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All Candidates' performance across questions

Question Tltle Mean Max Mark FF Attempt %
Planning 134 9.9 2.6 17 58.4 100
Analysis 132 2.8 1.9 10 28 98.5

Evaluation 131 2.1 1.1 5 42 97.8
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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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In addition to this paper you will require a calculator.

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.

If you run out of space, use the additional page(s) at the back of the booklet, taking care to number
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What equipment/materials will be available to you?

2 % 30cm rulers

2 x 1 metre rulers
Blu Tack

* ® 20mm marble

* ¥ foam block

‘% ramp

* % protractor

* ¥ stand and clamp

L R T TR

' The equipmrent should be set up as shown below:
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| Space for labelled diagram.

4

a labelled diagram of your experiment.
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Y Additional B:ga, if required.
Write the question number(s) in the left-hand margin.
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ADDITIONAL MATERIALS

In addition to this paper you will require a calculator.

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.

If you run out of space, use the additional page(s) at the back of the booklet, taking care to number
the question(s) correctly.

INFORMATION FOR CANDIDATES

Assessment will take into account the quality of your writing.
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'What equipment/materials will be available to you?

2= 30cm rulers

2 > 1 metre rulers
Elu Tack

1 = 20mm markle

1 = foam block

1 * ramp

1 * protractor

1 ® stand and clamp

The equipment should be set up as shown below:
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Write your plan in the space below, making sure that you identify all the possible variables. Include
a labslled diagram of your experiment.

Space for labelled diagram,
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Enpminer

Carry out a risk assessment for your method.
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number Write the question number(s) in the left-hand margin.
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Activity 1 Task A: Planning
Generic Mark Scheme

Level 1

Level 2

Level 3

Planning

The candidate outlines a brief method to
solve a practical problem. The candidate
makes a plan to collect some relevant
data without necessarily controlling
variables.

There is a basic line of reasoning which is
not coherent, largely irrelevant, supported
by limited evidence and with very little
structure. The candidate uses limited
scientific terminology and inaccuracies in
spelling, punctuation and grammar.

Some equipment is identified for the task.
Guidance may be required.

1-4

The candidate independently devises a
method to solve a practical problem
which, with some changes or elaboration,
could be followed by another person. Most
variables are controlled

There is a line of reasoning which is
partially coherent, largely relevant,
supported by some evidence and with
some structure. The candidate uses
mainly appropriate scientific terminology
and some accurate spelling, punctuation
and grammar.

The candidate identifies the equipment
needed for the task.

5-8

The candidate independently devises a
method to solve a practical problem,
which would enable the investigation to be
carried out successfully by another
person. All variables are controlled.

There is a sustained line of reasoning
which is coherent, relevant, substantiated
and logically structured. The candidate
uses appropriate scientific terminology
and accurate spelling, punctuation and
grammar.

The candidate identifies the equipment
needed for the task, without the inclusion
of unnecessary apparatus.

9-11

The candidate identifies some hazards
and risks associated with the activity.

Not all significant hazards or risks are
identified.

1-2

The candidate identifies most of the
significant hazards and risks associated
with the activity.

They identify some suitable control
measures.

3-4

The candidate accurately describes the
significant hazards and risks associated
with the activity.

Where necessary, they identify suitable
and sensible control measures for the
hazards/risks listed.

5-6

Total Available Marks: 17

Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1
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Activity 1. Task A Planning

Marking Guidance — Expected responses — please refer to generic marking scheme; candidates may give other acceptable (correct)
answers that fulfil the criteria. The responses below are for guidance only.

Independent variable = release distance of marble up the ramp

Dependent variable = distance moved by foam block

Controlled variables = same material block / same angle of ramp / same surfaces / same dimensions of block / same marble / any other
correct

A suitable diagram
A suitable method

Method (exemplification)

Step 1: Set-up apparatus as shown in the diagram.

Step 2: Place the marble at a release distance of 5 cm up the ramp.

Step 3: Release the marble and measure and record the distance moved by the foam block
Step 4: Repeat Step 3 twice more.

Step 5: Repeat Steps 2 to 4 for release distances of 10, 15, 20 and 25 cm.

Level 3 — Candidate produces independent, viable method (similar to above); important control variables (above) addressed; coherent,
relevant and logical plan; appropriate scientific terminology and accurate spelling, punctuation and grammar with few mistakes; all relevant
equipment identified (via list or annotated diagram), without unnecessary apparatus.

Level 2 — Candidate produces independent method, that with some changes, could be followed by another person; most of the important
control variables addressed; partially coherent, relevant and logical plan; mainly appropriate scientific terminology and some accurate
spelling, punctuation and grammar; all equipment needed for the task identified, may have some unnecessary apparatus.

Level 1 — Candidate produces brief method that will allow some relevant data to be collected; may not address the control variables; basic
line of reasoning, not coherent, largely irrelevant with very little structure; limited scientific terminology and inaccurate spelling, punctuation
and grammar; some equipment needed for the task identified, may need guidance.

© WJEC CBAC Ltd. 3





Indicative content

1. lIdentifies the independent variable 5. Produces a diagram (main equipment 9. Uses appropriate scientific language
(release distance of marble up the must be shown and labelled — (distance and repeat)
ramp/height of marble / release point) ramp/block/marble/ruler)

2. Identifies the dependent variable 6. No unnecessary equipment 10. Uses accurate spelling (1 mistake
(distance moved by the foam block) allowed) Only scientific words

3. Identifies 1 controlled variable 7. Produces a method (must include 11. Uses capital letters and full stops
(block/block material/block dimensions/ changing 1V and measuring DV) consistently (1 mistake allowed)

block starting point/ramp angle/ release
without pushing /surface/marble/same
method of measuring (not general ‘same
apparatus’)

4. ldentifies 2 or more controlled variables 8. Produces a method that would work
(as above — any 2) (must inc. repeats / correct range)

© WJEC CBAC Ltd. 4





Risk Assessment

Hazard (ANY TWO OF)

Risk (must include action — allow handling
as action)

Control Measure

The marble on the floor is a trip/slip
hazard (1)

Someone could fall over (and stated injury)
whilst performing the experiment. (1)

Pick up the marble (immediately) if it goes
on the floor / perform the experiment
inside a lab tray. (1)

The marble could bounce up and hit
someone in the eye (1)

Could cause a bruised eye whilst performing
the experiment. (1)

Wear goggles / keep face away from the
experiment. (1)

Ramp/apparatus could collapse and hit
eye/hand (1)

Injured hand/eye/body whilst performing the
experiment. (1)

Wear goggles / keep body parts away
from the experiment. (1)

Broken glass from marble is sharp (1)

Sharp glass could cut hand/eye/body whilst
handling. (1)

Wear goggles / do not handle broken
glass / (ask another to) clear up broken
glass before continuing (1)

ALLOW:

No hazard (2)

No risk (2)

No CM (2)

Level 3 — Candidates address all the above points

Level 2 — Candidates address some hazards and risks and identify corresponding control measures

Level 1 — Candidates address some hazards/risks and may identify corresponding control measures

© WJEC CBAC Ltd.






Skill Area AO1 AO2 AO3 Maths Prac
Activity 1: Planning 11 6 17
Activity 2: Analysis 9 1 4 10
Activity 2: Evaluation 5 5
Total 11 15 6 4 32

3440UC0-1 WJEC GCSE Applied Science (SA) — Unit 3 HT MS S22/DM
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Sticky Note

The ramp has not been labelled or drawn in the diagram so the candidate would not gain full credit for the diagram. They have made sure to only include the relevant apparatus which means they would gain credit for that.



Sticky Note

Correct independent variable.



Sticky Note

Correct dependent variable.



Sticky Note

Two correct control variables stated here.













Sticky Note

The hazards stated are not clear enough. They must be relevant to the investigation and clear how they are hazards.



Sticky Note

Risks must have an action associated to them otherwise no mark.



Sticky Note

Two of these control measures were suitable and were credited.








Sticky Note

The candidate has produced a method that would work, containing repeats and correct range.
There is good use of scientific words including distance and repeat and there are few if any errors in spelling the scientific terms.
There is clear use of capital letters and full stops throughout.
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Sticky Note

Diagram is correct with all key apparatus, no irrelevant apparatus and is labelled correctly.



Sticky Note

Both independent and dependent variables stated correctly.








Sticky Note

Two control variables stated correctly.



Sticky Note

The candidate has produced a method that could work with repeats and the correct range.
They have used the correct scientific terminology including distance and repeat.
Spelling, punctuation and grammar are correct throughout.








Sticky Note

Hazards incorrectly stated.



Sticky Note

1 risk has been credited here, the candidate clearly gives an action and how it could be a risk.



Sticky Note

None of the control measures were suitable here.
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ADDITIONAL MATERIALS

In addition to this paper you will require a calculator.

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet.

If you run out of space, use the additional page(s) at the back of the booklet, taking care to number
the question(s) correctly.

INFORMATION FOR CANDIDATES

Assessment will take into account the quality of your writing.
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Background

Welsh Roads Ltd is a company that models crash safety systems for cars. During a crash, the
stored kinetic energy of the moving car is transferred into stored thermal (heat) energy by friction
between the car and the crash surfaces.

One of the simple models that they use involves rolling a marble down a ramp and crashing it into
a foam block. The marble acts as the car and the foam block acts as another car, a wall, or another
obstacle.

e Two 30cm rulers, attached to the ramp with Blu Tack, can be used to act as runners for
the marble to roll down the ramp.

* The foam block is on the bench 2cm away from the bottom of the ramp.
* Two 1 metre rulers, attached to the bench with Blu Tack, can be used as runners for the

foam block as it slides freely across the bench.
Planning [17]
Plan a method that will allow you to investigate how the distance moved by the foam block depends
on how far the marble is up the ramp (the release distance). The ramp should be set at an angle of

about 30°.

You should change the release distance of the marble from 5¢cm to 25¢cm in 5cm intervals. You
should repeat each marble run three times.

Include a risk assessment in your plan.

02
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What equipment/materials will be available to you?

2 X 30cm rulers

2 X 1 metre rulers
Blu Tack

1 X 20mm marble

1 X foam block

1 X ramp

1 X protractor

1 X stand and clamp

The equipment should be set up as shown below:

03
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Turn over.
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Write your plan in the space below, making sure that you identify all the possible variables. Include
a labelled diagram of your experiment.

Space for labelled diagram.

04
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Carry out a risk assessment for your method.

Control Measure

Risk

Hazard

END OF PAPER
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Task A: Analysis [10] e
(a) When Ceres was discovered in 1801, it was originally classified as an asteroid

Figure 1 - Ceres

Use Table 1 in the Resource Folder to answer the following question.

(i) Suggest one reason why Ceres was originally classified as an asteroid.
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(b) (i) Forthe five dwarf planets in Table 1, plot a graph of "Year length relative to Earth
(Earth years) against 'Distance from the Sun relative to Earth (AU} on the grid below
and add a suitable line. One has been plotted for you.
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(i) Describe the pattern shown in the graph.
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{c} The copy of Table 2 below shows the data taken by the Celtic Astro astronomers about the
Galilean satellites of Jupiter.

|
| Table 2

| Galilean Mass | Relative Measurement of the orbital period (in Earth days)
. : distance

satellite of relative to feom
Jupiler the Moon Jupiter Andy Bryn Catrin Dafydd Mean
lo 13 1.00 172 1.33 183 1.84 1.83
Europa 0.67 1.59 3.64 3.08 3.58 3.52 3.58
Ganymede 21 2.54 713 6.72 719 7.34 722
Callisto 15 4 46 16.71 16.18 16.73 16.59 16.68

(i) Bryn did not have a full set of observations and misread his measurements causing a
canstant error in each of his values.
Name this type of error.

(i) Calculate the value of this error.

(i)

7.3

Catrin finds that there is a mathematical relationship between the orbital period in Earth
days (T) of a Galilean satellite and its relative distance (d) from Jupiter. She states that:

di=032xT?

Themisto is a Galilean satellite with an orbital period of 130 days.
Use the equation above 1o calculate the relative distance of Themisto from Jupiter.

[ 6900
3 Dﬁﬁax (6400 =5U0®

Relative distance of Themisto from Jupiter= 930 . é[
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IExaminar
(d) Dafydd thinks that as the mass of the satellite increases, so does its distance from Jupiter Use| =

Graph 1 in the Resource Folder to explain whether you agree with Dafydd.
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— Ewaminer
Task B: Evaluation 5] o

Cvaluate the method used to observe the Galilean satellites of Jupiter

*  Comment on the sultability of the method.

* Suggest a reason why it is difficult to get a complete month's worth of observations
living in Wales.

* Suggest a reason why sometimes It Is only possible to see two or three of the Galilean
satellites of Jupiter from Earth.

* Suggest one improvement to this method thal does not involve repeating the
measurements,

» Comment on the reproducibility of Celtic Astro’s astronomers’ measurements of the
orbital periods of the Galilean satellites,
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Task A: Analysis [10]
[(a) When Ceres was discovered in 1801, it was originally classified as an asteroid
| Figure 1 - Ceres
I
Use Table 1 in the Resource Folder 1o answer the following question
() Suggest one reason why Ceres was originally classified as an asteroid.
L:EI.'_i__',«. _I'q,r *,’1._;]_ tll-.~-a{—‘ y § ":I '-_v._- jk'! s Z:'_.':-_ f:: r__'?.f'l... - ['_,_J shels) 'l.
(i) Suggest one reason why Ceres Is now classified as a dwarf planet, and not a full
planet,
% ZlawR 4 ovwas Je Coe T Wy oy DA A0\
thlSs X0 Qs & Qo K\ O > ¢ Kol Ao WS Q. S
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Exarminer
() (i) Forthe five dwarf planets in Table 1, plot a graph of “Year length relative to Earth N
(Earth years)' against 'Distance from the Sun relative to Earth [AU)' on the grid below
and add a suitable line. One has been plotted for you.
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(i) Describe the pattern shown in the graph.
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(c) The copy of Table 2 below shows the data taken by the Celtic Astro astronomers about the
Galilean satellites of Jupiter.

Table 2
Galilean Mass Rialative Measurement of the orbital period (In Earth days)
satellite of | relative to d ?::;IHGE
Jupiter the Moon : Andy Bryn Catrin Dafydd Mean
Jupiter
lo 13 1.00 172 1.33 1.93 1.84 1.83
Eurcpa 0.67 1.59 3.64 3.08 3.59 3.52 3.58
Ganymede 2.1 254 713 6.72 118 7.34 722
Callisto 1.5 4.46 16.711 16.18 16.73 16.59 16.68

(1)

(ii)

(i)

Bryn did not have a full set of observations and misread his measurements causing a
constant error in each of his values.
Name this type of arror.

thum\ﬂ

Calculate the value of this error.

034

Catrin finds that there is a mathematical relationship between the orbital period In Earth

days (T) of a Galilean satellite and its relative distance (d) from Jupiter. She states that:
d*=032xT*

Themisto is a Galilean satellite with an orbita' period of 130 days.
Use the equation above lo calculate the relatve distance of Themisto from Jupiter,

O L - o= O P 9")( '\'ﬁﬂa-“sqog -
N QO 3
LN N \5(0?}-};:‘-‘803'*‘"

Relative distance of Themista from Jupiter = \{g OB\ b
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(d) Dafydd thinks that as the mass of the satellite increasas, so does its distance from Jupiter. Use
Graph 1 in the Resource Folder to explain whether you agree with Dafydd.

LS L AR 8 D&.})\ 65 We S n Gl \, ey 06K On
B SL8 oy TWSY tRBenl do M megn WS ws LS on gl
Sl By R Al (oM D&, oW, o A

O-F" o) g qu H.h_l__‘i_: ﬂ_l.'l_v-ll,rsi B’Dﬂ F“"'(_-'uﬂ Al v 3k or Y Skg
6Q e Y OUME Qoo avdd, AWS Showh Ol TS g

05

& WJEC CBAC L (AU 13 Turn over.

Examiner
anly






Task B: Evaluation (5]
Evaluate the method used to observe the Galilean satelites of Jupiter

+* Comment on the suitabllity of the method.

+ Suggest a reason why it is difficult to get a complete month's worth of observations
living in Wales.

= Suggest a reason why sometimes it is only possible 1o see two or three of the Galilean
satellites of Jupiter from Earth.

* Suggest one Improvement to this method that does not involve repeating the
measuraments.

* Comment on the reproducibility of Celtic Astro’s astronomers measurements of the
arhital periods of the Galilean satallites,
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Activity 2 Task A: Analysis
Generic Mark Scheme

Level 1 Level 2 Level 3
The candidate carries out very simple and | The candidate carries out mainly suitable The candidate carries out suitable and
limited processing of data. and appropriate processing of data. appropriate processing of data,
transforming data into useful information.
The candidate makes a very limited The candidate makes an appropriate The candidate makes a detailed
< | attempt to analyse and interpret data. interpretation of the data using mainly interpretation of data using suitable
I appropriate methods of analysis. methods of data analysis. All their work
..D_ can be easily followed.
(@]
o | The candidate gives a simple statement of | The candidate gives detailed conclusions The candidate makes detailed conclusions
2 | findings. largely consistent with the evidence. consistent with the evidence.
Tg They identify and explain all the patterns
< within the data.
The candidate demonstrates a limited The work is well structured and logically The work is logically argued and is well
ability to structure the work in an argued with relatively minor errors. structured.

appropriate way.

1-3 4-7 8-10

Total Available Marks: 10

Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1.
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Activity 2. Task A Analysis
Marking Guidance — Expected responses — please refer to generic marking scheme; candidates may give other acceptable (correct)
answers that fulfil the criteria. The responses below are for guidance only.
€)) 0] It lies within the Asteroid Belt / between Mars and Jupiter (1)
(i) Ceres does not have enough mass (for its gravity to clear all the surrounding space on its orbit around the Sun.) (1)
Allow: Ceres only has a mass (relative to moon) of 0.00015
Do not accept: smaller than Moon it has a low/small mass
(b) 0] Correct labels must have units (1); 3 or 4 correctly plotted points + < 1 small square (1); best fit line (curve) (1)
(i) As distance from the Sun increases, so the Year length increases at an increasing rate (1)
(© 0] Systematic error (1)
(i) 0.5 (1) (Earth days) ignore any refto +
(iii) 17.55 accept 17.6 or 18 (1) Do not accept 17.5
Accept ¥/5403
(d) No, do not agree. There is no pattern between these two variables. (owtte) (Need both statements) (1)
Level 3 — Candidates address all the points in the generic mark scheme in detail.
Level 2 — Candidates address all the points in the generic mark scheme.
Level 1 — Candidates briefly address some of the points in the generic mark scheme.

© WJEC CBAC Ltd.






Activity 2 Task B: Evaluation
Generic Mark Scheme

Level 1

Level 2

Level 3

Evaluating

The candidate gives a simple evaluation of
the data or procedure.

The candidate gives a clear evaluation of
their investigation/ procedure.

The candidate makes an assessment of
the validity and quality of evidence.

2-3

The candidate gives a detailed evaluation
of their investigation/procedure. They
suggest suitable/relevant improvements to
their method.

The candidate makes a detailed
assessment of the validity and quality of
data.

4-5

Total Available Marks: 5

Zero marks to be awarded where there is insufficient evidence to achieve a mark at level 1.
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Activity 2 — Task B: Evaluation

Marking Guidance — Expected responses — please refer to generic marking scheme; candidates may give other acceptable (correct) answers
that fulfil the criteria. The responses below are for guidance only.

Method is suitable with reason

Suggested reason such as weather.

Suggested reason such as sometimes the moons are on the other side of Jupiter, which obscures them.

Suggested improvement such as record the measurements over a longer period of time / get more people to do the measurements / use bigger
binoculars, telescopes / do the observations somewhere where the weather is better.

Comment on reproducibility (good — values within 0.1 of the means) with the exception of Bryn.

Level 3 — Candidates address all the points in the generic mark scheme in detalil.
Level 2 — Candidates address all the points in the generic mark scheme.
Level 1 — Candidates briefly address some of the points in the generic mark scheme.

Indicative content

1. Comment on the suitability 3. Suggested reason such as 4. Suggested improvement such as record the
Comment stating why it is suitable. sometimes the moons are on the measurements over a longer period of time / get more
(e.g. allows us to observe movement other side of Jupiter, which people to do the measurements / use bigger binoculars,
of moons/allows us to get results — obscures them OR can eclipse telescopes / better binoculars / do the observations
allow anything sensible) each other owtte somewhere where the weather is better / do it in the
Need judgement and reason Not: the weather/far away summer
2. Suggested reason such as weather 5. Comment on reproducibility (good — values within 0.1 of
(owtte). the means / values similar) with the exception of Bryn.
Accept: Good because three out of four are {close to the
mean/similar} / all except one are close to mean
Not converse argument

© WJEC CBAC Ltd. 9





Skill Area AO1 AO2 AO3 Maths Prac
Activity 1: Planning 11 6 17
Activity 2: Analysis 9 1 4 10
Activity 2: Evaluation 5 5
Total 11 15 6 4 32
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Sticky Note

No mention of the asteroid belt/ being between Mars and Jupiter so no mark.



Sticky Note

As the candidate has given a comparison they have been credited here as an alternative to 'not enough mass'. 1 mark.








Sticky Note

Axes have been labelled correctly so 1 mark.
No plotting mark.
1 mark for the line/curve of best fit. 








Sticky Note

As the candidate has given an attempt at discussing the rate the examiner has awarded a benefit of the doubt here. 1 mark.



Sticky Note

The candidate has failed to identify the error as a systematic error. 0 mark.



Sticky Note

The calculation of the error is incorrect. 0 mark.



Sticky Note

Again an incorrect calculation so 0 marks.








Sticky Note

This candidate has stated they disgaree with Dafydd and have given a valid reason why. 1 mark.








Sticky Note

They have not discussed that the moons move around Jupiter so no mark here.



Sticky Note

Rainy weather in Wales gains 1 mark.



Sticky Note

Suitability of the method is correct as if the statement as to why it is suitable. The candidate is describing here that the method will collect results of the position of the satellites which is correct.








Sticky Note

A suitable improvement has been given here- 1 mark.



Sticky Note

An incorrect statement about the reproducibility of the investigation so no mark here.
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Sticky Note

Incorrect answer- 0 marks.



Sticky Note

Correct answer here. 'Has not enough mass'. 1 mark.








Sticky Note

1 mark for correctly labelling the axes.
No marks for the plots.
1 mark for the line/curve. Even though this line is not perfect it was deemed sufficient for a mark here.








Sticky Note

No mention of 'increasing rate' so no marks.



Sticky Note

Incorrect answer.



Sticky Note

Incorrect calculation of the error. 0 marks.



Sticky Note

Another incorrect calculation so no marks here either.








Sticky Note

The candidate agrees with Dafydd, which is incorrect so no mark.








Sticky Note

Valid comment on suitability of method. 1 mark.



Sticky Note

The candidate correctly realises that the weather, 'cloud' in Wales could be a problem. 1 mark.



Sticky Note

Correct reference to some of the moons being on the other side of Jupiter for 1 mark.



Sticky Note

Both the answer for the improvement and reproducibility are incorrect so no marks.
Answers here were too vague to award any marks.
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Task A: Analysis [10]
(@) When Ceres was discovered in 1801, it was originally classified as an asteroid.

Figure 1 — Ceres

Use Table 1 in the Resource Folder to answer the following question.

(i) Suggest one reason why Ceres was originally classified as an asteroid.

(i) Suggest one reason why Ceres is now classified as a dwarf planet, and not a full
planet.

02
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(b) (i) Forthe five dwarf planets in Table 1, plot a graph of ‘Year length relative to Earth
(Earth years) against ‘Distance from the Sun relative to Earth (AU)’ on the grid below

and add a suitable line. One has been plotted for you.
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(i) Describe the pattern shown in the graph.

(c) The copy of Table 2 below shows the data taken by the Celtic Astro astronomers about the
Galilean satellites of Jupiter.

Table 2
Galilean Mass Relative Measurement of the orbital period (in Earth days)
satellite of relative to dlﬁgrr:]ce
Jupiter the Moon Jupiter Andy Bryn Catrin Dafydd Mean
lo 1.3 1.00 1.72 1.33 1.93 1.84 1.83
Europa 0.67 1.59 3.64 3.08 3.59 3.52 3.58
Ganymede 2.1 2.54 713 6.72 719 7.34 7.22
Callisto 1.5 4.46 16.71 16.18 16.73 16.59 16.68

(i) Bryn did not have a full set of observations and misread his measurements causing a
constant error in each of his values.
Name this type of error.

(i) Calculate the value of this error.

(i)  Catrin finds that there is a mathematical relationship between the orbital period in Earth
days (T) of a Galilean satellite and its relative distance (d) from Jupiter. She states that:

d’=032xT?

Themisto is a Galilean satellite with an orbital period of 130 days.
Use the equation above to calculate the relative distance of Themisto from Jupiter.

Relative distance of Themisto from Jupiter =

04
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Examiner
|
(d) Dafydd thinks that as the mass of the satellite increases, so does its distance from Jupiter. Use o

Graph 1 in the Resource Folder to explain whether you agree with Dafydd.
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Task B: Evaluation [5]
Evaluate the method used to observe the Galilean satellites of Jupiter.

 Comment on the suitability of the method.

* Suggest a reason why it is difficult to get a complete month’s worth of observations
living in Wales.

e Suggest a reason why sometimes it is only possible to see two or three of the Galilean
satellites of Jupiter from Earth.

e Suggest one improvement to this method that does not involve repeating the
measurements.

Comment on the reproducibility of Celtic Astro’s astronomers’ measurements of the
orbital periods of the Galilean satellites.

END OF PAPER
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Introduction

Celtic Astro is an amateur astronomy group based in Mid Wales that makes observations of
planets, dwarf planets and the Galilean satellites of Jupiter.

The International Astronomical Union classifies a planet as a celestial object that:

1. orbits the Sun
2. has enough mass to make it roughly spherical
3. has enough mass so that its gravity has ‘cleared’ a path on its orbit around the Sun.

Point 3 is the reason why Pluto was downgraded to a dwarf planet in 2006. Careful observations by
many astronomy groups have discovered that Pluto is just one of many dwarf planet-sized objects
in the region of the Solar System beyond the orbit of the outermost planet, Neptune, in a region
called the Kuiper Belt. Some dwarf planet-sized objects are also found inside the orbit of Neptune.

Table 1 — Data on the planets, the Moon and five dwarf planets (Ceres, Pluto, Haumea, Makemake
and Eris)

oot | Massrelaive | DEtee fom e | Yearengt e
Earth (AU) years)
Mercury 0.055 0.39 0.24
Venus 0.82 0.72 0.62
Earth 1.00 1.00 1.00
The Moon 0.012 1.00 N/A
Mars 0.11 1.52 1.88
Ceres 0.00015 277 4.60
Jupiter 320 5.20 11.86
Saturn 95 9.54 29.46
Uranus 15 19.22 84.01
Neptune 17 30.06 164.8
Pluto 0.0022 39.48 248.09
Haumea 0.00066 43.31 283.28
Makemake 0.00074 45.79 309.92
Eris 0.0028 67.67 557.03
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Observing dwarf planets is very difficult, even with very large telescopes, so Celtic Astro restricts
its observations to Ceres and Pluto.

Another of the Celtic Astro projects is making detailed observations of the orbital periods of the
four largest satellites of Jupiter: lo; Callisto; Europa and Ganymede, first discovered by Galileo
Galilei in 1610, and called the Galilean satellites.

Four astronomers in the Celtic Astro group make independent observations of each of the four
Galilean satellites over the course of one month. Their measurements are shown in Table 2 below,

together with the mass of each satellite and its distance from Jupiter.

Table 2 — Data on the four Galilean satellites of Jupiter

Galilean Mass Relative Measurement of the orbital period (in Earth days)
satellite of relative to distance
Jupiter the Moon | from Jupiter Andy Bryn Catrin Dafydd
lo 1.3 1.00 1.72 1.33 1.93 1.84
Europa 0.67 1.59 3.64 3.08 3.59 3.52
Ganymede 21 2.54 713 6.72 719 7.34
Callisto 1.5 4.46 16.71 16.18 16.73 16.59
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Celtic Astro has a standard method for measuring the periods of the Galilean satellites that is
issued to members of its group. This method is shown below.

Method for observing the Galilean satellites

1. Attach a pair of astronomical binoculars to a tripod as shown in Figure 1.

Figure 1 — Astronomical binoculars

2. Use an astronomical sky map app to locate the approximate position of Jupiter.

3. Observe the satellites of Jupiter and record their positions using the observation
recording template shown in Figure 2 below.

Figure 2 — Recording template for observations of the Galilean satellites

4. Repeat this observation every evening for one month.
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An example observation is shown in Figure 3.

Figure 3 — Example observation of the four Galilean satellites of Jupiter

Key

J : Jupiter

Co I:lo

E : Europa

G G : Ganymede
C : Callisto

v

5. Use your observations to determine the time period in days for each satellite to return to
its original position.
6. Email your values to the Celtic Astro database.
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A graph of the mass of each satellite relative to the Moon against its relative distance from Jupiter
is shown in Graph 1.

Graph 1
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