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QUESTION 1

As part of 1ts search for extrasclar planets, NASA discovers a planet that appears to be very much
hke Earth orbiting a star 40 hightyears from our Solar System An expedition 1s planned to send
astronauts to the planet NASA would like the astronauts to age no more than 30 years during the
journey In this problem, neglect any 1ssues related to the acceleration of the astronauts’ spaceship

(Hint A lightyear 1s the distance traveled by hght in one year, which 1s just ¢ multiplied by one vear,

or 946 x 10" km In many problems 1t 1s sunpler to write 1t as le year, since ¢ often cancels out )

a) At what veloaty must the astronauts’ spaceship travel in Earth’s reference frame so that the
astronauts age 30 years during the journey? (10)

b) According to the astronauts in the spaceshup, what will be the distance of their journey?  (6)

¢} What will the duration of their(astronauts) journey be according to the people on Earth? (4)

[20)

QUESTION 2

a) The space and tune coordinates of two events as measured 1 an nertial frame S are as follows

Event A| za=a | ta=a/(2¢) |ya=24=0

Event B | ap=2a | tg =ba/(6c) | yg =25 =10

where a 15 some constant There 15 an inertial frame S’, in the standard configuration with S,

in which these two events are simultaneous

1 Draw a rough Minkowski diagram of frames S and S’ Indicate Events A and B on your

diagram (5)
1 Use the Lorentz transformation equations to calculate the speed of the S’ frame relative to
S ()
1 At what tune do these events occur in the §' frame? (5)

b) Prove that for a general time-like spacetime separation between two events, the two events can

never be considered to oceur symultaneousty (5)
[20]

[TURN OVER]
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QUESTION 3

At the Stanford Linear Accelerator, electrons are accelerated to energies of 50 GeV(where 1 GeV =
10° eV) Take the electrons’ rest mass as 0 511 MeV/c2

a) If this energy were classical kinetic energy, what would be the electrons’ speed? (6)
b} Is the above value m (a) of the speed physical? and if not, why? (2)
¢) What 1s the electrons’ actual (relativistic) speed? (10)
d) Is the above value in (c) of the speed physical? and if not, why? (2)
[20]

QUESTION 4

The metric of a umt 2-sphere 1s given by
ds* = d6* + sin® fd¢?

a) Setting ! = # and 22 = ¢ What 1s the metric tensor and the dual metric tensor? Explamn how

you determine these (5)

é 6

b) Given that the only non-zero Christoffel coefficients are [2y; = %, and [y = —ggs—é,
Calculate R?,9; for the metric (10)
¢) Calculate the Gaussian curvature of the surface (5)
[20]

QUESTION 5
a) Suppose that R,.6y = K (GusGuy — GuyGus) on some four dimensional Riemannian space Show
that for the curvature scalar we have R = £12K (10)
b) Show that »f A, 15 a symmetric tensor and B* 15 an antisymmetric tensor, then

Zz,u=0 A.WBW = (5)
¢) Show that if G, =0, then R, =0 (5)
[20]

Total: [100]

[TURN OVER|
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FORMULA SHEET

Speed of hight 1n a vacuum: ¢ = 3 x 103 ms™!

Mass of electron. m, = 0511 McV/c?2 =911 x 1073 kg
Mass of proton. m, = 938 3MeV/c? =167 x 10727 kg
Mass of pion m, =139 6MeV/c? =249 x 1078 kg
Mass of muon* m, = 105 7MeV/c? =189 x 1072 kg
leV=160x10712J

1MeV = 10%eV
11—, V/c?
:ﬂ’ = I — Vt ! v
Vo= —
J =y ¥ ¥ (1 — v V/c?)
Fi — Uz
2 = :z vz v (1~ v.V/c?)
E' = v(E-Vp:)
t’ = (t - (V/Cg) I) pr = ( _ @)
T T 2
£ = vy(x-Vi) ) ¢
yr =y Py = Py
' P; = D
z = z
E? = p*c® + m2ct
c—V
fF'EC - fﬂm C+ V
PO = (F°-VF/)
F' = 'y(Fl—VFU/c)
V 1;1!‘2 — F2
c—
/\em A'rec c+ v F' = F

[TURN OVER]
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