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Abstract: The discovery of the finite nature of the velocity of light is usually attributed to Rgmer. However, a text at
the Paris Observatory confirms the minority opinion according to which Cassini was first to propose the ‘successive
motion’ of light, while giving a rather correct order of magnitude for the duration of its propagation from the Sun to the
Earth. We examine this question, and discuss why, in spite of the criticisms of Halley, Cassini abandoned this

hypothesis while leaving Rgmer free to publish it.
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“The Danish astronomer Olaus Rémer (1644-1710) discovered the velocity of propagation of light at
the Paris Observatory in 1676.” Inscription on the north frontage of the Paris Observatory.

1 INTRODUCTION

The discovery of the finite nature of the velocdy
light has been abundantly commented on by many
authors. The general opinion is that it is du®le (or
Olaus) Regmer (Figure 1)who published it on 7
December 1676 in thiournal des ScavansThe paper

by Ramer(1676), well-written and very clear, shows
that the discovery was made while studying the omoti

of the first Galilean satellite of Jupiter, lo (Eig 2).
There is, however, some doubt about this discovery,
which we will now try to dissipate. Before thist lus
examine why the satellites of Jupiter were so abfiv

observed during the seventeenth century.

- tlebis Mafn e oimaricese Matlyonm s

Figure 1: Ole Regmer, engraving by J.G. Wolffgang (1735).
Remer appears here in full glory. After his return to Denmark,
around 1681, he became Mayor and head of the police of
Copenhagen, and also head of the State Council of the Realm
(Library of the Paris Observatory).

Figure 2: Rgmer’'s drawing in his article of the Journal des
Scavans. The Sun is in A, Jupiter in B with its shadow cone,
and the drawing is in the reference system Sun-Jupiter. Two
positions of the Earth, L and K, are represented at the times of
two emersions of the first satellite out of Jupiter's shadow; in
D, the Earth moved away from Jupiter between these two
observations, and the second one seems late because of the
extra time required for the light to propagate. Conversely,
immersions of the satellite in the shadow, in C, seem
increasingly early when the Earth moves from a non-labelled
point to G (Library of the Paris Observatory).

Immediately after he discovered the four main
satellites of Jupiter, Galileo proposed that timedation
could be used as a natural clock. In 1692 Jean-
Dominique Cassini (Figure 3) wrote:

It is not by curiosity alone that the most famous
astronomers of the present century have observdd wi
so much care the planet Jupiter; they mainly digh it

order to obtain an exact knowledge of longitudes, o
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which the perfection of geography and navigation
depends. They estimated that one would have affaist
secure way to determine longitudes, if one couid fn

the sky some rapid phenomenon which could be
observed at the same time from very distant paints
the Earth. This being assumed, comparing with each
other the times of observations done simultaneoinsly
different locations distant from each other frora fast

to the West, it would be easy to know by how mugh o
of these places is more to the East than the otttéch
indicates their difference in longitude. (Cassiti92: 1-

2; our translation)

Figure 3: Jean-Dominique Cassini, by Lépold Durangel (1879),
from an old engraving. The Paris Observatory is on the
background, with one of the long refracting telescopes used by
Cassini, placed here by mistake on the roof of the building
(Library of the Paris Observatory).

The eclipses of the Jovian satellites thus allowed
clocks in different locations to be synchronizédea-
suring with clocks synchronized in this way thedsn
of meridian transit of the Sun or of the same star
each location, one obtains by subtraction the wffee
of longitude of these places after small well-known
corrections are made. Prior to this, lunar ecbpsere
used, but as Cassini (ibid.) noted, “... these eebps
are not frequent enough, and they are so diffitwult
observe that one has not found in this way theifong
tudes of many places.” Improvements in instruments
allowed easy observations of Jupiter’'s satellitas,
the very time when Cassini (Figure 3) took over the
leadership of the Paris Observatory (which was

founded in 1667 by the French Academy of Sciences).

Cassini (1692: 2-3; our translation) continues:

This only became possible in 1668, when Mr. Cassini
published ephemerides from these satellites, aed th
method to calculate their eclipses. Since thag tione

has performed at the Observatory a large number of
observations, together with astronomers of the Aoad
sent especially by order of the King in all parfstiee
world, and with other astronomers with whom maikwa
exchanged; and by the means of these observatians o
found in the longitudes indicated on all maps adar
guantity of errors which have been corrected for.

This was obviously of prime importance, so that-Ber
nard le Bouyer de Fontenelle (1657-1757) was able t
write:

Were there no other use of astronomy than that mraw
from Jupiter's satellites, it would justify well eagh
these huge calculations, these diligent and scousul
observations, this large ensemble of instrumenift bu
with so much care; [and] this superb building [Breris
Observatory] raised for our science. (Fontenel®&l0L

3; our translation).

In another text, Cassini (1693a) gives an histbrica
account of the attempts to use Jupiter's satelfibes
longitude determination. One can find there themes
of Galileo, Peiresc and Kepler, as well as lessenain
astronomers. Cassini claimed that it was posdible
reach an accuracy of 15 seconds in the determmatio
of the time of immersion or emersion of a satellit#®
study by Suzanne Débarbat (1978) shows that this
figure is somewhat optimistic: differences betwéen
observers could reach half a minute, even for the
eclipses of lo. But the accuracy of the observatiof
Jupiter's satellites was sufficient to show thesgu-
larities in their motions, some of which were well
understood and taken into account in the ephengride
while others were not. It is in this context os®mm-
atic research that the discovery of the finite retof
the velocity of light occurred.

2 THE DISCOVERY

Amidst the numerous texts which describe and com-
ment on the discovery of the finite velocity oftiigthe
poorly-known one by Urbain J.-J. Le Verrier (1811—
1877), written in 1862 on the occasion of the first
accurate measurement of this velocity by Léon Fou-
cault (1819-1868), appears to us of particularé@se

Le Verrier (1862) reminds us that the astronomanJe
Picard (1620-1682) was sent to Denmark in 1671 to
measure the longitude difference between the old
observatory of Tycho Brahe and the Paris Observa-
tory, and that he was helped by a young man named
Rgmer, who “... showed such great abilities for
astronomical works that Picard took him back to
France where he became one of the most active mem-
bers of the Observatory.”

A letter from Cassini to Picard dated 3 October1167
provides further information:

M. Carcani will see that M. Colbert [the Prime Mieis
of France] knows how strongly you insist on the aedv
due to M. Bartholinfor his work on the observations of
Tycho, and will take care that the money is sertiio,

as well as the fee due to the young man you recerdma
and who worked with you at Uranibourg, so that &e c
come to Paris. He will certainly do this rapidly that
no time is lost. (Cassini, 1671; our translation).

Erasmus Bartholin (1625-1698) was a famous physi-
cist and astronomer from Copenhagen, and the young
man was obviously Rgmer. Colbert granted them
2,000 livres, as reported in another letter fronssia

to Picard dated 10 October. But let us continut wi
Le Verrier's text:
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This is Reemer’s discovery. Its extreme simplicibesl

not decrease its value. The contemporaries hase fi
dismissed it; later, they attempted to divert & péthe
merit to Cassini. It seems that in this respect the
scientific habits are the same today as they wethat
time ... When one considers the origins of a discovery, it
is rare not to find some obscurity Should we ask
ourselves if Rcemer is the sole author of the disgove
of the velocity of light, in agreement with the wnl
tradition of our time? (Le Verrier, 1862; our tréation).

3 THE ROLE AND THE RESERVATIONS OF
CASSINI

As remarked by Le Verrier (ibid.), the history dfet
discovery of the finite velocity of light is not gmly
clear. Let us examine the chronology, which is of
importance as in the case of many discoveries.

The minutes of thédcadémie Royale des Sciences
are incomplete for the year of the discovery, betwe
18 July and 14 November 1676. The missing content
can however be reconstructed, thanks to indirect
sources that cite or copy it. Jean-Baptiste Du &lam

usually derives from the emersions which occurred
immediately after the opposition of Jupiter and 8w
in the months of July or August.

This irregularity is related to a variation in thésible
diameter of Jupiter, or to the distance of Jupitem
the Earth, and it seems to come from the fact light
arrives from the satellites with a delay such thaakes
ten or eleven minutes [to cross] a distance eqaghe
half-diameter of the annual orbfour italics].

But the difficulty with this element would make the
calculation very intricate if one could not find tite
same time a method to build tables in which the tru
times of the eclipses of any satellite are obtaioely
from its mean motion and from a single prostapheric
table, without help from other tables.

This table will contain the inequality of the daysthe
true motion of the Sun [i.e. the inequality duethe
eccentricity of the Earth’s orbit], the eccentriotion of
Jupiter [i.e. the inequality due to the eccentyidf the
orbit of Jupiter] and this new, not previously dxés,
inequality. This sort of table will surpass alb$e in
use until now thanks to its shortness, to the easts
use and to the extent of the data.

(1624-1706), Secretary of the Academy from its
creation to 1697, reproduces in 1698 in Histoire de
I’Académiein Latin a text that he considers important
and little known (Du Hamel, 1698: 143-146). Hese i
an English translation of what he wrote, based on a
somewhat later manuscript that was translated into
French:

The different configurations of Jupiter's sateHiteeing

of great importance for Astronomy and Geography, Mr
Cassini found it adequate to warn astronomers on 22
August by means of a public announcement about the
way they will appear during the next year, in ortter
determine accurately their motions.

But because one cannot find copies of this report
anymore and since it is very short, we thought it
opportune to reproduce it here. Selected obsenstf
Jupiter’s satellites made by the Academy duringptist
five years have displayed a new inequality comnwn t
all of these satellites, and which is of such iniaoce
that it could cause the prediction of their eclipse be

in error by up to a quarter of an hour. For examtie
emersion of the first satellite on 16 November oscu
about 10 minutes later than according to the catimri
based on emersions observed immediately after the
opposition of Jupiter. (Du Hamel, s.d.).

If one had doubts about the correctness of thestran
cription he gives next, another document which psov

that Du Hamel is entirely reliable. Joseph Nicolas

Delisle (1688-1768) and his collaborators collated
before 1738 the minutes of the Academy (includhmy t

Figure 4: The manuscript of the text of Cassini of 22 August
1676. It is written on two pages, joined together here. It is very

now missing ones) when preparing an ambitious, butprobably from the hand of Delisle (Library of the Paris

never written, book on the history of astronomyheif
collation, which is literal, can be found in a maopt
register (Figure 4) conserved in the Library of Bais
Observatory (Anonymous 1, s.d.).
lation of their text:

Inequality of Jupiter's satellites, by M. Cassini2 2

Observatory).

The discovery of this manuscript—where the

Here is our trans mentioned date is beyond any question because the
excerpts of the Minutes of the Academy were copied
chronological

order—solves definitively a date

August 1676

The selected observations of the satellites of tdupi
decided by the Academy five years ago yielded a new
prostapheresis [irregularity of motiohthe same for all
the satellites, which is so important that it cogide an
error up to a quarter of an hour in the predictdrihe
eclipses; thus, for example, the next emersionhef t
first satellite on 16 November will occur about 10
minutes later than predicted by the calculationjctvh

problem raised by the version of Du Hamel. In effe
the page setting of his book could raise a doubtiab
the date of the discovery to which it relafeddn his

side, Pedersen (1978) supposes that Du Hamel’'s mem-

ory was failing when he reproduced this text atabe
of 75, and that his citation concerns Rgmer ratthen
Cassini. The manuscript collation negates thisobyp
esis. The first written account of the discovexyhus
undeniably by Cassini.
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It is not known if the 16 November emersion for However, he had the intuitive feeling that some of
which a delay was predicted with respect to ephem-them could result from the interaction between the

erides was actually observed or not. However,tarot
one had been observed on 9 November, with a délay o

10 minutes (Anonymous 2, 1676).

satellites (but did he know of NewtorPsincipia?)>

Rgmer’s idea was accepted with enthusiasm by
Christiaan Huygens (1629-1695), who had temp-

After the Minutes of the Academy are resumed, oneorarily left Paris for the Netherlands in June 1&r@l

reads for 21 November 1676:

discovered them through the excellent English

Romer read to the Company an account where he shows translation (by Halley?) of thdournal des Scavans

that the motion of light is not instantaneous, vhie
demonstrated by the inequalities in the immersiamd
emersions of the first satellite of Jupiter. Hdl wonfer
with Messieurs Cassini and Picard in order to inthest
report in the first Journal. (Our translation).

paper, which was published on 25 July 1677 in the
Philosophical Transactions of the Royal Society
(Rgmer, 1677). Actually, Huygens needed a finite
velocity for light in order to account for refleoti and

refraction in his undulatory theory (Costabel, 1978

The mentioned account is from an article to be Verdet, 1978), and he was very pleased with Rgmer’s

submitted to theJournal des Scavanswhich was

g

theory.” In his Traité de la Lumiéreof 1690, which

published on 7 December 1676, as we have seernWas written in 1678 (after he returned to France) a
However, Cassini soon raised objections about thewas shown to his colleagues at the Royal Academy of

hypothesis of the “...

explain an inequality that he did not clearly fiimdthe
eclipses of the other satellites:

Saturday 28 November, the Company being assembled

... the immersions and emersions of the first sagedit
Jupiter were again discussed, and the fact thasuhe

of immersions is shorter than the time of emersians

it was considered relevant that Mr Cassini gives in
writing the reasons he proposed, and MdEmer will
answer.

[The following Saturday, 5 December] MonSassini
read his observations on the inequalities of théiane
of the satellites of Jupiter. (Minutes of the Acanyeof
Sciences, 1676; our translation).

The objections of Cassini can be found in a la®t t
(Cassini, 1693a: 391; our translation):

[After correcting for the known inequalities] ... tlee
remain other inequalities in the motions of Jufster
satellites, that differ from each other. When con-
structing my first tables, the motion of the fourth
satellite looked to me more equal than those ofhal
others, and the first satellite seemed to apprdheh
equality of the fourth. | noticed that in the sedcand
the third there were more important inequalitiesd &
confessed that in the ephemerides | used some ieadpir
equations which | derived from the observations [se
later], whose causes | could not yet discover. $feur
Romer explained very ingeniously one of these in-
equalities that he observed for several years enfitist
satellite by the successive motion of light, whideds
more time to come from Jupiter to the Earth wheis it
more distant than when it is closer; but he did not
examine if this hypothesis would suit the otherkat
lites, which would require the same time inequality

Cassini (1693b: 47; our translation) also writes:

The Academy did indeed notice in the series ofghes
observations that the time for a considerable nurobe
immersions of the same satellite is appreciablytsho

successive propagation oftligh Science, in particular the
.", and he attempted to raise other possibilities t

than for the same number of emersions, something
which can be accounted for by the hypothesis of the
successive motion of light: but this was not enotmh
convince the Academy that the motion of the light i
indeed successive, because one cannot be certtin th
this time inequality is not produced by the ecdeityr

of the [orbit of the] satellite, or by irregulags in its
motion, or by some other cause not yet understibad,
might become clear in the future.

famous Messieurs,
Cassini, Romer and De la Hire ..."”, Huygens repro-
duces the demonstration of Rgmer, “... waiting fan hi
to give every element for its confirmation.” (Huyge
1690: 467). Then he calculates the velocity ohtlig
from Cassini’s and Rgmer’s data, and finds it

. more than 600,000 times larger than that of spund
which is not at all the same thing as being instan-
taneous, since there is the same difference asebatw
something finite and something infinite .(Huygens,
1690: 469).

In modern units, he found 230,000 km/s. Note that
Huygens was the first scientist to give a numerical
value for this velocity (Wréblewski1l985); neither
Cassini nor Rgmer had attempted this, probably
because they considered that the velocity was incon
ceivably large. There is in thdistoire de I'’Académie
Royale des Sciencdsr 1676 (on page 215) a figure
for the velocity of light of “... 48,208eues communes
of France [per second] ..”but one should realize that
this text was only printed in 1733. The context
suggests that it was written by Fontenelle some tim
after 1707.

4 WHY DID CASSINI PERSIST WITH HIS OPINION?

Cassini had doubts about the explanation of some
astronomical phenomena several years before 1676.
His certainties began to be shaken as early as, D871
the matter of an apparent displacement of Polaitis w
respect to the North Celestial Pole, which he dis-
covered® This displacement was real, but neither
Cassini nor Picard nor Jean Richer (1630-1696), who
also observed it, could understand the cause, which
was aberration. What is important for us herena,t
probably for the first time in his career, Cassiais in
doubt: would it ever be possible to do better than
Tycho Brahe, who reached an accuracy of the orfler o
one minute of arc in his observations?

This position of doubt was also his when he
discussed the delays in the eclipses of Jupiter's
satellites. His carefulness explains why he pregdos
several hypotheses on the same footing: either the
delays were due to the finite velocity of light, they
came from other causes, like a variation in the
diameter of Jupiter. The possibility of such aiaton
looks absurd to us, but in Cassini's time it wag, no

Thus Cassini abandoned the hypothesis of the finitesince nothing was known about the physical natdire o
velocity of light, because of irregularities in thtion ~ the planets. Cassini himself discovered variaplets
of Jupiter's satellites that he could not undemstan on Jupiter, and he thought that he saw dark zones o
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the satellites which made their apparent diameterin 1741, these were the best Jovian satellite $able
variable? available at the time (Wargentin, 1746). Theséetb

. . - d to a lesser extent those of Giovanni Domenico
Cassini's doubts about the hypothesis of the finite an . .
velocity of light are those of an experienced st#n Maraldi (17091788, a nephew of Maraldi 1), were

; . « d by Jean-Sylvain Bailly (see Condorcet, 1763),
as claimed by Fontenelle (1707: 79), “... an hypothe-us‘e e o !
sis must account for everything.” Giacomo Filippo Joseph-Louis Lagrange (1766) and Pierre-Simon La

Maraldi | (1665-1729), Cassini's nephew who also ghaﬁ,?eg,l;gft)ehri't:gpport of their theory of the roptof
worked at the Paris Observatory, writes: “In oréar P '

an hypothesis to be accepted, it is not enoughithat :

agrees with some observations, it must also be conf5 HALLEY'S CRITICISMS
sistent with the other phenomena.” (Maraldi, 1707: The English astronomer Edmond Halley (1656-1742)
32). If one was unable to find the expected detays is well known for having shown that the comet to
advances in the eclipses of the other satellites ofwhich his name has been given reappears regularly
Jupiter, masked by irregularities that could onky b every 76 years or so. Halley (Figure 5) knew Gassi
seen without understanding them, one had to abandonery well, and visited him at the Paris Observatory
their explication in terms of the successive motodn  during the first months of 1682, Halley was thus
light. Maraldi also considered rightly that thecemn- very aware of the work carried out at the Obsemyato
tricity of the orbit of Jupiter, which is ratherrige, on the satellites of Jupiter. In 1694, he publisie
should affect by several minutes the delays or ad-adaptation for London of Cassini's new ephemerides
vances of the eclipses if they were due to thadfini for Jupiter's satellites (Halley, 1694). He acknow
velocity of light, but he claimed in 1707 (ibidhat he  ledged that they were rather exact, but he made im-
had not seen this effect (which however was foundportant criticisms.

later!). Backed up by this new argument, Casgirgls

to his position until the end of his life. Conwvelss
Rgmer threw himself without hesitation into promgti
the hypothesis of the finite velocity of light. &n
should remember that his article was published with
the agreement of Cassini and Picard, who let hka ta
sole responsibility for this.

Rgmer never made public a refutation of Cassini's
arguments against the successive motion of light.
However, this can be found in a letter in Latinttha
wrote to Huygens on 30 September 1677, where (at
Huygens’ request) he provided details of the discpv
(Huygens, 1888-1950, t. 8: 32-35). From this fetite
seems that Picard shared Cassini’'s doubts. Rgmer
gives four reasons which, according to him, explain
why the advances or delays due to the finite velaui
light cannot be seen clearly in the three exte@Gulll-
ean satellites: their immersions and emersiondemse
frequent than for the first satellite; their motsoare
slower so that the timing of these events is less
accurate; the uncertainties in the inclinations aodes
of their orbits might also give errors of severahuates
for eclipses occurring obliquely in the shadow; and
finally:

It is certain that these satellites exhibit irregities that
are not yet determined, either due to eccentrifify Figure 5: Edmond Halley (after Wikipedia Commons).
their orbits] or to some other cause, which produce

discrepancies between observations and the theafies

D. Cassini of time intervals two or three times arg _ Halley's text of is very interesting. He adopts as
than the one we are looking for and determine ftoen most ingenious’ Rgmer’s hypothesis, acknowledges
first satellite. (Huygens, ibid.; our translation). Cassini’'s opposition, then gives details aboutwiag

the latter constructed his new tables. Maraldi |

This is not really an explanation, since Rgmere lik explained why Cassini did not take the eccentrioity

tcr:gsszméiggr%p?ggirgs' dls{ler:oi; uanndoeiaset?r;)(;rtthgf rtenag[l)en f Jupiter’s orbit intq account, “... which Woulq ocaAsi
: a much greater difference than the Inequality pitduo

Rgmer demonstrates in a most convincing way that ng ; . . 5
other cause than the finite velocity of light caceunt and the Earth’s Motion, both of which are accourited

. ; . these Tables with great Skill and Address.” Cassin
L(;rt(;tlrlli?edelays or advances in the eclipses of st f introduced an inequality in the orbital motion diet
' first satellite, assuming that the eclipses ocaldrém
In spite of Cassini's views, the idea of the finite 10s earlier when Jupiter was in opposition thatmwite
velocity of light made its way into France and else was in conjunction (we do not understand why Cassin
where. If Maraldi | did not take the velocity ot choose this value, which is too small); which cerre
into account in his tables, the Swedish astrondredir sponds to an inequality of 2° in the orbital londi of
Wilhelm Wargentin (1717-1783) did in hiBabulae the satellite as seen from Jupiter. Halley (ibbj-
pro calculandis eclipsibus satellitum Jovi€alculated  tinues:

101



Laurence Bobis and James Lequeux

Cassini, Rgmer and the Velocity of Light

But what is most strange, he affirms that the same
Inequality of two Degrees in the Motion, is likewis
found in the other Satellites, requiring a muchatge
time, as above two Hours in the fourth Satellitbich

if it appeared by Observation, would overthrow Mon-
sieur Romer’'s Hypothesis entirely. [so] Monsieur
Cassini has, by hiBraecepta Calculis.. supposed that
the Minutes thereof to be increased in the same pro
portion; as instead of 1410. in the First, to be 28

27 . in the Second, 5722 . in the Third, and no less
than 2h. 14 7 . in the Fourth; whereas if this second
Inequality did proceed from the successive propagat
of Light, this ZAquation ought to be the same incéll
them, which Monsieur Cassini says was wanting to be
shown, to perfect Monsieur Romer's Demonstration;
wherefore he has rejected it as ill founded. Batdhs
good cause to believe that his motive theretdhas he
has thought not proper to discover.

From the letter of Rgmer to Huygens cited above, we
can understand why Cassini used this ‘most strange
trick when building the ephemerides for the externa
satellites: he had observed for them inequalities “
two or three times larger ...” than for lo.

Halley then attempted to confirm the hypothesis of
the finite velocity of light. Analysing various sérva-
tions, some of which were made by Cassini, he sdowe
that the inequalities for the third and the fousttel-
lites are much smaller than considered by Cassir,
were compatible with the idea of the successivepgro
gation of light. Halley finally noted that Cassi
tables, printed in Paris by the Royal Printing Cfi
were full of mistakes “... which yet ought not in the
least to be attributed to the Excellent Author, tather
to the Negligence of those employed by him.”

Therefore, in spite of his admiration and respect f
Cassini, Halley did not hesitate to strongly ciritechis
stubbornness in rejecting the idea of the finitleity
of light, and also the strange recipes he usecuiiol b
the tables of the second, third and fourth sagallibf
Jupiter—which were fortunately much less observed
than the first satellite.

6 CONCLUDING REMARKS

A text by Fontenelle (1707), the successor of Du
Hamel as the Secretary of the Academy, summarize
the facts quite correctly, and we now see thatether
no reason to contest it as has been done by sever
commentators (including Le Verrier):

The observations of Jupiter's satellites made by th
Academy from 1670 to 1675 lead to the discovery in
their motion of an inequality not previously known

M. Cassini and M. Roémer, then a member of the
Academy, after scrutinizing this anomaly, foundttha
depended of the distance of Jupiter from the Earth
They called it the second inequalityA very ingenious
conjecture on the cause of this inequality firsteato
the mind of the two astronomers. They imagined tha
the motion of light was not instantaneous as al/jmus
philosophers believed, but that it took some time t
spread... M. Cassini proposed this idea in a writing
published in August 1674 [actually 1676, for Fortiém
was fooled by the page setting of Du Hamel's bood a
made a further careless mistake], to announcettoras
omers the second inequality he had discovered en th
satellites of Jupiter. To gain their confidence, fre-
dicted that this inequality would cause a delayl6f
minutes, with respect to the calculations, for amee
sion of the first satellite due for the following Nov-
ember.

But M. de Cassini did not remain convinced for long
that the successive propagation of light produdes t

second inequlity, while conversely M. Roémer stuzk t
this hypothesis, and maintained it with such sttieng
and subtlety that it became his own, and that gelar
number of skilled philosophers took it from him.

Indeed, it was worthy of inspiring some sort of gas

in a high-spirited man. Why should light be abte t
cross space instantaneously, but not a piece adblenar
[i.e. a material object]? The motion of the magbtie
body can only be faster than that of a heavierrante
massive object, but it cannot be instantaneougreith

If one wishes that the motion of light be not alrea
change of place, an effective transport, but a Emp
pressure of some subtle matter, an undulation,s@in
another one but it does not spread in an instant.
Moreover, the 14 minutes that light takes to cribes
diameter of the Earth’s orbit, i.e. 66 millions lafues,
makes it pleasantly easy to perform calculationshim
motion, to compare it to that of sound, to builcdopt
elevated and subtle speculations, and all thisup€liss

in favour of the hypothesis. (Our translatidh).

However, convinced by the arguments of Maraldi |
published in the same volume, Fontenelle concluded
that

... we must abandon, although perhaps with regret, th
ingenious and attractive hypothesis of the suceessi
propagation of light, or at least the only certemdence
that we thought we had for it, because a missedfpro
does not make a thing impossible. (ibid.).

As we have seen, the English astronomers were
much less reluctant to adopt the hypothesis. émée,
one would have to wait until 1728, the date of the
discovery of aberration by James Bradley, to see
scientists convinced that the propagation of lighis
not instantaneous. Bradley (1728) understood that

... [if] Light was propagated in an Instant, thenrthe
should be no Difference between the real and @sibl
Place of an Object ... [and that] if Light was proatzgl

in Time, the apparent place of a fixt Object woulut

be the same when the Eye is at Rest, as when it is
moving in any other Direction, than that of the éin
passing through the Eye and Obiject; and that, when
Eye is moving in different Directions, the apparent
place of the Object would be different ...

This is aberration. Bradley realized that his oisry

Ronfirmed at the same time the finite velocity ight

d the revolution of the Earth around the Sun (the

n
‘ﬁrst observational proof of the hypothesis of Cepe

nicus). He admitted, however, that since no org ha
yet succeeded in observing the annual parallahef t
stars, which also resulted from the revolution lod t
Earth,

. the Anti-Copernicians have still room to object
against the Motion of the Earth; and they may have
(if they please) a much greater Objection agaihst t
Hypothesis, by which | have endeavoured to solee th
fore-mentioned Phaenomena; by denying the progeessiv
Motion of Light, as well as that of the Earth. Bulo
not apprehend, that either of these Postulates heill
denied by the Generality of the Astronomers and
Philosophers of the present Age. (ibid.).

But let us come back to our question: who discavere
the finite velocity of light? If we take literallthe text

of 22 August 1676, then it was Cassini. This &oal
affrmed by Jean Etienne Montucla (1758: 579) who
wrote:

One generally attributes to Roemer the merit of igvi
found an explanation both likely and ingenious ta t
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phenomenon. But this is mistaken; one can see in a
writing by Cassini, published in August 1675 [aclyal
1676], that this astronomer was the first author.

However, perhaps Cassini wrote on behalf of his
team, which included Picard, Rgmer and perhaps even
Richer and Philippe de La Hire (1640-1718). This
becomes a most convincing hypothesis when one reads

the minutes of the Academy and considers the wgrkin 5.

methods at the Paris Observatory: it may be that th
discovery was collective, and was due to both @assi
and Regmer, as suggested by Fontenelle (we should
remember that Cassini was still alive when Fontenel
was writing his ‘history’, and that they both attien

ed Academy meetings every Saturday). In any case,
Cassini cannot be dismissed for this discovery, as
proposed by some commentators, and we must ac-
knowledge his eminent contribution to the solutian

of one of the most beautiful problems in physics.”
(Cassini, 1693b: 46). He behaved like an open-gtnd
scientist, who left to others the possibility obproting
ideas opposite to his own beliefs; but he also gtbw
some stubbornness when refusing to adopt the iflea o
the finite velocity of light, in spite of Halley’demon-
stration—which he could hardly ignore.

Even if the discovery of aberration solved in a de-
finitive way the problem of the velocity of lighthe
situation surrounding the ephemerides of Jupiter's
satellites remained unsatisfactory until the tinfida-
grange and Laplace, in spite of the efforts of Véarg
tin and of Maraldi Il. Empirical terms were still
introduced in order to account for the observations
the best possible way. The ephemerides remained in
use for determining longitudes until the end of the
eighteenth century, because they were precise énoug
in the short-term to give time, hence longitudethini
a few minutes: this only required a single eclipse
observation, without need for comparison with a
simultaneous observation in Paris. But this waly on 7
possible on land; observations of Jupiter’s saaslli
made at sea were impossible in practice becaute of
motions of the ships. In this case, the solutioally
came with the construction of precise marine chrono

meters by John Harrison (1693-1776) in Englandg

between 1737 and 1773. Good marine chronometers
were also built in France by clock-makers like Ferd

and Berthoud (1727-1807), Duroy and Jean-André
Lepaute (1709-1789), and were tested ashore and at
sea by astronomers. By 1800, longitude could be
determined within a fraction of a degree on voyaafes
one or two months’ duration.

7 NOTES

1. Rgmer’s name is also spelt Rdmer, Roemer, Rcemer
and even Romer.

. The observations used in the discovery are el
in a manuscript by Rgmer which was written two
years later.

. Astronomers used to cgbrostapheresigmodern
equivalent: equation of centre) the difference be-
tween the mean and the true position of the Sun, of
a planet or of a satellite.

. Du Hamel inserts the text in question in page a#
his book, in a chapter entitled “De rebus Astro-
nomicis anni 1675” (beginning on page 143). In
the margin of page 144 we find the mention ‘Ann.
1675’, but at the end of the chapter, on page 46,

becomes ‘Ann. 1675 & 76’. It is clear, when

reading the chapter, that the text dated 22 Auigust

from the same year as the publication by Rgmer,
i.e. 1676, but some commentators confused the
dates: for example, Montucla (1758) attributes the
text to August 1675 and Fontenelle (1707) to
August 1674.

Indeed, Cassini writes in an unpublished profect
an ‘Abrégé d’'Astronomie’ preserved in the Library
of the Paris Observatory:

The observations show that aside from the known in-
equalities there are others which are larger in the
second and the third satellite, and smaller infits¢
and the fourth. They clearly change their distance
from Jupiter and anticipate or delay conjunctiond a
eclipses.

Reason demands that there are three others similar t
those of the Moon, and more difficult to disantangl
because one of them results from the equilibriurallof
satellites together, which is continuously changing
produces effects on each satellite. Experienca&vsho
however that the sum of these inequalities is aad
and that they do not prevent a prediction of the
conjunctions and eclipses with approximately theea
accuracy as for the predictions of those of the &uh

of the Moon. (Cassini, MS B4[2]; our translation).

6. On 14 October 1677 Huyger@duvres Complétes

1888-1950, t. 8: 36-37; our translation) wrote to
Colbert, the Prime Minister of France:

I have seen recently with much pleasure the begutif
invention [sic] of Mr. Romer, to demonstrate thaghli
takes time to propagate, and even to measureirtigs t
this is a very important discovery, worthy of a €on
firmation by the Royal Observatory. As to myself,
this demonstration suits me more especially as, in
what | am writing about Dioptics, | supposed thmea
thing about light, and demonstrated with it the
properties of refraction, and recently those of the
Iceland Cristal.

. These ‘lieues de 25 au degré’ measure 4,44%metr
so the velocity of light is calculated as 214,000
km/s, a figure somewhat smaller than that derived
by Huygens and much smaller than the current
value of 299,792.458 km/s.

Here is what Cassini observed, as documented in
letters to Picard, written in Italian, and preserue

the Library of the Paris Observatory (Ms B4[3]).
On 24 October 1671, Cassini wrote:

| already told you about the difference | found foe
largest elevation of the Pole Star observed ldst fa
with respect to the present onel plan to set up a
fixed telescope in order to see if this differermcses
from the thing itself, or from the observation. (Ou
translation of the French translation Ms A4[2]).

The “largest elevation” was the elevation of the
Pole Star above the horizon at culmination. If it
varied, this was because the Pole Star was getting
closer or further from the North Celestial Pole.
Picard wrote Cassini on 13 November 1671 that he
had also seen this variation:

| can say that, unless the observations | have raestie
summer during several following evenings are wrong,
the Pole Star must presently be at a distance fh@m
Pole of 2° 2830 instead of 2° 2810 . Whatever it
may be, | have not much difficulty to imagine thia¢
axis of diurnal motion of the Earth, by changing it
parallelism [sic], might experience some periodical
agitation or libration. This would be enough to
account for these kinds of anomalies. (Our trans-
lation).
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Cassini asked more questions of himself, before*Cassini J.-D., 1693a. Les hypothéses et les tables
writing to Picard on 14 January 1672: satellites de Jupiter, reformées sur de nouvelles
| have found the largest elevation of the Pole Star ~ OPservationsHistoire de 'Académie Royale des Sciences,
similar to that last fall.. | examine if the differences avec les Mémoires de Mathématiques,8; Mémoires

- - ; inted in 1730), 317-392.
could arise from the quality of the air, altered thg (prln. f ’ N N
exhausts and the smoke from the city above whieh th ~~Cassini J.-D., 1693b. De Torigine et du progrée d

visual rays propagate. [Note that Paris Observatory  SWOREN, S 8 520, (SRl o B, ORI B
was located to the south of the city.] (Our tratisf. avec les Mémoires de Mathématiques,8; Mémoires l

He then writes Picard again on 11 February: (printed in 1730), 1-52.

The confrontation of the observations of the distan *[Condorcet, M.J.AN. Caritat de], 1763Histoire de
of the Pole Star to the Pole, made by you, by M. ’Académie Royale des Sciencpsur 1763 (printed in
Richer and by myself, shows that the differencehef t 1768), 66-77.

instruments, or our estimate, or the differencehia Cook A., 1998 Edmond Halley, Charting the Heavens and
quality of the air, or all these things together rout the SeasOxford, Clarendon Press.

allow an exactness better than a quarter or a tiiad Costabel P., 1978. La propagation de la lumiére sams-
minute of time [probably of a degreg]Our trans- port de matiere de Descartes & HuygenRdemer et la
lation). Vitesse de la LumiéreParis, Vrin (Collection d’histoire

9. Du Hamel (1698: 27) comments on Cassini's _des sciences, 3 —C.N.R.S.). Pp. 83-91.
observations(as foIIows:) Débarbat S., 1978. La qualité des données d’ohsenga

traitées par Roemer. Roemer et la Vitesse de la Lumiére

There are some parts in the satellites that doeieict Paris, Vrin (Collection d'histoire des sciences, 3 -
light so that they are larger than they look. Tisis C.N.R.S.). Pp. 143-157.

confirmed by the shadow of the fourth satellite fba Du Hamel, J.-B., 169%Regiae Scientiarum Academize, in qua
disk of Jupiter] because it sometimes looked more  nrapter ipsius Academize originem & progressus, vatiasq
extended than the satellite itself. And becausseh dissertationes & observationes per triginta annastés,
kinds of spots do not always show up, and sometimes  quam plurima experimenta & inventa, cum Physicay tu
the satellites in the same situation with respect t Mathematica in certum ordinem digerunturParis,

Jupiter and the Sun do not always appear with the Stephane Michallet.
same magnitude, MCassini believes that one may  py Hamel, J.-B., s.cExtrait du £ Volume de Phistoire de
conclude that they rotate around their axis or thay I'’Académie par M Duhamel Concernant Particuliérement
suffer some physical changes which cause sometimes  \. Cassini Library of the Paris Observatory (Ms B4(1)).
their spots to appear then to disappear, as itér®p  Fontenelle, B. le Bouyer de, 1707. Sur la secondgaliité
on Jupiter. One might also conjecture that thera i des satellites de Jupitddistoire de 'Académie Royale des
kind of atmosphere around the first satellite, frtira Sciences avec les Mémoires de Mathématicarese 1707
fact that Mr Cassini sometimes could not see its (printed in 1730)Histoire, 77-81.
shadow on Jupiter when it was crossing its diskir(O  Fontenelle, B. le Bouyer de, 1740. Préface ..Eloge des
translation). Académiciens, avec I'histoire de I'Académie de®IBms
10. Indeed, it is Cassini who suggested to Halley t en 1699La Haye, van den Kloot. Pp. 1-30.
some comets should appear periodically (see CookHalley E., 1694. Monsieur Cassini his new and exalcles
1998: 115). fﬁr tgel_eclips_tles of tge firs_td_satelli‘teLofa]ugri]tglgduc%q t?
: : . the Julian stile, and meridian of LondoRhilosophica
11'";52'5 dcs)ﬁgtte?r:::t Ilia?lgr;ea\\,gzitseosbsccgginit)lgf tirr]:asriﬁ- 'S Transactions of the Royal Society of Londb®, 237-256.
cerity *Hulygens C., 1888-1950Fuvres Completed.a Haye, M.
: Nijhoff, 22 volumes.
12. Cassini indeed adopted 14m 10s for his nevesabl *Huygens C., 1690. Traité de la lumiére. IEuvres
instead of the 20 to 22 minutes announced before. complétest. 19, 451-537.

The actual value is 16m 28s. Lagrange J.L. de, 1766. Recherches sur les inégaliés
satellites de Jupiter causées par leur attractiatuetie.
8 REFERENCES Prix de '’Académie Royale des Sciences pour 1769,

- ) reproduced in &uvres de Lagrangd. 6 (éd. 1867) Paris,
The original documents available through http://  Gauthier-Villars. Pp. 67-225.
gallica.bnf.fr are indicated by an asterisk. Treih and Laplace P.S., 1788. Théorie des satellites de elypite
French texts cited from these documents are not gSatyme et d'UranusHistoire de 'Académie Royale des

reproduced in the notes of this paper. Sciences, avec les Mémoires de Mathématiqaeage
Anonymous 1 [very probably Delisle], s.Becueil d’obser- 1788 (printed in 1791), 249-364; reproduced in his

vations et de Dissertations Astronomiques Tirées de *@Euvres CompletesRaris, Gauthier-Villars (1878-1912),

Registres Manuscripts de '’Académie Royale demSege t. 4. Pp. 1-20.

Library of the Paris Observatory (Ms. B-2-7 (105)). *Le Verrier U.J.J., 1853. Mesure de la vitesse al@umiére

Anonymous 2 [Du Hamel?], 1676. Démonstration tomtha  dans le ciel et a la surface de la terre. — Coreséms pour
le mouvement de la Lumiére trouvé par M. Roemer. In le systéme du monde’année Scientifique et Industrielle
*Histoire de I'Académie Royale des Sciences, avec le 7°année, 37-54.

Mémoires de Mathématiques et de physiqu (printed *Maraldi G.F., 1707. Considérations sur la secoinégalité

in 1730),Mémoires 575-577. du mouvement des satellites de Jupiter, & sur Gtlgpse
*Bradley J., 1728. A letter from the Reverend Mrmésa du mouvement successif de la lumiendistoire de
Bradley ... to Dr. Edmond Halley ... giving an accbaf a 'Académie Royale des Sciences avec les Mémoires de
new discovered motion of the fixd starBhilosophical Mathématiquesannée 1707 (printed in 173Mlémoires
Transactions of the Royal Society of Lond2#) 637-661. 25-32.
*Cassini J.-D., 1692. Nouvelles découvertes de rdas Meyer K., 1915. Om Ole Rgmers Opdagelse af Lysets
Périodes de mouvement dans la Planete de Jupi#eunjd Taven. Naturvidenskabelig og Matematisk AfdelintR,

le mois de Janvier 1691 jusquau commencement de 105-145 (in Danish, with a French summary on pdgs
'année 1692Mémoires de Mathématique et de Physique, 145).

tirez des Registres de I'Académie Royale des Szienc Montucla J.E., 1758Histoire des Mathématiques., II.
Année 1692, t. 10 (printed in 1730), 1-9. Paris. *New Edition (1799-1802), Paris, H. Agasse.
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