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r =
Answer ALL questions.
W tvf do [ Write fSo mvch i My weittea Wo Vk? Some questions must be answered with a cross in a box X. If you change your mind about an
There are Several awnswers to Liis Qv e 6“.:0”; BC /:o v answer, put a line through the box ¢ and then mark your new answer with a cross X.
. . 1 (a) Which of these planets is the largest?
T ‘tr, to C;(pla.uu tac rationale behind wmy exceeding ly W
e ¢ . . . . — K A Jupiter
de tailed breatwent , 1t (5 Twportawt For me to stabe
“ / m— B Mars
t(’vl te Uhtivl\foca.“‘-{’ v YOU bu/"f dcc[d(f how Lo wmake — C Neptune
’ » - * . L e—
bhe best vse of wmy svggestions . Yes, it will be \ 0 D Satum
Eimc - Conso bl ‘ .
hg £° r 7?" B f‘_’ d,‘ 50{ 6 ] ¢ very thing - I awm ; (b) A lunar eclipse can occur at which of these phases?
oy ‘ , . {1)
F 7 9 Xpec tatious (a thac other | — ( J [0 A First Quarter
. . N
tew G.¢. 5. €, Svbjects. Tust do your best, % B Full
ch Histor 0 Ast s t . — C Last Quarter
Yy of Stronomy {3 he (a.u[:a) biographics -
‘ . | ) e D N
of Che greatest astronomers, It (s esseutial to have a -
historical perrpec tive , Whatever the suib jeck be ing s bodied. () The point in the Earth’s orbit where it passes closest to the Sun is called:
A . (1)
I & ; : . :
M An Xiovs f'ﬂ‘f You to CLC%U 3"-‘ an  appre Cl.ﬁﬁl-ah. — A Aphelion
0f Ethe cultural (mportauce of Astronowmy, as part - B Elongation
. . . . — C Equinox
S : . S o ' E—— B D Perihelion
Ao bher straud of this personal philosophy is tiaat you . ()
I o , o | : , ' (d) Which of these planets cannot be seen with the naked eye?
’ evelop & d'CCPCf‘ and more Ccry kical t
v . _ _ _ © | m—— A Jupiter
WA A4 L ] - . L}
v er s Eand ¢ ng of Lhe Physies bebiwd tie {_tlesl:sous, W B Neptune
, J s— 0 € saturn
— [0 D Venus
dbr | .
(Total for Question 1 = 4 marks)
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2 (a) Which of these is a dwarf planet?
(1)
r—— ' A Callisto . " ‘
m—— B B Ceres Peonovnced Series . Discovered (w | 90',
— C Moon 5)’ G- Piat.‘g,;;J the largcst asteroid .
— D Triton Diawmeter 940 km, sSo (s small by planctary
s 'bau:‘aﬂ( £,
(b) The Large Magellanic Cloud is an example of a:
n
m—— A Cluster Ohc 0‘ f“ fLJa ClO(f“f 0; Mgsallau
I & B Galaxy (‘t“\‘ c:‘,[dfc’ ) ] $;£V&t‘4 arovad
(" — e C Nebula 1o 000 pc of our Galary. Ut‘ f’:fv ff!:;
. {|] clovd s visible yro
e D - Nova L“'ﬂ‘ oy Suall ,
Evrope .
() The average distance between the Earth and the Moon is:
_ m
— A 3500 km fpogee : 407000 km .
BLANK PAGE — B 13000 km lerigec @ 356 000 kuw .
— C 380000 km A substaubially ellipbical orkit
me— D 150 000 000 km around Fhe Farth
(d) The average diameter of the Earth is:
The Carth shovid be
m— A 3500 km )
\ descrvibed as aw oblate
w— B 13000k .
g 3 m £p heeoid, althovgly the
C 380000 km equ atorial radivs (s ounly sligatly
Smana D 150 000 000 km Greater Elaw Ene  polar radivs
| ( by abeot 40 kuw],
(e) Which of these planets does not have a satellite system?
(n
S— A Earth
T— B Jupiter
m— C Neptune
s D Venus

.
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(f) Which part of the Sun has the highest temperature?

(1)

L1 A Chromosphere BAeovul 2000000k .
@ B Corona
~ Cf the Photosphere, Which
[J € Photosphere .
(s abovt S00k.
[0 D Sunspot
_ Aud wmuch | mvch lese dewse .
(9) Which type of telescope is only found on satellites orbiting the Farth?
(1)
O A infra-red Weater vapour withiu the
0 B radio terrestrial atwosphere s
C visible light par l:a'cvlarly effective at 6106&:'&7 \/\
® D Xray the X- vey region of tue electromaguetic
Spectrom, (Total for Question 2 = 7 marks)

vy
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3 Figure 1 shows an image of Pluto taken by the New Horizons space probe in 2015.

=
e

Figure 1

(Source: © NASA)

(a) (i) Which of these planets comes closest to Pluto?
(1}

A Jupiter The reason is Chat the
B Mars cccew tricity of Lue orbibk of Plu o
# B4 C Neptune is high (1' 0-:21), Whercas fFhat
6f WNcptvue (s 0-009, FPlvko locs,ﬁ'f
0 D Saturn ) . rerval)
a nla,&nnly shovrt Elwme 1w
e become the closer of the two.
(ii) Pluto was discovered by:
m
A Galileo Galilei I 19 3o, four beea gears
L] B William Herschel af tee  Percival Cowell's dtal‘kl
[0 € lIsaac Newton Whe predicted fue eristence of
® D ClydeTombaugh Ploto wany (ears carlier.
fast 3
% The perihelion of Plote was iu 1989. 1t wea
A
hot vwtil (9909 that the di stauecc Frowm Lae
Sumn e Kxcceded that Of Nﬁptd “we .
S

6 TR0 0 A I
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‘ 4 Around 200 BCE, the Greek astronomer Eratosthenes heard that the Sun was directly
(b) Pluto has a much larger orbit and takes longer to orbit the Sun than the Earth. overhead at midday on June 21st in the southern Egyptian city of Syene.
State two other differences between the orbital paths of Pluto and the Earth. Observing the Sun on June 21st in Alexandria, in the north of Egypt, he found that it
(2) was not directly overhead at midday.

Eccenbricity of fthe orkit of the Cavth s o o7

? ) He used these observations to prove that the Earth was a sphere.
( Plvte’s ¢ = o0-27)

2.....“.A.._mtq.g_......g.(..li.b...m,,.;,....A..54.,........ga,,t‘;...;5....“.42...3.,..4‘..9..5.......1..Q,,ﬁ.t.......A.O.F.A,.......p.(..,,..(..,__A,,,,;s,,___w_,[_z“ 255 ; (@) Ezﬂsigé rL:rSmic?tgbae c%?arte.fully—labelled diagram, how these obseryations prove that the
(c) In 2006, Pluto was reclassified as a dwarf planet. (3)
State one reason for this change. o 'PW ’H/éw bk A llb [ u Mook / Wikl
..... Refer & B Motk behone, T 1omade shongd Wlich —qra wiee povidid ok dte beqisming
M oriciey, Mot B hnds kel . o b Aerse. 1t diogre Whid b drew
o ‘a M ) * (Total for Question 3 = 5 marks) 2 | /f\/\

e g b el pflamakiy —— Coaidintd,
desrer Hon Lok o ko lenblrt .

by cContinved

3. Ovbital #ilt of tae Eartt ( the plane
of the Selar Systew) is 3tro; that oy
Plote 5 110 ( See below)

Plawe of the - (0

Solar Systewm
W __Earty {
What two measurements would Eratosthenes need to take to calculate the

Merew ry N¢r Eoue 2 ‘ circumference of the Earth?
2 7 o - " 80 : {2}

Plobo = (1° 1 | The distawe dvc Worth, of Alexawdeia froq

(b) Eratosthenes went on to use his observations to make an estimate for the size of
the Earth.

measured frowm Eac Jeni Eh  at  Alexawdriq,

S 8

MR TR 0T L O — DR OO RO AR

Turn over »




NG

(c) In Eratosthenes’time there were other observations that showed the
Earth is a sphere.
State one of these observations.
(1)
Please vfer &t ranpls ie e
e ——
(Total for Question 4 = 6 marks)
(5) Conbirucd B
f M/aw&«( differtmee o M prribicn 7 |
Be bunm, vicwed  frvm W,W 7-5°.
Te wu due b ke dickowee g Soo wites
}%m & /M:m,'/ﬁ 7‘“/(:1:0-)
1-5° 360"
Soo milts He drtwnferce of e Ew*é(.)rfg
Re- anwtangrng .
C, . (3ao°)>< So0 wuide
7-50
2 49 x 500 widus
5oC 2 2 4000 wides
&
R 0 00 0 0 Turn over »
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5 Figure 2 shows part bf the constellation of Pegasus.

The Greek Winged l\offc bornw frowm
af ter
the ‘FIYluj ‘\offc
Sovthew Skies, As  auw

Pecsevs Chopped o;-f hee hcad,

ptgaso: 15 one o;
indication
how wany

If tl

are jee
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in  the
the
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Are C;(fvcw.cly

Your S kies

Y

o Sc eat
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Algemb
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Iu 1923, iw ity wisdomm — pud for

f‘ca5¢u the Tunternatioual Rs'twuau‘ca.l

e ia fhe

skl s n Andromeda...

Figure 2

the star Fomalhaut.

Use the letter X.

tae

’o.[.' how clcar
5 tar;

auswer |

top left star ofb the Sqrare, Al?ku«.fg, a.wh fu(&l
Couns Cellation of Aundrowmeda |

(a) (i) Draw an arrow on Figure 2 to show how this constellation may be used to find

(Uot visible from ovr [atitude) m

(i) Show the approximate position of the Andromeda Galaxy (M31) on Flgure 2.

TRt

blosed of MtduSdl

Tae square of

the [awnd marks iq

You € é&h Jte

aeuc,

Ukcica-f.

Direction of
Formal hav ¢

(bot see
below )
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(b) This group of stars has only been referred to as Pegasus since the time of l 6 (a) Venus has the highest surface temperature of all the planets in the
the Ancient Greeks. ‘ Solar System because:
] one of the Co 14,54.7,0(4)(&'
Explain why the name ‘Pegasus’ was not used before that time. 0 Sve b A ‘
" " , n — [0 A itisclosest to the Sun foSve * cuse
—— Z « ¢ .« v
;X“ Wy D F MM at Ll To—— [0 B itisthe largest inferior planet A tumos phere is tha t the
- - Surface of Vewys s 3ol jeck
Mm’ : w— C its clouds reflect a very high proportion of the Sun’s light .
y high prop J to awn atwesplare
— & D its atmosphere is almost entirely carbon dioxide Pressvre ek § realber

(c) The Andromeda Galaxy is listed in the Messier Catalogue as M31.
. - - | thaw that on tuc baréq,
Why did Charles Messier include the Andromeda Galaxy in his catalogue? (b) Which one of these statements about the lunar ph;se cycle is correct?

Llodey Messizes wafrumedelion didL mot " [ . (M

R W | — [J A ittakes the same time as the Moon’s orbital period
seeCit &3 ks AL 8, %
A M e - ~ B it takes one year ] L '
L W/ . . : : ts synodgc ?"'o
(d) The star Markab has an apparent magnitude of 2.5 and an@psolute Fagnitude of -0.7. -, B4 € itis 22 days longer than the Moon’s orbital period
w— D itis 2.2 days shorter than the Moon’s orbital period

(i) This means that the star’s distance from Earth must be:

A bs lovte Y

(c) The most southerly latitude where the Sun is above the horizon for 24 hours on

A tly 10 = . L]
exactly 1V pe Magai by de 21st June is called the:
B greater than 10 pc = m— (1)
C less than 10 pc we— A Antarctic Circle
D not possible to calculate from these data m— X B ArcticCircle
£l € Tropic of Cancer
m—— D Tropic of Capricorn
(i) Explain your choice. , '
Ae o pe, Markeb has 4 hag nie bdﬂt‘- diFfereuce ) din PR R (d) Light from a distant galaxy that is moving away from the Earth will appear to
L . . . 32 . € havea
of 32 R H.,z......,.é.,::.;.3.kt.u.c..s..s...........nl..«,..fs..f:cx.gmc .......... (S (25‘;) ............ ~ilé {1
Taat | s, Mackal would be Sitteew—& tuwe s betgtoter—thag— | — 1 A greater brightness
, ' (Total for Question 5 = 6 marks) [e— higher f
i1ts observalble b+ fjk‘(’; wess ‘ L B higherfrequency
. | — ] € higherspeed
. ca t Markab lies a dista
This  wcans tha ® L ‘ wee — D longer wavelength
Sikbeen Eimes fainter , tac (n¥erse ~ squave law &ells
vs¢ that Mar f:o..‘ lies at a disbawce 0)( 4 A {opc
= 4opc
L .
11 12

R ST 0 A0 A Tumover » O 1O O R
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(e) A planet is said to have reached opposition for an observer on Earth when: -
au{y‘ ?/a.m:ti 1
d - L 4
A it appears to cross the face of the Sun 0tside the ovhit
of tue Carth  cay
B8 B itis directly opposite the Sun in the sky
CAhh{bit this phenouce
- C itis directly behind the Sun in the sky ' pRcKS L tnon
D itis directly in line with another planet in the sky
(Total for Question 6 = 5 marks)
L(z) Contiuved o
/ R

orbit of e .quen’or /Ex{fcru;;f

/ P[QMCf-

Orbik of the
' Ear th

will be

dve Sovti

l-lcm:c’ the plawct

at Mfd,n;jkt}ﬁluk Fhe Svw reackes [ Es

{Jof{:a, below fEle Avr¢'3oa,

lowest point, dve

13
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7 Sarah made the drawing of a gibbous Moon shown in Figure 3.
Sea of Serenity
\\
W,

Figure 3

" (a) Label on Figure 3 the position of three named lunar features.

The position of the Sea of Serenity has been labelled for you.

[ab<Ilek
Ma..r L’

Refer to the

a‘-(ajra,m o SC‘\CIMC.

the

b,

) O 0 O R R
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(b) A few weeks later, Sarah made another drawing of the Moon, shown vin Figure 4.

(c) Even though Sarah waited for over one month, she was only able to draw half of
the Moon’s surface.

Explain why we can only ever see about half of the Moon’s surface from Earth.

You may use a carefully-labelled diagram to support your answer.

The

terminator, 7 —F
Ehe bovndary between

. (2)
ool  reovlubion

the d:.ylit and wnight

brvund & Eurtl, . Mo
he mis Fl\HCS .

\

1& ; wloans 'nrwa/(.bl) Mok M. tome At # |
} @ | 7 e Mo b elungs focing Go Eold . TF1
/s P

o quedificading . e Mom
n b amle at & Cokant T2l
wove  olo sk o  Coibenk mb , Irlloieg
beernd Lo 77 Motion

b e ek

7

Figure 4

(Total for Question 7 = 7 marks)
When drawing this sketch, Sarah found it much easier to draw details of the craters. Ly 2

- . u u
U ottt praikion Attone prvdicaddy, vk o sy |
b sile , v wr Lew A

Explain why the craters were easier to draw on this occasion.

o ————————

Lidrokion in  Lovgibide . Jhore éo tlor Lhnkin

kq:u,,l_m( Aurfoet  Aclruen W&}Ul&,«;&mm
O AR 000 O A e T 000 0 0 0 0

neyer Ate Tt Ban 50

MAM?-WW. "—
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8 Figure 5 shows part of a star map from the area around the constellations
Ursa Major and Ursa Minor.

pRs e I
Ros i

. Polaris
a .
Ye B Ursa Minor

Kochab

-~ - ° ® Ursa Major
%
Phecda « Y g
Figure 5

BLANK PAGE
(a) What is the significance of the Greek letters (q, §, y) next to the stars in Figure 5?7

o]
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*9  Figure 6 shows the meteor that was seen from the Russian city of Chelyabinsk in-

(c) Two of the brightest stars in Figure 5 are Phecda (y in Ursa Major) and
Kochab (B in Ursa Minor). Their coordinates are shown in Table 1. February 2013.
Right ascension Declination
(h: min) )
Phecda 15h 20min 72°
Kochab 14h 50min 74°
Table 1

The Ancient Egyptians referred to these two stars as the ‘Eternal’ or
‘Immortal’ ones.

Egypt has a latitude of around 30°N.

Explain, using astronomical information from Table 1, why they gave them

this name.
Figure 6

(3)
J e tumahor diskons  ff Theeds fow He
Iod, Slar i 18°. Mot o bhotbad o 14°

(Source: © Marat Ahmetvaleev)

This is an eyewitness account of the event.

.............. 0.3 1
J4e o - &u,&/ﬁu(‘ a € 9yt M Co ° ‘Shortly after sunrise this morning a burning hot meteor from beyond our
v C Solar System crashed into the Earth’s atmosphere above the city of Chelyabinsk.
This meteor shone even more brightly than the Sun. Many people on their way

to work saw the blinding light and felt the incredible heat of this shooting star.
Scientists are now searching the area to collect meteors that may have landed

. near the city, for further study.
In this account, four phrases have been highlighted in bold. These phrases can be

improved.
(Total for Question 8 = 5 marks) i
‘ ¥ . Explain, using astronomical terminology, how these phrases can be improved.

’beyond our Solar System’

ab. Mo lbibuds o  Eqypt.

W"WQ%&&W‘W¢&EW

o — TR R i it |

DR 0 0 00 0 urn over »
h Jdds  alleged  Avindliss in arkouishdng B
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« 10 Figure 7 shows patches of brightly-coloured lights in the night sky over Iceland
(Latitude = 65°N).
........... b il o
(Total for Question 9 = 5 marks)
TFt
- Figure 7
@ A W L‘o Lt M’ M t‘u'( (:I ‘ > (Source: © Vincent Brady)
h{lﬁ ‘1 . ( ‘o (a) State the full astronomical name for this phenomenon.
a elorrid y «w,to? w  ueheoryd (2)
W) M J.wéa—vrc.t . slwetlor 7 e
He Eartel (a,t am allbibtod. '[ vy (b) Explain how these patches of coloured light are created.
To k ol 120 L‘-M) , . Draw a labelled diagram to support your answer. a
@ Dirplage o dunree an thabs & dotar
A webrorib o & puadl rodinkions | Wihich e "““““"’""52 Thenrtd o L
41’1!3 71 adlicek,  wr  wekatlic W.“v, hbic and OGubarelic regiows . JAbe Aoryen
fousd s Ahe g o bhe Earfh | Hmb 9 qummwmw
wthoribn  prtdly rigiiabe e b sabeniel Mmmdmgmwmm
beth . Jhe tunjorid ac qowendly o b dige | bl o Hoir rwon magnibic  fields . ey
o6 quin of viee | e o far ek in | Capird dmweds ahonk e magrbic Luts 4 fore,
. S—— m , . ’
7 ¥ R : . e A
@ Jde K wmeleorvial ‘n:.(m (M«é) & daat Corc(l;.,es Show

. 4 bue atb&ibvd
. . . Crvaet SC‘-QK&E!C ) < 8F
W ) W “wwbﬁ, e 4 ™ Cro$s -Seckion , 7 e freely svspended
F E e g , i Lk . l 'L&rou,h. Ele Earbl,, / Compass needles

e Sunm . of fke élt pole i:‘?’ :]“ —€— at & fFrerent {ati buées% |
‘ ) ag nekic feld | -
21 . Created b v ™\
i T N R SOV AN ) e

Wikkin the [igeid ovker



&

(©) f;(;orl‘a;r;z\sl.hy the images of stars in Figure 7 are slightly curved lines, rather
(2)
_______ flok o Loy Oorun i requied b othaia
Mopr  cheve £ He habid ol (“eere
(Total for Question 10 = 7 marks)
e waguebic  flux Aawwfa 1 Ll Earthls
Feld Wikl e gqreobet ) are  tircumpler . He (]
rohakin. o b Fate wem  flot & e
lluaﬂ'? ) buplel  clrelpy Wil wat 4
vliAoinsd , ttouee a 2 4 - Awur W‘&W
L met waddde - /_q)\
P'o{a.ri'f :}
\
NI
dea .
23

I

Turn over »
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11 Figure 8 shows the globular cluster 47 Tucanae.

Figure 8

(Source: © NASA)

(@) () Where are globular clusters located in relation to the Milky Way?

Use a sketch of the Milky Way galaxy in your answer.

willion stars, arrauged

the

(5\ fach clostey Contain vy ko omc
{w & Spherica form? hcar the cenbre of Lhe clusbor

Skars Scewm to be ;(asely 7«5#:4,' with scparations 6f

gui.l .......... ligk‘& ...... Aa,y.jf ......... Y ﬁab‘-’c ....... - c"ks ..... e T A‘ ........... Clu;é‘f’ .......... G g
4109 il Abov € one /

Lan

distant wikh wmost
hun deecd  have . beow

(i) State one way in which a star in a globular cluster differs from a star in the
Mitky Way, apart from its location.

@ The star is likely 1 e ex tvemely old.

@ 44444 < riL i 5‘.0( ‘eg {t} “j"‘ ,
@ ....... ?*‘054-517 ........ ‘Lq.} ......... é V@‘VC@( .......... ’!“ ..... t’k( Hd.!‘q» ..... ;czu‘m
Lﬂtnmc 2 g;gg}t

I R A0 0 0 S
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Visijle o Fthe
(b) Table 2 shows some astronomical data about 47 Tucanae. ~ ¥ *a{ ded eye, from £ 12 (a) () Astarhasa 'helit_)centric parallax angle of one tenth of a second of arc (0.1").
Sow the This means its distance from Earth is:
v ra (1)
}é Apparent magnitude: 4.9 .
TH’C misphere. — A 0.1 parsec
. . . ic aid i$
Right ascension: 0Oh 24min clescepic ai _
Bet ber ? reguired fir fudiptdvel — B 1 parsec
Hiavel? Declination: -72° Stars to be resolved . m— ® C 10 parsecs
1qve
Ra fo-el ? N2 Angular diameter: 0.5° — D 100 parsecs
Paco?
Patlo 7 Table 2 Owen 13 clearly (if) Star X is three magnitudes dimmer than Star Y. This means that the two stars
observing from Costa Rica (Latitude = 10°N) using a small pair of . ﬂ differ in brightness by:
binoculars. He is planning to make some detailed drawings of 47 Tucanae. an ncur ab(e : A m = 3 (n
6P Eimest ) — A 3times 3
Identify two difficulties that Owen will encounter when making these P b S A8 = (2 . 5-(1 ) )
observations and suggest a solution for each one. e w— N B 4times
(4) Lk |
— C 9 times N
Difficulty: -
y o D 16 times

- b (iii) The asteroid Vesta orbits the Sun at an average distance of 2.4 AU. According

Solution: to the equation ’ I dislike thic eXpvession,
A ‘é"(uou’r‘- woudd Ao taacnhiod ’fn’ e . | G becavse the vuibs do wot

: the! it will orbit the Sun once every: agree , However, caudi dates
Ty trer . e wondd vqpive o Lompe  sperlire | arc expectea to vse i,
fe oy Aol L A discerued — A 18years Wi thovt vuderstawding E%
— B B 3.7years derivation.
— , 3
Difficulty: ' C >8years rz: (2 ¢ AU

‘ ( . " [0 D 138yea A
LA sugrdey  Aeighk | atowe  Outals Aoy imedd e R [ (2. 45 j . 37 yass

J (b) (i) When observing from a latitude of 50°N on the Earth, the Pole Star will appear

Solution: to have an altitude of: .
N above tuc obsevver’ o
.......... Outn wrndd  Ae  wrae A e~ bovale, Wi | hovrizon "
& teeing  conds s meqll e Aelle,. A Were Ehe observer ot the Wortd
(Total for Question 11 = 7 marks] — B 40° fale, Polaris wovld fé over head.
otai for Question =7 marks
% ' — ® C 50° At Che e gquator, Pole Stu;tr
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(i) When observing from a latitude of 50°N on the Earth, the Celestial Equator will
have a maximum altitude of:
(1)
LJ A Q0 —
M B 40° —
LJ € 50° Se——
LI D 90 —
(Total for Question 12 = 5 marks)
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27
0T 0 LR 0 Turn over »
P4 8 5 0 8 A 0 2 7 4 4

@

]

g

13 Figure 9 shows the planet Mars.

Figure 9
(Source: © NASA)

The planet Mars has two moons orbiting it ~ Phobos and Deimos. Although Mars
can be seen with the naked eye from Earth, Phobos and Deimos were not discovered
until 1877, using a large telescope.

(a) Explain why these two moons are so much harder to see than the planet Mars itself.
. {2)
~ The woous Swall, with diawcters arovnd 3o ku,

arte

........ telescope  woeld ek . have  Jufficitnt
Pouste to Cualle the Satellite to ¢
They are also ¢ lose to the T

discevued,
Thrs.

Z g [w urs

\"'Scr'fa.cc

(b) Describe the most likely origin of these two moons.

I Deiwmns ~

o)
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(c) Table 3 contains some information about these two moons and their orbits. -

Discovered in .

1811 by Asaph Ave;fogni i/:;tra;r}ce Orbital period Diameter of moon

Hall (km) (hours) (km)
Phobos ( Fear) 9377 7.7 222
Deimos (Pauic ) 23460 304 126

Tacidentally, bs €l
MOous are iun
The planet Mars rotates on its axis once every 24.7 days. Synchronovs Yo tation _—*],

Table 3

Describe how the two moons would appear to move for an observer standing on

the surface of Mars. a P
< k
Use data from Table 3 to explain your answer. / \ﬁg
() e F
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T aw reervs mww”"“"’wﬂ“ .......... 8

-

"y

£
&
&
B
gL
é
3
il
Fpe

»
3
L -
- ™~
aues M«g ,,,,,,,, l«l} account M.  rvtekon o Newm 3;
. 2 N
Argoul ) e /QA.MC(.. k£ ds w‘;’wtlTotalforQuestion 13 = 8 marks) s i
, , =
haty Jt. Hicmibic g g Dot b will  putbed ¥
a ity tuwdley ongle . M, b Wil eove 3
: Q
B M M}m«w{; Me adelis, WM o~
b 24 b IC minnln . JAdh wmecawe ot e
Je is lktcus‘tmj to Kuow that Joua thaw Suﬁ-F-E N Pfﬂd:;:ttd {";CSC.
two Martian wmeons in his 11271 tale, ’Cullwcr’s Travels ™
‘The as trouomers of Lapute kad_ L5 covered two S
lesser  Se€ars, or satellibes, which revolve arovmd Mavs, = =

dss taut fl'ptu tac cCeakre of the

Wheresf the ancer mosk (s
. ?
diameters ' .

primary planct €rac kly threc of (s

Marbion surface i 132 hours . Mhokes Aot a
e T o B (72 howm)

th¢wwt&mww
Morkinn  wiqfil, apportably braselliog in He sppaids dircchion,.
Ne murvws  gr Mops, Y ot ke addeek i Mo

* A vCedduder
(i) rolakicon —— wmolion fvoub  d  axis.
(1) W‘u’-—‘ motion n  lu fmfﬂiu!‘:,

Enample -
Jte hian M&JCGA‘.J _?g.; Aot G peried 7 vt
77 [-77 doys ; Lo rtakiowad Period o dupile & 9.9 denns

blearty, Mo dickintbion bebtn b bue worrols ds

29(ay



_ _® T @ e

*14 Table 4 shows some information about the planet Venus. '
' 15 Figure 10 shows an image of the Sun.

average distance from the Sun 0.7AU
orbital period 225 days
rotation period 243 days
diameter (Earth =1) 0.95
gravity at surface (Earth=1) 0.91
1 surface temperature (ayerage) 465°C
atmospheric pressure (Earth = 1) 90
atmosphere 96% carbpn dioxide
3% nitrogen
Table 4 " WMot cven ™

A group of astronomers wish to take some detailed measurements of surface remste l)'

conditions on Venus and are planning to send a manned mission to the planet. |  feaSible Figure 10

Discuss some of the difficulties in sending a mission of this kind along with its r Wikl (Source: © NASA)
advantages over sending a robotic probe. j Current

(a) Explain how large numbers of helium nuclei are produced every second in the Sun.

{3)
The cere of the Sva 05 thogdt to have o bewperabon

Your answer should include information from Table 4. Eeclons {,9 fooe
(6)

of avovud 5 000 000 k, with e dtusily of apovt

My first flovghbs  are:

Evew tlhovgh Ehe Sua will remais tweisible frow Ehe

Mereury ) At Chese temperatorns awmt pressores | Hydroge

0f Veuus, 1k will take aqes fo bebly, rise awl set .
How do You fecl about Youv “ 447' 6"‘5«3 Ioujtr Ehay Ehe “{div“?
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with ome Qno ther , Hydrogen wnvelei  fuse ds form l-{d«'u& nvel

(b) The Sun is known as a Main Sequence star.

Describe the stages of evolution it will pass through once it stops being a Main
Sequence star.
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(b) Observation of the Earth and Moon system has produced evidence to suggest

16 Figure 11 shows the Moon.
that the Giant Impact Hypothesis is correct.

Describe in detail two of these pieces of evidence.
{4

u 4
1J@WW to byl £ tfave stcurnd Cluca.
400 ok 4—»0“0 walbion oo aqr, Wl wcthroribes W,ﬁ

Figure 11

(Source: © NASA)

bt ok Hiaie funk e , e

(Total for Question 16 = 8 marks)

*(a) Explain the Giant Impact Hypothesis for the formation of the Moon.

You may use a clearly-labelled diagram as part of your explanation.
{4)
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17 Figure 12 shows a series of radio wave pulses from an object discovered by radio-
astronomers in the 1960s.

D O

(b) When these signals were detected, the
y were first thought to b
intelligent life forms. gnt fo'be produced by

-~

At the time these objects were referred to as ‘pulsars.
Explain why astronomers made this suggestion with reference to Figure 12.

{2)

strength |
of
. radio waves

{-w»(. wu(zm( b é& 19305 4-7 L. Luv-la,u andk k.ﬁ»«

& 0 ppenftimer ) .

N ‘
) Te f:t(escapc used G e A.'Scwcq of pvisarg (a forw | o f
radio Eelescope )

(Total for Question 17 = 5 marks)

time
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the wmain Cowmponculs,

Figure 12
(a) These radio waves are now known to come from a neutron star.

Explain why the radio waves from a neutron star appear as pulses when received

on Earth. You may use a clearly-labelled diagram to support your answer.
(3}
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18 Figure 13 shows how the apparent magnitude of a Cepheid variable star varies

Dl

(ii) Make an estimate of the distance to this star, using information from Figure 13

with time.

m

apparent A
magnitude 5 __

(A e

4 . <450~

|II.IIIIIIIIIIII]IIII|>
0 5 10 15 20
-§ 8¢
' time (days)
Figure 13
(a) Use Figure 13 to determine the period of this variable star.
(2)
T days
(b) Figure 14 shows the connection between the period of a Cepheid variable star
and its absolute magnitude.
absolute _5
-t d P
magnitu e) //
™ 2
-1 e
,//
i
///
0
V//
i
///
1 -
//
I
pd L
2 §
0 5 1 10 15 20 25 30
time period (days)
Figure 14

(i) Use Figure 14 to determine the absolute magnitude of this Cepheid variable star.

(1)
M = -0

and your answer to part (b) (i).

Explain your working clearly.

—_ (3)
Ve wirngt ek M«i}u@) m
.......................... O o, i waqedbide ditpeccnc  Am
bclen  Llin

(Total for Question 18 = 6 marks)
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19 Figure 15 shows the Planck satellite. Measurements from this satellite have been used
in the search for Dark Matter.

Figure 15

(Source: © European Space Agency)

< ’ (a) Describe one observation that astronomers have made that suggests the
existence of Dark Matter.
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(b) Describe two practical difficulties involved in detecting Dark Matter.
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*(c) Describe the current evidence for Dark Energy. .
3}

(d) State the effect that Dark Energy could have on the future of the universe
& M
e , )
.? £ Lol A a M‘l’ An Llsntiimg
be tpnusion 1f Mo Universe b accdenb,
(Total for Question 19 = 7 marks)
o
A Scale of ti : g; Coustank
» ” .
Universe dartz Fucqy‘
8 iq Crvwl\
(¥ (1, \ //
8
a.qf . ; —%
Yo ’ Presgnt Limae Fu bure

N We & i ,gm._ L, oughly, from Me rugernovne
: vhirebivn | tut  we de et Ruae et worc. Ie &
2 t, a cln,,a&m,g-—--uafiaéi.v ik W"?‘ Lodes e

WWW%&WM%M
bie (@4 de Grovidy awd Mo speesl of Lighk ) —

wibs |

- 47

’ Wow v tn Ha fretere . I b Aerre M .
o, & Aar alse Geem called sz&‘&m
41

—_—

4o Q)



# : SO

Ao 1 20 Earth is the only planet in the Solar System with large quantities of liquid water on
J weme allidea & l,L, 6_1 {,d‘ el t ’[ 72 ol its surface. *
411‘.(41.0 ( Ab‘/éc, Lortd, oy , it awd mtw) , loiod | (a) State two reasons why liquid water is able to exist on the surface of the Earth. .
papped. L Conobibube K, duac A . | The distance of Earth frow the Sun means tant
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*(b) A number of theories have been proposed to explain how liquid water formed

/ € inalrca 74 CMW Gronetack ? ’ ; on Earth.

M & ‘Mbrafg Q wa b Ve " & 9 Describe in detail one theory that accounts for the existence of liquid water on

T sasion Comdidabis g " Doch Gnimy " e

the Earth’s surface.
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Al ot e A L elustvt ‘ : I fe ! (c) Describe a piece of evidence that might help astronomers to decide which is the
b correct theory for the existence of liquid water on Earth.
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