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Biography of an idea: the case of gravitational lensing

Tilman Sauer, Johannes Gutenberg-Universitdt Mainz

Abstract

The idea of a gravitational lens emerges in a natural way as soon as one has a law for the deflection of light in a gravitational
field. Einstein elaborated on this idea as early as 1912 in unpublished notes. In the following decades, the idea was revived
again and again, but also fell back into oblivion. Only in 1979, the double quasar Q0957+561A,B was identified as a lensed
double image of the same astrophysical object. This discovery was soon followed by others and gravitational lensing since

then became a highly active field of astrophysical research.

The early history of gravitational lensing has been told vari-
ous times [1-5]. It is a fascinating story in many respects, not
only because it became clear from unpublished research
notes that Einstein had derived the very same equations of
gravitational lensing already in 1912, three years before he
completed the general theory of relativity in late 1915 and
some 25 years before he would eventually publish the very
same lensing equations in 1936 [6]. Subsequent historical
work has uncovered and identified many more relevant ref-
erences for the early history of this idea, and the picture that
emerges from the reconstruction of this history allows us to
ask interesting questions about the development of signifi-
cant ideas in physics.

The idea of gravitational lensing, briefly stated, is the ap-
plication of geometrical optics to the law of gravitational
light deflection. The law of gravitational light deflection in a
relativistic theory of gravitation states that the angle of de-
flection for a ray of light passing near a massive spherical
astrophysical object, like the sun is proportional to the in-
verse of the distance of closest approach to the center of
the deflecting body. Incidentally, this functional law of light
deflection does not depend on the framework of the final
general theory of relativity.

Specifically, Einstein had predicted—already in 1911 —a de-
flection of
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for light rays passing the center of the sun at a distance of
P, where k denotes the gravitational constant, M the solar
mass, and c the speed of light [7]. The derivation was based
on his hypothesis of a complete equivalence between uni-
formly, rectilinearly accelerated frames of reference and a
constant, homogeneous gravitational field. From this hy-
pothesis, Einstein had concluded that the speed of light
should be dependent on the gravitational potential. Using
Huyghens’s principle, he had predicted a deflection of 0.83"
for rays of light emitted from stars that are located just be-
hind the sun and that would just graze the rim of the solar
disk. The numerical factor in this formula is still a factor of 2
too small, compared with the later expression derived from
the general theory of relativity. But the key insight was the
1/p-dependence of the deflection angle for the impact pa-
rameter p.

o
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In principle, a deflection of light rays in a gravitational field
is also obtained in the framework of Newtonian gravitation
theory, in particular, if one believes in a corpuscular theory
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of light, as Newton did. Similar considerations are found oc-
casionally in the history of science since Newton [2]. But
Einstein’s law of deflection (1) was obtained, for the first
time, on the basis of a relativistic theory of gravitation.

The bending of light in the gravitational field of the sun be-
came one of the three classical tests of general relativity,
in addition to the gravitational red shift and the anomalous
advance of Mercury’s perihelion. Einstein’s prediction of a
deflection of 1.7" for light rays passing at the rim of the sun
was observationally confirmed in 1919 by a British eclipse
expedition, led by Arthur S. Eddington. The confirmation of
Einstein’s prediction catapulted Einstein and his theory into
the limelight of public attention and made Einstein over night
to the public celebrity that he has remained ever since.

But the inverse proportionality with p in the law of light de-
flection (1) harbors another implication, that can be made
explicit if methods of geometrical optics are applied to it. By
elementary geometric arguments, one can see that the law
implies that a distant light source, say a star, will be seen by
a terrestrial observer in two images if a massive object is
situated between the star and the observer whose gravita-
tional field acts as an optical lens. As long as one only thinks
about point sources, the problem is a planar one, uniquely
defined by the light source, the lens, and the observer. The
two images then arise from the fact that light can reach the
observer on two paths, a weakly deflected one on the ob-
server’s side of the lens, and a strongly deflected one pass-
ing the lensing star on the far side. For the case of perfect
alignment along a line, the double image degenerates into
a ring-shaped image whose radius can also be calculated
easily.

Going into three dimensions and comparing corresponding
area elements in the plane of the lens with and without the
presence of a lensing object also allows the derivation of
expressions for the amplification of light by the action of the
gravitational field.

The idea of the possibility of a double image or a ring shaped
image of astrophysical objets and of the possibility of light
amplification as derived by applying geometrical optics to
the law of gravitational light deflection is the idea of gravita-
tional lensing in a specific sense.

We can now ask how this idea was born and what its bio-
graphical timeline looks like.

On 12 March, 1912, a nova was discovered in the constella-
tion of Gemini [8]. The news spread rapidly among astrono-



Figure 1: Light curve of Nova Geminorum 1912, which reached its
maximum brightness of 3.5 mag on 14 March 1912. A few weeks
later, during a visit in Berlin, Einstein and the astronomer Erwin
Freundlich discussed the possibility whether such ‘new stars”
could be explained by the effect of gravitational lensing of a transit-
ing star. He soon realized that such explanation cannot hold and
dismissed the idea. Image from [9, S. 429].

mers, and many observatories directed their instruments to
this rare event. Two days later, on 14 March (incidentally,
Einstein’s 33 birthday), Nova Geminorum 1912 reached its
peak brightness of 3.5 magnitudes (Fig. 1) [9]. It was one
of the most interesting novae of the young century. The ob-
servatory in Potsdam also took a number of photographs of
the relevant portion of the the sky in the period between 15
March and 12 April. The young astronomer Erwin Freund-
lich (1885-1964) was charged with the photometric exami-
nation of these images.

Freundlich was an ambitious young astronomer who was
interested more in foundational questions than in routine
day-to-day tasks. Only shortly before, he had contacted
Einstein and had discussed with him possibilities of empiri-
cal tests of Einstein’s ideas on a new gravitational theory.
In the week of 15— 22 April, 1912, Einstein visited Berlin. At
this time, he was a Professor at the German University of
Prague, but he was already on the move to a new position
at his alma mater, the ETH in Zurich. He had started to delve
deeply into the problem of a relativistic theory of gravitation,
a project that he would pursue in Zlrich together with his
good friend from student days, Marcel Grossmann, now a
professor of geometry at the ETH [10].

Only a few months earlier, Einstein had published his paper
in the Annalen der Physik, in which he had derived a possi-
ble bending of light passing through the gravitational field of
the sun [7]. Einstein had also begun to write to astronomers

Figure 2: Einstein’s calculations on gravitational lensing in his
Prague notebook [13, S. 585-586]. © Albert Einstein Archives, The
Hebrew University of Jerusalem, Call Nr. 3-013.
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like George Ellery Hale from Pasadena about the possibility
to observe such a tiny deflection of light rays during a solar
eclipse [11].

Einstein now talked also with Freundlich about the possibili-
ties of an empirical test of his new gravitational theory during
his visit in Berlin, and Freundlich had immediately picked up
on this question and, in fact, made it to his task of life [12].

Some entries in one of Einstein’s notebooks from that time
allow the conclusion that Einstein and Freundlich most prob-
ably discussed not only the possibility of a test during a solar
eclipse. Indeed, there are calculations in that notebook (Fig.
2), that explore still another effect which also follows from
the law of light deflection (1) [3, 6].

This is exactly what Einstein does in his notes from the year
1912. He obtains the expression for the brightness (Figure
1
4
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where H denotes the brightness without the lensing effect
and p, , are the two roots of the lensing equation, and for the
relative amplification, Einstein obtains the form
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where r = r,, the normalized orthogonal distance of an ob-
server from the line connecting the light source and the lens
(see Figure 2). H (r) in Eq. (3) diverges for r— 0, as Einstein
confirms by sketching a function plot, see Fig. (3) [8] .

Figure 3: Einstein’s sketch of the function plot of Eq. (3). For small r
the expression diverges oc 1/r. [13, S. 5687]. © Albert Einstein Archi-
ves, The Hebrew University of Jerusalem, Call Nr. 3-013.

Could it be that this amplification might explain the effect of
“new stars” as an optical amplification of a distant star by the
gravitational lensing effect of a transiting lensing star? We
know from a letter by Einstein that he seriously considered
this possibility but then gave it up again. “It has unfortunate-
ly become clear to me now that the ‘new stars’ have nothing
to do with the ‘lens effect,” moreover that taking into account
the stellar densities existing in the sky the latter must be
such an enormously rare phenomenon that it would prob-
ably be futile to expect one of the like.” Einstein wrote on 15
October 1915 to his friend Heinrich Zangger in Zrich [14,
Doc. 130].



In addition to the rareness of the phenomenon, two more ar-
guments made the explanation unlikely [8], [15, pp. 6—7]. For
one, the lightcurve of a lensed star should be time-reversal
symmetric, which is, in general, not the case with novae.
Second, the spectrum of a nova should not change with time
if it was a lensed amplification. Today, we know that most
novae are binary star systems whose brightness is caused
by thermonuclear reactions. But in 1912 the mechanism of
novae and supernovae was still unclear. The explanation
of a nova from the gravitational lensing effect of a passing
star was a clever idea which was bound for the wastepaper
basket where it shared the good company of many other
such ideas, as Einstein used to say with tongue in cheek.
The idea of gravitational bending had been born but soon
fell into oblivion again. We would know nothing about this
idea if it had not been for Einstein’s notes and letters.

The law of gravitational light deflection survived, in its func-
tional form, the transition from Einstein’s gravitational theory
of 1912 to the general theory of relativity in the fall of 1915.
It only changed by a factor of 2. It is therefore not surprising
that the idea of a gravitational lens surfaced again and again
over the years.

In a short note in Nature from the year 1919 [16], Oliver
Lodge (1851-1940) mentioned the analogy between the
gravitational field of a mass and of an optical medium. But
he only remarked that one should not speak of a lens in this
case, since a gravitational lens would have no focal length.
One year later, Arthur Stanley Eddington (1882—-1944) dis-
cussed the possibility of an optical double image, but he
arrived at the conclusion that such a phenomenon would
probably never be observable [17].

It appears that the first positive published discussion of grav-
itational lenses goes back to the Russian physicist Orest
Chwolson (1852—1934). In a short note “on a possible form
of fictitious double stars” in the Astronomische Nachrichten
of 1919, he had speculated that two spectrally similar im-
ages of a single star should be visible by the gravitational
action of a massive object located in between . In the early
twenties, a systematic search for gravitational lenses was
undertaken at Yerkes Observatory under its director E. B.
Frost [18]. Obviously, this search remained without success.

The further history of gravitational lensing now shows the re-
markable phenomenon that the idea woke up twice and was
discussed repeatedly in the literature, in the years 1936-37,
and in the early sixties, but appears to have been forgotten
for many years in between. In the year 1936, the idea was
rediscovered twice, independently, or perhaps even three
times.

First, the Czech astronomer FrantiSek Link (1906—1984)
published a short paper in March 1936 in the Comptes ren-
dus de I’Academie des Sciences [19], and then a little later
a longer work in the Bulletin Astronomique [20], in which
he gave a detailed calculation of the amplification effect of
gravitational lensing [4].

1 This note by Chwolson was printed on the same page as a short note
by Einstein on the problem of explaining the solar red shift by an electron
gas. But obviously this coincidence did not mean that Einstein would have
noticed Chwolson’s note, or that he would have remembered it many years
later.
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On 17 April 1936, only weeks after Link’s first paper, Einstein
was visited in Princeton by a Czech emigrant and hobby
scientist, Rudy W. Mandl, who wanted to convince Einstein
of the idea of the gravitational lensing effect. He also enter-
tained more grandiose ideas that this gravitational lensing
amplification would be the cause of an enhanced rate of
mutation and therefore also the real cause for the evolution
of life on earth [3, 6]. There is no indication that Mandl and
Link, though both Czech, had any kind of relation, or that
Mandl even knew of Link’s publication. But in any case, it
was Mandl who succeeded in convincing Einstein to publish
a short note on gravitational lensing in Science [21]. In this
note, Einstein discussed the phenomenon of the double im-
age, the ring, and also of the amplification effect and pub-
lished equations that are completely equivalent to those that
he had written down already 1912 in his Prague notebook.

Figure 4: Fritz Zwicky (1898—1974).

In contrast to Link’s papers, Einstein’s short note was well
received by the astronomical community. It triggered, among
other papers, an article by Henry Norris Russell (1877—-1957)
in Scientific American, in which he discussed the virtual per-
ception of star Sirius A, lensed by the gravitational field of
the white dwarf Sirius B, by an observer located at a suitable
place on a hypothetical planet [22]. Einstein’s note was also
picked up a few weeks later in two brief notes by the Swiss
astronomer, working at Caltech, Fritz Zwicky in Physical Re-
view, in which he discussed the lensing effect for the case
of galaxies and in which he gave a much more optimistic
assessment as to the observability of the phenomenon than
Einstein [18, 23].

In reaction to the publications by Link, Einstein, and Zwicky,
the Russian physicist Gavril Adrianovich Tikhov (1875-—
1960) finally published a discussion of the lensing effect of
his own in the Comptes rendus (Doklady) de I’Académie
des Sciences de 'URSS. In the introductory passage to this
paper, he remarked that he had had those ideas already
independently as early as 1935 [24].

After these publications from the thirties, the idea seems to
have fallen into oblivion again until the late fifties and early
sixties, when the idea was taken up again. And again, it
seems that the idea was rediscovered repeatedly and in-
dependently by a number of different authors. The begin-
ning was made by Fritz Zwicky who included a discussion of
gravitational lensing in a few pages of his book on Morpho-



logical Astronomy [25]. Two years later, Eddington’s 1920
book was republished in the U.S. [26]. The third discussion
of lensing in the late fifties was given by Charles G. Darwin
in a paper that grew out of a rather different context. Darwin
had looked at electronic orbits in Bohr’s theory in an earlier
paper from 1913 [27] and was now doing the same for orbits
in a Schwarzschild spacetime [28]. Also in 1959, the Soviet
astronomer Aleksandr Aleksandrovich Mikhailov published
a review of the various eclipse observations of light deflec-
tion, the data of which he had reanalyzed. This paper ends
with a concluding paragraph in which he mentioned the idea
of lensing as a principle alternative to the simple deflection
observations. He gives credit of this idea to “the oldest living
Soviet astronomer, Professor Tikhov” [29]. The year 1959
also saw the publication of a note by the astronomers Idlis
and Gredniava, published in Russian in the Proceedings of
the Astrophysical Institute of the Academy of Sciences of
Kasachstan [30]. In this paper, they discuss the distortion of
a background galaxy by a foreground galaxy as a method
to obtain information about the imaging galaxy. Remark-
ably, their argument pioneered what was later referred to as
“weak gravitational lensing”, although they did not mention
the possibility of a double image.

With papers by Sidney Liebes, Jr. [31] und Sjur Refsdahl
[32] in 1964 the idea of gravitational lenses entered into the
commonly shared body of knowledge of astronomers. Nev-
ertheless, it took another fifteen years until the double qua-
sar 0957 + 561A, B was identified in 1979 unambiguously
as the first instance of a double image of the same astro-
physical object created by the gravitational lens effect [33].

The repeated rediscovery of the idea of gravitational lensing
separated by long periods of oblivion in the first half of the
twentieth century came to an end with the final awakening of
the effect in the mid-sixties when it became a standard item
in the astronomer’s theoretical toolbox to analyze unusual
observations. Gravitational lensing therefore is an interest-
ing aspect of a larger phenomenon dubbed the “renaissance
of general relativity” in the sixties. The historical analysis of
this “renaissance” of one of the pillars of today’s theoretical
physics is the subject of an ongoing research project led by
Jurgen Renn at the Max-Planck-Institute for History of Sci-
ence in Berlin [34].

After the first identification of a real gravitational lens, the
investigation of the effect has grown into a rapidly devel-
oping field of observational and theoretical research [35].
Even Einstein’s original idea of a temporary amplification in
star-star-lensing systems has been observed in the mean-
time. Even more: if the star that is acting as a lens carries a
planet, one can get information about the existence of the
planet by analysis of the light curve. The effect therefore
now represents an important method for the discovery and
exploration of exoplanets.
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