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Overview

 a historical sketch of ether concepts
e a tentative taxonomy

» two books by Philipp Lenard
e "Uber Ather und Materie”, 1911
e "Uber Ather und Urather”, 1922



Introduction

greek aifnp meaning ,blue sky”
paradigm of existence universal for more than 2000 years
large heterogeneity of ether concepts
covering many fields
« philosophy, natural sciences, medicine, theology



A historical sketch

» Aristotle (384-322 B.C.):
« first theory of aither

e qither as a fifth, invariant element

 other four elements can change in quality and
quantity

* aither only “circulates in the heavens”
* ignites fire to give heat and light

* interacts with its “analogue on earth” pneuma,
which “brings life to plants, animal and men”



A historical sketch

e Stoics (~300 c. B.C.):
 all bodies consist of a inseparable passive and active
principles
» passive principle ~ inert matter

 active principle ~ Nature or God, embodied in pneuma/
aither, giving life to the world

* in general the action principle vague and unclear



A historical sketch

« Middle Ages and Renaissance:
* no radical innovations
« continuing traditions tracing ultimately to Aristotle
« division of the heavenly and the terrestrial
 Christian influence on interpretation

* "Among the myriad conceptual permutations perpetrated
in antiquity, a really diligent student of the ancients [...]
could eventually find a plausible precedent for almost any
innovation he was about to make.”

(source: Conceptions of Ether, p.8)



A historical sketch

e Descartes (1596-1650):

» bodies are defined by their geometric extensions
* matter ~ extension is divisible without limit (no atoms)
* no empty space
* the heavens and the earth all made of the same

continuous material (no duality)
e motion is given to the matter by God, but not in form of
another substance

» "God conserves the total quantity of motion measured as
the product of the speed and the volume of the matter

moving.”



A historical sketch

Newton (1643-1727):

constructed several different, even incompatible theories

atomic picture: bodies to be composed of hard,
impenetrable particles

additional light and ether particles

active principles (gravity, fermentation, cohesion of
bodies)

o different accounts on their nature: “God's will”, forces
themselves, one or more ethers

ether explanation for gravity
» ether and matter repell each other
» ether density increases with distance from the sun
» gradient implies a force



A historical sketch

e Arise of ether theories: 18" and 19t century

forces and their mediation
* magnetism and charged bodies
 light propagation
 caloric theory: nature of heat and its transport

* physiology and theology: transmission of action between
body and soul

e more mechanical ethers:

» conceptualisation but also predictions within a
mathematical framework

 reduce all physical problems to mechanics as the basic
science



A historical sketch

e Augustin Fresnel (1788 -1827):

» theory of wave optics allowing calculations of general
interference patterns (1818)

» qualitative explanation for polarization (1821)
« material-dependent phase velocity

« solid like ether at rest, however in parts carried away by
moving bodies

e carrier coefficient k

k=(1-1/n?)-v



A historical sketch

e Maxwell: 1831-1879
* "“On physical lines of force”, 1860:

» presentation of the famous Maxwell equations in the
framework of a mechanical ether model

e the ether forms closed vortex cells with idle wheels in
between

moleculare structure

of Maxwell’s ether
(source: M. Hedenus)




A historical sketch

deduction of shear modulus G and density p for the ether

c= \F _ 3107402
0 s

close proximity to historic experimental values for ¢

“[... 1 light konsists in the transverse undulations of the
same medium which is the cause of electric and
magnetic phenomena.”

(source: M. Hedenus)



A historical sketch

decline of ether concepts
* new discoveries necessite more complex theories
» aberration experiments pose empirical problems:
e Michelson and Morley, 1887:

» no second-order difference between the velocity
of light along the line of earth’s motion and
perpendicular to it

response: Lorentz (1890s) suggested that moving bodies
contract in the direction of their motion through the ether by
a factor of

y=41—-(v2/c?)



A historical sketch

replica of the Michelson-Morley experiment in Potsdam
(source: Wikimedia Foundation)



A historical sketch

a sudden demise of ether theories: 20t century

 a stationary ether permeating space incompatible with
Einstein’s special relativity

e no absolute frame of reference

Einstein himself never denied the existence of ether:

“Nach der ART ist der Raum mit physikalischen Qualitaten
ausgestattet; es existiert also in diesem Sinne ein Ather. GemaB der
ART ist ein Raum ohne Ather undenkbar; denn in einem solchen
gabe es nicht nur keine Lichtfortpflanzung, sondern auch keine
Existenzmdglichkeit von MaBstaben und Uhren, also auch keine
raumlich-zeitlichen Entfernungen im Sinne der Physik. Dieser Ather
darf aber nicht mit der fir ponderable Medien charakteristischen
Eigenschaft ausgestattet gedacht werden, aus durch die Zeit
verfolgbaren Teilen zu bestehen.”

(speech given at the University of Leiden, 5 May 1920)



A taxonomy of ether models

generally: ether theories claim to account for the interaction
between to entities, the action of body A on body B

Body A alters the density of ether, e.g. density is increased
with distance from A.

- Newton'’s explanation for gravity

The force between A and B is due to the forces associated
with the etheral atmospheres surrounding the two bodies.

- Franklin’s theory of electromagnetic repulsion

- attraction between men and women

Etheral matter flows from body A to B or vice versa.
- heat theory

Etheral media transmits action from A to B, but without
translational motion.

- Fresnel’s solid ether consisting of vibrating particles



Philipp Lenard: ether’s local advocate



1862:
1881-1886:
1886-1898:

1898:
1900:

1905:

1907:
1936:

1947:

Philipp Lenard

born in Prefsburg (Bratislava)
studies and dissertation (PPhysics)
research in Heidelberg,

Breslau, Bonn and Aachen

head of the PI in Kiel

discovery of fundamental laws
governing the photoelectric effect

Nobel prize for his research on
the nature of electron radiation

head of the PI in Heidelberg

publication of his volumes
“Deutsche Physik”

death in Messelshausen

Philipp Lenard
(source: DHM, Berlin)



Lenard: , Uber Ather und Materie”




Lenard: , Uber Ather und Materie”

» advantage of models over pure mathematical
descriptions

» ether as omnipresent quantity:

« and medium for light propagation:




Lenard: , Uber Ather und Materie”

« one ether governing all electromagnetic phaenomena:

» thereby behaving as a solid and fully permeable at once:




Lenard: , Uber Ather und Materie”

» c as intrinsic velocity of the ether:

« comment on the theory of relativity within a footnote:




Lenard: , Uber Ather und Urither”




Lenard: , Uber Ather und Urither”

» refusal of relativity:

e nationalistic, racist rhetoric :




Lenard: , Uber Ather und Urither”

» the theory of relativity as a form of deception:

« explicitly anti-Semitic argumentation:




Lenard: , Uber Ather und Urither”

» superiority of ether models:




Conclusions

ether theories
* longstanding tradition with manifold variety

« sudden crisis at the beginning of the 20t century, just
decades after its greatest popularity

Philipp Lenard'’s judgement on relativity changes, his
arguments becoming racist and nationalistic between 1911

and 1922

Is ether a misconception?
e Einstein’s view
« semantic change: ether 2 vacuum
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