Ocean Level Changes Associated with Glacier Melting

1. What happens to the ocean level when a glacier that is floating in the ocean melts?

2. What happens to the ocean level when a glacier that is on top of a land mass melts and the water can run into the ocean?

Your job is to design and carry out an experiment in which you collect numerical data that can be used to answer these two questions.  Since you cannot reasonably go out and melt glaciers, you’ll have to simulate the situations.  The equipment you have available is: three beakers of various sizes (all with approximate calibrations), cylinderical ice cubes, other ice cubes, a graduated cylinder, other equipment in the lab—balances, hot plates, etc.

Discuss what you should do with your partners. (5 minutes).  Discuss any limitations of your method being used to answer the questions above.

Split up as needed, setup the experiment and start it. (10 minutes)  

While the ice melts,  do the setup for the Temperature During Ice Melting Experiment (below).

What are the implications of  your experimental results on ocean level changes due to glaciers melting?

To interpret your temperature data, you need to find out how much the probe reading may vary under conditions when the temperature is the same (what we call noise).

Collection of Temperature Data using LoggerPro and the Computer

1. Place the temperature probes where the temperature around them will remain constant.

2. Connect the stainless steel temperature probe to the Labpro unit and connect the LabPro to AC power and wait until it beeps before connecting it to the computer.

3. Connect the LabPro unit to the USB port on the computer.

4. Start the LoggerPro program.

5. If LoggerPro does not recognize the probes, choose Show Sensors from the Experiment menu.

6. Click on the small arrowhead in the box for the channels (CH #) to which you have the sensor connected. Choose Auto ID Channel.  If this does not result in recognition of the probe, you may choose Choose Sensor, then Temperature, then Stainless Steel Temperature.  

7. Once the sensor is recognized, check the Live Readouts box and close the sensor window.  You should see a live temperature readout at the top of the LoggerPro window.

8. Under the Experiment Menu, choose Data Collection.

9. In the Collection Setup window, set the following:

Mode is Time Based 

Length 3 minutes (change the time unit on the pulldown menu).

You may sample at zero or not; repeat should be unchecked.

Under Sampling speed, set 1 sample per two seconds.

Oversampling can be checked or not for this part. (Oversampling makes the unit take more than the designated number of samples and store averages of those points. 

10. Click Done.

11. Under the Experiment menu, choose Start Collection. Watch the graph and data columns beside the graph for your data points.

Look at the column of temperature data and see about how much the data varies. Select the data points in the table by dragging over them and choose Statistics from the Analyze menu.  The program will report the high, low, mean, median and standard deviation of the y-values of the data. 

Once or twice the standard deviation is a good measure of variability of the temperature over the time period you collected. (If the variation is random, two-thirds of the points should be within one standard deviation of the mean; about 90-95% of the points will be within two standard deviations of the mean.) Write down the standard deviation of your data here.

Temperature Changes as Ice Melts

In this experiment, you will (1) monitor the temperature of ice/ice water as ice melts and (2) learn/practice remote data collection. You will be placing the Vernier temperature probe into ice and monitoring the temperature as the ice melts. Write down what you think will happen to the temperature as the ice melts:

To get accurate data, the heat that melts the ice must be added slowly so that  temperature gradients do not develop just because there hasn’t been enough time for the heat to move throughout the sample. A larger ice sample also helps avoid artificial temperature gradients. So, we want you to follow the temperature as a large sample of ice melts slowly. 

Procedure:

1. For every four pairs, get a foam ice chest or minnow bucket.  Put crushed ice into it to a depth of about ten centimeters. 

Each pair should do the following: 

2. Connect a temperature probe to a LabPro unit and place the temperature probe into the ice in the middle region of the foam container. (note: do not connect the Labpro unit to the computer until you have the AC power connected to the LabPro and it beeped.)

3. Use a small knife/blade, etc. and cut a narrow channel through the rim of the foam so the cable of the probe will fit into the channel. This is so the lid can fit more snuggly.  

4. Pack the ice tightly around the probe and tape the cable into place.  

5. When all four pairs have their probes and cables in place, put the lid on the foam container; you might want to put a book on top to keep it pressed down well.

6. Connect the LabPro to AC power and wait until it beeps before connecting it to the computer.

7. Connect the LabPro unit to the USB port on the computer.

8. Start the LoggerPro program.

9. If LoggerPro does not recognize the probes, choose Show Sensors from the Experiment menu.

10. Click on the small arrowhead in the box for the channels (CH #) to which you have the sensor connected. Choose Auto ID Channel.  If this does not result in recognition of the probe, you may choose Choose Sensor, then Temperature, then Stainless Steel Temperature.  

11. Once the sensor is recognized, make sure the Live Readouts box is checked and close the sensor window.  You should see a live temperature readout at the top of the LoggerPro window.

Setting Collection Parameters 

12. Under the Experiment Menu, choose Data Collection.

13. In the Collection Setup window, set the following:

14. Mode is Time Based 

15. Length 15 hours (change the time unit on the pulldown menu).

16. You may sample at zero or not. 

17. Repeat should be unchecked.

18. Under Sampling speed, set 1 sample per minute.

19. Oversampling should be checked for this part.  

20. Click Done.

Setup and Start Remote Collection

21. Under the Experiment menu, choose Remote, Remote Setup.

22. Check the parameters in the Set Up Remote Collection window.  If they are OK, click on OK. If they are incorrect, click on Cancel and return to step 12 above.

23. Watch the live readout of the temperature until it reaches a steady level.

24. Unplug the USB cable from the computer and press the Start/Stop button on the LabPro unit.  Within a minute, a green light should flash to indicate a data point being taken. 

25. Close the LoggerPro program unless you are using it for something else. You will not be able to use the LabPro unit for anything until after the remote data is transferred.

Retrieving Remote Data to Your Computer

26. Open the LoggerPro program

27. Connect the LabPro unit to the computer with the USB cable.

28. When it asks if you would like to retrieve remote data, click Yes.

29. When it asks where to retrieve the data, the current file is fine as long as it is blank. (Say OK to this.) If for some reason you want this data to go onto more than one computer from the LabPro unit, click on the box that says Make data available for multiple retrievals. Otherwise it will erase the Labpro unit memory once it retrieves the data.  If it complains that the data doesn’t match the current file and it wants to retrieve it into another file, say OK. 

30. Save the file under an appropriate name.

31. Examine the graph.  Reset the axis scale if necessary to make random variations in the temperature show as small variations on the graph.  To do this,  put the cursor on the y-axis and double-click (right click?); a Y-Axis Options window will open. Choose Manual on the Scaling menu and enter new numbers in the Top and Bottom boxes.  

32. You may find the average y data value during a particular time range by dragging through those points on the table that is beside the graph.  When you do this, the data points you are choosing are highlighted on the graph.  Once you have choosen the points you want an average value for, choose Statistics from  the Analyze menu.  A results box will show the mean of the data you highlighted.

Describe the way the temperature changes with time.  

What do you think is occurring during the various regions of the graph?

Instructions for one way to Simulate the Ocean Level Changes Associated with Glacier Melting

Simulation of Glacier on Land Mass Melting

Put 150.0 mL (measured with graduated cylinder) of water into the 400 mL beaker.  Tip it sideways and slide a smaller beaker, upside down, into the water. Tip it all upright.  If the inner beaker wants to float, repeat this process.  Set the beaker pair down and let the water get still. Note the water level on the side of the beaker.  

Using a small container to keep the balance pan dry, weigh an ice cube (not the cylinderical ones) and then place it on the bottom of the upside-down beaker.  After the ice melts, note the water level on the side of the beaker compared to the starting level.

Carefully remove the smaller beaker, being careful to not spill any water.  Pour the water out into the graduated cylinder and measure it. This is a more accurate volume measurement than the one from the side of the beaker since beaker calibrations are approximate.

How much did the water level change?

What are the limitations of this simulation?

Simulation of Glacier in Water Melting

Place approximately 40 mL of water in a graduated cylinder and add one of the cylinderical pieces of ice. Make a careful volume reading to the nearest tenth of a milliliter.  

Describe the appearance and relative locations of the ice and water.

After the ice melts, make a new volume reading. 

How did the volume change?  

How does this volume change compare to that in the simulation of the glacier melting on a land mass?

What are the implications of  your experimental results on ocean level changes due to glaciers melting?

Measuring how much energy it takes to melt the ice. (Demo)

Needed: a small thermos with a hole drilled in the top for the temperature probe.

A good cooler.

Two temperature probes and Labpro unit

crushed ice at 0 oC

room temperature or slightly cooler water

1. Weigh the thermos empty. Fill the small thermos with ice and screw the cap on and reweigh it so you can find the grams of ice. Place the probe into the hole in the lid, as far down as possible.  

2. Put water in the cooler to a depth that comes most of the way up the side of the thermos height. Measure how much water it takes to do this. Place the second temperature probe into the water.

3. Setup the Labpro unit for remote collection.

4. Carefully lower the thermos into the water. It will tend to float, so tape the probe cable in place with little enough slack so the thermos cannot turn over.

5. Place the cooler lid on the cooler.  Do not force it as this could damage the sensor cable.

6. Start remote collection.

What you should see:

The temperature of the water will drop as heat is transferred to the thermos. The temperature in the thermos should remain the same until the ice melts, and then it will increase. If both the outside water temperature and the temperature of the thermos contents goes up after a period of time, this means you have too much heat leaking into the cooler, which will mess up the results.

Calculations:

Examine the graph you obtain. Calculate how much the cooler water temperature decreased while the thermos temperature remained fairly steady. I will refer to this as T. I will also assume that the density of the liquid water is 1.00 g/mL, so the grams of water equals the number of milliliters of water.

The heat the water in the cooler lost = (g of water in the cooler)(T) (4.184 J/g oC)

The heat lost by the water in the cooler = heat gained by the thermos.

Heat lost by the water in the cooler / grams of ice = J needed to melt one gram of ice.

(Note that this ignores the heat gain by the thermos itself.)

