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Physics 789-Science in the Ice

Summer 2003

Homework/Lab Exercise #1

During the first week of the course, you will be conducting ice-deformation experiments in order to derive the flow-law for glaciers.  To facilitate this derivation with the data you will be gathering in the cold lab, this exercise will “walk” you through the process using data obtained the previous ice-creep experiments.

Part I.  Measuring Flow Rate from displacement vs. time curve (creep curve) (Figure 1).

1. Using a good straight edge (ruler), draw a best-fit straight line to the flow data from hour 34 to 247.

2. In the space below, calculate the slope of the line by substituting the coordinates for any two distant points on the line (X1, Y1), (X2, Y2) into the following equation:

Slope = (Y2 – Y1) /(X2 – X1)


The slope you have measured in the secondary-flow rate in in/hr-1  .

3.
Convert the flow rate from in/hr-1   to in/ yr-1 by multiplying by the number of hours in a year.

4. Plot this flow rate on Figure 2, a graph of force vs. flow rate.  Note the force used in this test (30 lbs) is listed on Figure 1.

Part II.  Determining the Flow Law for Ice.

5. Now plot on Figure 2, the flow rates and stresses listed below, that were measured in other ice-deformation experiments.  All experiments were run at a temperature of –9.2  oC.

	Force (lbs)
	Flow Rate (in/year)

	10
	1.55

	15
	5.01



	20
	10.3

	25
	24.2

	35
	60.5


6. Using a good straight edge (ruler), draw a best-fit straight line to the creep-rate vs. stress data on Figure 2.  The straight line that you fitted to your data on Figure 2 indicates that there is a power relationship between Flow Rate y and force F that can be written in the form:

y = B Fn


The power n is the slope of the line and the constant B is the intercept at  = 1, since the log of 1 = 0.

7. As in question 2 above, calculate the slope of the line.  However, since this is a log-log plot, you will use a different equation for determining the slope.  More specifically, substitute the coordinates for any two distant points on the line (X1, Y1), (X2, Y2) into the following equation:



Slope =log(Y2) –log(Y1)= log (Y2/Y1)



            log(X2) –log(X1)    log (X2/X1)

8. What is the value of the constant B as determined from your graph?  Remember, this value is found where  = 1 intersects the line you have fitted to the data.

9.
In the space below, write out the flow equation for ice using the values you determined for B and n.

