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QUESTION 1

A p-meson with an average Iifetime of 2 x 107% s 15 created 1n the upper atmospheie at an altitude of

6000 m When 1t 15 created 1t has a velocity of 0 998¢ 11 a direction towards the Earth

a) What 1s the average distance that 1t will travel before decaymg, as determined by an observer
on Earth? (8}

b) Consider an observer at rest with respect to the yi-meson What 1s the distance he/she measures

from the pomnt of creation of the p-meson to the Earth’ (8)
¢) Comment on the physical sigmificance of these results (4)
[20]

QUESTION 2

The Minkowsk: diagram below shows two reference frames, S and 57, that are in the standard config-

uration Events A - G are also indicated

ct

A

a) Which event occurs at the same tine as Event B i the S’ framc? (1)

b) Explain why 1t 1s not possible for any particle to be at Event C and, at some later tune, at
Event B (2)

¢) Event D corresponds to the emission of a light pulse Which of the indicated events can possibly
correspond to the detection of the hight pulse? Explam your answer (3)

[TURN OVER]
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d) An observer m S measures the spacetime coordinates for Event C to be (z/, ¢') = (45km, 0s)
and the relative speed of §' to be V = 0 36c What would the spacetine coordinates of Event

C be as measured 1 S? (6)

(12]

QUESTION 3

At the Stanford Lincar Accelerator, electrons are accelerated to energies of 50 GeV(where 1 GeV =
10° ¢V) 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 mn (a) of the speed physical? and if not, why? (2)
¢) What 15 the electrons’ actual (relativistic) speed? {10)
d) TIs the above value mn (c) of the speed physical? and if not, why? (2)
[20]

QUESTION 4

Consider a two dimensional space-time with the line element
dlz—l( 2dt* —d 2)
=5 e L),
where t > 0 and —o0 < 2 < 00

a) Setting #' =t and 2 = r What 1s the metnc tensor and the dual metric tensor? Explain how
you determne these (4)

b} The only non-zero Christoffel coefficients for this surface are I'},, I'4;, T, and 'y, Calculate
these coeflicients (10)

¢) 1t 1s given that the Riemann curvature tensor of the surface 1s

1

1 _
R212 - 212
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The tensor has the following symmetries
1 _pl  __p2 _ p2
Ry = —fyy = =Ry = Ry

and all other components are equal to zero Deternine the components of the Ricet tensor for

the surface (5)
Calculate the Ricer curvature scalar R (4)
Calculate the Gausstan curvaturc of the surface (3)
28]

QUESTION 5

A paraboloid can be parametrized as

z(u, v) = aucosv,
y{u,v) = ausmu,
z(u,v) = u?
Find the line element for the surface (10)

Show that R,, = 0 Explam your steps carcfully Hint Use the symmetnies of the Riemann

tensor given 1n Question 4(c) (4)
The transformation equations between two two-dimensional coordinate systems are given by

! = zxlcosd +zisméb

? = —x'sin@+z%cosh

wherc # 18 some angle

Write down the transformation equations for the components of a first order covariant tensor
A} (6)

(20]

Total: [100]
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FORMULA SHEET

Speed of hght in a vacuum: ¢ =3 x 10*ms™!

Mass of electron’ m, = 0511 McV /> =911 x 107* kg
Mass of proton: m, = 938 3MeV/c? = 1 67 x 107* kg
Mass of pion. m, = 139 6 MeV/c? =249 x 10 kg
Mass of muon m, = 105 7TMeV/c* =189 x 10~* kg
eV =160x1071]

1 MeV = 10%eV
t" = 'U’ — _ﬁu
B 1=V
r = z-Vt , Uy
v, = ————
v =y y ¥ (1 —v,V/c?)
.
d =z =T I wvid)
E' = v(E—-Vp,)
' VE
¢ o= (- (V/F) ) o= (- )
/ = i
T - ’Y (x - Vt) py = py
;o ’
v = p, = Pz
do=z Ex = {y—1mc
E? = ptc? + m2t
c—V
frec - fcm C—'f‘?
FO = ~ (FO - VFl/c)
Fo= 'y(Fl—VFG/C)
F!Z _ F2
c—V
’\cm - )‘r‘er C+ V Ffa = FS

[TURN OVER]
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