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Materials

For this paper you must have:

e a pencil and a ruler

¢ a scientific calculator

e a Data and Formulae Booklet.

Instructions For Examiner’s Use
e Use black ink or black ball-point pen. Question Mark
¢ Fill in the boxes at the top of this page.
e Answer all questions. 1
¢ You must answer the questions in the spaces provided. Do not write 2
outside the box around each page or on blank pages. 3
¢ Do all rough work in this book. Cross through any work you do not want
to be marked. 4
e Show all your working. TOTAL

Information
e The marks for questions are shown in brackets.
e The maximum mark for this paper is 35.

Time allowed: The total time for
both sections of this paper is

2 hours. You are advised to
spend approximately

50 minutes on this section.

¢ You are expected to use a scientific calculator where appropriate.
o A Data and Formulae Booklet is provided as a loose insert.
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Section B

Answer all questions in this section.

The Griffith Observatory in Los Angeles includes an astronomical refracting telescope
(Griffith telescope) with an objective lens of diameter 305 mm and focal length 5.03 m

o (lens o‘mmé(‘er)
II| Calculate the wavelength of light for which the Griffith telescope has a minimum
angular resolution of 1.8 x 10 ° rad

oo\ ungla rerlitar)

=% 1-60 |
= LZxIO-Gx 0.%095 V(in Md?es)

- 5..5x|0.7m
2/
wavelength = 5 SX ,O m

@ The Giriffith telescope is used to observe two point objects which subtend an angle of
1.8 x 10°° rad at the unaided eye.

The typical human eye has a minimum angular resolution of approximately
3.2 x 10 rad

Calculate the focal length of the eyepiece lens so that an observer can just resolve the
two objects when observing them through the Giriffith telescope.

F:ca( (y\gtk=503m

M‘: fﬂ:m

fae ey

3.2x10°*
[.Rx|O©

-6
5%5; i‘%’i‘? = 0.028m

v
focal length = 0 028 m

[3 marks]
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- The asteroid Apophis has a diameter of 325 m

It has been calculated that in 2029, its distance of closest approach to the Earth’s
surface will be 3.0 x 10* km

The Giriffith telescope may be used to view Apophis using the eyepiece calculated in
question 01.2

Deduce whether this telescope is suitable to obtain a detailed view of Apophis.
Support your answer with a calculation.
= [3 marks]

oY
S E L
L

6= L
215 -5/
= 3005 =10 wd.

Anqulor neso(ufcon = 1.3x10 rod.
DOLIO™ o1 the afend s angular
o(:ameigr s E | €imes {f.q Minimwm vesolu‘hm /
Yow wowlda't be able o see the aderoid in
very much detail v
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There are no questions printed on this page
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lil Sketch, on the axes in Figure 1, the black-body radiation curve for a typical star.
[2 marks]

Figure 1

YV

intensity /
arbitrary units \/

I
l
|
|
I
|
I
\
|
+ ofone
0

vmw wavelength

@ Explain, with reference to the Sl units involved, how the curve you have drawn can be
used to determine the black-body temperature of the star.

[3 marks]
The 'PQAQGF‘H\eq isof-dtepeakw{q;l\,
which is the wmgk with the Aiskest mb\siﬁj V4

Use. Wien's d(splacevwd' (o, bit moke sure that
M&,ﬂ\s are in metres. V

7~ /\ — T — \/
i - el
.ﬁem(enc}tk in kelwn

Question 2 continues on the next page
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- Two stars, 61 Cygnus A and 61 Cygnus B, can be seen very close together in the
constellation Cygnus. Early astronomers were unsure whether the two stars form a
binary system, or simply appear in the same line of sight.

Table 1 shows some of the properties of the two stars.

Table 1

Temperature / K | Radius / km | Apparent magnitude

61 Cygnus A 4500 4.7 x10° 52

61 Cygnus B 4100 4.1 x10° 6.1

Evaluate whether the data support the suggestion that the two stars form a binary
system.

In your answer you should
e compare the two stars as seen by an observer on Earth

e support your evaluation with suitable calculations.
[6 marks]

Glow and Brigntness

(9/ qunus B is redder than Caqnus A os & s eder
* Cygus B uill therefore hove a shorter peak wanelesh

Q?§Sﬁ>’ft\erve s a d e i aopporent mgnihﬁdeo’f
0.9 (=61-5.2) =Am
Ratio of Bligﬂ'ms = 2.5|( =245 =23

ws A’ Lvuthﬁes will (X loemdllﬂ
A;\?MQ &qnus B' ‘mqhsfﬁess e
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Ditance ¢, Do ot i

P= éATL mtﬁgg_‘(&gpudim. in kel
\Swﬁcq

P = 56710 x b x (410 4300*
= 6.45xI0 ‘w

B: = 56410 xl-(—'n x(4—lxl08) x‘HOO
=3. 38%!0 W

gt3 ngnMAis muZU»)MMMﬁL and
ammmmérq#‘ there are no vardions

cawsed ’w o difference in distance, so the stars

st ba amamfeh e some distarce awoy.

Evalydlion
IF e strs are close in o consdellation mla(’fl\e somQ
Mmltt S 'lhh‘, W( (@ Eii bi“aﬂj Sﬁ jﬁ

E What is the spectral class of 61 Cygnus A?
Tick (v) the correct box.

[1 mark]

A

F

G
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II| Describe the links between galaxies, black holes and quasars.
[2 marks]

‘Quasars are pmJuced blﬂ black hsles. /

+These black holes are at the contres of
qalaxies. V

@ At a distance of 5.81 x 10® light year, Markarian-231 is the closest known quasar to
the Earth. The red shift z of Markarian-231 is 0.0415

Use these data to estimate an age, in seconds, of the Universe.
[4 marks]

|
A‘jQ. dg UniMQ: "‘E_’ ML(Q COV\M

1. Lj in melies

Do not write
outside the
0.

._I_»/ _d _ S\Slxlogx?lesx%‘;iy
ASQ of Universe = H. = zc ~ 0045x3x10°
_ S3IIONMEUA RO _ e

0.0445
age = 4.4—le07 / s

&
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- A typical quasar is believed to be approximately the size of the solar system, with a

power output similar to that of a thousand galaxies.
Estimate, with reference to the inverse-square law, how much further the most distant

visible quasar is likely to be compared to the most distant visible galaxy.
[3 marks]

. Both are at the (imits of our visiovy

measwevent, so the power received from either
will be the same V'

* Trtensdy of quasar = c'l(('eASt':l’cJa F 3a(axc5

P P /
"’ v

MA d-sﬁn
olwo;fol@oca;‘u;iost 6 AM
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Evidence to support the Big Bang theory comes from cosmological microwave
background radiation and the relative abundance of hydrogen and helium in the

Universe.

II| Explain what is meant by cosmological microwave background radiation and how its
existence supports the Big Bang theory.
[3 marks]

“The cosmoleical microwane back rediaCion

Mﬂﬂ%ﬁdm rather
then o s,ga{c (oca‘(’cm

When the Univesse cooled PJ\ML‘ matler ml
mémftcm were auﬂ 73 de@nfi ﬁd&\s

eleclions were qble to jon together fo form

reutral afoms.

-As the Unweﬁe exq-a/deo\ the radidfion wos
ok Shi 163 wove becam | uifo

the rmmm;Q reyon of the elediomagretic

~ spactrum
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El Explain how the relative abundance of hydrogen and helium supports the Big Bang
theory.
[3 marks]

after 4 Bang, m

L. h hyd helium
When the Uhivase ex‘%n m‘ (M(l coo(.ea awudn

‘HUS&SIOV\ StZPDQA
MMcummtowteﬂ"df3| ad

MMM were AP efﬁuqt\ emuqh‘ta ‘ﬁaa

 either of these d%mts_m_%gwer ones,
altering the ratio fucther:

END OF QUESTIONS
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