Fun in the Sun

A Sun-Related Activity
(From the HEAD Science Education Program at Harvard University)
The Sun is the closest star to Earth in the universe and is the most extensively studied star.  Compared to other stars the Sun is considered an average star in terms of its size, age, and temperature.  Astronomers believe that the Sun is approximately 4.6 billion years old and will keep shinning for about another 7 billion years.  Earth would not have any life on it without the Sun’s energy.  Plants use the Sun’s energy and convert it into food, which these plants use to live and grow.  During this process, plants produce oxygen that animals breathe and in turn eat the plants for nourishment.  It is therefore important to realize that all plants and animals, which include us, rely on the Sun’s presence.  More information on the Sun and its properties can be found on the internet at http://encarta.msn.com/.
The above paragraph poses some important questions that we should explore.  What is a star?  What is the composition of the Sun?  What type(s) of energy does the Sun produce?  Since the Sun is the closest star to Earth, just how big is the Sun really?  Do you think that the Sun is larger than the Earth?   
Materials:  
8 1/2 x 11 inch sheets of paper; yard(meter)sticks; tape; pencils; index cards; straight pin
Objectives:

1.) To determine the size (diameter) of the Sun and compare it to the size of the Earth.
2.)  Perform a scientific inquiry that utilizes data collection and mathematical application.

Procedures:
Looking at the Sun can cause permanent eye damage -- never look at the Sun directly! 
Work in groups of 2-4 for this experiment.

(  1. On a sheet of paper, draw two parallel lines very very very close together, about a pencil lead width. Measure the distance between them and record it. 

(  2. Prick a tiny hole in the center of an index card, fold over one end, and tape that to the top (at the zero mark) of a yard or meter stick. 

(  3. Hold the paper out underneath the card with one edge resting up against the yard (meter) stick, and the shadow of the card falling squarely on the paper. Slide the paper up or down along the edge of the stick so that the sunlight coming through the hole in the index card just fills the space between the little parallel lines drawn on the paper. 
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(  4. Record where on the yard (meter) stick the edge on which the paper was aligned when the pin-prick of light fit inside the parallel lines.

Analysis:

Now some quick relations involving space and math! Have you ever made scale models of planes, boats, or people?  How does scale modeling work? In the case of the Sun, we know what the distance between the two parallel lines is; this was recorded in the first step of the procedure. We also know what the recorded distance from the source of the light (the pin hole) to the paper where the parallel lines were filled in.  What can we do with this information to determine what the size of the Sun is?  If we wanted to move the paper further away, could we guess by how much the spot would grow? What if the paper were over 93 million miles away? 

Distance to Sun is approximately 93,750,000 miles. Size of the Sun is unknown, but we can determine this by using the data we collected and developing a direct relationship (ratio) between the distance of the light and the size of the light spot.  You should use your own recorded values for this step. 
1.)  Use the given information and the data you collected to determine the size of the Sun in units of miles.

2.) Why is it important to use a small pin hole in the index card for this experiment?

3.) Why are the parallel lines on the index card so close together?

4.) What are some sources of possible error?

Applications:  Work in groups of 2-4 and discuss your responses until consensus is reached.

1.) One mile is equal to 1.609 km; convert your answer for the size of the Sun into metric units.  Why is it important to report the results of a scientific experiment in metric units?
2.) The Sun is large and massive compared to the other objects in the solar system. The Earth’s radius (the distance from its center to its surface) is 6370 km, how many times larger is the Sun’s radius than the Earth’s?
3.) Given that the speed of light is 2.998 x 108 m/s, how long would it take light to reach the Earth from the Sun?
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