Mercury and the Moon - Similar but different! 78

The image of Mercury’s surface on the left was taken by the MESSENGER
spacecraft on March 30, 2011 of the region near crater Camoes near Mercury’s
south pole. In an historic event, the spacecraft became the first artificial satellite
of Mercury on March 17, 2011. The image on the right is a similar-sized area of
our own Moon near the crater King, photographed by Apollo 16 astronauts.

The Mercury image is 100 km wide and the lunar image is 115 km wide.

Problem 1 — Using a millimeter ruler, what is the scale of each image in
meters/millimeter?

Problem 2 — What is the width of the smallest crater, in meters, you can find in
each image?

Problem 3 — The escape velocity for Mercury is 4.3 km/s and for the Moon it is
2.4 km/s. Why do you suppose there are more details in the surface of Mercury
than on the Moon?

Problem 4 — The diameter of Mercury is 1.4 times the diameter of the Moon.
From the equation for the volume of a sphere, by what factor is the volume of
Mercury larger than the volume of the Moon?

Problem 5 — If mass equals density times volume, and the average density of

Mercury is 5400 kg/m3 while for the Moon it is 3400 kg/m3, by what factor is
Mercury more massive than the Moon?
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Answer Key 78

Problem 1 — Using a millimeter ruler, what is the scale of each image in
meters/millimeter?

Answer: Mercury image width is 80 mm, scale is 100 km/80mm = 1.3 km/mm
Moon image width = 68 mm, scale is 115 km/68mm = 1.7 km/mm

Problem 2 — What is the width of the smallest crater, in meters, you can find in each
image?

Answer: Mercury = 0.5 mm x (1.3 km/mm) = 700 meters.
Moon = 1.0 mm x (1.7 km/mm) = 1,700 meters.

Problem 3 — The escape velocity for Mercury is 4.3 km/s and for the Moon it is 2.4
km/s. Why do you suppose there are more details in the surface of Mercury than on
the Moon?

Answer: On Mercury, less of the material ejected by the impact gets away, and so
more of it falls back to the surface near the crater. For the Moon, the escape
velocity is so low that ejected material can travel great distances, or even into
orbit and beyond, so less of it falls back to the surface to make additional
craters.

Problem 4 — The diameter of Mercury is 1.4 times the diameter of the Moon. From the
equation for the volume of a sphere, by what factor is the volume of Mercury larger
than the volume of the Moon?

Answer: The volume of a sphere is given by 4/3 &t R3, so if you increase the radius of

a sphere by a factor of 1.4, you will increase its volume by a factor of 1.43 = 2.7 times,
so the volume of Mercury is 2.7 times larger than the volume of the Moon.

Problem 5 — If mass equals density times volume, and the average density of Mercury

is 5400 kg/m3 while for the Moon it is 3400 kg/m3, by what factor is Mercury more
massive than the Moon?

Answer: The density of Mercury is a factor of 5400/3400 = 1.6 times that of the Moon.
Since the volume of Mercury is 2.7 times larger than the Moon, the mass of Mercury
will be density x volume or 1.6 x 2.7 = 4.3 times than of the Moon.
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Note: Actual masses for Mercury and the Moon are 3.3 x 10 3 kgand 7.3 x 10 kg
respectively, so that numerically, Mercury is 4.5 times the Moon’s mass...which is
close to our average estimate.
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