In-class Activity: Radius of the Earth

Part 1: Collecting and analyzing the data 

You need:


1. A hula hoop





2. A tape measure or ruler


3. A blue or red light source


4. A calculator

We are going to model Eratosthenes’ experiment using a scale model of the Earth, and we will use a hula hoop to approximate a circle.  Then we will cast a shadow on a few sundials in order to recreate his observations. One trick of this scale model is that the light source must always shine exactly straight on the sundial.  This is because the radius of the sun is so much larger than the radius of the Earth that sunlight always hits the planet at one orientation.  

The first task is to shine a light directly at the wood sundial.  Think of this orientation as the sundial at Syene on June 21.  There should be no shadow to the right or left of the wooden dowel.

Next, place another sundial about 5-20° away from the first sundial.  This sundial is equivalent to the sundial at Alexandria.  Using the light source, but holding it perpendicular to the edge of the table, shine it at the sundial.  It will cast a shadow.  You now need to gather the data:

What is the height of the gnomon (sticking-up part) of the sundial? _________________

(use units)

What is the length of the shadow? ________________________________

(use units)

The shadow and the gnomon are at right angles to each other, and thus form a right triangle. Use the attached diagram to label the opposite and adjacent sides of the triangles with the appropriate values.

Using the inverse tangent, write an equation to calculate the angle.

Calculate the angle of the shadow: _________________________

What is the measured distance between the two sundials, measuring along the outside of the hula hoop? ________________________

Part 2: Calculating the radius of the hula hoop

The most important part of this exercise is to realize that the angle of the shadow is the angular difference between the two sundials.  This occurs by using geometric rules. Using your data and this equation that we used before:


Arc segment distance


Angle of arc segment

           __________________              =      
 _________________  


  Circumference

       

360° (# of degrees in a circle)

Plug the values in this equation for this example:

Calculate the circumference: ________________________________________

The huge advantage of the scale model is that you can check your answer.  Directly measure the circumference of the hula hoop.  Write it: ____________________________

Is your calculated circumference close to your measured circumference?  Write down some things that could have caused a difference between the two.

Finally, using the calculated circumference, write out the equation for the radius:

Calculate and write the radius: ________________________________________

