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Homework Set #3
ASTR 201 - Spring 2016


Due: February 22


Write your answers CLEARLY and SHOW YOUR WORK.
1. Kepler’s Laws (11 pts.): Do the worksheet on page 87 of the book (“Exploration:
Kepler’s Laws”). It asks you to use the interactive animation at
http://astro.unl.edu/classaction/animations/renaissance/kepler.html


2. A Comet Orbit (20 pts.): a) Go to the Wikipedia list of periodic comets
(http://en.wikipedia.org/wiki/List of periodic comets)
and choose one that includes the following information on its page: orbit period, semi-
major axis, eccentricity, and inclination. Record this information in your homework.


Verify by calculation that the orbit period and semi-major axis follow Kepler’s Third
Law. (Keep significant digits in mind.)


b) Use the semi-major axis and eccentricity to calculate the perihelion and aphelion
distance. Name the pair of planets that the comet is between when it is at perihelion and
at aphelion (if it remains inside Neptune’s orbit). The planet pairs may be different.


c) Draw a side view of Earth’s and the comet’s orbits (so that the orbits appear as lines
through the Sun) properly showing how much the comet’s orbit is inclined compared to
Earth’s orbit. Make sure i) the Sun is clearly marked, ii) Earth’s orbit and the perihelion
and aphelion distances have the proper scale, and iii) the angle between the orbits is correct
(a protractor would be helpful). You will probably want to make sure your comet’s orbit
can fit on the paper first, then draw in Earth’s orbit to scale.


d) Graph an ellipse with the same eccentricity as your comet, or use an online tool
like
http://astro.unl.edu/classaction/animations/renaissance/ellipsedemo.html
or
http://astro.unl.edu/classaction/animations/renaissance/kepler.html
(If you can find a better website for the purpose, give the web address.) Measure the
semi-major axis a and the distance from the center to a focus c on a printout, record the
numbers, and show that the eccentricity is correct. Draw a properly scaled version of
Earth’s orbit on the printout as well (you can represent it as a circle).


e) What is the ratio of the comet’s speed at perihelion compared to when it is at
aphelion? How does this explain why comets tend to become bright for just a short part
of their entire orbits?


3. Newton’s Laws (13 pts.): Do the worksheet on page 115 of the book (“Explorations:
Newton’s Laws”). It asks you to again use the interactive animation at
http://astro.unl.edu/classaction/animations/renaissance/kepler.html


4. Liftoff! (10 pts.) The Space Shuttle typically had a mass of around 2 million kg,
and the three attached rockets had a combined thrust of around 30 million newtons.


a) How much force would the rockets have to exert to have the whole thing hover just
above Earth’s surface? What would be the net force on the whole thing just after liftoff
if the rockets were exerting maximum thrust?


b) How fast would the whole thing accelerate initially? How many “g” would the
astronauts feel? (Remember that gravity is still pulling down on them!)








c) Most of the challenge of getting into orbit is accelerating to orbit speed. What is
orbit speed for a shuttle orbiting 350 km above Earth’s surface? (Put your answer in km
/ s.)


5. The Gravity Tractor (10 pts.): One method for diverting a threatening asteroid in-
volves sending a spacecraft to the asteroid, and having it hover nearby, using gravitational
force to change the asteroid’s orbit.


a) What would your weight be on the asteroid Apophis (mass 2.7 × 1010 kg; radius
0.14 km)? Compare this to your weight on Earth, and also report the ratio of the forces
(FApophis/FEarth).


b) How much force would a spacecraft’s rocket exhaust need to exert to keep it hovering
just above the surface of Apophis? (Assume that the spacecraft has a mass of 10 metric
tons, where 1 metric ton = 1000 kg). Discuss the size of this force — is it unrealistically
large to expect a spacecraft to generate this much force?


c) How long would it take to move Apophis a distance equal to Earth’s radius (about
the distance needed to miss Earth) with the force in part b)? (If the acceleration a is
constant, the distance traveled is d = 1


2
at2.)


6. Nearby Stars (6 pts.) Alpha Centauri A and B are the second and third closest
stars to the Sun. They orbit each other every 79.91 yr, and their average separation is
23.4 AU. Calculate their combined mass in units of solar masses. (Make sure your answer
makes sense.)


The two stars are roughly the same mass. Describe where the center of mass is for the
two stars relative to their orbits. Is anything there? How is that different than planets
orbiting the Sun?
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