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Mission 6: Rogue Comet Rescue 
 
Narrative Overview: 
 
Having just completed a collection mission, sweeping up valuable helium-3 from the winds of a 
red giant star, the player receives a distress signal. The signal is coming from an independent, 
deep space mining station orbiting a gas giant in the Kepler-62 planetary system. A rogue comet 
is on a collision course with the station (yes, comets exist in other planetary systems).  
 
The station’s defenses have been sabotaged and rendered inoperable. Its personnel cannot rely on 
any aid being sent by the Corporation, since they are unaffiliated. Your students are their only 
hope! 
 

 
 
Players must first navigate to Kepler-62f using the interactive Star Chart. CORI informs the 
player that the spaceship possesses a remote thruster that will allow you to give the comet a 
nudge, which could cause it to miss the mining station. In order for CORI to determine how long 
the remote thrusters need to be fired, the player must first estimate the mass of the comet. 
 
The comet is a solitary body, so Newton’s version of Kepler’s third law (and thus the Mass 
Analyzer Tool) will not work. Instead, the mass will need to be determined by measuring the 
composition/density and the volume.   
 
Note: Students may want to use the Mass Analyzer tool to measure the mass of the comet, but 
this tool requires a small object to be in orbit about a much more massive one. Students will 
instead need to use the Spectrum Analyzer tool to determine the composition and estimate the 
density. The game presents the students with the opportunity to figure this out on their own, 
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showing how astronomers use the process of science. In doing so, students are taught that there is 
more than one way to infer the mass of an object. 
 

 
 
After determining the density, the player will need to measure the diameter of the comet (using 
the Small Angle Formula tool, which they have to recall from previous missions, then apply 
correctly) in order to estimate the volume. CORI takes the measurements made by the player, 
calculates a mass, and then estimates the amount of time the remote thruster needs to burn to 
push the comet on a course that misses the station. 
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CORI shows the player that launching the remote thruster and attaching it to the comet is done 
with the push of a button. Due to the nature of comets as loosely held together chunks of ice and 
rock, the comet breaks into smaller pieces when the player fires the remote thruster. Students 
then have to use their lasers to blast the large chunks of comet that continue to threaten the 
mining station. 
 

 
 
Mission Objectives: 
 

• Use Spectrum Analyzer tool to determine the composition of a comet 
o CORI uses the composition to infer the average density of the comet. 

• Use the Small Angle Formula tool to measure the diameter of the comet 
• Learn that the density and the volume of an object can be used to estimate its mass 
• Use remote thruster to alter the comet’s orbit, steering it off course such that it misses the 

mining station 
• Blow up the remaining comet chunks with your lasers to complete the mission 

 
 
Tools Used: 
 

• Spectrum Analyzer  
• Small Angle Formula 

 
Reference Interactives: 
 

• Kirchhoff’s Laws 
• Atomic Structure: Absorption and Emission 
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• Spectrum Analyzer 
• Small Angle Formula 

 
 
Major Concepts: 
 

• Interaction of light with matter 
• Emission spectra 
• Relationship between distance, physical size, and angular size of objects 
• Relationship between mass, volume, and density 
• Relationship between density and composition 
• Oort Cloud 

 
 
Suggestions for Use in Class: 
 

• After students play through Mission 6, have them discuss in class the nature of other 
planetary systems. 

o In what ways are other planetary systems similar to our own?   
o Is it realistic to expect that there are comets in other planetary systems? (Kepler-

62f has an analog to the Oort Cloud in the Solar System.) 
• Discussion may also include the composition of comets and the origins of short-period 

and long-period comets. 
o How can the spectrum of the comet be an emission spectrum? 
o Why might comets have slightly different compositions? 

• The fact that the comet breaks up when the remote thrusters are fired should lead to some 
conversation about the structure of comets and the fact that they are loosely held together. 

o Why did the comet break apart when the remote thrusters were fired? 
  
 

Multiple Choice Questions: 
 

1. What type of spectrum does the material streaming off the comet produce? 
a. a continuous spectrum 
b. an emission spectrum 
c. an absorption spectrum 

 
2. CORI refers to Kepler-62’s Oort Cloud as the origin of the rogue comet. Which of the 

following best describes the Oort Cloud? 
a. A belt of icy objects located tens of AU from the host star. 
b. A spherical distribution of icy objects located thousands of AU from the host star. 
c. A belt of icy objects located thousands of AU from the host star. 
d. A spherical distribution of gas, ice, and dust particles located hundreds of AU 

from the host star. 
 

3. Which of the following does not contribute significantly to the composition of comets? 
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a. silicate rocks 
b. water ice 
c. ammonia ice 
d. methane ice 
e. iron and nickel 

 
4. Which of the following semimajor axes cannot be associated with the orbit of comet? 

a. 2 AU 
b. 5 AU 
c. 30 AU 
d. 50 AU 
e. 1,000 AU 

 
5. Which of the following comets have we not visited with a spacecraft? 

a. Wild-2 
b. Halley 
c. 67P/Churyumov-Gerasimenko 
d. Hyakutake 

 
Discussion Questions: 
 

1. Is it realistic to expect that there are comets and analogs to our Solar System’s Oort 
Cloud in other planetary systems such as Kepler-62f? What might this tell us about the 
process of star and planet formation? 

 
Yes. The game is clearly indicating to the students that we expect planetary systems to 
have some similar features, despite their overwhelming diversity. One of those 
similarities should clearly be smaller bodies or “leftovers” from the planet-building 
phase. All young stars possess a flattened, disk-like structure composed of gas and dust 
which we believe evolves into a planetary system. Given that the basic processes of 
planet formation are going to be somewhat universal, it is reasonable to expect that other 
planetary systems will have components that look very similar to ours. 

 
2. Based on the composition and distribution of comets in the Solar System and, potentially, 

in other planetary systems, what can we conclude about where they formed in the planet-
forming disks that once surrounded the host stars? 

 
For comets to be composed of water, ammonia, and methane ices in addition to some 
rocky material, these bodies would have had to form in a region of the protoplanetary 
disk that was cold enough for molecules of water, ammonia, and methane to exist as solid 
ices. At the low pressures we find in protoplanetary disks, the freezing point for liquid 
water is approximately 150 K. In fact, liquid water or droplets do not exist in 
protoplanetary disks; water molecules are either in a solid or gaseous phase. Comets, with 
their high content of water ice, likely formed beyond the boundary associated with a 
temperature of 150 K in the protoplanetary disk. In the early Solar System, this is 
believed to have been a few AU from the young Sun. It is worth noting that the “ice” 
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lines or boundaries associated with ammonia and methane are farther from the young star 
than the water ice line. 

 
3. What is the most likely explanation for why the comet broke apart as we attempted to 

redirect the comet by firing the remote thruster? 
 

Comets are loosely held together “dirty snow balls.” Therefore, firing a rocket in an 
attempt to push the comet off course could have disrupted it just enough to cause it to 
break apart. 

 
4. Given the high content of water ice, many planetary scientists and astronomers believe 

that during the formation of the Solar System, water would have been delivered to the 
Earth’s surface by many impacts of icy comets with the young Earth. How might 
scientists go about linking the water on Earth to the water ice present in a comet? 

 
Astronomers use spectroscopy to determine the ratio of deuterium to hydrogen in the 
water found in comets and asteroids and compare this to the ratio found in water on the 
Earth. Similarities in this ratio would present a clear link between water ice in Solar 
System bodies and water on the Earth.   
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