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Lecture 5

Revision
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Cosmic Muons
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Cosmic Muons
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Relative motion
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Relative motion
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The non-relativistic (u � c) limit is:
v′

x
= vx − u, v′

y
= vy, v′

z
= vz.
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Absolute Speed Limit

• Nothing moves faster than c, according to any observer.
• c is the speed limit, a parameter of relativity theory.
• It is an experimental observation that light travels at

speed c.
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Classical Doppler Effect
Classical:

Moving siren, observer at rest:
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Does this violate relativity?
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Lecture 6
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Red-shift
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Red-shift

RXJ0152-13 galaxy cluster by Hubble Space Telescope
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1905
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Annus Mirabilis
In 1905 Albert Einstein worked as a clerk (2nd cat-
egory) in the patent office in Bern. He couldn’t find
a position as a PhD student.
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Annus Mirabilis
April: Photoelectric effect

Über einen die Erzeugung und Verwandlung
des Lichtes betreffenden heuristischen Gesicht-
spunkt (On a heuristic viewpoint concerning the pro-
duction and transformation of light) Annalen der
Physik, 17:132-148 (1905)
He would get the Nobel prize in 1921 for this
paper, essentially.
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Annus Mirabilis
April: Photoelectric effect

May: Brownian motion
Über die von der molekularkinetischen Theorie
der Wärme geforderte Bewegung von in ruhen-
den Flüssigkeiten suspendierten Teilchen (On the
motion of small particles suspended in liquids at rest
required by the molecular-kinetic theory of heat) An-
nalen der Physik, 17:549-560. (1905)
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Annus Mirabilis
April: Photoelectric effect

May: Brownian motion

June: Relativity
Zur Elektrodynamik bewegter Körper (On the
Electrodynamics of Moving Bodies) Annalen der
Physik. 17:891-921. (June 30, 1905)
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Annus Mirabilis
April: Photoelectric effect

May: Brownian motion

June: Relativity

September: E = mc
2

Ist die Trägheit eines Körpers von
seinem Energiegehalt abhängig?
(Does the Inertia of a Body Depend
Upon Its Energy Content?) Annalen
der Physik, 18:639-641. (Septem-
ber 27, 1905)
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