1.

2.

3.

Relativity

Two neutrons, A and B, are approaching each other along a common straight line. Each has a
constant speed ! C as measured in the laboratory. Show that the total energy of neutron B, as
observed in the rest frame of neutron A, is:
(1+12) 5 :
m moc-, where mo is the neutron rest mass.
A particle of rest mass Mo and kinetic energy 2myc? collides and stick to a stationary particle
of rest mass 2mp. Find the rest mass Mo and speed Vv of the composite particle.
2v/2¢
5 )

(answers Mo = ' ﬁmo, V=

You are accelerating protons in a Tandem linear electrostatic particle accelerator.

a) Using both classical and relativistic dynamics, calculate the speed of protons accelerated to
an energy of 8 MeV.

b) By how much do both results disagree?

c) Above which energy are the relativistic corrections larger than 1% ?

d) Above which energy are the relativistic corrections larger than 1%, for electrons?

e) If the maximum electrostatic potential at the center of the Tandem accelerator is 6 MV,
what are the maximum relativistic corrections to the classical speed of protons.
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Electrostatics
AU = gAV
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E=—
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Mechanics

_mv

[¢

Relativity:

Il =vlc

| — (1_n 2)—1/2

Lorentz transformations

X = 1(x" w)

Space-time invariant

= (ch)?! (%= (a)?! (X)?

Space contraction:
L= Loy

Time dilation
T=1Tp
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Some useful equations:

Doppler effect

1II
f! _ ( B)I/Zf
1+PB
Velocity transformations
e — Uy +V
T 14wl /2
u/y
W T wdie
W/ C
Uy —V
U= ———
1 —vu/c
, uyl !

u ——
Y 1—vu,l c?

Momentum and energy
p=mv

K=(—-1md

E = K—I—mcz

E?= (cp)*+ (m?)?
Physical constants
c=2.997! 10% m/s

po= 126! 10 ® T A~!
lo= 8.85x 10712 C2N-Im2
k= 8.99x 10° Nm2C>
m.=9.11x 103! kg
m,=m, = 1.67x 107 kg
e=16x10"1% ¢
ev=16! 10 2
1T=10*G
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