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A story of light and ether
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Scientists are detectives

So let us be detectives in the next hour
We want unlock the secrete of light




Scientists are detectives

So let us be detectives in the next hour
We want unlock the secrete of light

All detective work start with a question




What is light ?
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What 1s light ?
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What 1s this thing?




What 1s this thing?

Pierre Gassendi -~

[saac Newton é" ? 4

m A ray of ight = ’,

A beam of particles
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M ma e — Refraction




Refraction

Refraction of Particles and Waves

Force Pulls
Particles

into Medium
Wave Edge

Bends a
Entry
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Particle theory: 1

Wave rhe(")r_v:
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Particle theory: |

Wave theory:
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Particle theory: ]_ight travels faster in a4 medium

Wave theory: light travels slower in a medmum

Experiment 1s a judge:
‘-

since the measured velocity oflight s slower

in a4 medium



Wave theory has some
remarkable predictions




Now we understand
what 1s color

L wavelength




If light 1s a wave, what 1s waving?

m[f %fzféﬁum 1S empty, nothing can wave. It 1s much
easiet to regard light as a beam of particles.

m But light 1s 2 wave => Vacuum 1s not empty
Such 2 “vacuum’ media s called ether
Vacuum 1s like a ocean

o ]_,ight = q wave 1n ocean



But this 1s not the end of story




But this 1s not the end of story

'SIMO?

Two kinds of waves

Two directions of
oscillations - polartzations
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Vacuum “ocean”
cannot be a liquid

<—p Vibration

-

Propagation

Wave 1n liquid has
only one longitudinal
nolarization



But this 1s not the end of story

'SIMO?

Two kinds of waves
Two directions of
oscillations - polartzations
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Wave 1n crystal has
Two transverse

polarizations
*Vibralion

E

+ Propagation






= ],ighl' wave has *Vibration

e
two transverse modes only * Propagation




B T.ight wave has

WO (ransverse muo }d(.‘?% ()lll\'

m Fther cannot be a liquid:
Wave in liquid has

one longitudinal mode

*Vibrati on

* Propagation
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= T.ight wave has

two transverse modes only

m Fther cannot be a liquid:
Wave 1in liquid has

one longitudinal mode

B FEther cannot be a Cr}'stalz
Wave 1in cr}'stﬂl has

one longitudimﬂ mode

two transverse modes
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Light 1s a wave

but what vibration leads to light wave?
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Light 1s a wave

but what vibration leads to light wave?

But we manage to obtain

) thC(_)r}' of light wave




Light 1s a wave

but what vibration leads to light wave?

But we manage to obtain

1 thcor}' of light wave

The break thr()ugh comes
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Magnetism




field




Magnetic field
In vacuum
-- Faraday




Magnetic ficld
In vacuum
-- Faraday




Electricity and electric field




Electricity and electric field

L

The Latin word,

electricus, means to

"produce from

amber by friction.”



Electricity and electric field




The unification of
electricity and magnetism




The unification of




The unification of




Mutual induction
=> electromagnetic wave

Wave of electric and
magnetic fields =

electromagnetic wave




Electromagnetic wave and hight

Naxwell found that electromugnetic wave

and light wave have the same velocity.
He proposed that
Electromagnetic wave = light wave




Electromagnetic wave and hight

Maxwell found that electromagnetic wave
and light wave have the same velocity.
He proposed that

Electromagnetic wave = light wave



Electromagnetic theory
explain the polarizations of light




Electromagnetic theory
explain the polarizations of light

But the vibration of what give rise to
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How should particles organize to produce

wave with only two transverse modes?
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How should particles organize to produce

wave with only two transverse modes?
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How should particles organize to produce
wave with only two transverse modes?

*Particle form ; W\) y&%\\/\f\/@zﬁ"
strings ; \ %/\ \} <
2N QA
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*Strings fill
the space

*Strings from
a liquid state




Wave 1n string liquid = light wave

= electromagnetic wave
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Density of strings = strength of electric field
Direction of strines = direction of electric field




Density of strings = strength of electric field

Direction of strines = direction of electric field



Wave 1n string liquid = light wave

= electromagnetic wave
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Density of strings = strength of electric field
Direction of strines = direction of electric field







Wave 1n string liquid = light wave

= electromagnetic wave
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Density of strings = strength of electric freld
Direction of strines = direction of electric field




String liquid = ether
- the medium that support light wave

A picture of our vacuum




Electric charges = ends of string

= electrons




Vibrating electric charges
produce electromagnetic wave (light)




Vibrating electric charges
produce electromagnetic wave (light)
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A untfication of electrons and light
Electrons = ends of strings




Vibrating electric charges
produce electromagnetic wave (light)

A untification of electrons and light

Electrons = ends of strings







Vibrating electric charges
produce electromagnetic wave (light)
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A untfication of electrons and light
Electrons = ends of strings




Wave 1n string liquud = light wave

= electromagnetic wave

Density of strings = strength of electric field
Direction of strines = direction of electric field




*Three organizations
of particles
*Three different

universes (vacuums)

We live here,
1n 2 noodle soup
with light



We have materials that
realize liquid and crystal

e(Can we find a2 material
that realizes string liquic
*(Can we held a mode!



m Condensed matter physics studies
organizations (orders) of particles and q-bits

m The properties of materials are mainly
determined from the different orders ---
Principle of emergence

s Density wave, sound wave, spin wave,
mechanical properties, Maxwell equation,
Dirac equation, ... can all emerge from
certain orders.




m Condensed matter physics studies
organmizations (orders) of particles and q-bits

m The properties of materials are mainly
determined from the different orders ---
Principle of emergence

s Density wave, sound wave, spin wave,
mechanical properties, Maxwell equation,
Dirac equation, ... can all emerge from
certain orders.

Order gives us condensed matter
Can order give us everything?




