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Homework Set #4
ASTR 201 - Spring 2016


Due: March 9


Write your answers CLEARLY and SHOW YOUR WORK.
1. Clues in the Solar System (13 pts.): Do the worksheet on page 213 of the book
(“Explorations: Formation of the Solar System”).


2. Orbits and Rotation in the Solar Nebula (16 pts.) This problem asks you to
examine the rotation clues we have that tell us how the solar system formed.


a) The time it takes for part of a cloud 100,000 AU in radius to collapse to form a
new star turns out to be about half the time it would take an object to orbit the star on
an elliptical orbit with a semi-major axis of 50,000 AU. Use this information and Kepler’s
Third Law to find the collapse time, assuming the star has the same mass as the Sun,
and put your answer in years.


What fraction of the age of the Sun (4.5 billion years) is this?
b) In an example in the text, an interstellar cloud having a diameter of 1016 m and a


rotation period of 106 yr collapses to a sphere the size of the Sun (1.4×109 m in diameter).
If all of the cloud’s angular momentum stayed in that sphere, verify that the sphere would
have a rotation period of only 0.6 s.


c) Because angular momentum is a quantity that is conserved, we can get an idea
how the angular momentum of the original gas cloud was shuffled around. Look at the
equations in Math Tools 7.1. Which planet has the second largest amount of orbital
angular momentum, and how does it compare to Jupiter’s? If you look at the planet
characteristics in Appendix 4 and you understand what makes orbital angular momentum
large, you should be able to narrow things down so that you don’t have to calculate Lorbital
for all of the planets.


d) Which planet has the most spin angular momentum? How does it compare to the
Sun’s spin angular momentum? Again, you don’t have to calculate the Lspin for every
planet if you can use the equation for Lspin and Appendix 4 to narrow your search.


3. Heating, Condensation, and Accretion (10 pts.)
a) An object that starts from rest and falls toward the Sun from a great distance will


reach escape velocity by the time it gets to where it is going. What is escape velocity at
Earth’s orbit?


b) How much kinetic energy would an ice cube (mass about 30 g) have at that speed?
(Put your answer in J.) How does this compare to the energy carried by a 2 metric ton
SUV (mass of 2 × 103 kg) speeding down the highway at 90 km/h?


Would you expect the inner solar system (close to the Sun) or outer solar system to
have been heated more by this material falling inward? Explain.


c) Find the condensation/boiling temperatures (at which they turn from gas to liquid,
or vice versa) for the following materials: iron, hydrogen, methane, silicon dioxide, helium,
water, and ammonia. Put temperatures in units of Kelvin (K), and put the materials in
order from lowest condensation temperature to highest. Which material could exist closest
to the Sun in solid form?


d) It’s estimated that there are a million asteroids 1 km across or larger. If a million
asteroids (each 1 km in diameter) were all combined into one spherical object with the
same density, what would its radius be? How many 1 km asteroids would it take to make








an object the size (NOT mass) as the Earth? (The expression for the volume of a sphere
is 4


3
πr3.)
How many Moon-mass objects would it have taken to make Earth?


4. Average Density (6 pts.) The average density of a planet is one of the most
important ways we have of understanding what materials make up a planet.


Consider the planet Kepler 34 b — the first extrasolar planet discovered by SDSU
astronomers. The size (radius 0.76 Jupiter radii or RJ) and mass (0.22 Jupiter masses or
MJ) of this planet can be measured from Earth.


a) What is the mass of the planet in kg?
b) What is the planet’s radius in m?
c) What is the planet’s volume?
d) What is the planet’s average density? How does this compare to the density of


water (1000 kg / m3)? Is the planet likely to be rocky or gaseous?


FIRST ARTICLE SELECTION (DUE MONDAY):
Choose a popular astronomy article from a reliable source (some possibilities, with web


links, are listed in the syllabus). The article can be on any astronomy topic (although
I’d recommend something related to planets). It must involve recent research (and NOT
what is up the sky this month). Don’t select an article of one or two paragraphs — those
usually don’t have enough meat in them. I’ll ask you to choose a new article if your
selection won’t work.
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