




We will learn about…

• The composition and structure of planets, moons, comets, 
asteroids, and more.

Saturn’s rings, as seen by Cassini from a distance of 725,000 km
Credits: NASA/JPL-Caltech/Space Science Institute



The Solar System (sizes to scale, distances not to scale)
Credits: CactiStaccingCrane (Wikipedia)

Dwarf planets



Mercury

• Mercury is the nearest planet to the Sun.

• From its surface, the Sun appears 3 times as large as it does from 
Earth, and sunlight is 7 times brighter.

• Its semi-major axis (average distance from the Sun) is ~58 million 
km or 0.39 AU.



Mercury

• Mercury’s orbital eccentricity is 0.206, which is the largest among 
the 8 planets. This means its distance from the Sun varies greatly.

• At aphelion (farthest point from the Sun), the distance is ~70 
million km.

• At perihelion (closest point to the Sun), the distance is ~46 million. 
That’s ~2/3 of the aphelion.



The eccentric orbit of Mercury (in yellow) compared to a circular orbit with the same semi-major axis (in grey)
Credits: Eurocommuter (Wikipedia)



Mercury

• Mercury is an interior planet, meaning that its orbit lies between 
the Sun and Earth’s orbit.

• This means that, looking from Earth, Mercury always appears 
within 28° of the Sun in the sky.

• This means Mercury can be seen near the western horizon after 
sunset or the eastern horizon before sunrise.



Mercury

• Since Mercury is an interior planet, we can see it pass in front of 
the Sun. This is called a transit of Mercury.

• This happens only rarely, 13-14 times per century, and only in May 
or November, due to the relative alignments of the orbits.

• The last transit of Mercury was November 11, 2019, and the next 
will occur on November 13, 2032.

• A transit is somewhat similar to a solar eclipse: an object is 
blocking the light from the Sun. However, Mercury is much smaller 
in the sky than the Moon, so it blocks only a tiny part of the Sun.



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



Mercury

• Mercury’s orbital period around the Sun is ~88 Earth days. It is the 
shortest among the planets.

• It is tidally locked with the Sun in a 3:2 spin-orbit resonance.

• This means it spins 3 times on its axis for each 2 orbits around the 
Sun.

• Mercury is the only tidally locked planet in the solar system.



Mercury

• On Earth, days are obviously much shorter than years.

• Recall the two definitions of a day on Earth:
• Solar or synodic day: How long the Sun takes to return to the same position 

in the sky (24 hours on Earth).

• Sidereal day: How long a fixed star takes to return to the same position in 
the sky (23:56 hours on Earth).

• These are the same on Earth for most practical purposes.



 

 

 

 

            

 

 

   

                        

     

                 
              

   
                

   

Sidereal Time vs. Solar Time
Credits: Xaonon (Wikipedia)

• 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.



Mercury

• But this is not the case on Mercury, due to its 3:2 spin-orbit 
resonance.

• Mercury’s sidereal day is ~58.65 Earth days, but its solar day is 
much longer: exactly 2 Mercury years, or ~176 Earth days.
• Note that 58.65 × 3 ≈ 176.

• So 3 Mercury sidereal days = 2 Mercury years.



Mercury

• Mercury has the smallest axial tilt among the planets, ~0.03°
(basically zero). Compare this with Earth’s axial tilt of ~23.4°.

• This means Mercury does not experience any seasons.

• It also has no atmosphere to retain heat. Therefore, its surface 
temperatures vary more than any other planet during the day.

• The temperatures range from ~100 K (−173 °C) at night to ~700 K 
(427 °C) during the day at the equator.

• The polar regions are constantly below ~180 K (−93 °C). 



Mercury

• Mercury has no moons.
• Mercury and Venus are the only 2 planets in the solar system that do not 

have moons, probably because they’re too close to the Sun.

• The surface of Mercury is heavily cratered, similar to the Earth’s 
Moon.

• This indicates that it has been geologically inactive for billions of 
years.



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 University Applied Physics Laboratory/Carnegie Institution of Washington



Mercury

• Mercury’s mass is 3.3 × 1023 kg. This is 18 times smaller than 
Earth’s mass, and the smallest mass among the planets.

• It also has the smallest radius: ~2,400 km, which is ~38% the 
radius of Earth.

• Its mean density is ~5,400 kg/m3, the second highest among the 
planets.
• The most dense planet is Earth, at a slightly higher ~5,500 kg/m3.



Mercury

• Due to this high density, we know Mercury must be composed of 
heavier materials, such as metals.

• We think it has a metallic iron-nickel core taking up 60% of its 
mass.

• At least part of the core must be liquid, since Mercury has a (weak) 
magnetic field, and a liquid core would generate this field.

• The rest of the planet is made up primarily of silicates, rocks 
composed of silicon and oxygen atoms.

• Like most other planets, the internal structure consists of an inner 
core, a middle mantle, and an outer crust.



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



Venus

• Venus is the second planet from the Sun.

• Its semi-major axis is 108 million km or 0.72 AU, roughly twice that 
of Mercury.

• Venus, like Mercury, is an interior planet, meaning that its orbit lies 
between the Sun and Earth’s orbit.

• Therefore, it always appears close to the Sun as seen in Earth’s sky.

• Venus is also the brightest planet in the sky. It can be visible to the 
naked eye during the day, and can even cast shadows at night.

• Like Mercury, Venus does not have any moons.



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


Simulation

• I will show how to find Mercury and Venus in the sky using 
Stellarium.

• They are both always within 28° of the Sun and therefore easiest to 
see at sunrise or sunset.

• However, Venus is much easier to find, as it is always the brightest 
planet in the sky. Mercury is usually hard to see.

• Stellarium is freely available at this URL:

https://stellarium.org/

https://stellarium.org/


Simulation

• Venus can get closer to Earth than any other planet: ~40 million 
km at its closest approach.

• This also means it’s easiest to get from Earth to Venus than any 
other planet (if you time it correctly). Therefore, Venus was the 
first planet humans sent spacecrafts to (Venera 1 in 1961)

• But Mercury is actually closer to Earth than Venus most of the time!

• I will demonstrate why using an online simulation.

• The simulation can be found at this URL

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

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


Venus

• Since Venus is an interior planet, it can also pass directly in front of 
the Sun as seen from Earth. This is called a transit of Venus.

• These transits are extremely rare. They occur in pairs 8 years apart. 
Each pair is separated from the next pair by 105 or 121 years.

• The last pair of transits of Venus was June 8, 2004 and June 5, 2012.

• The next pair will be December 10, 2117 and December 8, 2125.

• Historically, Venus transits had great importance as they were used 
to accurately estimate the size of the Solar System, as early as 1639.



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



Video

• I will show a video from NASA’s Solar Dynamics Observatory 
showing the 2012 transit of Venus in different wavelengths. (The 
image in the previous slide was taken from that video.)

• The video can be found at this URL

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

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


Venus

• Venus is covered by dense clouds of sulfuric acid (H2SO4), which 
reflect ~70% of the sunlight that falls on them.

• This makes it very hard to see its surface, even from cameras in 
orbit around it.



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



Venus

• All planets in the solar system revolve around the Sun 
counterclockwise, as viewed from above the Sun’s north pole.

• Most planets also spin around their axes in the same direction.

• However, there are two exceptions. Venus and Uranus have 
retrograde rotation: they spin around their axes clockwise, 
opposite to their direction of revolution around the Sun.

• This means that on Venus and Uranus, the Sun rises in the west and 
sets in the east!



• Venus's axial tilt 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°.

Earth Uranus Venus

23.4°

97.8°

177°

Credits: Modification of work by Tfr000 (Wikipedia)



 

 

 

 

            

 

 

   

                        

     

                 
              

   
                

   

Sidereal Time vs. Solar Time
Credits: Xaonon (Wikipedia)

• 1 solar year on Venus is ~225 Earth days.

• 1 solar day on Venus is ~117 Earth days.

• 1 sidereal day on Venus (full rotation with 
respect to fixed stars) is ~243 Earth days.

• It is 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.

• In other words, the effect is the opposite of 
what’s illustrated here for Earth.



Simulation

• I will illustrate Venus’s retrograde rotation around its axis using 
Universe Sandbox:

https://universesandbox.com/

• I will also show how Mercury and Venus rotate much slower 
compared to Earth and Mars (which is why the days on Mercury 
and Venus are much longer).

https://universesandbox.com/

