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Philosophy and history of 
science is as useful to scientists 

as ornithology is to birds.

Famous anonymous (ca 1970s)
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Quand j’ouvre une Histoire des Sciences, j’ai 
l’impression de lire une sorte de roman. Non 
que tout m’y paraisse faux, mais tout m’y paraît 
factice - ni vrai ni faux, mais inauthentique [...]

G. Simon (2008)

When I read a book on the history of science, I feel 
like reading a novel. Not that all seems false, but 
rather bogus. Not right, not wrong, just untrue.
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  [...] it is not permissible to 
say that the solar gravitational 
field acts as a lens, for it has 
no focal length.                        

Sir Oliver Lodge (1919)

  The term ‟gravitational lens” 
appears for the first time in a 
rather negative context :

Nature 104, 354
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QSO 0957+561
a double quasar?

6″
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Walsh, Carswell & Weymann (1979) Nature 279, 381
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Lodge was of course right ! 

Gravitational lenses have no 
single focus

Convergent lens

strong astigmatism 

α =  4 G M / c2 R
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 Opticks, 1704, Book III 

but the context is not quite right ...

Was Newton the pioneer ?
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Last (and very sketchy) observations in Book II :

Newton was performing Grimaldi’s diffraction experiments
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All the first queries are related to diffraction effects : 
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First citation claiming that Newton was the precursor :

Place : Joint meeting of the Royal Astronomical Society 
and the Royal Society, Londres

Date : 6 November 1919

Subject : Discussion of the results obtained by the Sobral 
and Principe expeditions to measure the gravitational 
deflection of light during the May 25 1919 eclipse.
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J.J. Thomson (1919)
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Studies on the attraction of light by matter

s’Gravesande (1747) Eléments de physique, Vol. II, p. 113

Nous avons dit ci-devant que le feu est attiré par 
les corps; cela est évident dans les rayons de Soleil, 
qui se fléchissent vers les corps lorsqu’ils passent à 
une petite distance d’eux. Cela fait connaître que 
les rayons sont poussés par une certaine force vers 
les corps, et qu’ils sont attirés par ces corps.

Voltaire, Clairaut, etc... non gravitational inflections
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• All cases deal with diffraction, which is described as 
an inflexion of the light rays.

• e.g., Priestley (1772)  The history and present state of 
discoveries relating to vision, light and colours
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Jean-Paul  Marat  
 (1743-1793)

• Physician (M.D. from St.  Andrews) 
• Paris 1776.  Service of the Comte d’Artois.

• Becomes rich enough to build instruments and carry out 
many experiments on the nature of fire, electricity and optics.

• One of the first translators of Newton’s Opticks into French

• Excellent relations with B. Franklin, bad ones with Lavoisier ... 
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Marat (1778)
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Marat (1780)
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Critique of Newton’s experimentum crucis 
Critique of Newton’s experimentum crucis 

Newton:
colours produced by refraction

Marat:
colours produced by deviation
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Tous les corps connus décomposent la lumière 
en l’attirant [...] La sphère d’attraction de la 
lumière [...] dépend de la densité superficielle 
[...], d’un facteur d’affinité, [...] et en raison du 
carré inverse de la distance.

Marat (1780)

Books translated into German 
will influence Goethe’s theory of colours
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The first calculation : Cavendish (1804)

• Unpublished manuscript, initially dated 1783-1784 : 

rather criptic ...
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Text

Assumes (correctly) the speed of light at infinity

The net deflection becomes :  
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The first wrong calculation :   Soldner (1801)

Autodidact  
Director of Munich Observatory

Well-known in geodesy

Interested in stellar motions, 
the Michell-Laplace objects...
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Tet
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• Goal:  to compute the circumstances that perturb 
the true (astrometric) positions of the stars

• Difficult to read, confusing notation (a=s/t2), and 
a missing factor of two (twice) which compensates

On the deflection of light rays wrt a straight line 
produced by the attraction of a celestial body 

which passes by the line of sight.
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Conceptually wrong !

Unlike Cavendish, Soldner adopts the speed of light 
at the impact parameter, disregarding the acceleration

To first order the value is the same :
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The second published calculation  :  Einstein (1911)

Simple application of the equivalence principle

Prediction : 0.″83 at the limb of the Sun

Observable during a total solar eclipse

Discussions with Erwin Freundlich to prepare 
expeditions to observe the effect 

Funds the ill-fated (end of Summer 1914) expedition
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Prague-Berlin long train 
journeys ....

laundry ... 

lens effect ... 

Einstein notebooks (1912) Courtesy HUJ
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positions of 
images ... 

... and then forgets 
about it ....

amplification 
effect ... 

Einstein notebooks (1912) Courtesy HUJ
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A speculation :  fake double stars

Orest D. Chwolson

Professor at Petrograd

Traité de Physique (15 vols), translated 
into German, French and Spanish
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O. Chwolson (1924)

His only work in Astronomy :
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Txt
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The true pioneer : František Link

Specialist of eclipses, he 
realises that, formally, the 
gravitational deflection  
produces effects similar to 
refraction by an atmosphere

Influenced by Eddington’s  (1923) 
Mathematical theory of Relativity
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Text

This paper is never cited ...
and yet contains the first ever quantitative prediction 

of the gravitational lens effect

Link (1936) Comptes Rendus Acad. Sciences, 202, 917
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Link (1937)
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First  gravitational optics diagram ever published

Link (1937)
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Link (1937)

First calculation of 
the shapes of the 

images for
extended sources
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• Effects produced by the finite size of the source 

• Effets due to occultations

• Invariance of surface brightness

• Formation of arcs, “lentils” (counter-images)

• Numerical examples

all this in 1937 !!
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A possible gravitational lens ?
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30″
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Meanwhile, over the other side of the pond ...
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17  April 1936

• Robert Mandl visits Einstein at Princeton

• Claims that the lens effect can account for :

★ planetary nebulae ;

★ cosmic rays ;

★ the extinction of dinosaurs due to the 
burst produced during stellar eclipses
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2 June 1936
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Einstein listens politely, carries out the calculations 
and writes to Mandl :

I have come to the conclusion that 
the phenomenon in question will, 
after all, not be observable so that I 
am no longer in favour of publishing 
anything about it.

Einstein, 18  April 1936

but Mandl insists ... 
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Einstein (1936, December)
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Einstein (1936, December)
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Gavriil   Tikhov

PhD at Meudon (with Janssen)

In 1937, claims to have had the idea 
in the summer of 1935, and given 
talks in January 1936 on the subject 

Is eventually sent to  Alma-Ata, 
where he creates the Institute of 
Astrobotany
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• Calculations within the newtonian framework 

• Cites Link (1936)

• Publishes in French (Bull. Obs. Poulkovo, 1937)              

• Relativist calculation by  A. Bogodorsky, yielding 
same results as Link

• Cited (sometimes) by Soviet astronomers
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Russell (1937)
Scientific American
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Zwicky (1937)

• Not a single quantitative estimate

• The ``detailed account’’ was 
never published
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The desert of the 1950s

• Few developments, as RG was not trendy :

[...] from 1936 [...] to 1961, no courses in 
General Relativity, not even one single 
quarter, were given at the University, and 
the University of Chicago was not atypical.

Chandrasekhar (1979)

•  G. Darwin (1958) : wrong calculation
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The wonderful year 63-64

• Idlis & Gridneva (1960) predict weak lensing

• Sachs (1961) optical scalar equations for  
Riemann space

• Metzner (1963) : Both Einstein and Darwin 
have pointed out that the magnitudes involved 
makes these results more or less irrelevant from 
the point of view of observational astronomy. 

• Klimov (1963) nevertheless computes the 
(weak) effects produced by galaxies
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• Liebes (1964) writes a review and considers 
the lens effect on all scales : stars of the 
Milky Way, globular clusters, black or 
unobservable stars, stars in M31, 
gravitational waves, spikes/flashes, distant 
galaxies ... 
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• Refsdal (1964) publishes the first 
microlensing calculation : It seems safe to 
conclude that passages observable from the 
Earth occur rather frequently [sic]. The problem 
is to find where and when the passages take 
place [...]

• Zel’dovich (1964) considers the 
cosmological effects
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The  forgotten chapter of a thesis 

• Maria Petrou’s PhD thesis deals with several 
problems on the dynamics of galaxies

• Supervised by D Lynden-Bell (Cambridge)

• Estimates the lensing effects by dark matter 
compact objects in the halo on stars of the 
Magellanic Clouds

censored
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Petrou (1981)
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Text

Petrou (1981)
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• She predicts that [...] expected number of 
amplified stars is about 20 and that [...] the 
variability of the star will be different from other 
kinds of variability because there will be no change 
in its colour.

• Her PhD advisor refuses to let her publish 
these results (all the other chapters were 
published)

• DLB would apologise later on
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Summary

• Newton was not the precursor

• Soldner : unsound calculation, unlike Cavendish

• Link was the pioneer of the subject

• The Einstein mystery : pessimistic for once

Epistemology

Sociology

• Citations : Link vs Zwicky

• Fairness : Chwolson-Link-Einstein (CLE) rings

• Maria Petrou : PhD students vs supervisors
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No light, but rather darkness revealed

Milton (1667)
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