
Venus

• Venus has a radius of ~6,050 km. This is very similar to the radius 
of Earth (~6,370 km).

• Its mean density is ~5,200 kg/m3, slightly lower than Earth’s 
(~5,500 kg/m3).

• Its mass is ~4.9 × 1024 kg, ~82% of Earth’s mass (~6.0 × 1024 kg).

• Venus is sometimes called Earth’s “sister” or “twin” planet due to 
their similarity in size and mass.



Venus

• However, Venus has a very different climate and atmosphere.

• The atmosphere of Venus consists mainly of carbon dioxide (CO2), 
and it is the densest and hottest among the 4 terrestrial planets.

• The atmospheric pressure at the surface of Venus is ~92 times that 
of Earth.

• The average surface temperature of Venus is 737 K (464 °C).

• This is hotter than even the maximum daytime temperature on 
Mercury, ~700 K (427 °C), and obviously much hotter than Earth.



Venus

• Venus is a bit closer to the Sun than Earth, so it gets some more 
intense sunlight.

• However, this is not nearly enough to explain why its surface is so 
much hotter than Earth.

• Also, Mercury is even closer to the Sun than Venus, but it is colder!

• The reason Venus is so hot is the greenhouse effect.



Venus

• The greenhouse effect also exists on Earth.

• After the Sun warms the surface of the Earth, the surface releases 
heat back in the form of infrared radiation.

• However, greenhouse gases, such as carbon dioxide (CO2) and 
water vapor (H2O), prevent heat from escaping back into space.

• This causes the overall temperature of the planet to increase.

• The same thing happens on Venus. However, Venus has a million 
times more CO2 than Earth!

• This makes the greenhouse effect much stronger, and therefore the 
temperature gets much hotter.



Venus

• Venus may have had a climate similar to Earth, with moderate 
temperatures, water oceans, and CO2 stored in the ocean and rocks.

• However, even a small amount of extra heat from the Sun can lead 
to increased water evaporation and release of gas from rocks.

• This increases the greenhouse gases CO2 and H2O in the 
atmosphere.

• So this process amplifies itself: more heat → more greenhouse 
gases → more heat → more greenhouse gases → and so on.

• Eventually the oceans boil completely.

• This is called the 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)



Mars

• Mars is the fourth planet from the Sun, and the farthest planet in 
the inner solar system, after Mercury, Venus, and Earth.

• Its semi-major axis is ~228 million km or ~1.5 AU.

• It is the second-smallest planet, with a radius of ~3,900 km (larger 
only than Mercury, which has a ~2,400 km radius).

• It has a very thin atmosphere, less than 1% the density of Earth’s 
atmosphere.



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



Mars

• Like Mercury, Venus, and Earth, Mars is a terrestrial planet, 
composed primarily of silicates and metals.

• It has a core of iron and nickel, like Earth.

• Mars is sometimes called the Red Planet due to its reddish color, 
caused by iron oxide in its surface.



A sample of Iron(III) oxide, illustrating its red color.
Credits: Benjah-bmm27 (Wikipedia)



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



Mars

• A Martian solar day is 24 hours and ~39 minutes, remarkably close 
to a solar day on Earth.

• A Martian year is ~687 Earth days long (~1.9 Earth years).

• The axial tilt of Mars is ~25.2°, very close to that of Earth (~23.4°). 

• This means Mars has seasons, like Earth does, but they are almost 
twice as long, since the Martian year is longer.

• Mars has two moons: Phobos and 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



Mars

• The surface of Mars has many volcanoes. However, it is unknown if 
it is still volcanically active today.

• Olympus Mons, a volcano on Mars, is the largest volcano and 
highest known mountain in the solar system.
• It is ~22 km high. Compare this with Mount Everest, Earth’s highest 

mountain, which is only ~8.8 km high!

• Valles Marineris, a system of canyons on Mars, is one of the largest 
canyons in the solar system.
• It is ~4,000 km long, ~200 km wide, and ~7 km deep.



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



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



Mars

• Liquid water cannot exist on the surface of Mars due to its low 
atmospheric pressure.

• However, there is ice water on the surface, including both polar ice 
caps.

• There is likely more ice deep underground.

• In the past, Mars may have had liquid water on its surface.



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



Mars

• If Mars had liquid water, then it could have been suitable for life (as 
we know it).

• However, we don’t know if Mars ever had any form of life.

• Mars is one of the most likely candidates for life in the solar system, 
due to its similarities with Earth.

• Looking for evidence of life on Mars is a primary objective of past 
and future Mars missions.

• Even if we find life, it will most likely be microorganisms, but that 
would still be extremely exciting!



Jupiter

• Jupiter is the fifth planet from the Sun.

• Its semi-major axis is ~778 million km or ~5.2 AU.

• It is the largest planet in the solar system, with a mean radius of 
~70,000 km, which is ~11 times Earth’s radius.

• Jupiter is also the most massive planet, at ~1.9 × 1027 kg, which is 
~318 times Earth’s mass and ~1/1050 the Sun’s mass.

• Its mass is more than 2.5 times that of all other planets combined!

• Jupiter is the third brightest celestial object in the Earth's night sky, 
after the Moon and Venus.



Jupiter

• Jupiter is primarily composed of hydrogen.

• It also contains helium: ~25% of its mass and ~10% of its volume.

• As a gas giant, Jupiter does not have a solid surface.

• However, it may have a rocky core of heavier elements at its center.

• Jupiter’s atmosphere is made of bands, with storms along their 
boundaries.

• The most famous storm is the Great Red Spot, a huge storm which 
has been raging since at least 1831.



Jupiter as seen by the Hubble Space Telescope in 2020. Note the bands and the Great Red Spot.
Credits: NASA, ESA, STScI, 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 Eichstädt / Seán 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


Jupiter

• Jupiter has 80 known moons, and possibly many more. We keep 
discovering new moons all the time.

• The 4 largest moons are Io, Europa, Ganymede, and Callisto. They 
were discovered by Galileo in 1610.

• Ganymede is the largest and most massive moon in the solar 
system: 26% larger than Mercury, but only 45% as massive.



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



Jupiter

• In general, the outer planets have many more moons than the inner 
planets.

• Inner: Mercury and Venus have no moons, Earth has 1, Mars has 2.

• Outer: Jupiter has 80+, Saturn has 83+, Uranus has 27+, Neptune 
has 13+.

• Like all the outer planets, Jupiter also has rings. (However, they are 
not as impressive as Saturn’s rings!)



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)



Saturn

• Saturn is the sixth planet from the Sun.

• Its semi-major axis is ~1.4 billion km or ~9.6 AU.

• Its internal structure is similar to that of Jupiter. From innermost to 
outermost:
• A core of iron-nickel and rock.

• A deep layer of metallic hydrogen.

• An intermediate layer of liquid hydrogen and liquid helium.

• A gaseous outer layer.



The structure of Saturn.
Credits: Kelvinsong (Wikipedia)



Saturn

• Saturn appears pale yellow due to ammonia crystals in its upper 
atmosphere.

• It has 83 known moons.

• Saturn’s most famous feature is its ring system, composed mainly 
of ice particles, with some rocky debris and dust.

• There are hundreds of moonlets (small moons) orbiting inside the 
rings.

• The 7 main rings are labeled in letters from A to G in the order of 
discovery.



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 spacecraft.
Credits: NASA / Jet Propulsion Laboratory-Caltech / Space Science Institute



The 400-meter moonlet Earhart in Saturn's A ring.
Credits: NASA / Jet Propulsion Laboratory-Caltech / Space Science Institute



Saturn

• Saturn’s largest moon, Titan, is the second-largest in the solar 
system (after Ganymede).

• Titan is also the only moon in the Solar System with a substantial 
atmosphere. It is composed largely of nitrogen.

• It is the only known object other than Earth with evidence of stable 
bodies of surface liquid.

• Titan is primarily composed of ice and rocks, likely differentiated 
into a rocky core surrounded by various layers of ice.

• It also has a crust of ice and a subsurface layer of ammonia-rich 
liquid water.



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 pattern around the north pole.
Credits: NASA/JPL-Caltech/Space Science Institute



A huge spinning vortex inside the hexagon. False-color image from the Cassini spacecraft.
Credits: NASA/JPL-Caltech/Space Science Institute


