Ways of Knowing Science-ILS 153

Worksheet: Equinox
September 22, 2009

         Name_____________________________

ILS 153: Ways of Knowing Science

Radius of the Earth: Lab 2

Scale Models and Geometry


Names of people in your group:

The goal of this worksheet is to help solidify some of the concepts from class and help with the homework that is due on Tuesday.  Work in your groups and discuss the ideas freely and openly. USE THE GLOBES TO HELP YOU VISUALIZE!

Part 1:  Describing the seasons

a. Kepler’s First Law that says that the orbits of all planets are ellipses, with the sun at one of the foci of the ellipse.  Explain the geometric consequences in term of the Earth’s distance, throughout the year, from the Sun. 

b. Is distance from the sun the reason that seasons exist? Explicitly state your position and give your evidence for or against this argument

c.  Given that the tilt of the sun is 23.5° during the entire year, draw the position of the Earth for these dates: March 21, June 21, September 21, and December 21, using  the attached sheet.  For the record, the Earth is closest to the Sun on December 21 (it isn’t exactly December 21, but it is pretty close to that time).

d.  Why do we have seasons?  

e.  Here is a tough question: If seasons are really caused by the tilt of the Earth, why isn’t it hottest in June in the northern hemisphere (Records indicate that August is typically the hottest month in most places)?  Talk about it for ~2 minutes in your group and give your best possible explanation.

Part II:  Thinking about the Equinox

a. Why is it called the Equinox?  

b. What is the angle of shadows, in the middle of the day, along the equator today?

c.  What is the angle of the shadow at the Tropic of Cancer?  What is the angle of the shadow at the Tropic of Capricorn?

d.  Because it is raining, we can’t use the shadow in the courtyard.  Last spring, on March 21, we measured a 90 cm shadow on a 1.0 m meter stick.  What is the angle of the shadow?  Below is a diagram of how it would look.
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The relevant mathematical operation is tan  = opp / adj.  In this case, it is 

tan  = shadow length / meter stick height.  You then need to do an inverse tangent on your calculator, or look up the tangent function in a table.
f.  Look back at your answers to questions 2b and 2c.  What can you say about the location of? Madison, Wisconsin, based on the angle your just calculated?  

g.  Let’s say that you traveled directly south to the equator in an airplane.  It was 4918 km away.  What is the radius of the Earth?  

The relevant equations from your homework are:

Arc segment distance


 Angle of arc segment

           __________________         =                _________________     


   Circumference

       360° (# of degrees in a circle)

And 
C = 2R (The circumference is twice the radius times 
First, write down the arc segment distance: __________________________

Second, write down the arc segment length (from Part II f): _____________________

Third, write down the first equation, with only circumference on one side of an equation.  In other words:

    
Circumference = 

Fourth, calculate the circumference and write down the result.  SHOW YOUR MATH!

Fifth, write down the second equation, with only radius on one side of an equation.  In other words:


Radius = 

Finally, calculate the radius of the Earth and write down the result.  SHOW YOUR MATH!

Radius of the Earth= 

This is the calculation Eratosthenes did over 2,000 years ago.  For the record, he was off by 10%.
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