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“What grounds have we for
judging the true mass of comets?
What certainty have we that they
are solid bodies rather than
gaseous ones?”

“Ether has always been regarded
as a substance of infinite lightness
and as offering scarcely any
resistance; how, then, are we to
explain the ascent of cometary
particles? Should we suppose the
ether to become denser than they
are?”



Anonymous, Johannes Kepler, 1620 
(Chapitre de Saint-Thomas, Strasbourg).

Johannes Kepler, De cometis libelli tres, 
Augustæ Vindelicorum, 1619



JOHANNES KEPLER
De Cometis libelli tres, Augustæ Vindelicorum, 1619

Ignoscant igitur Philosophi, antiqua dogmata tuentes, nova fabricanti dogmata, seu
potius vetera illa Anaxagoræ et Democriti revocanti: quodque huc usque in scholis negatum
fuit, in cælo generationes et corruptiones inesse, non minus atque in hac terrestri et rapida
aura; id ex professo statuenti.

Et si vero Cometæ in ipso æthereo oriuntur, non tamen ideo circularibus motibus
præditos existimo, ut Planetæ; sed rectilineos, ut Bolidas, seu ignes artificiales. (Pag. 100)

Let the philosophers, then, who uphold the ancient doctrines, forgive one who fashions
new doctrines—or rather, one who calls back to life those old doctrines of Anaxagoras and
Democritus—and who openly maintains that generation and corruption are present in the
heavens no less than in this terrestrial and ever-changing atmosphere. And even if
comets do arise in the ether itself, I do not therefore suppose that they are endowed
with circular motions, like the planets, but rather with rectilinear motions, like bolides or
fireworks.



Nec minus ætherem Cometis refertum esse puto, quam Oceanum piscibus. Quod
autem rari apparent nobis, ingens ætheris vastitas in causa est. […] Sæpe etiam prius
videri quam esse desinunt. Nec minus ætherem Cometis refertum esse puto, quam
Oceanum piscibus. Quod autem rari apparent nobis, ingens ætheris vastitas in causa
est. […] Sæpe etiam prius videri quam esse desinunt. Cum enim præterita semel tellure,
iam porro in profundum ætheris feruntur, a tellure discedentes; paulatim minori
cernuntur angulo, & tandem evanescunt. Ut plurimum etiam conduntur sub sole
radiosi, atque deficiunt modis incognitis; incertumque tunc, utrum extinguantur,
dissiliant, dissipentur, an deflagrent cinisque fiant. (Ibid.)

Nor do I think the ether any less filled with comets than the Ocean is with fish.
The reason why they appear so rare to us is the immense vastness of the ether. […]
They often become visible before they cease to exist. For once they have passed
beyond the Earth, they are carried ever farther into the depths of the ether, receding
from the Earth; gradually they are seen at a smaller and smaller angle, and
eventually disappear. For the most part, moreover, they are concealed beneath the
Sun’s radiant light, and vanish by means unknown to us; and it is then uncertain
whether they are extinguished, broken apart, dispersed, or consumed by fire and
reduced to ashes.



Coacta materia in orbem, ex natura omnium rerum, quae uniuntur, & sole rectis radiis
pellucidum hunc globum ferientibus atque penetrantibus, existimo sequi aliquid de intima
Cometa materia, exireque viam eandem, quàm prerrumpunt Solis radii: atque hoc pacto
corpus Cometæ perlui, colorari, & denique annullari, & sicut Bombices filo fundendo, sic
Cometas Cauda expiranda consumi & denique mori. Sic penes nos hic in terris, Sole &
linteis, omne genus colorum extinguit & delet, materiam, in qua color habet, disiiciens:
usque adeo plane candidissima fiant. (Ibid.)

When the matter has been gathered into a spherical form, in accordance with the
nature of all things that coalesce, and as the Sun strikes and penetrates this transparent
globe with its direct rays, I suppose that some portion of the comet’s innermost matter
follows [the same course] and makes its way out along the same path through which the
Sun’s rays force their passage; and that in this manner the body of the comet is permeated
by the rays, takes on colour, and is finally annihilated; and that, just as silkworms consume
themselves in producing their thread, so comets consume themselves in expelling their
tails and finally perish. Thus here on Earth the Sun, acting upon linen, extinguishes and
effaces every kind of color by breaking down the matter in which the color resides, until the
linen becomes perfectly white.



Godfrey Kneller (1646–1723), Isaac Newton, 
oil-on-canvas, 1689,  private collection of the 
Earl of Portsmouth.



Comet C/2014 UN271 (Bernardinelli-Bernstein) is currently the record-holder for big
comets (85 miles). Credit: NASA, ESA, Zena Levy (STScI)



Comet 67P/Churyumov-Gerasimenko

on 3 August 2014 from a distance of 285 km



Abbildung und Beschreibung deß 
wunderwürdigen unvergleichlichen Cometen
(“Illustration and Description of the Wonderful
and Incomparable Comet”), Nuremberg, 1680.



The Great Comet of 1680



For the Sun's rays do not act any way upon the mediums which
they pervade, but by reflection and refraction. And those reflecting
particles heated by this action, heat the matter of the Ether which
is involved with them. That matter is rarefied by the heat which it
acquires, and because by this rarefaction the specifick gravity, with
which it tended towards the Sun before, is diminished, it will
ascend therefrom like a stream, and carry along with it the
reflecting particles of which the tail of the comet is composed; the
impulse of the Sun's light [...] promoting the ascent. (Isaac
Newton, A Treatise of the System of the World, London, 1728, pag.
124)



Sarah Hoadly (1676-1743), William Whiston , c. 
1720, oil on canvas, National Portrait Gallery, 
London



Lemuel Francis Abbott, William 
Herschel, 1785, oil on canvas, 
National Portrait Gallery , London



How much does a comet weigh?
Prego!



Pierre-Simon Laplace (1749 –1827)
Gravitation perturbation method (1805)



Jacques Babinet (1794–1872)
Optical (photometric) method (1857)

Total mass of Comet Encke ≈ 2·10^9 kg (Babinet)
Actual estimated mass ≈ 6 ·10^13 kg



Édouard Albert Roche (1820–1883)

Extent of cometary atmospheres method (c. 1860)



Édouard Albert Roche (1820–1883)
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