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 Lab Activity: Exoplanets


This lab is based on one by Peter Newbury; Department of Physics and Astronomy; UBC – with permission. 

LEARNING OBJECTIVES

· To understand light curves and the transit method for detecting extrasolar planets, also called exoplanets
· To compare exoplanets to those in our solar system


INTRODUCTION 

Astronomers have discovered hundreds of planets orbiting other stars. These planets are in solar systems beyond ours so they are called “extrasolar” planets or “exoplanets.”

There are several methods of discovering these planets and this activity will investigate just one of these – the transit method. In the transit method, astronomers take precise, long- term observations of the intensity (brightness) of a star and create a light curve for the star – a curve that plots intensity vs. time. For most stars, the intensity remains constant and the light curve is flat – a straight line. For some stars, there is a regular dip in the light curve when the planet passes between the star and us (“transits the star”) and blocks some of the starlight travelling to Earth. The shape of this dip depends characteristics of the planet and its orbit.  In particular, analyzing the dip allows astronomers to determine the diameter of the planet and its distance from the star and determine whether or not the planet is “Earth like” in size and/or location and, thus could, perhaps, be suitable for life.

Procedure

The first transiting extrasolar planet, HD 209458b, was found orbiting a star named HD 209458. (Note the similarities and differences in the names of the star and the planet.) The star and planet are 150 light years away from Earth in the constellation, Pegasus. The light curve contains more than 70,000 measurements of the intensity of the star, collected with the MOST (Microvariability and Oscillations of STars) space telescope. MOST is operated by the University of British Columbia.

The light curve can be found in the lab folder of NYU Classes.

Procedure 1:  Use the light curve to determine orbital period and drop in intensity: The orbital period P of the planet is simply the time between the transits, which appear as dips in the light curve. 

The depth of the dip in the light curve indicates ∆I, the decrease in intensity. 

Enter the light curve data in Table 1.






Procedure 2: Determine the diameter of the Planet:  The light curve dips when the planet travels in front of the star and blocks some of the starlight from the Earth. The fraction by which the intensity dips is the ratio of the area of the disk of the planet compared to the area of the disk of the star. Recall that area of a circle = r2, so doubling the radius means 4 times the area and 4 times as much light is blocked.  
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If the planet has diameter d and the star has diameter D, the drop in intensity, ∆I, is the ratio of the area of the planet’s disk to that of the star: 
[image: ]
Thus, if the diameter of the star, D, is known and the drop in intensity, ∆I, is measured from the light curve, then d, the diameter of the planet, can be evaluated. The diameter of star HD 209458 is 1.4x106 km.  Note that the light curve measures ∆I as a % and this must be converted to a decimal in order to use the equation. Use this information to evaluate the diameter of planet HD 209458b.  Enter this value in Table 1 on the data page.


Procedure 3:  Using Kepler’s Third Law to determine the orbital radius – the distance between the centers of the star and the planet.

Recall from an earlier activity that Newton’s Version of Kepler’s Third Law can be written as
R3/P2 = MSG /42 where all quantities are in metric units: distance in meters, time in seconds and mass in kg.  

If instead of metric units we use solar units:  distance in AU, time in years and mass in Msun
then this law is
R3/P2=M

It so happens that the mass of the star, HD 209458, is about the same as the mass of the Sun so that the equation becomes 
R3/P2=1

Determine the orbital radius of HD 209458b and enter the value in Table 1.  BE CAREFUL OF UNITS.

In order to make easy comparisons to Mercury and Jupiter,  complete Table 2.



Data 


Table 1: Data from the Light Curve

	Orbital period 
	∆I (%)
	∆I (decimal)
	Planet Diameter, d 
	Orbital Radius,R,
(Distance from Star)

	

	
	
	
	




Table 2:  Comparison of Planet Properties

	Planet
	Diameter, d 
	Period P
	Distance from Star, R

	HD 209458b
	
	
	

	Mercury
	4880 km
	0.24 years
	0.39 A.U.

	Jupiter
	140,000 km
	11.86 years
	5.2 A.U.




Additional questions—
1. (4 pts) Is HD 209458b more like Mercury or more like Jupiter?  Explain your choice.  Note: there are a few different ways of correctly answering this.

2. (8 pts) HD 209458b is a “hot Jupiter” – a large planet (like Jupiter) but close to the star and, thus, hot. The first exoplanets found were mostly “hot Jupiters” because they are easiest to find. 
	a. Why, using the method of this lab, would it be easier to find a large planet?  
	b. Why, using the method of this lab, would it be difficult to find a planet that’s very far from its star? 

3. (8 pts) In order to use this method to evaluate the diameter of the planet and the radius of the planet’s orbit astronomers must know certain properties of the star that the planet is orbiting.  What particular properties of the star must be known to evaluate d? What particular properties of the star must be known to evaluate R?

4. (4 pts) The light curve below shows the dips in brightness of a star that has 2 transiting exoplanets.  The table gives possible diameters and periods of the two planets.  Which choice, A-E, can produce the dips shown?  Explain how you arrived at that choice.
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5. (8 pts) Transit data indicate a planet with a period of 5 days orbiting a main-sequence star of mass = 0.81Msun. 
a. What is the planet’s orbital radius?  
b.  Is this star hotter or cooler than the Sun?  Explain.

6.  (9 pts) NASA’s Kepler space telescope used the transit method to find exoplanets.  
a. How many planet candidates has it found?  
b. How many have been confirmed?  
c. How many are in the habitable zone  -- where life could possibly exist?  
Find the most recent count and cite your sources.

To be submitted: 
· Title page or section at top of data page indicating
· Title of lab
· Name(s) of partners
· Date performed
· Date submitted
· Data page(s) (tables)
· Page(s) of neatly hand-written calculations including appropriate units
· Typed or neatly written answers to additional questions
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