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Introduction

This guide has been put together using student responses to our Summer 2025 paper in
GCSE (9-1) Astronomy.
The question examples in this guide will give you a range of answers to show you the

varied answers candidates may give. There are also detailed examiner comments for each
answer to explain how the marks have been allocated, and the merits or development

points for each answer.
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Example 1 — Question 1c

(c) In 1577, a very bright comet was visible from Earth.

The Danish astronomer Tycho Brahe described the comet.

He wrote that the comet's tail covered almost a quarter of the sky and that the
comet was much brighter than a full Moon.

Draw on Figure 2 a sketch of a bright comet, like the comet seen in 1577.

Mark Scheme

any two adjacent compass points.

Question | Answer Mark
number
1(c) e Extended shape consistent with a comet 1)
e Cometary detail such as separate head/tail, coma, multiple | (1)
tails
e Cometary shape that spans almost all the space between | (1)

(3)
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Student answers

Draw on Figure 2 a sketch of a bright comet, like the comet seen in 1577.
' (3) 3 Qo

Figure 2

Examiner comments: this student’s drawing clearly meets all three of the marking
points and thus scores a comfortable three marks. As well as covering well over a
quarter of the sky, it has clear indication of some key cometary features such as
the nucleus and possibly part of a second tail. Some candidates increased the
clarity of their drawings by including labels, although this was not necessary for the
award of full marks.

Mark awarded =3
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Examiner comments: this student’s drawing shows clearly the shape and
structure of a typical comet, with indication of a nucleus/coma and a tail. However,
it does not address the third of the marking points, based on Tycho Brahe’s
comment that the comet covered ‘almost a quarter of the sky’. The length of this
student’s drawing is significantly less than the distance between adjacent compass
points, marked on the horizon at the bottom of Figure 2.

Mark awarded = 2




Example 2 —

Question 3a

3 (a) (i) Draw a sketch of the asterism known as‘The Plough

(i) Draw an arrow on your sketch to show the direction of the bright star Polaris.

Mark scheme

Question | Answer Mark
number
3(a) (i) Recognisable ‘plough’ shape 1)
Approximately correct proportions of ‘handle’ to ‘blade’. ()
A
¢
e \
. .
[ ]
Question | Answer Mark
number
3(a) (ii) Arrow pointing from Merak-Dubhe (direction required). 1)

10




Student answers

3 (a) () Draw a sketch of the asterism known as ‘The Plough’
(22 qo3

Examiner comments:

(i) This student’s response has all seven of the bright stars in The Plough
arranged in the correct pattern and with approximately correct proportions
to the distances between them. It therefore gains both the marking points
for this question.

Mark awarded = 2

(ii)  The arrow provided is clearly aligned with the direction of the two ‘pointer’
stars in The Plough asterism, as required for the single marking point.
Mark awarded =1

11
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3 (a) (i) Draw a sketch of the asterism known as ‘The Plough!
)1 Qo3

Examiner comments:

(i) This drawing clearly shows the characteristic ‘blade and handle’ shape
of The Plough asterism and thus comfortably gains the first marking
point. However, the three stars of the ‘handle’ are in a definite downward
direction relative to the blade. In addition, these three stars do not form a
consistent curve with Alioth slightly misplaced.

Mark awarded =1

(ii)  The arrow in this drawing is pointing at one of the stars, rather than
indicating the direction of the Pole Star, as requested by the question.
Mark awarded =0

12



3 (a) (i) Draw a sketch of the asterism known as ‘The Plough’
20 qo3

Examiner comments:

(i) This student’s response contains a possible suggestion of four stars in a
rectangle to provide the ‘blade’ of The Plough asterism but none of the
other stars would be in the correct position to form any of the stars in the
‘handle’. There is therefore nothing creditworthy in this drawing.

Mark awarded =0

(i) No arrow is provided in this drawing and so no credit can be given.
Mark awarded = 0

13




Example 3 — Question 3bi-iii

(b) (i) Draw a sketch of the seven brightest stars in the constellation of Orion.

(2)

(ii) Label the position of the bright star Betelgeuse on your sketch.

Use the label B.
(1)

(ii) Label the position of the Orion Nebula on your sketch.

Use the label N.
(1)
Mark scheme
Question | Answer Mark
number
3(b) (i) Stars arranged with correct topology 1)
Proportions of pattern (approximately) correct 1)
B.
L]
L
i
L]
L]
(i) Position of Betelgeuse correctly labelled (B) m
(iii) Position of Orion Nebula correctly labelled (N) m

14



Student answers

(b) @braw a sketch of the seven brightest stars in the constellation of Orion.
(2 Qo3bi

Examiner comments:

(i) This drawing clearly shows a ‘belt’ of three stars near the middle of a
quadrilateral of stars. It is thus clearly recognisable as the
constellation of Orion and achieves both marking points.

Mark awarded = 2

(ii) Betelgeuse is correctly marked as the top left-hand star in the
quadrilateral of Orion.
Mark awarded = 1

(iii) The Orion Nebula needs is correctly shown in the area just below the
‘belt’ of Orion.
Mark awarded = 1

15
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(b) (i) Draw a sketch of the seven brightest stars in the constellation of Orion.
21 Qo3bi
£ \
3

\
//

* X X /

N
X *

Examiner comments:

(i) At first glance, this drawing shows a definite ‘belt’ of three stars near the
middle of a quadrilateral of four stars. The additional (unnecessary)
drawing of Orion’s arms and bow helps to support this. However, the top
right-hand star of the quadrilateral (Bellatrix) is drawn in the wrong
position — much too close to the central axis of the constellation. It could
be argued that the candidate has correctly drawn the star Meissa, which
is part of Orion. However, the question specifically asks for the seven
‘brightest’ stars in Orion, of which Meissa is not one.

Mark awarded = 1

(i) Betelgeuse is correctly marked as the top left-hand star in the
quadrilateral of Orion.
Mark awarded = 1

(iii)  Although a considerable distance from its actual position, the label for
the Orion Nebula is placed within the constellation’s quadrilateral and
just below its ‘belt’ and is thus just creditworthy.

Mark awarded = 1

16



(b) (i) Draw a sketch of the seven brightest stgs in the constellation of Orion.

210 Qo3bi

Pearson
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Examiner comments:

(i)

(ii)

(iii)

Orion’s characteristic ‘belt’ within a quadrilateral of four stars is not
immediately visible in this drawing. The quadrilateral is not correctly
drawn, and the belt extends beyond it. However, a belt of three stars is
clearly visible, allowing this response to gain one mark.

Mark awarded = 1

Although the quadrilateral is not correctly drawn, the labelled star is
(arguably) its top left-hand star and can thus be credited.
Mark awarded = 1

The candidate appears to have identified one of the stars as being the
Orion Nebula which is incorrect. Even the letter ‘N’ itself, is outside the
creditable area shown in the Mark Scheme.

Mark awarded =0

17



Example 4 — Question 3biv

(iv) The stars in the constellation of Orion have been observed by people living at
a wide range of latitudes.

The Inuit people observed the stars of Orion from a latitude of over 70°N.

People in South America observed the stars of Orion from a latitude of 55°S.

Explain why the stars in Orion are visible over such a wide range of latitudes.

You may include a clearly labelled diagram in your answer.

Mark scheme

(2)

e Calculation of altitude of
Orion/Cel Eq from either of given
latitudes (20° or 35°)

e Stars of Orion rise above the
horizon from both locations
(can be (horizon) lines drawn on
diagram)

e Orion visible from both
hemispheres.

or diagram.

Question | Answer Additional Guidance | Mark
number
3(b) (iv) Stars of Orion are close to the Celestial lgnore: Stars of Orion | (1)
Equator. cover a large area.
Points may be
Any one from: established using text | (1)

18




Student answers

Orien would b m:,} Jow mﬂ& Ly
Lk iy

stude. would see.
H(L MMS ws&m{;k. Wm

s nommmuuonhsmrhl_
sale ot 70N anol
N SouH—

Examiner comments: this response shows how almost all the marks on a
question can be gained by the use of a clearly labelled diagram.

The student’s carefully drawn, and fully labelled diagram shows that Orion is
directly above the Earth’s equator, i.e. on the celestial equator, thus gaining the
first marking point.

The two sets of observers have been placed in approximately correct positions on
the labelled Earth and lines representing the horizon drawn at both points, which is
sufficient for the second marking point.

Mark awarded = 2

19



IO
> e o )
X 0°N ¥
——ry w*‘op
E /
5 w s
. ;:;I/\‘i; _U\'\.

" Bemcouse. each. goup..art... At diggerent LatUAES

Pearson
Edexcel

Examiner comments: Although much of this response simply repeats what is
stated in the question, it also partially addresses both of the required marking
points. The constellation of Orion is drawn hovering above the middle of the Earth.

The diagram suggests the first marking point without fully achieving it. The
constellation of Orion is shown hovering above the middle of the Earth but neither
the earth’s equator nor the celestial equator is labelled or mentioned.

The comment about latitude and the labelled latitudes on the diagram are re-
statements of information given in the question. The lines sprouting from each of
the observers are suggestive of indicating horizons but, once again, there is no
clear labelling to confirm this.

The student also seems to have made an attempt to show the relative positions of
the two groups of observers, with the Inuit shown closer to the pole than those in
South America. However, the lack of a labelled equator or precisely positioned
poles makes this hard to credit.

Mark awarded = 1

20
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fof@’fa/ag.em—eq % d)\: y: fy S

Examiner comments: this response links Orion’s extensive visibility to observers
on the Earth to the brightness of its stars and the area of sky that it covers. Since
neither of these points is correct, it contains nothing creditworthy.

Mark awarded =0

Example 5 — Question 4b

(b) Explain why there is not a solar and a lunar eclipse every month.

You may include a clearly labelled diagram in your answer.

Mark scheme

Question | Answer Mark

number

4(b) Moon completes one orbit (of Earth) each month 1)
Moon's orbit takes it through two possible eclipse positions (1)
Moon's ‘tilted’ orbit (usually) places it above or below plane of (1)
Earth’s orbit (ecliptic).

21



Student answers

(b) Explain why there is not a solar and a lunar eclipse every month.
You may include a clearly labelled diagram in your answer.

GH Qoab
Moo~
é P
Cat
( o Dore,
Ty,
Suns )

H—¢ el ,I b ,:}- a,[,'/é Q. e ﬁy"-‘ bo / ['Cc/,g&

’T(:J ~ecelt ,b(Q }‘q_.g Creosy /a/é: (‘S(u;\ &<~

flr:fcc ;'LCJ) ? i, “f‘ff-; Y R a.f.',,..,,.,....gmcf; et S

Examiner comments: This response mentions the central point of this explanation
— that the plane of the Moon’s orbit is tilted with respect to the Sun’s orbital plane
or the ecliptic.

However, this point is not developed, and the answer also seems to suggest that
the Moon crosses the Sun’s orbital path, which is incorrect.

Mark awarded = 1

22
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Examiner comments: Although this response presents a broadly correct diagram
of the motions of the Sun, Moon and Earth it does not address the specific issue
raised by the question. The last line of the answer is related to the question but is
insufficiently developed for the award of a mark.

Mark awarded =0

23




Example 6 — Question 4ci

(c) Eid al-Fitr is a festival in the Islamic calendar.

The passage below explains how the date of Eid al-Fitr is found each year.

“The festival of Eid al-Fitr falls on the first day of the month of Shawwal. On the last
day of the previous month, astronomers look carefully in the sky for the first sight of
the start of the crescent Moon phase. Once this very thin crescent Moon has been
seen, the New Moon phase is over and the month of Shawwal begins, with the festival
of Eid al-Fitr”

(i) An astronomy student suggests:
“Why not start each month with a full Moon - it is much easier to see in the sky.”

Explain one astronomical advantage of starting each month with the first
sight of the crescent Moon instead of the full Moon.
(3)

Mark scheme

Question | Answer Mark
number
4(c) (i) (To naked eye) Moon appears (close to) full for several days (1)
‘Appearance’ of first crescent lasts a much shorter time (1
Greater precision in date obtained (accept ‘more accurate’). 1)
[“Easier to see” (crescent Moon) scores 1.]

24



Student answers
(i) An astronomy student suggests:
“Why not start each month with a full Moon - it is much easier to see in the sky.”

Explain one astronomical advantage of starting each month with the first
sight of the crescent Moon instead of the full Moon.

Examiner comments: This is a high-quality response which is close to achieving
all three marking points. The lengthy period over which the moon can appear full

to the naked eye and the much shorter period associated with the appearance of
the crescent Moon are both very clearly explained.

To achieve full marks the student simply needed to say that use of the crescent
Moon would give a more precise measurement of the time of the end of the
month. However, “easier to see” is not quite sufficient for the award of this
marking point.

Mark awarded = 2

25
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Examiner comments: This response begins very promisingly, clearly pointing out
the first marking point - the extended period over which the Moon can be judged to
be ‘full’ by the naked eye. However, it does not continue by stating the second
marking point by contrasting this with the crescent Moon.

Mark awarded =1

() An astronomy student suggests:
“Why not start each month with a full Moon - it is much easier to see in the sky.”

Explain one astronomical advantage of starting each month with the first
sight of the crescent Moon instead of the full Moon.

_ (3) 0 QO04c
one . aronomica. ). H__‘__.a_d.uenmgb. of T —

RACh month,.... ... CYESONL  mOon. . hat
Wl sey.. bk Moon. Jor A longer..... ... ..
B L CT Aamy

Examiner comments: The first half of this response is effectively repeating the
question, and the second half is unclear, leaving nothing creditworthy in the
answer.

Mark awarded =0

26



Example 7 — Question 4cii

(i) Table 2 shows the dates of Eid al-Fitr in recent years.

2021 12th May

2022 1st May

2023 20th April

2024 9th April
Table 2

Explain why Eid al-Fitr is on a different date each year.

(2)

Mark scheme

Question | Answer

not the same length as calendar months
OR: not a whole number in a calendar year.

Mark
number
4(c) (ii) Date linked to (motion/position/phase of) Moon / lunar month 1)
Lunar month/(phase) cycle: 1)

27
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Explain why Eid al-Fitr is on a different date each year.
"2 Qoacii
/rLe /“100‘\\“ o/{)/./" /,/.‘oJ PR /\d/ = ()a(fc( de"
/’l(_ ,8/1(]”-. oé o Jcaf,//l, - O 0,1[}1 «/ <
‘)‘bifra/' cale o €. A < b'llmoou w:/ ot
oo ) A o : o / /%
“ ra AL) A < sy € J Gy o Y W™
Aa . a %{ o J y ¥ /
Examiner comments: This response efficiently provides both the marking points
within its first sentence — the link to the motion of the Moon and the fact that there
are not a whole number of lunar months in a year.
Mark awarded = 2
Explain why Eid al-Fitr is on a different date each year.
1 Qoacii

becaunc Lhey need a very Houn cresnt. Moon.
0. S kO Knoy... . the DNew... Moon..... phog..
U ONOA . A kL 0NN g Bhawowal

be Quny |

Examiner comments: Although much of this response repeats material that is
given in the question, by mentioning the use of the Moon, it is just sufficient for the
award of the first marking point. It establishes a clear link between the date of Eid

al-Fitr and the appearance of the Moon.

Mark awarded = 1

28



Example 8 — Question 5a

5 (a) Explain what is meant by the ‘Equation of Time'

Mark scheme

Caused by eccentricity of Earth’s orbit
Caused by inclination of Earth's orbit
Annual variation of...

Question | Answer Mark
number
5(a) Difference between Mean and Apparent solar time (1)
(accept correct EoT equation)
Any one from: (1)

Student answers

5 (a) Explain what is meant by the ‘Equation of Time'

2) 1 Qos

The gavrrenor e s Ahe diferane. [petween the
aggweﬁ* so\ar fine. arck nem solar tine (As1-mst = ‘°T> N

can be gostive  or . tegetue.

Pearson
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Examiner comments: This response makes the first marking point twice. The
additional comment about the Equation of Time being positive or negative is

insufficient for a second mark.
Mark awarded =1

29



5 (a) Explain what is meant by the ‘Equation of Time’

2) 1 qose

Examiner comments: This response simply states that the Equation of Time is
the difference between apparent and mean solar time, thus achieving the first
marking point only.

Mark awarded = 1

Example 9 — Question 5biii

(iii) Explain why the Sun does not rise at an earlier time on the days after 21st
December, even though the winter solstice has passed.

You may include a clearly labelled diagram in your answer.

(3)
Mark scheme
Question | Answer Mark
number
5(b) (iii) Day length increases/Sun sets later (after solstice) 1)
Equation of Time decreasing... Q)]
...more quickly than daylight length increasing. Q)]

30
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The )a‘hg c,bnqgﬁ?fw\ lerger” but

----------- mo,’fb hg{w/a The )uV\ s W"’”
S ma\w |

Examiner comments: this response achieves the first two marking points of this
demanding question by pointing out that most of the increasing daylight length is
seen at sunset, due to the decreasing Equation of Time.

To achieve the final marking point, the student needed to say that the Equation of
Time was decreasing at a faster rate than the daylight length was increasing.

Mark awarded = 2
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You may include a clearly labelled diagram in your answer.

(0 Qsbii

Ui / r
Sv'si' t‘tl(yhl
“ o=tor

The S dots a0t e entliec doe o Ahe links of . Eucth’s 414, Eash

reuches the pitd chen dhe aigle betueen dhe eciphic and
celeshal _equedor. b at %s |ﬁ@¢ﬂ¥;‘o@+m;m,+k¢

riiff agm\‘n .

Examiner comments: Despite an initially promising diagram, this response
appears to be suggesting that the angle between the celestial equator and the
ecliptic varies during the year, which is not correct. Pointing out that the Sun’s
midday altitude increase after the solstice is not addressing the explanation
required by the question.

Mark awarded =0
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Example 10 — Question 6ai

6 Box Hill Tunnel is a railway tunnel in the south-west of England.

Figure 4 shows a map of the tunnel and a picture of one of its entrances.

North
W T E
g N
N Box Hill Tunnel | _.-----F~
'_____a..r- =T
..--"'_.-.-._.-._
t\
Railway line
Figure 4
It has been suggested that the Sun shines directly through the tunnel on only one
occasion each year - at sunrise on 9th April.
Table 4 shows the azimuth of the Sun at sunrise on some dates during Apnil.
Date Azimuth of Sun at sunrise

2nd April 81°30°

Ath April BO°00"

&th April 78°45"

ath April 770

10th April 76700

12th April 75°00"

14th April 74°00°

Table 4
{al (i} Ploton Figure 5 a graph of the Sun's azimuth at sunrise from 2nd April
to 14th April.
Use the data in Table 4.
(3)
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Mark scheme

Question | Answer Mark
number
6(a) (i) Suitable size - covers more than half the graph sheet both (1)
vertically and horizontally.
Both axes correctly labelled - 'Date’ on horizontal axis and 1)
‘Azimuth (° ") (Accept: ‘Azimuth (°)) on vertical axis.
Correctly plotted points with smooth curve/line of best fit Q)]
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Student answers

ol
»

[
—

-
[=3

-~
A

.
:
y 4

-4
-~

Azimuth ©f Sup at Sunnse (9)
%

NEESS i

1 : 1

1
1

ESENE N}

MELTRTC S €7 5@ 0 U Qg g
Az pake OFf | Apal,
Figure 5

Examiner comments: this student’s graph meets all three of the required marking
points with good use of the space available, correctly labelled axes, correctly
plotted points and a line of best fit.

Mark awarded = 3
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Figure 5

Examiner comments: Although there are a number of issues with this student’s
graph, they (perhaps fortunately) only result in the loss of one mark. Firstly, the
student has chosen to plot the independent variable (date) on the vertical axis of
the graph. Secondly, they have plotted the azimuth scale in reverse, resulting in an

incorrect line of best fit.
Mark awarded = 2

36




Example 11 — Question 6b

(b) Evaluate the suggestion that the Sun shines through Box Hill Tunnel on only one
occasion each year - at sunrise on 9th April.

Use information from Figure 4, Table 4 and Figure 5.

(6)
Mark scheme
Question | Answer Mark
number
6(b) Marking instructions e)

Markers must apply the descriptors in line with the general
marking guidance and the qualities outlined in the levels-based
mark scheme below.

Indicative content guidance
The indicative content below is not prescriptive and candidates
are not required to include all of it. Other relevant material not
suggested below must also be credited. Relevant points may
include:
e Tunnel is straight so possible for Sun to shine through it
s Azimuth of Sun on 9™ April is similar to angle of tunnel
e Tunnel points roughly E NE/WSW - close to direction of
spring sunrise/set
o During year, Sun rises at all angles between NE and SE
e Sun must shine through at sunset on another (autumn)
day
e Sun must shine through tunnel either twice or no times
each year.
o Small changes in azimuth each day/tunnel is quite wide so
Sun should shine through on several days (around 9%
April).
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Level

Descriptor

No rewardable material.

Level 1

Basic interpretation and evaluation of the data/information
may

be attempted but will be limited and narrow in scope. (AO3)
The response will contain basic information with little
linkage

between points made. Lines of reasoning may be
attempted but are incomplete or lack clarity. A conclusion
may be attempted but lacks support. (AO3)

Level 2

3-4

Interpretation and evaluation of the data/information that
Attempts to synthesise and integrate relevant knowledge.
(AO3)

The response shows some linkages and lines of reasoning
with some structure, leading to a conclusion that is partially
supported. (AO3)

Level 3

5-6

Comprehensive interpretation and evaluation of the
data/information that demonstrates the skills of
synthesising

and integrating relevant knowledge throughout the
response.

(AO3)

The response shows a well-developed, sustained line of
scientific reasoning which is clear, coherent and logically
structured, leading to a supported conclusion. (AO3)
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Pearson

Edexcel
Student answers
(b) Rvaluate the suggestion that the Sun shines through Box Hill Tunnel on only CITL
occasion each year - at sunrise on 9th April. g f('t- |
: : . . v 2N
Use information from Figure 4, Table 4 and Figure 5. o G 4.,;.-_,&-;; i) ‘Qsaﬁ

T %ﬁﬂ’n‘aﬁ Aot the Sun dloes shne -fﬁrauglﬂ Boyt lp,\m,l
at sunrise on th Apcl s edpied ] disheqodlly,
pebabtly coreck s sie. Ahe pugle. \eweer B
eastera _emrance. k. pf#  due ot looks to Ge ug4ly.
?T\’(mma Hals wouldd yegoire that Hie weefles cias
Clear _endd et Heees do not bloce e Suas,. IESU“[HW.,
his s ot %canlj ocesivn._each Y. Q_(:&Tf%.] e dicechion .
.o‘f‘ SuAZse. s st _en. Ahe _verne) equnAct. b.c:ﬁ.:..c .Hw:f‘j.f'.!?. .
nothesst fur the  Sunaes solshce., Boh  Betveen e Hires s
Hie Pt occasion on Ahe 78 A"pﬂf bvd a5 He diechiun
nes beck Yo _test Lir dae vesnal  equiner , H il cross
77° vzt mjﬁ}ﬂ sone fne (n Avgu.sl f/rl'hunm ‘Hw
Son A, el shine thoule tee el est h eust
o _sensek or o Otbsions ~ the M dpal el the
My qﬁrer:e)hwted deten Avgost.

Examiner comments: This student’s response shows the skills of synthesis and
integration required for Level 2. Evidence supporting their conclusion is clearly
presented and additional qualifications related to other occasions when the Sun
shines through Box Tunnel are well integrated. The student has mentioned a
number of points from the Indicative Content lost and thus scores the higher of the
marks in the level 2 band.

Mark awarded =4
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(b) Evaluate the suggestion that the Sun shines through Box Hill Tunnel on only one
occasion each year - at sunrise on 9th April.

Use information from Figure 4, Table 4 and Figure 5.

........... ‘wen ﬂmnms dire.:.{l;s thmu%haz,.muﬂz :

___________ should be <as# a0 :
‘St (.g;;fﬁffﬁ]._m ___________ cast o

..... L as. d;%‘\ﬂ&.-......%g Q0. aZwauta. 3«2.&& J;.udhﬁr
Q..mn.,\j ,,,,,,, prom. Q-

...... SR

sl 20d = 81° 30" \
c\osg;: ?to Shiain d\ac‘?
T .cmsh M

..... N u\\..,.......ltk.&Llj.._......s.h;ue,..._h..__.d.\.(ac&l% 'thmmah An... Mo_u‘ .

Examiner comments: This student’s response is presented as a list of short
phrases which makes it more difficult for linkages and smooth synthesis to be
demonstrated. The response also seems to link shining through the tunnel with

shining east, which is not correct.

Mark awarded = 2

As a result, this response does not meet the requirements of a Level 2 answer.
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Example 12 — Question 7a

7 Owen is planning to make some naked-eye observations of the Milky Way.

(a) Describe how the Milky Way appears in the night sky to a naked-eye observer.
(2)

Mark scheme

Question | Answer Mark
number
7(a) Any two from: (2)

faint hazy band(s) of light
contains a large number of stars
crossed by dark patches

[ ]
[ ]
[ ]
e stretches across (large area of) sky.

Student answers

7 Owen is planning to make some naked-eye observations of the Milky Way.

(a) Describe how the Milky Way appears in the night sky to a naked-eye observer,
) 2 QO7¢

n}fnﬁuamﬁs

Examiner comments: Although only one sentence, this response covers two of
the points in the mark Scheme. It establishes that the Milky Way is a faint band of
light and that it stretches across the sky and thus scores full marks.

Mark awarded = 2
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Edexcel

7 Owen is planning to make some naked-eye observations of the Milky Way.

(a) Describe how the Mitky Way appears in the night sky to a naked-eye observer.
(2) 1
QO07s

0023y Uiae. 40600G0.. 00C. fgiak. Scike... SREEN... Sumoundesd... By cany....

EL(‘“'Q

Examiner comments: this response contains little specific information but does
indicate that the Mily Way stretches across the sky, allowing it to meet one of the
points on the Mark Scheme.

Mark awarded = 1

7 Owen is planning to make some naked-eye observations of the Milky Way.

(a) Describe how the Milky Way appears in the night sky to a naked-eye observer.
) 0 qo7:

Examiner comments: this response uses very general terms which could apply to
a wide range of astronomical objects which is never advisable when describing a
specific object like the Milky Way.

Although the Milky Way contains stars and gas, the question asks for a naked-eye
description, making it not possible to credit this point.

Mark awarded =0
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Example 13 — Question 7bii

(i) State two advantages of using a planisphere, rather than a star map, when
planning observations.

(2)
1
2
Mark scheme
Question | Answer Additional Mark
number Guidance
7(b) (ii) Indicates position of objects relative to Accept: ‘shows (1)
horizon/meridian. which objects are
above haorizon' /
“shows objects’
altitude/azimuth’
Takes account of observer's (1)
location/date/time.
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Edexcel
Student answers
(i) State two advantages of using a planisphere, rather than a star map, when
planning observations.
212 qorb
_Nov can See. 3ou ‘. lnom%ox\
H\e X
Moo con_meue. sk:l +D s¢ee. a spemﬁc d c,t-c
Pmcrx Aiglt kg
Examiner comments: This response makes both points in the Mark Scheme,
although its first point would have benefitted from being expressed a little more
clearly. “You can see your horizon” is not entirely clear but just about indicates that
a planisphere includes the observer’s horizon — unlike a star chart.
The second point is much more completely expressed and comfortably achieves
the second marking point.
Mark awarded = 2
(i) State two advantages of using a planisphere, rather than a star map, when
planning observations.
@21 qobi

2..8pecipc. 30 _fae  \ocahon . .op. e cbsewer

Examiner comments: This response makes two correct points about a
planisphere but they both relate to the same (second) point in the Mark Scheme,
giving the student only one mark for this response.

Mark awarded = 1
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(i) State two advantages of using a planisphere, rather than a star map, when
planning observations.

120 qowi
Q. Plackspnere. Quwes  exock. doces ood . BMES... wIneeas. ...

............................ SO OOAE.. ARSI ¢

2

Examiner comments: Although this response refers to a planisphere’s use of
dates and times, the phrase “gives exact dates and times” is not correct. A
planisphere can be adjusted to allow for the date and time of the observation but
this is not ‘giving’ dates and times. The response does not therefore meet the
requirements of the second marking point.

Mark awarded =0
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Example 14 — Question 7c

(c}) Figure 7 shows the area near to where Owen lives.

Figure 7

Design a suitable observing programme that will allow Owen to make accurate
sketches of the Milky Way.

Use information from Figure 7 to help you include suggestions for an appropriate
observing site.
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Mark scheme

Markers must apply the descriptors in line with the general
marking guidance and the qualities outlined in the levels-based
mark scheme below.

Indicative content guidance
The indicative content below is not prescriptive and candidates
are not required to include all of it. Other relevant material not
suggested below must also be credited. Relevant points may
include:

e Red safelight to preserve dark adaptation

e Observing site away from street/house lights

¢ Faint object being observed

+ Need to avoid view being blocked by large hills shown

e Star charts available for accurate positioning of sketches

e Repeat observations

Question | Answer Mark
number
7(c) Marking instructions (6)
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Level

Descriptor

No rewardable material.

Level 1

Basic interpretation and evaluation of the data/information
may

be attempted but will be limited and narrow in scope. (AO3)
The response will contain basic information with little
linkage

between points made. Lines of reasoning may be
attempted but are incomplete or lack clarity. A conclusion
may be attempted but lacks support. (AO3)

Level 2

Interpretation and evaluation of the data/information that
Attempts to synthesise and integrate relevant knowledge.
(AO3)

The response shows some linkages and lines of reasoning
with some structure, leading to a conclusion that is partially
supported. (AO3)

Level 3

5-6

Comprehensive interpretation and evaluation of the
data/information that demonstrates the skills of
synthesising

and integrating relevant knowledge throughout the
response.

(AD3)

The response shows a well -developed, sustained line of
scientific reasoning which is clear, coherent and logically
structured, leading to a supported conclusion. (AO3)
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Student answers

Design a suitable observing programme that will allow Owen to make accurate
sketches of the Milky Way.

Use information from Figure 7 to help you include suggestions for an appropriate
observing site.

(6) 4 Qo7
2% wawmsﬂb u,,...
Bran fiw onss Wi sl Zgen. He el Qe MMM
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Examiner comments: This student’s response synthesises the information in the
question and integrates this with considerable additional knowledge and
understanding, thus comfortably meeting the standards required for Level 2.

The response offers a number of the practical suggestions for observing the Milky
Way listed in the Indicative Content, putting it in the upper half of the Level 2-mark
band.

Mark awarded =4

Design a suitable observing programme that will allow Owen to make accurate
sketches of the Milky Way.

Use information from Figure 7 to help you include suggestions for an appropriate
observing site.
6 3 qor.

‘«emnrmmen'&'.mabs&xudﬁdmgmqnsksganu
....... 1\l baldings,,.. iie light.. pollubon., .cleac skies/ ...
no\-c.loud,stcalmcﬁmnsehﬁce.-lzo,?cﬁveﬂ*

bﬁwe.ﬁnnuimdﬁ.nbmtmrmnsbqqug
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Examiner comments: The ‘bullet point list’ style of writing is well suited to questions
asking for the design of an observational programme. It allows the sequence of
preparations, observations and precautions to be clearly established. As in this
example, this can then result in a response worthy of Level 2.

This student has also written almost complete sentences for each bullet point, further
strengthening their responses’ position in Level 2. They have also mentioned some
of the points from the Indicative Content list in the Mark Scheme.

Mark awarded = 3
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Example 15 — Question 8a

8 (a) In the third century BCE, the Greek astronomer Aristarchus made observations of
a last quarter Moon.

He used these observations to calculate how many times further away from the
Earth the Sun was than the Moon.

Explain how he was able to do this.

You may include a clearly labelled diagram in your answer.

(4)
Mark scheme
Question | Answer Mark
number
8(a) Right-angled triangle between E, M and S (at quarter Moon (1

phase)...
(M
..with Moon at right angle
(M
Measurement of angle between Moon and Sun (from Earth)
(M
Trigonometry/scale drawing to find ratio of E-S/E-M sides.

(Marks can be established by text or labelled diagram)
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Student answers

You may include a clearly labelled diagram in your answer.

MM”& il bebwan e moon ard

L (0% i o lisk Gk puse), be kaeio He
mﬁhb%mn%hknw/é@

e raon aal o sl . usne

77 2 7 B %/

Examiner comments: This student has made very effective use of both text and a
carefully labelled diagram to address all four of the points in the Mark Scheme, thus

scoring full marks.
Mark awarded = 4
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You may include a clearly labelled dlz?ram in your answer.
n

48 qosa
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A Son T

Examiner comments: This high-quality response to this demanding question
achieves almost all the points listed in the Mark Scheme, using both text and a
labelled diagram.

The student’s only mistake has been to place the Earth, instead of the Moon at the
right angle in their triangle.

Mark awarded =3
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You may include a clearly labelled diagram in your answer.
43
. Cadh Kges

9 3

-ﬂ&\msorusio .......... wock out  distance between €acta..

_and..Sun

Examiner comments: This student has used a bullet-point list for the text in their
answer, which is an effective way of describing an observational procedure. Their
description of Aristarchus’ method is almost correct but the wrong lunar phase is
indicated in both their text and diagram, which has lost them a mark.

Mark awarded = 3
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Example 16 — Question 8bi

(b) Aristarchus combined his measurement with other measurements to estimate the
distance from the Earth to the Sun.

A summary of these measurements is shown in Table 5.

Radius of Earth 6300km

Ratio of distance to Moon and diameter of Earth 10

Ratio of distance to Sun and distance to Moon 19
Table 5

(i) Calculate a value for the distance from the Earth to the Sun.
Use the information in Table 5.

Show each stage in your working clearly.
(3)

Distance from the Earthtothe Sun = ... e KITY
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Edexcel
Mark scheme
Question Answer Mark
number
8(b) (i) 2 394 000 (km) (accept 2 400 000 (km)) (3)
Any two from: (2
Doubling of Earth’s radius (12 600km)
Multiplication by 10 or 19 / use of 190
Student answers
(i) Calculate a value for the distance from the Earth to the Sun.
Use the information in Table 5.
Show each stage in your working clearly.
(3) 3 Qosg

6300x2 = 1600
diie P moon = 10 x12600 = 126000

diskne o} sun = |7 x126000 = 2394000

Distance from the Earth to the Sun = ... ?,B%CDO ok

Examiner comments: This student has correctly completed the calculation for this
question, including noticing that the radius of the Earth, given in Table 5, needs to
be doubled before combining with the other numbers in the table.

They have also sensibly included evidence of the stages in their working. This would
have ensured that they would have still gained some marks even if their final answer
had been incorrect.

Mark awarded = 3
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(i) Calculate a value for the distance from the Earth to the Sun.
Use the information in Table 5.

Show each stage in your workiﬁg clearly.

6%0— loxla wdap = hqro

3)1 qos

Distance from the Earth to the Sun = “‘1"0 km

Examiner comments: This student’s calculation has resulted in an incorrect answer
due to division by one of the ratios given in Table 5 instead of multiplication.
However, due to the provision of working, some credit can be given for a correct
multiplication by the solar/lunar distance ratio, which is part of the correct solution.

Mark awarded = 1
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Example 17 — Question 8bii

(i) Calculate the percentage error in your value for the distance from the Earth to
the Sun.

Use information from the Formulae and Data Sheet.

Use the equation:

(Calculated distance — true distance)

Percentage error = x 100

True distance

Percentage error =

Mark scheme

(2)

%

Calculation of error:

(150 000 000 - 2 394 000) = 147 606 000 (km)
Division by 150 000 000(km)

Question Answer Mark

number

8(b) (ii) 98(.4) (%) (or figure consistent with their (i)) (2)
Any one from: (7)
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Student answers

(Calculated distance — true distance) .

Percentage error = True distance 100% N
7,39, eco — (1.5x10%)
— — Xl o
[-Sx(of?
=-1%.L
Percentage error = 73 & %

Examiner comments: Following on from the equation given in the question, this
student has shown clearly which numbers are being substituted for which variables

and how the final answer is calculated.

On this occasion, the correct answer is produced, gaining the student full marks. In
addition, if the final answer had been incorrect, this student could still have achieved

one mark, for their clear working.
Mark awarded = 2
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(Calculated distance — true distance)
Percentage error = - x 100%
True distance

l 0 %\ogykﬁ:h g%l()‘?

/1% 2700 ~ "l—xlog \
_—

(2)

_ X100)=
). Gx ok -0.9938 7

Percentage error = "O°q’?8 ,792 %

Pearson
Edexcel

Examiner comments: This student calculated the Earth-Sun distance as 182
700km in the previous question (8bi). However, they have correctly calculated the
percentage error of this value in this question, showing their working clearly.

It is therefore possible for them to score full marks on this question as the only reason
for their incorrect final answer would be their earlier error in Q8bi. However, despite
including it in their working they have forgotten to convert their fractional error into a
percentage error by multiplying by 100. They therefore lose a mark, as percentage
error is specifically requested in the question.

Mark awarded = 1
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Example 18 — Question 8b(iii)

(iii) Astronomers in ancient times were able to make very accurate observations of

objects in the sky.

However, estimates of the distance from the Earth to the Sun in ancient times

were very inaccurate.

Explain why these estimates were very inaccurate.

Mark scheme

Pearson
Edexcel

distance.

combined/compounded in final E-S

technology/ no
telescopes were
available.

Question Answer Additional Mark
number Guidance
8(b) (iii) Sequence of (different) Reject: in ancient | (1)
measurements/observations needed (to find | times
E-S distance) measurements
were inaccurate /
(Small) errors in each measurement no modern (M

Student answers

Explain why these estimates were very inaccurate.

& - S l{m ) ead~ one has "H o er(oys,.

Examiner comments: This response clearly indicates the need for multiple
observations and measurements when calculating the Earth-Sun distance and the
fact that each contributes to the inaccuracy of the final value. The response has

therefore met both the points required by the Mark Scheme.

Mark awarded = 2
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Explain why these estimates were very inaccurate,
21 Qspii

| .CQI.CVI'_cL_f._;‘m_S\_ QL. thrs _/)eouui(],,ﬂel.‘q’w on
cnlerviouS. . Callula ThaCcyrare  CalClatios. .
l’ke  Fartls  to moon . diStmce. Therepae,

QAStronowesrs.. Eartl,  Fo Sun..ialue.. IS...alSe
[ nolClunute, _ (Total for Question 8 =11 ma 10

Examiner comments: This response strongly implies that the Earth-Sun distance
relies on (at least one) earlier observation and thus inevitably inherits observational
errors from it. It has thus gained the second marking point in the Mark Scheme.

Mark awarded = 1

Explain why these estimates were very inaccurate,
0 api

= Zonme ko%\cn\ d\%%esenccb

=00 SOXEAWZWES ot k. eOSiel. D %Qt ot QCcurate.

ORI e s tamokes

Examiner comments: This response presents the popular idea that ancient
estimates for the astronomical unit were inaccurate due to a lack of modern
technology such as telescopes and satellites. However, there are numerous
examples of the high precision of ancient astronomical observations. Calculation of
the astronomical unit was achieved by combining several observations, resulting in
substantial compound error, which is not mentioned in this response.

Mark awarded =0
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Example 19 — Question 9a

9 Figure 8 shows the weather vane at Sydney Observatory in Australia.

The photograph was taken shortly after local noon on 21st March.

Figure 8

Sydney has a latitude of 34°5.

(a) Calculate the altitude and azimuth of the Sun at local noon in Sydney
on 21st March.

Mark scheme

Altitude = .

Azimuth =

(4)

Calculation of co-latitude (90° - 34°)
Sun on Celestial Equator
Declination of Sun = 0°

Azimuth = 0°
(accept ‘(due) North’)

Question | Answer Mark

number

9(a) Altitude = 56° (3)
Any two from: 2)

M
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Student answers
Sydney has a latitude of 34°S. -4 ®
@Iaiculate the altitude and azimuth of the Sun at local noon in Sydney
on 21st March.
@) 4 Qoo

Ao Y A0 3%
Ao — 3t° = SC° L e

Altitude = ... M. 56. ¢
Azimuth=__ . @ w O L

Examiner comments: This student has correctly calculated both parts of this
question and thus receives full marks. They have also shown their calculations so
that they would still receive some credit if their final answers were incorrect. A further
improvement to their working would be to include the astronomical ideas that they
have used such as the Sun being on the celestial equator and having a declination
of 0°. In this way they would be certain of scoring almost all the marks, even if their
final answer was not correct.

Mark awarded =4
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(a) Calculate the altitude and azimuth of the Sun at local noon in Sydney
on 21st March. :
& vemal eqno (4} 3 Qooe

90 -3%= 56

Altitude=....... %56 A e
Azimuth=_..... rSO i

Examiner comments: This student has correctly calculated the Sun’s altitude but
not its azimuth and thus scores three marks. Their working shows their altitude
calculation clearly but would have provided even stronger support in the event of an
incorrect final answer if the astronomical reasons behind subtracting 34° from 90°
were stated, as shown in the Mark Scheme.

Sketches of the Earth relative to the celestial sphere and of the observer’s horizon
are excellent aids in question like this and this candidate has made use of both.
Sadly, they have not prevented the candidate from the common assumption of the
Sun being due south, rather than due north, at noon.

Mark awarded =3
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(a) Calculate the altitude and azimuth of the Sun at local noon in Sydney
on 21st March.

T :
TBEP - W wes

(4)

Sprng eo\u[mox - Dec=z0Q
PO = 90-Dec

:OQPO
=40

[ =]
Attitude =... 30,

Azimuth = l% Q

Pearson
Edexcel

QO09a

o

Examiner comments: This response does not arrive at the correct answer for either
part of the question. However, the student has made an effort to set out not only
their calculations but also the astronomical ideas that they have used. As a result,
they have gained one mark for pointing out that the Sun has a declination of zero at
the spring equinox.

As with many candidates who live in the northern hemisphere of the Earth, the
candidate has also assumed that the Sun will be due south at noon (180" azimuth)
whereas, as the photograph shows, the Sun is due north (0" azimuth) at noon in
Sydney.

This response would also have benefitted from more thorough checking of the
answers. Further thought about the altitude of 90° for the Sun would reveal that it
cannot be correct as Sydney is comfortably outside the Earth’s tropical zone (23%2'N
to 231%°S latitude).

Mark awarded =1
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Example 20 — Question 9b

(b) On 21st June, the Sun reaches its highest point in the sky in Sydney at 01:53 GMT.

The Equation of Time on 21st June is +2 minutes.

Calculate the longitude of Sydney.

Give your answer to the nearest degree.

Longitude of Sydney =
Mark Scheme
Question | Answer Mark
number
9(b) 151°(151%°) 3)
Any one from: (1)

Correct calculation of local mean time in Sydney (using Equation
of Time): 11:58

Correct calculation of apparent solar time in Greenwich (using
Equation of Time): 01:55

Any one from:

Dividing their time difference (mins) by 4

Correct calculation of time difference between Sydney and
Greenwich (12:00-01:55 or 11:58-01:53): 10h 5min or 605mins

East (E)

(1)

1
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Student answers

@EP0on 215t June, the Sun reaches its highest point in the sky in Sydney at 01:53 GMT.
The Equation of Time on 21st June is +2 minutes.
Calculate the longitude of Sydney.
Give your answer to the nearest degree.
(o1 = AST - ms1
7 = /51~ O,'gg
AST = 01:55
12:00-OVSS = (oSnix
152 % lhe
($x -6-055'{ - [SILT

<~ |S\

(4)3 qogb

1S1°

Longitude of Sydney = .. X B4 W7

Examiner comments: This response shows a correct calculation of the angular
distance between Sydney and the Prime Meridian, accompanied by calculations with
some astronomical justification. The working shown could be enhanced further by
stating the astronomical significance of each calculated number.

Unfortunately, this response does not indicate that the calculated longitude is East
of the Prime Meridian and thus a mark is lost.

Mark awarded =3
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Calculate the longitude of Sydney.

Give your answer to the nearest degree.

Eot log
AT — MST =55 GMT
|2:00 — 57 — | 253

412 Qoob

M8T= AST ~Fot
MBT = [2°00~2

6l :55
4""‘!'/1: /0

Longitude of Sydney = ’2. ‘7

Examiner comments: The key to this question is calculating the time difference
between Sydney and Greenwich, either by comparing their apparent solar times or
by comparing their mean times. This student’s response appears to complete only
the first stage of both methods. The AST in Greenwich (01:55) is calculated
(although not labelled) and the calculation for the mean time in Sydney (12:00 - 2)
is also shown. This response therefore effectively gains the same working mark
twice.

The response also gains a second mark as there is evidence that the student
understands the need to divide the number of minutes by four to find the number of
degrees of longitude. Although not explicitly shown in their working, they have
divided the AST in Greenwich by four to arrive at their final answer.

Mark awarded = 2
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(b) On 21st June, the Sun reaches its highest point in the sky in Sydney at 01:53 GMT.
The Equation of Time on 21st June is +2 minutes.

Calculate the longitude of Sydney.
Give your answer to the nearest degree.

1 qoor
o). 53 * 00 0% = 0\.S5

Longitude of Sydney =

Examiner comments: This response does not progress very far through the many
stages towards the final answer. However, the student has correctly calculated the
apparent solar time in Greenwich, which gains one mark.

The next stage would have been to compare this value of the AST in Greenwich with
the AST in Sydney, given in the question.

Mark awarded = 1
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Example 21 — Question 9c

(c) The star Canopus culminates at an altitude of 71°18" when observed from Sydney.

Calculate the declination of the star Canopus.

Declination =

(3)

Mark scheme

altitude of Celestial Equator (56°)

Question | Answer Mark
number
9(c) -52°42' (52°42' or 52° 42'S score 2) 3)
37°18'scores (2) 2)
Or
Calculation of altitude of SCP from Sydney (34°) (1)
Subtraction of altitude of SCP (34°) from altitude of Canopus (1)
(71°18)
Allow:
-15° 18’ (15° 18’ or 15° 18'S score 2) (3)
Or:
Calculation of altitude of Celestial Equator from Sydney (56°) (1)
Subtraction of (northern) altitude of Canopus (71°18') from (1)

72




Pearson
Edexcel

Student answers

_ (c) The star Canopus culminates at an altitude of 71°18" when observed from Sydney.

: Wideclination of the star Canopus.
o0 C 13 Qooc
: *LQ

.

N 22 5P
0
* 7\
¢S l°
» SCFP

-0
Declination = .~ 67- ° 47_ '

Examiner comments: This student has correctly calculated the declination of the
star Canopus, remembering that it is in the southern half of the celestial sphere and
therefore has a negative declination.

Although the arithmetical operations to arrive at the correct answer are quite simple,
this question requires the candidate to visualise the relationship between the
observer’s horizon, the celestial equator or poles and the star Canopus. This
successful student has clearly made use of both horizon and celestial sphere
sketches to help them in this demanding question.

Mark awarded = 3
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(c) The star Canopus culminates at an altitude of 71°18’ when observed from Sydney.

Calculate the declination of the star Canopus.
B2 aooc

Declination =

Examiner comments: This student’s response again shows the importance of
using a diagram to visualise the situation presented in this demanding question. The
key to this question lies in visualising the relative positions of the observer’s horizon,
the celestial equator and Canopus. This student’s ‘cross section’ along the
observer’s meridian has shows this very clearly and has allowed them to find the
correct angle for the declination of Canopus.

Sadly, the fact that Canopus is south of the celestial equator and thus has a negative
declination has been missed and has cost the student a mark.

Mark awarded = 2
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(c) The star Canopus culminates at an altitude of 71°18’ when observed from Sydney.

Calculate the declination of the star Canopus.
50 qogc

Declination=. 45 _.° 1‘5'

Examiner comments: This student’'s response illustrates the importance of
including clear working with all parts of a calculation. Although the final answer given
is incorrect, up to two of the three marks for this question were available for any
correct calculation or astronomical points, as shown in the Mark Scheme.

Including the calculation or astronomical thinking that led to the answer of 45" 45’
could have gained the candidate one or two marks on this demanding question.

Mark awarded =0
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Example 22 — Question 10b

(b) Observations of planets show that they appear to perform ‘retrograde motion

Explain what is meant by the ‘retrograde motion’ of a planet.

You may include a clearly labelled diagram in your answer.

(2)

Mark scheme

apparent motion for observers on Earth

relative to stars

over a few weeks/months

caused by different orbital speeds of planets. (allow ‘over-
/under-taking).

Question | Answer Mark

number

10(b) Backwards motion/loops (of planets) 1)
Any one from: Q)]
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Student answers
(b) Observations of planets show that they appear to perform ‘retrograde motion.
Explain what is meant by the ‘retrograde motion’ of a planet.
You may include a clearly labelled diagram in your answer.
@2 Q1o

AW?: ?lut 1

“/,;--*"

R ecteosave mno yo h gpporert backweds sk of s
_P\-_:_nczls_ aganrsd bac,_kg.r.om. shaes. Wrowons g doe H the
A louce i o) pene ds .of Y Yottt on(}o‘ff-v?’wfz, ..

Examiner comments: This student has clearly demonstrated both of the marking
points required by this question. Their response illustrates the effectiveness of a
clearly labelled diagram. It would almost be possible to award both marks in this
question for their diagram alone — a clear and labelled background of stars would be
necessary for this. In this response the stellar background is fully clarified in the
accompanying text, allowing full marks to be awarded.

Mark awarded = 2
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(b) Observations of planets show that they appear to perform ‘retrograde motion.
Explain what is meant by the ‘retrograde motion’ of a planet.
You may include a clearly labelled diagram in your answer.
11 atot

@"\ "

TN O OAONE ESL O AR SO Q. DS ED . Q0sCee S

ik 00Eears . to. . MOvE. . 00CKAAardS

Examiner comments: It is clear that this student has a good understanding of the
idea of retrograde motion. However, their response illustrates the importance of
including clear labelling with all diagrams.

The text of their answer firmly establishes the idea of a backward motion and thus
the first marking point is secured. The diagram looks very promising in terms of
establishing the second marking point by establishing a stellar background.
However, since the upper part of their diagram offers no labels for the small circles,
this point cannot be awarded.

With a few words of additional labelling on the diagram, this answer would have
comfortably achieved two marks.

Mark awarded =1
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Example 23 — Question 10ci

() () A student comments:“The planet Mars orbits the Sun at a distance of 1.5 AU but

takes a lot more than 1.5 years to complete one orbit.".

Explain why Mars takes much more than 1.5 years to orbit the Sun.

(2)

Mark scheme

e Because T and r are not proportional/Kepler's Third Law

e Calculation of actual sidereal period of Mars (1.9 years)

e Mars moves more slowly in/along its orbit than Earth

o Due to weaker gravity (at its greater distance from the
Sun).

Question | Answer Mark
number
10(c) (i) Any two from: (2)
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Student answers

(©) (i) A student comments: “The planet Mars orbits the Sun at a distance of 1.5 AU but
takes a lot more than 1.5 years to complete one orbit.".

Explain why Mars takes much more than 1.5 years to orbit the Sun.
(2i2 Q10ci

_This. is  becawe_ TZis_ propatinal to.
05 Therepae (1,57 21.837, Therepore T

o wovldh  Caal ovwd. LBl gears. Rt
ond . therecare o Han LS.

Examiner comments: This student has correctly identified Kepler’s Third law as the
reason for lack of proportionality between T and r and has then gone on to illustrate
this by correctly calculating the sidereal period of Mars. They therefore gain full
marks for this question.

Mark awarded = 2

(c) (i) A student comments:“The planet Mars orbits the Sun at a distance of 1.5 AU but
takes a lot more than 1.5 years to complete one orbit.”.

Explain why Mars takes much more than 1.5 years to orbit the Sun.
211 Q1oc

’r&awmslup:an}dfm%propoc/)@nd ______ J 5

cms’un}’/ s Conshnl came” go/ all_placels amurd san).
____ 5 ﬁmﬂnw(gﬁwo&d@ob}dﬂnﬂd3

Examiner comments: This response makes the first marking point several times
and thus only scores one mark. Since the command word in the question is
‘Explain...” it was necessary to move on from a statement of Kepler's Third Law to
gain the second marking point.

Mark awarded =1
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Example 24 — Question 10cii

(i) The asteroid 2530 Shipka orbits the Sun at a mean distance of 3.0 AU.
Calculate the orbital period of this asteroid.

Give your answer in years.

(3)

Orbital period = years
Mark scheme
Question | Answer Mark
number
10(c) (ii) 5.2 (years) (5.196) (3)
Any two from: 2)
Use of T#/r?
33 or27
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Student answers

(i) The asteroid 2530 Shipka orbits the Sun at a mean distance of 3.0 AU,

Calculate the orbital period of this asteroid.
Give your answer in years.

R=3

TGL_: r{3 L B
T* (3)
T= 27
T': 5. 194

T= 5.7

33 Q10c

Orbital period = 5 ' 2’ ... yEQrs

Examiner comments: This student has calculated the correct answer to this
question and has also provided full and clear working, arranged in logical sequence.
As well as obviously scoring full marks, they would also have scored two marks even
if their final answer had been incorrect.

(In algebraic terms, the change from capital ‘R’ to lower case ‘r during the working
is less than ideal.)

Mark awarded = 3
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(i) The asteroid 2530 Shipka orbits the Sun at a mean distance of 3.0 AU.

Calculate the orbital period of this asteroid.

Give your answer in years.
2 (313 Q10c

auM——T;-— = |
I =
3
| x3° = T =27
st
T= a3 = 5.9%] 59423

Orbital period =6 . 2— years

Examiner comments: This student has also calculated the correct answer to this
question as well as providing clear working. When working in astronomical units (AU)
and years, Kepler's Third Law can simply be stated as T2 = r3, without the need to
include the constant of 1 in the early lines of the working.

Nevertheless, this student has correctly navigated their working to gain full marks.
They have also noted that the nine decimal places offered by their calculator are
unnecessary in this question!

Mark awarded =1
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(i} The asteroid 2530 Shipka orbits the Sun at a mean distance of 3.0 AU.
Calculate the orbital period of this asteroid.
Give your answer in years,
311 a10c

Examiner comments: This student’s working starts off in the correct place, with a
statement of Kepler's Third Law. However, in the second line ‘r¥ accidentally
becomes ‘r?, resulting in an incorrect final value.

Despite getting the wrong answer, the fact that this student has included full working
means that they can still gain a mark for this question.

This response also serves as a reminder of the importance of checking final answers
thoroughly before moving on to the next question. The student’s algebraic slip here
has resulted in a value for the sidereal period which is the same as that given for the
orbital radius — something only possible under Kepler’s third Law for the Earth.

Mark awarded = 1
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Example 25 — Question 10ciii

(iii) An astronomer has discovered three exoplanets.
These three exoplanets all orbit the same star.

Some information about the orbits of these exoplanets is shown in Table 6.

Mean orbital radius = Orbital period
I (AU) (years)
A 1.5 0.64
B 3.0 1.81
C 45 3.33
Table 6

Calculate the mass of the star that these three exoplanets orbit.
Use information from Table 6.

Give your answer in solar masses.

(3)
Mark scheme
Question | Answer Mark
number
10(c) (iii) 8.2 (solar masses) (Accept 8.3) (3)
0.12 scores 2 or any two from: 2)

Use of T%/r® for one of the planets

Calculation of 0.12

Calculation of average of values of T?/r*for all three planets.
Calculation of reciprocal of (their value for) T?/r°,
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Student answers

Calculate the mass of the star that these three exoplanets orbit.
Use information from Table 6.
Give your answer in solar masses.

,11 - constaat 313 10ciii
2
©- e
—T 1213629 .. -
(‘_5) = 01213
conStant ' conskany
Sun - star
= ! L0 \VNRE -
=_\
0.\213&. ..
= €-23974% 6--

Examiner comments: This student has correctly calculated the value of T2/3 (for
Exoplanet A) and then divided it into one to gain the correct answer for this question.
Their answer is accompanied by clear calculations and this is thus a strong example

of a response gaining full marks.
Mark awarded = 3
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Calculate the mass of the star that these three exoplanets orbit.
Use information from Table 6.
Give your answer in solar masses.
— ) 2 10cii
= Kk
C 3
,‘( z
a) > °0 L 0.1213629¢3
\ S >
A .
B) 1 . o m3odT g
3.0"
Q) (o] 3 Sz "
5
> 0. VALSE
——
L-S
Mass of star = .19 solar masses

Examiner comments: This student is clear the answer to this question lies in
calculating the value of T2/r3. They have also realised that calculating this value for
all three exoplanets and taking an average will increase accuracy. They have shown
their working clearly and arrived at a mean value of 0.12 solar masses.

However, in common with many students, they have forgotten that the mass of the
central star is inversely proportional to this constant. The correct answer is thus
1/0.12 or 8.33 solar masses.

This response underlines the importance of checking the size of any numerical
answer before moving on to the next question. There are a number of clues in the
table that the central star in this exoplanetary system is much more massive than
the Sun. Exoplanet A, for example, orbits at a similar distance to that of Mars around
the Sun. However, instead of having an orbital period of 1.88 years, it completes an
orbit in just 0.64. This indicates that it is in a much stronger gravitational field than
Mars and must therefore be orbiting a star with a greater mass than the Sun. An
answer like 0.12 therefore needs further checking.

Mark awarded = 2
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Example 1 — Question 2dii

(i) Figure 7 shows two images of the Moon.

Image A Image B

Figure 7

Explain why Image B in Figure 7 must have been taken from a spacecraft.

Pearson
Edexcel

Mark Scheme

Question
number

Answer

Mark

2 (d)(ii)

Image B is an image of the far side of the Moon (1)

which can only be viewed by spacecraft / which cannot be viewed
from Earth (1)
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Student answers

Explain why Image B in Figure 7 must have been taken from a spacecraft.

2 Qo
. -tW\LU-a'L R _.__,(__J;L.,_. b Side o B e, %

AWane  Yuges  aman  fuoen @t e B Hdl
lOJ“T_V_\B_,_ lo fdee > F‘J*“*'" ‘ kgévv waost o
et o Sttt oo Spuceivg,

Examiner comments: This student’s response clearly addresses both points in the
Mark Scheme (along with mention of the Moon'’s tidal locking) and thus comfortably
scores full marks.

Mark awarded = 2

Explain why Image B in Figure 7 must have been taken from a spacecraft.
20 Qo2di

TES Much move dukasked and SO
Tle mosns craken MAWO. ymnage A

Examiner comments: This student has clearly looked closely at the two images in
Figure 7 and has correctly identified the greater number of craters in Image B — a
characteristic of the far side of the Moon.

Unfortunately, the question focuses on the practicalities of obtaining images of the
Moon'’s far side and thus this response does not gain any marks.

Mark awarded =0
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Example 2 — Question 3b

(b) Astronomers observing galaxies have concluded that the Universe is expanding.
Describe these observations.

You may include a clearly labelled diagram in your answer.

(2)
Mark scheme
Question | Answer Mark
number
3 (b) Galaxies are moving away from us / receding (1) and any 2

one point from:
e galaxies appear redshifted / light from galaxies appears to
shift to longer wavelengths
e Hubble's Law

e velocity increases with distance

e galactic distances obtained from supernova light curves
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Student answers
(b) Astronomers observing galaxies have concluded that th@ Universe is expanding.

Describe these observations.

You may include a clearly labelled diagram in your answer.
Xy lwit (212 Qosb

w“( g“"oup :

Yot oy coe g qpdong i Shoe

|_L u_??vv.., Vﬂ)\‘ ) ;‘-f) mut\:} Ww‘"_}

Jvomwr V.

A“ ’;w' e S %u\wm \N.wt. "mLs\»..;ﬁ Ns WM': B
M’" W“ \\%‘«w oakewed ged, avd awns

—

Examiner comments: This student’s response firmly establishes the idea that
distant galaxies are moving away from us, correctly giving the observation of redshift
as the major observational evidence. Both points are conveyed by the text provided
but the labelled diagram reinforces these points.

The response could be improved by being more specific about the idea of ‘far away’
galaxies and using the correct spelling of ‘galaxies’ but neither of these details is
required by this question.

Mark awarded = 2
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Examiner comments: This student’s response begins by discussing concepts
much more advanced than those required by the question. The need for a relatively
simple answer should have been clear from the fact that this question is near the

start of the examination paper.

The response does mention things moving away from Earth but this cannot be
accepted for the first marking point without specific mention of galaxies.

Mark awarded =0

92




Example 3— Question 3d
(d) Figure 8 shows an image taken by the Wilkinson Microwave Anisotropy
Probe (WMAP).

The image shows the differences in temperature within the cosmic microwave
background (CMB) radiation.

Figure 8

Explain how the data in Figure 8 have helped to explain the current structure of
the Universe.

(2)
Mark scheme
Question | Answer Mark
number
3(d) Any two points from: 2

¢ image shows (information about) the early Universe
e image shows temperature is not uniform

e non-uniformity linked to distribution of galaxies, e.g.
o hotter regions formed (clusters of) galaxies
o galaxies (today) are not uniformly distributed
throughout the Universe
o fluctuations have helped determine Universe's
(changing) composition, including existence of dark
matter / dark energy (which effects its evolution)
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Student answers
Explain how the data in Figure 8 have helped to explain the current structure of
the Universe.
(22 Qoad

e ‘VQYWQN‘W\W gt Shoyn ‘\V\ i ‘\w\ouyp
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Examiner comments: This student’s response contains a range of relevant
information but specifically identifies temperature variations within the image (‘hot

spots’) and the early universe (‘Big Bang’).
It therefore achieves two marks.
Mark awarded =2

Explain how the data in Figure 8 have helped to explain the current structure of

the Universe,
20 qoad

WO t{m/ f:\—k——.%bgm %M Vlu .
1j sShoathak Ao Dadves® haxs Urf(gd JM
S04 ’4‘*3“ WC{WWUL« e W“‘—‘%oﬁ,
Y canatemk U_,M, VAl _(Total for Question 3 = 6 marksD

Examiner comments: This response contains the correct idea that the universe has
cooled down and reduced its density. However, the central theme of this question
relates to the non-uniformities in both the temperature and density profiles of the
universe, neither of which is mentioned here.

This response therefore does not meet any of the points listed in the Mark Scheme.
Mark awarded = 0
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Example 4 — Question 5bii

(b) Table 2 shows the mass, absolute magnitude and lifetime of four stars.

Star “‘:m::;“' m‘;m‘::’ | Lifetime (years)
A 0.1 10 10"
B 1 5 10"
C 10 0 10°
D 100 -5 108
Table 2

(i) Identify the star in Table 2 (A, B, C or D) that is most like the Sun.

(1)

=1

(ii) Stars with a greater mass have a shorter lifetime.

Explain this relationship.

You may use information from Table 2.

(3)
Mark scheme
Question | Answer Additional Guidance | Mark
number
5 (b)(ii) Any three from: Allow reverse 3
argument throughout

(higher mass stars have...)

greater inward gravitational pressure

higher temperature / pressure (in their

core)

{brighter/lower} absolute magnitude /
more powerful

burn their fuel more quickly / run out
of fuel faster / have a higher rate of
fusion
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Student answers
(i) Stars with a greater mass have a shorter lifetime.

Explain this relationship.

You may use information from Table 2.

3 3 qos
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Examiner comments: lllustrated by some examples from the data about star given
in Table 2, this response does not mention the increased gravitational forces
compressing a larger mass star but nevertheless covers the other three remaining
marking points. It is therefore sufficient for the award of full marks.

Mark awarded = 3
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(ii) Stars with a greater mass have a shorter lifetime.

Explain this relationship.

You may use information from Table 2.
(3) 1 Qosl

. SkOgs Mith 0. greater mass noke G snoce-

dbehme  hecause ey bum mp munCh..
y..0nd produe mare en

Examiner comments: This student’s response strongly implies that higher mass
stars burn through their supplies of fuel and energy more quickly than low mass stars
and thus gains one mark. This idea is not supported by the clear statements about
gravitational pull, temperature and magnitude required for a full mark answer.

Mark awarded =1
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(i) Stars with a greater mass have a shorter lifetime.
Explain this relationship. m-ﬂ
You may use information from Table 2.

20 qost

O Shorter  IYetime is  8hoUns in.
&mj}ﬂn S i; ................. b(m&.c D€
gass. gavticles _bowee: M\cj

Examiner comments: Despite containing some promising comments about the
motion of gas particles within the star, this response does not progress beyond a
restatement of the question and thus does not achieve any of the points on the Mark
Scheme.

Mark awarded =0
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Example 5 — Question 5biii

(iii) Star Cis located 1000 pc from Earth.
Calculate the apparent magnitude of star C.

Use the equation:
M= m+5-5logd

(2)
Apparent magnitude of starC= ...
Mark scheme
Question | Answer Mark
number
5 (b)iii) 10 (2) 2

calculation:

M=m+5-5logd
0=m+5-5log 1000
m =10

Award one mark for:
e 0=m+5-5log 1000
e m=M-5+5logd
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Student answers

(i) Star C is located 1000 pc from Earth.
Calculate the apparent magnitude of star C.

Use the equation:
M=m+5-5logd

‘22 Qbbiii
O+54+5 [aa(Io 00 )

Apparent magnitude of star C = "O

Examiner comments: This student has correctly calculated a value of 10 for the
apparent magnitude of Star C and thus gains full marks. They have included some
working, which would have gained credit in the event of their final answer being
incorrect. With a complex equation such as the distance-modulus equation, it is often
advisable to include more than one stage in the calculation. In this example a second
line showing correct valuation on log (1000) such as “m =0 -5 + 15” would constitute
full working.

Mark awarded = 2
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(ii) Star C is located 1000 pc from Earth.
Calculate the apparent magnitude of stan; ol
Use the equation:
M= m+5-5logd
0 sbi

i< [ O 5% =5 o IOOO)

0

Apparent magnitude of star C =

Examiner comments: This student’s calculation shows the importance of attention
to detail when using the distance-modulus equation. The substitution of numbers
into the equation is far from straightforward, with two quantities having the letter ‘m’.
This was further complicated in this question by a column giving the mass of the
stars in Table 2.

In this calculation the mass of Star C has been substituted as its absolute magnitude,
leading to an incorrect answer which cannot be credited.

The student’s answer of zero also illustrates the importance of checking numerical
answers. An answer of zero for Star C would mean that its apparent and absolute
magnitudes were the same — clearly impossible for a star at a distance of 1000pc.

Mark awarded =0
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Example 6 — Question 5¢

(c) The observed brightness of a star decreases in proportion to the square of its
distance from Earth.

The Sun has an apparent magnitude of -27 when viewed from a distance equal to
the radius of the Earth'’s orbit.

Calculate the apparent magnitude of the Sun when viewed from a distance of

10 AU.
(2)
Apparent magnitude of the Sun = ...
Mark scheme
Question | Answer Mark
number
5(c) -22(2) 2

calculation:

intensity of Sun decreases by 102 = 100
This corresponds to a change in magnitude of 5 (1)
apparent magnitude of Sun=-27+5

=-22(1)

notes:
-32 scores 1 mark
M = 4.57... scores 1 mark
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Student answers

(c) The observed brightness of a star decreases in proportion to the square of its
distance from Earth.

The Sun has an apparent magnitude of -27 when viewed from a distance equal to
the radius of the Earth's orbit.

Calculate the apparent magnitude of the Sun when viewed from a distance of
10 AU.

1
(,M ™ th-a- WA, T Cj-ta‘-wt',e. (,qu.‘_ . (22 QO05c
Lo (A= 0 10 [0Dx ddwwer

lOSz,QC' 00)‘- % (OA-«D Y G = _/2,_2,

Ll

Apparent magnitude of the Sun = .7 5

Examiner comments: This student has correctly pointed out that increasing
distance by a factor of ten will reduce brightness by a factor of 100, which is
equivalent to a magnitude change of five. They have thus arrived at the correct
answer of -22, supported by clear working.

Mark awarded = 2
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(c) The observed brightness of a star decreases in proportion to the square of its
distance from Earth.

The Sun has an apparent magnitude of -27 when viewed from a distance equal to
the radius of the Earth’s orbit.

Calculate the apparent magnitude of the Sun when viewed from a distance of
10 AU

(20 Qosc

ﬂ M +5 -Slo&(J- )
M --374S fS/og('O)
. -3

Apparent magnitude of the Sun = .7~ A7

Examiner comments: Although this question can be solved using the link between
brightness and distance stated in the question, many students attempted to use the
distance-modulus equation. This student has substituted a value for the distance of
the Sun in astronomical units (AU), instead of parsecs.

This results in a value of -27 for the Sun’s apparent magnitude which acts as a
reminder of the importance of checking numerical answers, as this is the same as
the Sun’s usual apparent magnitude for observers on Earth.

Mark awarded =0
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Example 7 — Question 6a

6 (a) Pinhole projection is one safe method for observing the Sun.

Describe one other safe method for observing the Sun.

You may include a clearly labelled diagram in your answer.

(2)

Mark scheme

projecting image onto a card/screen (1)
OR

telescope with H-alpha/solar filter (1)
with filter correctly attached to telescope (1)

OR

glasses with solar filter (1)
covering both eyes (1)

Question | Answer Mark
number
6 (a) telescope/binoculars (with shadow caster) (1) 2
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Student answers

6 (a) Pinhole projection is one safe method for observing the Sun.
Describe one other safe method for observing the Sun,
You may include a clearly labelled diagram in your answer.

(22 QO06a
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Examiner comments: This student’s response describes the method of solar
observation using a telescope and H-alpha filter. Both of these items are clearly
explained and illustrated by the clear and labelled diagram. This response therefore
comfortably achieves both points on the Mark Scheme.

Mark awarded = 2
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6 (a) Pinhole projection is one safe method for observing the Sun.
Describe one other safe method for observing the Sun,
You may include a clearly labelled diagram in your answer.
{24| QO6a
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Examiner comments: This student’s description is clearly based on a correct
method — the use of an H-alpha filter. However, although the filter is mentioned,
there is no guidance as to how it is to be used apart from the phrase “place onto
telescope”.

There is additional description of the role of the H-alpha filter but nothing further
about its actual use in the observational method. A clearly labelled diagram would
have covered this point by showing the filter in its correct position.

As both marks in this question are for describing the observational method, this
response can only be awarded one mark. It also underlines the importance of always
including a clearly labelled diagram when describing observational methods.

Mark awarded = 1
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Example 8 — Question 6c¢i

1x108

1x107

1x 10°
Sun's

temperature (K)
1x10%

1x10*

1% 10°

(i) Complete the

You should:

A Core ' Radiative zone X Convective zone
X E
X
: X X
5 X
: -
0.0 1.0

Distance from centre of Sun (Sun’s radius)

Figure 10

graph in Figure 10 to show all the data in Table 3.

- complete the scale on the horizontal (distance) axis

+ plotthere

maining points

« draw a line of best fit.

Mark scheme

(3)

Question
number

Answer

Mark

6 (c)(i)

Correct scale added to horizontal axis (1)

Both points plotted correctly (1)

Suitable smooth, continuous best fit line drawn through the data
points (1)

3 Core I Radiative zone 1 Convective zone
1x108 T
1
1
3 1
1x107 "\*\,‘\L
! \x__—-——x——_'
1x108 T \\
1
I \
1x10° i
1 \
1
1
1x10* : "
1
1x10° *
0.0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 1.0
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Student answers

A

Core E Radiative zone ' Convective zone
1x10% '
E
10 Pt
i ———-JL\_‘
n 1x10° : \_‘R
Sun’s H
temperature (K) :
1x10° E N
i \
13
1x10* § x
1% 10° - -
) . . . 0. . \
0o O 62 o3 e« 0§ 0« T 0f o8 :2
1..

Distance from centre of Sun (Sun’s radius)

Figure 10

Examiner comments: This response securely covers all three of the points required
by the Mark Scheme — a correct scale, points and line of best fit. It therefore
comfortably scores full marks.

Mark awarded = 3
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Radiative zone H Convective zone

|

T
{
|
[
{

et
[
|
|
|

Sun’s
temperature (K)

[ [y W ——— i ————— | R —— ——

|
| 1

00 G |\ O-' Q-G o.é O-IB 1.0

Distance from centre of Sun (Sun'’s radius)

Figure 10

Examiner comments: This student has correctly labelled the horizontal axis of
Figure 10 and has plotted the remaining points correctly. However, although the
points clearly form a curve, a straight line has been drawn through the central point.
Since there is no reason why the central point should be more accurate than the
others, this technique for finding the line of best fit is rarely successful, despite its
popularity. As a result, this response gains only the first two points on the Mark
Scheme.

This response emphasises the fact that many graphs in astronomy do not result in
a straight line, particularly this one which covers several distinct areas within the
Sun.

Mark awarded = 2
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i
1

B Core E Radiative zone H Convective zone

1x10° '
1% 107.§$3~
. o T

Sun's ' —
temperature (K) '
1x10° E

1x10 E %

. >

““0’00 0.4 02 03 04 vy 0 7.7 07 @A

1.0
Distance from centre of Sun (Sun’s radius)

Figure 10

Examiner comments: This response clearly achieves the first two marking points
by providing a suitable horizontal scale and correctly plotted points. However, it
illustrates the popular belief that all graphs must be a straight line, achieving this by
ignoring the last point entirely — effectively treating it as an anomaly.

There is no evidence in the question to suggest that this point is any less accurate
than the others and the graph is clearly labelled to show that it shows temperature
across three distinct zones of the Sun, with widely differing temperatures.

Mark awarded = 2
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Example 9 — Question 6c¢civ

(iv) Figure 11 shows a graph of the relative density of the Sun at different
distances from its centre.

High density

Core : Radiativezone | Convective
. i E zone
Low density 1 1 Il : 1 : 1 1 : 1 1 1 : 1 : 1 : 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Distance from centre of Sun (Sun’s radius)

Figure 11

Analyse Figure 10 and Figure 11 in order to determine if there is a relationship
between the Sun’s temperature and its relative density.
(3)
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Mark scheme

yes / there is a relationship (between the Sun's temperature
profile and the Sun’s density profile) (1)

as temperature decreases, density decreases (as distance
increases) (1)

the temperature and density are a maximum/highest at the
centre of the Sun / core (1)

OR

the temperature and density are a minimum/lowest at the
surface of the Sun / convective zone (1)

the lines have a similar shape, e.g.
the temperature and density decrease rapidly (with distance)
in the convective zone / near the Sun's surface (1)

Question | Answer Mark
number
6 (c)(iv) Any three from: 3

113




Student answers

Analyse Figure 10 and Figure 11 in order to determine if there is a relationship
between the Sun’s temperature and its relative density.
313 qos
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Examiner comments: This response clearly covers three of the points credited in
the Mark Scheme. In addition, it is presented as a series of bullet points, making its
contents much clearer.

The student has also made sure that there are three bullet points — acknowledging
the three marks available for this question.

Although the vast majority of students answer questions like these as a piece of
uninterrupted prose, the above form of presentation is clearly much more effective.

Mark awarded = 3
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Analyse Figure 10 and Figure 11 in order to determine if there is a relationship
between the Sun’s temperature and its relative density.

(2) 3 qos
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Examiner comments: This response indicates a clear understanding that the
correct answer to this question lies in a comparison of Figures 10 and 11, as
indicated in the question. The two figures show that both temperature and density
decrease with distance from the Sun, as this response points out.

It thus contains three of the points in the Mark Scheme and thus scores full marks.

Mark awarded =3
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Analyse Figure 10 and Figure 11 in order to determine if there is a relationship
between the Sun’s temperature and its relative density.

3) 1 QO06¢

Al h\gw\’u depns™ m&(mg\u«m

Examiner comments: This response begins with a clear statement that as density
increases so does temperature, gaining the second marking point. It does not
actually make a statement as to whether there is a relationship or not.

Consequently, it only scores one mark for its initial statement.
Mark awarded =1
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Example 10 — Question 7aii

(ii) Mira is a red giant star in the late stages of stellar evolution.
Mira has a mass of 1.2 solar masses.

Describe how Mira will evolve in the future.
(2)

Mark scheme

Question | Answer Mark
number
7 (a)(ii) Any two points from: 2

e planetary nebula
e white dwarf
e black dwarf

Student answers

(i) Mira is a red giant star in the late stages of stellar evolution.
Mira has a mass of 1.2 solar masses.

Describe how Mira will evolve in the future.

Ity a&u Dol gk vy
L M%

Examiner comments: This high-quality response concisely covers all three of the
possible future stages in the life of Mira and is thus awarded full marks.

Marks awarded = 2

117



(i) Mira is a red giant star in the late stages of stellar evolution.

Mira has a mass of 1.2 solar masses.
Describe how Mira will evolve in the future.

; ‘
|mn»Mk»-nluum&wu«h‘uMn»un%(«mn o

.
uOny-mm.-m»Q-m-..'.-. N T e ™ (T

1 Lk
WM & e
(i e brightness of Mira changes
surface temperature.

At lower temperatures, some of Mira’s visible light becomes infrared.

Examiner comments: This student has clearly provided all three possible future
stages in the life of the star Mira and their response has therefore been awarded
full marks.

However, this response illustrates the importance of tailoring answers to the
command word of the question — ‘Describe’ in this case. This student has fully
achieved this in the first sentence of their answer. The remainder of their answer is
an attempt to ‘Explain’ which obviously gains no further credit in the Mark Scheme
for a ‘Describe’ question.

Marks awarded = 2
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(ii) Mira is a red giant star in the late stages of stellar evolution.
Mira has a mass of 1.2 solar masses.

Describe how Mira will evolve in the future.
(2) 1 QO7:

Examiner comments: This student’s response is clearly describing the correct
evolutionary path for Mira but it has only described the next stage and thus only
scores one of the two marks available.

This response illustrates the importance of ensuring that answers contain sufficient
points to gain full marks. The provision of two (rather than one) marks for the
question indicates clearly that more than one stage in the future life of Mira are
required.

Marks awarded = 1
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Example 11 — Question 7aiii

(iii) The brightness of Mira changes because of a change in its
surface temperature.

At lower temperatures, some of Mira’s visible light becomes infrared.

Explain how a drop in Mira’s surface temperature affects its brightness.

Mark scheme

Question | Answer Mark
number

7 (a)(iii) (drop in temperature results in a) reduction in brightness / is dimmer | 2
(M

because infrared light is not visible (to unaided eye) (1)

Student answers

Explain how a drop in Mira's surface temperature affects its brightness.

Examiner comments: This response comfortably achieves the full two marks as it

clearly mentions the reduction in brightness and the fact that infrared radiation is
not visible.

Mark awarded = 2
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(iii) The brightness of Mira changes because of a change in its
surface temperature,
At lower temperatures, some of Mira’s visible light becomes infrared.
Explain how a drop in Mira's surface temperature affects its brightness.
“1 qrai

Examiner comments: This response correctly states that the brightness of Mira
will decrease and thus achieves the first point on the Mark Scheme.

However, there are a number of clues in the question that more is required for the
award of the second mark. Firstly, the common word in this question is ‘Explain’
not simply ‘Describe’. Questions using the ‘Explain’ command word always require
some form of explanation, i.e. an additional sentence beginning with ‘Because...’.

Secondly, two marks are available for this question, further suggesting that a
simple statement of how the brightness of Mira will change cannot score full marks.

Mark awarded = 1
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Example 12 — Question 7aiv

(iv) Figure 12 shows an ultraviolet image of Mira. A tail can be seen.

The tail is caused by the star moving through space.

Figure 12

Mira has a velocity of 130 km/s and has been creating this tail for 30 000 years.
Calculate the length of the tail.
Use information from the Formulae and Data Sheet and the equation:

Length of tail = speed x time

Give your answer in parsecs.

Mark scheme

Question | Answer Mark
number
7 (a)(iv) 4.0 pc (3.97 pc) (3) 3

calculation:

convert 30 000 years into seconds (1)
time = 30 000 x 365 x 24 x 60 x 60 =9.46 x 10"

calculation of tail length (1)
length of tail = 130 x 9.46 x 10"
=1.23x10"

convert length from km to pc (1)
length of tail = 1.23 x 10™ + 3.1 x 10" = 4.0 (pc)

accept 1.3 x 107 (pc) for 2 marks
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Student answers

Give your answer in parsecs.

({8 qo7ai
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Examiner comments: This student’s response clearly shows how the correct
answer of 40 parsecs is obtained using the information in the question and the
equation provided. It therefore scores full marks.

Mark awarded = 3
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Length of tail = ... 3 2 7 parsecs

Examiner comments: Although this student has arrived at the correct numerical
answer and has thus been awarded full marks, their answer is not supported by
sufficiently clear or detailed working. In the event of their final answer being
incorrect, it would have been difficult to award either of the two marks available for
the calculation.

Clearly a large part of the calculation has been completed on the candidate’s
calculator or in their head, with only a final result being written down. The only part
of the calculation written down appears to be a final unit conversion into parsecs.

In addition, there is no indication of what their calculation represents, once again
making it difficult for the examiner to credit their working.

Mark awarded =3
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Give your answer in parsecs.

*1 Qo7ai
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Length of tail = 11%510018 parsecs

Examiner comments: This student’s response shows a correct multiplication of
the speed of the star by the time for which the tail has existed and thus gains one
mark. However, it has not taken into account the incompatible units of the velocity
(km/s) and the time (years). Hence the final answer is not in parsecs.

Mark awarded = 1
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Example 13 — Question 7b

(b) Table 4 shows light curves for three variable stars.

A
3 -
-V V
Apparent
magnitude
4 -
T =
1 15
Time (days)
A
re
Apparent
magnitude
[ =
T T
1 150
Time (days)
A
4 -
Apparent
magnitude
5 -
T T
1 6
Time (days)
Table 4
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Evaluate the data in Table 4 in order to identify which of the stars is:

+ asupernova
+ aCepheid variable
» an eclipsing binary.

Justify your answer in each case.
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Mark scheme
Question | Answer Mark
number
7 (b) Marking instructions 6

Markers must apply the descriptors in line with the general marking
guidance and the qualities outlined in the levels-based mark scheme

below.

Level

Mark

Descriptor

0

No rewardable material.

Level 1

1-2

Lacks clarity.

Basic interpretation and evaluation of the
data/information may be attempted but will be limited
and narrow in scope.

The response will contain basic information with little
linkage between points made. Lines of reasoning may
be attempted but are incomplete or lack clarity. A
conclusion may be attempted but lacks support.

Level 2

Some structure.

Interpretation and evaluation of the data/information
that attempts to synthesise and integrate relevant
knowledge.

The response shows some linkages and lines of
reasoning with some structure, leading to a conclusion
that is partially supported.

Level 3

Comprehensive and well structured.

Comprehensive interpretation and evaluation of the
data/information that demonstrates the skills of
synthesising and integrating relevant knowledge
throughout the response.

The response shows a well-developed, sustained line
of scientific reasoning which is clear, coherent and
logically structured, leading to a supported conclusion.

Indicative content guidance

The indicative content below is not prescriptive, and candidates are
not required to include all of it. Other relevant material not suggested
below must also be credited.

Relevant points may include links between:

» type of star and period length

» type of star and shape of light curve

» type of star and range of apparent magnitudes

Star | Type of variable star
A Eclipsing Binary

B Supernova

C Cepheid variable
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Student answers
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Examiner comments: This response synthesises and integrates aspects of the
material presented in the question. Several linkages and lines of reasoning are
clearly expressed, placing the response at Level 2.

A number of astronomical points are made within the response, placing it in the
upper half of the mark range for Level 2.

Mark awarded =4
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Evaluate the data in Table 4 in order to identify which of the stars is:

« asupernova
» aCepheid variable
» an eclipsing binary.

Justify your answer in each case.
{63 QO7b
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Examiner comments: This response shows many of the features required by a
Level 2 response. However, it does not do this for all three of the objects listed in
the question and therefore scores at the lower end of the Level 2 mark range.

Mark awarded = 3
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Examiner comments: Containing several statements that are ambiguous or,
involving incorrect uses of the material provided in the question, this response
represents only a basic explanation and interpretation of the question. It is
therefore a Level 1 response.

Mark awarded = 2
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Example 14 — Question 8aiii

(iii) The JWST objective is made up from 18 smaller mirrors, instead of one
large mirror.

Give two reasons for this.

(2)

Mark scheme

Question | Answer Mark
number
8 (a)(iii) Any two points from: 2

e easier to construct

e cheaperto make

e larger mirror would deform more

e reduces space when launching/ is able to fit into a rocket

Student answers

(iii) The JWST objective is made up from 18 smaller mirrors, instead of one
large mirror.

Give two reasons for this.

(212 Qsaiii

Examiner comments: This response concisely presents two advantages of a
composite mirror and thus scores full marks.

Mark awarded = 2
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(ili) The JWST objective is made up from 18 smaller mirrors, instead of one
large mirror.

Give two reasons for this.

A Qsaiii

e 5"7%”“’"1%

Examiner comments: This response provides only one correct reason — the ease
of manufacture of the smaller mirrors. It therefore scores one mark.

Mark awarded =1
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Example 15 — Question 8bi

(b) Figure 13 shows the Moon'’s orbit around the Earth.

Moon's orbit

Orbit around the Earth

Position

Description

P1

Earth's surface

P2

Orbit around the Earth

P3

Near side of the Moon

P4

Far side of the Moon

(Not to scale)

Figure 13

A new ultraviolet telescope has been developed to observe the Sun on each day

of the year.

Astronomers have suggested four positions for this new ultraviolet telescope.

These positions are labelled P1, P2, P3 and P4.

(i) State one observational reason why P1 is an unsuitable position for the
proposed ultraviolet telescope.

(1)

Mark scheme

(Earth’s) atmosphere absorbs (maost) ultra-violet radiation

Question | Answer Mark
number
8 (b)(i) unable to observe ultra-violet radiation from the Earth’s surface / 1
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Student answers

(i) State one observational reason why P1 is an unsuitable position for the
proposed ultraviolet telescope.
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Examiner comments: This student’s response explains clearly the unsuitability of
an observing position on the Earth’s surface, due to absorption of ultraviolet
radiation by the Earth’s atmosphere.

Mark awarded =1

(i) State one observational reason why P1 is an unsuitable position for the
proposed ultraviolet telescope.
(1 0 qost

Examiner comments: Although this student’s response correctly identifies the
Earth’s atmosphere as a key part of the answer, it incorrectly focuses on its
absorption of infrared, rather than ultraviolet, radiation.

Mark awarded =0
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Example 16 — Question 8bii

(ii) The telescope needs to observe the Sun on each day of the year.

Analyse Figure 13 in order to explain whether P2, P3 or P4 would be a suitable
position for the proposed ultraviolet telescope.

(3)

Mark scheme

space / in orbit (1)

P3 - NOT suitable for telescope - cannot observe the Sun each day
(M

P4 - NOT suitable for telescope - cannot observe the Sun each day /
cannot communicate with Earth (1)

Question | Answer Mark
number
8 (b)(ii) P2 - suitable for telescope because above Earth’s atmosphere / in 3
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Student answers

(i) The telescope needs to observe the Sun on each day of the year.

Analyse Figure 13 in order to explain whether P2, P3 or P4 would be a suitable
position for the proposed ultraviolet telescope.
(3) 3 Qost
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Examiner comments: This student’s response has identified the observational
problems with P3 and P4 and has thus correctly concluded that P2 is the best
observing site of the four possibilities.

Mark awarded = 3
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(i) The telescope needs to observe the Sun on each day of the year.

Analyse Figure 13 in order to explain whether P2, P3 or P4 would be a suitable
position for the proposed ultraviolet telescope.

VZ».U’} b skl et Ay
Ma 3»-»1;2\. Ewﬂ\,

(3) 2 Qosk

Examiner comments: Although this response arrives at the correct conclusion, it
does not support it with a clear reason. Although it identifies the observational
difficulties with observing sites on the Moon, it does not give a clear reason for
rejecting each of P3 and P4. It therefore does not present a full analysis of the
material presented in the question and can thus not be awarded full marks.

Mark awarded = 2
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Example 17 — Question 8cii

(ii) A student wishes to improve the telescope’s images of Saturn.

The student replaced the telescope’s eyepiece with an eyepiece that had a
shorter focal length.

State one advantage of using an eyepiece with a shorter focal length.

(3)

State two disadvantages of using an eyepiece with a shorter focal length.

Mark scheme

increased magnification / Saturn
appears larger
smaller field of view

Disadvantages, any two from:

dimmer image

smaller field of view / harder to locate
in sky

{lower / worse / poorer} {image quality
/ resolution}

requires more stable mounting / image
moving around

eye relief issues

Accept smaller field of
view as one marking
point only.

Question | Answer Additional Guidance | Mark
number
8 (c)(ii) Advantage, any one from: 3
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Student answers

(ii) A student wishes to improve the telescope’s images of Saturn.

The student replaced the telescope’s eyepiece with an eyepiece that had a
shorter focal length.

State one advantage of using an eyepiece with a shorter focal length.
8 qosci

*Wm‘m lovwes  Moywiien

State two disadvantages of using an eyepiece with a shorter focal length.
ooy L0 ok VewW.

;1N Ay eutin 7

Examiner comments: This response provides three correct statements about the
effect of reducing the focal length of the eyepiece and therefore gains all three
marks.

Although it does not affect the mark, the addition of question marks after answers
is unnecessary and does not improve the impact of students’ answer.

Mark awarded = 3
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(ii) A student wishes to improve the telescope’s images of Saturn.

The student replaced the telescope’s eyepiece with an eyepiece that had a
shorter focal length.

State one advantage of using an eyepiece with a shorter focal length.
(32 Qosci

Examiner comments: This student’s response correctly identifies the increased
magnification, but reduced field of view produced by a shorter focal length
eyepiece lens.

Although the student has correctly identified the link between shorter eyepiece
focal length and reduced image quality/resolution, their second disadvantage
proposes ‘no increase’ in resolution, which is not the same thing. Only the first of
their disadvantages can therefore be credited.

Mark awarded = 2
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(i) A student wishes to improve the telescope’s images of Saturn.

The student replaced the telescope’s eyepiece with an eyepiece that had a
shorter focal length.

State one advantage of using an eyepiece with a shorter focal length.

...... The sie de goral logh 4o

State two disadvantages of using an eyepiece with a shorter focal length.

(32 qosci

- s | 5 Wﬂwmwm

Examiner comments: This student’s response correctly identifies the increased
magnification, but reduced field of view produced by a shorter focal length
eyepiece lens.

Since a shorter focal length eyepiece lens will not necessarily affect the level of
chromatic aberration in the telescope, their second disadvantage does not gain
any marks.

Mark awarded = 2
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Example 18 — Question 9ai

9 (a) (i) State two differences between the construction of optical telescopes and
radio telescopes.

(2)

Mark scheme

radio telescope has a larger {objective /
aperture / reflector / diameter}

e radio telescope {objective / reflector} is
made with lower precision

¢ radio telescopes can have a {reflector /
dish} made of mesh

¢ radio telescopes do not need to be
located at high altitude

o radio telescope {objective / reflector /
dish} made from metal / is not silvered
OR optical telescope {objective /
reflector} made from glass / lenses / is
silvered.

arguments

Question | Answer Additional Guidance | Mark
number
9 (a)(i) Any two points from: Accept reverse 2
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Pearson

Edexcel
Student answers
9 (a) (i) State two differences between the construction of optical telescopes and
radio telescopes.
(2) 2 Q09:

L Vadio lg\em e wdn (-Utwpw e
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(i) The sign below is displayed outside a radio telescope observatory.

Examiner comments: This student’s response clearly presents the ideas of the
need for larger physical apertures in radio telescope and the need for more precise
manufacture in optical telescope. It therefore scores full marks.

Mark awarded = 2

9 (a) (i) State two differences between the construction of optical telescopes and
radio telescopes.

A adio Rl opa s« b*yw
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Examiner comments: This student’s reference to the larger objective mirror in a
radio telescope clearly scores a mark. However, the statement that optical
telescopes are made more ‘carefully’ is not sufficient to establish the idea that
greater precision is needed in the machining of the reflecting surfaces in an optical
telescope.

Mark awarded =1
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Example 19 — Question 9aii

(i) The sign below is displayed outside a radio telescope observatory.

Mobile phones must be
turned off

Give one reason for this sign.

(1)

Mark scheme

Question | Answer Mark
number
9 (a)(ii) (mobile phone signal will) interfere / create noise / affect observations| 1

(1)

Student answers

Give one reason for this sign.

Mark awarded

Examiner comments: This student has the correct idea of mobile phones emitting
radio waves that could interfere with the operation of the radio telescope and thus
achieves the mark for this question.

=1
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Give one reason for this sign.

0 qog

Examiner comments: This student has correctly stated that the sign instructs
people to turn off their mobile phones, which is essentially repeating content given
in the question. They have not gone on to give the astronomical reason behind the
need for phones to be switched off — the essential element for the award of the
mark in this question.

Mark awarded =0
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Example 20 — Question 9bi

(b) Modern astronomical observations are often recorded using a digital sensor.

One example of a digital sensor is a CCD (charge-coupled device).

Figure 14 compares the proportion of light detected by a CCD with the
proportion of light detected by the human eye.

A
100 ~
Cccb
10
Proportion of light
detected by sensor (%)
1 - Human eye
| i Ll
Ultraviolet Visible Infrared
Wavelength
Figure 14
(i) Give one reason why CCDs are not used as sensors for radio astronomy.
(m
Mark scheme
Question | Answer Mark
number
9 (b)(i) Any one from: 1

CCDs cannot detect radio waves (1)
CCDs cannot detect waves longer than infrared (1)
quantum efficiency of CCD's falls to zero beyond infrared (1)
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Student answers

(i) Give one reason why CCDs are not used as sensors for radio astronomy.
M1 Qoo

Examiner comments: This student has correctly pointed out that radio waves are
not detected by CCDs and thus scores the mark available in this question.

Mark awarded = 1

(i) Give one reason why CCDs are not used as sensors for radio astronomy.
(1 Qobi

T by el dslad lwawchbﬂ., ......... by o et

Examiner comments: This student has stated that CCDs cannot detect the long
wavelengths that radio waves have and has thus scored the mark available in this

question.

Mark awarded =1
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Example 21 — Question 9bii

(b) Modern astronomical observations are often recorded using a digital sensor.

One example of a digital sensor is a CCD (charge-coupled device).

Figure 14 compares the proportion of light detected by a CCD with the
proportion of light detected by the human eye.

A
100

10 1

Proportion of light
detected by sensor (%)

cCcD

Human eye

Ultraviolet

Figure 14

(i) Give one reason why CCDs are not used as sensors for radio astronomy.

I Visible

Wavelength

(ii) Analyse Figure 14 in order to comment on the differences between a CCD

sensor and the human eye.
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Pearson

Edexcel
Mark scheme
Question | Answer Mark
number
9 (b)(ii) CCDs have a greater sensitivity / can see a greater proportion of 2
light (than the human eye) (1)
CCDs are able to observe a greater range of wavelengths /
frequencies / able to observe into the ultraviolet and infrared (1)
Student answers
(i) Analyse Figure 14 in order to comment on the differences between a CCD
sensor and the human eye.
(22 Qoobi

SAUD Abd e e LUt b b
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Examiner comments: This response lists the greater sensitivity of the CCD and the
broader range of wavelengths that it can detect — both of which are acceptable answers
in this question.

Mark awarded = 2

(i) Analyse Figure 14 in order to comment on the differences between a CCD
sensor and the human eye.

2 Qogbi
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Examiner comments: This response also covers both points shown in Figure 14 — the
limited range of the human eye in terms of wavelengths detected and the much greater
sensitivity of the CCD.

Mark awarded = 2
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Edexcel

Example 22 — Question 9c

(c) A GCSE Astronomy student decides to use a photograph to determine the radiant
point of a meteor shower more accurately.

Figure 15 shows the photograph taken by the student.

Figure 15

The student concludes that the photograph is not suitable for determining the
radiant point.

Evaluate ways to improve the photograph in order to locate the radiant point
maore accurately.
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Mark scheme

Pearson
Edexcel

Question
number

Answer

Mark

9(c)

Level

Mark

Descriptor

No rewardable material.

Level 1

1-2

Lacks clarity.
Basic interpretation and evaluation of the

method but is limited and narrow in scope.
Appraisal of potential improvements is
unsupported.

Level 2

Some structure.

Interpretation and evaluation of the method that
attempts to synthesise and integrate knowledge.
Potential improvements are partially supported by
evidence of analysis of the method.

Level 3

Comprehensive and well structured.
Interpretation and evaluation of the method

demonstrates synthesising and integrating

knowledge throughout the response.

Potential improvements supported throughout
showing

well developed scientific reasoning that is clear,
coherent and logically structured.

Indicative content guidance
The indicative content below is not prescriptive, and candidates are
not required to include all of it. Other relevant material nat suggested
below must also be credited. Relevant points may include:

Comment on photograph
Radiant nat located in the
photograph

Not many meteors

Only small part of the sky
photographed / observed

Photograph suffers from
exposure light pollution
Constellations difficult to
identify due to long star
trails

Foreground takes up
large fraction of
photograph

Improvement
Increase field of view / observe

to the left of image
Increase exposure time / take
multiple photographs

Increase field of view / reduce
magnification / use wide angle
lens

Change location / reduce time

Reduce exposure time (and take

more images)

Horizon at bottom of frame
horizon in frame
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Student answers

Evaluate ways to improve the photograph in order to locate the radiant point

more accurately. "
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Examiner comments: This response provides comprehensive coverage of the
key observational points in the method. It represents a full analysis and evaluation

of the methods, resulting in a full synthesis of the problem posed by the question. It
is therefore a good example of an answer written at level 3.

Mark awarded =5

The student concludes that the photograph is not suitable for determining the
radiant point. ot

Evaluate ways to improve the photograph in order to locate the r¢diant point> 31V~ b
more accurately.
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Pearson
Edexcel

Examiner comments: This response makes a number of effective suggestions,
demonstrated a clear analysis and interpretation of the material provided in the
question. It thus represents a synthesis of astronomical skills to solve the problem
posed by the question. It is clearly at level 2 in the Mark Scheme.

Mark awarded = 3

The student concludes that the photograph is not suitable for determining the
radiant point,

Evaluate ways to improve the photograph in order to locate the radiant point
more accurately.
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Examiner comments: This response offers a basic interpretation and very little
evaluation of the methods to be used in this question. It is therefore characteristic
of a Level 1 answer, offering a few helpful suggestions around the problem of
locating the radiant point of a meteor shower.

Mark awarded = 2
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Pearson

Edexcel
Example 23 — Question 10aii
10 (a) Figure 16 shows images of two galaxies.
Galaxy A Galaxy B
Figure 16
(i) State the Hubble classification of Galaxy A in Figure 16.
(ii) Explain why it is difficult to determine the Hubble classification for Galaxy B in
Figure 16.
Mark scheme

Question Answer Mark
number
10 (a)(ii)

unable to determine shape / structure of spiral arms / central bulge /
bar (1)

because galaxy is viewed (nearly) edge on (1)
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Pearson

Edexcel
Student answers
(i) Explain why it is difficult to determine the Hubble classification for Galaxy B in
Figure 16.
(22 Q10a
w \\U& ®e (’\)W\"“\‘ Q) A (—}E dou.}o ’{u ft}p
| \f\(&w Qe uankim \— K‘\Mﬂk Yor vg b fw \':
c}(\ru&w C‘)Mwne ‘ L.h__ (Q?w\w\\ AW " ovr O \Qu\r\mu\. Wb\wa
Examiner comment: This response clearly establishes that the classification
difficulties are due to our angle of view and the consequent problems in viewing
features such as spiral arms and the galactic nucleus. It therefore scores both
marks available in the Mark Scheme.
Mark awarded = 2
(i) Explain why it is difficult to determine the Hubble classification for Galaxy B in
Figure 16.
) Q10a
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Examiner comments: This response is just sufficient for the award of the second
marking point shown in the Mark Scheme. It points out that the photograph of
Galaxy B has not been taken from ‘straight on top of’, i.e. it does not give a ‘plan’
view of the galaxy. This is broadly equivalent to stating that the photograph is
‘edge on’, as required by the Mark Scheme.

Mark awarded = 1
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Example 24 — Question 10bi

(b) The distance to a galaxy can be determined by measuring its apparent size.
Astronomers conclude that galaxies that appear smaller are further away.

(i) State one assumption that they have made.
(1)

Mark scheme

Question | Answer Mark
number
10 (b)(i) All galaxies are the same size (1) 1

Student answers

(b) The distance to a galaxy can be determined by measuring its apparent size.
Astronomers conclude that galaxies that appear smaller are further away.

(i) State one assumption that they have made.

1 Q1ok

Examiner comments: This response clearly expresses the idea required by the
Mark Scheme — the assumption that all galaxies are broadly similar in size.

Mark awarded = 1
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Example 25 — Question 10bii

(ii) A galaxy has an apparent angular diameter of 40 arcminutes (40’).

Calculate the distance to this galaxy.

Use the equation:

distance to galaxy (pc) = average size of a galaxy (pc)

angular diameter of galaxy (°)

Take the average size of a galaxy to be 50000 pc.

Give your answer in Mpc.

Mark scheme

(3)

convert apparent angular diameter of galaxy into degrees (1)
40 +60=0.67°

calculate distance to galaxy (1)

50000
0.67

x 60 = 4.5 x 10° (pc)

convert distance to Mpc (1)

4.5x10°+10%=4.5 (pc)

allow a range of answers if given to 3sf due to rounding errors
an answer of 7.5 scores 2 marks

an answer of 7 500 000 scores 1 mark

an answer of 75 000 scores 1 mark
an answer of 0.075 scores 2 marks

Question Answer Mark

number

10 (b)(ii) 4.5 Mpc (3) 3
calculation:
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Student answers
Take the average size of a galaxy to be 50000 pc.

Give your answer in Mpc.

d.‘i UNE T YOO % 6O
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Distance to galaxy =

Examiner comments: This response arrives at the correct answer and also shows
all the necessary stages in its working, ensuring that it would still score highly,
even if the final answer had been incorrect.

The numbers being substituted into the equation given in the question are clearly
shown, along with the stages in the conversion from pc to Mpc.

Mark awarded = 3
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Pearson

Edexcel
Take the average size of a galaxy to be 50000 pc.
Give your answer in Mpc.
- #13 Qi1ob
Meya PC = 10 :
=
g\ U e = 3 dégpaa,
5O VOO
< w0 = 4 0N QUB
3
BSgo o VY 0% = 4.8
J
Distance to galaxy = Ll’ "> Mpc

Examiner comments: Although this student’s response arrives at the correct final
answer, its supporting working is not set out very clearly. In the event that the final
answer was incorrect, this response may not have gained all possible marks for
working.

Labelling the stages in a calculation is strongly advised, so that it is clear what
each line of numbers represents. In this example, some lines are part of the
calculation of distance, some are unit conversions and others are reminders of key
data. With no labelling, the examiner can often be unsure about how to follow the
calculation ‘thread 'through the working.

Mark awarded = 3
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(i) A galaxy has an apparent angular diameter of 40 arcminutes (40').
Calculate the distance to this galaxy.

Use the equation:

average size of a galaxy (pc) <60
angular diameter of galaxy (°)

distance to galaxy (pc) =

Take the average size of a galaxy to be 50000 pc.
Give your answer in Mpc.

12 q1ob
5000 0 ;
S Xbo = h500000 pe
oo
= 4500/{4’«;
Distance to galaxy = h«s 00 Mpc

Examiner comments: This student’s response shows a correct calculation of the
distance to the galaxy described in the question — 4 500 000pc. However, the
conversion from pc to Mpc has been made using a factor of 1000 instead of

1 000 000, resulting in an incorrect final answer.

However, the clear evidence of numbers correctly substituted into the equation and
a correct calculation ensure that this mistake only costs the student one mark.

Mark awarded = 2
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Example 26 — Question 10ci

(c) The redshift of a galaxy can be determined from observations of the spectral lines
in the light from the galaxy.

(i) Describe how astronomers obtain the patterns of spectral lines in the light
from a galaxy.

You may include a clearly labelled diagram in your answer.

(2)

Mark scheme

Question Answer Mark
number
10 (c)(i) light is passed through a diffraction grating / spectrometer (1) 2

Any one point from:
e animage of spectrum is taken
s positions / wavelengths of dark / light bands measured
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Student answers

(i) Describe how astronomers obtain the patterns of spectral lines in the light

from a galaxy.
You may include a clearly labelled diagram in your answer.
2 atoc
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Examiner comments: This response covers both marking points by mentioning
the use of a spectrometer and showing a sketch of a typical spectrum with relative
wavelength indicated alongside.

The diagram could have been improved by a clearer light path from telescope to
spectrum, perhaps showing the light passing through the spectrometer in between.

Mark awarded = 2
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(¢) The redshift of a galaxy can be determined from observations of the spectral lines
in the light from the galaxy.

(i) Describe how astronomers obtain the patterns of spectral lines in the light
from a galaxy.

You may include a clearly {:I;;\:I{_ed diagram in your answer.
J Jpeivam
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Examiner comments: this student’s response clearly mentions use of a
spectrometer and thus scores the first marking point. However, it does not
progress to covering the second marking point and it is not clear how much
additional information is conveyed by the diagram. More specific labelling of the
various freehand lines would improve matters.

Mark awarded =1
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(c) The redshift of a galaxy can be determined from observations of the spectral lines
in the light from the galaxy.

(i) Describe how astronomers obtain the patterns of spectral lines in the light
from a galaxy.

You may include a clearly labelled diagram in your answer.
(2) 4 Q1
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Examiner comments: This student’s response contains a promising diagram
showing the light path from the galaxy through to the spectrum. However, it only
specifically mentions the use of a diffraction grating and thus only scores the first
mark on the Mark Scheme.

Mark awarded = 1
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Example 27 — Question 10cii

(i) Describe how astronomers measure the redshift of a galaxy by studying the
spectral lines in the light from the galaxy.

(2)
Mark scheme
Question Answer Additional Guidance | Mark
number
10 (c)(ii) Any two points from: 2

* wavelength of spectral / absorption
line from galaxy (spectra) (is
measured) (1)

e and compared to a standard /
laboratory / 'stationary’ spectra (1)

* measure change/increase
in wavelength (which can be
used to determine redshift)
(1)

o aA
s equation A"

v
= - correctly
0 c

referenced (1)

Note: if equation is
stated AND 4
(wavelength of
spectral / absorption
line)or Ao (‘'stationary’
wavelength) defined
-2 marks
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Pearson

Edexcel
Student answers
%é%;/) Bescribe how astronome‘rs measure the redshift of a galaxy Ey studying the
spectral lines in the light from the galaxy.
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Examiner comments: This student’s response clearly describes comparing the
emission lines in the galactic spectrum to those in a laboratory spectrum and
calculating the difference between the two, thus achieving a value for the red shift.
It has therefore met both the points required by the Mark Scheme.

Mark awarded = 2

(i) Describe how astronomers measure the redshift of a galaxy by studying the
spectral lines in the light from the galaxy.
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20 Q10c

Examiner comments: This response talks in quite general terms about comparing
the galactic spectrum with a ‘known’ spectrum and identifying the ‘shift’. However,
it does not explicitly state the measurements to be taken and there is no mention of
wavelength. It does not therefore meet the demanding standards required by the
two marking points in the Mark Scheme.

Mark awarded =0

168



Example 28 — Question 10ciii

(iii) Measurements of galactic distances and galactic redshifts can be used to
determine a value for the Hubble Constant, H .

Complete the sketch graph in Figure 17 to show how astronomers have
determined a value for the Hubble Constant using these measurements.

(3)
A
-
Galactic distance
Figure 17
Mark scheme

Question Answer Mark
number

10 (c)(iii) Graph of; 3

galactic redshift / recession velocity on vertical axis (1) straight line
through the origin (1)

Hubble constant = gradient of straight line (1)
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Student answers

(ili) Measurements of galactic distances and galactic redshifts can be used to
determine a value for the Hubble Constant, H .

Complete the sketch graph in Figure 17 to show how astronomers have
determined a value for the Hubble Constant using these measurements.

(38 10ciii
A

ot Vel
(en/s)

«
(

[ ecess

-
Galactic distance ( M P <)

Figure17

vehawibs  am W vl Jehwaine w«a\?‘%“v

vt Lot mb\f\':) , T @M'L""‘-“" %—“‘"C}M?\‘(kmﬁ MP‘D
th Y Widble  Conghur (ronlfomuuuomo-umrk{;rm

Examiner comments: This response clearly meets all the requirements of the
Mark Scheme, with completed axes, a straight line through the origin and mention
of the use of the gradient to find the Hubble Constant.

Mark awarded = 3
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(iii) Measurements of galactic distances and galactic redshifts can be used to
determine a value for the Hubble Constant, H ,

Complete the sketch graph in Figure 17 to show how astronomers have
determined a value for the Hubble Constant using these measurements.
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Examiner comments: This response provides a complete set of axes and a
straight line through the origin, along with a statement of Hubble’s Law. This
means that it has met the first two marking points on the Mark Scheme but has not
mentioned the use of the gradient of the graph to find the Hubble Constant.

Mark awarded = 2
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(i) Measurements of galactic distances and galactic redshifts can be used to
determine a value for the Hubble Constant, H .

Complete the sketch graph in Figure 17 to show how astronomers have
determined a value for the Hubble Constant using these measurements.
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Figure 17

Examiner comments: This candidate has completed the axes on the graph,
including suitable units and added a straight line through the origin. However, there
are no details about how to use the graph to calculate a value for the Hubble
Constant, i.e. using the gradient of the graph. This response therefore only scores
the first two marking points.

Mark awarded = 2
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