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MEMORANDUM

To:
CMA Class

From:
Chauncey Uphoff

Subject:
Class Notes for Lecture #7

In Lecture #7 I showed a videotape of my presentation of the “Uncommon Sense in Orbit Mechanics” paper that I gave almost four years, to the day, after the “Art and Science of Lunar Gravity Assist” paper.  “Uncommon Sense” is my John Breakwell memorial lecture and was given about a year after Professor Breakwell passed away.  Breakwell was one of my best teachers (mentors), colleagues, and a very good friend.  I shall miss him for the rest of my life.  As I told the class, Professor Breakwell cooked dinner for my colleague and friend Dr. Frank Janssens the night before Breakwell died.  He and Frank discussed the Physics of stabilized space tether dynamics after dinner.  That’s how I want to go – working and thinking until the last moment.

The “Uncommon Sense” paper is already posted under Bonus Handouts on the web-site.  It, too, is required reading because I shall be asking the students technical questions about the triple lunar swingby and because it’s important to your understanding the “Lunar  Cycler” paper and the new “Implusive TLS” mechanism, that I’ll show later, which allows one to gain about 8% to 10% in useful mass launched to Venus or Mars.  This mechanism is a good demonstration of why one should change the energy of an orbit when the spacecraft has the highest speed.

During this lecture, I repeated my suggestion to  study the BurnRth program (Bonus Handouts) that I use to calculate finite burn losses and my recommendation to use RKHULL when one must integrate the equations of motion numerically.

Part of the videotaped lecture was my favorite John Breakwell story (all his students have a favorite John Breakwell story) in which he paid me the greatest compliment of my (then) young career.  We happened to be in the elevator going up to our rooms after my talk on optimal powered swingbys at the Jovian satellites.  He said “I enjoyed your talk . . . as always”  That recognition was one of the most important inputs to my young career; as I said in my talk in the videotape, “It made my year.”  It really did more than that; it inspired me to do things for which Professor Breakwell would be impressed and proud of me.

Later, Professor Breakwell and I became good friends and, as I said, he saved me from shooting myself in the foot more than once.  I realized, later, that he always attended my lectures and presentations, paid careful attention, and asked good questions after the talk.  He was very interested in what I called “The Hanger” in the Art and Science paper, in which I showed a trajectory that just barely made it to the interior Sun-Earth collinear Lagrange point (commonly called L1 although Euler named it L2) and then returned on a symmetrical (in the rotating frame) transfer back to the moon’s orbit.   

The last presentation he attended was my talk on the Lunar Cycler paper given in Houston in 1991 and was in a wheelchair.  But he listened carefully to the lunar cycler presentation and, especially, to my reluctance to declare the reflected backflip as a “new” family of periodic orbits in the Circular Restricted Three-Body Problem (CR3B).  We discussed this distinction after my talk and neither of us could be sure whether or not the reflected backflip was of a different family from that of Breakwell, Howell, and Brown (see referencess in paper) called “Rectilinear Halo Orbits.”  It is my opinion, and I think Professor Breakwell would agree, that there is a bifurcation of the periodic orbits (in the phase space) between the reflected backflip and the rectilinear halo orbits.  That was the last conversation I had with Professor Breakwell.

I also reitererated, in lecture 7, Professor Danby’s having “nailed me” on my use of the word periapsis.  This is a “word” almost universally used to mean the closest point of an orbit to the central body.  An apsis is a point “on an orbit or trajecctory” whose radial speed is zero.  So the term “periapsis” is self-evident and non-descriptive at best, and an oxymoron at worst.  It means (as Danby says “if it means anything,”) the point near (closest?) to an apsis.  All points are closest to themselves. Pericenter is the correct term; perifocus is better than periapsis but one must know that we are referring to the focus with the central planet and not the empty focus.  I am grateful to Professor Danby for setting me straight on this; I had not read the early parts of his book and had missed his discussion of the word “periapsis.”

I also gave a little preview of the hard stuff that is to come later in the course.  It was a short Uphoffian diatribe on the beauty of Lagrangian mechanics and an introduction to the Euler-Lagrange equations, derived from the principle of least action, that describe Newton’s laws without the need for drawing any force diagrams.  Even more beautiful is the Hamilton-Jacobi theory of canonically conjugate variables that permits a nice, clean description of almost all mechanics problems.  This is worth the burning of some midnight oil.  Try it – you’ll like it. 

I also mentioned one of the few additional homework problems I shall assign in the lectures (most future homework will be in the lab and will be assigned by Jason and Rodney).  The lecture homework will be to show how to transform from osculating orbital elements to  mean elements.  Don’t panic; I’m just warning you to pay careful attention to that when I get to it.  I’ll let you know when you need to get it turned in.  It will have the three-week deadline; Lab homework will have whatever deadlines Jason and Rodney decide reasonable. 
Best regards,

Chauncey Uphoff
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