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The aberration of starlight seems to be one of the simplest phenomena of astronomical observation. However, the story of
misunderstandings is long and lasts till now. It is nearly forgotten that the problem of stellar aberration was the cornerstone
of the development and the acceptance of relativity. In addition, there seems to be no essentially final point in the discussion
of its interpretation, the discussion seems to merely be given up. Of course, with the correct relativistic formulas, there is
no need of interpetation any more. The price of this consists in the many incorrect descriptions and interpretations that
arise if a textbook tries to explain in words the mere formulas. We try to review the problems discussed in the last three
centuries and to give them a final, i.e. geometrical form. We are convinced that this teaches a lot about the geometry of
the space-time union.
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1. The problems

In 1728, Bradley was trying to solve the riddle of parallaxes. In the years since 1666, when Hooke (Grant 1858)
tried to measure the parallax of the earth’s orbit, the evidence was always considered to be shaky because of an
apparently curious phase shift of the effect. Cassini rejected 1699 observations of Flamstead because of a phase
shift of 90° against the expected parallax.! Bradley established projection ellipses (Bradley 1728). They were
independent of the distance of the star and their phase indicated that they were projections of the hodogram of
the eath’s orbit. The effect was called the aberration and explained as outflow of an additive composition of the
velocities of the light and of the earth (Fig. 1). Light was expected to be an emanation of particles, leaving the
source with a certain velocity, which had been measured by Olaf Roemer in the order of nearly 2 astronomical units
per 1000 seconds. Indeed, Bradley interpreted his findings as a proof of the motion of the earth. Some years before,
Flamstead is reported to have seen aberration ellipses too, but he was rejected by Cassini (Caplan 1998). The
latter considered the phase shift with respect to the ellipses of the expected parallax to be the obvious indication
of an observational error.

The natural consequence of the emanation theory was the expectation that the light velocity is to be composed
with that of the star too. In addition, a dependence of the emanation velocity on the properties of the star was
expected, leading Laplace to the belief in the possible existence of stars which withhold their light from emanation
at all. However, no dependence of the (longitudinal) velocity of light on the radial motion of the star is observed.
Such a dependence would have dramatic effects: If a double star is distant enough, its companion should be seen
at more than one place at the same time (Fig. 4, 5). This has never been observed. The velocity of light coming
from the individual stars is always the same.

The paradox was solved by the undulatory theory of light. Based on the interfenece phenomena, the theory
of light as a wave was developed, and the universality of the velocity of light propagation was obvious. However,
to the great disappointment of Fresnel, waves (strictly the normals of wave-fronts) are not subject to aberration
(Fig. 3). Now, after relativity theory has solved this problem, it is nearly forgotten in spite of the fact that it was
the most difficult problem for aether waves, and the clue to relativity.

IThis has brought to our attention by J.Caplan from Marseille (Caplan 1998).
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stellar aberration.

Fresnel’s solution uses the fact that a conventional telescope does not observe the phase-fronts, but an inter-
ference pattern, i.e. the image in the primary focus of the objective lens. Patterns are moving like particles and
shifted like particles, if the carrier medium, the aether, is freely flowing through the telescope and is not influenced
by the presence of the earth (Fig 6). This hypothesis of a freely flowing aether was always difficult to accept. The
final blow to Fresnels construction came with the Michelson experiment. It clearly demonstrated that the aether
(if existing) was carried with the earth.

Lorentz and Drude showed the appearance of a new concept of time through Maxwell’s equations. They called
it local time or effective time. Equal aberration for particles and waves requires this revision of simultaneity. The
geometry of space-time demonstrates this in an elementary fashion (Fig. 8, 9). Today, the aberration is formally
derived in textbooks mostly from the relativistic transformation of the phase. Aberration is understood as aberra-
tion of the wave-front normals. Such an aberration is the corollary of the relative simultaneity. Alternatively, the
relativistic composition of velocities is used. The composition law is equivalent to relative simultaneity, but this
equivalence is not so obvious.

The popular adaption of the theory of relativity saw relativity everywhere. It was lightly written that aberration
is an effect depending on the relative velocity between observer and source. However, this is a trap. Obviously,
no effect of the motion of the source can exist (Fig. 10). The aberration is a correction to be applied between
observers in relative motion. Nevertheless, without this deeper consideration, many authors claimed erroneously
that relativity theory would imply dependence on the relative motion between observer and source and would
consequently predict an effect produced by the motion of the source. The observed absence of such effects would
necessitate a revision of the theory of relativity.

2. Historical remarks

In the eighteens century, the emanation theory of light had to withstand many arguments mainly concerning the
theory of colors. At the end of the century, questions about the dependence of the velocity on the state and the
motion of the source are found in the written statements (Michell 1767; Mayer 1778; Fuss 1782; Schréter 1792;
Soldner 1800). Camerer (1797) is the first to explicitely expect that the aberration depends on the motion of the
source, which is called later active aberration. Of course, observations of double stars were rare and difficult (Her-
schel 1803). The nineteens century began with the triumph of the undulatory theory of light (Huygens 1690; Young
1800, 1804). It turned out soon that aberration poses a characteristic problem in undulation theory (Fresnel 1814)
that could be solved only by an apparently telescope-dependent construction (Fresnel 1818). This construction had
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Fig. 2: Stellar and planetary aberration.
We repeat figure 1 and extend it for a motion of the source
(Turner 1909). As in figure 1, the signal moves from S at
t = —tg to O at t = 0. The star moves in the same time
interval from S to B. The observer in his frame states at
O the direction AS = OC. OS is the direction which he
would find if he were at rest in O.

When we know the retardation time tg and the veloc-
ity and the distance of the source, we can infer the direc-
tion OB to the position B of the source at the time of
the observation. The angle ZBOS is called planetary aber-
ration. Stellar and planetary aberration compensate each
other (i.e. /ZB*OC = 0) when the star attains at t = 0 a
position B* on the connecting line OC'. In this case, the
motion of the source in the frame of the observer is radial.
There is a point () where both observer and source had met
if both were in uniform motion.

Fig. 3: A spherical wave seen from a moving observer

At left, we show the observer in motion and a spherical
wave with isotropic propagation. On the wave crest, the
position of some structure (wave group, photon, signal) is
marked. At right, all positions are drawn with respect to
the observer, i.e., the propagation is composed with its mo-
tion. The orientation of the wave-front normal does not
show aberration but the signal does.

Fig. 4: Multiple images for ballistic models of radiation.

If light consists of particles, or if we observe particle ema-
nation in general, the velocity of the particles with respect
to the source should have a given value. If this velocity is
to be composed with that of the source, we obtain for ap-
propriate motions of the source and large enough distance
an anomalously large time equation and multiple images.
In our draft the source has a periodic motion with radial
component (only this component is shown). In the intervall
between A and B, the observer sees light from three differ-
ent emission times and, consequently, from three different
places simultaneously.
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! Fig. 6: Aberration of waves.

e m In order to explain aberration in wave theory, Fresnel was
ﬁ Q forced to refer to the construction of the telescopes of the
A /,'\ time, i.e., to the existence of an aperture diaphragm. It
e I cuts a piece out of the wave front. This piece moves like a
_— . m particle because of its being localized and shows the usual
— L T — | aberration.

— At left, the medium is at rest, at right, the medium

I e is flowing from the right. We see the motion of the wave
T~ T front as constructed by Huygens’s method. This motion is
- T T decelerated in the aperture lens and reaches a focus F. At
ﬁ t left, the construction is symmetric because of the medium
I - being at rest, at right, the wave fronts are shifted to the left
= = with progressing time. The focus is found in the position
. s @@ == @@ expected by the particle-type aberration argument.
s
&
¢ Fig. 7: Stokes’s refraction.

Above the horizontal discontinuity along the line AB, the
aether is at rest. Below this line it is assumed to move to the
. left with some constant velocity v. With the inclination «,
a wave front propagates from above to this line. In the time
t given by ¢t = C'B we have to draw a semicircle around
A with this radius and to shift it to the left by AE = vt.
Huygens’s construction results in the refraction law

EF ct _ sina
EB  wvt+ct/sina 1+ Ysina

sin 8 =

Geschwindigkeit des
Athers unterhal

der Grenzschicht The relative sign of a and v is to be noticed (Brylinski
1924).
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Fig. 8: Aberration of a plane wave.
When we require that wave fronts and rays are to have the
same aberration (which could be tested with adaptive op-
tics, for instance), simultaneity cannot be absolute. We are
forced to revise the notion of time and obtain the Minkowski
world of the special theory of relativity.

We show a wave front propagating in the direction of
the y axis. It is respresented by a plane in the (here (2+1)-
dimensional) space-time. Its position for a given instant of
time (here ¢ = 0) is the intersection with the corresponding
plane of simultaneous events. If the simultaneity is abso-
lute, i.e., if this plane is the same for all observers, no aber-
ration of the wave-front normal is possible. Consequently,
such an aberration requires the relativity of simultaneity,
i.e., every observer has its own orientation of the planes
of equal time. In our draft, the second observer moves to
the left (axis ct*). In the Minkowski world, the plane of
simultaneous events (ct* = 0) is now tilted as indicated. it
intersects the wave front in another line corresponding to
the expected aberration. On the other hand, the require-
ment of equal aberration of wave-fronts and rays forces the
planes ct* = 0 to be tilted in the indicated way which is
equivalent to the Minkowski geometry.

Fig. 9: Aberration and relative simultaneity.

When we require both wave fronts and rays to yield the
same aberration, the plane of simultaneous events for any
observer must intersect the light cone in a curve for which
all normals intersect in the position of the observer. Con-
sequently, the intersection is a curve symmetric about this
position: The light velocity is apparently isotropic. This
yields the Minkowski world of Einstein’s theory of relativ-
ity.

We repeat the former figure for the case of relative si-
multaneity in order to show how ray and normal directions
coincide now. The observer with the world-line AO sees
the horizontal plane as simultaneous, the observer with the
world-line BO is tilted again. The ray direction CB now
coincides with the normal at C' when we accept units in
which the intersection curve is a circle.
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Fig. 10: The apparent size of a Kepler orbit.

The theory of relativity states that there is no particular
frame of isotropic propagation of light in order to yield a ref-
erence for other velocities. Consequently, the dependence
on velocity of any physical effect is reduced to the depen-
dence on only relative velocities of material objects. When
one forgets that the definition of an angle reqires the posi-
tions of three objects, one easily falls into the trap of con-
sidering only the relative velocity between source and ob-
server. This velocity, however, is not involved at all. The
aberration is a conversion of apparent positions between
two observers and depends only of their relative velocity.

In a space-time diagram, we draw the world-lines of all
photons observed at the event B by the observer. Because
the propagation velocity does not depend on the motion of
the source, these world-lines form a cone. The world-line
of a double stars of given average position is wound around
a cylinder with axis parallel to the time axis. The appar-
ent size of the orbit is equal to the apparent size of this
cylinder. The observer obtains it by evaluating the angle
marked on the cone. This angle (as well as the cylinder)
does not depend on the velocity os the star on its orbit:
There is no active aberration.

Fig. 11: Aberration of a finite sphere.
The aberration yields a conformal map of the apparent
sphere onto itself. This map can be extended to a map
of the three-dimensional space by using two eyes and infer-
ing the parallax.
Different orientations of the relative position of the pair of
eyes to the velocity yield different maps. If both are not
parallel, the map develops singularities.
On the upper left, the sphere is shown with the equatorial
region, the pole caps, and a meridional segment omitted.
On the upper right, the conformal image produced by aber-
ration can be seen. The observers moves to the right, the
velocity is 0.7 ¢. On the lower right, two eyes are parallel to
the velocity. The map is regular and shows a contraction.
On the lower left, the eyes are abreast. Here, the velocity
is only 0.4 ¢ in order to obtain a not too extreme map.

Fig. 12: Aberration of a cylinder.

Here, we see the stereoscopic aberration of a cylinder. First
we draw eight segments as seen from an observer at rest. If
the relative position of the eyes is parallel to the velocity, an
observer moving from left to right sees at any given instant
the form in the middle. If the eyes are oriented abreast,
the moving observer sees the lower form (in bith cases, the
velocity is 0.7 ¢). The contraction apparent in the form
in the middle is the immediate expression of the Lorentz
contraction of the distance of the eyes.
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to suppose a freely flowing aether, admitting transversal shear waves instead of longitudinal compression waves.
In addition, if Fresnel had had access to adaptive optics, he would have found that wave fronts show aberration in
contrast to his expectation. There is one famous attempt by Stokes (1845, 1846) to overcome the hypothesis of a
free flow of the aether. He tried to work in a picture of an aether locally at rest with respect to moving objects and
to construct aberration as an appropriate refraction in the region between the universal aether and the locally co-
moving aether. Figure 7 demonstrates the refraction at a laminar discontinuity of the aether velocity. However, in
order to obtain approximate at least aberration formulas, intricate streaming laws for the aether had to be assumed.
In a simple laminar flow, no aberration would be found for perpendicular directions in contrast to the observation.
The hesitation to accept either explanation is evident in Veltmanns (1870) articles and Ketteler’s book (1873). The
divergence between wave-fronts and rays is even declared to be the essence of aberration (Ketteler 1871; Veltmann
1873). The situation approached its climax with the result of Michelson’s experiment which clearly demonstrated
that the aether does not freely flow around the earth and through his instruments (Michelson 1881; Michelson
& Morley 1886). Now, even Kirchhoff (1891), Poincaré (1891), or Helmholtz (1897) did not dare to expose the
problem to students. In their textbooks, they did not touch the questions of the aberration at all. It was Lorentz
(1899) and Drude (1900) who introduced a new concept of time like that explained in figure 8. After Einstein
(1905) demonstrated the reality and exclusive definability of a relative simultaneity, the divergence between ray and
wave-front vanished. The calculation with a wave-front normal or phase through Lorentz transformation turned out
to be identical to that with a particle through Einstein’s composition rule for velocities (Born 1920). Consequently,
formulas are derived in later textbooks either by the first (Vari¢ak 1910; Joos 1956; Sommerfeld 1959; Bohm
1965; Herlt & Salié 1978; Schneider 1979) or the second method (Landau & Lifshic 1962; Rindler 1986; Goenner
1996). To the latter category, we should put v.Laue (1911) who considers the transformation of the Poynting vector.

The problems with prerelativistic aberration are rarely mentioned, and the ordinary experience leads into a
characteristic trap. Since the relativistic formula is derived first, one suggests that the prerelativistic formulas are
obtained by setting the Lorentz factor to 1. This works for the composition of velocities, but not for the aberration
of wave-fronts. The latter is the immediate expression of the relative simultaneity, and this is an effect of first
order. The corrsponding statements in Joos (1956) and Liebscher (1973) are wrong, other authors are dark, to say
the least (Wiener 1919; Fiirth 1970; Herlt & Salié 1978; Toretti 1984; Ruder & Ruder 1994; Goy 1996; Spencer &
Shams 1996).

The other line of reasoning concerning the supposed relativity between observer and source has a similarly long
tradition. Camerer’s conjecture (Camerer 1797) was used by Houzeau (1844) who tried to explain an deviation in
the parallax of 61 Cygni as active aberration. He was answered by Herschel jr. (1844) who argued in the line of our
figure 10 that no active aberration can be expected. In spite of this answer, Folie (1884) claims again to see active
aberration. He is cited by Hofller (1895) as proof of its existence. In the beginning of our century, the observational
evidence for the lack of longitudinal additions to the velocity of light by the radial motion of the source (Guthnick
1913; deSitter 1913; Zurhellen 1914), later improved for extragalactic objects (Stromberg 1931; Heckmann 1960;
Schmidt 1964; Brecher 1977; Barnet, Davis and Sanders 1985), convinced about the observational absence of active
aberration. This absence was tested first by H.Seeliger (1884) and Nyrén (1888). However, the theory of relativity
was misunderstood now in the statement that it would predict active aberration because of the relativity between
observer and source. The lack of observational confirmation was interpreted as error in the theory of relativity
and as a hint that the latter had to be modified accordingly (Hayn 1920, 1923, 1925; LaRosa 1924; Tomaschek
1924,1925; Osten 1925; v.Brunn 1925; Freiesleben 1926; Mohorovicié¢ 1928). Curiously, even Einstein (1916) and
Pauli (1921) contributed to this misunderstanding in writing explicitely about the relativity between observer and
star. We found only one article by Emden (1926) where the situation is explained correctly, even if Emden overdoes
it a bit. He writes that relativity knows of no aberration of the light ray at all, leaving the impression that he does
not define aberration in the usual way. It seems to be remarkable that the discussion about relativity merely ends
without some final strong statement like that of Herschel in 1844. Possible no one liked to touch the question any
more because of the political touch it had in the twenties. The consequence is that the formulations of Einstein
and Pauli prevail although they are misleading at least (Melcher 1974; Toretti 1984; Krautter et al. 1994; Marmet
1996; Spencer & Shams 1996) and really led into a trap (Treder 1985). The explicit statement that aberration is
an effect between observers in relative motion is rare (Fock 1960, Rindler 1986).

3. Planetary aberration

We have to add one point excusing the misunderstandings about the relativity of aberration. In the former sections,
the direction to the event of emission was considered exclusively. However, if we know about the motion of the
source, we can try to infer its position at the moment of observation. The apparent distance of the positions of
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the emission event and the inferred position at the moment of observation is called planetary aberration. It is an
addition of a completely different from stellar aberration origin, but it created a lot of confusion.

In calculating with the inferred position at the moment of observation, we can form a new angle between the
observed and the inferred position. This angle vanishes when there is no relative velocity between source and
observer. Too fast, it is concluded that this angle, combined from stellar aberration and motion in the retardation
time, in general only depends on the relative velocity of source and observer. This angle, given emission and
observation event, depends on velocities and position in an involved fashion. In prerelativistic theory first, the
velocity of the aether with respect to the configuration of observer and source enters in all cases where the source
has a proper motion in the frame of the observer (fig. 2). Secondly, in the relativistic wave theory, the position at
the moment of observation depends on the frame in which simultaneity is taken. Only after the convention that we
choose simultaneity in the rest frame of the observer, this angle depends only on the relative velocity as expected,
but this is trivial now. The combination of stellar aberration and motion in the retardation time produces in any
case a calculated angle, which can be observed in special cases only. Liebert (1995) presented correctly the relation
between stellar and planetary aberration.

4. The visibility of the Lorentz contraction

There is a famous theorem about the aberration map. The observer sees any object moving by rotated, but not
contracted in the direction of motion (Terrell 1959; Penrose 1959; Rindler 1986; Ruder & Ruder 1994). This is
valid for observations with only one eye open. When one observed with two eyes, the map of the apparent sky is
extended to a map of the space through use of the parallax. To give two examples, we show the three-dimensional
images of a finite sphere (fig. 11) and a cylindric tunnel (fig. 12).
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