Why don’t planets fall into the sun?


A lesson in angular momentum.





Imagine a planet (or comet) with a very elliptical orbit.  All of the planets in our solar system actually have orbits that look very circular, but the principles involved are the same.  Below is a diagram of the orbit of such a planet.  The arrows indicate the direction of the orbit, and three possible positions of the planet are indicated.


� EMBED Word.Picture.6  ���





Think of the planet when it is at point A.  We are interested in the rotation of the planet around the sun, so we will think of the sun as the origin of our coordinate system.  Draw a position vector � EMBED Equation.2  ��� for the planet when it is at point A.


In which direction is the net force on the planet when it is at point A?  (What forces are acting on it?)


What is the magnitude of the (net) torque on the planet around the sun?


What does this mean about the angular momentum of the planet as it goes around the sun?


Sketch a vector representing the velocity of the planet when it is at point A.  Think of the planet as having two components to its velocity, a radial component (which you may also have called a “normal” component), and an angular component (which you may have called a “tangential” component, but notice that the velocity is tangential to the orbit, this component is perpendicular to the radius).  Sketch these components.


Which component of velocity contributes to the planet’s angular momentum?  If angular momentum is conserved, what happens to this component as the planet moves from point A to point B?  Can you see why the planet does not fall into the sun?


Now we need to be quantitative.  What is the kinetic energy of the planet?  (You can use the translational formula.)


Use the Pythagorean theorem to rewrite your answer from part 7 as a sum of radial and angular contributions.


What is the angular momentum of the planet?  (You should be able to answer in terms of radius, mass, and the angular component of velocity.)


The angular velocity isn’t going to change, so it is useful to rewrite the angular contribution to kinetic energy in terms of angular momentum � EMBED Equation.2  ���.  From the last page you should have something like


� EMBED Equation.2  ���


Using these can you eliminate the angular component of velocity as a variable and rewrite kinetic energy as a function of  m, r, � EMBED Equation.2  ���?


�
The potential energy of the planet (actually the “planet-sun system”) decreases as r decreases, and it turns out that the formula for potential energy is given by 


� EMBED Equation.2  ���


What does this formula predict about the force between the planet and the sun?


Write the total energy of the planet-sun system as a function of m, r, � EMBED Equation.2  ���.


Your expression for part 12, should look like a contribution that depends on vr  and other terms that depend only on constants and r.  In other words, we have eliminated angular position as a variable and we can now think of the motion as happening in one dimension.  Sketch a graph of the part of the energy that depends only on r (the part that is independent of vr) as a function of r.





Now imagine that this planet starts out with some “negative” total amount of energy, and a value of r that is decreasing (the planet is “falling” toward the sun).  Based on your graph above, describe the motion of the planet that would follow. 
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