the battery falls because work is
done against the internal resistance of the battery.

When switch S is closed, the potential difference across the battery falls because work is
done against the resistance R.

201 An iron wire has length 8.0 m and diameter 0.50 mm. The wire has resistance R. 9702/13/M/J/12/Q32
A second iron wire has length 2.0m and diameter 1.0 mm.
What is the resistance of the second wire?
A 5 B E C B D R
16 8 2
202 There is a current of 10 mA in a conductor for half an hour. 9702/13/M/J/12/Q34

How much charge passes a point in the conductor in this time?

A 03C B 5C Cc 18C D 300C

Current Electricity
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203 Which of the equations that link some of the following terms is correct?

potential difference (p.d.) 74

current I
resistance R
charge Q
energy E
power P
time t

A p= QR

t

B ER*= V%

c Y-

D PQ=EI

70

9702/13/0/N/11/Q39

204 A potential divider consists of a light-dependent resistor (LDR) in series with a variable resistor of
resistance R. The resistance of the LDR decreases when the light level increases. The variable

resistor can be set at either high resistance or low resistance.

+10V

5

LDR

output
voltage

o

oOvo

Which situation gives the largest output voltage?

light level at LDR R
A high high
B high low
C low high
D low low
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205 The diagram shows the circuit for a signal to display a green or a red light. It is controlled by the
switch S. 9702/12/M/J/12/Q37

206

The signal is some way from S to which it is connected by a cable with green, red and black
wires. At the signal, the green and red wires are connected to the corresponding lamp and the
black wire is connected to a terminal x to provide a common return. The arrangement is shown
correctly connected and with the switch set to illuminate the red lamp.

During maintenance, the wires at the signal are disconnected and, when reconnected, the black
wire is connected in error to the green lamp (terminal g) instead of terminal x. The red wire is
connected correctly to its lamp and connections at S remain as in the diagram.

4 .__95@?9_3’_@)6_

When the system is tested with the switch connection to the red wire, what does the signal show?

A

B
C
D

the green lamp illuminated normally
the red lamp illuminated normally
the red and green lamps both illuminated normally

the red and green lamps both illuminated dimly

In a fire alarm system, a thermistor T has a resistance of 2000Q2 at room temperature. Its
resistance decreases as the temperature increases. The alarm is triggered when the potential
difference between X and Y reaches 4.5V. 9702/11/0/N/12/Q35

12V

-]
|I' |

T 150Q

X Y

What is the resistance of the thermistor when the alarm is triggered?

A

20Q B 150Q C 250Q D 1300Q
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207 In the circuit below, the ammeter reading is I and the voltmeter reading is V. 9702/13/M/J/12/Q35

o] o

®

When the switch is closed, which row describes what happens to I and V?

I 4
A decreases decreases to zero
B increases decreases to zero
C increases stays the same
D stays the same increases

208 A light-dependent resistor (LDR) is connected in series with a resistor R and a battery.

9702/12/M1J/12/Q36

J_/
or| | *

i T

-

The resistance of the LDR is equal to the resistance of R when no light falls on the LDR.

When the light intensity falling on the LDR increases, which statement is correct?

A

B
C
D

The current in R decreases.
The current in the LDR decreases.
The p.d. across R decreases.

The p.d. across the LDR decreases.

209 The potential difference between point X and point Y in a circuit is 20V. The time taken for charge
carriers to move from X to Y is 15s. In this time, the energy of the charge carriers changes by

12

J.

9702/11/0/N/12/Q32

What is the current between X and Y?

A 0.040A B O0.11A C 9.0A D 25A
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210 Four identical resistors are connected in the three networks below.

= =5

Which arrangement has the highest total resistance and which has the lowest?

highest lowest
A 1 2
B 1 3
c 3 1
D 3 2
211 The diagram shows a simple circuit. S

Which statement is correct?

A

212 A cylindrical wire of length 10 m and diameter 2.0 mm has a resistance of 0.050Q.

73

9702/12/M/J/12/Q38

Ty

9702/13/M/J/12/Q36

When switch S is closed, the electromotive force (e.m.f.) of the battery falls because work is
done against the internal resistance of the battery.

When switch S is closed, the e.m.f. of the battery falls because work is done against the

resistance R.

When switch S is closed, the potential difference across the battery falls because work is
done against the internal resistance of the battery.

When switch S is closed, the potential difference across the battery falls because work is
done against the resistance R.

From which material is the wire made?

material resistivity/Qm
A bronze 1.6 x 1077
B nichrome 1.6 x 107°
c silver 1.6 x 107°
D zinc 6.3 x 107°
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213 The circuit below has a current I in the resistor R. 9702/13/M1J/12/Q37

O (e,

9Q  4a

R I
What must be known in order to determine the value of I ?

A e.m.f. of the power supply
B resistance of resistor S

C Kirchhoff’s first law
D

Kirchhoff's second law

214 The I-V characteristics of two electrical components P and Q are shown below. 9702/11/0/N/12/Q34

2.0
ITA

1.5

a4

0.5

VIV

Which statement is correct?
A Pis aresistor and Q is a filament lamp.
The resistance of Q increases as the current in it increases.

For a current of 1.9 A, the resistance of Q is approximately half that of P.

O O W

For a current of 0.5A, the power dissipated in Q is double that in P.
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215 The graph shows the variation with length I of resistance R for two wires X and Y made from the

same material. 9702/12/0/N/12/Q34
20 X
R/Q
10 —Y
0 2|
0 0.2 0.4 0.6
I/m

What does the graph show?

A cross-sectional area of X = 2 x cross-sectional area of Y
B resistivity of X = 2 x resistivity of Y

C when equal lengths of X and Y are connected in series to a battery,
power in X = 2 x power in Y

D when equal lengths of X and Y are connected in parallel to a battery,
currentin X =2 x currentin Y

216 A cell of internal resistance 2.0Q and electromotive force (e.m.f.) 1.5V is connected to a resistor
of resistance 3.0Q. 9702/12/0/N/12/Q35

What is the potential difference across the 3.0 Q resistor?

A 15V B 12V C 09V D 06V

217 A 100Q resistor conducts a current with changing direction and magnitude, as shown.

9702/12/0/N/12/Q36
A
2 —
current/A
0 >
time
-1

What is the mean power dissipated in the resistor?

A 100W B 150w C 250w D 400W
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218 A network of electrical components is connected across a battery of negligible internal resistance,

as shown.

9702/11/0/N/12/Q36
T
/
O
The resistance of the variable resistor is increased.
What is the effect on the readings of the ammeter and voltmeter?
ammeter voltmeter
A decreases increases
B increases decreases
C | unchanged | decreases
D | unchanged increases
219 The diagram shows a potentiometer circuit. | By R 9702/11/0/NI2/Q37
| 1
|| L 1
l\\H\\\H‘HH\HH‘H\\\H\\‘\H\\\H\‘\H\\\H\‘\\H\\\H‘\\H\HH‘HH\HH‘HH\HH‘\H\\HH|
X T Y
E2

O,

The contact T is placed on the wire and moved along the wire until the galvanometer reading is

zero. The length XT is then noted.

In order to calculate the potential difference per unit length of the wire XY, which value must also

be known?

A the e.m.f. of the cell E;

the e.m.f. of the cell E,

B
C the resistance of resistor R
D

the resistance of the wire XY
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220 The ammeter reading in the circuit below is I. 9702/12/0/N/12/Q37

+
O (e,

®
—1_

Another circuit containing the same voltage supply, two switches, an ammeter and two resistors
each of resistance R, is shown.

+ —
‘o) o
<A
R S,
T ]
S
2 R
Which row is not correct?
ammeter
St Sz reading
A closed closed I
B closed open I
C open closed I
D open open 0

221 A power supply of electromotive force (e.m.f.) 12V and internal resistance 2.0 Q is connected in

series with a 13 Q) resistor. 9702/11/M/J/13/Q32

,,,,,,,,,,,,,,,,,,,,,,

What is the power dissipated in the 13 Q resistor?

A 83W B 9.6W c 10w D 1MW
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222 A light-dependent resistor R has resistance of about 1 MQ in the dark and about 1 kQ when
illuminated. It is connected in series with a 5 kQ resistor to a 1.5V cell of negligible internal

resistance. 9702/12/0/N/12/Q38
1.5V
I
||

e S N
5kQ//((

The light-dependent resistor is illuminated (in an otherwise dark room) by a flashing light.

Which graph best shows the variation with time ¢t of potential difference V across R?

A B C D
VIV4e VIV VIiVa VIVe
15 L orrur 1.5 1.5 ------------ 1.5~~~
0 > 0 > O-D—D—D—D» 0 H H H |_|:
t t t t

223 A copper wire is stretched so that its diameter is reduced from 1.0mm to a uniform 0.5mm.
9702/12/0/N/12/Q33

The resistance of the unstretched copper wire is 0.2Q).

What will be the resistance of the stretched wire?

A 04Q B 08Q C 16Q D 3.2Q

224 Four statements about potential difference or electromotive force are listed. 9702/12/0/NM2/Q34

1 Itinvolves changing electrical energy into other forms.

2 ltinvolves changing other energy forms into electrical energy.

3 ltis the energy per unit charge to move charge right round a circuit.
4

It is the work done per unit charge by the charge moving from one point to another.

Which statements apply to potential difference and which apply to electromotive force?

potential difference electromotive force
A 1and 3 2and 4
B 1and 4 2and3
Cc 2and 3 1and 4
D 2and 4 1and 3
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225 The diagram shows a four-terminal box connected to a battery and two ammeters.  9702/12/0/N/12/Q35

N Orn nE S
n o o—]
2 4

The currents in the two meters are identical.

Which circuit, within the box, will give this result?

A B C D
1 3 1 3 1 3 1 3
o 1o
o——o0
2 4 2 4 2 4 2 4

226 The diagram shows a resistor network. The potential difference across the network is V.
9702/12/0/N/12/Q37

1 &
—— ' —

Is the equation shown below correct for the network?
V=I(1/Ry + 1/R; + R3)

A  Yes, it correctly combines two series resistors with one parallel resistor, and correctly uses
Ohm’s Law.

B Yes, it correctly combines two parallel resistors with one series resistor, and correctly uses
Ohm’s Law.

No, because it shouldread V=1 + (1/R; + 1/R; + R5).

No, because the terms 1/R, and R; have different units and cannot be added.

227 A low-voltage supply with an e.m.f. of 20V and an internal resistance of 1.5Q is used to supply
power to a heater of resistance 6.5Q in a fish tank. 9702/12/M/1J/13/Q33

What is the power supplied to the water in the fish tank?

A 41W B 50W C 53W D 62W
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228 In the circuit below, P is a potentiometer of total resistance 10Q and Q is a fixed resistor of
resistance 10Q. The battery has an e.m.f. of 4.0V and negligible internal resistance. The
voltmeter has a very high resistance.

1 x

—L %
40V :|:

L

The slider on the potentiometer is moved from X to Y and a graph of voltmeter reading V is
plotted against slider position.

Which graph is obtained?

A B
4 44
24 24
0 Y 0 X Y
slider position slider position
C D
4 4
24 24
0 Y 0 X
slider position slider position

229 A power cable has length 2000m. The cable is made of twelve parallel strands of copper wire,
each with diameter 0.51 mm. 9702/12/M1J/13/Q32

What is the resistance of the cable? (resistivity of copper = 1.7 x 102 Qm)

A 0.014Q B 35Q C 14Q D 166Q

Current Electricity
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230 Five resistors are connected as shown.

231

81

9702/12/M/J/13/Q37
20Q 8.0Q
{ +—— 1
6.0Q 8.0Q
—e—{ " 1 +
P Q
7.0Q
1
| I
What is the total resistance between P and Q?
A 0250 B 061Q C 4.0Q D 16Q

When a battery is connected to a resistor, the battery gradually becomes warm. This causes the
internal resistance of the battery to increase whilst its e.m.f. stays unchanged.

As the internal resistance of the battery increases, how do the terminal potential difference and
the output power change, if at all? 9702/11/M/1J/13/Q33

termi.nal potential output power
difference
A decrease decrease
B decrease unchanged
C unchanged decrease
D unchanged unchanged

232 The principles of conservation of which two quantities are associated with Kirchhoff’s first and

233

second laws? 9702/11/M/J/13/Q34

first law second law
A charge energy
B charge voltage
C energy charge
D voltage charge

A filament lamp has a resistance of 180 Q when the current in it is 500 mA. 9702/12/M/IJ/13/Q34

What is the power transformed in the lamp?

A 45W B 50W Cc 90w D 1400W
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234 A circuit is set up as shown, supplied by a 3V battery. All resistances are 1kQ. 9702/11/M/J/13/Q35

What will be the reading on the voltmeter?

A 0 B 05V c 10V D 15V

235 A 12V battery is in series with an ammeter, a 2Q fixed resistor and a 0—10Q variable resistor. A
high-resistance voltmeter is connected across the variable resistor. 9702/11/M/J/13/Q37

12V

-

®

0-100Q 20

©

The resistance of the variable resistor is changed from zero to its maximum value.

Which graph shows how the potential difference (p.d.) measured by the voltmeter varies with the
current measured by the ammeter?

A B C D

p.d. p.d. p.d. p.d.

0 > > 0 > 0 =
0 current 0 current 0 current 0 current

o
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236 The diagram shows an incorrectly connected circuit. The ammeter has a resistance of 0.1 2 and

the voltmeter has a resistance of 1 MQ. 9702/11/M/IJ/13/Q36

010
(A)
\/
1MQ 1kO

!

||

2V

Which statement is correct?
A The ammeter reads 2 mA.
The ammeter reads 20 A.

The voltmeter reads zero.

O O W

The voltmeter reads 2V.

237 In the circuit below, the reading Vr on the voltmeter changes from high to low as the temperature
of the thermistor changes. The reading V| on the voltmeter changes from high to low as the level
of light on the light-dependent resistor (LDR) changes. 9702/12/M/J/13/Q38

J_ L 4

N 1

V. s V,
(O O

3 . 3

The readings V7 and V| are both high.

What are the conditions of temperature and light level?

temperature light level
A low low
B low high
C high low
D high high
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238 A 12V battery is in series with an ammeter, a 2Q fixed resistor and a 0—10Q variable resistor.
High-resistance voltmeters P and Q are connected across the variable resistor and the fixed
resistor respectively, as shown.

The resistance of the variable resistor is changed from its maximum value to zero.

Which graph shows the variation with current of the voltmeter readings?

A
voltmeter

reading

A
voltmeter

reading

current

B
A
voltmeter Q
reading
P
0 >
0 current
D
A
voltmeter
reading Q
P
0 >
0 current
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239 Two wires P and Q made of the same material are connected to the same electrical supply.
P has twice the length of Q and one-third of the diameter of Q, as shown in the diagram.

9702/12/MIJ/13/Q35
||_ |
| [
P yd
— D—e
> 57 >
Q vy3d
— —
< l >
What is the ratio M?
currentinQ
A 2 B 2 c 1 p
3 9 6 18

240 Two cells X and Y are connected in series with a resistor of resistance 9.0Q, as shown.
9702/13/M/J/13/Q31
9.00

Cell X has an electromotive force (e.m.f.) of 1.0V and an internal resistance of 1.0Q. Cell Y has
an e.m.f. of 2.0V and an internal resistance of 2.0Q.

What is the current in the circuit?

A 0.25A B 0.17A C 0.10A D 0.083A

241 An electric power cable consists of six copper wires ¢ surrounding a steel core s. 9702/13/M/J/13/Q34

A length of 1.0 km of one of the copper wires has a resistance of 10Q and 1.0 km of the steel core
has a resistance of 100 Q.

What is the approximate resistance of a 1.0 km length of the power cable?

A 061Q B 16Q C 160Q D 610Q
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242 The graph shows how current I varies with voltage V for a filament lamp. 9702/13/M/J/13/Q33
5

I/A

4

_—

1/

0 2 4 6 8 10 VIV

Since the graph is not a straight line, the resistance of the lamp varies with V

Which row gives the correct resistance at the stated value of V? viv RIQ
A 2.0 1.5
B 4.0 3.2
C 6.0 1.9
D 8.0 0.9

243 The circular cross-sectional area of a metal wire varies along its length. There is a current in the
wire. The narrow end of the wire is at a reference potential of zero. 9702/13/M/J/13/Q32

current current

zero
potential

— X

Which graph best represents the variation with distance x along the wire of the potential
difference V relative to the reference zero?

A B
A
4 4
0 > 0 >
0 X 0 X
C D
A A
4 4
0 > 0 >
0 b% 0 b%
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244 The diagram shows a length of track from a model railway connected to a battery, a resistor and

a relay coil. 9702/13/M/J/13/Q35
resistor

relay coil | | railway track '

With no train present, there is a current in the relay coil which operates a switch to turn on a light.

When a train occupies the section of track, most of the current flows through the wheels and
axles of the train in preference to the relay coil. The switch in the relay turns off the light.

Why is a resistor placed between the battery and the track?

A to limit the heating of the wheels of the train

B to limit the energy lost in the relay coil when a train is present
C to prevent a short circuit of the battery when a train is present
D

to protect the relay when a train is present

245 A 12V battery is in series with an ammeter, a 2Q fixed resistor and a 0—10Q variable resistor. A
high-resistance voltmeter is connected across the fixed resistor. 9702/13/M/J/13/Q36

12V

=

The resistance of the variable resistor is changed from zero to its maximum value.

Which graph shows how the potential difference (p.d.) measured by the voltmeter varies with the
current measured by the ammeter?

A B C D
A A

p.d. p.d. p.d. p.d.

0 > 0 > 0 > 0 >
0 current 0 current 0 current 0 current
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246 In the circuit shown, the battery and ammeter each have negligible resistance.
12V

-
) L ®

——O o—

9702/13/M/J/13/Q37

The following combinations of resistors are placed in turn between the terminals X and Y of the
circuit.

Which combination would give an ammeter reading of 8 A?
A B
20 10

247 Four resistors of resistance R, 2R, 3R and 4R are connected to form a network. 9702/11/0/N/13/Q38

A battery of negligible internal resistance and a voltmeter are connected to the resistor network
as shown.

3R

v 4R (v) 2R

The voltmeter reading is 2V.

What is the electromotive force (e.m.f.) of the battery?

A 2V B 4V C o6V D 10V
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248 In the circuit below, P is a potentiometer of total resistance 10Q and Q is a fixed resistor of

resistance 10Q. The battery has an electromotive force (e.m.f.) of 4.0V and negligible internal
resistance. The voltmeter has a very high resistance.

X L

jgan O

1

A4

The slider on the potentiometer is moved from X to Y and a graph of voltmeter reading V is
plotted against slider position.

Which graph would be obtained?

A B C D
V A V A V A V A
* 4_\ 4_/ *
2- 24 2- 2-
0 0 0 0
X Y X Y X Y X Y
slider position slider position slider position slider position

249 The diagram shows an electric circuit in which the resistance of the external resistor is 2R and
the internal resistance of the source is R.

power in external resistor "

What is the ratio — : /
power ininternal resistance

A 1 B 1 c 2 D 4
4 2

Current Electricity
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250 A 2Q resistor and a 4 Q resistor are connected to a cell. 9702/11/0/N/13/Q37
!
||
20 40
—)-(—I — I—;(—

Which graph shows how the potential V varies with distance between X and Y?

A B

251 The wire of a heating element has resistance R. The wire breaks and is replaced by a different
wire. 9702/11/0/N/13/Q35

Data for the original wire and the replacement wire are shown in the table.

length diameter rsfinii\tlg?/
original wire l d o,
replacement wire l 2d 2p
What is the resistance of the replacement wire?
A R B R C R D 2R

4 2

252 The current in a component is reduced uniformly from 100 mA to 20mA over a period of 8.0s.

9702/13/0/N/13/Q32
What is the charge that flows during this time?

A 160mC B 320mC C 480mC D 640mC
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253 Two lamps are connected in series to a 250V power supply. One lamp is rated 240V, 60W and
the other is rated 10V, 2.5W. 9702/11/0/N/13/Q34

Which statement most accurately describes what happens?

A Both lamps light at less than their normal brightness.
B Both lamps light normally.

C Only the 60W lamp lights.

D The 10V lamp blows.

254 An electric current is passed from a thick copper wire through a section of thinner copper wire

before entering a second thick copper wire as shown. 9702/13/0IN/13/Q33

1 [
current ——» —_—
[ 1
thinner

copper wire

copper wire copper wire

Which statement about the current and the speed of electrons in the wires is correct?

A The current and the speed of the electrons in the thinner wire are both less than in the thicker
copper wires.

B The current and the speed of the electrons is the same in all the wires.

The current is the same in all the wires but the speed of the electrons in the thinner wire is
greater than in the thicker wires.

D The current is the same in all the wires but the speed of the electrons in the thinner wire is
less than in the thicker wire.

255 An electrical device of fixed resistance 202 is connected in series with a variable resistor and a
battery of electromotive force (e.m.f.) 16 V and negligible internal resistance. 9702/13/0/N/13/Q34

16V

-]
|I' |

x
] — —

200 -
device

What is the resistance of the variable resistor when the power dissipated in the electrical device
is 4.0W?

A 16Q B 36Q C 44Q D 60Q
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A copper wire is cylindrical and has resistance R. 9702/13/0/N/13/Q35
What will be the resistance of a copper wire of twice the length and twice the radius?

A R B R C R D 2R
4 2

The diagram shows the electric motor for a garden pump connected to a 24V power supply by an

insulated two-core cable.
9702/13/0/N/13/Q36

+C \. cable
pump
motor
— 0—0—/

o=l '

The motor does not work so, to find the fault, the negative terminal of a voltmeter is connected to
the negative terminal of the power supply and its other end is connected in turn to terminals X
and Y at the motor.

Which row represents two readings and a correct conclusion?

voltmeter reading | voltmeter reading
when connected when connected conclusion
to X/V toY/V
A 24 0 break in positive wire of cable
B 24 12 break in negative wire of cable
C 24 24 break in connection within the motor
D 24 24 break in negative wire of cable

Two wires P and Q made of the same material and of the same length are connected in parallel
to the same voltage supply. Wire P has diameter 2mm and wire Q has diameter 1 mm.

9702/13/MIJ/114/Q33
What is the ratio -currentinP ,
currentinQ
A 1 B c 2 p 4
4 2 1 1
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259 In the circuit shown, the resistance of the thermistor decreases as temperature increases.

—_I_ 9702/13/0/N/13/Q37

dc. © N P
supply o ] O

4 o
Q

Which graph shows the variation with Celsius temperature 8 of potential difference V between
points P and Q?

A B C D

o
N
o
N
o
N
o
N

260 A 20V d.c. supply is connected to a circuit consisting of five resistors L, M, N, P and Q.
9702/13/0/N/13/Q38

20V rise

There is a potential drop of 7V across L and a further 4V potential drop across N.

What are the potential drops across M, P and Q?

potential drop | potential drop | potential drop
across M/V across P/V across Q/V
A 9 7 13
B 13 7 13
Cc 13 11 9
D 17 3 17
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261 A battery of electromotive force (e.m.f.) V and negligible internal resistance is connected to a 1kQ
resistor, as shown.

9702/12/M1J/14/Q30
1kQ
vV
—_— oQ

A student attempts to measure the potential difference (p.d.) between points P and Q using two

voltmeters, one at a time. The first voltmeter has a resistance of 1kQ and the second voltmeter
has a resistance of 1 MQ.

What are the readings of the voltmeters?

reading on voltmeter reading on voltmeter
with 1kQ resistance with 1 MQ resistance
%4 %4
A LA LA
2 2
%4
B - v
2
v
Cc v -
2
D v %

262 The diagram shows an electric pump for a garden fountain connected by an 18m cable to a
230V mains electrical supply.

$

230V
mains

i

9702/12/M/J/14/Q32

pump

A

Y

18m

The performance of the pump is acceptable if the potential difference (p.d.) across it is at least
218V. The current through it is then 0.83 A.

What is the maximum resistance per metre of each of the two wires in the cable if the pump is to
perform acceptably?

A 040Qm™ B 0.80Qm™ c 130m™ D 14Qm™
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263 Cell X has an e.m.f. of 2.0V and an internal resistance of 2.0Q. Cell Y has an e.m.f. of 1.6V and
an internal resistance of 1.2Q. These two cells are connected to a resistor of resistance 0.8(Q2, as
shown. 9702/12/M/J/14/Q33

——————————————————————

______________________

0.8Q

______________________

______________________

What is the current in cell X?

A 0.10A B 0.50A C 0.90A D 1.0A

264 In the circuit shown, all the resistors are identical. 9702M12IMII14/Q36

The reading on voltmeter V, is 8.0V and the reading on voltmeter V, is 1.0V.

What are the readings on the other voltmeters?

reading on reading on
voltmeter V5/V voltmeter V4/V

A 1.5 1.0
B 3.0 2.0
C 4.5 3.0
D 6.0 4.0

Current Electricity


https://stemup.co.uk

96

265 In the circuit shown, a light-dependent resistor (LDR) is connected to two resistors Ry and Ry.
The potential difference (p.d.) across R; is V; and the p.d. across R; is V,. The current in the

circuit is I. 9702/12/M/IJ/14/Q34

I
R, Vv,
— T
R2 V2
T

Which statement about this circuit is correct?

A The current I increases when the light intensity decreases.
The LDR is an ohmic conductor.

The p.d. V, increases when the light intensity decreases.

The ratio % is independent of light intensity.

2

O O W

266 A power supply and a solar cell are compared using the potentiometer circuit shown. 9702/12/M1J/14/Q35

power supply

2.000V
+ p—
O O
P S *Q
40.0cm
’;/ galvanometer
solar cell

The e.m.f. produced by the solar cell is measured on the potentiometer.

The potentiometer wire PQ is 100.0 cm long and has a resistance of 5.00 Q2. The power supply
has an e.m.f. of 2.000V and the solar cell has an e.m.f. of 5.00 mV.

Which resistance R must be used so that the galvanometer reads zero when PS = 40.0cm?

A 395Q B 795Q C 9950 D 1055Q
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267 A cell has an electromotive force (e.m.f.) of 6V and internal resistance R. An external resistor,
also of resistance R, is connected across this cell, as shown. 9702/13/M/J/14/Q34

Power P is dissipated by the external resistor.
The cell is replaced by a different cell that has an e.m.f. of 6V and negligible internal resistance.

What is the new power that is dissipated in the external resistor?

A 0.5P B P C 2P D 4P

268 What is the current in the 40 Q) resistor of the circuit shown? 9702/13/M/J/14/Q37

A zero B 0.13A C 0.25A D O0.50A
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269 The diagram shows a light-dependent resistor (LDR) and a thermistor forming a potential divider.

9702/13/M/J/14/Q37

74

O

Under which set of conditions will the potential difference across the thermistor have the greatest

value?
illumination temperature
A low low
B high low
C low high
D high high
270 The diagram shows a low-voltage circuit for heating the water in a fish tank. 9702/13/M/J/14/Q35

| T

power

supy | LT T F

| heater

|

The heater has a resistance of 3.0Q. The power supply has an e.m.f. of 12V and an internal

resistance of 1.0 Q.

At which rate is energy supplied to the heater?

A 27TW B 36W

C 48W D 64W

271 A copper wire is to be replaced by an aluminium alloy wire of the same length and resistance.
Copper has half the resistivity of the alloy. 9702/12IM/J/14/Q31

What is the ratio

diameter of alloy wire

?

diameter of copper wire -

A 2 B 2

c 22 D 4
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272 The diagrams show the same cell, ammeter, potentiometer and fixed resistor connected in
different ways. 9702/13IMIJ/14/Q36

W X

The distance d between the sliding contact and a particular end of the potentiometer is varied.
The current measured is then plotted against the distance d.

For which two circuits will the graphs be identical?

A WandX B WandY C XandVY D YandZ

273 A battery of negligible internal resistance is connected to a resistor network, an ammeter and a

switch S, as shown. 9702/13/M/J/14/Q38
®—-
4.80Q 720
S 2.80Q
N

When S is open, the reading on the ammeter is 250 mA.

When S is closed, what is the change in the reading on the ammeter?

A 1.07A B 1.32A C 190mA D 440mA
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274 Two electrically-conducting cylinders X and Y are made from the same material. 9702/11/M/J/14/Q30

Their dimensions are as shown.

DKT»D 2D (2 =>

The resistance between the ends of each cylinder is measured.

What is the ratio resistance of X ,
resistance of Y
A 2 B 1 c 1 p 1
1 1 2 4

275 A battery, with a constant internal resistance, is connected to a resistor of resistance 2500, as

shown. 9702/11/MIJ/14/Q31

The current in the resistor is 40 mA for a time of 60s. During this time 6.0J of energy is lost in the
internal resistance.

What are the energy supplied to the external resistor during the 60s and the e.m.f. of the battery?

energy/J e.m.f./V
A 24 24
B 2.4 7.5
Cc 24 10.0
D 24 12.5

276 Which symbol represents a component whose resistance is designed to change with

?
temperature? 9702/11/M/J/14/Q32

B Cc D
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277 In the circuit below, a voltmeter of resistance Ry and an ammeter of resistance R, are used to
measure the resistance R of the fixed resistor. 9702/11/MIJ/14/Q33

-0 ® ®

Which condition is necessary for an accurate value to be obtained for R?
A R is much smaller than Ry.
B R is much smaller than Ra.
C Ris much greater than Ry.
D

R is much greater than Ra.

278 In the circuit shown, all the resistors are identical and all the ammeters have negligible
resistance.

9702/11/M/J/14/Q34

| 1

The reading on ammeter A, is 0.6 A.

What are the readings on the other ammeters?

reading on reading on reading on
ammeter Ay/ A ammeter As/A ammeter A4/ A

A 1.0 0.3 0.1
B 1.4 0.6 0.2
C 1.8 0.9 0.3
D 2.2 1.2 0.4
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279 The potential difference across a component in a circuit is 2.0V. 9702/11/M/J/14/Q35

How many electrons must flow through this component in order for it to be supplied with 4.8J of
energy?

A 26x10" B 15x10" C 30x10" D 6.0x10"

280 What is the total resistance between points P and Q in this network of resistors? 9702/11/M/J/14/Q36
8Q 8Q Q
—
16 Q
16Q 160
8Q 8Q
A 8Q B 16Q C 24Q D 32Q

281 The combined resistance R of two resistors of resistances R, and R, connected in parallel is
given by the formula shown. 9702/11/0/N14/Q35

Which statement is used in the derivation of this formula?
A The currents through the two resistors are equal.
B The potential difference across each resistor is the same.

C The supply current is split between the two resistors in the same ratio as the ratio of their
resistances.

D The total power dissipated is the sum of the powers dissipated in the two resistors
separately.

Current Electricity
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282 A pencil is used to draw a line of length 30 cm and width 1.2mm. The resistivity of the material in
the pencil is 2.0 x 10°Qm and the resistance of the line is 40kQ. 9702/11/0/N/14/Q32

What is the thickness of the line?
A 125x10""m
B 1.25x10%m
C 1.25x10"m
D 1.25x10°m

283 A conductor consists of three wires connected in series. The wires are all made of the same
metal but have different cross-sectional areas. There is a current I in the conductor.
9702/11/0/N/14/Q33
X conductor Y

I I
e S——
Point Y on the conductor is at zero potential.

Which graph best shows the variation of potential V with distance along the conductor?

vV A
A
0 —> distance
X Y
Vﬂ
B
0 —> distance
X Y
Vﬂ
I
C
0 » distance
X Y
vV A
D
0 ] » distance
X Y

Current Electricity
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The graph shows how the electric current I through a conducting liquid varies with the potential
difference V across it.

9702/11/0/N/14/Q34
At which point on the graph does the liquid have the smallest resistance?
A D
I C
B
A
0 -
0 v
In the potentiometer circuit shown, the reading on the ammeter is zero. 9702/11/0/NM4/Q36

-]l
|I'" |

/4

sliding contact
_| , |_

uniform metal wire

The light-dependent resistor (LDR) is then covered up and the ammeter gives a non-zero
reading.

Which change could return the ammeter reading to zero?

A Decrease the supply voltage.
B Increase the supply voltage.
C Move the sliding contact to the left.

D Move the sliding contact to the right.

A metal wire of length 0.50m has a resistance of 12Q. 9702/13/0/N/14/Q33

What is the resistance of a wire of length 2.0m and made of the same material, but with half the
diameter?

A 12Q B 48Q C 96Q D 192Q

Current Electricity
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287 Six resistors, each of resistance R, are connected as shown.

The combined resistance is 66 kQ.

What is the value of R?

A

11kQ

B

18 kQ C 22kQ

g

D 36kQ

105

9702/11/0/N/14/Q37

288 A student found two unmarked resistors. To determine the resistance of the resistors, the circuit
below was set up. The resistors were connected in turn between P and Q, noting the current
readings. The voltage readings were noted without the resistors and with each resistor in turn.

®

The results were entered into a spreadsheet as shown.

1.5

1.3 28 46

1.5

1.4 14 100

The student forgot to enter the column headings.

Which order of the headings would be correct?

A

B

e.m.f./V VIV RIQ I/'mA
VIV em.f./V R/IQ I'mA
VIV e.m.f./V I'mA R/Q
e.m.f./V VIV I'mA R/IQ

Current Electricity
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289 A potential divider consists of resistors of resistance Ry and R, connected in series across a

source of potential difference V,. The potential difference across R is V.

A 1
R2
VO %“—0
R1 Vout
Y
b 1 "o
Which changes to Ry and R, will increase the value of V,;?
R R,
A doubled doubled
B doubled halved
C halved doubled
D halved halved

9702/13/0/N/14/Q35

290 In the circuit shown, the ammeters have negligible resistance and the voltmeters have infinite
resistance.

The readings on the meters are I, I, V; and V,, as labelled on the diagram.

Which statement is correct?

A

B
C
D

Ii>Land V; >V,
Ii1>Land V; <V,
Ii<Land V; >V,
Ii<lLand Vs <V,

Current Electricity
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291 An extension lead is used to connect a 240V electrical supply to a heater as shown. 9702/13/0/N/14/Q36

N\ N | — | N

] ! | I | !

240V Lo .
\ | | !

/ \ I | S| //

extension lead

A voltmeter measures the potential difference (p.d.) across the heater as 216V and an ammeter
measures the current through the heater as 7.7 A.

What is the total resistance of the extension lead?

A 31Q B 6.2Q C 28Q D 31Q

292 A pedal bicycle is fitted with an electric motor. The rider switches on the motor for a time of
3.0 minutes. A constant current of 3.5A in the electric motor is provided from a battery with a

terminal voltage of 24 V.
9702/13/M/J/15/Q32

What is the energy supplied by the battery?
A 84J B 250J C 630J D 15000J

293 The diagram shows a simple circuit. 9702/13IMII15/Q33

Which statement is correct?

A When switch S is closed, the electromotive force (e.m.f.) of the battery falls because work is
done against the internal resistance of the battery.

B When switch S is closed, the e.m.f. of the battery falls because work is done against the
resistance of R.

C When switch S is closed, the potential difference across the battery falls because work is
done against the internal resistance of the battery.

D When switch S is closed, the potential difference across the battery falls because work is
done against the resistance of R.

Current Electricity
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294 A simple circuit is formed by connecting a resistor of resistance R between the terminals of a
battery of electromotive force (e.m.f.) 9.0V and constant internal resistance r. 9702/13/M/J/15/Q34

,,,,,,,,,,,,,,,,,,,,,,

A charge of 6.0C flows through the resistor in a time of 2.0 minutes causing it to dissipate 48J of
thermal energy.

What is the internal resistance r of the battery?

A 017Q B 0.33Q C 20Q D 160Q

295 The diagram shows part of a current-carrying circuit. The ammeter has negligible resistance.

100 9702/13/M/1J/15/Q37
—
20Q
5.0A 5.0A
500
—  —
What is the reading on the ammeter?
A 0.7A B 1.3A C 15A D 1.7A
296 Which statement is not valid? 9702/12/M/J/15/Q33
A Current is the speed of the charged particles that carry it.
B Electromotive force (e.m.f.) is the energy converted to electrical energy from other forms per
unit charge.
C The potential difference (p.d.) between two points is the work done per unit charge when
moving charge from one point to the other.
D The resistance between two points is the p.d. between the two points per unit current.

Current Electricity
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297 A box with four terminals P, Q, R and S contains two identical resistors. 9702/13/M/J/I15/Q36
P Q
o e}
o o
S R

When a battery of electromotive force (e.m.f.) E and negligible internal resistance is connected

E
across PS, a high-resistance voltmeter connected across QR reads >

Which diagram shows the correct arrangement of the two resistors inside the box?

A B
P Q P Q
o i o)
S R S R
Cc D
P — Q P Q
o—  }—o |j
S R S R
298 A source of e.m.f. 9.0mV has an internal resistance of 6.0 Q. 9702/13/M/J/15/Q35
It is connected across a galvanometer of resistance 30Q.
What is the current in the galvanometer?
A 250pA B 300pA C 15mA D 25mA

Current Electricity
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299 Which unit is not used in either the definition of the coulomb or the definition of the volt?

A ampere 9702/12/M/J/15/Q31
B joule

C ohm

D second

300 When a thin metal wire is stretched, it becomes longer and thinner. This causes a change in the

resistance of the wire. The volume of the wire remains constant. 9702112IMIJ/15/Q32

Which graph could represent the variation with extension x of the resistance R of the wire?

A B C D
A A A A
R R R R
0 > 0 > 0 > 0 >
0 X 0 X 0 X 0 X
301 A cell of e.m.f. E delivers a charge Q to an external circuit. 9702/12/M/J/15/Q34

Which statement is correct?

A The energy dissipation in the external circuit is EQ.
B The energy dissipation within the cell is EQ.

C The external resistance is EQ.
D

The total energy dissipation in the cell and the external circuit is EQ.

302 The diagrams show two different circuits. 9702/11/M/J/15/Q33

.' | I — !

R R R

The cells in each circuit have the same electromotive force and zero internal resistance. The
three resistors each have the same resistance R.

In the circuit on the left, the power dissipated in the resistor is P.
What is the total power dissipated in the circuit on the right?

AB BE cC P D 2P
4 2

Current Electricity
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303 Each of Kirchhoff's two laws presumes that some quantity is conserved.

Which row states Kirchhoff's first law and names the quantity that is conserved?

statement

quantity

the algebraic sum of
A | currents into a junction is
zero

charge

the algebraic sum of
B | currents into a junction is
zero

energy

the em.f. inaloop is
equal to the algebraic sum
C | of the product of current
and resistance round the
loop

charge

the em.f. inaloop is
equal to the algebraic sum
D | of the product of current
and resistance round the
loop

energy

304 Which equation that links some of the following terms is correct?

potential difference (p.d.) 4

current I
resistance R
charge Q
energy E
power P
time t

A P= @R

t
B ER*=V%
¢ Vo
P
D PQ=EI

Current Electricity
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305 A potential divider circuit consists of fixed resistors of resistance 2.0Q2 and 4.0Q connected in

series with a 3.0Q resistor fitted with a sliding contact. These are connected across a battery of
e.m.f. 9.0V and zero internal resistance, as shown.

1

9702/12/M/J/15/Q36

400

9.0v | 3.0Q ﬁ
I output
200 Voltage

{

What are the maximum and the minimum output voltages of this potential divider circuit?

maximum minimum
voltage/V | voltage/V

A 4.0 2.0
B 5.0 2.0
C 9.0 0
D 9.0 2.0

306 A cell of e.m.f. 2.0V and negligible internal resistance is connected to a network of resistors as

shown. 9702/12/M/IJ/15/Q37

20V

What is the current I?

A 0.25A B 0.33A C 0.50A D 1.5A

Current Electricity
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A battery with e.m.f. E and internal resistance r is connected in series with a variable external
resistor. 9702/11/M/JI15/Q36

,,,,,,,,,,,,,,,,,,,,,,

The value of the external resistance R is slowly increased from zero.

Which statement is correct? (Ignore any temperature effects.)

A The potential difference across the external resistance decreases.
B The potential difference across the internal resistance increases.

C The power dissipated in rincreases and then decreases.
D

The power dissipated in R increases and then decreases.

A battery of electromotive force (e.m.f.) 6.0V and negligible internal resistance is connected in
series with a resistor of resistance 6.0Q and a variable resistor of resistance from zero to 4.0Q. A
voltmeter is connected across the variable resistor. The resistance of the variable resistor is
changed.

9702/11/MIJ/15/Q37
6.0V
-]

What is the range of the voltmeter reading?

A 0V-24V

B 0V-36V

C 24V-6.0V

D 36V-6.0V

The charge that an electric battery can deliver is specified in ampere-hours. 9702/11/M/J/15/Q35

For example, a battery of capacity 40 ampere-hours could supply, when fully charged, 0.2A for
200 hours.

What is the maximum energy that a fully charged 12V, 40 ampere-hour battery could supply?
A 1.7kJ B 29kJ c 1.7MJ D 29MJ

Current Electricity
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310 A wire RST is connected to another wire XY as shown. 9702/11/MIJI5/Q38

S

X ®
20
—
<e

A
Y

50cm

Each wire is 100 cm long with a resistance per unit length of 10Qm™.
What is the total resistance between X and Y?

A 33Q B 50Q C 8.3Q D 13.3Q

Current Electricity
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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.

VAV

STEMUP.CO.UK
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(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 = ....covviviinniiiniins

(i) the change in resistance when the p.d. increases from 6.0V to 8.0V.

change in resistance = .......cccceceeiiiniieccniennnnenenes

(b) The lamp is connected into the circuit of Fig. 5.2.

R
—
2009

Fig.5.2

STEMUP.CO.UK
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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.

BN = e V

T4

Q2.

7 A household electric lamp is rated as 240V, 60W. The filament of the lamp is made from
tungsten and is a wire of constant radius 6.0 x 10-5m. The resistivity of tungsten at the
normal operating temperature of the lamp is 7.9 x 10~/ Qm.

(a) Forthe lamp at its normal operating temperature,

(i) calculate the current in the lamp,

current = i, A
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Q3.

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

(3]

(b) Calculate the length of the filament.

length ‘= sossrmmasassssssas 'm 3]

(c) Comment on your answer to (b).
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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

|l ©

Fig. 8.1

1.50V

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°C. Show that 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 = ... V [2]
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(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]

Q4.

6 Two parallel metal plates P and Q are situated 8.0 cm apart in air, as shown in Fig. 6.1.

8.0cm !

|
1
[ -
| -
|

+160 V

Fig. 6.1

Plate Q is earthed and plate P is maintained at a potential of +160V.

(a) (1) On Fig.6.1, draw lines to represent the electric field in the region between the
plates. [2]

(i) Show that the magnitude of the electric field between the plates is 2.0x10°V m'.

(]
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(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

- direction of
electric field

-1.2x10-15C

Fig. 6.2

The particle makes an angle of 35° with the direction of the electric field.

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

(if) Calculate the magnitude of the force on each charge due to the electric field.

(ifi) Determine the magnitude of the couple acting on the particle.
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(iv) Suggest the subsequent motion of the particle in the electric field.

Q5.

7 (a) Define the resistance of a resistor.

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

Cao00v E
o roo
— ——

(V)

/

Fig. 7.1
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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.

P

1.1

1.0

0.9 —

0.8 L ‘ '
0.8 1.0 1.2 1.4 1.6 1.8 2.0

Fig. 7.2

(I} Use Fig. 7.2to determine

1. the maximum power dissipation in R,

MAXIMUM POWEE = i w

2. the potential difference across R when the maximum power is dissipated.

potential difference = ... \

(if} Hence calculate the resistance of R when the maximum power is dissipated.

resistance = .. Q [2]

STEMUP.CO.UK
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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 dissipated in the
internal resistance.

Q6.

7 A circuit contains three similar lamps A, B and C. The circuit also contains three switches,
$,.5, and S;, as shown in Fig.7.1.

. . ®A oX
S\ S\

® &

ity

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
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