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University of Madras 

The concept of the aether was introduced as a back-

ground to optical phenomena understood as having a wave 

nature; in the luminiferous aether we comtemplate the 

nature of light itself and the background of light itself. 

One such investigation is reported in Brihadaranya Upan-

ishad which begins with the question from King Janaka to 

the sage, Yajnavalkya: "What serves as the light for 

man"? The sage answers: "He has the light of the Sun, 

for the Sun indeed is a light ...", and the dialogue pro-

ceeds. Eventually the King asks him the same question in 

the' situation when familiar sources of light like the Sun, 
>4 

the Moon, the fire etc. are all absent. The sage now 

gives the answer: "The Self indeed is his light; one sits, 

moves about and does ones work ... He sleeps by his own 

light; in that state a person becomes self-illuminated". 

The Mandukya Upanishad goes on to say "This is the Lord 

of all; ... This one is surely the place of origin and 

^Transcript of a public lecture given in Madras in 
January 1971. 



dissolution of all beings". It might be interesting to 

compare these statements with the concluding sections of 

this account! 

But the Eighteenth and Nineteenth Century physicists 

were dealing with a much more restricted question: for 

all wave motion familiar from everyday experience there 

is a background medium in which the waves arise and into 

which they dissolve. The ripples in water and sound waves 

in air are familiar examples. These waves cannot propo-

gate without the corresponding med5.um. A vacuum, for 

examplej cannot carry sound waves. 

What, then, is the background of light waves? It is 

known that light travels through water and through air, 

but equally well through the near vacuum between the Sun 

and the earth as well as through the still more empty 

interstellar space. For this purpose people invented a 

new*medium and called it the luminiferous aether. Such 

an aether had to fill all space as we understand space: 

it must penetrate even the darkest cavern and it cannot 

be pumped out of any vessel. It must offer practically 

no resistance to the motion of planets, stars and even 

glactic systems yet it must maintain- its elasticity to 

sustain even highest frequency light waves. Such are the 
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magical qualities demanded of the aether. 

The Paradoxical Properties of the Aether 

The excitations of the aether are light waves. Since 

for elementary waves the energy and momentum are propor-

tional to the frequency and wave number respectively for 

each wavelet we could write 

E = C |P| (1) 

where C is the speed of light. (If more than one wave is 

involved in a wave packet then for tĥ . packet 

E > C |P| ( 2 ) 

since the energies add arithmetically while the momenta 

add vectorially.) Since the aether was considered as a 

nonmaterial background fluid for light waves alone this 

is the entire excitation spectrum: for all of them either 

equality (1) or inequality (2) should be satisfied. There 

are no other excitations. This is to be contrasted with 

the situation in fluid dynamics where in addition to the. 

linear spectrum of waves we have also more localized 

excitations with the typical quadratic relation between 

energy and momentum typical of nonrelativistic particles. 
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We shall see that this pristine excitation spectrum is 

what enables the aether to be a "superfluid". 

Towards the end of the last Century people began to 

suspect that not all was well with the concept of the 

aether. Apart from the unusual circumstance of having a 

perfectly elastic medium which however does not exert 

any viscous drag on material bodies moving through it , it 

appeared that the aether did drag light passing through 

transparent bodies moving in tae aether. The effect was 

proportional to the difference between unity and the in-

verse square of the refractive index and is called the 

Fresnel dragging coefficient. But the most important 

difficulty concerned the question of the absolute velocity 

of the aether itself and the influence of this velocity 

on the propogation of light waves. 

At the turn of the Century, a number of experiments 

were done to detect the absolute velocity of the aether. 

Naturally the space-time concepts used as a basis for 
• • 

computing the effects of an absolute velocity in these 

experiments were Galilean; and did not take into account 

the principle of the constancy of the velocity of light. 

Rather, the velocity of the aether determined in all these 

experiments was zero; and this was absurd with the 



experiments repeated at intervals of six months! The 

only possibility was to abandon the Galilean notions of 

space and time and replace them by those of special rela-

tivity. In this case all the experiments must of neces-

sity yield null results. The most famous of these is of 

course the Michelson-Morley experiment. 

The Relativistic Aether 

With the eventual rise of the theory of special 

relativity and the recognition of the Poincare-Einstein 

notions of space-time so graphically demonstrated geo-

metrically by Minkowski, people gradually lost interest in 

the aether. It has not been that anything specifically 

nonrelativistic has been proved against the poor aether; 

nor is the aether less fascinating in its new setting. 

We 

note that, in fact, with the relativistic velocity 

addition law the Fresnel dragging coefficient is correctly 

understood: there is in fact no dragging of the light 

waves either. The aether is the perfect nonviscous 

medium, at least when there are no great number of exci-

tations in it. 
Superfluids 

A superfluid is a fluid with no viscosity. In a 
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superfluid bodies can move with no viscous drag or 

viscous dissipation. Instead of the Poiseuille's law 

for a viscous fluid, a superfluid would race through 

even the minutest cracks. There will be .no eddy turbu-

lence in a superfluid. While there are no known perfect 

superfluids, at very low temperatures liquid helium 

exhibits these properties. At temperatures near the 

absolute zero the behavijr is most superfluid; this 

quality becomes less marked as the temperature rises. 

When a temperature of about 2.18°K is reached the super-

fluid tendencies are completely washed out. This transi-

tion temperature is called the lambda point. A simple 

model is the "two fluid theory" in which helium below 

the lambda point is taken to consist of two separate 

fluids, one a normal fluid with viscosity and the other 

a superfluid. The normal fluid fraction is taken to 

start with zero at absolute zero rising monotonically 

to unity at the lambda ;Jint. The behavior of the 

system is simplest "at absolute zero" i.e. , for the 

lowest possible temperatures. 

The Aether Near Absolute Zero Temperature 

Let us take our cue from this and consider the 



behavior of the aether at very small temperatures. Then 

the aether is quiescent with practically no light waves 

in it. The few that may a^^.rr obey the relation (1) 

between energy and momentum. Let us now consider a 

material body of finite mass moving in this with velocity 

v. Any viscous drag to which the body may be subjected 

must be due to exchange; of energy and momentum by the 

body with the aether. If AE and AP are the energy and 

momentum lost by the body: 

AE = v • AP 
• • * • 3E 

since v = — . But if an excitation of the fluid is 

to account for this momentum and energy we must satisfy 

AE > C |APj. 

Hence these two cannot be simultaneously satisfied and 

no exchange of energy and momentum is possible by the 

body with the aether. There is therefore no viscous 

drag. 

The same circumstance brings about no resistance to 

the free flow of the aether through minute capillaries 

and cracks. The aether would leak through the smallest 

openings and tend to fill all space.. Liquid helium at 
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absolute zero still gets confined to vessals by virtue 

of'gravity; but gravity seams to have no such effect on 

the aether. Hence aether fills all. space. 

The velocity in equality (2) is applicable to 

motions in both relativistic and.nonrelativistic theory. 

When the speed of the body exceeds the speer1 C of exci-

tations, in the superfluid a new phenomenon takes place. 

To recognize this we need merely to recall the motion of 

a boat in water. As long as the boat moves slower than 

the wavelets in water the distrubance from the boat 

spreads out in concentric circles from the instantaneous 

position of the boat and the boat never catches up with 

them. But as the speed of the boat increases beyond that 

of the water waves, the wavelets in the front of the 

boat cannot escape. Instead, a new V-shaped "bow wave" 

develops whose opening angle decreases as the boat speed 

increases. This bow wave would develop in any superfluid 

also: for the case of a charged particle moving faster • • • 
than light such an effect is called the Cerenkov effect. 

For a body moving through liquid helium again there 

would be the same effect; and this would essentially re-

strict the speed of flow of a superfluid t).rough a 

capillary. Superfluid aether spreads out at the speed of 
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light. 

From what we have seen about the null result of the 

Michelson-Morley experiment and the essential superfluid 

nature of the aether we recognize that uniform "flow" of 

the aether is essentially undetectible. Since the aether 

fills all space we have no means of detecting its mass. 

Gravitation seems to have no direct effect on the aether 

itself> though we expect that gravitational radiation 

also will be propogating in the aether. But the motion 

of the aether itself is not known: Dirac has used this 

circumstance in a somewhat different context to reintro-

duce the aether in quantum theory. But we see that 

even in relativistic classical theory the uniform notion 

of the aether has no detectible effect on other phenomena. 

The aether can however be modified. A transparent 

dielectric brings about, by virtue of the localized 

charges in it, a modification of the behavior of light 

waves. We may view this as a stressed configuration 
. * 

of the aether. These stresses define preferred coordinate 

systems and thus destroy relativistic invariance. 

Let us inquire into the problem of creating localized 

excitations that we call light waves. A simple body with 

the standard energy momentum relation cannot bring about 
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the emission or absorption of such excitations whether 

they be single photons or multiple photon beams. How-

ever if We have a composite body there are internal 

degrees of freedom from which energy and momentum bal-

ance can be restored. Therefore any "collapsible body" 

moving in a superfluid can generate excitations. For 

a relativistic aether the light wave excitations * 
iflovc at a speed independent of the speed of the aether 

flow. This insistence on composite structure for creat-

ing light wave excitations in the aether has a familiar 

parallel in acoustics: to produce sound we must have 

relative motion between two bodies. 

Aether at Finite Temperatures 

As the temperature rises, the superfluid gets con-

taminated and part of its magic is lost. This comes 

about as follows: as the temperature rises there are 

a finite degree of excitation of the various modes of 

the aether; and thermal -equilibrium tends to bring about 

equipartition of energy. With such light waves present 

in sufficient number, a new mechanism is obtained for 

generating a viscous drag: a body can absorb a light 

wave and emit another one. The inequality (2) is now 
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reversed since 

AE = E1 - E2 < C | AP I = C - P2 | • • (3) 

The efficiency of this mechanism increases in direct pro-

portion to the light wave excitation and hence rises with 

temperature. This decrease in the superfluid properties 

may be viewed as due to an admixture of a normal fluid 

density 
1 u 

P - • o W 
15c (he) 

•rising as the fourth power of the temperature. The 

precise numerical factor on the right hand side of (4) 

may be altered by a factor of the order of unity but the 

fourth power dependence on the temperature is due to the 

standard thermodynamic result that the energy density 

rises as the fourth power of the temperature. And as 

the temperature rises so does the normal fluid density 

also without limit. We 

note that at this level quantum 

theory is absolutely essential; otherwise the normal 

fluid density, just like the blackbody energy density, 

becomes infinite at any finite temperature. 

This normal fluid has a preferred frame: it behaves 

like a relativistic classical fluid and has a net momentum 
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per unit volume proportional to the average normal fluid 

velocity. The resistance experienced by a body moving 

through aether at finite temperature thus increases with 

temperature and is due to the dissipative force exerted 

by the normal fluid of light wave excitations. 

Comparison with Superfluid Helium 

In comparing superfluid aether and superfluid helium 

we note that helium exhibits a lambda point transition at 

T^ = 2.18° K and the phenomenological theories get a 

dependence 

11 ' * 1 TA (5) r : T > T X 

which is similar to the conclusions we have arrived at 

before except with regard to the exponent in equation (5). 

At the lambda transition point the entire fluid is taken 

to be normal fluid. 

Since superfluid aether has no such limitations the 

normal fluid density increases without limit as a function 

of temperature provided that: the energy density of the 

blackbody cavity increases without limit. This, in turn, 

would be guaranteed if arbitrarily high frequency 
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excitations of the aether are allowed: the aether has 

no grainy structure and hence no finite Debye temperature. 

If there -is a largest allowed frequency we get a typical 

Debye behaviour for the specific heat and a related form 

for the energy density and hence the "normal fluid" 

density. Our present ideas do not allow any such limi-

tation .on the increase of the energy density of the black-

body cavity. The search for departures from the T** law 

is thus a search for a fundamental length for the aether. 

A Thing of Beauty 

The above remarks are addressed to answering the 

questions: (1) Is the aether consistent with our under-

standing of relativity and quantum theory? (2) Is the 

aether really necessary? (3) What good is it to talk 

about the aether. The answer to the first one is "Yes," 

and to the second one "No." To the third we may say: It 

is a beautiful entity endowed with a magical wealth of 

enchantment. It is the "support of all light, in it all 

bodies exist, it is attached to none, it is ever-present, 

beyond the limitations of time and space. It has no in-

ertial qualities, no interactions, yet it is the very 

substance of illumination. From the gross through contem-
9 

plation of the background we are led to study the subtle 
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and to the subtle essence that is the formless luminif-

erous aether whose excitations are light waves. 

Physics is the contemplation and comprehension of 

nature: it is play. Do we need any other justification 

The pristine aether is a thing of beauty which is a j -

foreverI 


