
Ge/Ay 137 HW 2

1. How did the North Korean astronaut do it? 

In a 2014 satirical news post that went viral (see e.g. http://www.thejournal.ie/north-korea-
sun-1283188-Jan2014), it was claimed that North Korea has sent a man to the surface of the 
Sun. Come up with a “plausible” orbit that the fearless 17 year old astronaut, Hung Il Gong, 
could have taken. Specifically, the perihelion of the orbit must hug the surface of the sun, and 
the trajectory must intersect the Earth’s orbit at two points, separated by the Earth’s advance 
over the same time interval. Neglect the claim that it took the astronaut 4 hours to reach the 
Sun, and don’t worry about gravitational perturbation onto the spacecraft due to the planets.

List the following specific attributes of the orbit:

1) the period

2) the specific energy

3) the eccentricity

4) the specific angular momentum

5) the mean, eccentric, and true anomalies at encounters with the Earth and the Sun. 

suggested sound track: “Walkin’ On the Sun” by Smash Mouth

2. Pretty pictures (of orbits).

Draw orbits with e=0, 0.2, 0.4 … 0.9999. Use Kepler’s equation to put a sequence of dots on 
each orbit, that is separated by the same time interval. If you were to hover high above the 
orbits and make a movie of the object going around many times and then play the movie in fast-
forward mode such that the object blurs around the orbit, what part of the orbit would appear 
more dense for e > 0?

3. Miss Congeniality meets her match. In space.

In the 2013 blockbuster movie “Gravity,” Sandra Bullock and George Clooney get attacked by 
space debris, which are generated as a result of a Russian missile strike (of course) on a 
defunct satellite. In fact, Sandra Bullock encounters the debris twice, 90 minutes apart. For 
simplicity, assume that both, the debris and Sandra Bullock have e = 0. Is this a finely tuned 
orbital configuration? What is the semi-major axis of the orbits?

4. Mercury’s perihelion advance.

Within the framework of the Newtonian 2-body problem, the orbit closes upon itself i.e. there is 
no precession of the longitude of perihelion or the ascending node. However, the general 
relativistic contribution to the gravitational potential breaks the conservation of the longitude of 



perihelion, and forces it to advance slowly in a prograde sense. For Mercury, this effect amounts 
to the famed 43 arcsec/century advance for which numerous wrong explanations have been 
proposed, including planet Vulcan (see http://en.wikipedia.org/wiki/
Vulcan_(hypothetical_planet)). Given a precession rate g, how would you alter the Keplerian 
Hamiltonian to account for the precession?

A related, intriguing fact: there are only two force laws that yield orbits that close upon 
themselves (i.e., have no perihelion or node precession). The first is Newton’s inverse-square 
law. The other is Hooke’s 1/r law. For a historical account of Hooke’s seminal contribution, see: 
http://physics.ucsc.edu/~michael/pip.pdf. If this is of great interest, I further recommend this 
book: https://www.amazon.com/Forgotten-Genius-Biography-Robert-1635-1703/dp/
1596921153/ref=sr_1_2?ie=UTF8&qid=1483132757&sr=8-2&keywords=the+forgotten+genius
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