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Lecture 8

Revision
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Remember this

For a particle of mass m, momentum p and energy E

β =
pc

E
, γ =

E

mc2
.
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Electron Gun

Electrons accelerated to 1 MV

me ∼ 10−30 kg

e = 1.6 · 10−14 C
Ü

mec
2 = 9 · 10−14 J

K = 16 · 10−14 J

}

E

β =
v

c
=

√

1 −

(

mec2

E

)2

' 0.9
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Electron Gun

Electrons accelerated to 1 MV

me ∼ 10−30 kg

e = 1.6 · 10−14 C
Ü

me = 0.5 MeV/c2

p = 1 MeV/c

}

E

β =
p

E
=

p
√

p2 + m2
e

=
1

√

1 + 1
4

' 0.9.

Relativity — Lecture 9— 11/12/2007 – p.4/11



P. Koppenburg

Useful units
• Express energies in eV

• Express momenta in eV/c

• Express masses in eV/c2

1 GeV/c2 = 109 1V · e

c2
=

109
· 1.6 · 10−19

9 · 1016
' 2 · 10−27 kg
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Binding Energy
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Particle Collisions

I1

I2

O1

Oi

ON

∑

i

pi =
∑

o

po

∑

i

Ei =
∑

o

Eo

with E2
(i,o) = p2

(i,o)c
2 + m(i,o)c

4
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Lorentz Transforms

Lorentz Transformations
(x, ct)

x′ = γ (x − βct)

y′ = y

z′ = z

ct′ = γ (ct − βx)

Lorentz Transformations
(p, E)

p′x = γ
(

px − β E
c

)

p′y = py

p′z = pz

E′

c
= γ

(

E
c
− βpx

)

p transforms like x and E/c like ct.
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Lecture 9
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Clock on a Train

P
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Clock on a Train

P u
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Invariance
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