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e a data and formulae booklet
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e Answer all questions.

e Show all your working.
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Section B

Answer all questions in this section.

The concave mirrors used in some reflecting telescopes can suffer from spherical
aberration.

. |I| Draw a diagram to show what is meant by spherical aberration when produced by a
concave mirror.

v [2 marks]

. [ 2] The International Ultraviolet Explorer (IUE) and the Gran Telescopio Canarias (GTC)
are two examples of reflecting telescopes.

Table 1 summarises some of the properties of the two telescopes.

Table 1 P o< D’L

Name IUE GTC
Objective Diameter 0.45m 10.4 m
Location Geosynchronous Earth Earth’s surface,
orbit 2300 m above sea level.
Spectrum detected Ultraviolet Visible and Infrared
Typical wavelength 2.0x107 m 1.0x 10 m
detected

Compare the two telescopes in terms of their location, collecting power and minimum
angular resolution.

Include calculations to support your comparisons.
[6 marks]
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. The Charge Coupled Device (CCD) is an important part of the detection system of
many modern telescopes due to its high quantum efficiency.

Explain what is meant by quantum efficiency and compare the quantum efficiency of a

CCD with that of the eye.
&ma:?
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Some of the properties of the three stars are summarised in Table 2.

wl’able -M 5
* " “"*(*?WAL

The Summer Triangle consists of three stars, Altair, Deneb and Vega. / km% (N

Altair Deneb Vega
surface
temperature / K 7700 8500 9600
appa_rent 0.77 105 .
magnitude
absolute magnitude 2.21 -8.38 0.60

07721 =-144 1.25-(-2.%8)=2.63 0.03-0.60 = -0.57
|I| The three stars belong to the same spectral class.

State and explain which spectral class they belong to.

+ Spectml. closs A V/
+ This dass has a fav\puitwe rwae of 7500K 1 L

[2 marks]

. @ Deduce which of the three stars appears brightest.
[2 marks]

 Lowest agpacent anm’hl.&e ojves \qu star v
VQQO\ \c S\/L\%H’Kt (os its aw{t mﬂ,\((wlx 1S
(ovest )

- E Calculate the distance from Earth to the closest of the three stars.

m=M < 5[,5‘0(4’ 3 Abtir &5 desest, 2 mere

as &5 *n-M" g M‘tmﬁ‘w\/

0.77-2 =~ L4'= Slog,, (%)

jﬂ = (03.0(%\ S

-1, % distance = S 2 pc

:o =0 d: I0Ox IO—"M/6 — g,lS’ch
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) E Deduce which of the three stars is the largest.

P= O'A/Ib~ temperure

96_‘,55 g\g wfoce ared

onstat

Deneh bos the lamgst power opi, as its
aBSoM'e woaqritede s the mffwbve (s0 & s
the bnqkteff’) v i
‘A MONM(, star o the some 'f‘embwe
must e @ (arger sufface ared (2d Busore bo brger
Dw\eb 1 ﬂw.quesf\/

. E Calculate the wavelength of the peak in the black body radiation curve of Altair.

[2 marks]
AT =009 =
— 0.002% — 0.001 v/ D\
Ao T 7700 7

= 3.3:0 'm v
wavelength = 3 %*'0-7 m

[3 marks]

v
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Antares is a red supergiant star in the constellation of Scorpio. It has a mass about
18 times that of the Sun.

Eventually the star will become a supernova, leaving behind a core that could form a
neutron star or a black hole.

.[ 1] State what is meant by a supernova.

Consists entirely of neutrons

[1 mark]
An doipct that proa\uces o mpto\ (nCrease
1) Brtq“(’nefs
. IZ| State the defining properties of a neutron star.
[2 marks]

+hay haxe o vers, high donscty v/

- E To become a black hole it is likely that the core would have to have a mass at least
twice that of the Sun.

Calculate the Schwarzschild radius of a blackw a mass twice that of the Sun.

mss of black hole

peed of («}t
2 & -1l 0
266240 x 2% |.94xI0

T - SS‘H'Z.A
(3.«)%'0 ) \/ n ngw\ radius = Sqoo \/ m

. E Some scientists are concerned about the consequences for the Earth of a supernova
occurring in a nearby part of the galaxy.

Explain the cause of this concern.

GM\MO\ rou) \awd.'s \.nft\ enerom s;m(ar‘t,b the Sun's

\ R< _ ZG.'I\ 6N S G‘MW\Q\{M[Z marks]

[2 marks]
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[0]a].[2]

[o]a].[3]

In 1999 a planet was discovered orbiting a star in the constellation of Pegasus.

State one reason why it is difficult to make a direct observation of this planet.
[1 mark]

+Plonet is swall and Sr awoy; ot biy enowsh for

resolition of teloscopes v " =EeLY T fov Pord e

The initial discovery of the planet was made using the radial velocity method which
involved measuring a Doppler shift in the spectrum of the star.

Explain how an orbiting planet causes a Doppler shift in the spectrum of a star.
[2 marks]

Sosl'brnmscb&rtdw;;mm\/
*\Wowelongth of lioht from the star is skﬁzo\/

The discovery was confirmed by measuring the variation in the apparent magnitude of
the star over a period of time.

Explain how an orbiting planet causes a change in the apparent magnitude of a star.
Sketch a graph of apparent magnitude against time (a light curve) as part of your

answer. QM A
S ‘/

[3 marks]
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END OF QUESTIONS
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