Geology 4821 – Environmental Geophysics

Spring, 2005

Measuring the Gravity Field: The “Stairwell Lab”

Objective: In today’s lab we will use a Worden gravimeter and a tape measure to determine the relative change in gravity with elevation.

Introduction: The very first thing you should do before you do anything else, is go to the class website at:

http://itc.gsw.edu/faculty/speavy/spclass/Engeoph/Engeoph.htm

and read the “User's Guide for the Worden Gravity Meter”.  We will be using the meter today and I want you to be familiar with the operation of the meter before we begin.  There will be a quiz before we start!
After you have familiarized yourself with our meter, we will be using it to determine how gravity changes with a change in elevation.  Recall that changes in gravity with increasing elevation.  If the derivative of our basic equation describing g (g = GMe/
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) is taken with respect to the radius and appropriate substitutions are made for G, Me and Re, a simple relationship results:
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where Δg is the measured gravity and h is the elevation in meters (or feet).  This is also known as the Free Air Correction.  A nice way of confirming this relationship is to take gravity readings in a situation where we can measure both gravity and the change in elevation.  We will do this today in our stairwell.

Procedure: After a brief, in-class training session, we will take the gravimeter, base plate and tape measure into the South stairwell of the Roney building (the one closest to our classroom) and proceed to the bottom level.

1. Place the base plate in an isolated area near the stairwell.  We would like to be out of the way of traffic for both safety and scientific reasons.  
2. Carefully remove the instrument from its case and set it on the base plate.  

3. Carefully level the instrument as per instruction.  This is the most critical step.

4. Turn the cam knob until contact between the battery and the center post is established.  The light should come on.  (Note: if it is dark in the stairwell, you may need to do this to see the leveling bubbles).

5. Look through the eyepiece and slowly turn the knob until the “beam” centers on the “crosshairs” in the center.  Read the meter scale reading as shown in the guide and in class.  Record the scale reading and time on your data sheet.

6. Return the gravimeter to the case before moving.  Go to the next landing and set up as per instruction there.  Repeat steps 2-6.

7. Move to each landing and collect data.

8. At the top (3rd-floor) landing, wait five minutes then repeat the data collection.

9. Go down one landing and repeat steps 2-6, trying to set up in the same location if possible.  Continue in this fashion until you finish your survey at the point from which you started.  Your last reading should be a repeat of the ground floor station.

10. Record the gravity meter dial constant from the side of the meter housing, and return the instrument carefully to its case.

11. Using the tape measure, determine the relative elevation of each landing with respect to the ground level.  Record these values on your data sheet.

Data Analysis: 

1. Using the meter dial constant, convert each reading to mGal.

2. Compute the difference in average gravity value and time at the ground floor station.  Use this information to compute the drift rate of the meter.

3. Use the drift rate to correct each individual gravity reading from the survey.  Check to be sure that the initial and final values of gravity at the ground floor station are identical after correction.  If not, check your calculations.

4. Average the drift corrected gravity values for each landing.

5. Plot the averaged, drift-corrected gravity values (y-axis) vs. the measured relative elevation in feet or meters (x-axis).  Be sure to include the ground floor also (at 0 feet or meters elevation).

6. Draw a best fit straight line through the points.

7. Calculate the slope of the line.

8. Compute the percent error between your slope and the free air correction (FAC) value:
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Report:  Your report should have the original data in neat, tabular form, examples of each calculation, a second table showing the results your calculations, and your plot.  (Don’t forget that the plot needs a title and clearly labeled axes.)  Discuss how well the experimental results match the theory presented.  (Hint: Think about slabs…)

Data

Dial Constant = ________________

	Station
	Reading
	Time
	Elevation

	Ground Level
	
	
	0 m or ft

	Landing 1
	
	
	

	Landing 2 
	
	
	

	Landing 3
	
	
	

	Landing 4
	
	
	

	Landing 5
	
	
	

	Landing 5
	
	
	

	Landing 4
	
	
	

	Landing 3
	
	
	

	Landing 2 
	
	
	

	Landing 1 
	
	
	

	Ground Level
	
	
	0 m or ft


Notes:

Quick Quiz

1. What are each of the labeled parts in the illustration below?
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2. Explain what is happening between Before and After in this illustration.
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