
Problem Set #1 / Solar System and Exoplanets
Assigned 8-Dec-2016

Due 15-Dec-2016 (start of class)
Show all work. Feel free to use python, etc

1. [15 pts] Several friendly aliens are living near the nearby star Alderamin (distance = 50 ly). Over 
their radio, they hear the melodic tunes of Coldplay emanating from the Sun. They immediately 
decide to build some telescopes and point them toward the Sun in order to search for planets.

After doing some initial studies into the Solar System, the Alderaminians decide to visit. Their planet is 
of moderate temperate (about 10 C), so they’d like an equally temperate planet to visit in the solar 
system. They don’t know the albedos, so they guess at two extreme values for each planet: 0.05 and 
0.95. 

(a) [10] For each of the nine planets, compute the equilibrium temperature at each of these albedos 
(ignoring greenhouse effect or any other factors).

(b) [5] Based on this, which planet(s) would they like to visit?

2. [15 pts] After visiting us, we decide to visit the star Alderamin to pay back the favor. You are in 
charge of the trip. You have a Saturn X rocket which can send 2000 kg out to a distance of infinity.

(a) [5] What velocity must the payload be given in order to escape the solar system, such that it will 
just barely reach infinity? Be sure to consider the total gravitational energy (Earth and Sun 
together). Ignore the rotation & motion of the earth.

(b) [5] You develop a better spacecraft, which has a mass of just 200 kg (not 2000 kg). You use the 
same rocket. With this one, what velocity will the spacecraft have at infinity?

(c) [5] How long will it take to get to Alderamin? For simplicity, assume that it spends the entire 
journey at the velocity you found in (b).

3. [15 pts] As you pass through the asteroid belt, you find a lonely but enthusiastic astronaut working 
on her fastball. She can throw a vada pav at a speed of 150 km/hr. What is the largest size spherical 
asteroid (of density rho = 3 g/cm3) from which she can throw the vada pav (mass = 200 g) fast 
enough that it: 

(a) [5] Escapes from the asteroid into heliocentric orbit? 
(b) [5] Rises to a height of 50 km?
(c) [5] Escapes into a stable orbit about the asteroid? 

4. [30 pts] The Alderamins would like to visit the Earth again. They have heard that people on the 
Earth believe that the stars and planets influence their lives. Please calculate for them exactly what 
the effect of a planet and a star on Earth is. 

(a) [5] Calculate the solar flux (in W/m2) at the Earth, assuming the sun to be overhead and at its 
mean orbital distance. Use the sun’s luminosity L  = 4 x 1026 J/sec.

(b) [10] What is the amount of reflected solar flux from Pluto that hits the Earth? (Hint: first calculate 
the solar flux at Pluto, then scale the portion that reflects back to Earth. Ignore thermal radiation.) 
What is the ratio of this flux, to solar at Earth?

(c) [5] How much flux from Alderamin hits the Earth? Assume that the star has a brightness and 
spectrum identical to the Sun, just much further away. What is the ratio of this flux, to solar at 
Earth?

(d) [10] Convert the fluxes in (b) and (c) to photons/m2/sec. Assume λ= 500 nm.

5. [25 pts] The Schwarzschild radius is the radius of a sphere such that, if all the mass of an object 
were to be compressed to that size, the escape velocity from the surface of the sphere would equal 
the speed of light.

(a) [10] What is the Schwarzchild radius for the sun?
(b) [5] For the Earth? 
(c) [10] For Victoria Terminus? (Do a rough estimate for the mass of the building — no need for 

precision.) 


