i+l

NRC Publications Archive
Archives des publications du CNRC

Moons and tides
Tapping, Ken

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de l'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/23000109
Skygazing: Astronomy through the seasons, 2011-02-11

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=4a60fe09-093c-42c3-b59f-06ee2123d108

https://publications-cnrc.canada.ca/fra/voir/objet/?id=4a60fe09-093c-42c3-b59f-06ee2123d108

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’acces a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la

premiere page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

National Research  Conseil national de C dl*l
Council Canada recherches Canada ana, a



MOONS AND TIDES

Ken Tapping, 11" February, 2014

For centuries the only moon we could see details
on was ours. The moons of other planets were
dots or at most tiny discs, even through our largest
telescopes. We tried to guess what they were like
using our Moon as an example. However, we did
not consider something that is equally familiar to
us, especially if we live by the ocean — the tides.

Our ideas were based on the idea that the only
thing warming up the moons of the planets in our
Solar System is sunlight. Therefore, as we get
further from the Sun, we would expect moons to
get colder and colder. Moons orbiting beyond the
orbit of Mars would be cold enough for water to be
perpetually frozen — just another rock mineral.
Further out, gases would also become liquids.
Finally, far out from the Sun, all gases other than
perhaps helium would be solids. The moons
orbiting far from the Sun would be dark, very cold,
and devoid of any life forms we could visualize.

Then, in the 1970’s we started sending space
probes out through the Solar System to see the
outer planets and their moons close up, and got a
lot of surprises. Some of the moons turned out to
be as expected, while others were definitely not.

Our Earth and Moon pull at each other. Since the
gravitational attraction increases rapidly with
decreasing distance, the Moon pulls at the oceans
on the side of Earth facing it more strongly than it
pulls at the Earth, so the ocean is pulled up into a
bump, and the land up into a much smaller bump.
It also pulls the Earth more strongly than the ocean
on the other side, so the Earth is pulled away from
that ocean leaving it to form a second bump. As
the Earth rotates, we pass through one of those
bumps every 12 hours. We see this as the ocean
level rising and falling twice a day — the tides. This
kneading of the Earth and oceans liberates heat,
and is gradually slowing the Earth’s rotation. The
Earth has done the same thing to the Moon, with
the result that the Moon no longer rotates with
respect to the Earth, and we see the same face of
the Moon all the time.

The tidal situation is far more spectacular for the
moons of the giant planets. lo is the closest moon
to Jupiter. Since it lies so far from the Sun, we
would expect it to be frozen, but the tidal forces
exerted on it by the giant planet kneads the moon
so strongly that the heat released drives great
volcanoes, spewing forth lakes of molten sulphur
and other materials. lo is the most volcanic object
in the Solar System. Europa, the next moon out, is
less strongly heated. However, there is enough
heat to maintain under a thick layer of ice a deep,
dark ocean. Some of this heat is likely to drive
hydrothermal vents on the ocean floor, just like the
ones on the beds of our deep oceans. Here on
Earth those vents support communities of strange
animals; this could also be the case on Europa,
hence our great interest in that world. Ganymede
and Callisto, although further from Jupiter, are still
suspected to have oceans under their icy surfaces.

Titan, Saturn’s largest moon, has a smoggy
atmosphere loaded with nitrogen and
hydrocarbons, with hydrocarbon lakes and rivers
on its surface. Enceladus, another of Saturn’s
moons is suspected of being similar to Europa.

Titania and Oberon, two of the larger moons of
Uranus, the next planet out from the Sun, are
suspected to have liquid water inside them. Triton,
the largest moon of Neptune, the eighth planet out
from the Sun, has active volcanoes on its surface,
ejecting material kilometres into space.

Two of the lessons to be learned from this are
firstly, in putting together theories we often do not
pay enough attention to the obvious, and secondly,
there is absolutely no substitute for going out there
for a close look.

Venus rises about 5am. Jupiter, second only to
Venus in brightness, still dominates the sky for
much of the night. Mars rises around 11pm and
Saturn at 1am. The Moon will be Full on the 14™,

Ken Tapping is an astronomer with the National
Research Council's Dominion Radio Astrophysical
Observatory, Penticton, BC, V2A 6J9.

Tel (250) 497-2300, Fax (250) 497-2355

E-mail: ken.tapping@nrc-cnrc.gc.ca

I *I National Research  Conseil national
Council Canada de recherches Canada

Canada



