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Answer ALL questions.

Some questlons must be answered with a cross in a box (l}g)
lf you change your mmd about an answer, put a line through the-box (3¢) and then mark your
new answer with a cross ([X)

: 1 (a) A group of astranomy students were planning to cbs-er-ve some constéllations *
and planets in the night sky from the UK.

() Inwhich direction would the students expect to look in order t0 observe:

Polaris?
] A FEast
[ B North
O ¢ south
O D West

(i) In'which part of the sky would they expect to observe a planét.?

[1 A Goldilocks Zone
[0 B KuiperBelt

0 € Oort Cloud

.1 D Zodiacal Band

{it}) The students used computers, the lnternet and moblle phone apphcatxons to.

assist them.
Suggest one non-electronic source of mformatlon that would help them to

find out which stars or planets would be visible.

{b) The students-used a-tarch fitted with a red fllter to:aid their observations. :
Why did this help? L

A They could observe more red glant stars
[J B They could observe more faint stars.
[J € Their eyes could remain dark-adapted...

[J D Their eyes could remain relaxed.

P4 1 3 4 3 A 0 2 3 2



(c) Figure 1 shows a sketch of the brightest stars in a.constellation that one.of the
students made. '

~ Figure 1
What is the name of the constellation shown in Figure 17
[J A Cassiopeia
[0 B Cygnus

C Orion
[0 D Pegasus

___(Total for Question 1 =5marks) |
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" 3 (a) Figure 2 shows parts of the:constellations Pegasus-and Andromeda.
" Two stars, P and Q, are labelled.

[} /Y Q

Figure 2

: (f) ‘Which bright star can be located using stars P and Q7

Arcturus
Fomalhaut

Polaris

11
O 0O oo
O N w »

Sirius

(i) On Figure 2, use the letter X to locate the position of the Andromeda Galaxy.




(b) Stars in Orion’s Belt can be used to:locate Aldebaran and The Pleiades, an oper
cluster of stars. Figure 3 shows the star Aldebaran. ’

. Aldébaréh '

Be/f@lg evse

@ o Riqel
Figure 3
() Skeich the constellation Orion on Figure3.
(ii) Indicate the position of The Pleiades on Figure 3 (use the letter P).

(c) Describe briefly the naked-eye appearance of an open cluster such as
The Pleiades.

Optn uwotus art Arwtbiwss vefenrcd L an "M" cluotoes.
Mt ferny 7 e ok, diati, '.14“'4,4‘,{,4 frr  The,

aneblor . Opin  flu #7< afL. (TotalforQuestion3=6marks)
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" 4 (a) Which of the following is the/lonaest intefval of time?

[J A onesidereal day
[J B one solar day
[0 € the Moon's rotational period

[0 D the Moon’s phase cycle

(b) How many minutes does it take for the Earth to spin on its axis through 1 degree?

(c) Which of these parts of the Sun is the hottest?

1 A chromosphere
[0 B corona
[0 € photosphere
1 D sunspot

(d) What is the approximate temperature of the Sun’s photosphere? Include the unit.

(e) Which month of the year has the largest number of hours of daylight in the UK?

[1 A December
B March
IE‘C June
1 D September

) In which month of the year do shadow sticks give the shortest shadows at noon
in the UK?

__ (Totalfor Question 4=6marks)
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9

A class of astronomy pupils were observing the Milky Way on a clear hight.
(a) Describe the naked-eye appearance of the Milky Way in the night sky.
o | Mhrebiding aerves Mo whote
bowd | atrut 20° Avvnel | spprocinelzd,
crehe | b mot  Gright Mo
(b) Sometimes the Milky:Way is faint or bé}ely visible because of lijé;h_t pollution.
Suggest two different sources of light pollution.

H

{
N

_(Total for Question 6 =4 marks)

i  ountblins  plags. e
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. 7 (a) Astudent observed Polaris at an angle of elevation of 53° above the horizon.:

(i) What was the latitude of the student?

(i) Later in the year, the student observed Polaris from a latitude of 5° further
south. What was the elevation of Polaris from this new latitude?

(b) With the aid of a diagram, explain how measurements using long exposure
photographs of circumpolar stars can be used to determine the rotation period of

the Earth.

p\Cfer to wmy detailed diagraw
ih A ansuer to an tdeutical
question ow a previous

faper.

PN

__(Total for Question7 =5marks)
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8 *a) One possible origin of water on Earth.is from the.impact of comets.. .. -

Describe how astronomers can test this expefimentally: =~ "+ .00 -

(b) The Drake Equation is a mathematical equation that combines factors to estimate
the number of planets in our Galaxy that might contain intelligent life.

Sir Frawk Drake: (n (3¢

_ he wrote aw cquaifon. for
1]4& o at o B bodn, . the Pro‘a“liéy of 4
Contactable civilisation, liviug

J/L¢ ‘W t[ am/c AftaM will. . O auotlhey TIQWC& tn tle Milky

U«-{_ .

C Hoawstery sptins. __ (Total for Question 8 =6 marks)

e : I have noi‘;
3. msselor o ik rer sdar popbin,  been persendet
e ikl e L . hotte dor Lido . L h oot th:’»sias&
Suitable topic
. W., £ Howts fapntl o for fmilosion in
ﬁAwboM %. our Sfiial;ué‘.
. - T
e Lt vst Ho w |
(. We frackion 4 Mese Caw auny of
okt can, acd wish, these be
£ Covmmanmizcale , anlu,‘ﬁ{‘( ?

State two factors in the Drake Equation.

N
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(a) Figure 5 shows a Butterfly Diagram for. sunspots that were visible between the .

years 191 O~1976

+40 |
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Figure 5 '
Use Figure 5 to estimate:
(i) thelength of the solar cycle in years
_ \,‘c(
o
; o™
(i) the next year (after 7~ Y
A
g - A
(iii) the appro. Q ' ~uts at the beginhing of the éolaf éydea.\

MMMWMW'P&CM’AW

(b) The solar wind is responSibIe for the appearance of aurorae on Ear.th. L

(i) Name one type of charged particle contained in the solar wmd

M»LMWMMM

rgrr»wm

(i) Explaln briefly how the solar wind causes aurorae.

* JTames Al fred Van 4"&1 borw i [914,in Towa
He and his stvdeats

Au scovercd tihe Pe h’:s

USing iustrywments on Fxplorer ,
This discovery came as a
Sorprise to

n l’f?

the Seientific commun:ty

e

(Total for Questlon 9=6 marks)
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- 10 Figure 6 shows the orbits of the Earth and Mars around the Sun.

.l’,r’ o : \\\\ / Orblt Of MaI’S
: /, : /( \\t . ‘\\ .
i ; ) ’/’ . \‘ o ‘\‘ '. .
CAUTION 3 "'," , ,' B ) - N \ ;/'/:,'Orbit of Earth
‘ : N T
Onc of W™y v
rants (s on the ".
. ¢ “
hD ri 30 ‘1' LI ’ ‘\\

Figure 6

(a) Once a year the Earth is at position E. On Figure 6, indicate the position of Mars
when it is at: e .
Air 4o w-n-cgmdy M‘s—«b,
(ii) opposition (use the letter O). . ' Clunprt S  Cuployedd .
A REE TS Lo Ho Y] e 4 ',q Ut ’
(b) The mean distance from Mars to the Sunis 1.5 AU. [ 48 Wulasuscd Ln 4cara -

{iy Calculate the orbital period of Mars and glve the unit.

(i) conjunction (use the letter €)

Ugh( mpUsetheequatlonszﬂ Hsw cawn s? equel m 3 ?

We Lbave & moe e Wu as ik Ao Presenke Gt
ik L br wmmg. " o o evvwws developuek o KT
dor aug MM "'Gv'o’f&f'-wz ‘it A Piary
T2 . ruodat. Mot i, o alh Mo ot 5. bk

r3 . W,\W“'l ebe

TJ""':» .Tmt - T;- ek W peddew me L ik

"—_;' ' —t ’ [~ 3 = TZ i

TT TMZ Yss ( 5.) -2 :. T': (.?(4_)7/e¢¢5

© 3-31€ = |

oe

:.‘/3-3751 =T




(i) How far is Mars from the Earth when it is at opposition?

i (iii) Suggest one reason M Mars appears brightest at opposition.

ok

Jorvrind — sud  an Cnowlk
&r Y wutd,&«, g cnle .
,(.,u e Marh Ledee .

_ (Total for Question 10 =6 marks)

Ladics ot foublowtre, o g Lndrnting
T Mo P, fFubt 4 fu T 4 did

Bio 4ype g quesbinn wrrvngty o B 2012 Pager. |
(W Mk?’“’f“) . Sorry, the orbital

Fadii arc nog
drawn Corrcctly
to scale.

by (1Y
(-$ 4.v. - (-0 AU.
0-%5 A.U. . o

1}
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- 11 Table 1 lists the properties of 5 stars'in a constellation.
 mettuge | Spectlope B

star -

T i 2 e -
R mIOoie T
I
~
[o0]

Table 1

(3} How manv times would star a appear brighter than y?

Am = 2.0 . AB=2(2'5)" = &%

(b) Give the Greek letter of the faintest star that would be visible with the naked eye
on a clear night.

“Wow O Be A PFine

= a 2 =
2

(c) Give the Greek letter of the star in the table that is:

0] thehottest S ¥ q_“,,; Kiss Mc IZ,'jb.l: de’

Sweekie /Slaf n

(i) located furthest to the right on the H-R Diagram

3

(iii) the most luminous. -

Y .

... (Total for Question 11 =5 marks). !
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+ 12 (a) Figure 7 shows a sketch of a typical long-period comet with its nucleus labelled.

X, , y Ofte blve

Figure 7

() Name the parts of the comet labelled X, Y and Z.

Formed by €he

[he coma Va.porcsq.tsm\ of parts
. X of the nvclevs.

The fouw tail

The dust tail

(i) Where is the most likely origin of long-period comets?

The Oort Clovd . The Solar System is Sorrovuded by a

huge, Spherical clovd of comets at distauces strctohing

| to teus of thovsauds af A-U.
(iii) Why is the feature labelled Z slightly curved?  The Dotel astonomer, Tan Oort.

Due to light reflected and His cometary ftleory was
Scattered fFrom Small dust o developed in (527.
farkicles Which were ciccted |
Awnd AGre hew UrsSying tudivi dvc»'
orbits arovuk the Sun,
: (b) The Sun's pull of gravity on a short-period comet is 16 times stronger when the
comet is at perihelion compared.with when the comet is at aphelion.

If the closest distance from the comet to the Sun is 1.2 AU, what is the distance

from the Sun when the comet is fl.“rthest away?
a.

For the qvavitational force to be _L ot

a.(a‘\.c“ou thaw (& (s at perihelion
't‘xt. dl.stCCHCC Mujf b& 4‘ él.lokCS

Greatev ¢ Lhat (s, 4.9 Auw,

vt
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13 (a) Figure 8:shows Apollo astronauts setting up parts of the ALSEP that were used to
study the lunar environment and interior.

Figure 8
State the specific purposes of two instruments in * P
X
(b) Figure 9 shows the near si”’ aullanding of the
Apollo programme wa“ of Apollo 11 landed in the

Sea of Tranquility. W

Figure 9

On Figure 9, use an arrow to show the location of the Sea of Tranquility.

. 20
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*(c) The Giant Impact Hypothesis can explain the origin of the Moon.
" Describe briefly the Giant Impact Hypothesis.

bo candidabis amld, in ...
"4 i ! Mosh ﬂ,{. it
GLU{WM:: aecovusyelale . y ol A

(Totalfor Questlon 13= 6marks) o
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* 14 (a) Figure 10 shows an incomplete ‘Tuning Fork’diagram:

Figure 10
(i) Which astronomer was the first to classify galaxies in this way?

Neil Armstrong
Galileo Galilei

Edwin Hubble

o Nn W >»

Isaac Newton

(i) On Figure 10, write the letters showing the type of galaxy on the six missing
labels.

(iii) Which common type of galaxy is not shown on Figure 107

e ||||H|!“”||| Il;"msm":!lmj”lw!l,”ljluilmjmn.Im o



(b) Figures 11 and 12 show two galaxies. .

Figure 11 o Figure 12

State the type of galaxy shown in: , _ '

(iy Figure 11 ' . ‘

(i} Figure 12.

1
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- 15 (a) Figure 13 shows how different wavelengths of electromagnetic radiation..
penetrate the atmosphere to various extents.

e e e S AR

100] -y

height above sea level/km v :

U
(@]

- PRI % U || IR St
: i s ;
: i o
! A ¥ )
e -2 il
%

 Xeray UV visible IR radio

v

»
Ll

Y N

Figure 13

(i) Use Figure 13 to determine the type of radiation that is absorbed by our
atmosphere the most.

(ii) Use Figure 13 to determine one type of radiation that is able to penetrate to
sea level. ’

B 1 T
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(b) Name one gas in the Earth’s atmosphere that absorbs:

(i} ultraviolet radiation

(i} infrared radiation.

ra
TF
" (c) Beyond the Earth’s atmosphere lie the Van Allen Belts. \/
Describe briefly how the Van Allen Belts were discovered.

$ae ‘958»,MWW;MMM Vs
MMMWM&,W&W Lwmyple
Tanliakion deleckmo mn Ale  pokllily, Eaplon, | amdl
W:‘F»{ZI.‘EM
Mere formed  bur  diclwchive  forpides
dy
Teqions | LVMMW Gelhs | JQ(,IW%M)

.25
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16. Table 2 lists the stellar coordinates of 5 stars in the co‘hstel‘latio-h Leo.
Star nghtAscenSlon - . dedmat,on/
S a S SR 10h O8mm +12 S

(@) Michelle observes the constellation Leo.

Give the Greek letter of the star that appeat We "Mc Coviged AL

(i) highestin the sky .
| Eopic  an Great  debaid

(ii) furthest west.

(b) Michelle records the culmination of star y at 20:00 (on her watch).

(i) What is meant by the term culmination?

(ii) At what time on her watch would star o culminate on the same night?

(ii)) At what time on her watch would star y culminate 4 nights later?

___(Total for Question 16 =6 marks)

= WO
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7 (a) Name and describe one method used by astronomers to obtaln ev1dence for

exoplanets.

| MDW&L.%W

name Becasste b todlin are ovCiliny cach obler ofnk
MWMVW,&'WﬁM
teoplomet: Cousts Be abar b dnvcribe o pmedl
’W‘,M"’l‘ Crupomivu Vevvlrs tvund . Ftis
MV e e dediofed 60 a4 Dopple, plift w
A ligot o et ,a,.m,mw.,,u;w

description of method .......

| W W at puete a  diebavce o i s,
wvoudd A 7L e m?&/b L erals £ Aok Ain il
W‘—r, Ak /b{:::; /{;Lf. W-I.—(u%' y ,,Z ﬁ',{ ]/L,_ k&; ol
deends ’V: watmmyéa a7 oo alo
¥t
’ Holitabt
3 -75 Q o 3ene
-
S
N
s O |
. .
< |
$ |
o
K
3o rte O & e
{4 Mars
- Y Habitable plancts
- T} lic far from luninovs
“ 0.5 Q Star s, f:kbf {ic tisoser
< to less lvwiwovs starvs
< - R AU
1 { { { ? ‘

n 0', i-n [ -

|
|
i
H
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" 18 (a) Most cosmologists agree that the Universe began in an event known as the -
Big Bang Name and explain one piece of evidence that supports this.

WMWMW,WW%I;A W_f,: 2-7k.

*(b) Some cosmologists have proposed different models for the past evolution of the

Universe.
Name and describe one of these models. . . o ,

mmqmw hMWMM,,,,, ;
m”mmwwumw%m
[960s, lryte's meaww,u@w
wtigbk  of widece Wlich fururd bo Big Rang .

|
{c) Theterms Dark Matter and Dark Energy have been introduced by cosmologists.
Descnbe bneﬂy the significance of these terms in relation to the future evolution

Lok malbe, WWMMWM:MJ’&M\
(;MWLWMWmukWW.J“M :{
»vvao-L&g W&mwvmﬂewwwwa&c{
Big Bong carlesion. N et Baw pritle ruberute . Eiller &e
Umivirst o b wassive  Hab il wieo, and trudally tetlgea
ok o dholf (@ ok Uit Godling o o 4y ook ) |
w%hMWM&WMM{'
\ S5 (9305 ?@MWM%W |
M'q«;@mw;w&wmw
Hok b wanas wwe e greats Zaw Lo mmas 7 =2l &, \
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(c)mzfi»m. |
bark Ewntrypy : %WWM ua&:ufaté-k‘
WWM‘&L&W’{W:W "“1"‘6“‘"
W«ﬂwywda%waw&a

-ng:whm.w%i»&icbwta m.ubmb
ML&MM'&LGMMWW&&
Univirse  lud  for all L (0 de qracily ad B aped
o Ayt }“‘A’WWWoéMWM
tW'WuM ﬂmmwwm
meQWWMoﬁuﬁﬁqﬂMMM
bime. Yo is 4 Aat bvie 1 shidy e plopedeishs .

N
|
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¢ “ detizs ue  wmslisitadiva oo
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- 19 In the 1930s Edwin Hubble made observations of distant galaxies.
Using the Doppler principle, Hubble »proposed the theory of an expanding Universe.

(a) Describe the Doppler principle.

DDPP"I’, Ckrlsi.‘ah Tﬁlt“l.l\ ((90 3 - lgs‘s) Au.(‘tnau h&apfkcu;‘\-'él'cfa‘t
Aund pkys:c:.Gb

e chonge wn appartad W 17 a Svue o N
gk (ar sowd ) due 4 A redabin wdbine of pruree

ol A latyute s

(b) An astronomer determines the wavelength of a spectral line in the spectrum of
a distant galaxy to be 680 nm. The same spectral line at rest has a wavelength of
510 nm. »

Use this data to determine the recessibh Veloéity of the gallaxy'and give the unit.
The speed of light is 300 000 km/s. '

Use the formt A = £90 hiw - 510 i = [Tonm
)l_’\

v_ITh - Ay = Towm =

C )«.O

Do Sionm 3

R BV,
e v&uﬁ4mwv

3 KIS s = [ A 1Ip §m s~

-

(c) The astronomer makes observations of another distant galaxy and calculates
that its recession velocity is 150 000 km/s. If the value of the Hubble Constant is
75 km/s/Mpc, determine the distance to this galaxy and give the unit.

“ a o, "

Use the formula H i« better writtenw as l.{o " eaning the
v=Hd valve Now, TE chovla alse be deseribed as
Ehe Hublle Pavane Eev, becavse of (ks dependeng

bn Etime. We have to Conform b tihe
nNo mewclature 07(: the Board,' X svpposSc ros

Re arranging the above

tqua Eion -
d = v wiwno .. (TotalforQuestion19=8marks) -

———

H d = 2000 Mpc

Substitvting: | //V

d = 50000 ku s
15 kwm s~1(Mpe)

A 0 O =
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20 (a) A star has an apparent magnitude of+1 8.

() How far away would the star be n‘ its absolute magnltude was also +1.87
Include the unit.. : :

C{carly,,IDPC.

(i) A second star has the same absolute magnitude but is twice as far away from
us. Is the apparent magnitude of the second star smaller or larger than +1.87 *

Tl\c Second star would be one -quarter ac brl;jl;b.

TEs a,pparcu& Mﬂ-jnu éwlc Mf*“fl“»“j WW"’L be ’“"3“" .................

(b) Two stars, a and 6 have the same absolute magnltude but star 8 is 4 times
a fyfther away than o lf the apparent magmtude of o is —0 3, deduce the apparent
magnitude of §.

[he Stars o awd §, have the Same HAbsolute ﬂagm‘t‘:u.(,’ M.

& they have the Same [vminosity - This inferemee is a crveigl
] 7
tne to draus.

The l'h.vcr_fe-S%nru'c [aw tells vus E4at § will be sixten

times $ainte than K, Let +he dpparcat wagnitode

difference between o and ) be am

Then .
Au = 1-20¢
= (2 51) 0 4(0)

Ta,kx't\.ﬂ logarithms o :.__..._..%.

base Lo '0{4 bo th sides- That (s, 5} “} its d:'_s‘l:a.uac.,
Would be Ethree maguitvdes
fainter thaw o

Ingwlé = dmn. [.aﬂlo 2- 51,

Rcanrrai\j:nj . | u-o ék(, “'?ﬁf&“’ﬁ M‘ﬂ“:by‘ ﬁf
4 m 2 101,," S would be 27

(03,0 2° 51

N.B. ——

_ 3 <‘»|||t||§'t1|i!1t|||;|tj{|égt{||i!|| Iljnlmémlj““!““Jmm o




20 (b)) .

2%

[ aw pleased to note that the Board expccts
candidates tp awswer this from First principles,
That [s; to use fthe inverse - sqvare [aw, There
to the Mnﬂlb’ltfs Ei'vIaf!.Ox\,

(s ne rc{icrauu

althovgh it covld b¢ Cumployed . Of the two

auw SwWers dvt'sp(aycd. ih Lhe L:xqwu'ncrs’ﬂcpar‘t‘

make a particvlar Jtuvdy of the answer
Which was awarded §uvll marks, Do you Fiud

1t casier to vwnderstand Fhan My approach ?
Wi thoot wislu'ug to appear hcau-s;>im'6a£’r
think that the sccoud candidate did not
deserve full marks, becavse the physical
primciples wWere nat Stated in foull.
[weidewtally, his /k-cr answer (llustrates the
reselt of an vndve rellfance on an
tlectronic calevliator : nine decimal places

q’uaﬁ'cd. in the Solution ...

[w order o be even ~ handed wi th my
observ«,'l:fohs’ the Mark Scheme Scewms o
be Sycc{:aculm-/y Uhlx&lp;cdl {n Conmnexion

Wi th 20(5) I dovit fk@t any Vasuvre

Cand idate wovid obtain much a ssis bauce

from the almost total lack of.' an

-cxplaua.‘&fon.. _
Anm T being pernickety or
Pcd.o.nf:z'c?
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