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The Einstein revolution 

 

Heinrich Rudolf Hertz (1857-1894), a student of Helmholtz, was a German physicist who clarified 
and expanded the electromagnetic theory of light that had been put forward by Maxwell in 1864. He 
was the first to fully demonstrate the existence of electromagnetic waves by building an apparatus 
to produce and detect Very High Frequency (VHF) or Ultra High Frequency (UHF) radio waves. He 
showed that these waves behaved exactly like visible light, exhibiting properties such as reflection, 
refraction, diffraction, and interference. In 1886 he found that these radio waves could bounce back 
from solid objects, particularly metallic ones, which led directly to Radar fifty years later. He was 
honoured in 1930 when the SI unit hertz (Hz) was suggested for frequency, a measurement of the 
number of times that a repeated event occurs per second (previously known as ‘cycles per second’ 
or cps). ‘Hz’ was adopted in 1964.   [ KHz = Kilohertz, MHz = Megahertz and GHz = Gigahertz. ]  
 

When a surface is exposed to electromagnetic radiation above a certain threshold frequency 
(typically visible light for alkaline metals, near ultraviolet for other metals, and extreme ultraviolet for 
nonmetals), the radiation is absorbed and electrons are emitted. This is called the ‘photoelectric 
effect’. Under certain circumstances it can directly ionise gases. This phenomenon was discovered 
by Hertz in 1887, when he described how electrodes illuminated with ultraviolet light create electric 
sparks more easily. It was discussed by Philipp Lenard in 1900, but never adequately explained.     
A familiar example of the ‘photoelectric effect’ (originally called the ‘Hertz Effect’) is the electric eye at 
a shop entrance, where a beam of light crossing the doorway to a sensor disables a buzzer or bell, 
which sounds if the light beam is interrupted by a customer entering. Similar devices operate burglar 
alarms. In digital cameras and television cameras, the light entering the lens is focused on a CCD 
chip, which has millions of tiny photoelectric sensors called ‘pixels’. These release electrons to build 
an electronic image which can be stored on a memory card or passed along wires for processing.  . 

  

Max Karl Ernst Ludwig Planck (1858-1947, left), a German physicist, set out the 

basis for quantum theory in 1900 when working on black-body radiation. He suggested 
that although light usually acts as a wave, when interacting with matter it paradoxically 
behaves like tiny packets of energy, gaining or losing finite amounts according to its 
frequency. In his 1901 article in Annalen der Physik, he called these packets ‘energy 

elements’. Planck won the Nobel Prize in Physics in 1918. Niels Bohr (1885-1962) 
adapted Ernest Rutherford’s atomic structure to Planck’s quantum theory, and in 

1913 produced a model of the atom which, with later improvements, remains valid even today. . 
 

In 1904, Johannes Franz Hartmann (1865-1936) was studying the spectrum of the star Delta 
Orionis, when he noticed that most of the spectrum had a shift except the calcium lines, which he 
realised indicated the presence of gas and dust in interstellar space. We now know that this 
interstellar medium (ISM) is matter that exists in the space between the stars in a galaxy, but not in 
intergalactic space. 99% of it is gas, of which 89% is turbulent but very tenuous clouds of hydrogen 
in neutral (HI), ionised (HII) and molecular (H2) forms. Another 9% of the gas is helium, with the other 
2% being heavier elements. The remaining 1% of the ISM is dust, and is composed of atoms of 
most elements in the form of dark, molecular clouds from earlier supernova explosions. There are 
also cosmic rays. The ISM fills the interstellar voids and merges smoothly into the empty space 
between the galaxies. We can see denser parts of it as glowing nebulae, as dark lanes in the Milky 
Way and as dark clouds like the Coalsack and Horsehead. The ISM also dims and reddens the light 
of distant stars, affecting the distance modulus. The ISM is not necessary for the propagation of 
light nor other radiation, and is not the mythical luminiferous æther.   
 

Albert Einstein (1879-1955), a 26-year-old patent clerk in Switzerland, studied Planck’s ‘energy 
elements’ and published a paper titled On a Heuristic Viewpoint Concerning the Production and 

Transformation of Light in 1905. Here Einstein changed the confusingly-named ‘energy elements’ 
to ‘Lichtquanten’ (‘light quanta’), describing them as little massless packets of energy travelling at 
300 000 kilometres per second. He showed how they explained such phenomena as the photoelectric 
effect (light shining upon some metals makes them emit electrons), saying that a light quantum hits 
an atom of the metal and knocks an electron (a ‘photoelectron’) out of it. His lucid explanation in 
terms of absorption of discrete quanta of light accounted for the features of photoelectric 
phenomena and the characteristic frequencies observed. Einstein’s explanation of the photoelectric  
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effect won him the Nobel Prize in Physics in 1921 (he gave the $ 32  000 prize to his wife as part of a 
divorce settlement). The term ‘photon’ for these tiny packets of energy was applied by Lewis and 
Wolfers in 1926. Einstein’s theory was an enormous intellectual leap, for it suggested that light acts 
as both a particle and a wave – Gassendi, Huygens, Hooke and Newton were all correct. The 
concept was strongly resisted at first because it challenged the wave theory of light that followed 
naturally from James Clerk Maxwell’s equations for electro-magnetic behaviour, and more generally, 
the assumption of infinite divisibility of energy in physical systems. Even after experiments showed 
that Einstein’s equations for the photoelectric effect were accurate, resistance to the idea of photons 
continued, since it still appeared to contradict Maxwell’s equations, which were well-understood and 
verified. Einstein’s work predicted that the energy of individual ejected electrons increases linearly 
with the frequency of the light, but for a number of years this was a matter of debate. However, the 
work was verified in 1914 when Robert Andrews Millikan (1868-1953) showed that Einstein’s 
prediction was correct – the energy of photoelectrons did increase with increasing frequency of 
incident light, but was independent of the intensity of the light. This work won Millikan the Nobel 
Prize in Physics in 1923. The photoelectric effect helped confirm the emerging concept of the 
dualistic nature of light, that light simultaneously possesses the characteristics of both waves and 
particles, each being manifested according to the circumstances..  

 
The hypothesis of relativity in physics was first explicitly enunciated by Galileo in his A Dialogue 
Concerning The Two Chief World Systems of 1632, where he has Salviati explain that a ball 
thrown back and forth between two people in the below-decks cabin of a fast-moving ship would 
behave in the same way as if the people were in a hut on dry land, provided that the ship did not 
abruptly change course. This was to counter the argument that, if it were true that the Earth moved, 
a dropped ball would land some distance away. Newton enlarged upon this by introducing his laws of 
motion and the concepts of inertia, momentum, gravitation and absolute time. He confirmed 
Galileo’s statement, saying that velocity did not affect the trajectory of the ball, but any acceleration, 
such as a change in course, would. To bring this argument up-to-date, it is just as easy to pour a 
cup of coffee in a speeding jetliner as it is in your own home (except if the jetliner hits an air pocket).. 

  
In 1905 Albert Einstein (right, in 1904) set out his Theory of Special Relativity, 
in which he claimed that space and time were not separate, but a single continuum. 
He also wrote that the speed of light in a vacuum c is constant, and that light 
consists of discrete quantised packets of energy. This constancy of the speed of 
light was supported by Maxwell’s theory of electromagnetism and indirectly by the 
lack of evidence for any luminiferous æther as shown by the null results of the 
Michelson-Morley Experiment. Einstein wrote: “The luminiferous æther will prove 
to be superfluous.” This theory also introduced the equation:  E = mc2.  
  

SPECIAL RELATIVITY explains the structure of space-time by dealing with elementary particles 
and their interactions. It was introduced in the paper On the Electrodynamics of Moving Bodies. 
This paper did not fall out of a clear sky. Other scientists were also working in this field, and if 
Einstein had not published first, then either Joseph Larmor, Hendrik Lorentz or Henri Poincaré might 
have. Whereas from a classical Euclidian viewpoint the universe has three dimensions of space and 
one of time, Special Relativity greatly simplifies matters by combining space and time into a single 
manifold called space-time, which also replaces Newton’s laws of the motion of bodies. Special 
Relativity is based on two postulates which are contradictory in classical mechanics:  
 

1. The laws of physics are the same for all observers in uniform motion relative to one       
.            another .(the principle of relativity).  
 

2. The speed of light in a vacuum is the same for all observers, regardless of their relative  
……….motion or of the motion of the source of the light.  
 
 

The resultant theory copes with experiments better than classical mechanics, e.g. in the Michelson-
Morley experiment that supports postulate 2, but also has many surprising consequences. Some are: 
 

● Relativity of simultaneity: Two events, simultaneous for one observer, may not be  
……….simultaneous for another observer if the observers are in relative motion.  
 

● Time dilation:  Moving clocks are found to tick more slowly than a ‘stationary’ clock.  
 

● Length contraction:  Objects are found to be shortened in the direction that they are ……   .  
……     moving with respect to the observer.  

http://en.wikipedia.org/wiki/Spacetime
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http://en.wikipedia.org/wiki/Classical_mechanics
http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Inertial_frame_of_reference
http://en.wikipedia.org/wiki/Principle_of_relativity
http://en.wikipedia.org/wiki/Speed_of_light
http://en.wikipedia.org/wiki/Vacuum
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
http://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
http://en.wikipedia.org/wiki/Relativity_of_simultaneity
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http://en.wikipedia.org/wiki/Length_contraction
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● Mass-energy equivalence:  Energy and mass are equivalent and transmutable – E = mc2. 
 

● Maximum speed is finite:   No physical object, message or field line can travel faster than 
……….the speed of light in a vacuum.  
 

The defining feature of Special Relativity is the replacement of the Galilean transformations of 
classical mechanics by the Lorentz transformations. Until 1915 no-one, not even Newton, had 
known what mysterious force caused the effect of gravity – they knew only that it existed. But in that 
year Einstein presented his General Theory of Relativity. He had been working on this theory from 
1907 on, and it was based on the idea that it was impossible to differentiate between acceleration 
due to gravity and the effects of a gravitational field.   
 

GENERAL RELATIVITY is a theory of gravitation that deals with the astrophysical realm, and has 
major implications for astronomy and cosmology. It begins with the equivalence principle, under 
which the states of accelerated motion and being at rest in a gravitational field (for example when 
standing on the surface of the Earth) are physically identical. The upshot of this is that free fall is 
inertial motion: an object in free fall is falling because that is how objects move when there is no 
force being exerted on them, in contrast with the physics of scientists such as Newton, who said that 
objects fall due to the force of gravity. This is incompatible with classical mechanics and special 
relativity because in those theories inertially moving objects cannot accelerate with respect to each 
other, but objects in free fall do so. To resolve this difficulty, Einstein made an even more radical 
departure from Newtonian physics by describing gravity in terms of a curvature of space – space 
was not a stage on which the stars and galaxies played out their lives, but was itself an integral part 
of the performance. He devised a set of ten field equations which relate the curvature of space-
time with the mass, energy, and momentum within it, in particular, how mass produces warps in 
space-time. Some of the accepted consequences of general relativity are:  
 

●  Clocks run slower in deeper gravitational wells. This is called ‘gravitational time dilation’.     . . 
 

●  Orbits precess in a way unexpected in Newton’s theory of gravity. (This explains the problematic 
.          precession of Mercury and has been observed in binary pulsars).  
 

●   Rays of light are bent in the presence of a gravitational field.  
 

●    Rotating masses like Earth drag along and twist the space-time around them – ‘frame dragging’. 
 

●  Space-time should exhibit faint ripples, called ‘gravitational waves’.                               . 
 

●   The universe is expanding – the far parts are moving away faster than the speed of light.  . 

  

Technically, General Relativity is a theory of gravitation defined by its use of the ten Einstein field 
equations. The solutions of the field equations are metric tensors which define the topology of the 
space-time and how objects move inertially. Though it was a more complex explanation of the 
effects of gravity than those previously described by Newton, like Newton’s theory it predicted that, 
as everything in the universe attracted everything else, the universe would eventually collapse.  
  

Over the next two years, Einstein applied the General Theory of Relativity to model the structure of 
the universe as a whole. He believed that the universe was a static, four-dimensional sphere, 
stationary, unchanging and eternal, finite in terms of mass, but unbounded in terms of space-time. 
But his equations would not permit this, as it was inconsistent with relativity. They showed that 
gravity between the stars would make them attract each other and the universe would have to 
contract. This dissatisfied Einstein, so he decided arbitrarily that there must be an unknown 
repulsive force which worked against gravity to keep the universe static. This unknown force would 
be of equal strength to gravity, but pushing in the opposite direction – a sort of ‘anti-gravity’.           
He called this force his ‘kosmologische Gleid’ (‘cosmological term’ or ‘cosmological constant’), 

and represented it by the Greek letter lambda (Λ or λ). Einstein inserted it into his field equations of 

general relativity, to multiply the metric tensor gμν, to keep the universe in dynamical equilibrium and 

prevent it from collapsing. He published this theory in 1917 as Kosmologische Betrachtungen zur 
allgemeinen Relativitätstheorie (Cosmological Considerations in the General Theory of 
Relativity). This paper began modern cosmology. Many of Einstein’s contemporaries were happy to 
accept his general theory, but argued against the ‘cosmological constant’ as it seemed to have been 
invented injudiciously – they had never seen any evidence that an unknown force actually existed. 
A field equation is an equation in a physical theory that describes how a fundamental force (or a 
combination of such forces) interacts with matter. The four fundamental forces are:  
  gravitation,  electromagnetism,  strong nuclear interaction  and  weak nuclear interaction..  
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Since they appeared, Einstein’s field equations for general relativity have taken on an aura of almost 
mystical impenetrability. In fact, they are not so much complicated as time-consuming in the amount 
of work required to solve many differential equations in the geometry of space-time. What is needed 
to equip one to study general relativity is competence in multivariable calculus, differential geometry, 
and the associated jargon. In classical Newtonian theory, an object’s path in the presence of gravity 
is determined by its mass and its acceleration. Mass is also needed in determining how objects 
travel in Einstein’s theory, but his equations do not specifically treat an object’s mass alone. Rather 
they determine how the curvature of space-time, which determines an object’s path of motion, is 
influenced by the object’s mass plus its energy and its density. At first this may seem strange, since 
it’s difficult to imagine features like pressure and energy having mass in concrete terms, but we 
need to keep in mind from the theory of special relativity that Einstein’s mass-energy relationship,   
E = mc2, demands that this be the case – even energy can have weight, in a manner of speaking.  .  
 

In general relativity, energy and density are treated on the right side of Einstein’s field equations, 
while the left side treats the curvature of space-time that results from them. The cryptic equation   

Rμν - ½ R gμν  = 8 π G Tμν ÷ c4
  summarises what general relativity means, and uses certain classic 

symbols to represent the quantities to be derived. After Einstein inserted the cosmological constant 

Λ, the equation became    Rμν - ½ R gμν + Λ gμν  = 8 π G Tμν ÷ c4    (the insertion is shown in red).        

If Λ = 0, the equation remains unchanged. Any other values for Λ will have profound ramifications.   
 

On the left side of this field equation, Rμν represents the Ricci tensor, which determines space-

time curvature; gμν represents the Riemann tensor for the measured distance between two points in 

curved space, tensors in this case being groups of vectors. The two tensors are named after the 
mathematicians who invented them, Gregorio Ricci (1853-1925) and Bernhard Riemann (1826-
1866, a student of Carl Gauss). Both terms are summed over the subscripted indices, represented 

by  the Greek letters μ (mu) and ν (nu) which are variables that change over the four co-ordinates 

representing the dimensions of space  x, y and z, and time t at each point.  R is the trace of the Ricci 

tensor. This left side,  Rμν - ½ R gμν  , defines the ‘Einstein tensor’, which is written thus: Gμν .  
   

On the right side of the equation, G is Newton’s constant of gravitation (6.674 × 10-11 m3 kg-1 s-2
 ),    

Tμν represents the stress-energy tensor (also summed over the indices) which reveals the properties 

of matter, energy, and momentum over the distance of curved space in question. c is the speed of 

light in a vacuum. In cosmological applications of the field equations, r stands for the radius (of a 

sphere or cosmological model, such as discussed by Schwarzschild, Lemaître, and de Sitter), t the 

time, p the pressure, and the Greek ρ (rho) for the energy density of the vacuum of space. Einstein 

used many other symbols, but these were the ones being used in relativistic cosmology in the 1920s. 
 

The practical solutions to the Einstein equations (commonly called ‘metrics’) for the measure of 
distance between points in curved space-time, are more recognisable to mathematicians than 
astronomers. Lemaître’s line element, for example, from which he derived the solutions in his 1927 

paper, is the quadratic equation ds2 = -R2dσ2 + dt2, where, as he wrote, “dσ is the elementary 

distance in a space of radius = unity, and R [radius] is a function of the time t.” But with Einstein’s 

tools in hand, an astrophysicist can determine how the presence of mass, energy density, time, and 
pressure influence the geometry of space-time. He or she can not only determine the path of objects 
in a gravitational field, but can also apply them consistently to the universe as a whole. This had not 
been the case with Newtonian theory. Indeed, Newtonian gravitation’s inconsistencies, when 
applied to the universe on a grand scale, discouraged the exploration of any consistent cosmology 
theory until the time of Einstein.   
 

In 1917 Willem de Sitter (1872-1934), the Director of the Leiden Observatory in The Netherlands, 
submitted a paper to the Monthly Notices of the Royal Astronomical Society titled On Einstein’s 
theory of gravitation and its astronomical consequences. He said that a solution to Einstein’s 
equations was to posit a static universe model that was spatially flat and neglected ordinary matter 
(specifically, its matter was so thinly spread that it could be regarded as devoid of energy density), 
so that the dynamics of the universe were dominated by the cosmological constant. In such a 

universe with zero matter, expansion would be caused by a positive value for Λ, and contraction 

caused by a negative value for Λ.  A value of Λ = 0 would give a static, unchanging universe. The  
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universe of de Sitter had the curious property that light passing through it would be redshifted to an 
observer. De Sitter’s paper essentially set the terms of the first debate in early relativistic cosmology 
for a decade and more. Astronomers had to choose between two possible models of the universe:  
 

●      Einstein’s static spherical universe, a finite but unbounded sphere of limited matter;  

●      De Sitter’s expanse of empty space, devoid of matter and energy but controlled by Λ.        
 

Arthur Eddington joked that the choice was between “motionless matter and matterless motion”.     
A universe in which ordinary matter was neglected in the equations, but expanded because of a 
positive cosmological constant, soon became known as a ‘de Sitter universe’.  

 

Willem de Sitter and Albert Einstein worked closely together at Leiden in 
the 1920s on the space-time structure of the universe, but Einstein did 
not agree with de Sitter’s solution to his equations by describing a 
matterless universe. He said that it undermined his contention that the 
static universe model was the only cosmological solution that could 
possibly be derived from his field equations (both men seen at left). He 
said that a universe without mass would also have no energy, as the two 

are interchangeable. We now believe that the universe was momentarily 
a ‘de Sitter universe’ 10-33 seconds after the Big Bang, and now, as our universe continues to 
expand and the average density of galaxies per unit volume diminishes over trillions 
of years, the universe will gradually evolve back towards a ‘de Sitter universe’.   
 

Arthur Stanley Eddington (1882-1944, right, and below with Einstein), then 
Britain’s foremost astrophysicist, said in 1914 that many nebulae were ‘island-
universes’ made up of millions of stars. Like Einstein, he believed that the universe 
was unchanging. He had read Einstein’s 1911 paper On the Influence of Gravity 
on the Propagation of Light, in which it was claimed that a ray of starlight passing 
close by the Sun would be deflected by the Sun’s gravity, so that the star’s position would be altered 
by about 0.85 arcseconds, about the same as predicted by Newtonian physics. Willem de Sitter 
managed to send a copy of Einstein’s 1915 general theory of relativity (that defined gravity as 

curvature in space) to Eddington in 1916 in the midst of World War I. Eddington read it avidly, and  

saw that Einstein had corrected the deflection of starlight in the vicinity of the Sun to 1.7 arcseconds.  
 

The Astronomer Royal Sir Frank Dyson suggested to him in 1917 that the theory of relativity could 
be tested during the 29 May 1919 total solar eclipse, by seeing if the mass of the obscured Sun 
would bend the space in its vicinity, thereby displacing the light of stars in the same line of sight by 
the predicted amount. He said that the eclipse was especially fortuitous as, not only was its totality 
unusually long (six minutes), but close to the Sun’s limb would be numerous stars, and the bright 
Hyades star cluster was less than six degrees away. Eddington organised an expedition and, in the 
event, the results obtained did not support Newton’s theory of gravitation, but instead supported 
Einstein’s new theory – the deflection reported from Eddington’s sites in Príncipe and Brazil (apart 
from one which had experienced an instrumental error) ranged from 1.6 to just over 1.7 arcseconds. 

Arthur often later said that, as he measured the photographic plates, when he 
realised that Einstein was right it was “the greatest moment of my life.”  
 

If Eddington had not conducted his expedition, it is possible that Einstein’s 
theories would have been overwhelmed and lost by the power of mainstream 
academic belief systems, wartime politics, racism etc. Dyson reported the 
findings at a joint meeting in London of the Royal Society and the Royal 
Astronomical Society on 6 November 1919. This was sensational news which 
catapulted Einstein onto the world stage, although some scientists were 

justifiably cautious when they heard it. One, Ludwig Silberstein, cautioned the meeting against 
discarding Newton’s law of gravitation. After it was over, he approached Eddington and stated that 
he believed that only three scientists in the world understood relativity, and Eddington was one of 
them. The humble Quaker Eddington said nothing. “Don’t be so modest, Eddington!” said Silber-
stein. Replied Eddington, “On the contrary, I’m just wondering who the third might be.” Soon after, a 
young Cecilia Payne attended a lecture in England where Eddington described his work with this 
eclipse. She wrote that his presentation hit her “like a thunderclap”. She immediately decided to 
travel to America, seek a position at Harvard and make astronomy her career. 
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[ Present Day Note:  Why did Einstein insist in 1915 that the universe was static, when his field 

equations showed that it would expand or contract ? Why conjure up a ‘cosmological constant’ (Λ) 

out of thin air, so that in positive or negative forms it would counteract any forces causing expansion 

and contraction of space-time, thereby keeping the universe motionless ?  Here are two reasons: 

 

Firstly, since the time of the ancient Greeks the idea of an unchanging sphere of ‘fixed stars’ 

surrounding the Earth had been the accepted wisdom. Even Copernicus had not swept this away. 

From the time of Digges and Galileo, the concept of an infinite space became established, but it was 

still populated by stars, clusters and nebulae which, over the span of a human lifetime, did not seem 

to move in relation to each other, so were believed to be fixed in position. Therefore, the universe up 

until the 1920s was regarded as static, although solar system objects were excluded from this. It 

was true that occasionally a new star or nova appeared, but those were rare and did not change 

their positions in the starry firmament in any case. Halley had found that stars had proper motions of 

their own, but in all examples these were very tiny and could be discounted when discussing the 

universe as a whole.  

 

Most astronomers believed that the universe had existed forever, unchanging, but there were some 

dissenters. In 1848 Edgar Allan Poe wrote a discourse on the universe, saying that it was written not 

as a scientific treatise but as an exercise of his imagination. Titled Eureka, it suggested that the 

entire universe had its beginning as an explosive ball of fire, expanding outwards until the stars 

coalesced out of the primordial material, and slowly evolved into the Milky Way. Kant, von Humboldt 

and William Herschel had considered that the spiral nebulae may be ‘island-universes’.  

 

One of the new branches of physics that appeared In the middle of the 19th century was the field of 

thermodynamics: the dynamics of heat energy. This field would also inspire a few scientists to break 

free of the age-old acceptance of a changeless universe. In particular, the second law of thermo-

dynamics (the law of entropy) disturbed not only scientists but philosophers as well. If the total 

energy of any system was fated to run down and dissipate to its lowest, most useless form, then 

clearly the universe itself was ultimately doomed. Scientists began talking about the “heat death” of 

stars.  
 

In the face of this grim eventuality, the English physicist William Thomson, (Lord Kelvin), was the 

first to apply the law of entropy to the universe as a whole. Realising that entropy must be 

increasing, he suggested it should be possible in theory to “work backwards” to an earlier epoch of 

the cosmos by using the laws of thermodynamics. In a sense, Kelvin was applying reverse logic to 

thermodynamics in the same way that Lemaître would later apply reverse logic to the field equations 

of general relativity. Kelvin did not offer any systematic application of thermo-dynamics to the 

universe as a whole; it was just a speculation and no-one thought of a way to test his idea. His 

thinking was only another example of the changing perspectives a few scientists had in their 

attitudes to the universe and its possible evolution, yet Kelvin still accepted as a reality the 

‘luminiferous æther’. Even in 1920 there was widespread reluctance by astronomers to accept any 

suggestion that the universe could change in its size or structure, much less evolve over time. 
 

Secondly, Einstein, though not an astronomer, shared this antiquated view, but said that the ‘æther’ 

was ‘superfluous’. In 1924 he was probably unaware of the latest developments in astronomy, in 

particular Vesto Slipher’s work at Lowell Observatory, which was published in 1922. The spectra 

obtained by Slipher for 42 spiral nebulae revealed that 36 of them exhibited redshifts that showed 

that they were speeding away from the solar system. Although the sample was not large, at least it 

showed that the spiral nebulae were not static, but most astronomers believed that these were 

merely local effects of small nebulae inside the Milky Way like stellar proper motions, and did not 

relate to the Milky Way as a whole, which they thought was the total, eternal universe.  

 

Among theoretical mathematicians working in relativity, only Friedmann and Lemaître considered an 

expanding universe, but Friedmann saw the problem as just a mathematical one and was not 

interested in checking to see if observations supported his solutions.  In  any  case,  he died  in 1925  
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aged not yet 40. This left Lemaître as the only person to seriously consider the expansion of the 

universe, and unlike other theorists he determined to follow every clue, especially those being 

discovered by the observational astronomers Slipher at Flagstaff and Hubble at Mount Wilson, both 

of whom he visited. If Einstein had been less hidebound, he might have accepted that the universe 

might not be static, and simply followed where his equations led as Lemaître did, rather than 

inventing a ‘cosmological constant’. Then he could have predicted the expansion of the universe and 

maybe the Hubble Constant H0  a decade before Hubble in 1929, and won even greater acclaim. ] 

 

                                                                                                                                                       #### 


