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STEM Earth Central 2007
Elevations
Objectives:

· To become proficient in complementary techniques for measuring how high things are.
· To understand limitations of the GPS.

· To investigate uncertainties in measurements.
How high?
Sometimes your GPS can only get a “2-D” fix on your location, and you will find that its measurement of your height above sea level is always less accurate than your map position. This is because the network of satellites is stretched out over the surface of the Earth, so comparisons of the signals mainly indicate how far north-south or east-west you are.

To get accurate elevations, two older techniques are still useful—triangulation and pressure changes—and they can be more accurate in some instances.  In fact, triangulation allows us to measure the heights of things without even having to visit them!
In this project we will use all three techniques to measure the height of a building

Getting Started 
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Begin by gathering all of the following with your team:  

· Barometer

· GPS units

· Ruler, protractor, thread, weight and straw
The last set of items is needed to build your clinometer. The purpose of the clinometer is to be able to measure angles from horizontal:
· Tie your weight to the thread so that it hangs straight down (you don’t want a weight that hangs off-center because the thread needs to be vertical)

· Tie the thread through the hole at the center point of your protractor; leaving it long enough to hang down roughly 8 inches.
· It may help to tape a straw along the flat edge of the protractor to as an aiming “sight”
The angle Y marked in the diagram is the same as the angle from horizontal of the sight. Fans of Euclid may enjoy proving that mathematically! 
Note that using the clinometer is a two-person job. One person should sight along the straw while the other reads the angle Y of the protractor. This can be quite challenging if there is any wind! Check that your clinometer reads 0 when you sight a distant horizon (with no tall mountains on it).
First Measurements

Establish a “base station” outside of Hasbrouck where you can see the library building from bottom to top, then record all of the following:

· Record your GPS coordinates and elevation, including the estimated error; save your location as a waypoint. (Everyone should record their own GPS numbers—we’ll want to see how consistent they are.)
· Record the pressure on your barometer in “inches” (typically a number around 30); turn the reference needle to align with the barometer needle. (The barometers we are using were really meant to stay in one spot, so sometimes when they get bumped, the needle jumps, so try to handle them gently!)
· Use your clinometer to measure the angle when you are looking toward the top of the library.

Additional Measurements

Walk over to the library, then record additional measurements before you go inside:

· Record your barometric pressure.

· Record your GPS coordinates.

· Use your GPS to find the distance from your base station waypoint.

Now enter the library and take the elevators to the top floor. Watch your barometer as you ride up, and after you reach the top floor:

· Record your barometric pressure.

· Hold your GPS unit close to a window and see if you can get a fix. Record your coordinates again.

When you get back down, you should record your barometric pressure again to make sure that the unit didn’t have any glitches. 
Tallying the Results
GPS: 
· Each person should calculate results for their own GPS readings and then share with everyone on the team

· What is the height of the building found by subtracting the elevation at the bottom from when you were at the top? Each person on the team should tally this separately.

· Were there differences between team members?

· How do these differences compare to the errors that were listed on the GPS?

· What possible sources of differences can you think of?

Barometer:
· What is the difference in barometric pressure from bottom to top?
· Multiply this result (in “inches of mercury”) times 1000 to get the height of the building in feet. (If you want to be a little more accurate, multiply by 950.)
· Why do you think the barometer changed?

· What do you suppose the formula is based upon?

Clinometer:
· What was the angle to the top of the building?

· What was the distance from your base station to the building?

· Multiply your distance times your angle and divide by 57.3 to get the height of the building.

· If you hadn’t had a GPS, how might you have determined the distance to the library?
How do the three methods compare?

Which method might be more useful in different circumstances?

