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Easy Questions

1 (a) Define the specific latent heat of fusion of a substance.

(2 marks)

(b) Draw a line to indicate which molecular model of matter matches with which state.

Solid

Liquid

Gas

(3 marks)
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(c) The following statements are about the molecular model of matter.

The potential energy changes during change of

Potential energy is greater for than for more energy is required to
bonds than just them.
Therefore, specific latent heat of is than specific latent heat of for

any substance.
Complete the missing gaps using keywords from the list provided.

You may use any keyword once, more than once, or not at all.

weaken
fusion
break
greater
vaporisation
less

State

(3 marks)

(d) A2.5gblock of ice is placed into a beaker of water where 825 | of energy is needed to
melt the ice completely.

(i) Calculate the specific latent heat of fusion of ice.

[3]
(i)  State an assumption that you have made in your answer to part (i).

(1]
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(4 marks)
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2 (a) Define specific heat capacity.

(2 marks)
(b) The change in thermal energy, Q is given by the equation:
Q = mcAT
Define the following variables and state an appropriate unit for each:
(i) m
(1]
(i ¢
(1]
(i) AT
(1]
(3 marks)

(c) A hot piece of copper is placed into a container of cold water. After a time, the copper
and water reach thermal equilibrium.

Outline how it would be known when the copper and water reach thermal equilibrium.

(1 mark)

4 SaveMyExams © 2024 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 5


https://www.savemyexams.com/?utm_source=pdf

(d) The following data are available:
Energy transferred to water = 5.6 kJ
Mass of copper = 0.72 kg
Specific heat capacity of copper = 389 | kg~! K-

Calculate the change in temperature of the copper.

(4 marks)
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3 (a) Define internal energy

(2 marks)

(b) The fraction of the internal energy that is due to molecular vibration varies in the
different states of matter.

Arrange the following states of matter from highest to lowest fraction of internal energy
due to molecular vibration.

Gas Solid Liquid

(1 mark)

(c) The heating graph shows the change in temperature against energy supplied for a
specific substance.

By
-

Temperature / K

=~
~

Energy supplied / J
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Label the following on the graph:

(i) Solid, liquid and gas

(1]
(i)  Melting and boiling

(1]

(2 marks)

(d) Label on the graph in part (c) the freezing point and the boiling point on the temperature
axis.

(2 marks)
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4 (a) Define thermal energy.

(1 mark)

An immersion heater is placed in a beaker containing 350 g of water at a temperature of
15 °C. After some time, the temperature of the water is 42 °C. The thermal capacity of
the beaker is negligible and the specific heat capacity of water is 4.2 x 103 ] kg™ K-,

(b) Estimate the change in internal energy of the water.

(4 marks)

(c) The water is further heated until it starts to boil at constant temperature.

Choose the correct word in the explanation for this scenario:
All the (internal / thermal) energy is used to (separate / fuse) the molecules and not to
increase their average (potential / kinetic) energy.

(3 marks)

(d) If water had a higher specific heat capacity, state two differences this would make to
boiling water using an immersion heater.

(2 marks)
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5 (a) Define the latent heat of vaporisation of a substance.

(2 marks)

(b) Place atick (v) next to the correct phase change for using specific latent heat of
vaporisation and fusion in the following table.

Evaporation Melting Freezing Condensation
Latent heat of
vaporisation
Latent heat of
fusion
(2 marks)

(c) The energy required to change the phase of a substance is given by
Q=mL
Define the following variables and state an appropriate unit for each:
(i) m
(1]
(i) L
(1]

(2 marks)
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(d) 3400 ] of energy is needed to convert 16 g of oxygen from solid to a liquid.

Calculate the latent heat of vaporisation of oxygen.

(4 marks)
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6 (a) Atakeaway drinks company are investigating different recyclable and reusable materials
to keep both hot and cold drinks at a drinkable temperature for longer. Thermal energy
transfers from hotter areas to cooler areas.

Place a tick (v') next to the processes that transfer thermal energy.
Conduction
Convection
Expansion
Radiation

Rotation

(3 marks)

(b) The drinks company are trying to understand more about conduction.

Use the words below to complete the sentences to explain the process of conduction.

solids metals gases
hotter cooler liquids
plastics paper wood

(i) Conduction is the main method of thermal transfer in
(1]
(i)  Two solids of different temperatures come in contact with one another and
thermal energy is transferred from the object to the object.
[1]
(iii) are the best thermal conductors.

(1]
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(3 marks)

(c) Convection currents occur within fluids. The drinks company is trying to understand how
a convection current could occur in a hot drink if heated from below.

Number the statements below from 1 - 4 to show the correct order for how a convection
current forms in a hot drink.

The hotter part of the fluid becomes less dense than the
surrounding fluid.

The hot fluid rises, and the cooler (surrounding) fluid moves in to
take its place.

The heated molecules gain kinetic energy and push each other apart,
making the fluid expand.

The hot fluid cools, contracts and sinks back down again.

(4 marks)

(d) The drinks company are looking into reducing the thermal radiation emitted from their
cups.

Place a tick (v') next to the correct statements about thermal radiation.
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All bodies, no matter what temperature, emit a spectrum of
thermal radiation

The cooler the object the more infrared radiation it emitsin a
given time

Thermal radiation requires matter to propagate

The higher the temperature of an object the greater the
thermal motion of its atoms

(2 marks)
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7 (a) Astronomers are investigating black body radiation.

Define black body radiation by using the correct words to complete the gaps in the
sentence below.

An object that all of the radiation incident on it and does not
or transmit any radiation.

(2 marks)
(b) The graph below shows a black body radiation curve.
Identify, by drawing a line, the peak intensity of the radiation.
/N
=
w
c
L
=
1000 °C
750 °C
~
I | 1 | I~
0 1 2 3 4 5
Wavelength in pm
(2 marks)
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(c) One of the stars the astronomers are observing emits radiation with a maximum
wavelength Ay, =900 x 1077 m.

Use Wien's displacement law to calculate the temperature of the star.

(3 marks)

(d) The Stefan-Boltzmann Law states that the power output of a black body depends on two
factors.

Place a tick (v) next to the two correct factors.

Mass

Radius

Surface
temperature

Core
temperature

(2 marks)
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8 (a) Astronomers are using Wien's Law to predict the temperature of different stars. The

intensity-wavelength graph below shows how thermodynamic temperature links to the
peak wavelength for four different bodies.

Identify the visible, ultraviolet and infrared wavelengths by correctly labelling the
sections of the graph.

1.0 2.0 3.0
Wavelength A (um)

(2 marks)

(b) Identify the statements that are associated with Wien's Law, by placing a tick (v') in the
correct box.
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The lower the temperature of a body, the shorter the wavelength it
emits at the peak intensity.

The black body radiation curve for different temperatures peaks at a
wavelength which is inversely proportional to the temperature.

The higher the temperature of a body, the greater the intensity of the
radiation at each wavelength.

1

The minimum wavelength is proportional to T

(2 marks)

(c) The astronomers are considering the Earth's surface-atmosphere system and whether
this will affect the calculated temperature of stars detected on Earth.

Use the text in the box to complete the sentences below, describing the Earth's Surface-
Atmosphere system.

Carbon monoxide transfer Sun
Greenhouse gases constant space

(i)  The Earth's energy balance depends on how much energy is incoming from the
and how much energy is returned to
(1]
(i)  Ifincoming and outgoing energy are in balance, the Earth’s temperature will
remain

(1]
(iii)  This system can be used to create models that help climate scientists predict
temperature fluctuations based on concentrations of

(1]
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(3 marks)

(d) The equation for The Stefan-Boltzmann Law is:
P = oAT*

Calculate the total power emitted by a star when the surface area is 4 x 1020 m3 and the
absolute temperature 4500 K.

(2 marks)
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Medium Questions

1(a) This question is about modelling the thermal processes involved when a person is
exercising.

When cycling, a person generates thermal energy but maintains an approximately
constant temperature.

Define thermal energy and temperature and distinguish between the two concepts.

(3 marks)

(b) The following model may be used to estimate the rise in temperature of a cyclist
assuming no thermal energy is lost.

A closed container holds 65 kg of water, which represents the mass of the cyclist. The
water is heated at a rate of 2000 W for 20 minutes. This represents the energy
generation in the cyclist.

Calculate:

(i)  the thermal energy generated by the heater.
[2]

(i)  the temperature rise of the water, assuming no energy losses. The specific heat
capacity of water is 4200 ) kg™ K.
(2]
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(4 marks)

(c) The temperature rise calculated in (b) would be dangerous to the cyclist.

Outline one mechanism, other than evaporation, by which the container in the model
would transfer energy to its surroundings.

(2 marks)

(d) A further process by which energy is lost from the cyclist is the evaporation of sweat.

The percentage of generated energy lost by sweating is 40%. The specific heat of
vaporization of sweat is 2.26 x 10° | kg™".

Using the information above, and your answer to part (b) (i), estimate the mass of sweat
evaporated from the cyclist.

(3 marks)

4 SaveMyExams © 2024 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 21



https://www.savemyexams.com/?utm_source=pdf

2 (a) Water at constant pressure boils at a constant temperature.

Outline the reason for this, in terms of the energy of the molecules.

(2 marks)

(b) In an experiment to measure the specific latent heat of vaporization of water, steam at
100°C was passed into water in an insulated container.

The following data are available.

e Initial mass of water in container = 0.260 kg

e Final mass of water in container = 0.278 kg

e Initial temperature of water in container = 20.4 °C

e Final temperature of water in container = 53.4 °C

e Specific heat capacity of water =4.18 x 103 ) kg™! K-’

Show that the specific latent heat of vaporization of water is about 1.8 x 10° ) kg™,

(3 marks)

(c) The accepted value of L is greater than that given in part (b).

Explain why, other than through experimental or calculation error, this is the case.

(2 marks)
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(d) The insulated container is replaced with one made of iron and the experiment is
repeated with the same starting temperature and masses of steam and water.

After a period of time, the container reaches thermal equilibrium with the water at a
temperature of 30.7 °C. The specific heat capacity of iron is 447 ) kg™ K.

Assuming no energy is lost to the surroundings, calculate the mass of the container.

(3 marks)
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3 (a) This question is about thermal energy transfers involved in sweating.

Distinguish between the concepts of temperature and internal energy.

(3 marks)

(b) An athlete loses 2.4 kg of water through sweat whilst training for 2 hours.

Estimate the rate of energy loss by the athlete due to sweating. The specific latent heat
of vaporization of water is 2.3 x 10° | kg™".

(2 marks)

(c) The athlete sits down to rest on an aluminium chair of mass 40 kg following her training
session.

The temperature of the athlete is 37.8 °C and the temperature of the chair is 293 K. The
specific heat capacity of aluminium is 900 J kg~" K.

(i)  Outline two properties that can be determined by the relative temperatures of the
athlete and the chair.

(2]

(i)  Calculate the amount of energy transferred to the chair in order to change its
temperature to be in thermal equilibrium with the athlete.

Assume the athlete maintains a constant temperature.

(2]

4 SaveMyExams © 2024 Save My Exams, Ltd. ~ Get more and ace your exams at savemyexams.com 24



https://www.savemyexams.com/?utm_source=pdf

(4 marks)

(d) When the sweat evaporates from the athlete it turns from a liquid to a gas.

State, in terms of molecular structure and motion, two differences between a liquid and
a gas.

(2 marks)
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4 (a) This question is about a slowly melting iceberg.

Distinguish the difference between liquid water and solid ice, with reference to
molecular motion and energy.

(2 marks)

(b) The following data is available regarding an iceberg:

e The iceberg has a density of 920 kg m-3

e The temperature of the iceberg is -25 °C

¢ The volume of the iceberg is 78 000 m3

e The specific latent heat of fusion of ice is 3.3 x 10° ] kg™’
 The specific heat capacity of ice is 2.1 x 103 ] kg™ K’

Calculate the energy required to melt the iceberg to form water at 0°C.

(4 marks)

(c) The Sun supplies thermal energy to the iceberg at an average rate of 450 W m~2. Assume
that the iceberg has a consistent surface area of 312 m2,

Estimate the time taken, in years, to melt the iceberg, assuming the melted water is
immediately removed, and no heat is lost to the surroundings.

(3 marks)
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(d) Inreality, there is heat transferred between the sea, which is at a temperature greater
than 0°C, and the iceberg.

Outline what effect this will have on the rate of melting of the iceberg.

(2 marks)
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5 (a) This question is about an experiment to examine how the specific heat capacity of water

varies with temperature.

Specific Heat Capacity / kJ kg™ K™

4.220

4215

4210

4.205

4.200

4.195

4.190

4.185

4.180

1.175

X

X

X

40

50

60

Draw the line of best fit for the data.

70 80 90
Temperature / °C

100 110

(b) ()

(2 marks)

Determine the gradient of the line at a temperature of 70 °C.

(2]

(i)  State the unit for the quantity represented by the gradient.

(1]
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(3 marks)
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6 (a) Anindustrial kiln is used for ‘firing’ ceramic and pottery items at very high temperatures.
The kiln emits electromagnetic radiation of peak wavelength, Aqax = 3.50 x 107 m.

Determine the temperature, in degrees Celsius, of the kiln. You can treat the kiln as an
ideal black body.

(2 marks)

(b) The kiln has a surface area of 160 m?2.

Calculate the energy radiated per second.

(3 marks)

(c) The large kiln is compared to a smaller model with a surface area of 120 m? and a lower
operating temperature of 710 K. The smaller kiln is made from the same materials and
can also be treated as an ideal black body.

Determine the ratio of power radiated for the large kiln to the small kiln.

(2 marks)

(d) The working areas and people around kilns need to be protected from the high levels of
heat energy emitted.

With reference to the mechanisms by which heat energy is transferred, outline how
protection from heat energy could be achieved.
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(3 marks)
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7 (a) Scientists modelling climate change are considering the effects of a range of actions on a
global scale.

One possible model theorises an Earth with no atmosphere.

Explain why scientists use models which ignore some of the conditions of the situation
they are studying. Include the benefits and limitations of this method.

(3 marks)

(b) Energy flow diagrams can be used to represent energy transfers, making them clearer to
understand.

Using the data available, draw a diagram showing the energy flows for a ‘no-atmosphere’
Earth.

Data available:
Incident solar radiation = 350 W m~2
Absorbed solar radiation = 250 W m2

(3 marks)

(c) The average solar radiation reaching the surface can be found using the following
equation:

(1-a)S

Average intensity at the surface, | = 1

Where a is albedo and S is the solar constant.
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Write an energy balance equation to show that the power received by the Earth is equal
to the power radiated by the Earth.

Make clear any assumptions you make.

(3 marks)

(d) The average intensity of radiation reaching the surface is 238 W m=2.

(i) Use the equation determined in part (c) to calculate the surface temperature of the
Earth.
(2]
(i)  Comment on the validity of your answer.

(2]

(4 marks)
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Hard Questions

1(a) Fouridentical ice cubes are dropped into a thermally isolated cylinder containing water.

Side length of each ice cube 1.9 cm
Density of ice 920 kgm™3
Initial temperature of ice cubes -5.6°C
Mass of water in the container 825¢g
Initial temperature of water 19.75 °C
Specific heat capacity of ice 2.1k kg K1
Specific latent heat of fusion of ice 0.336 MJ kg™’
Specific heat capacity of water 4.2 kl kg1 K1

Sketch a graph to show how the temperature of the ice varies with time, from the point
they are added to the water until they are in thermal equilibrium.
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Temperature /

-~

-~
Time

(2 marks)

(b) Calculate the final temperature of the water in degrees Celsius.

(4 marks)

(c) The experiment is repeated with the same mass of ice but formed into triangular prisms
instead of cubes.
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State and explain the similarities and differences that be would be observed when
repeating this experiment.

(3 marks)

(d) The process is now carried out using a container that is not thermally isolated from its
surroundings. The air temperature in the room where the process is repeated is 25 °C.

Describe and explain how the final temperature of the water will be different from your
answer to part (b)).

(2 marks)
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2 (a) A meteorite of pure nickel with a constant mass of 3.9 kg falls to Earth and begins to
accelerate uniformly from the atmosphere's edge at a height h, = 225 km and velocity 95
m s™". Initially in the atmosphere, it accelerates, reaches a constant velocity and
continues to fall. It falls into a circular pond of water at a temperature of 18 °C with a
velocity of 125 m s™.

The pond has a radius of 3.5 m and a depth of 70 cm. The nickel has a specific heat
capacity of 0.44 ) g~' K" and had a temperature of -270 °C before it started to fall.

A

Height of atmosphere
ha =225 km

Final velocity

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
! vi=125ms™
|

|

|

I

A
. Height of water
\E/ hw=70cm
e
Radius of pond
Tw=3.5m

(i)  Calculate the temperature of the meteorite immediately before it hits the ground.
[2]
(i) Explain whether this figure is likely to be similar to the real value of the
temperature of the meteorite upon hitting the ground.

(2]
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(4 marks)

(b) The specific heat capacity of the water is 4200 ) kg™ K™" and the density of the water is
1000 kg m3.

Determine the increase in the temperature of the water, assuming that the meteorite
and the water reach thermal equilibrium and no thermal energy is lost to the
surroundings.

(2 marks)
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3 (a) A car of mass 875 kg is travelling on a flat road at a constant speed of 35 ms™'. An
obstacle appears in the road, the brakes are applied and the car comes to a stop.

The car has four brake disks and each has a mass of 1.3 kg. The specific heat capacity of
the brake disk material is 460 | kg™' K.

Calculate the overall increase in the temperature of the disks.

(2 marks)

(b) When brakes are applied in a car, incompressible brake fluid forces the brake pads into
place. The brake fluid heats up because it is in contact with the brake pads. It must not
boil, or it will compress and the brakes will not work.

A certain brand of brake fluid uses a material called glycol. Engineers with the brand are
investigating mixing some water with glycol to make the brake fluid less likely to

overheat.
Specific heat capacity of glycol 2.4 k] kg™ K1
Boiling temperature of glycol 195 °C
Specific heat capacity of water 42Kk kg K™
Boiling temperature of water 100°C

Evaluate whether adding water to glycol will make the brake fluid safer from
overheating.

(3 marks)
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(c) A car manufacturer is developing brakes that bring the car to a stop over the same
distance whether the car is going up or downhill.

Cars P and Q are on a slope at an angle a to the horizontal and at a distance of y m apart.
The cars have an identical mass, m, velocity, v and four identical brake pads of mass mp.

Determine an expression for the difference in temperature increase of the brake pads of

each car when they both come to a stop after braking over a distance of %

(4 marks)

4 SaveMyExams © 2024 Save My Exams, Ltd. ~ Get more and ace your exams at savemyexams.com 40



https://www.savemyexams.com/?utm_source=pdf

4 (a) An electrical immersion heater with a power of 5 kW is used to heat water flowing past it
in a cylinder. The water flows through the heating cylinder at a rate of 0.11 kg s™". Valves
at the beginning and end of the cylinder prevent the water from flowing backwards.

Valves to prevent backflow

oo

> > - >
Flow rate of 0.11 kg s
Immersion
heater
The specific heat capacity of water is 4200 ) kg™ K.
Calculate the rise in temperature of the water as it flows through the heater.
Assume all the energy is transferred to the water.
(2 marks)

(b) A faultin the pump that pushes water through the heater causes the water to stop
flowing. The valves at each end of the heating cylinder close and the water inside
continues to heat. The closed cylinder has a length of 31.2 cm and a diameter of 12.6 cm.
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Length of cylinder = 31.2 cm

\.Diameter of cylinder = 12.6 cm

Immersion
heater

The water temperature is 21.5 °C when the valves are shut. Water has a density of 1000
kg m~3.

Calculate the time taken for the water to boil at 100 °C if the immersion heater continues
supplying energy at the same rate.

(2 marks)

(c) There are two main methods that are used to measure the specific heat capacity of
liquids.
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Method A: Method B:

Immersion Heater Continuous flow
12 VD.C. 8, 6,
7 Evacuated
H}e/ater Jacket
—~ /
Insulated ’\/\MN\/\N\NVVV\NV\/\
container Water Water
in o out
W)

— LI(I|UIC| A
e. g. water |7—LZ|
Variable D.C.

Heating resistor a
supply

Method A, Immersion Heater: involves submerging an immersion heater in the liquid to
be tested.

Method B, Continuous Flow: involves flowing the liquid to be tested past a heater.
Discuss the two different methods for measuring the specific heat capacity of a liquid.

In your answer:
e Explain how a value for the specific heat capacity is obtained
e Explain any systematic problems with the methods, and how they will affect the final
result
e Explain how a continuous flow method can compensate for energy lost as thermal
radiation during the experiment
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(6 marks)
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5(a) Anunopened soda drinks can is cooled using an electric chiller that is powered using a
USB connection with a laptop computer. The chiller is advertised as using 37 W of power

and cools drinks to 12 °C from any room temperature and then maintains the drink at
that temperature.

A can of soda has a mass of 16 g when empty, and contains 324 g of soda. The canis a

metal alloy that has a specific heat capacity of 800 J kg™' K™ and the soda has a specific
heat capacity of 3700 ) kg™ K.

Calculate the time it takes to cool the can from a room temperature of 23 °Cto 12 °C.

(2 marks)

(b) An alternative way to cool drinks is to add ice to them. Ice can be made in an ice maker. A
particular model advertises that it can produce 15 kg of ice in 24 hours and requires 230
W when working. It produces ice cubes at a temperature of -5 °C.
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The specific latent heat of fusion of ice is 0.336 M) kg™".
The specific heat capacity of ice is 2100 ) kg™" K.
The specific heat capacity of water is 4100 J kg1 K.

Determine whether the ice cube maker or the electric chiller from part (a) is a more
energy efficient method for cooling drinks from 23 °Cto 12 °C.

(5 marks)
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6 (a) Aregular cuboid is made up of two materials, P and Q. The cuboid’s dimensions are
uniform throughout P and Q. The cylinder is placed in contact with a hot and cold source
such that energy is conducted between them.

Energy flow _

-

State and explain whether the following values are equal for the cylinder:

(i)  The energy flow rates through P and Q.
(1]

(i)  The temperature difference across P and the temperature difference across Q.

(1]

(2 marks)
(b) The following data are available for two metallic elements.
Silver Gold
Density = 10.49 g cm™3 Density = 19.3 g cm™3
Relative atomic mass = 107.8682 Relative atomic mass = 196.9665
(i) Determine whether silver or gold is a better conductor of electricity.
(4]

(i)  State the assumption made in the calculation from part (i).
(1]
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(5 marks)

(c) Compare and contrast onshore and offshore winds both during the day and at night.

(4 marks)

(d) A car engine has a malfunction with some of its internal components overheating.

Analyse the ways that the different types of car component can cool down.

(3 marks)
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