
DANM 250C-01 Winter Quarter 2014

Exercise 2 Solutions

1. First let us consider how mass is distributed in the Solar System. Compute the total
mass of the Sun plus all the planets. What percentage of the Solar System’s total mass
is in the Sun? In the most massive planet?

Solution:

From http://nineplanets.org and http://wikipedia.org, the masses of the plan-
ets and Sun are as listed below. I’ve also included the planets’ distances from the Sun
and orbital periods, since we’ll need that for the next part.

Object Mass (kg) Semi-major axis (AU) Period (yr)
Sun 1.989× 1030 - -
Mercury 3.30× 1023 0.38 0.24
Venus 4.87× 1024 0.72 0.62
Earth 5.97× 1024 1 1
Mars 6.42× 1023 1.52 1.88
Jupiter 1.90× 1027 5.2 11.9
Saturn 5.68× 1026 9.6 29.5
Uranus 8.68× 1025 19.2 84.3
Neptune 1.02× 1026 30.1 165

Adding up all the masses, the total mass is 1.992×1030 kg, and the Sun, at 1.989×1030

kg, is 99.9% of this. The most massive planet, Jupiter, is 0.010% of the total.

2. Now consider how angular momentum is distributed in the Solar System. The angular
momentum of a planet orbiting the Sun is given by the formula J = mvr, where m is
the mass of the planet, v is its velocity, and r is its distance from the Sun; for simplicity,
we are assuming that orbits are perfectly circular. Compute the angular momentum
of each planet. Hint: to get the velocity of a planet, remember that it has to travel
a distance 2πr every time it makes a complete orbit. Use the information available
about planets’ orbital periods to get the velocity.

Solution:

To answer this question, we need to know the planets’ orbital periods and distances
from the Sun. These are listed in the table above. Then we can compute the planets’
velocities as follows:

v =
2πr

P
.
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For example for Mercury, we have

v =
2π(0.38 AU)

0.24 yr

=
2π(0.38× 1.5× 1011 m)

0.24× 3.16× 107 s

= 4.7× 104 m/s

= 47 km/s.

Once we have the speed, we can get the angular momentum by multiplying J = mvr:

J = mvr

= (3.3× 1023 kg)× (4.7× 104 m/s)× (0.38× 1.5× 1011 m)

= 8.9× 1038 kg m2/s

Repeating this calculation for all the other planets, we get

Planet Orbital speed (km/s) Angular momentum (kg m2/s)
Mercury 47 8.9× 1038

Venus 34 1.8× 1040

Earth 30 2.7× 1040

Mars 24 3.6× 1039

Jupiter 13 1.9× 1043

Saturn 9.7 7.9× 1042

Uranus 6.8 1.7× 1042

Neptune 5.4 2.5× 1042

3. The Sun also contains angular momentum, as it is rotating. The same formula,
J = mvr, can be used to estimates its’ angular momentum, where we take m to
be the mass of the Sun, v to be its equatorial rotation speed, and r to be its radius.1

Hint: to estimate the velocity of the Sun’s surface, use the same trick as for planets.
The rotation period of the Sun is also given at nineplanets.org.

Solution:

The Sun is 1.39 × 109 m in diameter, 6.95 × 108 m in radius, and its equator rotates
every 25.4 days. Thus its speed is roughly

v =
2πr

P
=

2π × 6.95× 108 m

25.4 days× 8.64× 104 s/day
= 320 m/s.

Thus the Sun’s angular momentum is approximately

J = mvr = (1.99× 1030 kg)× (320 m/s)× (6.95× 108 m) = 4.4× 1041 kg m2/s.

1It’s actually a bit smaller than this, since not all of the Sun is rotating as its equator, and not all of it is
as far from the center of the Sun as its surface, but we’re going to ignore that. This formula is right to the
order of magnitude level.
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4. Based on your answers to the previous two parts, what fraction of the Solar System’s
angular momentum is in the Sun? In the planet with the most angular momentum?

Solution:

Summing up the angular momentum of the planets and the Sun, the total angular
momentum of the Solar system is roughly J = 3.2×1043 kg m2 / s. Dividing the Sun’s
angular momentum into this, the Sun contains only 1.4% of the Solar System’s angular
momentum, while Jupiter, the planet with the most, contains 60%. The remainder is
mostly in Saturn.

5. Angular momentum can be neither created nor destroyed, but it can be transferred
from one parcel of mass to another. Given what you have found about the distribu-
tions of mass and angular momentum in the Solar System, what would you hypothesize
about what must have happened while it was being formed?

Solution:

The logical inference is that, somehow, in the process of forming the Solar System most
of the angular momentum was removed from the material that went into the Sun, and
transferred elsewhere, probably at least partly into the material that went into making
Jupiter and Saturn.
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