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Locating Subsurface Features Using Gravity and Magnetics Unit 3: Part 3 Stairwell Gravity Lab
Andy Parsekian (University of Wyoming)
3.1 Introduction
Recall the equation for gravitational acceleration that we obtained in Unit 1 Part 2 of this module:

One of the fundamental things that the equation for gravitational acceleration tells us is that the acceleration due to gravity at an observation point is inversely proportional to the square of the distance between the observation point and the center of mass. For a person on Earth measuring gravity, this means that the force of gravity measured by a gravimeter will change depending on how far from the center of Earth the gravimeter is. When we are “correcting” a surface-based gravity survey for variations in elevation, this step is called the free-air anomaly. This correction is very well known so we don’t need to “discover” it, but we can attempt to verify it.

❓Why use a stairwell?
By taking gravity measurements from the bottom to the top of a stairwell, we are moving the gravimeter farther from Earth’s center of mass (increasing r in the equation for gravitational acceleration). Moving from the bottom to the top of the stairwell allows us to observe these changes in g due primarily to distance, and not mass. If we walked up a hill instead of a stairwell, the mass of the hill would also affect the observed value of g, making it difficult to isolate the effects of elevation on g. 

Purpose: Demonstrate that the distance from the center of mass controls the gravity response. This experiment is to “verify” the free-air correction, . 
In the space below, make a hypothesis about how the gravity measurement will change as you go up in a building and why:


3.2 Data Collection
Before you begin, determine if you will be using the provided dataset (no gravimeter required), or collecting your own data (gravimeter required). If you are using the provided dataset, open the spreadsheet and skip to Data Analysis. If you are collecting your own data, follow the steps below:
· Understand how your instrument works; read the manual/SOP
· Test your instrument before the lab. How long of a measurement do you need to get data quality at 0.002 mGal? (suggest 30 seconds). 
· Plan how high you will go in the stairwell (see attached datasheet)
· Plan how to mark the measurement stations (tape markers)
· Plan for a time when foot traffic in the stairwell will be low
· Plan to have at least 5 min per measurement station
· To save time, plan to measure all of the heights at the very end 
· Prepare a measurement data sheet that has a row for each landing and columns for gravity, error, time of day, and height
Conducting the measurements (CG-5):
· Place the gravimeter tripod at the bottom of the stairwell. 
· Set the gravimeter on the tripod. 
· Turn the instrument on and navigate to the screen “Station/Elevation/Line.” You will be recording data on paper so it’s not too important to edit these values.
· Press F1 to view survey options. The only thing you might want to edit is “read time”; 30 seconds should be good. Then press F5 for OK.
· Press F5 for “Level.” Follow the on-screen instructions to level the instrument using the horizontal knobs on the tripod. This step is critical: be sure to turn the knob in the indicated direction until the crosshairs align—only stop when you see the smiley face.
· Press F5 for “Read Grav.”
· Record the gravity, error, and standard deviation on your datasheet, then press F5 to finish the measurement.
· Use a small piece of masking tape to mark the location of the front tripod leg so you can return to the same position later. 
· Go to the next landing and set up as per instruction there.  Repeat steps 2–8.
· Move to each landing and collect data.
· At the top of the stairwell, wait five minutes then repeat the data collection at the same location.
· Go down one landing and repeat steps 2–7 in the same location based on your tape mark. Continue until you finish your survey at the point from which you started. Your last reading should be a repeat of the ground floor station.
· 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 Sheet:
	Landing #
	Height (meter)
	Gravity (mGal)
	Error (mGal)
	Time (hh:mm)
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3.3 Data Analysis
1. Estimate the drift rate: Gravity observed by a gravimeter changes over time due to changes in Earth processes (e.g. tides) and the instrument itself. We can estimate drift and correct our gravity data by returning to the same place to measure gravity (g1, g2 ) at different times (t1, t2). The drift rate can be calculated with the following equation:
 
[If you only have one repeated measurement at the ground floor, you can assume a constant drift rate.] Calculate the difference in the measured gravity values at the ground floor station and the time between the measurements. Use this information to compute the drift rate of the gravimeter in units of mGal per minute.
2. Based on noted time of day, calculate the elapsed time in minutes between the first measurement at the ground floor and each following measurement.

3. Use the calculated drift rate and elapsed time to compute the drift correction for each datapoint by multiplying the elapsed time by the drift rate.
 
4. Correct each individual gravity reading in your dataset by subtracting the drift correction for each relative gravity value. Check to be sure that the initial and final values of gravity at the ground floor station are identical after correction.
 

5. In a spreadsheet, plot the elevation on the x-axis and the drift corrected relative gravity on the y-axis of a new scatterplot. Use the “Add Trendline…” tool to add a linear trend with the equation and R2 displayed.
3.4 Interpretation
· Was your calculation the same as the known free-air anomaly? Explain why or why not using physical principles of gravity.
· What sources of error could explain a difference in free-air anomaly values?
· Why is data quality important to this experiment? What level of precision do you need to achieve? Were any of your measurements of poor quality? How do you know? What does the R2 tell you about the quality of the line fit?
· What could you improve about this experiment? How else could you design a set of measurements to test the free-air anomaly multiplier that avoids some of the pitfalls of the stairwell experiment?
3.5 Evaluation/Assessment
Please prepare a lab report that includes a summary of your procedure, an explanation of your results, and answers to each of the questions above. 
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