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Activity Summary: 

1. Students will explore the connection between light and heat, and how distance and inclination affect how much light is received from a light source. 

2. Then, as student engineers, they will apply these principles and more to come up with solutions to keep the MESSENGER spacecraft operating at safe temperatures and the solar panels generating electricity at levels within an acceptable range. 

3. Finally, they will learn about the MESSENGER spacecraft, its mission to Mercury, and how the NASA engineers designed the spacecraft and its orbit around Mercury to deal with Mercury's proximity to the sun. 

Room Requirements: 

Works best in a room that you can make fairly dark. Tables and chairs set up for group work, and arranged to provide access to the lamp in the center of the room. It's helpful if the tables can be arranged to point toward the light in the center of the room. This will allow the students to rest the solar cell on the table as the measure light intensity, and be able to move their light meter to various distances from the light. A computer and video projector helpful to present information and photos from the MESSENGER mission.

Supplies for each group of 3-4 students: 

Multimeter with clips on the test leads 

Solar Cell (model #3-300: Solar World in Colorado Springs) 

(http://www.solar-world.com/SolarPanels.htm) 

Small block of wood 

Roll of masking tape

A few pieces of copy paper 

Ball (size of baseball, tennis ball, or playland ball) 

Assembled 3D model of MESSENGER (handed out when needed) 

Supplies for the whole class: 

Lamp (no lampshade) [some way to make the bulb match the height of the tables] 

Bulbs (various wattages to match the room conditions, 100 watt is likely the best) 

Extension chords 

Resources: 

1. MESSENGER Education Module: Lesson 3, My Angle on Cooling (pp. 57-92)
http:// http://teachspacescience.org/graphics/pdf/10000874.pdf 

2. MESSENGER Spacecraft Model
http://btc.montana.edu/messenger/students/scmodel.pdf 

3. MESSENGER web site:
http://messenger.jhuapl.edu/index.php 

Procedure: 

1. Introduce the challenge:  Students will experiment as student-scientists learn about light and heating. And serve as student-engineers, addressing some of the challenges of sending a spacecraft to the planet Mercury. 

2. Problem #1 - Heat: introduction to the relationship between distance and heating. 

1. Place a 100 watt light bulb, without a lamp shade, in the center of the room. While the bulb is cool, unscrew the bulb part way so that the bulb will not light when you turn it on. 

2. Have the students gather around the lamp, cover their eyes with the palms of their hands. 

3. You can leave the lights on in the room. Tell the students to say "now" when they can tell you've turned on the lamp, wait a few seconds, and screw the bulb in. Hopefully some of the students closest to the bulb will sense the heat and say "now". 

4. Ask the students how they could tell that the light was turned on. Look for the answer that they could "feel" it.

5. Discuss how light is absorbed by their skin, which they can tell by the fact that their skin temperature was raised. 

6. As time and safety allow, experiment with distance and how far away you can be and still detect the light with your skin. NOTE: you will need to use the off/on switch for the lamp because the bulb will be HOT. 

7. Discuss the relationship between distance and the heat generated. 

8. Establish that we could measure the temperature with a thermometer. 

9. Ask: "What is traveling from the lamp to us that is causing that increase in temperature that we are sensing?" Answer: light. 

10. Ask: "Why didn't the students farther from the bulb "feel" the light?" Look for answers related to less light, or the light is more spread out... 

11. Propose that we could do some experiments to confirm that the students farther from the light are receiving less light. 

12. Consider how we can measure light. Discuss light detectors in general. 

13. Demonstrate how to make a light meter by measuring the electrical output of a solar cell. Hook up the red clip from the multimeter to the red wire on the solar cell, and the same with the black clip and wire. Turn the multimeter selector to the appropriate dc volt setting (we used the 2000mV DCV setting for the YAAYS summer camp). 

14. Discuss the connection between the amount of light received and the electrical output of the solar cell. 

15. Give the students 2-4 minutes to explore and identify factors that affect how much light is received by the solar cell. Encourage them to come up with as many different factors as possible. These factors may include distance, tilt angle (inclination), rotation angle, shielding the solar cell, filtering the light, and more. 

3. Experiment:  students will set up an experiment to determine if distance from a light source affects light intensity. 

1. Have the students work as teams of scientists in small groups (3-4 students; same groups throughout the lesson) to set up a brief experiment to see if our "light meters" confirm our claim that the relationship between heating and distance is caused by a change in the amount of light received at those distances. Hint: students may find it helpful to use a loop of tape to temporarily attach their solar cell to a small block of wood to hold their solar cell steady on the table. Remind the students that they need to control all of the other variables, and ONLY change the distance.

2. Apply this relationship between distance and heating to the planet Mercury compared to the Earth. Mercury receives more light (per surface area) than the Earth because it is closer to the light source -- the sun. MESSENGER will be receiving up to 11 times the sunlight at Mercury compared to being near the Earth. If possible, set up a scale model of the inner part of the Solar System (Sun to Earth) to give the students an accurate conception of how much closer to the sun Mercury is compared to the sun. The scale model can also be used to illustrate the minute effect MESSENGER's orbit around Mercury has on its distance to the sun. A scale of 6 billion to 1 works well. [See "Solar System Stroll" for instructions for creating a scale model of the Solar System:   http://www.madison.k12.wi.us/planetarium/ssstroll.htm]

3. Discuss: If we are sending a spacecraft to Mercury, can we change the spacecraft's distance to the sun in order to prevent overheating? Answer: no. So we need to come up with ways to keep the spacecraft from overheating.

4. Experiment: figure out which angle would cause the solar cell to receive the most light.

1. Challenge the students to test various angles of the solar cell in relation to the light bulb to determine which orientation causes the solar cell to receive the most light. (Introduce the term "inclination" for tilt.) Help the students to set up an experiment in which the only test variable is angle, and the others (distance, etc.) are controlled. Most groups figure out that having the solar cell pointed directly at the light bulb causes it to receive the most light. Other groups have slight errors in their controls (mostly from reflected light) which cause them to come up with higher numbers at an angle slightly different from the other groups. This can provide some great teachable moments.

2. Discuss and illustrate (with demonstrations and drawings if necessary) why inclination (tilt) would reduce the amount of light received, and reduce heating. 

5. Experiment: introduce the concept of energy received through reflection and experiment to determine how the light intensity will be affected by the distance between the reflecting surface and the solar cell.

1. Experiment with reflection: have students position their "light meter" so that the solar cell is facing away from the lamp in the center of the room. Turn the lights off and turn the lamp on. Hold a piece of paper vertically in front of the solar cell so that it is in the opposite direction from the light source. The light will reflect off of the piece of paper and can be measured by the "light meter". 

2. Discuss the results. The light meter is detecting light reflecting off of the paper. 

3. Experiment with distance to the reflected surface:  Have students test the effect of distance from the reflected surface on the amount of light received by the solar cell.

4. If you have time, experiment with tilt (inclination) of the reflecting surface:  Have the students check the effect of tilting the paper on the amount of light measured by our detector. 

5. Apply these principles to sunlight reflecting off of the daytime side of Mercury and heating the MESSENGER spacecraft as it orbits. 

6. Problem #2 - Electrical needs & changes in distance between the spacecraft and the sun. 

1. Discuss/show the orbital trajectory around the sun for MESSENGER that winds in closer and closer to Mercury - first at Earth's distance, then at Venus' distance, and then finally at Mercury's distance from the sun.
http://messenger.jhuapl.edu/the_mission/trajectory.html 

2. Discuss the implications for trying to provide consistent power to the on-board computers and instruments via the solar panels. Shorter distance means higher levels of light, which would mean a higher output of electricity from the solar panels. If you have enough power to run the spacecraft at an Earth-distance orbit from the sun, then you would have too much power at a Mercury-distance from the sun. 

7. Problem Solving: Discuss what engineers do - applying science and math to solve practical problems. Brainstorm ways of dealing with the challenges of sending a spacecraft to Mercury. 

1. Problem #1 - Heat: Have the students serve as student-engineers and come up with ways to apply what they've learned to keep the spacecraft from getting too hot in orbit around Mercury. Keep in mind that you can't change the spacecraft's distance from the sun since it will be orbiting around Mercury. Likely solutions may include shielding, angle of inclination (tilt) of the spacecraft, angle of reflection of sunlight off of the surface of Mercury (orbiting at a high inclination, almost above the north and south poles of Mercury), installing an air conditioner (too heavy to be practical). 

2. Problem #2 - Electrical Needs & changes in distance to the sun: Have students brainstorm ways to vary the amount of sunlight received by the solar panels to account for the differences in distance between the spacecraft and the sun as the spacecraft's orbit around the sun changes, getting closer to Mercury's distance. Typical answers may include some way to cover or close part of the solar panels, and tilting the solar panels. See if the students can achieve a level of ___________ (test and establish ahead of time) on their "light meters" at various distances from the lamp in the room. 

8. Communicate: use 3D models of the spacecraft, Sun (lamp), and Mercury to refine and explain/show the other student-engineer teams their proposed solutions to solving the challenges of getting to and orbiting Mercury. 

1. Have the students work together in small groups to summarize their solutions, and come up with ways to demonstrate and communicate their ideas to the other groups. 

2. Have each group present their ideas to the other groups. 

9. MESSENGER Engineering Solutions: discuss any differences, or additional solutions that the NASA engineers came up with to solve problems 1 & 2. It's helpful to present a brief PowerPoint presentation of images and information on MESSENGER.

1. Problem #1 - Heating: MESSENGER has a sunshade to shield the main part of the spacecraft from sunlight. The sunshade is pointed toward the sun at all times. The spacecraft's 12-hour orbit around Mercury is designed so that it orbits at a high inclination (80°) relative to Mercury's equator - almost over the poles; and it's an elliptical orbit that actually takes it closest to Mercury on the sunlit side so that it will move swiftly past the hottest part of its orbit. The solar panels are designed so that 70% of their surface is covered with mirrors. This allows the solar cell elements to be spread out so that they can radiate their heat into space instead of heating up adjacent cells (results in reduction of about 125°C). The heat on the solar panels is also reduced (another 100°C) by never having the solar panels directly toward the sun. Together, these passive cooling methods keep the solar panels at around 150°C (300°F) instead of more than 400°C (750°F). 

2. Problem #2 - Electrical: The solar panels for MESSENGER are tilted in respect to the sun in order to achieve the power levels necessary. 

Journal Prompts: 

a. Explain 2 new things that you learned about the MESSENGER mission. 

b. What was the most interesting part of this activity? 

c. What do you think would be the most interesting part of designing a spacecraft like MESSENGER? 

d. Explain 1 challenging part of the MESSENGER mission to Mercury, and how the engineers solved the problem. 

e. Where would you want to send a spacecraft? And what special features would you build into your spacecraft to help it accomplish the mission? 

