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Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question


Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.


Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.


Sticky Note
This is the maximum mark for a particular question


Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.


Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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4. A Young’s double slit experiment is set up as shown below. Alternate bright and dark fringes are

seen on the screen.

Light from a laser

______.%

Screen

e

Double slits; centres
separated by 0.25 mm

(a) Explain why the bright fringes are seen.

(b) A student, Muneebah, varies the distance from the slits to the screen and measures the

spacing of the fringes. The data are given in the following table.

Distance to the screen/ m Mean fringe spacing / X 103m
1.00 24
2.00 4.8
3.00 74
4.00 10.0
5.00 12.6
6.00 15.5
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(i)  Use the data to plot a graph of mean fringe spacing (y-axis) against distance to the
screen (x-axis). [3]
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(if)  Use your graph to determine the wavelength of the laser light (the distance between
the centres of the double slits is 0.25 mm). Show your workings clearly and give
your answer to an appropriate number of significant figures. [3]
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Examiner
!
4. A Young's double slit experiment is set up as shown below. Alternate bright and dark fringes are o

seen on the screen.

Screen
Light from a laser
—_— \’\
Double slits; centres
separated by 0.25 mm
(a) Explain why the bright fringes are seen. [3]
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(b) A student, Muneebah, varies the distance from the slits to the screen and measures the
spacing of the fringes. The data are given in the following table.

Distance to the screen/ m Mean fringe spacing / X 10~3m
1.00 2.4
2.00 4.8
3.00 7.4
4.00 10.0
5.00 12.6
6.00 15.5

© WJEC CBAC Ltd. (B420U20-1)





Examiner

[
Use the data to plot a graph of mean fringe spacing (y-axis) against distance to the o
screen (x-axis). [3]
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% (i) Use your graph to determine the wavelength of the laser light (the distance between
the centres of the double slits is 0.25 mm). Show your workings clearly and give
your answer to an appropriate number of significant figures. [3]
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4. A Young's double slit experiment is set up as shown below. Alternate bright and dark fringes are
seen on the screen.

Screen
Light from a laser
—_— ~__

Double slits; centres

separated by 0.25 mm
(a) Explain why the bright fringes are seen. [3]
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(b) A student, Muneebah, varies the distance from the slits to the screen and measures the
spacing of the fringes. The data are given in the following table.

Distance to the screen/ m Mean fringe spacing / X 10~3m
1.00 2.4
2.00 4.8
3.00 7.4
4.00 10.0
5.00 12.6
6.00 15.5

© WJEC CBAC Ltd. (8420U20-1)





Examiner
()  Use the data to plot a graph of mean fringe spacing (y-axis) against distance to the only
screen (x-axis). [3]
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(i)  Use your graph to determine the wavelength of the laser light (the distance between
the centres of the double slits is 0.25 mm). Show your workings clearly and give
your answer to an appropriate number of significant figures. [3]
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Question

Marking details

Marks available

AO1

AO2

AO3 Total

Maths

Prac

4 1 (@)

Diffraction at each slit or overlap of beams [allows interference to
occur] (1)

Waves arrive in phase / constructive interference (1)

Path difference is whole number of wavelengths (1)

3

(b)

(i)

Axes labelled with units and suitable scale with data points
occupying half the grid (1)

All points plotted correctly to within £ %2 small square division (1)
Good line of best fit consistent with the data (1)

(ii)

Triangle or data points used and clearly shown using at least half
of the line or data point on line clearly indicated (1)

Correct gradient value or substitution in A = % for data points
selected (1)

Final answer = 6.23 (Range + 0.50) x 10" [m] (1) expressed to 2 or
3 sig figs

Penalise omission of 10 factor once only in part (b)

Question 4 total

© WJEC CBAC Ltd.
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Examiner
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4. A Young's double slit experiment is set up as shown below. Alternate bright and dark fringes are o

seen on the screen.

Screen
Light from a laser
— \
Double slits; centres
separated by 0.25 mm
(@) Explain why the bright fringes are seen. [3]

(b) A student, Muneebah, varies the distance from the slits to the screen and measures the
spacing of the fringes. The data are given in the following table.

Distance to the screen/ m Mean fringe spacing / X 103m
1.00 24
2.00 4.8
3.00 74
4.00 v 10.0
5.00 12.6
6.00 15.5

© WJEC CBAC Ltd. {B420U20-1)




Sticky Note

The fact that the path difference is a whole number of wavelengths has not been included in the answer.





Examiner
. . . . . . only
() Use the data to plot a graph of mean fringe spacing (y-axis) against distance to the
screen (x-axis). [3]
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Sticky Note

It appears that the candidate has drawn two lines of best fit and could be due to the fact that a 15 cm ruler was used to draw the line which did not cover all the data points.
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(if)  Use your graph to determine the wavelength of the laser light (the distance between
the centres of the double slits is 0.25 mm). Show your workings clearly and give
your answer to an appropriate number of significant figures. [3]
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Sticky Note

The data point does not lie on the line of best fit but it has been used correctly to determine the wavelength.  If candidates use data points then the point should be clearly indicated on the line.
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4. A Young's double slit experiment is set up as shown below. Alternate bright and dark fringes are
seen on the screen.

Screen
Light from a laser
—_— \’\
Double slits; centres
separated by 0.25 mm
(a) Explain why the bright fringes are seen. [31
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(b) A student, Muneebah, varies the distance from the slits to the screen and measures the
spacing of the fringes. The data are given in the following table.

Distance to the screen/ m Mean fringe spacing / x 10-3m
1.00 2.4
2.00 4.8
3.00 74
4.00 10.0
5.00 12.6
6.00 15.5

Examiner
only
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Sticky Note

This candidate has not referred to the final marking point in that the path difference is a whole number of wavelengths. 





(i) Use the data to plot a graph of mean fringe spacing (y-axis) against distance to the
screen (x-axis). [3l
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Sticky Note

This candidate has scored full marks for the graph and also included the power of 10 on the labeling of the fringe spacing axis.  Skills such as graph plotting are practical skills that can be assessed.
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% (i) Use your graph to determine the wavelength of the laser light (the distance between
the centres of the double slits is 0.25 mm). Show your workings clearly and give
your answer to an appropriate number of significant figures. [3]

0

© WJEC CBAC Ltd. (B420U20-1)



Sticky Note

The candidate has determined the gradient but has not shown a triangle or the data points used using at least half the line. Also the candidate has not been able to use the gradient to determine the wavelength.
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4. A Young's double slit experiment is set up as shown below. Alternate bright and dark fringes are
seen on the screen.

Screen

Light from a laser

— \
Double slits; centres
separated by 0.25 mm
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(b) A student, Muneebah, varies the distance from the slits to the screen and measures the
spacing of the fringes. The data are given in the following table.

Distance to the screen/m Mean fringe spacing / % 10—3m
1.00 2.4
2.00 4.8
3.00 7.4
4.00 10.0
5.00 12.6
6.00 15.5

© WJEC CBAC Lid. (8420U20-1)



Sticky Note

This candidate has scored full marks and satisfied all the marking points.
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(i)  Use the data to plot a graph of mean fringe spacing (y-axis) against distance to the

© WJEC CBAC Ltd. {B420U20-1)

Examiner
only




Sticky Note

One of the data points has been plotted incorrectly on the graph.





(ii)

10

Use your graph to determine the wavelength of the laser light (the distance between
the centres of the double slits is 0.25 mm). Show your workings clearly and give
your answer to an appropriate number of significant figures. [3]
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Sticky Note

The triangle for determining the gradient has been clearly drawn on the graph. The value of the gradient has then been used correctly to calculate the wavelength.
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Examiner
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4. A Young’s double slit experiment is set up as shown below. Alternate bright and dark fringes are o

seen on the screen.

Screen
Light from a laser
—_— \
Double slits; centres
separated by 0.25 mm
(a) Explain why the bright fringes are seen. [3]

(b) A student, Muneebah, varies the distance from the slits to the screen and measures the
spacing of the fringes. The data are given in the following table.

Distance to the screen/ m Mean fringe spacing / x 10~3m
1.00 2.4
2.00 4.8
3.00 74
4.00 10.0
5.00 12.6
6.00 15.5

© WJEC CBAC Ltd. (B420U20-1)





Examiner
|
(i) Use the data to plot a graph of mean fringe spacing (y-axis) against distance to the o

screen (x-axis). [3]
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Examiner

|
(i)  Use your graph to determine the wavelength of the laser light (the distance between o

the centres of the double slits is 0.25 mm). Show your workings clearly and give
your answer to an appropriate number of significant figures. [3]
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Examiner
6. (a) Explainin detail how you would carry out an experiment based on angles to determine the o
refractive index of glass in the form of a rectangular block. [6 QER]
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6.

13

(a)  Explain in detail how you would carry out an experiment based on angles to determine the
refractive index of glass in the form of a rectangular block. [6 QER]
Leeks
pro

........................................................... /)"Gcf

........................................... s on

a\ ....... eacd......tecoreh Mo ...

Ty ok locves.  He .. PISIR. (Gl

Yo .

rfrecteed ... Tha. . recocc...............

@.....refenchect ... bo.oompravs... assorsen

relebilcly

b doble ...

o Prel. beble. ... well {Y ........ wlves..... [ . S0 onet oo g

e A S n.,‘..s..-‘.n.@.ﬂ, ........ ST b S Y7 W (<

e Sn®/sin@e... s Do es.0,.3 .'lCc-r) ..............

e O Pl ... g caph..... Sa@/&‘a(’ﬂv ..... ... Coleeke......

f.... groedeat _oheh ol gre. os.. 4. re;”rac/me ....... (M(eac;/ ............

I

2 Mot .t el 05 ot oho...m tor-..... oo al 1. pesphlr. ...
eges lo - seled

© WJEC CBAC Ltd. (B420U20-1) Turn over.

Examiner
only





		Blank Page

		Blank Page








6.
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13

(@) Explain in detail how you would carry out an experiment based on angles to determine the
refractive index of glass in the form of a rectangular block. , [6 QER]
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Question

Marking details

Marks available

AO1

AO2 AO3

Total

Maths

Prac

6 | (a)

Diagram and Method

MO — Labelled diagram of set-up

M1 — Angle of incidence and refraction indicated on diagram
M2 — Method to measure angle of incidence and angle of
refraction (e.g. method of tracing refracted rays)

M3 — Range of angles of incidence indicated

Results

RO — Determine sine of angles

R1 — Noting that n = 1 for air

R2 — n for glass determined for a variety of angles / graph of sine
incident angle plotted against sine refracted angle

R3 - Mean determined or possible alternative / gradient = n

5-6 marks

6+ of MO to M3 and RO to R3 present

There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.

3-4 marks

4-5 of MO to M3 and RO to R3 present

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

1-2 marks

2-3 of MO to M3 and RO to R3 present

There is a basic line of reasoning which is not coherent, largely
irrelevant, supported by limited evidence and with very little
structure.

0 marks
No attempt made or no response worthy of credit.

© WJEC CBAC Ltd.






Marks available

tion Markin tail
Questio arking details AO1 AO2 AO3 Total | Maths | Prac

(b) | () | Raydrawn through prism with no bending (1) 2 2
Ray emerging from prism with angle of refraction greater than
the angle of incidence (1) Don't accept TIR

40° .
(ii) | Using nysind = n, siny (1) 1
Angle of refraction = 78° (1) 1
Light is deviated by 78° — 40° = 38° ecf (1) 1 3 3
(iii) | Calculating critical angle = 41° (1) 3 3 1

Angle of incidence is greater than critical angle (1)
Ray is [refracted] on bottom side (1)

Alternative:

Calculation to show TIR (1)

TIR occurs (1)

Ray is [refracted] on bottom side (1)

Question 6 total 7 4 3 14 4 6

© WJEC CBAC Ltd.
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6.

13

(a) Explain in detail how you would carry out an experiment based on angles to determine the
refractive index of glass in the form of a rectangular block. [6 QER]
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Sticky Note

There is no reference to the range of incident angles e.g. 0 to 90 or an interval given.
middle band - 4 marks awarded



Sticky Note

The candidate has drawn a diagram but has not labelled the incident or refracted angle.





		Blank Page








6.

13
(@)  Explain in detail how you would carry out an experiment based on angles to determine the
refractive index of glass in the form of a rectangular block. [6 QER]
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Sticky Note

There is a clear and coherent structure to the method and also how the refractive index can be determined.
Full marks awarded



Sticky Note

Overall the method can be followed clearly and also the range and interval for the angles of incidence is indicated.



Sticky Note

Candidate has indicated the angles of incidence and refraction on a labelled diagram
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13

(@) Explain in detail how you would carry out an experiment based on angles to determine the
refractive index of glass in the form of a rectangular block. , [6 QER]
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Sticky Note

This is a good explanation of how the refractive index can be determined from a graph.
5 marks awarded



Sticky Note

Ideally, this should be included in the main text for the method.



Sticky Note

The angle of incidence and refraction are not indicated on the diagram.



Sticky Note

There is no range and interval given for the angle of incidence.
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Examiner
|
(@) Explain in detail how you would carry out an experiment based on angles to determine the o

refractive index of glass in the form of a rectangular block. [6 QER]
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(b) A narrow beam of light is incident normally on a glass prism of refractive index 1.52.

40"\ Air (2 = 1.00)

Beam of light — > |

| ]

(i) Draw on the diagram the continuation of the beam through the prism and out into
the air through the hypotenuse. [2]

(i) Calculate the angle through which the beam is deviated from its original direction.

(3]

(i)  The prism is placed so that light is incident upon it as shown below. Explain with the
aid of a calculation how the light passes through the prism now. [3]

50°

Beam of light ——=——

] 40°

© WJEC CBAC Ltd. (B420U20-1)
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7. A satellite is orbiting the Earth.

(@ () Any charge carried by the satellite could affect its sensitive electronic circuits.
Satellites therefore need to be designed to minimise photoelectric emission from
their surfaces. Explain what is meant by the photoelectric effect. [2]

(if) The satellite is coated with platinum, which has a work function of 5.24 x 10-19J.
Determine the longest wavelength of incident sunlight that can eject an electron

from the platinum. [3]
h<

......................................................................................................................................................

(b) The satellite has a panel of solar cells of area 16.4m? perpendicular to the Sun’s light
rays.

() Determine the number of photons incident on the solar cells per second if the
intensity of the light rays incident on the panel is 1.39 x 10 Wm=2 and the mean

wavelength of light is 5.50 x 10~"m. [3]
- -
..... T=%6aqm VYA€ .Uz 298RS
................. h C_‘_€3x|°-3t\¥3.0°x(08 T
...... LRI - T8 =N 1 T- . S
e €2 26257\ AN YT R o
- 16
............................................................................................................ 36231671 = 6.30x0 .

TURN OVER FOR THE REST OF THE QUESTION

© WJEC CBAC Ltd. (B420U20-1)

Examiner
only






16

(i) Hence or otherwise determine the pressure exerted by the photons on the solar

panel. Assume that the panel absorbs all the photons. [2]
6.30008 x16.4=_ 1. 0230\

(c) Discuss any ethical issues that can arise from continuing to develop satellite technology
and space exploration in general by referring to the following information. (2]

Expenditure on space exploration as a
share of GDP

USA s :
Russia ([T
China jrencsmmrm
India
Germany ==
UK mE=
Brazil &
freland B
Greece §
Sweden

#@ Share of GDP

0 0.1 8.2 03 04 /%

Data Source — OECD 2009
GDP means Gross Domestic Product which in simple terms is a measure of a country's economy.

L COMNIYTIAS TN o " T - la—vﬁaxQDpCm ........ P.urfr ......... AN e .
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as..0...coohd, this ctuokes . o lo0pel. Gog. 1o
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7. A satellite is orbiting the Earth.

(@ (i) Any charge carried by the satellite could affect its sensitive electronic circuits.
Satellites therefore need to be designed to minimise photoelectric emission from
their surfaces. Explain what is meant by the photoelectric effect. / [2]

(i) The satellite is coated with platinum, which has a work function of 5.24 x 10-19J.
Determine the longest wavelength of incident sunlight that can eject an electron

from the platinum. o T3]
. - @ S.24xl0" ty
.................................. ;@ aﬂbe&ﬁ—czééz)(lagé‘?qoxlaﬁ

C _2xlo _, & Y
...... 1:7:72&:0'«-1: 3. 80x00 7 m (B Kf)

e

(b) The satellite has a panel of solar cells of area 16.4 m? perBe_n_gigylar to the Sun’s light

rays. — - —

(i) Determine the numher of photons incident on the solar cells pE_lzf_S?_QQnd if the
intensity of the light rays incident on the panel is 1.39 x 102 Wm™2and the mean
wavelength of light is 5.50 x 10~"m. [3]

- T —
..................... nEZ,ng/U'—jq/

TURN OVER FOR THE REST OF THE QUESTION
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(i) Hence or otherwise determine the pressure exerted by the photons on the solar ony

panel. Assume that the panel @gsorég all the photons. [2]
- F -

.................... P“I@“F‘%_ff:( == -%x/)

¢ ,,,.-S

o A2 EEERE T £ 3O [OP . T SAGKIOTIN.

$.Sx/o="7

(c) Discuss any ethical issues that can arise from continuing to develop satellite technology
and space exploration in general by referring to the following information. 2]

P ]

Expenditure on space exploration as a
share of GDP

Russia s s
China [msss
India ==

Germany |z
UK p=

Brazil B

Ireland |

Greece

Sweden

0 0.1 0.2 0.3 04 /%

@ Share of GDP

Data Source -- OECD 2009
GDP means Gross Domestic Product which in simple terms is a measure of a country’s economy.

P .
Lo aoJe v /D .
%'c 70 Ule rto Y /Zia-?- Peopfe
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7. Asatellite is orbiting the Earth.
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Any charge carried by the satellite could affect its sensitive electronic circuits.

Satellites therefore need to be designed to minimise photoelectric emission from
their surfaces. Explain what is meant by the photoelectric effect.

[2]
E\/ZL'I ......... ... melxdica.... 7 >ﬁé@i/51547ﬂ>h}ﬂcnfx
. )] :

............ Lo €T RACCAUD

(i) The satellite is coated with platinum, which has a work function of 5.24 x 10~"°J.
Determine the longest wavelength of incident sunlight that can eject an electron
: from the platinum. [3]
€= Lg z i - O dhe

U o ¥ i) i \p[\
T — g ............ 6 _,6

- 2
i L, L) ..... 5#,;“?3«@ ....... e 3
Laclnl o i ,

(b) The satellite has a panel of solar cells of area 16.4m? perpendicular to the Sun’s light
rays.

(i) Determine the number of photons incident on the solar cells per second if the
intensity of the light rays incident on the panel is 1.39 x 10®* Wm™ and the mean
wavelength of light is 5.50 x 10~ m.

[3]
: . e -
/} E s ,}’l’o\ ;
...... *:5"457*’0?(%53;‘; &

e
......... 13‘1),1(}) it . el

7 e gi T o 4 7
B Ly 5 I 2 S S AW (3/foo
TURN OVER FOR THE REST OF THE QUESTION
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(i) Hence or otherwise determine the pressure exerted by the photons on the solar
panel. Assume that the panel absorbs all the photons. [2]

(c) Discuss any ethical issues that can arise from continuing to develop satellite technology
and space exploration in general by referring to the following information. [2]

Expenditure on space exploration as a
share of GDP

USA

Russia

. China

India
Germany

UK

Brazil

Ireland

Greece

Sweden

#@ Share of GDP

0 01 02 03 04 /%

Data Source — OECD 2009
GDP means Gross Domestic Product which in simple terms is a measure of a country’s economy.
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Question

Marking details

Marks available

AO1 AO2 AQO3 Total Maths Prac
7| (@) () | The emission of electrons from a surface (1) 2 2
By light or em radiation or photons (1)
(ii) | Longest wavelength when E max = O or attempt at using 1
photoelectric equation or ¢ = % or ¢ = hf, (1)
Therefore % =5.24 x 10™ (1) i
Wavelength = 3.79 x 107 [m] (1)
(b) (i) | Energy of photon = 3.62 x10™*° [J] (1) 3
3
Number of photons falling on 1m?® = % or total energy on
the whole panel = 2.28 x 10* [J] (1)
Number of photons = 6.3 x 10% (1)
(ii) | Total momentum of photons = 7.6 x 10®° [N's] (1) 2 2 2

Pressure = 4.53 x 10°[Pa](1)

Alternative:
power
Pressure = —2r€a__ (1)
c

Pressure = 4.53 x 10°[Pa](1)

© WJEC CBAC Ltd.






Marks available

Question Marking details AOL | AO2 | AO3 | Total | Maths | Prac
(c) Either one of the following points 2 2
[P — comment made and C — Concluding remark]
P1 - Increase in space expenditure results in more space debris
)
C1 — Meaning more pollution in space for future generations (1)
P2 — Countries like the USA spend a huge budget on space (1)
C1 — But should tackle home issues such as ensuring health
care for all (1)
[Any comment contrasting issues from a country]
P2 — Increase in space budget means more jobs and careers (1)
C2 — This should help economy in long term (1)
P3 — Technology developed from space exploration (1)
C3 — Improves conditions for mankind on Earth (1)
P4 — Impossible to draw conclusion on ethical issue from one
graph (1)
C4 — Need more information to form balanced view (1)
Question 7 total 3 7 2 12 8 0

© WJEC CBAC Ltd.
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7. A satellite is orbiting the Earth.

15

(@ () Any charge carried by the satellite could affect its sensitive electronic circuits.
Satellites therefore need to be designed to minimise photoelectric emission from

their surfaces. Explain what is meant by the photoelectric effect. [2]
T (S phedoclechic egfect is..... the. . Q.bs'.l.-.‘l.‘y ................

...... Qpc\?b\a{oncg;mcm’r(f%m A
......... LJQ&aMMQ’/\ 0 cholz.dfmemm

.......... o Sugraens ap Mo ombohe

(i) The satellite is coated with platinum, which has a work function of 5.24 x 10-19J.
Determine the longest wavelength of incident sunlight that can eject an electron

from the platinum. [3]
........................ =S . AT O
.6 110734 K B oo w08 Lol
............. 5\-59~Uxto‘°"3802ﬂ0‘:"m/’(/

(b) The satellite has a panel of solar cells of area 16.4m? perpendicular to the Sun’s light
rays.

() Determine the number of photons incident on the solar cells per second if the
intensity of the light rays incident on the panel is 1.39 x 1032 Wm=2 and the mean

wavelength of light is 5.50 x 10~"m. [3]
L __ _
..... T=464m VA0 KIG A= B RE.

I - - & o R L T \
e d.6zx1a' = 6.30x0'¢

TURN OVER FOR THE REST OF THE QUESTION
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Sticky Note

The candidate has determined the longest wavelength correctly on the assumption that E in the equation is the work function.



Sticky Note

The candidate has used the correct method for determining the number of photons but unfortunately has mis-read the power of 10 from the question.
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(i) Hence or otherwise determine the pressure exerted by the photons on the solar
panel. Assume that the panel absorbs all the photons. [2]

(c) Discuss any ethical issues that can arise from continuing to develop satellite technology
and space exploration in general by referring to the following information. (2]

Expenditure on space exploration as a
share of GDP

USA | :
Russia [T
China jrencsmm
India
Germany ==
UK E=
Brazil &
freland P
Greece §
Sweden

#@ Share of GDP

0 0.1 0.2 03 04 /%

Data Source — OECD 2009
GDP means Gross Domestic Product which in simple terms is a measure of a country's economy.
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Sticky Note

An attempt is made to determine the total number of photons but the candidate needed to calculate the momentum change and then the pressure.



Sticky Note

The answer makes some reference to the data presented and was given credit for this.  However the concluding remark is vague and the "new technologies" is not specific to space exploration.
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7. A satellite is orbiting the Earth.

(@ (i) Any charge carried by the satellite could affect its sensitive electronic circuits.
Satellites therefore need to be designed to minimise photoelectric emission from
their surfaces. Explain what is meant by the photoelectric effect. / [2]

(i) The satellite is coated with platinum, which has a work function of 5.24 x 10-19J.
Determine the longest wavelength of incident sunlight that can eject an electron

from the platinum. o T3]
. - @ S.24xl0" ty
.................................. ;@ aﬂbe&ﬁ—czééz)(lagé‘?qoxlaﬁ

C _2xlo _, & Y
...... 1:7:72&:0'«-1: 3. 80x00 7 m (B Kf)

e

(b) The satellite has a panel of solar cells of area 16.4 m? perBe_n_gigylar to the Sun’s light

rays. — - —

(i) Determine the numher of photons incident on the solar cells pE_lzf_S?_QQnd if the
intensity of the light rays incident on the panel is 1.39 x 102 Wm™2and the mean
wavelength of light is 5.50 x 10~"m. [3]

- T —
..................... nEZ,ng/U'—jq/

TURN OVER FOR THE REST OF THE QUESTION
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Sticky Note

Good answer and clearly presented.
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Examiner

(i) Hence or otherwise determine the pressure exerted by the photons on the solar ony

panel. Assume that the panel @gsorég all the photons. [2]

3 - -
.................... P“I@“F‘%_ff:( == -%x/)
¢ ,,,.-S
o A= SEERE T £ 3O [OP T SAGXIOTIN.
$.Sx/o="7

(c) Discuss any ethical issues that can arise from continuing to develop satellite technology
and space exploration in general by referring to the following information. 2]

P ]

Expenditure on space exploration as a
share of GDP

Russia s s
China [msss
India ==

Germany |z
UK p=

Brazil B

Ireland |

Greece

Sweden

0 0.1 0.2 0.3 04 /%

@ Share of GDP

Data Source -- OECD 2009
GDP means Gross Domestic Product which in simple terms is a measure of a country’s economy.
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Sticky Note

A well structured answer using information from the data given to form a clear conclusion.



Sticky Note

As in the previous part; this candidate has clearly laid out the approach and correct answer.
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7. Asatellite is orbiting the Earth.

(@ (i) Any charge carried by the satellite could affect its sensitive electronic circuits.
Satellites therefore need to be designed to minimise photoelectric emission from
their surfaces. Explain what is meant by the photoelectric effect. [2]

(i) The satellite is coated with platinum, which has a work function of 5.24 x 10~19J,
Determine the longest wavelength of incident sunlight that can eject an electron

3 from the platinum [3]
< O sy b uce H DS e
-E— lg ............ 66>>/@ .....................................................................................................................................................
e el )
F

(b) The satellite has a panel of solar cells of area 16.4m? perpendicular to the Sun’s light
rays. .

(i) Determine the number of photons incident on the solar cells per second if the
intensity of the light rays incident on the panel is 1.39 x 10°> Wm= and the mean

wavelength of light is 5.50 X 10~ m [3]
4 Py & i
7 L ~ —~
2 A @ 3 /e e :
i 5 CE I’_\igﬁ ...................... ERHCIOL. 1Y,
A S5 %

1 : (e 36’(13(’&]/ ..........
| ; U 2
‘ Sh e =T

21

RS S c‘ ...... Wocrag 3 ..... €5 S e (3/4”0
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Sticky Note

The candidate has provided a correct answer for the total number of photons but could have provided some explanation of the method used in the layout of the answer.





Examiner

(i) Hence or otherwise determine the pressure exerted by the photons on the solar it
panel. Assume that the panel absorbs all the photons. [2] O
(c) Discuss any ethical issues that can arise from continuing to develop satellite technology
and space exploration in general by referring to the following information. [2] }
Expenditure on space exploration as a
share of GDP
USA
Russia
- China
India
Germany # Share of GDP
UK
Brazil
Ireland
Greece
Sweden
0 0.1 0.2 0.3 04 /%

Data Source — OECD 2009
GDP means Gross Domestic Product which in simple terms is a measure of a country’s economy.
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Sticky Note

Unfortunately the candidate has not been able to use this answer to determine the total momentum change and then the pressure on the panel.



Sticky Note

The candidate has used the data from the table and drawn a conclusion based on the USA's expenditure on space exploration. Also the candidate has provided a counter argument as well.
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A satellite is orbiting the Earth.

(a) () Any charge carried by the satellite could affect its sensitive electronic circuits.
Satellites therefore need to be designed to minimise photoelectric emission from
their surfaces. Explain what is meant by the photoelectric effect. [2]

(i) The satellite is coated with platinum, which has a work function of 5.24 x 10~19J.
Determine the longest wavelength of incident sunlight that can eject an electron
from the platinum. [3]

(b) The satellite has a panel of solar cells of area 16.4m? perpendicular to the Sun’s light
rays.

(i) Determine the number of photons incident on the solar cells per second if the
intensity of the light rays incident on the panel is 1.39 x 10° Wm~2 and the mean
wavelength of light is 5.50 < 10" m. [3]

TURN OVER FOR THE REST OF THE QUESTION
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(i) Hence or otherwise determine the pressure exerted by the photons on the solar
panel. Assume that the panel absorbs all the photons. [2]

(c) Discuss any ethical issues that can arise from continuing to develop satellite technology
and space exploration in general by referring to the following information. [2]

Expenditure on space exploration as a
share of GDP

USA
Russia
China
India
Germany m Share of GDP
UK
Brazil
Ireland
Greece
Sweden

0 01 02 03 04 /%

Data Source — OECD 2009
GDP means Gross Domestic Product which in simple terms is a measure of a country’s economy.
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