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Relativity Summary
» Relativity Postulates « Consequences
— Laws of physics the same — Simultaneity not preserved
in all inertial frames for two different observers
— Speed of light in vacuum — Time dilation: proper time t,
constant as measured by a clock at
« Corollaries rest to the inertial observer

— Space and time form a 4-
dim continuum Always stretched for the

— There are global space- DU SIS

time frames with respect to — Length contraction: proper
which non-accelerated length |, as measured by
objects move in straight observer at rest

lines at constant velocities

(inertial frames) Always contracted for the

moving observer
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Everything is slowed/coniracted by a 4t
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Re I atiVity S u m m a ry in a frame moving Ifirh res;ecf to the observer. _ : /’;

Time always runs slower when measured by an observer moving with
respect to the clock.

The length of an object is always shorter when viewed by an observer who
is moving with respect to the object.
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Velocity addition

e e . Classical
Relativistic

Focket speed = 100,000k mi Light speed = 300000600
Difference o gpied = 000000 mIET

Mol Proan the peectint of wew of an aboeraer in the rocket the
Afference in opeed g ol B0 Kmd Le the speed of hightl

Simple mathematical equations for ¢
1 2 Tl | compounding speeds are known far Newtonian

mechanics. O
© ascends an escalator (addition of speeds), and then descends ( ompe

J ur ex
difference in speeds).

V=
1+v1v2/02
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Relativistic Doppler shift
Classical red or blue shift formula for non relativistic speeds v/c<<1
Shift completely due to bunching up (approach) or stretching
(recession) of wave crests due to the relative source-observer
motion

ﬂ’obs B ﬂ‘O

=v/c

z

0
Relativistic shift includes also the effect of time dilation.

Frequency of light waves specifies how many times the em
field oscillates per second in its rest frame ->v,,, A,.The
clock of a moving source runs slow and as a result the

emission frequency is reduced as measured by the
observer. Time dilation always gives a redshift

L Relativistic Doppler has
RelativisigDFpeit] T , WL [T also a small shift in the
ormula 1-v/c perpendicular direction

of motion
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Simultaneity

Simultaneous events in moving frame.
World lines of objects
stationary on the train
(moving at velocity v in track frame)

& Lowpelocity
worlilines
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Flashes
reach train
observer at
diff times

A stationary observer B on the railway embankment sees the forked lightning strike at two positions ¢, and q
simultaneously. The observer B, moving with the train undergoing uniform rectilinear motion, sees the light-

ning strike g, a fraction of a second before q,. The reason for this is the finite signal speed of light

'Train’
observer

Events A' and B' are not simultaneous
tg' # ta'
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Causality

— Cannot change order of A and B by
changing frames of reference.

— A can also communicate information to ,
B by sending a signal at, or less than, e A
the speed of light.
— This means that A and B are causally- light
connected. reys
A ®c

— Can change the order of A and C by
changing frame of reference.

— If there were any communication
between A and C, it would have to >
happen at a speed faster than the
speed of light.

position
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