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Living in the Aether
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Physical properties of the Aether




Physical properties of the Aether

“even for scientific purposes only,
all space had been filled three or four times over with aethers”

(Maxwell, 9t ed Encyclopedia Britanica)



Physical properties of the Aether

“even for scientific purposes only,

all space had been filled three or four times over with aethers”

Huygens

Faraday

(Maxwell, 9t ed Encyclopedia Britanica)

Medium/ substratum for Mendeleev

the propagation of light
WEIED

Tubes responsible for
electrically charged and
magnetized bodies




Physical properties of the Aether

1800-1807 Thomas Young
Aberration = Aether is not “dragged” by the Earth

“The aberration of light which according to the emission theory results directly from the
composition of two rectilinear motions is explained more easily by the wave theory”
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1.5 = 20" ! (Bradley 1728)



Physical properties of the Aether

1800-1807 Thomas Young
Aberration = Aether is not “dragged” by the Earth

1818 Letter Fresnel to Arago

f=(1-1/n?
“Partially dragged aether”
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Physical properties of the Aether

1800-1807 Thomas Young
Aberration = Aether is not “dragged” by the Earth
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1818 Letter Fresnel to Arago n n
“ Partially dragged aether”

1851 Fizeau Experiment
Velocity of light in moving water is
different from it in still water (0.44 v)




Physical properties of the Aether

Is it dragged? Partially dragged? What IS it???

Hertz J. Larmor (Kelvin) A. Lorentz (Wiechert)

o
Maxwell _ Maxwell The Aether Langrangian Aether vs. Matter
Theory Equations (Electron)
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Michelson & Michelson-Morley Experiments

Physical properties of the Aether
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Michelson & Michelson-Morley Experiments

Physical properties of the Aether

. 7 i 2.4
e = c+v+c—v_cq1_v2;c2q1_vzycz
. 7 24
R ) xn'u:E I R
Ether
Wind
.n'rz = _.'?.1"-,Ir1 — 1;2}',:2 ‘v +—
] k —
Light
. . 4
“Easy” solution: Souree . D E—
. Fitzgerald contraction (1889) / —
Beam Y
Splitter

Screen to detect
s - Interference pattem




Lorentz, Poincare or Einstein,
Who is the father?
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Lorentz, Poincare or Einstein,
Who is the father?

H. A. Lorentz

1892 “Maxwell’s Electromagnetic theory and its application to moving bodies”
Lorentzforce F=q(E+v/c xB)

Maxwell Equations —> Valid only in Aether’s ref. frame

First Form of Lorentz Equations

X' xX'=yx , yi=v., 2=z, t'=t- (\-—’/C—Z)}/lxr

b,

t_‘a W

- 1892 “The relative motion of the Earth and the Ether”

-

First Form of Lorentz Equations —> Fitzgerald contraction




Lorentz, Poincare or Einstein,
Who is the father?

H. A. Lorentz

1895 “Versuch einer Theorie der elektrischen und optischen Erscheinungen
in bewegten Korper”

Second Form of Lorentz Equations

t, =t—(v/c?)

Local time (Ortzeit) & General time (allgemeine Zeit)
Approx. Covariance of Maxwell Equations

Refers to Michelson-Morley Experiment



Lorentz, Poincare or Einstein,

Who is the father?
H. A. Lorentz

1904 “Electromagnetic Phenomena in a system moving with any
velocity less than that of light”

Final Form of Lorentz Equations

§ 4. We shall further transform these formulae by a change of
variables. Putting
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Lorentz, Poincare or Einstein,
Who is the father?

Joseph Larmor

1900 “Aether and Matter”

(@, ¥, 2') = (z—vt, y, 2), ¥ =t
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. Discovered 4 years earlier the Final Form Lorentz Equations!




Lorentz, Poincare or Einstein,
Who is the father?

Henry Poincaré

1902 “Science and Hypothesis”

“the day will come, when ether becomes derelict as useless”




e on 26 September 1905)

Lorentz, Poincare or Einstein,
Who is the father?

Henry Poincaré

1904 “L’état actuel et I'avenir de la physique mathématique”
5 June 1905 (Submitted) “Sur dynamique de I’électron”
23 July 1905 (Submitted) “Sur dynamique de I'électron”

(Einstein’s paper was submitted

on 30 June 1905 and published




Lorentz, Poincare or Einstein,
Who is the father?

Henry Poincaré

TABLE DES MATIERES
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§ 2. — Principe de moindre action .
§ 3. — La wansformation de LomeEwTe et le principe de moindre action.
§ 4. — Le Groupe de LomewTz .
§ 5. — Oades de LawceviN
§ 8. — Contraction des Electrons.
§ 7. — Mouvement quasi-siationnaire
§ 8. — Mouvement quelcongue

§ 8. — Hypothéses sur la Graviution .




Lorentz, Poincare or Einstein,
Who is the father?

Henry Poincaré

- Discussed null experiments O(v/c) & O(v/c)?.
- Analyzed the role of the velocity of light on measuring lengths.
- Found transformation Eqgs. for the EM field and the charge density.

- Showed that Lorentz Transformations. can be derived from the Principle of
least action. (Found a variational principle that is relativistic invariant).

- Derived the relativistic composition of velocities.
- Developed the concept of “Lorentz Group”. = Aether disappears.

- Developed the idea of the four-vector formalism and the four-dimensional
space-time.



Was Einstein aware of all of this?

What he DID know What he COULDN’T know

Work of Helmholtz, Hertz,
Maxwell, ...

1892 & 1895 Lorentz papers 1904 Lorentz paper

1902 “Science and hypotheses” 1905 & 1906 Poincaré papers
Poincaré

‘Books of E. Mach, D. Hume

W

, Results of Michelson-Morley
Experiments ?
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“On the E
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Further Reading

Historical References

Sanchez Ron, Jose Manuel. Origen y Desarrollo de |a Relatividad. 2a Ed. Alianza
Editorial, Madrid, 1985.

Gamow, George. The Great Physicists from Galileo to Einstein. Dover
Publications, NY, 1988.

Pais, Abraham. The Science and the Life of Albert Einstein. Oxford University
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Other Interesting References

~ Gratzer, Walter. Eurekas y Euforias. Como entender la ciencia a traves de susu
anecdotas. Critica, Barcelona, 2002.

Sanchez Ron, Jose Manuel. El Siglode la Ciencia. 2a Ed. Taurus, Madrid, 2000.



DEPARTMENT OF MATHEMATICS

"Space is curved and time is
relative, eh? — Is this your
way of asking for a day of f?"




