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Option F — Astrophysics

F1. This question is about the brightness of stars.

(a) (i) Define the luminosity of a star. [1]

(i1)) State one factor that determines the luminosity of a star. [1]

(This question continues on the following page)
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(Question F1 continued)

(b)  The graph below shows the variation with period 7 of the luminosity L of Cepheid variable
stars, where the luminosity of the Sun is taken to be L.
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(i)  Outline why the luminosity of a Cepheid star varies periodically. [2]

(i1) Cepheid variable star A has a period of 3.5d; Cepheid variable star B has a period
of 16.5d. Star A is a distance of 1.6x10°'m from Earth and has an apparent
brightness at the Earth 1.2x10"*Wm™. The apparent brightness of star B at the
Earth is 5.3x10"°Wm™.

Determine the distance of star B from the Earth. [4]
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F2. This question is about cosmology.
(a) The diagram below shows the spectrum of the radiation emitted by a black body.

intensity (relative units)

wavelength

(1)  On the diagram above, sketch the spectrum of radiation emitted by the black body
at a higher temperature. [2]

(i1) State what is meant by cosmological background radiation. [2]

(ii1) Explain how knowledge of the spectrum of a black body and the existence of
cosmological background radiation is consistent with the “Big Bang” model of the
universe. [3]

(This question continues on the following page)
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(Question F2 continued)

(b) The diagram below shows one suggestion for the variation with time of the size of the
universe. This suggestion is referred to as the “flat” universe.

size of universe

time

(i)  Onthe diagram above, draw a line to represent an “open’ universe (label this line O)
and a line to represent a “closed” universe (label this line C). [3]

(i1) State and explain the condition, in terms of critical density of matter in the universe,
for the universe to be closed. [2]
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F3. This question is about galaxies.

(a) Distinguish between a galaxy and a galactic supercluster. /3]

Galaxy:

(b) A galaxy is 190 Mpc from the Sun and is receding at a speed of 1.3x10'ms".

Use these data to determine a value for the age of the universe. [3]
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F4. This question is about stellar evolution.

(a) Describe the Chandrasekhar limit. [1]

(b) A main sequence star has a mass of twenty solar masses.

Outline, with reference to the Chandrasekhar limit, the evolution of the star after leaving
the main sequence. [3]
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Option G — Relativity

G1. This question is about time dilation.
(a) Define the following terms.

(1)  Proper length [1]

(i1)  Proper time [1]

(This question continues on the following page)
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(Question G1 continued)

(b) A muon is created in the Earth’s atmosphere by a cosmic ray striking an oxygen atom.
The speed of the muon as measured by an observer on Earth is 0.99¢ where c is the speed
of light. The muon decays after a time of 3.1x 10 °s as measured in its reference frame.

Calculate,

(1)  the distance travelled by the muon as measured in its reference frame. [2]

(i) for an observer on Earth, the lifetime of the muon and the distance it travels before

it decays. [3]
Lifetime: ..
DIStaANCE: .o e

(c) Use your answers to (b) to explain time dilation. [2]
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G2. This question is about relativistic mass increase.

(a) Electrons are accelerated from rest through a potential difference. On the axes below,

draw a sketch graph to show how the mass m of an electron varies with its speed, Y

. . c
(Note: no numerical values are required.) /3]

o<

(b) An electron is accelerated through a potential difference of 2.0 MV. The rest mass of the
electron is 0.50MeVc ™.

Determine for the accelerated electron

(i) the final mass in MeVc ™. [1]

(i1) the final speed in terms of ¢ after acceleration. [3]
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G3. This question is about simultaneity.

Two people, X and Y, are facing each other at opposite ends of a railway carriage. Person A
is also in the carriage, midway between them. The carriage is moving in a straight-line with
uniform speed relative to person B who is standing at the side of the railway track.

When person A is opposite person B, the two people X and Y each switch on a light. Person A
sees the lights at the same time, i.e. simultaneously.

R AW —
Y

B

Discuss whether person B will describe the switching on of the lights as occurring
simultaneously. [4]
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G4. This question is about black holes.

(@) (1) By areference to space-time, describe the nature of a black hole. [2]

(1) By reference to your answer to (a), define the Schwarzchild radius. [1]

iii) A star has a mass of 4.0x 10" kg. It evolves into a black hole.
(iii) g

Calculate the Schwarzchild radius of the black hole, stating any assumption that
you make. [2]

(This question continues on the following page)
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(Question G4 continued)

(b) A spacecraft approaches the black hole in (a)(iii). If it were to continue to travel in a
straight-line it would pass within 10°m of the black hole.

(1)  Suggest what effect the black hole would have on the motion of the spacecraft. [1]

(1) Explain gravitational attraction in terms of the warping of space-time by matter. [4]
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Option H — Optics

H1. This question is about refractive index.

(a) A small object rests at the bottom of a swimming pool of depth d. Viewed from directly
above, the object appears to be 5.0 m below the surface of the water.

not to scale

<>

v [}
small object

(1)  On the diagram above, draw rays to locate the image of the object as seen from
above. [2]

(i1)) The refractive index of water=1.3.

Determine the depth d of the swimming pool. [2]

(This question continues on the following page)
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(Question HI continued)

(b) A diver views the surface of the water from point O as shown in the diagram below.

4,

0]
o

object not to scale

(1)  On the diagram above, draw two rays to locate the image of the object as seen by
the diver at O. [3]

(1)) Explain why the surface of the water needs to be undisturbed for the image to be
seen. [1]
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H3. This question is about diffraction and resolution.

Blue light of wavelength 450 nm from a star passes through a telescope with a circular aperture
of 0.25m and forms an image on a photographic plate 0.75m from the focussing lens.

(@) (1) In the space provided below, draw a labelled sketch to show the diffraction fringe
pattern produced on the photographic plate. [2]

(i) Calculate the diameter of the central maximum on the photographic plate. [2]

(This question continues on the following page)
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(Question H3 continued)

(b) The telescope in (a) is now pointed at two stars.

The maximum separation of the stars is d and they are both 1.5x10"m from the
telescope.

(1) Determine the separation d of the stars such that the images of the stars are just
resolved in light of wavelength 450 nm. [3]

. . : . : d
(i1) Over a period of time the separation of the stars varies from 3 to 2d.

Describe and explain the changes to the image produced by the telescope during
this time. You should include diagrams to illustrate your answer. [3]
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