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There are F queshons with several subparts each, Please try Lo mﬂt; /i j:-;
; : g o . ey books,
solutions to all subparis of o question in sequence 5 yous OFLseT ;
The numnbers on the right in square brackets are marks, e.g. [9)

i the x-
roblem 1 Consider Lthe parametric trajectory of s particle moving along
direction as seen in B reference frame S,
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Here c is the speed of light, —oo < T < oo is a parameter that defines the trajectory
and a is a positive constant.

; i 3
fliminate T from the above equations Lo gel an equatmi]’[nr the Lrajectory. [1]
o o
Sketch the Lrajultory in the V nlane. What shepe does the curve h.a.ve-i‘ ?1;:3:]]3;
lnbel youf axes and label an¥ points of intersection with the axes. Also sketc 5]
asymptotes of Lthe trajectory as 7 — oa.

‘/a{ Show that Lhere are spacetime points from which no signal can r:'vm: rea.c.h thc
particle. Clearly shade the region of all such spacetime points. .I‘ his region 1s
alled & horizon for the particle. It is very similar to the event horizon of a black
1ole, from which no signal can reach an external observer. (3]

Show that T is just & measure of the proper time as seen by the particle. {Hint:
Calculate the change in proper time ds as the parlicle covers a distance dr in a
time dt in frame § and then integrate this equation.) [3]
Find the velocity of the particle (v = dz/dt) in frame S as a function of T only.
Sketch this velocily as a function of 7. Is the trajeclory of the particle consistent

'ith special relativity? 4]
J/l:ind the acceleration (@ = du/dt) of the particle in frame S as a function of = only.
Sketch this aceeleration as a function of 7. [4]

We can define a frame called the momentarily eomoving rest [rame (MCRF) as a

frame 5’ in which the particle is momentarily at rest. Note that at dilferent, instants

of time ¢ as measured in [rame S (or equivalently at different 7 as measured in the
test frame of Lhe particle}, the MCRF corresponds to a different inertial relerence

\!/!'mme.

how Lhat for a small time interval dt’ in the MCRF, dt’' = dr.
Find the acceleration of thb’;art.ic!u in frame §' as
this acceleratfon as a funetion of 7. {Hint: Find

titne 7 and at & time 7+ d7 and
the acceleration.)

3]
a function of 7. Also sketch
the speed u' in the MCRF at both
use the difference between these specds to [ind

(6]
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Jnhlom 2 Conalder n tight elreniarly polarkzed _Ilghl. bewm mﬂ?’;.’: slong Lhe z.axlg
deserbed by the following electric and mngnetle fields in n frumoe 5
m
E(x,y,2,1) = FoCos [k(z — et)] # 4 FnCos [H= -et)+ E] i/
3, Lo L -!—I:g k(z — et)] 3.
Bi(z,y.2.4) = = Cos [K(z - ct) - 5| &+ Cosla(z ~ et)]
Now consider a frame & moving with a speed v along the z-axls relative to the frame
5.

a} Write down the fields £(z", 3", 2!, 1') and £{z', 1,2, ') 55 seen in reference frame

5. {10]
b) What kind of polarization dores the clectromagentic field have as seen in frame 57
Can you give an intuitive explanation for this result? [3]

¢) Find the time-averaged energy density If = 2 (|E|*+c*|5]*) of the Elect.mrn&gng?;ic
field in both frames § and 5", Also, find the time-averaged momentum density

vector £ = eo( £ x ff) of the electromagnetic field in both frames S and S, I5]
d) Show that the quantities (U, Pc) together transform like a 4-vector ficld under the
change of reference frame above, 4]

\/ roblem 3 The well known process of f-decay of a neutron (n) is given by the
reaction:

nt—pt+e + b,
where p and e~ denote the proton and electron and 7. denotes a particle called an

anti eleciron-neutrino. In this reartion we typically start with a neutron at rest and
we only detect the electron and measure its cnergy.

a) Find the maximum energy of the electron assuming thal the neutrine is massless.
[14]

b) For what energy of the neutrino is the electron energy maximized? (3]

(Hint: Energy-momentum conservation tells us that p# = P+t 4 Pi.. Take the
electron 4-momentum vector Lo the ather side of the equation and square each side
of the equation {use Lorents A-vector d::uL-pmducts!). Then, work in the rest frame of
the neutron to assign energy and momentum,)

Useflul data: g = 928.28 MeV/c?, m,, = 939.57 MeV /c?, me = 0.51 MeV/c?,

Useful reading: If the neutrine Were massive, the electron would Carry away
less energy. Experiments gre trying Lo measure the mass of the neutrino by carefully
determining Lhe maximum cnergy of the electron in such a B-decay process. You can
read up on the KATRIN experiment for more information,

- Paper ends -
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