FINDING HABITABLE PLANETS 
Description:  In this activity, students will learn that stars have different properties, such as temperature, size, and lifespan. They will also learn that stellar properties determine the conditions for planets around them, hence affect which planets might be habitable.
Instructions:  Form a group of 4-5 students.  You will have 1h to complete the activity.  Each group will be given a radiometer or light meter, a meter stick, and an incandescent light bulb with a different wattage, representing a different star type. First, you will answer questions to familiarize with stellar properties. Then, you will measure the location of the habitable zone for your star type. 
Material: Radiometer or light meter, tape, calculator, meter stick, stop watch (more than one per group), outlet-to-lampholder adapter, red, yellow, black and blue permanent markers, incandescent light bulb (5-25 W, 60 W, 100 W, or 200 W). 
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Stars have different properties
Astronomers classify stars based on some of their main characteristics, including color, size, and energy produced. Figure 1 provides some of the basic stellar properties. Each star type is designated with a letter (possible mnemonic: Only Bored Astronomers Find Gratitude Knowing Mnemonics). The color of a star tells you about its temperature: hot stars are blue or white, cooler stars are orange, while the coolest of all stars (the M type) are red. The luminosity of a star tells you how much energy it produces, this quantity is often measured relative to the Sun’s energy output.
Figure 1. Basic stellar properties. The Sun is a G-type star.
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The so called ‘Jewel Box Image’ provided with this activity was taken with the Hubble Space Telescope. It shows a portion of a star-forming region that is about 6,400 light years away from us. 
1. What do you observe in this image?

2. Which stellar properties can you infer from this image?
The Habitable Zone (HZ) is defined as the region around a star where a planet can support liquid water at its surface. As liquid water is essential to life on Earth, planets in the HZ are more likely to have living organisms than those outside the HZ.
3. Which of the stellar properties listed in Figure 1 do you think are important in the search for habitable planets?
4. Speculate on the possible location and lifetime of the HZ as a function of stellar type.
5. The fossil record tells us that complex and relatively large life forms that can be seen by naked eye developed only about 550 millions of years ago. Consider that Earth formed about 4.4 billions of years ago. Which stellar types would you include in your search for habitable planets? Explain your reasoning.
Measuring the location of the HZ 

Now we will use the radiometer or light meter, light bulb, meter stick, and stop watch to locate the HZ as a function of stellar type. Your measuring station should have a ‘star’, the light bulb in a light socket, switched on and a meter stick taped to the surface of the table to measure the distance from the star. Each student should also have a HZ Chart. Your goal will be to find the area that is not too hot nor too cold from the star, the HZ.
1. Start from the end of the meter stick opposite to the light bulb and move your hand towards the bulb (make sure you DON’T TOUCH the light bulb, it is hot!). Describe the heat you feel.
2. Locate the radiometer or light meter at the end of the meter stick opposite to the light bulb and move it closer to the bulb along the meter stick. Describe what you observe and how you could use the tool to measure heat.
Now each group member will play a role:
Data Recorder – this student will write down all the observations and move the radiometer or light meter to a new position as the group tests out where the HZ is located for their ‘star’. The recording should start with the measuring tool at the farthest position from the ‘star’. The radiometer or light meter should be moved toward the ‘star’ in increments of 5cm until it is directly next to the star. If you use the radiometer, each position should be tested for 10 seconds. If you use the light meter, click on the min/max button to see the luminosity measured in Lux (1 Lux is one lumen per square meter). The data recorder should write down the position and number of spins (for the radiometer) or max intensity in Lux (for the light meter) reported by the Counters in corresponding columns on a piece of paper.
Timer – If using the radiometer, this student will tell the Counters when to start and stop counting. Each counting will last 10 seconds.
Counters – all other students in the group will count how many times they see the radiometer spin within the 10 seconds timed by the Timer. For each position, they should check with each other on how many times they counted the radiometer spin and then agree upon the number of spins. If using the light meter, the students will record the maximum luminosity in Lux. The agreed-upon number will be recorded by the Data Recorder.
Place the radiometer or light meter at the farthest position from the ‘star’ along the meter stick and start recording as instructed above.  If using the radiometer, the outer edge of the HZ is where the radiometer spun 5 times in 10 seconds while the inner edge is where the radiometer spun 10 times in 10 seconds. If using the light meter, the outer edge of the HZ is where the maximum intensity is 500 Lux while the inner edge is where the maximum intensity is 600 Lux (a dark room will allow to obtain more precise measurements with the light meter, without the need of subtracting the background light).
3. Based on the data you have recorded, where is the HZ located around your ‘star’? Write your results here and on the HZ Chart (in this chart every tick mark represents 5 cm).
4. It is also possible to estimate the inner and outer edge of the HZ in AU starting from the stellar luminosities given in Figure 1 as follows: inner_edge (AU) = √(L/1.1) & outer_edge (AU)  = √ (L/0.53)   where L is the stellar luminosity expressed in solar luminosity. Calculate the inner and outer edge of the HZ for your star.
Now that all groups have identified the HZ for their star (in cm on the meter stick and AU), let’s combine and compare results! One student will use an additional HZ Chart to summarize the findings of the class.  Use color pencils that match the colors of the ‘stars’ (light bulbs) in Figure 1: red for a 5-25 W bulb;  yellow for a 60 W bulb; white (black) for a 100 W bulb; and blue for a 200 W bulb. 
5. How does the location and extent of the HZ change with stellar type? Compare the radiometer or light meter recording with the results obtained using the simple formula in 4 and discuss any difference. 

6. Write a paragraph summarizing what you have learned from this activity in relation to how a star type predicts the distance range of the HZ and the possibility of life as we know it developing around those stars. 
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