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Solar energy resources are considered to be renewable resources. State what is
meant by a renewabile energy resource. [1]

The proton-proton chain is a set of reactions that take place in our Sun and can be
summansed in the following equation.

4H + 2% — 3He + 2v.

Use data to show that the percentage mass loss is approximately 0.7%. [2]
Mass of |H = 1.007 28u Mass of 3He =4.001 51u
Mass of 'I]c =0.000 55u Mass of v, = 0.000 00u

The Sun can be assumed to have come to the end of its life when it has lost 0.7 %
of its mass to radiated energy. Estimate the lifetime of the Sun in years. Take the
mass of the Sun to be 2.0 x 10°%kg and assume it to have a constant power output
of 3.8 x 10°°W. [2]
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{b) The power output, P, from a photovoltaic (PV) cell of surface area, 4, can be calculated
using the equation:

P=udlcosd

where u is the conversion efficiency of the cell, [ is the intensity of solar radiation and 8is
the angle between the normal and the incident sunlight.

Dvagram not to scale

A factory decides to install rooftop PV cells at an angle of 20° to the honzontal. At midday
when the Sun’s elevation is 60° the solar radiation incident upon the surface of the Earth
has an intensity of 600Wm™2. An individual PV cell has a conversion efficiency of 20%

and is found to produce a power output of 150 W.
(i) Show that the area of the PV cell is approximately 1.3m?. [2]

(i) The factory roof covers an area of 3.6 x 10*m? and the factory owner plans for
the installation to produce a mean power output of 4 0MW. It is suggested that the
company should install 27 500 of these PV cells. Discuss whether or not you believe
this to be suitable. [3
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fc) (i) Describe whatis meant by the ennchment of uranium and explain why it is .
i%]

() Gaseous diffusion was one of the original methods used to enrich uranium fuel.
Uranium hexafluoride gas compesing of “*UF, and **UF, moves from a region of
high pressure to a region of low pressure through a porous membrane. The lighter
and faster ““UF, molecules diffuse through the membrane at a greater rate.

The first stage of the enrichment process is shown below.

;-F'orous membrane
EF'FU]-‘E. P_P-HU[.'{ | ]
. r i o o o [ m GHS ?l?nchEd Further
o® “o/o® 2 == in UF, = richment
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_I ) (%] e o ul_

During this stage, the mixture is enriched by a factor that can be calculated using:

molar massof *** UF,
molar mass of 2" UF,

enrnchment factor =J

Use the equation and data below to show that the uranium hexafluoride gas would

need to complete more than 450 stages if it is to increase the concentration of

uranium-235 from 0.7% to 5%. [3]
Malar mass of **UF, = 349g mol™’

Molar mass of **UF, = 352g mol™’

(m) State an alternative method for the ennchment of uranium. ]
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(d) A method of reducing CO, emissions involves the use of fuel cells to power cars. The
basic layout for a profon exchange membrane fuel cell is shown in the diagram below.
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(i) Describe the purpose of the electrolyte and state the waste product from the reaction.
[

(1) In order for the fuel cell to be considered to have no CO, emissions, the sourcing of
the hydrogen fuel must be considered. Two possible sources are:

* Electrolysis of water — where electrical energy is used to split water molecules
to create hydrogen and oxygen;

*  Reforming fossil fuels — where steam at high temperature is reacted with a
fossil fuel to separate the hydrogen from the carbon in a hydrocarbon.

Discuss therr likely impact on CO; emissions. [2]

Question taken from Edugas examination paper 842103, June 2019
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State the principle of Archimedes. [1]

The Greenland ice sheet is estimated to have an area of 1.5 = 10°km? and a mean
thickness of 2.1 km.
Show that the mass of the Greenland ice sheet is approximately 3 =« 10" kg.

I
[Density of ice = 820kgm ™ [2]

Scientists predict that zea levels would rize by about 8 metres if all the
Greenland ice sheet were to melt. Use the following information to justify their
[2]

prediction.
[Density of water = 1000 kg rn_a';
Surface area of ocean on Earth = 3.6 < 10% h:mE]

(b)  Wind turbines convert as much as possible of the kinetic energy of the air that moves

through the area swept out by the blades into electrical energy.

blades sweep

y out area, 4

—= reduced wind speed, v
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(il Show that the kinetic energy per second (the power, ) amiving at the blades per
second can be given lyy:

1

P==Apw

1
2

where pis the density of the air. [2]

iy Use the above equation to determine whether doubling the length of the blades or
doubling the wind speed would have the greater effect on the power available to be
converted into electrical energy. [2]

(i A wind turbine has blades of length 30m. Wind of speed 8.0m s~ arrives at the
blades, which iz reduced to 5.0m s after passging through the blades. Calculate

the maximum possible efficiency of this wind turbine. [Density of air = 1.2 kg m'a].
[2]

(iv) Explain why the actual efficiency of the turbine is less than your answer to (b(iii).

[
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(c) (i) U=e an appropriate equation to show that the unit of the coefficient of thermal
conductivity, K, is Wm™ K™ 2]

(i) Oneroom ina house has a floor made of concrete of thickness 120mm covered by
a carpet of thickness Bmm. The temperature at the upper surface of the carpet is
18 °C and that of the lower surface of the concrete is 8 °C. Show that, under these
conditions, the temperature iﬂu}, at the concrete-carpet boundary is 13°C.

_ =1 _ I
[Azsume K =09Wm™ K and ﬁ:’ma =0.06 Wm™ K. [3]

COncreie

18°C

Carpet oftickness smm ——

T Concrete-carpet

boundary at
Concrete of thickness — temperature

a =13°"C
120 mm B

8°C

(i) Without the carpet, thermal energy is conducted through the concrete floor (of
dimensions 6m » 8m) at a rate of 3.6 kW. The carpet manufacturer claims that
fitting the carpet would reduce the rate at which energy is transferred by about S0%.
Use the above conditions to test their claim. [2]

Question taken from Edugas examination paper 842103, June 2018
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=) (i) The total power emitted by the Sun is 3.8 = 1029wV Calculate the intensity of
#3 radiation received at the upper atmosphere of planet Earth and state the name
given to this value. The distance between the Earth and the Sun is 1.5 > 107 m_

=21

i) A student models the energy balance of planet Earth wwithout its atmosphere. He
calculates the theoretical power absorbed by the Earth to be 1.2 > 1077 W Assuming
the Earth to be in thermal eqguilibrium and o behave as a black body, show that the
temperature of the Earth for this model is approxximatehy 250 K. The radius of the
Earth is S.4 > 10% m. =1

The actual mean surface temperature of the Earth is 287 K. Without calculation,
account for this difference in temperature and explain how human activity has
further contributed to this. =1

(=)} iy State and explain the three conditions that are simultaneously reguired to produce
a sustainable fusion reaction. L

A fusion test reactor requires a triple product greater_than 3.5 »x 10235 s K m—3. The
plasma has a volume of 70 m> and contains 2.4 x 1022 particles. If a confinement
time of 0.9 seconds is achieved, determines the mimnimum temperature necessary for
this reaction. 21

=] (i A company manufactures thermal plasterboards using a composite of two different
maternals. One of the materials is known to hawve a thermal condouactivity value of
O.0Z0 WV T G 7. Explain what the statement in italics means. =

Jack investigates the thermal properties of a sample of thermal plasterboard. He
produces a graph of temperature aganst distance as shown below.

Maternal B

Section through
Pplasterboard

0.030WwWm—1=C—1)

Temperature /~C
SO

Distance through plasterboard ¢ mm

Jack suggests that material B has twice the thermal conductivity value of rmaterial A
and that the C-wvalue of the plasterboard is approximatehy 0. 90 W m—2 "C—1. Evaluate
whether or not Jack’'s suggestions are cormrect. =1

Question taken from Edugas examination paper 842103, November 2020
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