Lab Report #11 – Planet Formation and Exoplanets Properties

Purpose: In this lab, we will first study the temperature and composition of the disk of material surrounding the Sun, just after the Sun formed. The planets formed from this disk of material. By studying the temperature and composition of this disk, we will be able to predict the composition we expect for each planet in the Solar System. In the second part of the lab, we will study the NASA Exoplanets website to learn about the different types of exoplanets, the main strategies to detect exoplanets, and some of the big and exciting discoveries in this young and active field. 

Part 1: Temperature in Solar Disk and Planet Formation

Astronomers believe that the planets in our Solar System formed at the same time that the Sun formed. There is good evidence for this theory from observations of other young stars. In this theory, the Sun formed in a cold and dense molecular cloud. As the cloud collapsed and the Sun formed at the center of the cloud, the cloud began to spin faster and faster. As the cloud spun faster and faster, it flattened into a disk. The planets formed from this disk of material that surrounded the Sun. A table with the four main materials in the disk are shown below. The percentage of each material in the disk and the melting point for each material is also shown in the Table below. If the temperature is higher than the melting point of a material, the material will melt and it will change from a solid to a liquid.

	Material
	Percentage of Composition of Disk
	Melting Point in Kelvin (K)

	Iron
	0.2%
	1800

	Rock
	0.4%
	1500

	Ices
	1.4%
	273

	Hydrogen/Helium
	98%
	Always exist as gas



Let’s first analyze the table above to determine some of the important properties of the disk and the materials. 

[bookmark: Text2]1. Which material is the material that is least available in the disk?                                 

2. Which material is the material that is most available in the disk?                                 

3. Which material in the disk has the highest melting point?                                 

In order for a material to become part of a planet, it needs to be in the solid phase. If the temperature is below be melting point of a material, then the material will be in the solid phase and it can be part of a planet.

4. Which material(s) in the disk are solid at a temperature of 200K?                                 

5. Which material(s) in the disk are solid at a temperature of 1000K?                                 

6. Which material(s) in the disk are solid at a temperature of 1600K?                                 

7. Which material(s) in the disk are solid at a temperature of 2000K?                                 
[image: ]
	Material
	Percentage of Composition of Disk
	Melting Point in Kelvin (K)

	Iron
	0.2%
	1800

	Rock
	0.4%
	1500

	Ices
	1.4%
	273

	Hydrogen/Helium
	98%
	Always exist as gas



8. We will now work on filling-in the table below. The distance of each planet from the Sun is shown below. Using the graph above, estimate the temperature (T) of the disk where each planet is located in the Solar System. Record the temperature (T) of the disk, for each planet, in the third column of the table below. In the fourth column of the table below, record the materials (Iron, Rock, Ices) that have a melting point above the temperature T of the disk for each planet.

	Planet
	Distance from the Sun (AU)
	Temperature=T, (K)
	T is below the Melting Point of which materials?

	Mercury
	0.4
	
	

	Venus
	0.7
	
	

	Earth
	1.0
	
	

	Mars
	1.5
	
	

	Jupiter
	5.2
	
	

	Saturn
	9.6
	
	

	Uranus
	19.2
	
	

	Neptune
	30.0
	
	




9. Of which materials do you expect the inner planets Mercury, Venus, Earth, and Mars to be composed of? Record your answers below. 

	



10. Of which materials do you expect the outer planets Jupiter, Saturn, Uranus, and Neptune to be composed of? Record your answers below. 

	



11. The Frost line occurs when the temperature of the disk is T = 273 K. At this temperature, water freezes, and it becomes ice. Using the graph from Page 2, estimate how far from the Sun the Frost line occurs. In between which two planets does the Frost line occur? Which two planets are the first planets located after the frost line? These two planets were first in line to use ices. These two planets were able to accumulate so much ice, that they became massive enough to attract the gasses Hydrogen and Helium. These two planets were then able to able to gain even more mass since the gasses Hydrogen and Helium are the most abundant materials in the disk. 

	
















Part 2: Exoplanet Properties

Exoplanets are planets outside our Solar System. The field of Exoplanets focuses on discovering and learning about planets outside our solar system. In other words, Exoplanets focuses on learning about and discovering other worlds. Exoplanets is a very young, active, and exciting field in Astronomy. In this part of the lab, we will explore the NASA exoplanets website to learn about the properties of exoplanets, the different types of exoplanets, and how exoplanets are detected.

1. Please visit the NASA Exoplanets website: NASA Exoplanets
At the bottom of page, you should see numbers on the number of confirmed exoplanets, the number of NASA candidates, and the number of planetary systems. Above “NASA Candidates”, you should see “click to expand”. Please click on “click to expand”. At the top left, you will see “Planet Types”. Record the number of exoplanets confirmed for each type of exoplanet in the Table below. In the website, if you hover over each planet type, you will see the definition for each planet type. Record the definition for each planet type in the Table below.

	Planet Type
	Number Confirmed
	Definition

	Total Exoplanets:
	
	Planets outside our solar system.

	Neptune-like
	
	



	Gas Giant
	
	




	Super Earth
	
	




	Terrestrial
	
	




	Unknown
	
	None.













2. In the bottom right, you will see a table of the methods that have been used to detect exoplanets. Record the percent of exoplanets each method has detected in the Table below. Then, at the bottom of the table, click on “More about planet-hunting methods”. Click on each method to detect exoplanets and record the definition for each exoplanet detection method in the Table below.


	Method
	% of Detections
	Definition

	Transit
	
	



	Radial Velocity
	
	




	Microlensing
	
	




	Imaging
	
	




	Astrometry
	
	


























3. Please visit the NASA Exoplanets website again: NASA Exoplanets
At the bottom of the page, you should see numbers on the number of confirmed exoplanets, the number of NASA candidates, and the number of planetary systems. Above “NASA Candidates”, you should see “click to expand”. Please click on “click to expand”. In the bottom left, you should see the Exoplanet Census. At the bottom of the graph in the “Exoplanet Census”, you should see a scroll bar for the year. 

In 2005, most exoplanets were detected by which method?                                 

In 2015, most exoplanets were detected by which method?                                 

Which year was the first year when most exoplanets were detected by the Transit method?
                                 

Which method tends to find exoplanets closer to the star, Radial Velocity or the Transit Method?                                 

Which method tends to find more massive exoplanets, Radial Velocity or the Transit Method?
                                 






























4. Exoplanets is a very young and active field. In this part of the lab, we will look at a timeline to learn about some of the big moments and discoveries in this field. For this part of the lab, please visit this website: NASA Exoplanets Timeline Explore the timeline by clicking on the right arrows and the left arrows on this website. Answers the questions on the Table below.

	Event
	Date and Questions

	First Planetary Disk Observed
	Date:                                 


	Hubble Space Telescope Launched
	Date:                                 
In which band does Hubble take data?                                 

	First Exoplanets Discovered
	Date:                                 
What type of star were these two first planets orbiting?
                                 

	First Exoplanet found around a Main-Sequence star
	Date:                                 
Which two scientists discovered this first exoplanet?
                                 

	First Transiting Exoplanet Observed
	Date:                                 


	First Multi-Planet System Discovered 
	Date:                                 


	First Planet found within the 
“Habitable Zone”
	Date:                                 


	First Measurement of an Extrasolar Planet’s Atmosphere
	Date:                                 


	Spitzer Space Telescope Launched
	Date:                                 
In which band does Spitzer take data?                                 

	First Light from an Exoplanet Observed
	Date:                                 


	Kepler Planet-Finding Mission Launches
	Date:                                 


	Kepler’s First Rocky Exoplanet Discovered
	Date:                                 


	First Earth-sized planet in the Habitable Zone
	Date:                                 


	Kepler Discovers Bigger, Older Cousin to Earth
	Date:                                 


	Closest Exoplanet Discovered
	Date:                                 


	Seven Earth-sized Planets Found Orbiting Red-Dwarf Star
	Date:                                 


	Eight-Planet System
	Date:                                 


	TESS Launches
	Date:                                 


	Kepler Ends Observations
	Date:                                 


	Planet Counter Hits 4,000
	Date:                                 
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