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Assignment 4  
 

Problem 1 
 
Calculate the maximum radial velocity of the Sun to an alien observer due to the presence of the 
following planet on its current orbit (you can assume the planet is the only planet in the solar 
system in each calculation, and the planet is on a circular orbit). 
Hint: what is the observing geometry for an alien observer to observe the maximum radial 
velocity of the Sun? 

• Jupiter 
• Saturn 
• Earth 
• Neptune 

 
Solution:  

• Jupiter: 12.4 m/s 
• Saturn: 2.75 m/s 
• Earth: 0.089 m/s 
• Neptune: 0.28 m/s 

 
Problem 2 

 
 

 
 
Solution: 

 
 

Problem 3 
 
What is the radius of a 1 Earth mass planet with (from inside out) 1/3 of its mass in Fe core, 1/3 
in silicate mantle, and 1/3 in water (H2O) outer region? 
 
Solution: Read from Fig. 14.22: roughly 7500 km. 
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Problem 4 
In typical microlensing exoplanet detections, the source star is in the galactic bulge at 8 kpc 
away, and the lens star is at 4 kpc away from us. Typically, how close do the source and lens 
stars need to be on the sky in order to trigger a microlensing event? You can assume a lens star 
mass of 1 solar mass. 
 
Solution: Typically, the two stars need to get together within the Einstein radius of the lens star 
for a microlensing event to occur. Given the parameters, the Einstein radius is about 1 mas, or 
4.8×10-9 radian. 

 
Problem 5 

 

 
 
Solution: 
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Problem 6 
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Solution: 
Solar constant: 1.36 × 103 W m-2. 

 
 

Problem 7 
The mass of the disk of gas and dust that formed the Solar System is unknown. However, it is 
possible to use the observed masses, orbital radii and compositions of the planets to derive a lower 
limit for the amount of material that must have been present, together with a crude idea as to how 
that material was distributed with distance from the Sun. Such a structure around the protosun is 
called a Minimum Mass Solar Nebular, as we discussed in the class. The procedure is simple: 

1. Starting from the observed (or inferred) masses of heavy elements (anything heavier than 
He) in the planets, augment the mass of each planet with enough hydrogen and helium to 
bring the augmented mixture to solar composition. 

2. Divide the Solar System up into annuli, such that each annulus is centered on the current 
semi-major axis of a planet and extends halfway to the orbit of the neighboring planets. 

3. Imagine spreading the augmented mass for each planet across the area of its annulus. This 
yields a characteristic gas surface density (in units g cm−2) at the location of each planet. 

 
Questions:  

1. Follow the above steps to construct a MMSN. Plot the gas surface density as a function of 
radius. 

2. What is the surface density of the disk at 1 AU? 
3. Calculate the total mass of this disk out to 30 AU. 

Hint 1: The composition of planets, particularly the mass in “heavy elements” in the outer 
giant planets, can be found in the textbook (or Wikipedia) 
Hint 2: Very crudely, the terrestrial planets are made of refractories (metals, silicates, etc). 
In the pre-solar disk, 0.3% of the mass is in such material. 
Hint 3: The heavy elements in the outer 4 giant planets contain both refractories and 
volatiles (H2O, CH4, etc). In the pre-solar disk, 1.2% of the mass is in such material. 
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Solution: (1) The terrestrial planets have almost no H and He. For giant planets, their compositions 
can be found in C.8.1.3, C.8.2.2, and C.8.3.2. 
 

 
To answer the question, students only need to show the gas line. Other lines are there to guide 
interpretation.  
(2): read from the above table, it’s about 3000 g cm-2 
(3): on the order of 0.01 solar mass. 
 

Problem 8 
Let’s assume that at stellocentric R = 1 AU in the Minimum Mass Solar Nebular, the temperature 
is 150 K at all heights. Estimate the density at (R = 1 AU, z = 0.05 AU) in the disk. You will 
need to use your results from the above problem. 
 
Solution: Using the parameters provided, we can calculate the scale height H at 1 AU to be 
0.025 AU. Σ(1 AU) = 3000 g cm-2. 𝜌(1 AU, z=0) = ΣMMSN / sqrt(2PI) / H = 3.2x10-9 g cm-3. . 𝜌(1 
AU, z=0.05 AU) = 𝜌(1 AU, z=0 AU) × exp(-z2/(2×H2)) = 4.2×10-10 g cm-3. 
 

Short questions 
• Is the solar system the only planetary system in the universe? 

• No 
• When did people discover the first planet orbiting a normal star other than the Sun? 

• 1995 
• How many planets have people discovered so far 

• A few thousands 
• How common are planets in our galaxy 

• Very common; nearly every star has planets 
• Is the Solar system common or not? 

• Unclear at the moment. There are many planetary systems quite different from the 
solar system. 


