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written communication will be assessed
~ you should take particular care on these questions with your spelling, punctuation
and grammar, as well as the clarity of expression.

Advice

® Read each question carefully before you start to answer it.
® Try to answer every question.
® Check your answers if you have time at the end.
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Answer ALL questions.
Some questions must be answered with a cross in a box [X. If you change your mind about an
answer, put a line through the box 5¢ and then mark your new answer with a cross [X.
1 Figure 1 shows a sketch of an asterism.
Three stars are labelled X, Y and Z.
o X
[ ] [ ] . i Y r“c
o . b ‘ s (]
ointty
° L4 r4 i
Figure 1
(a) What is the name of this asterism? T i
(1}
The Plo veh
(b) To which bright star do Y and Z point?
= 0 A Arcturus
e O B Fomalhaut
e ‘ & C Polaris
- 0 D Sirius
(c) Through a small pair of binoculars star X is actually two stars that appear very
close together.
... What is the name of this type of star? :
. e T {1}
- 0 A binary star
— M. B double star
p— 0 € eclipsing star
— 0 D neutron star
Y

’ 10 0
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(d) When observed from the UK, the stars in Figure 1 never set below the horizon.

What name do astronomers use for such stars?

circumpolar stars
meridian stars

pointer stars

0 R N R
O N @ >

shooting stars

(Total for Question 1 = 4 marks)
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(a) Which planet has an orbit between those of Jupiter and Uranus?

O o o

X

A
B
C

D

Mercury
Mars
Neptune

Saturn

(b) Which planet contains the Great Red Spot?

bd A Jupiter
0 B Mars
0 € Uranus
[J D Venus
(c) Which of the following is equal to the mean distance between the Earth and
the Sun?
A 1AU
0 B 1ly
J € 1pc
1 D 1Mpc
(d) Which dwarf planet is closest to the Sun?
5 A Ceres Promovnced “Serics’
[J B Eris
OO € Makemake
L] D Piuto
a4

O 0O A




(e) Where is the likely origin of most short-period comets?

J A
X B
O c
0 D

Asteroid Belt
Kuiper Belt
Oort Cloud
Zodiacal Band

(f) In which region of the sky might an astronomer observe a planet?

¥ O 0O O
O N w »

(M

Asteroid Belt
Milky Way
Oort Cloud
Rc[crn'uj to a
Zodiacal Band "L.’.“’o; aufMlS“

(Total for Question 2 = 6 marks)
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3 (a) What type of galaxy is the Milky Way?

O A elliptical
0 B irregular
(0 C lenticular
D spiral

PP —

(b) Which of the following does not belong to our Local Group of galaxies?

[0 A M31, the Andromeda Galaxy
[J B The Large Magellanic Cloud
O c

¥ D NGC 4151, a Seyfert galaxy

The Small Magellanic Cloud

(c) Which of these objects is f\{rthest away from the Earth? |
[+

,,.N
[

X A 3C273,aquasar

(0 B M31,the Andromeda Galaxy
(0 € The Large Magellanic Cloud
[J D Mi15,aglobular cluster

(d) What lies at the centre of an Active Galactic Nucleus (AGN)?

L—

A a neutron star

B a supercluster

K O O

C asuper-massive black hole

(0 D aglobular cluster

(e) What is the name given to the observed increase in the wavelengths of light from
distant galaxies?

The * Redshift "

(Total for Question 3 =S m
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4 (a) How long is the lunar phase cycle?

)
[J A 273days
[J B 28.0days
C 29.5days
[J D 31.7days
(b) In the space below, sketch a gibbous Moon.
(1)

‘l'j‘tf—' f-ra«»: the Sun Between tuc

& (“ . (2] Pk“scs
First Quav ter

and Ful
— hvunch ~ ‘a.ckal) .

(c) From which of the following locations are aurorae most likely to be observed?

- | - (1)

Equator

O K O

A
B South Pole
C

Tropic of Cancer

[0 D Tropic of Capricorn  pmain {r
(d) Which part of the Sunis onmible by eve during a total solar eclipse?

Corona .
[}
.............. ( Mtﬂ-‘\;l"&g Cro Wik )

8 T LT .
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(e) Although the Sun is much larger than the Moon, they appear to be the same size
in the sky.

In the space below, draw a labelled diagram to explain this.

It s l'u«possibk to draw te scaqle .
Esscutially, Ehe Svm aud the Moou sub teud the

Same augle at tic Earts (o~3‘e) -0

d-latu-st',(:cn"“,‘,t = 400 diawete,

; Pl}ectim_p;\>\ ( Moon
- ligut frw >3 (M’ (6 j.6>, !

o distaw E 6‘-;';4‘&4« = 400 Acalome

Sun Moon

Svk

(Total for Question 4 =6 marks)
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| 5 (a) Figure 2 shows the Ring Nebula, a planetary nebula.

(Source: NASA)
Figure 2
(i) Which type of star lies at the centre of a planetary nebula?
A Whi€e Dwar f
(i) What is the size of this type of star comnared with the Sun?
(1)
Considerably smaller
(iii) Which stage of stellar evolution is shown in Figure 2?7
(1}

The star is approaching the

..................................... ¢nd of tie evolvtinary peviod

Note: Wevolvtion — describes a 5{ou/1rulval change ;
“Revolvtion' a rapid change

o O B P TR 0 AR
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(b) Figure 3 shows the Horsehead Nebula, an absorption nebula.

(Source: NASA)

Figure 3
Which stage of stellar evolution is shown in Figure 3?

The of
Stay formation.

coalescelce interstellay M“'&C"l.‘-l3

(c) Which principal part of the electromagnetic spectrum do astronomers use
t6 Gétect:

Radio waves,
Mass of 2M,

(i) neutron stars;

dvd B = {(Okm

X- ray's .
Mass I.VG

(ii) black holes?

A regiomn Svrrwulluj an dfd
Collapsed star

Typieally, a star of a

_(Total for Question 5=6 marks)
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| 6 Figure 4 shows the Moon'’s near side.

(Source: NASA)
Figure 4

(a) What is the name of the large:

P
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(c) The Moon does not possess an atmosphere.

Why fs this? Lts Weak Gravitational Field Strewyts of
lew kg™ <f- with that of the Eartd: touk{':

(d) Rilles and wrinkle ridges are features on the surface of the Moon.

(i) Describe briefly the nature of rilles.

pClrack-line featvres ow the surface of the Moon.Trve
rilles are ‘collapse features, vt Some are cratcrlet _ chains, .

(i) State one way in which a wrinkle ridge is different from arille.
Wriakle fl.ijtf tewd B have j"ﬁﬂ-éﬂ' dlohcusfok.!’
A bove the Lvunar Surfacc . L
. e \votaifor Question 6 = 6 marks)
* They are a.lvl:crnq{:ivc(y

Khown as “clef ts

® ) rrwbinud
It mtown Bt e M-ua%“vdau}ta¢¢u¢1.¢'

"n’lw e (unmer W——&w al 2-F kn s-'

vJMM3MWMfMWQ /(u/k
| dor W V;_ Gz, (@) Rwm ‘d

EA
Cndicobv &

¥ , ~]
| g 'l[‘& M‘—' 60 kl‘a ssl w
f Vv Lok = 36 km s roriakion
| © Ny | Wikl
| T, Mavs = 5 kun s e
v, bum oz b0 Kin s | botar
V. ledle, = 0-3 k“\.S" y 5 )

U‘e Plut = | Ku s™I
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2 . Identificd fkc Ml‘lk\[ NAY N E—

(a) Which astronomer was the first to propose that the Sun, and not the Earth, was at
the centre of the known Universe?

A Copernicus Mikola J kKopernic vsvally

L] B Kepler Rnoww to us by Wis Labriuiseq
name, ( ; P

[J € Newton ? perisicess His
Svn - ¢cendred ‘éﬁcory was

[J D Tycho Brahe published in (§543.

(b) In 1609 Galileo made some important discoveries to confirm that the Earth was

not at the centre of the known Universe
3. Observed bhe fovr principef

moous ©f Jupiter.
4. Fovud tuat thc planet
Observed the mountains awd Venvs cxhibited phascs,
Craters of the Moon, Similar t Ehoge 8f the Mook,

State two of these discoveries.

(c) Which astronomer was the first to explain planetary motion in terms of an
inverse square law?

Sir L[saac Newton,

published his work oh
Gravikat a'ou, fu his s
monvwmental book the

. Prc'ucc'pl'a.", w (687 .

___(Total for Question 7 = 4 marks)

Newton explained the Matlewatics behind Johannes

KCplcr7S tkrct Laws 0; Plauéan{ Mo{a’oq’(.ll\fd‘
were ecnvuciated between [£09 aud (6 18.

Rewmem ber that fhe i\istory of AS'Evonou;/
s inextricably conuecc ted to the lives of ta.

316?;E aStrono mers .

@” Scieuce came down from Heavew to Earth on
Ehe (nclined tlane of Galilco, ™ >

Galileo's qgreatest contribvtion to Physics

was o chauge o0f trecatmeat, He brovgh t

et

OO

o —




8 A group of students was planning a naked-eye observing session.
They made a list of some equipment they would need:
warm clothes
torches fitted with red filters
planispheres
(a) Why did the students plan to use red filters with their torches?

" b7 J . « n o,
Jal’k (s an ““H'Céulc; darkucss (s the noun. |
. to majutaih darkncss - adapted eyes. L

(b) State two key pieces of information that the students would obtain from
their planispheres.

abjCcES Which do wnot cl«a.&ge_ their relatiw positious

in the sky. For ¢rawple | Stars, stav-clusters

: )
constellation shapes

(c) The students also referred to the Messier Catalogue to aid their planning.

State two different types of astronomical object contained in the

9 ) v
. Nebulac, Some of which were [ater re- named Galaxics

(but never by €dwin Powell Hubble | )

v—

2. Star clustees, both Open awd Globular. .
sf .
. Galaxics, later idewtified @S Islawd Universes |, beyoud
IR e W __(Total for Question 8 = 5 marks)

) Charles Mcssuer (iu France) Compiled the first,
pProger Caialoguc of star ~ clusters auwd nc‘ul«.c)
not becavic he was particuvlarly [nterested in
thewm, but becavse he Kept ou coufusing them
wi( th Comets

in Which he was very (nterested
(a.l\‘.ogctkcr he discovered wmore than a 4036“). |

Back the scien fu'f-fc a ttituvdes 0; Pytkaﬁovas
and Archi{medes : “ Gﬂrcru'mcnfal kkawlctl.‘,c s hovld

be codified by abstract mathematical i deas. ”
He wade wvge comtribvtions to Mechauics, thus paving

= the way for New ton's later, scminal Work. s

er
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i 9 A student sketched a side view of the Milky Way Qalaxy.

propey novk 7
This is shown in Figure 5.

Near the A éyrn'c&l elvstey cau Contain vp to one millioy
Cewtre of s tar n arraunged ncar the wnvelecar bulge . whicl 1¢
Svrrounded by ¢ae halo.
the cluste, Py o o
the stars ar ¢ o
N s
So tijhtly == T  ——
packed that \_/—*
d

f(«y merge o 5 If the Sum weve
into a o o o & wmewmper of a clv:{zr‘
ﬂlow(u’ agsg . the night sky
Few arc withkis 6000 pc :’:“:“‘ "‘l “;Pﬂr(s,'

B e Wovlidd ¢ No
OF‘ the Sun RIgUIER trve darknc:ss,

t
H

(a) (i) On Figure 5, indicate the approximate location of the Sun. Use the letter S.

(i) On Figure 5, draw about 10 small circles to show the distribution of
globular clusters.

(b) What is the approximate diameter of the Milky Way galaxy?

DO U OUI—

—— 0O A 15kpc ‘Po.r sec : the distawce
- O B 15Mpc from the Svin at whick fEhe ,
radivs of the orbit of bk ’
- _ H S elikge Earth wouvld suvb tcud an |
- | ] D 30Mpc adng lc o; l" (om- avec- Sccomt)
: .
-SA0 ™ ( r
d e 1(
N |
| 1
| _?.
<4 i
]
‘ (P
From the above diagran, .
“ .
tau " = -SRIl E\—_ Rcavr“,"us: d = w
a tay (4 ey
o . s
oy 4 = 3 lxleCm 3 iz AU (6

-r v - - — o v 1 8] “+ U




(c) Name the part of the Milky Way Galaxy where:

(i) young stars are located;
ITu ¢ue S’l'rtl ar b s,

Tu the plane of the Galaxy; When

(i) dustis found.
We (ook (u this direc tiou , We are (oolr.«'l\j

(d) (i) Which region of the electromagnetic spectrum do astronomers use to map
the spiral arms?

¥ A radiowaves
[J B sound waves
[J C ultraviolet

[J D X-rays

(i) Why is it not possible to map the spiral arms using visible light?
The ‘Vl'$l'“c. part of the Elec tro mague tie fpecivvm Cauuot
pewc trate the dust materialt, oo

__(Total for Question 9 = 7 marks)

ol

TE? @ @) amplified . Ovr Galanry
— (wore detailed)

l
Mass + IX (0O MO e 2x104'k9.

Thic Eacss = {00 pc (ch = 266000 A.u‘.)
Diameter ~ 25000 pc — Jo 000 PC .

Distauce of the Sum frowm the Cecutre v 8o0opc
Period of revelotion of the Svu Qarovud the ceubre ™ 2 xlo years

Dis tawce of the Sva abeve the Galact’c plae = §pc

Piamecter of the bulge » & Kpc. hale
The haloe aund the pulqa
bolye an hudear
roughly Spherical; somectimes regavded bulge

' the &alactc
Spherocd - “Our'&alaxy is not Fle Ia.—,“t

ar a Single Componcut

in the Llocal Grevp, Which Cousists of vp te one hvwlred galanis,

17
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10 (a) A student observed the Perseid meteor shower in August 2012 and drew some

meteor trails on a star chart, as shown in Figure 6.

t‘\.‘ P(r sc‘.ds | |
B » X\/ -
Magimum : - i
AVJVSf ‘3 - /‘{ 0 j — \
e / ./ \ °
ho vrly rate ) f
~ 80 = . /
/ Vo
FiQUreé

(i) On Figure 6, mark the position of the radiant.

Use the letter X.

(ii) Why is the Perseid meteor shower so-named?

The radiant s located in tac Coustellation Persevs.

(i) Why does this meteor shower occur every August? TF?

Mc tcors feud +o tvavel i(n SWwarm s, So Chat cvery timc
the Earth passes threvgh a swarm & Shower of
".f‘uoﬁinj - stars ' s observeh. Eack Shower has its own

radiant.

As a Cowet orbi€s the Sun,it lecaves a dvsty trail
and Ehis 16 responsiblc for the Mmetcor shewer ity
Which (¢t (s associated. For €xXawple, The October
Orionids are the Aépris of Halley's Comttlwkilcfkr.

Perscids are associated with Comet Iwift —Tuttle
!

Whick bhas a period of (30 Jears (ks last
perihelion iw 1992,

-~

The hvogust Pereseids are reliable; other showers

arc less consisteut. For crawmple, the CLeonids of Nevewbor N
Can be Spectacvlar. Tu. Garfk kos tv.

Lvery Swarw at the r-.‘ﬁht time .

" e

fthV sceb

LT ————
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(b) There have been recent concerns about Potentially Hazardous Objects (PHOs).

(i) Sketch alabelled diagram showing the orbit of a PHO. Include the Sun and i
, Earth on your diagram.

{ orbit of the Garty
Orbi ¢
of the
Near €Earty
Objeck
5 or
Intersection PH.O.

Poin t
(i) Why is it important to monitor the motion of PHOs?

To cnable Ehe risk of @& collision f.o be
assessed realistically, What possiple '(."ou{:iugcuay Plauc" """""""""""""""""
L Shevld be u»uulc,? What covld $c edonc, i f this occurs? |
The counsequences woula
be Catastrophic.

(Total for Question 10 =7 marks)

PJECuft'ﬂ.“Y “&3&(‘1005 06;66"'5 INCQV E&ffl‘ abj'eCtS

it e

’2005‘ Yuss. The closest approach o Eartih ; 20U, Wovember 8

@ 23: 28 G.M.T.

[& close approack to VCWU{APthll'ctuL for 2029. This will

lpectorb the orbit of the asteroid | o Ehub, in 2o 4, it
;W"” aqain  pass 67 the Earth .

Cros, & Savsaqc- Shaped asteroid, (css thaa 3oku long |

caw approach Eke Earth within 0-27 A.U.

I
Luw 1937, Herwes, an  cven Swallee asteroid | brushed past

vs "' at owly twice Ethe distaunce of the Moon.

Two ot'l.egr as bteroids, Lcarvs aud Phac thon , have paths
Which will carry them a good deal closer o the

Sum Ehaw the orbit of Mercury, so That, at perihelion, __

'{:(\“{ must be red- hot. %
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| 11 (a) Figure 7 shows an X-ray Image of the Sun.

(Source: NASA)

Figure 7
(i) Where should X-ray telescopes be located?

Well above the at wosphere of tae Earth .

(i) On Figure 7 some white patches are visible.

\AT

What is the significance of these?

The image of the chromosphere (s mottled wity

briqut specks, o me 0f wWhich ave gqathercd
'I;ajcf:éx.'.y intp <€xX teuwsive br(gkf reqgions

“
Called Plages (fkc Freuch word for “beach

that (¢ pronovmced ° plah-je = ) The se are
——-——L___,D

20
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(b) A group of students observed the Sun with the aid of a H-alpha filter fitted
to their telescope.

(i) Why does the H-alpha filter improve observations of the Sun?

H-alpha [protm.cca( “a.’fgl, alP‘tQ), the H {ndicates tuat
the cmitted ligqut g Cowuvz frou H‘/a‘ro,:u atos aud
alpha the first “(lonyest) wavtleugth of visible [/qht
(i) Name one feature in the solar atmosphere that the students might bserve
using this filter.

Filameuts : fUuite common fn Hot [wmages,; Ehey are cavsed by
—  hvge clovds of relatively cosl gas Aheld lu,t.
above the cl\rouo;(L:n. by magnetic forces.

(Total for Question 11 =4 marks)

T A
(1(by G) and (i1} Continved . TF

e —l

The wajority of light frow the Suvm reaching the Earth coues
frouw tae photosphere , we also receive swmall amovnts of light

from layers of hot, thinw Jascovs waterial that

Surrovind t4c
plhotosp here. The ovter

lagers of tie Svin may be regarded as
Tts atuosphere, Ehovalh the term must fe

treated with the
fa mt¢ olednc 0f cavtion that s

vsehd wWheu referring b the
9[‘,, tos Pkcrc as the Solar “.{vrfucu

Close to tie photesphere is a skallow

reqiok with a piuk
or reddisk tiunge of depth of

o few thevsawd kilowmetves .
Lt s called tae cCchromosphere (Mca.m'u.’ the u!pl\aa of (o/ou:)
awd Constitvtes the

I her (or lower) JSolar a.‘éuOSf(ufc. Tue

Citensive ovber (vpper) Selar at mosphere

(s called tuc covoua
(meaning Ehc "Crowu")‘uitk & tewperatvre of 2000600 k|

Much c an be [(carnt (,1,‘ Prefer “1:»‘«.4-(") from observatiows
0f tue Selar disc, provided fiat they ave restricted to
Wovelcng ths Where the chrowossphere (s worc
the plhotosphere, Aw ¢rawmple s
ved

promincut thay
: the Heo fmage , prodvced by
light, & narrew rawge ceutred on 6563 nAm

H@) (ily continved

O0f tecn seew i parts of the

chromosphere tuat arve divectly
dbove

tae active wegions 0f the photbosphen (eu Solar
$°'facc) tuat Contain Svaspets. 21

im0 WEEE I TR RO TR R RN I v woms mn mm
P 4 2 2! Q ) A n L) 4 A n
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{12 (a) Despite the recent interest in space travel, manned exploration of the Solar
System has so far been restricted to the Moon.

(i) Explain why radio communication between astronauts and Earth would be a
major problem on a space mission to Mars. |

Tae fime regeived  for & Sigual frow fEie Earéy

to rvcack (ts destina tion :  fov crawple, abt the
distance of Jupite , the MmesSage weuld bake
Sirbeew winvtes. The reply 7 Anobler Sinteew miwvbes,

(i) Describe two further.problems that astronauts might encounter on such a
space mission.

1. | PSyckoloﬂc'ca.l ?robleus(i{ﬁ-{culé to assess on Earék)
2. Mcteoroid strike.

3. Uncxpecled Cousecguences of 10“3'*—&*‘“\ CRposvre

k2., to Selar radiation .

(iii) Why would Venus be an unsuitable destination for manned exploration?

fow would yev feel abovt the Sva ¥Yising in fhe West
'y & . .

and Se bkl’aj (n the Eqsf‘? Aud  « l(-a.y l&.fhk_’ 2¢3

Eartu day ? ((-Ous« than the Sidereal pcn'of( of ftue o

pla-\ct)- ch, o Eavrtlh wWwe are a bit Set ‘n ovr
The redation of Vewvs s rectrvograde. ;

Weys e
You might Step ovtside for a breath of fresh Carbon Dioide.
The $irse Svecessfol space craft to Viuvs was Mariner 2’

in December 1962. T4 fovud that (e Surface was o0 hot
fr wate to trist awd that thcee was no Siguificaut
maguetic field . The wean surface bcmperatore (s +80%.
chicfly Carbon Dioxide , with clovds
Containing Svlphvric acid. Lts atwmospheric pressvre

(s thovgat te be ot [cast onec hvudred £ luecs

greater thew that at the  surface of the FEarth,
Venvs Mmight not be the

1
5 -
TL"*‘ Is ) Pvcu:; ‘,‘la P“ ' most wdcouu'nj euv;‘rvn.mh-t i’
| for Earbhlings . ;s R

The atwmosphere is
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*(b) Describe some of the methods used to obtain evidence for extraterrestrial life in
the Solar System.

O The SETT  prmpssene (Ltrn for Exbn - Jerrerbniad L««),

!
|

23
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; 13 Lucy carried out a simple experiment in which she noted the length of the shadow

a cast by a small vertical stick at different times.

L

; Table 1 gives her results.

i .

time (GMT) shadow length / mm

: " 11:52 110
The (Pen)vimbral 11:56 90 A l°h3<r stick slheviq
r‘gl.ak 0’ t‘\( 12:00 80 ‘\,QVC ‘C‘K V“‘.) tb
Shadow will Cnable tac Crvor iu
Md.kc =g O(l'ffl'ﬂllt 12:04 75 lv.cas‘uriuj the sbadow I“"ék
foe its lewgts  12:08 80 to be less Siguificaut.
{'0 b(. W‘a’u"* 12—]2 93
accurately,

s Table 1
(a) Use Lucy’s data to plot a suitable graph of shadow length against time.

! Label the axes and draw a smooth line-of-best-fit through the data.
Greaph to determine G-M-T. of local hoohn

Ti e (QNT) 2}1{‘ ____77‘*_*_ 0

n:sp—

| \ ) Ken || (e

. i ! i Tl , S
(:52 | == D A
5 §o #0160 io§ (io s
Sh adow lcugﬂ‘
(™)

(b) Use the graph to determine the time (GMT) of local noon to the nearest minute.

Show clearly on the graph how you determined the time of local noon.

Notke - TN = e

mimn AT

A graph Should
always have a &ille,

- N




(c) On the date that Lucy carried out her experiment, the Equation of Time was +2
min.

Determine Lucy’s longitude.

Use the formula:

Equation of Time = Apparent Solar Time - Mean Solar Time

At Luey's place of observation, the Sun culminated
(reacked (ts highest point (n the Shy) at 12:04, from
the gvaph. This wmeant that

She was West of the
Greenwich Meridian | wheee the

Sun had reacbed
its highest poiwt at (2:00.
(Total for Question 13 = 8 marks)

-

Twat s, four minutcs before the

Shortecst Shadow Where

time of The

LUC‘/ Was w«»rk(a,.
-
Nou’ the Ear th vrotates at a rate of [s* l\our’

Or (° iw &  minvtes.

Tka.{.‘ (s f‘u ASfW’V\.OMy C}(plq,;y\za(; 1he

remaindetr wmakes vse of tle formvula,

Ihcidu\‘tallyl I have ((offto( T imc¢ (QMT) as
the ordinate, as this ¢ tle (nodependent

\/afl.a‘(c' the shadow (cujf‘\ chs\, t he

o‘,cp(ur‘.twf v‘o.rc'a.‘lc)‘rcpunutu on the abscissa.

Tteve will s+l be a CUVVC,c’f you plot

the Shadow l¢0~1’tk as the ordinate, althevgh Che

oriewtation will be different,

+ 2 minvtes ) Appﬂtu—& Solayr Tiwme - 12.04

\)

A:6:1 [2: 06 Corr“paw(in, to [-§9 W.

&
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s 14 (a) What is the value of the mean diameter of the Earth?

[} A
[J B
® C
[J D

| Be careful heve @ we USvdfy

E200km Work with tue radive of tie
7500 km Earti, ‘.4,)“06,"“ $o dikg
13 000 km diametw (s 2 (3xlo‘u¢.

15 000 km

(b) Give two pieces of evidence that show that the Earth is not flat.

!] H'jl"- altitvde PAO"O,"“P‘\‘ of fk‘ E“"‘“s M‘""‘."‘J

)

L2, The fhape of the Shadow of the Earts

on the

Lunar Sur face, dvring an eclipse,
A

(c) Describe how the circumference of the Earth was first calculated by the Greek
mathematician Eratosthenes.

You may use a diagram if you wish.

>

(4 .(b) tovbinued
3. Metegrmpto o o Eorth LA fam & Movw .
1.. e WW!W 4‘ Al M,

”Mww%mmw’,am.

~__(Total for Question 14=6 marks)
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The Observations 0§ Evatosthencs awd the 27 -

mterpretation o f hi¢ ca surcments

Evatos Elieues of Alcxawdvia, liviag abovt 230 B.c., uscd
SO'ar oéirrVa‘l:«‘ous) .w(f:k a knok}l(olg-c o{- gcmucf:vy A

ﬂCOﬂY“Pt'Y, éo CQICUIQtC Ehe Cirevin -f-(rtucc 0)( ‘é‘\L E.ay{:A'

Alfﬁalwl-ria,. lati tyde 3{"J North of Syeuc :
Z (s the Z(Ml.b((

fo aw o lbser ver
at A”( )(auolrl’q,.

Syenc,
labitude 23- 59
he Sum was
Ver head pw Tvne ll.
he Tropic of
an v )

22-6° - |
Equator of the Eavtl

ZC}U'H\ at §7cuc

2Zenibl ot
Alexawdyi a

Divce bion of
(ight frowm the d
iq f

Hre tion 0§ /
e o Suwm ey
he SUIA. 7.50 /

\1&-0

. Curkauv‘ o; f
Y o e gp gt
: <

e ;
{ i
— o

/eg lv
€ Aley “K:..f-{:rﬂ‘\’
/

Frow tke

/ l(ujé'k o f the
Shadow cast
by the obelisk
the altitode

& aré,

‘ 67‘- the Sva
was 82-5°
The Sum wmirvordd E
@1\'\ T ke "well &l 101€,0ctober 2§
21
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' 15 Most planets in our Solar System possess a system of natural satellites or moons.

(a) Name two planets that do not possess moons.

chcury

(b) Figure 8 shows the planeu >aturn and its magnificent rings.

(Source: NASA)

Figure 8

Describe the physical nature and chemical composition of the rings.

They are not s0lid but are comprisey

Physical nat { 1
ysical nature of Icy farticles auwd boviders tac

majority of which (i betwecen a4 few
Centimetres awd a few metres (n diamcter .

Chemical composition €& and fvojen uyalrogeu. Compo viuels .

@ (by con tinved
The ring particles orbit tle planet (n the Sawe P/an.(_l """"""""

BT T L
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(c) Contrast possible originrs of the moons of Mars and Neptune.

The Wwroon$ 0; Mars are CU""G“-f‘(Y f‘\w’kf 4o b( “CQvara("
asteroids; those of Nepbune Were formely kviper Belt

objects -

s M,TW)W bt mudls Aople £ sec.
Jw  Mevno Loager bhon A Mrru

Mirues (R mlcm); Lk [& ? 2570!:»»); EW(Z:ZQ@.);
Leblys (R = §30kw); Lione (R 2 Sto km); Rhta (R = Thoku),
sad, 9«‘41/&10/3 (K 2 120 kwm )

IR ]

Lookiu, chge -ou
y i, W

( ] at the r«'e\gs,

So arc wot 3o

brig ‘ft Frow FEarts,
kal'u) 'Rmn'
on  fac riungs.

( ‘u‘gkly vis t'blr.‘)

Tqears

71ca.rs

¥ Years 7"“’“
FY‘OM. €Ear th [}

The rt'h,g po.ré"clcs
'bcko'u.1 ot Ele

all orbit the Fltu\d!
fn the §auwc
/AR

the rings. - planc. Tuat s, of
the Solar Systewm »

b
i vinder neatt of

(kfgkly \rltl'“r.) Again loak:.\,

ttl.,c- oh | Jo net So ‘u"ld:.
29



' 16*(a) Describe how the Cosmic Microwave Background (CMB) radiation was discovered. boa

d'O!’Pl'wgs C/ogjc'uj their Sens.tive horn - Eventoally, Ehey

In 1965, Arne Pewtias awd Robert Wilsouw discovered an vaexpecteq

warm glow Ju the Sky. Work-'uj on their microwave a.‘ic.m_“, --------

In New Tersey, the Bell Laboratory physicistse detected a faint

Siqual tmanating from cvery dircction, that would nok go away,
At frrst Eicy thovght it Was mundane

Perhaps pigeon

realiSed tuet tn, bath of warmtn which had been detected
Was cosmic (n origin. They had found the predicted afterglow

O‘ the 54'_1 Bawmg. :

i

(b) Figure 9 shows an artist’s impression of the Wilkinson Microwave Anisotropy
Probe (WMAP) which was launched in 2001 to study the CMB radiation.

......

Figure 9

(i) Describe the specific purpose of WMAP.
"WMAP": Wilkinson Microwave Anisotropy Probe. The Sky fs
hot the same temperatvre all over. The Mmitrowaves appear
Warmer ©n One hemisphire by 2-§ milhi kelvin (Z‘Q* lo-';k')-

Discovered Soon af tor the bac/\‘JroUu.L radia € ion ;'f;;df,, the —9 e
~ heat tattern s kunown as the "aLipolcu}‘fo its two peles,

(ii) Explain the significance of WMAP’s observations to cosmologists.

Furtbthee observations show ¢nat Che Sky i Srccklu(.
With hot and cold spots. These S0~ cAllu(.“ripr/g;“ iy, VT

0f qreat inteest beccavie fkcy wer e (‘Mpriufcd. Shovtly ...

af ter the Bia Bang - Tl\u( Were f{rgﬁ scen 1 (992 67

NAsSA's COBE satelite
Jhich revealed hvmerovs

(Total for Question 16 = 6 marks)

patches abovt fEhe duqulae =>

v e o s ¥
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(6 gty (1) combiomnct . Defimitty TF?

Aot amd Lold . Mio buporbun difgercece arisw o e Dppley,
E{M,Mbmm«&hq’wGM:&Ma,wl;
W’w& £oo km s"’mblz, Unsdserni.

16 (6) (i) conbismed

bge of G fld Mo . Jn 2003, & wwre debiily map
WTWM%@W%%WWP%
(WMAP) sakllits | wlih brte up e aprts ink «
furtley 1wl Jhese Tiple rigiaebd Wleo H, Masiveesc
wor ety et . Aflr A Big Barg 4. L ramss
bxpandal | A Covleed , ant a Aot 41 pubabouic
roticda, Pl Prtoe adt leckrn, wore ferad . Mtac
tonthnstons Aedped wr A tederibond U, wecdawions

i
)
31
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i 17 (a) Define the parsec.

T diskovee & o sar wlid fas 2 poralln,
tugl 4 1 Aecord of avT .

JOY,WW: e diclowey ab wlhich & 0 o
=WM MWWM,;/“ ...........

(b) (i) With the aid of a diagram, describe how distances to nearby stars are
determined using heliocentric parailax.

32
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lhe Heliocen tric (Ctutrc-( on the Suv\} Parallax of a star

Stars arc (wmwmewsely distawt : apart from the Sun, the nearest s alwost ohe willioy
Earth - Suu distawces. For svck large "U!&GMCSJ a large basc-line (s reguired (m order to
detect a shift dve to  parallax. Clearly, the vradivs of the FEarth wovld b
Atpc(css(y fnao(cq,ua.tc. Ik{écaal.l two positious of the €artt inw its orbit arovud Ele
Sun are vsed . L fact, stellar distauwces Gre S0 huge, that aw accvracy of Ohe kinvte

0f arc (s far froum Svfficient to detect anwy parallactic displace ment : Small frac £ious of
| q :
Seconds of arc are required. [Notc: bo ' = {9 g 6o = (' . 3too = l°]
The angle svbteuded by the radivs 0f the orbit of the Earth at the stav is the

i

Heliocentric paral(a X, P

g «
N.8. If P were
T exactly 1Y
d" would be
erackly lpe

l‘c‘a.{:i\/e(y close star l

d Proxima Centaeri

= 074" (= 0" %) "

[r$<io m

Tt was hnote vukdl
1238 that the first

C)(Cuo!fwg(-{ annval blc'.fpla.cc'mu_t?’of a star
‘/,/ distaut Stars Was wcasvred.
For Troxima Centauri, i
" ok = (-Sxlo m
taw ¢ T [-C xlo M Pro s, BexCaurs e 0"

d‘ Prof{wma Cewtavri

-
-

' i St divide ¢ .
' Hint 2 Find tan 0°76 4ud theu :‘n ¢ by
g—_ Celestial flnkcre. 3600, to Yield tan 0°-7¢ DF 201§, fePfclukr (§

2.3
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St very distant by fa

velatively Scalt of the folar Systew .
(i) Why is this method only suitable fo;\nearby stars?

Aefrackion cffecte in the atmosphere of the Carth
ma ke the measvred angles varcliaple . Not vscd

frv objects at a  distauc
greater thao abost £0pe . This s

et

aw vusatis foctory
(c) Some data for a galaxy are given below: Zveséioh.: at o distance of
ope, we Would be inside
qala zy. It is truly a wacauingless

que Stion

absolute magnitude =-22.0

distance = 10 Mpc

Use this data to calculate the apparent magnitude of this galaxy.

Use the formul M:m+5—Slogd“" I hate this co-calleq

Modvlivs gzuat’;iou? It chl’accs

the infcrt!ffuj CXcrcise of

. tode .
M A‘;alvtc M“’ﬂ"" - Uo‘l'hjg and uua(rrstau-liug, the

m
d

Apparcnt Na,uibvlt

Inverse - Sguare la w
distawee in parsecs

We shall calcolate the awnswer from First primciples, ysing fhe

fund amen tal inverse -sqvare law.

The actuvel distauce ¢ f the Re minder ®
galaxy (s (0 Mpc . (2-512)5 = loe
Were it at lopc, its (2-52)'° = (o000 Cte.

Absslvte Magnitude etk ke ==4.250,

5 4 m
’ Hewee = .
At a distance of lope, it ke, vilng A8 = (2-512)
To what prwe im, dacs (2-612) hav

il TR
would be one wmiilion ({07) to be raiscd to give (o' 7

times cloger | Take logarithus (buc (0) £o bott
So, the briqutuess differemce Sides :
o be (0°k 10" = (0" log,, (0’2 = Bm - log, 2502
That is, on beiwg trawsferne Rearranging :
from (opec to (0Mpec, dm = lo‘jto lolz
the galazy has bccome log,, 2-§12 - . m= 8
1078 Cimee Faintew / = 2

24 Tl et be Fo megnibede
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18 (a) Maxwell plotted a graph of radial velocity of some distant galaxies (v) against
their distance from Earth (d) and drew a line-of-best-fit.

Figure 10 shows Maxwell’s graph.

200040 ) S L EEERRE
TIhel qrailyenl | i i REERN
(] ° z .a i y- “ll /4
T increase | n | nadial [Veloc :Yl!yzrs A1 X
4 sl X1 | |
1500 Clov vics Po v rnd {ncyeyseé A !
Ll Utclebdele |l £ padely w1k
i o o AL D
v/ (km/s) : ; = T
I hfgo K (s >
1000 - K ‘ I1eo /
NANA (P —~ 5
f i == = S, Rm s
> N NS (Mpey |
/ K : _”—_"‘—> =
500 . ﬂ » i =]
// L= | e ,#.‘A,ﬁ;
Ax ! JO M p c ' _]._ )
. e = B P L EEREEEEENE.
0 5 10 15 20 25 30
d/ Mpc
TAL Sy f '
Figure 10 Y hebal for

this constaut
Use the graph to determine the Hubble Constant.

Write the value correct to two significant figures and give the unit.

Show clearly on the graph how you determined the Hubble Constant. H & >

Edwin Towel| Hd"blc‘ the t‘c'sfl'h’ufskc.( A-h\(rt'co; a‘fchaffouq
dolevinmir. Clvwed tald .. - G o T
]
P | LS A F=_ dis tawce of tée
radial veloedy Rebula

of recession
of the nebvla

As far as I Ruwow, Hobble
did not vse the modera

Wored ’3a.la;u/"-——-l\c preferred
e bodw @ |

A-tpCu.I(CKt. The svlscript

3ero, (s the cvrreat

=)| Vv = Ho iJ valve.

It ¢ better to | ___E___ = Ho
—s
refer to thc o i

L uHulbl:. Parauxctcr,' becavsc

H“&PPcarr to be time ~ [?) 35



(b) Which important quantity can be deduced from the Hubble Constant?

age of the Earth
age of the Solar System

age of the Sun

W O O O
o N @ >

age of the Universe

(Total for Question 18 = 5 marks)

19 (a) State three pieces of information that astronomers can obtain by studying the
spectrum of a star.

- WM form e Dopplr Edfgest
, It rdiat velemidy @) Jhe tlomads pesct

*(b) Explain how astronomers use the spectrum of a star to classify its spectral type.

B R AR O

Jee apectmum o7 a slar i Anfrnesko, afeak
WW.]L&MW&Wrg
dawised  Hclivm | boleism, Tifasivm | Jewrornbir  relotd
&Mum,wwuww,h
Bat Al ronge o 0,8 A, F G K ax M.

R T LN T G B s SO

{Total for Question 19 = 6 marks)

Noke: T& s bether fo wribe the vuitc of Ho as km s'(Mpc)

n

“ ‘l’ —-—
ot KMS’Mpc'u, ‘MMM(—,&-&M

D

Mok I brefor M foruee ?

L

26
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20 Figure 11 shows a star chart with some of the stars in the constellation Pisces.

Some stars are labelled with Greek letters.

The dashed line represents the ecliptic.

20°
o g
10 \\\ .6
a T ®
= ~-_|$ ye °IP
0° T
2h 1h Oh 23 h

Right Ascension
Figure 11

(@) Which quantity is represented on the vertical axis?

Mcasured fyouw 'h‘u. Projection of the

Ear th!s Eqgvator ont, the Celestial
Ipl\erc .

A declination
B elongation

C elevation

O 0O 0O M

D opposition

(b) (i) What is the significance of the Greek letters o, B etc?

These (ndicate the relative L.-.'jl..tues.us 0f the stars .
K the brightest, g the next and Sso on.

(ii) What is the significance of the ecliotic on a star chart?
Tt skows the apparcut path of the Svi n £l shy’

as a Comnsequeuce Of tie orbital wmotiouw of €4c Eartq.

(iii) Indicate on Figure 11 the position of the Sun on March 21st.

Use the letter S. As the Suwm crosses the
Celestial Equator, trave ({ing

from Spouth to WNorth.

) T
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(c) (i) An observer at longitude 3°E observes the culmination of star § at 01:20 GMT.

At what time would an observer at longitude 1°W observe the culmination of §?

The 0. T obscrver West of
Cthe Greewwich Meridiaw would sce tie star culwinate /chr’ ot O1.36

longitvde difference is

(i) Estimate the latitude, to the nearest aegree, from which star a could be
observed at an observer’s zenith.

See below

(Total for Question 20 = 8 marks)

TOTAL FOR PAPER = 120 MARKS

(¢)() Coutinved .
The Earth rotates
3] 'Lo rotate

360° (w 2¢ hovrs. That

({ winvtes,

is [5° hovr ’.

¢° reguires

(¢y (i)

From the c(«ar{:, T

0f the Star
There fore . the

estimate that the
labelled O ¢o
latitude

Declination

be 4+ 30

observer ‘s

to

wovld have
Cons ider

Ou‘y at the

be

f’ola.rf.c)

Ner th

30

Declination

Tole

North .

Wovlid the

be

obhserved directly

overhead .

For

+ 90°

Po/c Jéa.»

an

observer

ow

the

Etv«,‘tOr‘,

Polaris would

qraie bkc

Horijou .

N




