








The Solar System (sizes to scale, distances not to s
Credits: CactiStaccingCrane (Wikipedia)
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The eccentric orbit of Mercury (in yellow) compared to a circular orbit with the same semi-major axis (in grey)
Credits: Eurocommuter (Wikipedia)



interior planet



transit of Mercury



Transit of Mercury on November 11, 2019
Credits: NASA/Joel Kowsky



orbital period

tidally locked 3:2 spin-orbit resonance
spins orbits



* Solar or synodic day: Sun

* Sidereal day: fixed star



* At 12:00 solar time on day 1,

both the Sun and a fixed star
are at the zenith.

* At 11:56 on day 2, the fixed
star is back at the zenith.
One sidereal day has passed.

4 minutes later, at 12:00 on
day 2, the Sun is back at the
zenith. One solar day has
passed.

Sidereal Time vs. Solar Time
Credits: Xaonon (Wikipedia)
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Photograph of Mercury from MESSENGER's first flyby of the planet
Credits: NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington



The Picasso crater on Mercury
Credits: NASA/Johns Hopkins Universit







iron-nickel core
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core mantle crust



Layers of Mercury, including the core, mantle, and crust
Credits: A loose necktie (Wikipedia)



interior planet



Animation of the orbits of the 4 inner planets. The circular rings in the grid are 0.5 AU apart. Each small sphere along the orbit represents one Earth day.
Credits: Datumizer (Wikipedia); animation URL: https://en.wikipedia.org/wiki/File:Solar system orrery inner planets.gif



https://en.wikipedia.org/wiki/File:Solar_system_orrery_inner_planets.gif

https://stellarium.or


https://stellarium.org/

Venera 1

https://engaging-data.com/mercury-closest


https://engaging-data.com/mercury-closest/

transit of Venus
pairs



Transit of Venus on June 5, 2012, as seen by NASA's Solar Dynamics Observatory in the extreme ultraviolet range
Credits: JAXA/ISAS/DARTS/Kevin M. Gill



https://svs.gsfc.nasa.gov/vis/a010000/a010900/a010996 /index.html


https://svs.gsfc.nasa.gov/vis/a010000/a010900/a010996/index.html




Image of Venus's cloud structure in the ultraviolet band, as taken by AKkatsuki, Japan’s Venus Climate Orbiter
Credits: JAXA/ISAS/DARTS/Kevin M. Gill



counterclockwise

retrograde rotation clockwise



 Venus's is ~177°, very close to 180°, indicating that the
rotational axis is tilted “upside-down” compared to the orbital axis.

* Uranus's axial tilt is ~97.8°, close to 90°, indicating that the
rotational axis is tilted almost perpendicular to the orbital axis.

* Compare this with the Earth’s axis tilt of 23.4°.

23.4°
97.8°

177°

Earth Uranus Venus

Credits: Modification of work by Tfr000 (Wikipedia)
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e 1 on Venus (full rotation with
respect to fixed stars) is ~243 Earth days.

* [tis the longest sidereal day among all the

planets. @ “

* The sidereal day is longer than the solar
day, unlike Earth or Mercury, because
Venus has retrograde rotation. 12:00:00 11:56:04 12:00:00

* In other words, the effect is of
. P P

what's illustrated here for Earth.
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Sidereal Time vs. Solar Time
Credits: Xaonon (Wikipedia)



https://universesandbox.com


https://universesandbox.com/
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atmospheric pressure



greenhouse effect



infrared radiation
greenhouse gases



runaway greenhouse effect



We don't know much about the internal structure of Venus, but it should have a differentiated structure with a core, mantle, and crust, like Earth and Mercury.
Credits: Urutseg (Wikipedia)






The terrestrial planets. Sizes to scale, distances not to scale.
Credits: NASA/JHUAPL; NASA/Johns Hopkins University APL/Carnegie Institution of Washington; NASA/Apollo 17 crew; ESA/MPS/UPD/LAM/IAA/RSSD/INTA/UPM/DASP/IDA



Red Planet






True-color image of Mars acquired by India's Mars Orbiter mission on October 10, 2014, from an altitude of 76000 km.
Credits: ISRO / ISSDC / Justin Cowart



Comparison of the internal structure of the inner planets (and Earth’s moon).
Credits: NASA



Phobos Deimos



The moons of Mars: Phobos (left) and Deimos (right).
Credits: NASA / JPL-Caltech / University of Arizona



Left: The moons of Mars (Phobos is the larger one) in the Mars sky as seen by NASA’s Curiosity rover from the surface of Mars. Right: view of Earth’s moon in Earth’s sky, for comparison.
Credits: NASA / JPL-Caltech / University of Arizona



volcanoes

* Olympus Mons

e Valles Marineris



Olympus Mons as seen from the Viking 1 orbiter.
Credits: NASA



Valles Marineris as seen from the Viking 1 orbiter.
Credits: NASA / USGS






The Korolev impact crater on Mars is estimated to contain ~2,200 km3 of water ice.
Credits: ESA/DLR/FU Berlin
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gas glant

Great Red Spot



Jupiter as seen by the Hubble Space Telescope in 2020. Note the bands and the Great Red Spot.
Credits: NASA, ESA, STScl, A. Simon (Goddard Space Flight Center), and M.H. Wong (University of California, Berkeley) and the OPAL team



Close-up of the Great Red Spot taken by the Juno spacecraft in 2017. (Note: the image was rotated by 90° to fit in the slide better.)
Credits: NASA / SwRI / MSSS / Gerald Eichstadt / Sean Doran



Color animation of Jupiter's cloud motion and circulation of the Great Red Spot.
Credits: NASA/JPL/University of Arizona, video URL: https://photojournal.jpl.nasa.gov/catalog/PIA02863



https://photojournal.jpl.nasa.gov/catalog/PIA02863

[o Europa Ganymede Callisto



The Galilean moons, as seen by NASA's Galileo spacecraft. From left to right, in order of increasing distance from Jupiter: Io, Europa, Ganymede, and Callisto.
Credits: NASA/JPL/DLR
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Number of Known Outer Planet Moons, By Planet, By Year
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The number of moons known for each of the outer planets over time.
Credits: StewartIM (Wikipedia)



Jupiter as seen in infrared by the James Webb Space Telescope in 2022. Note the rings and the Great Red Spot (which doesn’t look red since this is a false-color image).
Credits: NASA, ESA, CSA, Jupiter ERS Team; Processing: Ricardo Hueso (UPV/EHU) & Judy Schmidt



The structure of Jupiter. Note that the core and the layer of liquid metallic hydrogen (a phase of hydrogen that can conduct electricity) are hypothetical.
Credits: StewartIM (Wikipedia)






The structure of Saturn.
Credits: Kelvinsong (Wikipedia)
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An artist's concept of Saturn's rings and major icy moons. The diffuse E ring extends from Mimas' orbit to Titan's orbit, about 1 million km.
Credits: NASA/JPL



Natural color view of the outer C ring and B ring, as captured in 2009 by NASA's Cassini spacecratft.
Credits: NASA / Jet Propulsion Laboratory-Caltech / Space Science Institute



The 400-meter moonlet Earhart in Sa
Credits: NASA / Jet Propulsion Laborz




Titan



Natural color image of Titan. Like Venus, Titan is covered by a dense opaque atmosphere which hides its surface.
Credits: NASA/JPL-Caltech/SSI/Kevin M. Gill



Infrared images of Titan, showing its surface.
Credits: NASA/JPL-Caltech/SSI/Kevin M. Gill



Another interesting feature of Saturn is this hexagonal cloud patte
Credits: NASA/JPL-Caltech/Space Science Institute '



A huge spinning vortex inside the hexago
Credits: NASA/JPL-Caltech/Space Scienc
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True-color image of Uranus as seen by NASA's Voyager 2 spacecraft in 1986.
Credits: NASA



The interior structure of Uranus.
Credits: FrancescoA / WolfmanSF (Wikipedia)



* Uranus is unique in the solar system, because its spin axis is
compared to its axis of revolution around the Sun.

* Its axial tilt is ~97.8°, close to a right angle of 90°.
* Thus, its north pole points toward the Sun, rather than upward.

23.4°
97.8°

177°

Earth Uranus Venus

Credits: Modification of work by Tfr000 (Wikipedia)






Uranus and its rings. Note the sideways orientation.
Credits: NASA, ESA, and M. Showalter (SETI Institute)



solstice



Uranus and its 6 largest moons. Sizes to scale, distances not to scale. From right to left: Puck, Miranda, Ariel, Umbriel, Titania, and Oberon.
Credits: NASA
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Great Dark Spot



Neptune as seen by NASA's Voyager 2 spacecraft in 1989. Note the Great Dark Spot at the center.
Credits: NASA / JPL / Voyager-ISS / Justin Cowart



A close-up of Neptune by Voyager 2. The Great Dark Spot is at the top; notice the white clouds near it. At the bottom is the Small Dark Spot, which has since disappeared
Credits: NASA / JPL / Voyager-ISS / Justin Cowart



The interior structure of Neptune.
Credits: Lajoswinkler (Wikipedia)
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retrograde orbit
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Triton, Neptune’s largest moon, as seen by Voyager 2 in 1989.
Credits: NASA / Jet Propulsion Lab / U.S. Geological Survey



Neptune as seen in infrared by the James Webb Space Telescope in 2022. Note the rings and 6 moons around it. The bright patches are methane clouds.
Credits: NASA, ESA, CSA, STScl
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Pluto as seen by NASA's New Horizons spacecraft in 2015.
Credits: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute /Alex Parker
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The internal structure of Pluto.
Credits: PlanetUser (Wikipedia)



Size comparison: Earth (right), Earth’s Moon (top left), Pluto (bottom left).
Credits: NASA; Gregory H. Revera; NASA/JHUAPL/SWRI



Pluto vs. the largest moons. Left to right: top — Ganymede (Jupiter), Titan (Saturn), Callisto (Jupiter); bottom - Io (Jupiter), Moon (Earth), Europa (Jupiter), Triton (Neptune), Pluto.
Credits: NASA



Styx Nix Kerberos Hydra

70 km Charon

Pluto’s 5 known moons. Charon is at the bottom, mostly out of frame.
Credits: NASA/JHUAPL/SwRI



Oort (OR-t) cloud

extreme trans-Neptunian objects (ETNOs)



The Kuiper Belt and the Oort Cloud
Credits: NASA



Distances In the Solar System (Logarithmic)
Credits: NASA / JPL-Caltech



Pluto and other Trans-Neptunian Objects (TNOs). Most of them are also considered dwarf planets.
Credits: Lexicon (Wikipedia)



* Small solar system bodies (SSSBs)

e Asteroids.
e Comets.

* Trojans

e Centaurs



The asteroid belt (white) and some other large groups of asteroids.
Credits: Mdf (Wikipedia)
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Comet C/2006 P1 McNaught in the sky in 2007.
Credits: fir0002 (Wikipedia)



Comet C/2020 F3 NEOWISE in the sky in 2020.
Credits: Dbot3000 (Wikipedia)



* Short-period comets Long-period
comets



dust tail gas tail



A typical orbit of a comet, showing its two tails.
Credits: OkaTan (Wikipedia)



Close up on the two tails (artist’s concept).
Credits: FOkaTtan (Wikipedia)









