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(a) (i) State Ohm’s law. 2

(i) The unit of resistance is the ohm (£2). One of the following is a correct alternative
unit to the ohm. Circle the correct one. 1
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In the above circuit, buzzers P, Q and S are controlled using switches X and Y. The
buzzers are identical and their resistances remain constant.

(i) The table shows the possible combinations of open and closed switches. When a
switch is closed, charge can flow through it. Complete the table. The first row has

been done for you. 3]
Switch combination P Q S
X open, Y open On On Off

X closed, Y open

X open, Y closed

X closed, Y closed
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(i)  With X open and Y open, the ammeter reads 0.18 A. Calculate the resistance of

each of the buzzers. [3]
(iiiy Determine the reading on the ammeter when all three buzzers are on. 2]

(ivy  When all three buzzers are on, show that

power used by S = 4 x power used by Q [3]
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fa) (1) Draw a labelled diagram of the apparatus you would use to determine the
relationship between the resistance and temperature of a metal wire. [3]

(i) Sketch, on the axis below, a graph of the results you would expect from the
experiment. (2

Resistance /Q 4

P
B

Temperature / °C

(b) (1) Explainin terms of particles how clectrical resistance arises in metal conductors.

3

(iiy Hence suggest an explanation for your results to the experiment in part (a).  [2]
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Experiments are carried out to determine the material from which a metal wire is made.
Initially the resistivity of the metal is found. The wire’s density is then determined and the
results compared with known values of resistivity and density.

(a) As a first step to finding the resistivity, an experiment investigates the relationship
between pd and current for the wire. The results are shown in the graph.
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/
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(i) Draw a circuit diagram to show how the above results could be obtained. The
apparatus available includes a battery, a switch, a variable resistor, an ammeter
and a voltmeter. [2]
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(i)  The wire has length 3.2m and diameter 0.20mm. Use this information and the
graph to calculate the resistivity of the material in the wire. [4]

(iii) Using the information in the table, write down two possible materials for the

wire. (1
Material Resistivity /Qm Density/kg m™
Tron 0.97 x 107 7850
Platinum 1.06 x 107 21400
Tin 112 x 107 7300
Nichrome 110 x 107 8400

The mass of the wire is found to be 0.74 grammes. Explaining how you obtain your
answer, determinge the material from which the wire is madc. [3]
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A power cable has a resistance of 11.2Q and is made of an alloy of aluminium of resistivity
2.8 x 107 Qm. It is used to link a power station (o a town 160 km away.

(a) (i) Show that the cross-sectional area of the cable is 4.0 x 107 m?2. M
(i) Calculate the current in the cable given that the pd across it is 2.0 kV. 1

(iif)  Calculate the mean drift velocity of the free electrons in the cable given that
there are 6.0 X 10% atoms per m> of aluminium and each atom contributes 3 free
clectrons. [3]

(b) A small portion of the cable is damaged. As a result its cross-sectional area is less than
that of the rest of the cable, as shown in the diagram.

U )

(i)  State how the current in the thinner portion compares with the current in the rest
of the cable. 1
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(a) {i} Draw a labelled diagram of a suitable arrangement that would enable a student to
investigate how the resistance of a metal wire changes between a temperature of
0°C and 100°C. {3]

(i Describe how the student would:

» obtain measurements of resistance across the full temperature range;
* ensure accurate results;
» analyse the data obtained. [5]
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(b} (iy A certain metal alloy has a superconducting transition temperature of -163°C.
Explain what is meant by the words in italics. 2]

(i) State how this alloy can be kept below its superconducting transition temperature.

(1
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6.

(a) (i) Draw a labelled diagram of the apparatus you would use to determine the

relationship between the resistance and length of a metal wire.

(ii) Sketch a graph of your expected results.

Resistance

Length

(i) Explain how you would use an accurately drawn graph of resistance against length,
as well as any other measurements, to obtain a value for the resistivity of the metal

in the wire.

3]

(1

18]

(b) (i) A simple heater is made of a metallic wire of resistivity 48 x 10-8 Q m and crosssectional
area 4.0 x 10-8 m2. When it is in use the potential difference across
the heater is 12.0 V and its power is 32 W. Calculate the length of the wire in the

heater.

18]
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(i) Calculate the drift velocity of the electrons in the wire when the heater is in use.
[The number of free electrons per unit volume is 3.4 x 1028 m-3 for the material in

the wire.]

18]
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(a)  Whatis a superconductor’!

(b) A metal conductor is placed in hiquid helium. It 1s noted that at a certain temperature
as the metal cools, its resistance changes suddenly, dropping rapidly to zero.

()  What name is given {0 the temperature at which this sudden change occurs?

[

(i)  Sketch a graph of resistance against temperature for the above conductor, labelling
any key features of your graph. [2]

(111)  What potential difference would be needed to maintain a current in the conductor
when it has been immersed in the liquid helium for some time? [1]

(¢) Conducting ¢lectrons in a superconductor do not cause a heating effect. Explain why

conducting clectrons do produce a heating effect in wires at room temperature. [2]
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@ (i) State Ohm's law. [1]

()  What can be said about the resistance of a conductor that cbeys Ohm's law?  [1]

(b) (1) Anelectrical component, X, is included in the circuit shown. The internal resistance
of the power supply is negligible.

power supply
220V

@ reading: 12mA

—L 1
1250 X

Show that the resistance of X in this circuit is approximately 608 [2]
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()  When the 1252 resistor in {bjﬁeilﬁ replaced by a 24 £ resistor, the reading on the
ammeter increases, as shown below.

power supply
220V

@j reading: 55mA

—L ]
24Q X

Evaluate whether or not X obeys Ohm's law, presenting your argument clearly. [2]

(m) State, giving a reason, whether or not X could be a filament lamp. M

{c) A certain high temperature superconductor has a transition temperature of —188°C. The
boiling point of liquid nitrogen is —196°C.

(1) State what is meant by the transifion femperafure of a superconductor. M

(n) Give one possible use for a high temperature superconductor and state why it would
be an advantage for the transition temperature to be above the boiling point of liquid
[

nifrogen.


Andrew Gibson

Andrew Gibson

https://stemup.co.uk

4. (a) Describe how the resistance of a metal vanies between 0K and 1000 K.
[Assume that the metal is superconducting below a certain temperature ]
Account for this vanation in resistance at higher temperatures. [6 QER]
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(b)  Superconductors are used in MRI scanners and particle accelerators. Consider which of
these two applications has been of greater benefit to society. [3]
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Marking Scheme

1. r"ﬂj

(®)

(1)

(1)

(1)

(iv)

I T (1)

Providing the temperature / physical conditions remain constant (1)

v A7 circled
Switch combination P Q 5
X open, Y open On [ On | OfF
X closed, Y open Off | On Off
X open, Y closed On [ On On
X closed, Y closed Off | On On

EitherR=:E (1) (=50Q) = Rp+Ry = 50(1)

Reach buzzer = 25[Q] (1) ecf between 2 and 3™ marks
4.5 (1)
Or R=———= (D=25[Q] (1)

3 9

Rrom =167 @] (1) I= 162 0.54 [A] (1)
E

ecf from (b){(11) / no ecf for Rrom

Either ecffrom (b)(u) or (b){11) or both

Ps= 1:5 x054) x25 (1) Ps=324[W]

Pq=(%xﬂ_54]“:.;25 (1)  Py=081[W]
Or

P_..;z )= 324 W 157

or
Ps=2x054x9 (1)= 324 [W]P=2x054x45 (1)= 081 [W]
3 . |

3.24
— m =4(1) or any correct algebraic solution = 3 marks

(n
(1)
(1)

o]
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(a)

(1)

(11)

(0
(id)

Diagram to include
# Correct electric carcuit with ochmmeter or power supply with
ammeter + voltmeter with correct symbels and positioning
(1)
# Method of heating shown (1)
& Method of recording temperature shown (1)
Linear [or approximately linear] graph with positive gradient (1) and
positive intercept on R axis (1).

Conducting / delocalised / free electrons (1) collide (1) with metal
lattice / atoms / 1ons (1) [not with other free electrons]

The greater the temperature the greater the vibrational energy of the
lattice / metal ions (1) producing a greater chance [or rate] of
collisions/ collisions more often / greater frequency of collisions (1)
[not harder] .
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 fa)

(b

@

(i)

(1)

e
Ny

Crrcmt (without veltmeter and ammeter) (1)

Volimeter and Ammeter correctly posiioned (1)

R—E =11.11[€2] (1
=5 = 1111 Q] (1)

A=314x10" [m?] (1)

11,11 x 3.14x10°®

R= 3.2
ecf for B and A

(1) substitution p = 1.09x107 [Qm] (1)

Platinum and T

0.74x1073
[3.14x109 x 3.2)(1)

p= =T7365 [kg :|11'3] (1) ecf for A

T (1) ecf from density value
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fa)

(B

(11)

(1)

(0
(i1)

(1)

. RA : : :
Correct and convincing use of p = — (including unit conversion)
!

f m =179 A unit mark
112
V= rearranged (or shown numerically) (1)
nde

n=60x10"x3 (1)
¥=155%10" [ms ] (ecfonTandn) (1)

Same (or equivalent)

v increased (1) becanse...; A4 decreased, In, e vochanged by
implicaton (1)

Increased frequency / more collisions between electrons and
lattice / atoms / 1005 or electrons carry greater kinetic energy (1)
leading to increased vibrational / kinetic energy of lattice atoms

(1)

Question Marking details

Marks
Available

4

{a) (1) | Water bath or method of heating shown. Wire [coiled or uncoiled]
shown (1).

Voltmeter and ammeter and power supply correctly connected or
ohmmeter only shown (1)

Thermometer clearly identifiable. (1)

Subtract 1 mark for poorly drawn diagrams. Method of cooling water
to 0 °C not credited here,

(11) | Method of cooling water to 0°C (1) |Can be credited from (i)]
Resistance valucs taken [or ¥ and [ valucs taken and R calculated](1)
..at different temperaturcs [minimum 3 implicd or implication that a
number of temperatures considered] (1)

Method to reduce experimental error/ ensure accuracy e.g. water
stirred/ resistance of leads/heat slowly/remove heat to allow
temperature to settle (1) Accept repeat the experiment again or obtain
readings whilst cooling down or using a digital thermometer. Don’t
accept just repeat readings.

Graph of R vs ¢ drawn (1)

{b) (1) | [-163 °C] is the temperature at which a sudden decrease in resistance
occurs and the metal [allov] (1)
...bccomes a superconductor or resistance becomes zero (1)

(i1) | Liquid nitrogen |Accept liquid helium, liquid oxygen, liquid
hydrogen|

Question 4 Total [11]

[1]

[1]
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6. II.-'ﬂJ

(®)

(1)

(11)
(11)

(1)

(11)

Ruler and wire shown and labelled (1)

Moving pointer or jockey or crocodile clip indicated (1)

Either: Correctly positioned ohmmeter with no power supply; or
correctly positioned voltmeter and ammeter with power supply (1)
[No labelling requured for either method].

Diagonal line through ongin

CSA from diameter of wire (1)

Gradient from graph = (R/]) or (p/d)

Or stated take a pair of R and [ values from the graph (1)
p = gradient * CSA or use of p=R47 (1)

144
R="_"-45[Q] (1
o451 O

Correct substifution info R = pl/4 (1)
1=0375[m] (1) (ecfonR)

I=2.7[A] (from V7R or P/Tetc) (1) (ecfonl)
Correct substifution info 7 = ndve (1)
v=124x10"[ms"] (1)accept 0.01 ms™

Question 5 Total

[3]

[1]
[3]

[3]

[3]

[13]

()
(b)

fc)

A material with zero/negligible resistance

Transition temperatore (accept critical temperature)

Transition temperamre 1 Shape + - straight line,

lzballed -HH""""--...* -~ nearty vertical doop.

I

|

|

I

|

1
e

(T}
If axes labelled. nmst be correct.
0/ neglizible / almost zero

Collisions between free/delocalised/flowing/conducting electrons and
ions/atoms 1n lattice/atoms/particles (1)

increase vibrations of ions /atoms / particles or electrons transfer KE to
1oms (1)
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Question

Marking details

Marks available

AD1

AO2

AO3

Total

Maths

Prac

(al (i)

The current [through a metal conductor at constant
temperature] is proportional to the pd [across if]

Accept I« I"with well-defined symbaols.

1

(i)

Constant [or independent of current [or pd]] (1)

ib) (i)

pd across X = 0.70 [V] (1) or by impl so Rx= 58 [©2] (1)
or
total resistance = 183 [2] (1) or by impl s0 Ex= 58 [£1] (1)

(i)

Rx = 16 [2] or equivalent (1)

50 Ohm's law not obeyed (1) [not freestanding] no ecf

or

If Rz stayed at 58 [0 (or 58.3 ), then I= 27 (or 26) mA (1)
Mot so, therefore Ohm’s law not obeyed (1) no ecf

(iii)

No. Filament resistance increases with increasing pd [or
current] or equivalent ecf on calculated value of Bx in (b)(i)

icl (i)

Temperature at which a material [that is classed as a
superconductor] loses all its resistivity [accept resistance]
[when cooled].

Accept “... below which a material [...] has no resistivity
[accept resistance]”

(ii)

Caoil for MRI machine, power cables, magnets /
electromagnets or anything reasonable (1)

Can be kept below transition temp [cheaply] by liquid nitrogen
[accept: superconducts in liguid nitrogen] {1)

Question 1 total

10
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Question

Marking details

Marks available

AO1 AO2 AD3 Total Maths Prac
4 {(a) Indicative content: [3 [
Description:
D1: At very low temperatures resistance of superconductor is
zero chms
D2: Reference to transition temperature or critical
temperature......
D3: .....where resistance suddenly drops to zero as temperature
drops (or jumps up from zero as temperature rises)
D4: Above transition temperature resistance increases with
temperature
D5: This increase in resistance with temperature is
[approximately] linear
[Sketch graph can show some of these points]
Explanation:
Mo explanation required for superconducting state.
Above transition temperature:
E1: As temperature increases, the ions in the metal lattice
vibrate more quickly
E2: Which makes it more likely that an electron will interact
(accept collide) with the ion....
E3: So electrons lose kinefic energy and the dnft velocity
decreases
E4: . and collisions will cause ions to gain kinetic enargy
making further collisions maore likely
5-6 marks
Comprehensive description and explanation provided.
There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.
3-4 marks
Comprehensive description or explanation provided or limited
attempt at both description and explanation.
There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.
1-2 marks
Limited attempt at description or explanation.
There is a basic line of reasoning which is not coherent, largely
irelevant, supported by imited evidence and with very little
structure.
0 marks
Mo attempt made or no response worthy of credit.
(B] One benefit to society given for each application: 3 3

Particle accelerator 1 x (1) from:

e |mprove understanding of the nature of particles,

s  Skilled workforce opportunities

+ Have led to more powerful computing

+ Particle discoveries used in everyday applications e.g. TV

sets

s Well-reasoned economic benefits
MRI scanner 1 = (1) from:

+ Improved diagnoses and treatment of many ailments

+ Skilled workforce opportunities

+ Benefits more people
Reasoned choice of application [1]
CQuestion 4 total 6 0 3 9 0 0
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