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Objectives
· Use Google Earth to find the latitude and longitude of a location and vice versa.

· Understand and compare how distance formulas calculate the distance between two locations given by their latitude and longitude coordinates.

· Calculate the length of a path given its GPS data.

· Study rate of change given GPS data.

Summary of Formulas and Notation
· The ordered pair 
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 represents the coordinates of a location.

· R = radius of the Earth

· The distance between two locations using a “flat earth” model with the average of the latitudes of both locations: 
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· The distance between two locations using only the first location’s latitude:
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· The Cartesian coordinates of a location in 
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· The distance between two locations using a “spherical earth” model:
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      where u and v are the Cartesian coordinates of each location.
Exercises:  (Open Google Earth and the Distance Formulas workbook in Excel)
1. Use Google Earth to discover what interesting landmarks are located at the following longitude-latitude coordinates: 
(147.7, -18.2861) 

(2.294260, 48.858052) 






(31.13747, 29.975734) 
(-113.240014, 36.114526)
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Go to Google Earth.
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Find the coordinates of Bogotá, Colombia in decimal form: 



Find the coordinates of New York City in decimal form:




(b) Use Google Earth to create a path from Bogotá to New York City. Overlay a grid. What do you notice?
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a

×

Why can you use the following relationship to estimate the distance between Bogotá and New York City? Estimate this distance.
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(d) The online distance calculator at  http://www.mapcrow.info/ gives a distance of 4013 kilometers. How does this compare with your estimate?
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Go to Google Earth.
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Find the coordinates of Plymouth, Massachusetts: 



Find the coordinates of Rome, Italy:




(b) Use Google Earth to create a path from Plymouth to Rome. Overlay a grid. What do you notice? Is this what you expected? Why do you think Google Earth gives you the path it does?







(c) Find the distance you would travel between Plymouth and Rome if you were to stay at the same latitude. (Hint: The radius of this arc is 
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(d) The online distance calculator at  http://www.mapcrow.info/ gives a distance of 6580 kilometers. How does this compare with your estimate?






(e) Open the Distance Formulas worksheet in Excel.  Use the “flat earth” estimate to check your answer from part (c). Compare to the estimate of the distance using the “spherical” model.  Comments?
4. The “flat earth” model given here calculates distances as they would appear on a Mercator map – a two-dimensional projection of the earth on which the latitude and longitude lines are perpendicular.  The spherical model calculates the shortest surface distance between two points on a sphere. The “flat earth” model is usually sufficient for short distances, but not so good for long distances. The question is, what is a “short” distance and what is a “long” distance?

(a) How are the two models different? Why do they give different results?





(b) Why have two models? Discuss the benefits and drawbacks of each. 

5. Stonehenge is located at 
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 and the London Eye is located at 
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.  Estimate the distance between these landmarks using both methods and compare the answers.











6. Currently, the highest recorded temperature in the world is 136ºF (57.7ºC). It was recorded in 1922 at Al’Aziziyah, Libya. The coldest recorded temperature is  –128.6 ºF  (–89.2ºC). It was recorded in 1983 at Vostok, Antarctica.
  Estimate the shortest distance between Al’Aziziyah and Vostok. Compare the "flat earth" estimate to the "spherical earth" estimate.




7. The path of a walk recorded by a GPS unit is shown on the topographic map below. 
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(a) This same walk may be viewed dynamically in Google Earth by downloading its .kmz file located here
.  Using the scale provided on Google Earth, estimate the length of the walk.





(b) The following graph shows the elevation in meters above sea level measured by the GPS during the walk. How will elevation contribute to the length of the walk? 
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(c) Here is a sample of the data taken from the walk. Describe how we could use our distance formulas with this kind of data to estimate the length of the walk. 
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(d) Open the Excel worksheet Distance of Walk Exercise. What horizontal distance was covered in the first 10 minutes? What total distance was covered?






(e) What was the total distance covered during the entire length of the walk?








(f) Did the walker walk at a steady pace? If so, what was it? If not, when was he walking the fastest and when was he walking the slowest?
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The length of an arc of radius R subtended by the angle α is equal to � EMBED Equation.DSMT4  ���.
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Date�
Time�
Latitude�
Longitude�
Elevation (meters)�
�
12/15/2006�
10:01:22�
41.39035�
-73.95621�
44.4�
�
12/15/2006�
10:01:24�
41.39035�
-73.95623�
45.3�
�
12/15/2006�
10:01:26�
41.39035�
-73.95623�
46.3�
�
12/15/2006�
10:01:28�
41.39035�
-73.95623�
46.3�
�
12/15/2006�
10:01:30�
41.39039�
-73.95623�
46.3�
�
12/15/2006�
10:01:32�
41.39041�
-73.95623�
45.8�
�
12/15/2006�
10:01:34�
41.39043�
-73.95623�
45.8�
�
12/15/2006�
10:01:36�
41.39048�
-73.95623�
45.8�
�
12/15/2006�
10:01:38�
41.39050�
-73.95623�
45.8�
�









Earth and Geographic Distances








� Temperature data obtained from � HYPERLINK "http://www.metoffice.gov.uk/corporate/library/factsheets/factsheet09.pdf" ��http://www.metoffice.gov.uk/corporate/library/factsheets/factsheet09.pdf� .


� � HYPERLINK "http://www.dean.usma.edu/math/people/Wattenberg/JOMA-GPS/Class-Materials/Intro-modeling/walk.kmz" ��http://www.dean.usma.edu/math/people/Wattenberg/JOMA-GPS/Class-Materials/Intro-modeling/walk.kmz� 
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