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6.1 What is the speed of an electron whose kinetic energy is 2 MeV? What is the
ratio of its relativistic mass to its rest mass? The rest mass of the electron is
mo = 0.511 MeV/c?. Ans.: v = 0.98¢, m/my = 5

6.2 The extremely rare event of the indirect observation, in cosmic radiation, of a
particle with an energy of the order of 10%° eV (16 J!) occurred a few years ago [see
J. Linsey, Phys. Rev. Lett. 10, 146 (1963)]. Assuming the particle was a proton,

174 6 Relativistic Dynamics

which has a rest energy of 1 GeV, approximately, evaluate its speed relative to the
Earth. How much time would this proton need, in its own frame of reference, in
order to cross our galaxy, whose diameter is 107 light years? What is the diameter
of the Galaxy as seen by the proton? Ans.: v = 0.999 999 999 999 999 999
99995 ¢ =c— 1.5 x 107 my/s, 32's, 10'* m approx.

6.3 The kinetic energy and the momentum of a particle were measured and found
equal to 250 MeV and 368 MeV /c, respectively. Find the rest mass of the particle
in MeV/c2. Ans.: 270 MeV/c?
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6.4 At what value of the speed of a particle is its kinetic energy equal to (a) its rest

energy and (b) 10 times its rest energy? Ans.: (a) 0.866¢, (b) 0.996¢

6.5 An electron with an energy of 100 MeV moves along a tube which is 5 m long.

What is the length of the tube in the frame of reference of the electron? The

rest energy of the electron is Ey = moc? = 0.511 MeV, where my is its rest mass.

Ans.: 26 mm

6.6 A beam of identical particles with the same speed is produced by an accelerator.

The particles of the beam travel, inside a tube, its full length of / = 2400 m in a

time At = 10 ps, as measured by an observer in the laboratory frame of reference.

(a) Find f and y for the particles and the duration A7’ of the trip as measured in
their own frame of reference. Ans.: f =4/5,y=5/3, AY =6 us

(b) If the particles are unstable, with a mean lifetime of 7 = 107° s, what pro-
portion of the particles is statistically expected to reach the end of the tube?
(Use: e* ~~ 20). Ans.: 1/400

(c) If the rest energy of each particle is moc> = 3 GeV, find their kinetic energy.
Ans.: K =2 GeV

(d) Determine the quantity pc for a particle of the beam, where p is its momentum,
and express p in units of GeV/c. Ans.: p =4 GeV/c
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6.7 Two paﬁicles: A and B, each having a rest mass of my = 1 GeV/c?, move, in
the frame of reference of an accelerator, on the x-axis and in opposite directions,
approaching each other. In this frame, particle A moves with a velocity of va, =
—0.6 ¢ and particle B with a velocity of vgy = 0.6 ¢. In the frame of reference of
particle A,
(a) what is the speed of particle B? Ans.: vjy, = 0.88¢
(b) what is the energy (in GeV) and the momentum (in GeV/c) of particle B?
Ans.: Ef =2.11 GeV, pp, = 1.86 GeV/c
6.8 A beam of " particles, each with an energy of 1 GeV, has a total flow rate of
10° particles/s at the start of a trip that has a length of 10 m in the laboratory frame
of reference. What is the flow rate of particles at the end of the trip? n™ has a
rest mass of m,; = 140 MeV/c? and a mean lifetime 7, = 2.56 x 1078 s.
Ans.: 0.83 x 10°nt+ /s
6.9 Show that, for a body of rest mass mj, which moves with a speed v and has
pv 1

momentum p and kinetic energy K, itis —= 1+ ——.
ump ! ey Rt + 1+ K /mgc?




