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Abstract: The laws of physics are usually meant to be set in stone; variability is not usually part of physics. Y et contradicting Einstein\'s tenet of the
constancy of the speed of light raises nothing less than that possibility. | will discuss some of the more dramatic implications of a varying speed of
light. JOA£0 Magueijo is Professor of Physics at Imperial College London. He is currently visiting Perimeter Institute and the Canadian I nstitute for
Theoretical Astrophysics in Toronto. He received his doctorate in theoretical physics at Cambridge University, and has been a visiting scientist at
the University of Californiaat Berkeley and Princeton University. <kw> Joao Magueijo, Theory of Relativity, speed of light, VSL, varying speed of
light, Dirac, cosmology, geometry, dimensional, dimensionless, Bekenstein, Brans-Dicke, varying constant, Einstein, time dilation, length
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THE SPEED OF LIGHT

IS CONSTANT




VSL=
varying speed of light
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One field of work in which there has been too much speculation 1s
osmology. There are very few hard facts to go on, but theoretical
rorkers have been busy constructing various models for the umverse,
based on any assumptions that they fancy. These models are probably
all wrong. It 1s usually assumed that the laws of nature have
always been the same as they are now. There 1s no justification for
1s. The laws may be changing, and in particular quantities which
are considered to be constants of nature may be varying with
osmological time. Such vanations would completely upset the
model makers.
Paul Dirac




Why do constants of nature take
their values?




Explanations:
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* Geometrv




Explanations:

We do know what P1 1s what it 1s
* Geometry

THEY RE NOT CONSTANT!







They are not all of the same type

m Dufferent roles: oW M Siructural
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“Varying constant” theories

Brans-Dicke (1961)

Bekenstein (1982)




“Varying constant™ theories

Brans-Dicke (1961)

Bekenstein (1982)







How can the speed of light be the
same for everyone?

® Space and time cannot be the same for
cveryone

® Time dilates for moving observers
= Moving objects shrink



The speed of light 1s a
speed limit
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Three reasons for a varying speed of
light

m Cosmology 1s begging for 1t

m Maybe a necessary ingredient of grand
unification

® [t may be true!




Cosmology: the Universe as a
natural phenomenon

Where did the Universe come from?

How big 1s the world?

How old 1s the world?

Will there be an end for the universe?







The universe came out of
a BIG BANG




The universe 1s broken 1nto
disconnected “horizons”™
m The speed of light 1s the speed limit

® The universe has a finite age

= Any form of contact has a limited range of
action — there 1s a horizon

m The horizon gets smaller and smaller near
the Big Bang




The horizon problem

® The universe displays a unity that 1t has no
right to have

m No physical mechanism can explain why
the universe looks the same everywhere




Cosmologists
are often wrong
but seldom 1n

doubt
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Raise the
speed limit




Three reasons for a varying speed of

light
m Cosmology 1s begging for 1t @

= Maybe a necessary ingredient of grand
unification

m [t may be true!
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Unification means to quantize
space and time

m Gravity 1s a property of space and time

m Forces other than gravity are quantized —
they come 1 “atoms™ or smallest quantities
that cannot be divided any further

m To quantize space and time means to
introduced some type of "atoms” of space
and time




What kind of objects sufier from the
etfects of “Quantum gravity”?

Anything much larger than this 1s
under the rule of classical gravity

l- / P Anything smaller than this should know

that space has become full of pot holes




Needa theory where length contraction switches off
at small distances




Needa theory where length contraction switches off’
at small distances




Needa theory where length contraction switches off
at small distances

A length (energv) dependent speed of light







Three reasons for a varying speed of

light

m Cosmology 1s begging for 1t &

m Maybe a necessary ingredignt of grand
unification &

m [t may be true!




c=c(x,t,E,eic)













The mystery of alpha — the fine
structure constant




Continuous Spectrum

Emission Spectrum

Absorption Spectrum




The mystery of alpha — the fine
structure constant
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What 1s causing the varying alpha

m Varying ¢?
m Varying c’




Constants of nature: where do they
come from?

m Thev appear naturally
in the formulation of
phvsical laws
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acceleration

m Related to metrology:
the detimition of units




Constants of nature: where do they
come from?

m Thev appear naturally
in the formulation of
phvsical laws

m Their status as .
constants 1s historical , ./, [SRICARAES
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m Related to metrology:
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the definition of units |
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This 1s not metaphysics

= How much of physics 1s tautological?
m Are physical units “well” defined?




Three reasons for a varying speed of

light
= Cosmology 1s begging for 1t @

m Maybe a necessary ingredient of grand
unification

/
® [t may be true! 0
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Can physical laws change 1n time
due to varving constants?

m [t’s possible, but you need a varying ¢ and
even then need to go to quite extreme
MmEeasures

m [t’s viable experimentally, if done carefully




In 1874 Kelvin proposed a
varying speed of light




In 1874 Kelvin proposed a
varying speed of light

“A vanation 1n ¢ 1s self-contradictory”

Eddington, 1930s
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What 1s due to experiment may

always be rectified by experiment

(Hertz)




