ELECTRICITY WORKSHEET
AS-Level Physics 9702

MJ25/21/Q6

1 A nichrome wire X of length 45cm and cross-sectional area 4.7 x 107" m? is connected into the
circuit shown in Fig. 6.1.

Fig. 6.1

The resistance of X is 1.1Q. The cell has electromotive force (e.m.f.) 1.3V and negligible internal
resistance.

(a) (i) Calculate the currentin X.

CUITENT = it A [1]
(ii) The number density of charge carriers (electrons) in nichrome is 8.5 x 1028m™3.

Calculate the average drift speed of the charge carriers in X.

average drift speed = ... ms~1 [2]

(iii) Calculate the resistivity of the nichrome.

resistivity = ...coooiiiiiii e, Qm [3]
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(b) WireY is identical to wire X. Wire Y is added to the circuit in parallel with wire X, as shown in
Fig. 6.2.

®

X
Y
Fig. 6.2

State and explain the effect, if any, of this change on:
(i) the reading on the ammeter

- [2
(ii) the average drift speed of the charge carriers in X.

- 1]

[Total: 9]
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MJ25/24/Q5

2 (a) (i) State and explain the effect, if any, on the resistance of a filament wire in a lamp as the
current in the wire decreases.

..................................................................................................................................... [1]
(ii) On Fig. 5.1, sketch the -V characteristic of a filament lamp.
I
A
0 v
Fig. 5.1
(2]

(b) A battery of electromotive force (e.m.f.) E and negligible internal resistance is connected in
parallel with two filament lamps A and B, as shown in Fig. 5.2.

3.3A
15A A 18W
L
®
Fig. 5.2
The current in the battery is 3.3A and the current in lamp A is 1.5A. The power dissipated in
lamp Ais 18W.
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(i) Calculate the e.m.f. E of the battery.

(ii) The filament wire of lamp B has a cross-sectional area of 1.4 x 10°m?2. The number
of free (conduction) electrons per unit volume in the metal of the filament wire is
3.4 x 10%8m3,

Calculate the average drift speed of the free electrons in the filament wire of lamp B.

average drift speed = .. ..., ms~' [3]

[Total: 8]
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A cylindrical copper wire P of length 0.24 m is shown in Fig. 6.1. March25/22/Q6

3
E 0.24m |
0.85A [\ ! \
Fig. 6.1 (not to scale)
The current in the wire is 0.85A.
The resistance of the wire is 3.3mQ.
The total number of charge carriers N in the wire is 2.6 x 1022,
The resistivity of copper is 1.8 x 10°8Qm.
(a) Calculate the potential difference between the two ends of the wire.
potential difference = ... V [2]
(b) (i) Show thatthe cross-sectional area of the wire is 1.3 x 10°%m?.
(2]
(ii) Show that the number density of charge carriers in the wire is 8.3 x 1028 m=3.
(1]
(iii) Calculate the average drift speed of the charge carriers (electrons) in the wire.
average drift speed = ............ccccococeieeieieeiceeeeeee MST[2]
1 1
Cyrus Ishaq PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg, i CYR U S

TCS Ravi, Kaizen, Roots IVY

+923008471504 @

https://cyrus-physics.com



(c) Adifferent copper wire Q has the same volume as wire P, but non-uniform radius, as shown in
Fig. 6.2.

Fig. 6.2 (not to scale)
The radius r, at end X of wire Q is the same as the radius of wire P. Radius r, is less than r,.

(i) State and explain how the resistance of wire Q compares with the resistance of wire P.

- [4]

(ii) On Fig. 6.3, sketch a graph of the variation of the average drift speed of the charge
carriers with distance from end X of wire Q.

A

average drift speed

0 -
distance from X

Fig. 6.3
(2]

[Total: 13]
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4 (a) Define electric potential difference (p.d.). ON24/22/Q5

(b) A power supply, three resistors and a component X are connected in the circuit shown
in Fig. 5.1.

230V
7T0A + —
< o O
0.86Q|:|
I, 240 X

——_ +—IITF—¢

I, 170Q

Fig. 5.1

The power supply has an electromotive force (e.m.f.) of 230V and negligible internal
resistance. The current in the power supply is 7.0 A.

(i) Identify component X.

..................................................................................................................................... [11
(i) Show that the p.d. across the resistor of resistance 0.86Q is 6.0V.
(1]
(iii) Determine the current I,.
L = e A [2]
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(iv) Calculate the p.d. across component X.

. TS V 2]

(v) Calculate the power dissipated in component X.

POWET = oot W [2]
(vi) The purpose of the circuit is to provide power to component X.

Determine the percentage efficiency of the circuit.

efficiency = . % [2]

(vii) The resistor of resistance 170Q is removed, leaving an open circuit in the lower branch
of the circuit. There is no change to the resistance of component X.

State whether the current in the power supply increases, decreases or remains the same.

[Total: 12]
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5

Cyrus Ishaq

(a) Define resistance. ON24/23/Q6

(b) Acylindrical metal wire of length 2.4 m and cross-sectional area 8.0 x 10-°m? has a resistance
of 0.33Q. There is a current in the wire of 4.7A.

(i) Determine the resistivity of the metal from which the wire is made.

resistivity = ..o, Qm [2]

(ii) Calculate the charge that passes through the wire in a time of 5.0 minutes.

(iiif) The free electrons (charge carriers) in the wire have an average drift speed of
0.16mms~".

Determine the number density of charge carriers in the metal.

NUMDEr deNSity = ......ocoeevericeeeee e et m=3 [2]
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(c) The wire in (b) may be considered to be a fixed resistor. It is connected in series with a
thermistor to a battery that has negligible internal resistance.

(i) Use circuit symbols to complete Fig. 6.1 to show the circuit diagram of this arrangement.

]

Fig. 6.1
1]

(ii) Explain, without calculation, how the power dissipated in the wire changes as the
temperature of the thermistor is increased.

[Total: 10]

MJ24/22/Q5
6 (b) A battery of electromotive force (e.m.f.) 9.0V and negligible internal resistance is connected
in series with a variable resistor X and a thermistor Y as shown in Fig. 5.1.

X
__'__
9.0V |
PR
Y
Fig. 5.1
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Fig. 5.2 shows the relationship between temperature and resistance for the thermistor.

200
resistance/Q |
1
150
\
\
\
100
A\
N\
M
50 AN
0
0 100 200 300 400
temperature/°C
Fig. 5.2

(i) The currentin the circuit is 1.1 x 102A. The potential difference across Y is 4.0V.

Calculate the resistance of X.

resistance = .......occcoeveiiciin v 2 [2]
(ii) The temperature of Y is changed to 190 °C. The resistance of X remains unchanged.

Determine the new potential difference across Y.

potential difference = ... VO [3)
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(iii) The resistance of X is increased. The temperature of Y remains at 190°C.

By reference to the current in the circuit, state and explain the effect of this change, if
any, on the potential difference across Y.

7 A battery is connected in a circuit with a light-dependent resistor (LDR), two fixed resistors and a
voltmeter, as shown in Fig. 6.1. ON23/21/Q6

25V

-]

2

320Q

240Q

Fig. 6.1

The battery has an electromotive force (e.m.f.) of 25V and negligible internal resistance.
The resistors have resistances of 320Q and 240 Q.

(@) The voltmeter displays a reading of 16 V.

(i) Show that the current in the battery is 0.050A.

(1]
(ii) Calculate the resistance of the LDR.
resistanCe = ... e Q [3]
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(iii) Determine the ratio

power dissipated in the LDR
power dissipated in the 240Q resistor -

(b) The intensity of the light incident on the LDR increases.

State and explain what happens to the voltmeter reading.

[Total: 9]

ON23/22/Q6
8 (a) A metal wire has a resistance per unit length of 0.92Qm™". The wire has a uimonn
cross-sectional area of 5.3 x 10~/ m2.

Calculate the resistivity of the metal of the wire.

resistivity = ..o, Qm [2]

(b) A battery of electromotive force (e.m.f.) E and negligible internal resistance is connected in
series with a fixed resistor and a light-dependent resistor (LDR), as shown in Fig. 6.1.

| E‘{ 1400Q
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The resistance of the fixed resistor is 1400Q. The intensity of the light illuminating the LDR
causes it to have a resistance of 1600 Q. A voltmeter connected across the LDR reads 6.4 V.

(i) Show that the current in the LDR is 4.0 x 1073A.

(1]

(ii) Calculate the number of free electrons passing through the LDR in a time of 3.2 minutes.

number of free electrons = ... e, [2]

(iii) Calculate the e.m.f. E.

(iv) Determine the ratio

power dissipated in LDR
power dissipated in fixed resistor
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(¢) The environmental conditions change causing a decrease in the resistance of the LDR in (b).
The temperature of the environment does not change.

State whether there is a decrease, increase or no change to:

(i) the intensity of the light illuminating the LDR

..................................................................................................................................... [1]
(ii) the current in the battery
..................................................................................................................................... [1]
(iif) the reading of the voltmeter.
..................................................................................................................................... [1]
[Total: 12]
March19/22/Q6

9 (a) Using energy transformations, describe the electromotive force (e.m.f.) of a bauery anu ne
potential difference (p.d.) across a resistor.

(=30 0 0 1

(b) A battery of e.m.f. 6.0V and negligible internal resistance is connected to a network of
resistors and a voltmeter, as shown in Fig. 6.1.

z
32Q
— '
6OV !
[
X Y

240

Fig. 6.1
Resistor Y has a resistance of 24Q and resistor Z has a resistance of 32 Q.
(i) The resistance Ry of the variable resistor X is adjusted until the voltmeter reads 4.8 V.
Calculate:

1. the current in resistor Z

current = Liiiiiiieeeeereeeeecveeeienies A 1]
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the total power provided by the battery

POWEK = L.oiiiiiceiiieecenirieeeeessnneeeeeseneeeeeennes. W [2]

the number of conduction electrons that move through the battery in a time interval
of 25s

NUMDEr = .o eennens [2]

the total resistance of X and Y connected in parallel

total resistance = ..., Q2]

the resistance Ry.

Ry = oo Q2]

(i) The resistance R, is now decreased.

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

Cyrus Ishaq

[Total: 13]
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MJ23/21/Q6
10 A metal wire in a circuit has a length of 1.8 m and a cross-sectional area of 1.5 x 107°m<.
The total number of free electrons (charge carriers) in the wire is 2.3 x 1023,

There is a current in the wire so that a charge of 172C moves past a fixed point in the wire in a
time of 2.5 minutes.

(a) Show that the number density of the free electrons in the wire is 8.5 x 1028m=3,

(1]
(b) Calculate the average drift speed of the free electrons.
average drift speed = ..........ccccecoeiicieieeeviee . s [3]
[Total: 4]
MJ23/21/Q7

11 A battery of electromotive force (e.m.f.) 9.6V and negligible internal resistance 1s cunnecieu m
series with two fixed resistors and a thermistor, as shown in Fig. 7.1.

9.6V
]
| [
5800Q
: ®
— wa
| S
3400Q
Fig. 7.1
The fixed resistors have resistances of 3400Q and 5800 Q. The reading on the voltmeter in the
circuit is 6.0V.
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(a) Calculate the current in the resistor of resistance 5800 Q.

CUMTENE = oo eneee e A [2]

(b) Calculate the resistance of the thermistor.

resistance = ... Q [2]

(c) The initial energy stored in the battery is 2.6 x 10 J.
Assume that the e.m.f. of the battery is constant.

Determine the final energy stored in the battery after a charge of 330 C has moved through it.

final stored energy = ..o eceeeeeeeeeceeeeeee J [2]
(d) The environmental conditions change causing an increase in the resistance of the thermistor.
State whether there is a decrease, increase or no change to:

(i) the temperature of the thermistor

..................................................................................................................................... [1]
(ii) the current in the thermistor
..................................................................................................................................... [1]
(ili) the potential difference across the thermistor.
..................................................................................................................................... [1]
[Total: 9]
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12 (a) The currentin a filament lamp decreases. MJ23/22/Q6
State and explain how the resistance of the lamp changes.

(b) A cylindrical wire has length L and resistance R. The total number of free electrons (charge
carriers) contained in the volume of the wire is N. Each free electron has charge e. The
potential difference between the ends of the wire is V.

Determine expressions, in terms of some or all of the symbols e, L, N, R and V for:

(i) the current in the wire

CUITENE = oottt e e [1]

(ii) the average drift speed of the free electrons

average drift speed = ... [2]

(iii) the average time taken for a free electron to move along the full length of the wire.

timetaken = ... [1]

Cyrus Ishaq PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg, i CYR U S

TCS Ravi, Kaizen, Roots IVY
+923008471504

https://cyrus-physics.com @



MJ23/23/Q5

13 A student sets up a circuit with a battery, an ammeter, a heater and a light-dependent resistor
(LDR) all in series.

The battery has negligible internal resistance.
A voltmeter is connected across (in parallel with) the heater.

(@) On Fig. 5.1, complete the circuit diagram of this arrangement.

—r--{-

Fig. 5.1

[3]

(b) The heater is a wire made of metal of resistivity 1.1 x 107Qm. The wire has length 2.0 m and
cross-sectional area 3.8 x 10~ mZ2.

The reading on the voltmeter is 4.8V.
Calculate:

(i) the resistance of the heater

resistance = ..., Q [2]
(ii) the reading on the ammeter.
reading on ammeter = ..., A [1]
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(c) The heater is replaced by a new wire. The new wire is made of the same metal as the wire in
(b) and has the same length but a larger diameter.

The resistance of the LDR remains constant.

(i) State and explain whether the new wire has a resistance that is greater than, less than or
the same as that of the wire in (b).

. [2]

(ii) State and explain whether the new reading on the voltmeter is greater than, less than or
equal to 4.8V.

. [2]

[Total: 10]

14 (a) State Ohm’s law. ON22/21/Q5

12

(b) The variation of current I with potential difference V for a filament lamp is shown in Fig. 5.1.

2.0 EBB==2
IIA =T

1.5
1.0
05

0

0 2 4 6 8 10 12
. ViV
Fig. 5.1
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The resistance of the filament lamp increases with potential difference.

(i) State how Fig. 5.1 shows this.

(c) Fig. 5.2 shows a circuit with a battery of electromotive force (e.m.f.) 12.0V connected to a
linear potentiometer AB and two identical filament lamps P and Q.

12.0vV

——

Fig. 5.2

The battery has negligible internal resistance and the lamps each have the same I-V
characteristic shown in Fig. 5.1.

When the slider of the potentiometer is at its midpoint, as shown in Fig. 5.2, the current I in
the battery is 1.78A.

Determine:

(i) the currentinlamp P

current = L. A ]

(ii) the total power dissipated in lamps P and Q

total power = ... W 2]
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(iii) the resistance of the potentiometer between its ends A and B.

resistance = ... Q@ [2]

(d) The slider of the potentiometer in (c) is moved to end A.
State and explain the effect on the brightness of lamps P and Q.

F= o ] B OSSOSO UPPPRR

I Q. e e e bt a et e et e e s e s

@
[Total: 11]

MJ22/21/Q6

A battery is connected to two resistors X and Y, as shown in Fig. 6.1.

— b {—

— +—

Y

]

Fig. 6.1

15

The resistance of resistor X is greater than the resistance of resistor Y.

(i) State and explain which resistor dissipates more power.
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Cyrus Ishaq

(ii) The two resistors are made of wires that have the same length. Both wires are made
from metal of the same resistivity.

State and explain which resistor is made of wire with the larger cross-sectional area.

(c) A battery of electromotive force (e.m.f.) 9.0V and negligible internal resistance is connected
in series with a light-dependent resistor (LDR) and a fixed resistor of resistance 18009, as
shown in Fig. 6.2.

[
1800 Q \:‘
| | |
| I | S|
F?L
O
Fig. 6.2

A voltmeter is connected across the fixed resistor. The reading on the voltmeter is 5.4 V.

(i) Calculate the current in the circuit.

CUITENE = Lo e A 1]

(if) Calculate the resistance R of the LDR.

(iii) The intensity of the light illuminating the LDR increases.

By reference to the current in the circuit, state and explain the change, if any, to the
voltmeter reading.
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MJ22/23/Q6
16 (@) (i) On Fig. 6.1, sketch the I-V characteristic of a filament lamp.

I A
0 >
0 "4
Fig. 6.1
(2]
(ii) Explain the shape of the line in (a)(i).
..................................................................................................................................... [3]

(b) A conducting wire has length 5.8 m and cross-sectional area 3.4 x 10-8mZ. The resistivity of
the metal of the wire is 5.6 x 108Qm.

Calculate the resistance of the wire.

resistance = ... Q [2]
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(c¢) Aresistor of resistance R is placed in a circuit with a cell of negligible internal resistance, two
switches S, and S,, a second resistor of resistance 2R and three ammeters X, Y and Z. The

circuit is shown in Fig. 6.2.

Fig. 6.2

The reading on X is 1.0Awhen S, is open and S, is closed.

Complete Table 6.1.

Table 6.1

position of switches ammeter readings
S, S, reading on X/A | readingonY/A | reading on Z/A
open open 0 0 0
open closed 1.0
closed open
closed closed
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March22/22/Q6

The ends of a metal resistance wire are connected to a battery of electromotive force (e.m.f.) 8.0V
and negligible internal resistance, as shown in Fig. 6.1.

8.0V

—

resistance wire

Fig. 6.1
The power dissipated by the resistance wire is 36 W.
(a) Calculate:

(i) the current in the resistance wire

current = e AU [2]

(ii) the number of free electrons that pass through the resistance wire in a time of 50 s

NUMDEr = ..o e enenene | 2]
(ifi) the resistance of the wire.
resistance = ... 2 [2]
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(b) The metal of the resistance wire in the circuit has a resistivity of 1.4 x 10°°Qm. The
cross-sectional area of the wire is 0.25 mmZ.

Determine the length of the wire.

(c) The circuit shown in Fig. 6.1 is modified by replacing the original resistance wire with a second
resistance wire. The second wire has a greater diameter than the original wire. There are no
other differences between the second wire and the original wire.

By reference to resistance, state and explain whether the power dissipated by the second
wire is more than, less than or the same as the power dissipated by the original wire.
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(d) The circuit shown in Fig. 6.1 is modified by connecting a second battery, of e.m.f. 8.0V and
negligible internal resistance, in parallel with the original battery and the original resistance
wire, as shown in Fig. 6.2.

8.0V
- {—
8.0V

o

original
resistance wire

Fig. 6.2
By reference to the current in the resistance wire, state and explain whether the addition of

the second battery causes the power in the original resistance wire to decrease, increase or
stay the same.

[Total: 12]
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MJ20/21/Q5

18 (a) Metal wire is used to connect a power supply to a lamp. The wire has a total resistance of
3.4Q and the metal has a resistivity of 2.6 x 108 Qm. The total length of the wire is 59m.

(i) Show that the wire has a cross-sectional area of 4.5 x 107" mZ2,

(2]
(ii) The potential difference across the total length of wire is 1.8 V.
Calculate the current in the wire.
current = ... A [T]
(iii) The number density of the free electrons in the wire is 6.1 x1028m=3,
Calculate the average drift speed of the free electrons in the wire.
average drift speed = ......cccccoeveeeeceeeeieeeeeeecenseeee. MSTT [2]

(b) Adifferent wire carries a current. This wire has a part that is thinner than the rest of the wire, as
shown in Fig.5.1.

wire thinner part
() ‘ : JI j )
) N
Fig. 5.1
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(i) State and explain gualitatively how the average drift speed of the free electrons in the
thinner part compares with that in the rest of the wire.

. [2]

(ii) State and explain whether the power dissipated in the thinner part is the same, less or
more than the power dissipated in an equal length of the rest of the wire.

- [2]
(¢) Three resistors have resistances of 180Q, 90Q and 30 Q.

(i) Sketch a diagram showing how two of these three resistors may be connected together
to give a combined resistance of 60 Q between the terminals shown.
Ensure you label the values of the resistances in your diagram.

(1]

(ii) A potential divider circuit is produced by connecting the three resistors to a battery of
electromotive force (e.m.f.) 12V and negligible internal resistance. The potential divider
circuit provides an output potential difference Vy ,; of 8.0V.

Fig. 5.2 shows the circuit diagram.

—_
| o
12V
-
o}
Fig.5.2
On Fig. 5.2, label the resistances of all three resistors and the potential
difference V- [2]
[Total: 12]
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19 (a) Define the volt. MJ20/23/Q5

(b) Fig. 5.1 shows a network of three resistors.

300Q

55Q

Xo —1 F—ov

Fig. 5.1
Calculate:

(i) the combined resistance of the two resistors connected in parallel

combined resistance = ..........cccoooiiiiiiiecce e, Q [1]

(ii) the total resistance between terminals X and Y.

total resistance = ..., Q [1]

(¢) The network in (b) is connected to a power supply so that there is a potential difference
between terminals X and Y. The power dissipated in the resistor of resistance 55Q is 0.20W.

(i) Calculate the current in the resistor of resistance:

1. 55Q
CUITENE = e ae e A
2. 300Q.
CUITENE = e A
(3]

(if) Calculate the potential difference between X and Y.

potential difference = .........c.ccociiiiiiiiiiccc Vv [1]
Cyrus Ishaq [Total: 7] PHYSICS WITH

ISL RR, ISL PA, BCP Gulberg, i CYR U S

TCS Ravi, Kaizen, Roots IVY
+923008471504
https://cyrus-physics.com @



MJ20/23/Q6
20 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.

(b) Use the above expression to determine the SI base units of e.
Show your working.

base UNitS .....ccoooviiiiiiieiieecc e [2]

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

-]

P Q

-

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]
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21 (a) Define the ohm. March20/22/Q5

(b) Awire has a resistance of 1.8 Q. The wire has a uniform cross-sectional area of 0.38 mmZ and
is made of metal of resistivity 9.6 x 107 Qm.

Calculate the length of the wire.

(c) A resistor X of resistance 1.8Q is connected to a resistor Y of resistance 0.60Q and a
battery P, as shown in Fig. 5.1.

=

1.8Q 0.60Q

— "1

X Y

Fig. 5.1
The battery P has an electromotive force (e.m.f.) of 1.2V and negligible internal resistance.

(i) Explain, in terms of energy, why the potential difference (p.d.) across resistor X is less
than the e.m.f. of the battery.

..................................................................................................................................... [1]
(ii) Calculate the potential difference across resistor X.
potential difference = .......ccoceeieii e V [2]
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(d) Another battery Q of e.m.f. 1.2V and negligible internal resistance is now connected into the
circuit of Fig. 5.1 to produce the new circuit shown in Fig. 5.2.

1.2V
Q
1.2V
P
1.8Q 0.60Q
| -
X Y
Fig. 5.2
State whether the addition of battery Q causes the current to decrease, increase or remain
the same in:
) T == 53 (o PSS [1]
L) T o= 1 =Y Y OSSR UOE P PURSRR PP [1]

(e) The circuit shown in Fig. 5.2 is modified to produce the new circuit shown in Fig. 5.3.
1.2V

A

3.6Q
—
1.8Q 0.600
— T
X Y
Fig. 5.3

Calculate:

(i) the total resistance of the two resistors connected in parallel

reSIStANCE = .. Q [1]
(ii) the current in resistor Y.
CUITENE = oo A [2]
[Total: 12]
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22 (a) Define electric potential difference (p.d.). ON19/21/Q6

............................................................................................................................................. [1]
(b) The variation with potential difference V of the current I in a semiconductor diode is shown in
Fig.6.1.
30
I
f
I
25 a
I/mA /
20 7
By
I
15
/
/
10 a
5
v*fififjrt S O B
0
0 0.5 1.0
viv
Fig. 6.1

Use Fig. 6.1 to describe qualitatively the variation of the resistance of the diode as Vincreases
from0to 1.0V.

(c) The diode in (b) is part of the circuit shown in Fig.6.2.

20V

15mA

Fig. 6.2

The cell of electromotive force (e.m.f.) 2.0V and negligible internal resistance is connected in
series with the diode and resistors X and Y. The resistance of Y is 60 €. The current in the cell
is 15 mA.
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(i) Use Fig.6.1 to determine the resistance of the diode.

resistance = ... 20 [3]
(ii) Calculate:

1. the resistance of X

resistance = ....coeiiiiiiiiiiinniirce. Q[3]

2. theratio

power dissipated in resistor Y
total power produced by the cell’

FALIO = ooeeeiiiii e [2]

[Total: 11]
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ON19/23/Q6
A battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connevicu w a

network of two lamps and two resistors, as shown in Fig. 6.1.

L0.50A

Fig. 6.1

The two lamps in the circuit have equal resistances. The two resistors have resistances R and
28 Q. The lamps are connected at junction X and the resistors are connected at junction Y. The
current in the battery is 0.50A and the current in the lamps is 0.20A.

(a) Calculate:

(i) the resistance of each lamp

resistanCe = ...

(ii) resistance R.
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(b) Determine the potential difference V., between points X and Y.

(c) Calculate the ratio

total power dissipated by the lamps
total power produced by the battery’

ratio = .o [2]
(d) The resistor of resistance R is now replaced by another resistor of lower resistance.

State and explain the effect, if any, of this change on the ratio in (c).

[Total: 11]
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1 sai I=13/11
=12A A1]1.18
Baii v=1/ngA
=12/(85%x10% = 1.60x107" x4.7x107) c1
=1.9%x10*ms™’ A1
6Gaiii p=RA/L C1| Any subject
= (1.1 x 4.7%x107)/ 0.45 c1
=1.1x10%Qm A1 1.149
6bi The total resistance is half (the original / resistance of X) / 0.55 B1 | Allow ‘circuit resistance’ / ‘parallel
OR resistance’
The current in Y is the same as the (original) currentin X/ 1.2 A (B1)

(the potential difference across the wires is unchanged so) the reading on
the ammeter will double B1 | Allow ‘it to mean the reading on the
ammeter, provided it does not clearly
refer to something else.

Allow ‘current’ to mean ‘reading on the
ammeter’ unless clearly identified as
currentin X orY.

Special case:

Allow 1 out of 2 for ‘The total/circuit
resistance decreases (and the potential
difference is unchanged) so current

increases’
6bii The current is the same (through X) so the (average drift speed will stay) B1 | Allow ‘it' to mean the drift speed, provided
the same it does not clearly refer to something else.

‘a)() | temperature decreases and (so) resistance decreases B1 both parts needed
2 ignore comments regarding power and p.d.
ignore less energy dissipated
ignore less heating

5(a)(ii) | line from origin with decreasing positive gradient drawn allow small straight section near the origin.
in first quadrant M1 allow line to become horizontal at the end, but must not
‘hook back’ towards the V-axis.

roughly symmetrical line drawn in third quadrant A1 The A1 mark cannot be scored without first scoring M1 mark
5b)i) |E=P/I C1 allow any subject. allow V=P /I
=18/1.5
=12V Al
5(b)(ii) [I=3.3-15 c1
=18 (A)
I=Anvg no mark for copying formula from Formulae Sheet.
1.8 =1.4x107° x 3.4x10% x v x 1.6x107"® c1
v=024ms™" A1l
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6(a) vV =IR C1
=0.85x3.3x 103
=2.8x 103V A1
6(b)(i) |(A=)pLI/R C1
=1.8x108x0.24/3.3 x10¥=1.3 x 106 (m?) A1
6(b)(ii) [(n=)2.6x1022/(1.3 x 106 x 0.24) = 8.3 x 1028(m3) A1l
6(b)(iii) | v =I/nAq c1
=0.85/(8.3 x 1028 x 1.3 x 106 x 1.6 x 10-19)
=49 x105ms! A1
OR (c1)
v =IL/Ng
=0.85%0.24/(2.6 x 102 x 1.6 x 1079)
=49x10°ms-! (A1)
6(c)(i) | Length (of Q) is greater (than P) B1
(Average cross-sectional) area (of Q) is less (than P) B1
Resistance is proportional to length / (cross-sectional) area M1
(so) the resistance (of Q) is greater (than P) A1
6(c)(ii) | Aline starting from a non-zero value of drift speed at distance =0 B1
A line with an increasing positive gradient B1
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4 5(a) energy transferred per unit charge (from electrical to other forms) B1
5(b)(i) heater A1
5(b)(ii)) | (V=)7.0x0.86=6.0(V) A1
5(b)(iii) |I =(230-6.0)/170 c1

(=1.3A)
L =70-13 A1
=57A
5(b)iv) |V =230-6.0—(5.7 x2.4) c1
=210V A1
or
R =((230-6.0)/5.7)-24 (c1)
(=36.90)
V =57x36.9 (A1)
=210V
5(b)(v) |P=1IV or P=I°R or P=V?/R c1
P=57x210 A1
or
P=57%x(210/5.7)
or
P=2102/(210/5.7)
P=1200W
5(b)(vi) | % efficiency = useful power out/ (total) power in (x 100) C1
=1200/(230 x 7.0) (x100) A1
=0.75 (x 100)
= T75% or 74% (using 3 s.f. value from (v) gives 74%)
5(b)(vii) | (current) decreases A1l
| 5 ‘a) potential difference per unit current B1
6(b)(i) p =RA/L C1
=(0.33x8.0x10%)/24 A1
=11x10°Qm
8(b)ii) | Q=1It c1
=4.7x5.0x60 A1
=1400C
8()iii) |I =nAvq c1
n =4.7/(8.0x10%x0.16 x 103 x 1.60 x 10-19)
=23x10%m3 A1
6(c)(i) correct symbols for resistor and thermistor, shown correctly connected in series with the battery B1
6(c)(ii) | (as temperature increases) resistance of thermistor decreases M1
(total resistance decreases so) greater current (in circuit/wire) so power (dissipated in the wire) increases A1
thal resistance decreases so) greater (share of) p.d. across wire so power (dissipated in the wire) increases
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‘ 6 b)i) |R=VII c1
=(9.0-4.0)/1.1x102 A1
=4500Q

5(b)(ii) | resistance (of thermistor) = 25 (Q) (from graph) c1
V =ExRy/(Ry +Rx) c1
=9 x25/(25 + 450)
or
I=E/Rrtota =9/(25 + 450) = 1.89 x 102 A
V=IR=1.89x102x 25
or
Vix)= 9 x 450/ (25 + 450) = 8.53 V
V=9-8.53
V=047V A1
5(b)(iii) | (resistance of X increases so) the total resistance increases B1
current decreases B1
potential difference (across thermistor/Y) decreases B1
7 (a)) |(T=)16/320=0.050 (A) A1
6(a)(ii) | R=(25-16)/0.050 c1
or
R=(9/16) x 320
or
R =(25/0.050) - 320
R =180(Q) c1
Ruor) = [(1/180)— (1/240)1" Al
=720Q
or
I =(25-16)/240 (€1)
(=0.0375 A)
Iqor) =0.050-0.0375 (c1)
(=0.0125A)
Reor) =9.0/0.0125 (A1)
=720Q
6(a)ii) |P=V?2/R or P=VI or P=IR c1
ratio = (92/720)/ (9%/ 240) A1
:':tio =(9 % 0.0125)/(9 x 0.0375)
:':tio =(0.0125% x 720)/(0.03752 x 240)
ratio = 0.1125/0.3375
=0.33
6(b) resistance of LDR decreases B1
resistance of parallel combination decreases M1
?ortal resistance (of circuit) decreases
g:rrent in resistor of resistance 320 Q increases
;:)tential difference across parallel combination /LDR / 240 Q resistor decreases
voltmeter reading increases A1
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8 @@ |R=pLiA c1
p =092x53x107 A1
=49x107Qm
6(b)(i) | (current=)6.4/1600 = 4.0 x 1073 (A) A1
6(b)(ii) | charge =4.0 x 107 x 3.2 x 60 c1
(=0.768 C)
number = 0.768/1.6 x 10-"° A1
=4.8x10"
6(b)(iii) | 6.4/E =1600/(1400 + 1600) c1
cE,r= 6.4 + (4.0 x 1073 x 1400)
cE>r= 4.0 x 1073 (1600 + 1400)
E=12V A1
6(b)(iv) |P=I°R or P=VI or P=V?/R c1
ratio = (6.42/1600)/[(4.0 x 107%)% x 1400] A1
=11
6(c)(i) increase B1
6(c)(ii) |increase B1
6(c)(iii) | decrease B1
i 9 (a) e.m.f.: energy transferred from chemical to electrical (per unit charge) B1
p.d.: energy transferred from electrical to thermal (per unit charge) B1
6(b)(i) 1 I =48/32 A1
=0.15A
2 P =EI or P=VI or P=1I%R or P=V2/R c1
=6.0x0.15 or 0.152x40 or 6.02/40
=0.90W A1
3 number =1It/e Cc1
=1[0.15x 25]/1.6 x 10-"°
=23x10" A1
or (c1)
Q=0.15x25 (= 3.75)
number =3.75/1.6 x 10"°
=23 x 10" (A1)
4 4.8/6.0=32/(Rxy+32)or1.2/6.0=Rxvy/(Rxy + 32) c1
or4.8/1.2=32/Rxy
Rxy=8.0Q A1
Alternative methods:
Rxy = (6.0 —4.8)/0.15 or (c1)
=8.0Q (A1)
or (c1)
6.0 =0.15 (32 + Rxy)
Rxy =40 - 32 (A1)
=8.0Q
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6(b)i) |5 1/8.0=1/Rx+1/24 c1
Rx=12Q A1
Alternative method:
I;=48/32=0.15and Iy = 1.2/24 = 0.05 (c1)
Ix=0.15-0.05 (= 0.10)
Rx=1.2/0.10=12Q (A1)
6(b)(ii) total resistance decreases M1
(so voltmeter) reading increases A1
10’ (number density =) 2.3 x 1023/ (1.5 x 10-¢ x 1.8) = 8.5 x 1028 (m™3) A1
i 6(b) I=Q/tor I=172/25x60 or I =1.1(5) c1
I'=nAvq C1
172/(2.5x60)=1.5x 10°x 8.5 x 102 x v x 1.6 x 10-1°
v=56x105ms' A1
11 9.6 =6.0 + (I x 5800) or 3.6 =1 x 5800 c1
I=62x10%A A1
7(b) 9.6 =6.2 x 10~*x (3400 + 5800 + R) c1
or
6.0 =6.2 x 10*x (3400 + R)
R=6.3x10°Q A1
7(c) (AE =) 9.6 x 330 (= 3170 J) c1
final stored energy = 2.6 x 10* — 3170 A1
=23x10%J
7(d)(i) decrease B1
7(d)(ii) decrease B1
7(d)(iii) increase B1
12) temperature decreases (so) resistance decreases B1
i 6(b)(i) current=V/R A1
6(b)(ii) |I=Anvg C1
n=N/V or n=N/AL
v =(VIR)/[(VIL)(NIV)e] or (VIR)/[A(N/AL) €] A1
=VL/RNe
or
v =L/t (c1)
=L/(Q/I)
=L1/Q (A1)
=L(V/R)/Ne
=VL/RNe
6(b)(iii) | time = distance/speed or Q/I A1
=L/(VL/RNe) or Ne/(VIR)
time = RNe/V
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13 @ correct symbol for the heater or for the LDR M1
all correct symbols in series (ignore voltmeter) and no extra symbols A1
correct symbol for voltmeter and in parallel with the heater B1

5(b)(i) R =pL/A Cc1
=(1.1x10%x2.0)/3.8x 107 A1
=58Q

5(b)(ii) |I=4.8/5.8 A1l

=0.83A

5(c)(i) A larger (for new wire) M1

:roc d 2 (and d larger for new wire)

oRroc 1/d? (and d larger for new wire)

so R is less (than that of first wire) Al
5(c)(ii) (heater/ total resistance decreases so) current (in circuit) increases (so p.d. across LDR increases) M1

z;ater resistance decreases so it has a smaller share/proportion/fraction of the (total) voltage /e.m f.

(so voltmeter) reading is less (than 4.8 V) Al

14 a) current (through a conductor is directly) proportional to potential difference (across the conductor) M1
(provided that) temperature (of conductor remains) constant A1

5(b)(i) | (ratio of) V/I increases (as p.d. increases) B1

5(b)(ii) | (as p.d. increases, current increases so) temperature increases B1

5(c)(i) I=155A A1

5(c)ii) |P=VIor P=I?R or P=V?/R C1
=6.0x1.55x2 or 1.55?x3.87 x 2 or (6.02/3.87)x 2 A1
=19W

5(c)(iii) |I =1.78-1.55 C1

(=0.23 A)
R=12.0/0.23 A1
=52Q
5(d) lamp P: p.d. across lamp decreases to zero so goes ‘out’ B1
lamp Q: p.d. across lamp increases to 12 V so gets brighter B1
is (b)(i) same potential difference (across X and Y as in parallel) B1
power = V2/R (and Rx > Ry) M1
::)wer =VI and Ix<Iy
(so) Y (dissipates more power) A1
6(b)(ii) | R=pL/A (and Rx> Ry) M1
(s0) Y (has the larger (cross-sectional) area) A1
6(c)(i) current =5.4/1800 A1
=3.0x10°A
6(c)(i) |5.4/9.0=1800/(1800 + Ry) c1
or
R.=(9.0-54)/3.0x 10-3
R.=1200Q A1
6(c)(iii) | resistance of LDR/R. decreases B1
current (in the circuit) increases (so) voltmeter reading increases B1
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16 (a)(i) line passes through (0,0) and is in first and third quadrants only M1
gradient of line becoming less steep in both quadrants and roughly symmetrical Al
6(a)(ii) (as I increases) the temperature (of the filament wire/lamp) increases B1
(as I/temperature/ Vincreases) the resistance (of wire/lamp) increases B1
(as I/temperature/ Vincreases the graph curves because) ratio V/ I increases or ratio I/ V decreases B1
6(b) R=pL/A c1
=(5.6x10%x5.8)/3.4x 1078 A1
=96Q
& position of switches ammeter readings B4
S4 S2 XIA Y/A ZIA
open open 0 0 0
open closed 1.0 0 1.0
closed open 2.0 2.0 0
closed closed 3.0 2.0 1.0

second row: both values correct (B1)
third row: all three values correct (B1)

fourth row: X =Y+ Z (any values) (B1)

all three values correct (B1)

17 @0 |pP=wr c1
I=36/8.0 A1
=45A
6(a)(ii) |charge =4.5x50 Cc1
=225
number=225/1.6 x 101 A1
=1.4x10%
6(a)(iii) |R=V2/P or R=VII or R=P/I? c1
=8.02/36 or =8.0/45 or =36/4.5?
=1.8Q A1
6(b) R =pL/A Cc1
L =(1.8x0.25x107%)/1.4%x10° A1
=0.32m
6(c) (larger cross-sectional area, same length, same resistivity and so) less resistance M1
(same p.d. and more current so) more power (dissipated) A1
6(d) current (in wire) is the same M1
(same p.d. across wire so) power stays the same A1
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18 a)) |R=pL/A c1
A=(2.6x10%8x59)/3.4=45x107"m? A1
5(a)(ii) |I =1.8/3.4 A1
=0.53A
5(a)(iii) |I =Anvg c1
v =0.53/(4.5x107x 6.1 X102 x 1.60 x 107"°)
=1.2x10%*ms™ A1
5(b)(i) (cross-sectional) area/A is less M1
(Z, n, e the same so) average drift speed is greater A1
5(b)(ii) | (areais less so) more resistance/R M1
(I is the same, so) more power/P A1l
or
(P=IPpL/Aso)P=<1/A (M1)
(A is less so) more P (A1)
5(c)(i) 180 Q and 90 Q resistors shown connected in parallel B1
5(c)(ii) resistors connected in parallel labelled as 180 Q and 90 Q and the other resistor labelled as 30 Q M1
Vour or 8.0V labelled across the two resistors in parallel A1
|
19 a) joule per coulomb B1
5(b)i) |[1/R=1/Ri+1/R; A1
=1/300 + 1/200
R=75Q
5(b)(i) |R =75+55 A1
=130Q
5c)i) |1. P=PR c1
or
P=VI and V=IR
I=(0.20/55)°5 A1
=0.060 A
2. 1=0.060/4 A1
=0.015A
5(c)(ii) potential difference = 130 x 0.060 Al
=78V
or
potential difference = (300 x 0.015) + (55 x 0.060) (A1)
= 7.8V (other valid methods are also possible)
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20 a) A: cross-sectional area B1
n: number density of free electrons B1
6(b) units of I: A and units of A: m2 and units of v: ms-* B1
units of e: A/(M2m=3ms')=As A1
6(c) ratio = Aa/ Ap Cc1
= [=r?] / [(22)] A1
=0.25
21 a) volt/ ampere B1
5b) |R=pL/A c1
L=(1.8x0.38x106)/9.6 x 107 C1
=0.71m A1
5(c)(i) thermal energy is dissipated in resistor Y B1
5(c)(ii) | V/1.2=1.8/(1.8+0.6) c1
V=090V A1
or

I=1.2/(1.8 +0.6) (= 0.50) (c1)
V=0.50x1.8 (A1)

=090V
5(d)(i) remain the same B1
5(d)(ii) decrease B1
5e)i) |[1/R=1/18+1/36 A1

R=1.2Q
S(e)ii) |I=1.2/(1.2+0.60) c1
=0.67A A1

or

Vy =1.2x0.60/ (1.2 + 0.60) (= 0.40) (c1)
I=040/060 (A1

=0.67A
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|
‘22 (a) vovrork done / charge B1
energy (transferred from electrical to other forms) / charge
6(b) for V < 0.25 V resistance is infinite/very high (as current is zero) B1
for V> 0.25 V resistance decreases (as V increases) B1
6(c)(i) R =VII C1
=0.75/(15 x 1079) c1
=50Q Al
6(c)ii) |1. W=15x102x60 (=0.90V) c1
Vx =2.0-0.90-0.75 (= 0.35V) Cc1
Rx=0.35/(15 x 107%) A1
=230
or
total R = 60 + 50 + Rx (1)
60 + 50 + Ry = 2.0/ (15 x 103) (c1)
Rx=23Q (A1)
2. P=VIor P=EI or P=PR or P=V?/R C1
o (15x10°)’ <0 090x15x10% (0.907 /so)3 Al
2.0x15x10™ 2.0x15x10 2.0x15x10"
=0.45
23 @0 |R=V/II c1
resistance =(12/0.20)/2 or 6/0.20 A1
=30Q
6(a)(ii) I=0.50-0.20 (=0.30A) C1
R+28=12/0.30 (=40 Q) A1
R=12Q
6(b) p.d. across lamp =0.20 x 30 (=6.0V) C1
p.d. across R=0.30x 12 (=3.6V) C1
Vxy=6.0-3.6 A1
=24V
or
p.d. across lamp =0.20 x 30 (=6.0V) (C1)
p.d. across 28 Q) resistor = 0.30 x 28 (= 8.4 V) (c1)
Vv =84-6.0 (A1)
=24V
6(c) P=VI or P=EI or P=I°R or P=V?/R c1
ratio = (6.0 x 0.20) x 2 / (12 x 0.50) or 0.20/0.50 A1
=0.40
6(d) no change to V across lamps, so power in lamps unchanged B1
gl:rrent in battery/total current increases (and e.m.f. the same) so power produced by battery increases
both the above statements and so the ratio decreases B1
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