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For this paper you must have:

¢ a pencil and a ruler

e a scientific calculator

¢ a Data and Formulae booklet.

Instructions For Examiner’s Use
e Use black ink or black ball-point pen.
¢ Fill in the boxes at the top of this page. Question Mark
o Answer all questions. 1
¢ You must answer the questions in the spaces provided. Do not write

outside the box around each page or on blank pages. 2
e Do all rough work in this book. Cross through any work you do not want 3

to be marked.
¢ Show all your working. 4
Information >
e The marks for questions are shown in brackets. TOTAL

¢ 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.
¢ A Data and Formulae Booklet is provided as a loose insert.
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Section B

Answer all questions in this section.

Draw the ray diagram for a Cassegrain telescope. Your diagram should show the
paths of two rays, initially parallel to the principal axis, as far as the eyepiece.
[2 marks]

k primary mirror
(concave)

eyepiece

secondary mirror (convex) 2

The Kielder Observatory in Northumberland includes two optical telescopes
attached to the same mount, so that they can be used to view the same object.
Some of the properties of these telescopes are summarised in Table 1.

Table 1
Telescope Type Objective diameter/mm
A refractor 70
B reflector 400

. |I| The telescopes are used to view the same object.

Suggest which telescope in Table 1 produces the brighter image.
Support your answer with a suitable calculation.
[3 marks]

Collecting power « area of objective « D?
B:A=4600°:70° so (400 = 70)* = 32.7

B collects about 33 times as much light as A

The brightness of the image depends on the collecting power, which

is proportional to D? (the area of the objective).

B has the larger diameter, so B (the reflector) gives the brighter

Image.
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. |Z| The minimum angular resolution of a telescope can be determined using the
Rayleigh criterion.

Explain what is meant by the Rayleigh criterion.
[2 marks]

Two objects (point sources) can just be resolved when the centre of

the central maximum of the diffraction pattern (hiry disc) of one

image coincides with the first minimum (edge of the Airy disc) of

the diffraction pattern of the other image.

Any closer than this and the two images cannot be distinguished.

. El Discuss which of the two telescopes in Table 1 would be better at resolving the
images of two objects that are close together.
[2 marks]

B is better, because it has a much larger objective diameter (400

mm compared with 70 mm).

The minimum angular resolution ® = N/D, so the minimum angular

separation that can be resolved depends on 1/D. For the same

wavelength B can resolve objects about 400/70 = 5.7 times closer

together than A.

Turn over for the next question

Turn over »
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Table 2 summarises some of the properties of four stars in the constellation
Hercules.
Table 2

Star Distance/pc | Spectral class | Apparent magnitude
Kornephoros 43 G 2.8
Rasalgethi 110 M 3.0
Rutilicus 11 G 2.8
Sarin 23 A 3.1

. |I| Define the parsec. You may use a diagram as part of your answer.
[2 marks]

Earth

angle = 1 arc second (1/3600°)

A\

Sun 1 pc star

1 AV

One parsec is the distance at which 1 AU (the mean Earth to Sun

distance) subtends an angle of 1 arc second, ie. 1/3600 of a

degree.

. |Z| Deduce which star is larger, Kornephoros or Rutilicus.

[3 marks]

Both stars are spectral class G, so they have similar (about the

same) surface temperatures.

They have the same apparent magnitude (2.8), but Kornephoros is

much further away (43 pc compared with 11 pc), so Kornephoros

must have a greater power output (luminosity), i.e. a brighter

absolute magnitude.

By Stefan's law P = oAT* with the same T, a greater P means

Kornephoros has a greater surface area, so Kornephoros is the larger

star.
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. El One of the four stars has the peak in its black-body radiation curve at a
wavelength of 1.0 um.
Calculate the corresponding temperature for this curve.
[2 marks]
Wien's law: AT = 2.9 x 102 m K
T=29x102<+10x10°
T = 2900 K
temperature = 2.9 x 10° K
. El Explain which star produced the black-body radiation curve described in
question 03.3.
[2 marks]
Spectral class is related to temperature: a temperature of about 2900
K corresponds to spectral class M (red star, below about 3500 K).
Rasalgethi is the only class M star in Table 2, so it is Rasalgethi.
. El Which star has the brightest absolute magnitude?
Tick (v') the correct box.
[1 mark]

Kornephoros

Rasalgethi \/

Rutilicus

Sarin

Question 3 continues on the next page
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. El Determine the absolute magnitude of Sarin.

[3 marks]
m — M =5 log(d/10) with d in parsecs
31 - M =5 109(23/10) = 5 log(2.3)
31-M=13%
M=31-1%=13
absolute magnitude = 1.3 13
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. |I| Sketch, on the axes in Figure 1, the light curve for a typical type 1a supernova.
Label the axes with suitable scales.

[3 marks]
Figure 1
absolute
magnitude
=20 9 peak = —19.3
__10 .
__5 -
0 I I I I .
0 20 40 60 30 time/days
. El Type 1a supernovae can be used as standard candles.
Explain what is meant by a standard candle.
[1 mark]

An object whose absolute magnitude (luminosity) is known, so

measuring its apparent magnitude allows its distance to be calculated.
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. El Measurements of type 1a supernovae in 1999 led to a controversy concerning the
behaviour of the Universe.

Describe this controversy and how the measurements led to it.
[3 mark]

The 1999 measurements showed that distant type 1a supernovae

were dimmer (further away) than predicted from their redshift using

Hubble's law, so the measurements did not agree with predictions.

This suggested that the expansion of the Universe is accelerating

(expanding at an increasing rate), rather than slowing down as

expected.

It is controversial because there is no known energy source for this

accelerated expansion; it is explained by an unknown dark energy.

Turn over for the next question

Turn over »
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According to NASA nearly 2000 exoplanets had been discovered by 2016, and the
search continues. One aim of this search is to find an Earth-like planet orbiting a
Sun-like star.

Discuss the difficulties associated with the detection of an Earth-like planet orbiting
a Sun-like star.
In your answer you should compare the methods that are used in the search and
suggest which may be the most successful.

[6 marks]

Detecting an Earth-like planet is difficult because it is small, has a

small mass compared with a Sun-like star, is very close to its star

and is very faint and cool compared with it.

Transit method: when the planet passes in front of the star (from

our point of view) the star's brightness dips periodically. The orbit

must be aligned with our line of sight to eclipse the star, so many

planets are never seen. An Earth-like planet is small, so the dip is

tiny Cabout 0.01%), and with a one-year orbit there is only one

transit per year, but it can be detected with sensitive space

telescopes (e.g. Kepler) provided it is not too far away.

Radial velocity (Doppler) method: the star and planet orbit their

common centre of mass, so the star's spectral lines show a periodic

Doppler shift (red then blue). An Earth-like planet has a mass much

less than a Sun-like star, so the star's wobble is very small (about

0.1 m s1) and the shift is slight. It could be detected only with

very highly sensitive spectrometers.

Direct observation (imaging): this is very unlikely to succeed, because

an Earth-like planet is too small, too close to the star (tiny angular

separation) and too cool and dim to be seen against the glare of the

much brighter Sun-like star.

Judgement: the transit method is likely to be the most successtul,

since space telescopes can measure very small dips in brightness and
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most exoplanets have been found this way; radial velocity is useful to

confirm the planet and find its mass.

END OF QUESTIONS
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