Astronomy Honors

Scientific Models and Eratosthenes


Name:

The purpose of this lab is to


a.  Compare observations provided by various models to actual observations in 


order to acquire knowledge about our Universe


b.  Provide practice in discriminating among various models of the behavior of the 

shadows of sticks.


c.  Show how Eratosthenes determined the size of the Earth from limited 



information by using models. 

I.  Materials Needed


Small piece of cardboard = “Flat Earth”


Styrofoam ball = “Curved Earth”


Light bulb = “Sun”


Two toothpicks


Metric ruler


Protractor


String

II.  Scientific Models

Scientific models are vital to astronomy, due to astronomy’s unique status as an observational science.  Astronomers compare predictions made by models to actual data from the Universe in order to understand the make-up of the Universe and the processes that occur in it.

In this activity, we are going to use the behavior of shadows to determine whether Earth’s surface is flat or curved and to determine whether Sun is nearby or far away. The four models we will consider are the following:

Model A.  Flat Earth, Nearby Sun

Model B.  Flat Earth, Far Away Sun

Model C.  Curved Earth, Nearby Sun

Model D.  Curved Earth, Far Away Sun

III.  Class Discussion: Rays of Light


1.  As the light source (Sun) is pulled farther and farther from Earth, what happens to the two directions the observers’ arms are pointing?  Your answer should refer to something about the geometrical relationship of these two directions. 

2.  Where would the source need to be in order for the two directions specified by the observers’ arms to be exactly parallel?

3.  Since it is not feasible to actually put something at that location, what can we say about where the source must be in order for the two directions specified by the observers’ arms to be indistinguishably close to parallel?

4.  Do you think there would be any difference between the two observers being on a flat Earth versus a curved Earth when making their observations?  Why or why not?

Part 1:  Where is Sun?


Model A = Flat Earth, Nearby Sun

We will see if we can learn anything about Sun’s distance from Earth.  Place your two toothpicks in the piece of cardboard no more than 2 centimeters apart.  Make sure they are parallel to each other. They should stand no more than about 1 centimeter tall. Stand very close (within 1 or 2 meters) from the “Sun”.

5.  Hold the “flat Earth” in whatever orientation is necessary to make one of the shadows completely vanish.  What conditions are necessary to make one of the shadows completely vanish?

6.  Now hold the “flat Earth” in whatever orientation is necessary to make both shadows simultaneously vanish.  If you can make both shadows simultaneously vanish, state what conditions are necessary. If you were not able to make the shadows simultaneously vanish, explicitly state why not.

7.  Hold the flat Earth so that a line between the two toothpicks is perpendicular to a line between the Earth & Sun.  (see diagram)


With the ruler, measure the length of each shadow and note whether the two shadows are parallel to each other or not.  

Length of one shadow

Length of other shadow:

Difference in length:

Are the two shadows parallel or not parallel?  How do you know?


Model B = Flat Earth, Far Away Sun

Stand as far away from the light bulb as the room will permit.  Repeat your explorations as prompted below.

8.  Hold the “flat Earth” in whatever orientation is necessary to make one of the shadows completely vanish. What conditions are necessary to make one of the shadows completely vanish?

9.  Hold the “flat Earth” in whatever orientation is necessary to make both shadows simultaneously vanish.  If you can make both shadows simultaneously vanish, state what conditions are necessary. If you were not able to make the shadows simultaneously vanish, explicitly state why not.

10.  Hold the flat Earth so that a line between the two toothpicks is perpendicular to a line between the Earth & Sun.  With the ruler, measure the length of each shadow and note whether the two shadows are parallel to each other or not.  

Length of one shadow

Length of other shadow:

Difference in length:

Are the two shadows parallel or not parallel?  How do you know?

11.  What happened to the difference in shadow length as you went from nearby the source to far away from the source?


Model C = Curved Earth, Nearby Sun

Place your two toothpicks in the styrofoam ball no more than 2 centimeters apart as measured along the ball’s surface. Make sure each toothpick is perpendicular to the “ground” and no more than 1 centimeter tall. Stand very close (within 1 or 2 meters) from the “Sun”.

12.  Hold the “curved Earth” in whatever orientation is necessary to make one of the shadows completely vanish.  What conditions are necessary to make one of the shadows completely vanish?

13.  Hold the “curved Earth” in whatever orientation is necessary to make both shadows simultaneously vanish.  If you can make both shadows simultaneously vanish, state what conditions are necessary.  If you were not able to make the shadows simultaneously vanish, explicitly state why not.

14.  With your ruler measure the length of each shadow and note whether the two shadows are parallel to each other or not.  

Length of one shadow

Length of other shadow:

Difference in length:

Are the two shadows parallel or not parallel?  How do you know?


Model D = Curved Earth, Far Away Sun

Stand as far away from the light bulb as the room will permit.  Repeat your explorations as prompted below.

15.  Hold the “curved Earth” in whatever orientation is necessary to make one of the shadows completely vanish.  What conditions are necessary to make one of the shadows completely vanish?

16.  Hold the “curved Earth” in whatever orientation is necessary to make both shadows simultaneously vanish.  If you can make both shadows simultaneously vanish, state what conditions are necessary.  If you were not able to make the shadows simultaneously vanish, explicitly state why not.

17.  With your ruler measure the length of each shadow and note whether the two shadows are parallel to each other or not.  

Length of one shadow

Length of other shadow:

Difference in length:

Are the two shadows parallel or not parallel?  How do you know?

18.  What happened to the difference in shadow length as you went from nearby the source to far away from the source?

Part 2:  Compare Models to Actual Data

19.  Now we need to look at some actual stick shadows. Take the provided sticks outside and observe their shadows.   Use the tape measures to collect your data.  You will have to think of what measurements you took using your models in order to determine what “real world data” to collect.  Record your data below.

20.  Based on your observations, what can we now say about Sun’s distance and why?

21.  From these same observations, can we tell anything at all about Earth’s shape?

22.  Compared to the size of Earth in each case, were the two simulated sticks relatively close together or relatively far apart?

23.  Do you think two observers with identical sticks would observe identical shadows from either end of Southampton Dr? Defend your answer.

24.  Do you think two observers with identical sticks would observe identical shadows from Columbia and Kansas City? Defend your answer.

25.  Do you think two observers with identical sticks would observe identical shadows from Columbia and San Francisco? Defend your answer.

26.  Can we now discard any of our proposed models? If so, which ones?

Part 3:  Eratosthenes Measures the Earth

Examine the provided handout on Eratosthenes and how he measured the size of the Earth.  You can see he assumed the Earth was round.  Why did he assume the Earth was round?  What observations could he use to validate his assumption of a curved Earth?


Reexamine the Flat Earth, Sun Far Away Model

Place the two toothpicks in the “flat Earth”, but this time put them at least 4 or 5 centimeters apart. Make sure each toothpick is perpendicular to the “ground” and no more than 1 centimeter tall. Once again, stand as far away from the light bulb as the room will permit.  

27.  Hold the “flat Earth” in whatever orientation is necessary to make both the shadows simultaneously vanish.  If you can make both shadows simultaneously vanish, state what conditions are necessary.  If you were not able to make the shadows simultaneously vanish, explicitly state that.


Reexamine the Curved Earth, Sun Far Away Model

Now put the two toothpicks in the Styrofoam ball, but this time place them at least 4 or 5 centimeters apart as measured along the ball’s surface. Make sure each pin is perpendicular to the “ground” and no more than 1 centimeter tall.  Stand as far away from the light bulb as the room will permit.  

28.  Hold the “curved Earth” in whatever orientation is necessary to make both shadows simultaneously vanish.  If you can make both shadows simultaneously vanish, state what conditions are necessary. If you were not able to make the shadows simultaneously vanish, explicitly state why.

29.  Now we see it all comes down to whether or not two identical but widely separated sticks cast identical shadows or different shadows. Which situation corresponds to what Eratosthenes observed?

30.  Which of our four initial models best accounts for actual observations?

31.  There are simpler observations that can be made that indicate Earth’s surface must be curved. See how many you can come up with from your own experiences and list them here. 

Part 4:  Eratosthenes and the size of the Earth

Examine the diagram given to see how Eratosthenes deduced Earth’s size based on the assumption that the Earth is spherical.  Use his techniques to estimate the diameter of your Styrofoam ball “Earth”.

Put two toothpicks in the Styrofoam ball at least 4 or 5 centimeters apart as measured along the ball’s surface.  Make sure each pin is perpendicular to the “ground” and no more than 1 centimeter tall. Stand as far away from the “Sun” as the room will permit and hold the “curved Earth” in whatever orientation is necessary to make one shadow vanish.

You must be able to clearly see the other stick’s entire shadow.

32.  With your ruler, measure the height of the stick (in millimeters) whose shadow is visible and then measure the length (in millimeters) of its shadow along the ball’s surface.  Use the provided graph paper to create an enlarged scale drawing of the stick and its shadow. From this drawing, determine the angle that incoming rays make with the top of the stick.  You can simply measure the angle in question with your protractor.  Record your measurements below.  YOU MUST HOLD YOUR STYROFOAM BALL SO THAT ONE SHADOW COMPLETELY VANISHES WHILE YOU MAKE YOUR MEASUREMENTS!


Length of stick:


Length of visible shadow:


Angle between incoming rays and top of stick:


Separation between the two sticks, measured along ball’s surface:

Use Eratosthenes’ reasoning to deduce your Styrofoam ball’s circumference and radius. YOU MUST SHOW ALL OF YOUR WORK!
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