Teacher Notes Glacier Dynamics, 3-5

10

Modeling Glacier Dynamics with Flubber 3-5
Modified from:  http://www.geology.um.maine.edu/user/Leigh_Stearns/teaching/glaciers.html 
Lesson Overview

These are hands-on activities for 3-5 students simulating glacial flow.  The students use a glacier-modeling compound made from glue, water, and detergent (“flubber”) to predict and observe glacial flow.  The students discuss with the teacher how scientists determine glacial flow with real glaciers.
Background Information

Glaciers are slow-moving masses of ice that exist where more snow falls than melts. They occupy about 10% of the Earth’s land, mostly in Greenland and Antarctica. Here, glaciers can be as much as 2 miles thick and weigh millions of tons. As they move, glaciers can widen and deepen valleys, flatten forests and grind boulders into pebbles.
Gravity drives glaciers in 2 ways: by sliding over the bedrock with melt water and by ice building up in the middle, forcing the edges to expand. In the Polar Regions, glaciers are frozen to the bedrock and move very slowly, from 30 feet to a half mile each year. During a surge, glaciers can move as much as 250 feet per day for several years before returning to their normal flow.  
Scientists are studying glaciers to find out how and why glaciers are moving faster.  

Scientists have learned is that all parts of a glacier may not move at the same speed, and that different factors affect glacier flow.  Glaciers flowing on a layer of water usually move faster than glaciers that are frozen to the ground.  Many glaciers in Greenland are moving 2X or 3X faster than they were in 2002 - scientists believe this increase in speed may be due to meltwater that drains to the bed through the moulins, cracks in the glacier that allow meltwater to flow to the base.

  (Hotlink to video from NASA about moulins and water on the base of glaciers – click view video. http://www.nasa.gov/vision/earth/lookingatearth/moulin-20061211_prt.htm )
http://polarmet.mps.ohio-state.edu/jbox/photos  (This is a collection of many of Dr. Jason Box’s pictures) http://polarmet.mps.ohio-state.edu/jbox/photos/2007_26-30_May_Kangerlussuaq.htm
Dr. Box has been installing cameras to monitor the movement of glaciers.  He has also been investigating meltwater lakes and moulins.  
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Retrieved from http://www.fas.org/irp/imint/docs/rst/Sect17/AntarcticaLambertGlacierVelocityChartLrg.jpg 
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This is a animation of how glaciers move.

http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::640::480::/sites/dl/free/0072402466/30425/12_08.swf::Fig.%2012.8%20-%20Ice%20Flow%20in%20a%20Glacier 

Resource Type Activities:  Lab Activities
Note:  For Glacier Dynamics Part II, all groups will need to use the same time interval in order to make group comparisons.  (This is so the students will not have to make velocity calculations.)
Teacher’s domain is a free resource for teachers.  
http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/icesheets/assets/ess05_vid_icesheets/ess05_vid_icesheets_56_mov.html  Video clip about glacier formation and movement.  Includes the words millennium and parallelogram  (Students may comprehend this if you ask them to push on the spine of a textbook.  The edge of the textbook will change from a rectangle to a parallelogram just like the bolt positions in the video clip.) 

http://www.teachersdomain.org/ext/ess05_int_glaciers/index.htm Information about glaciers.  Pictures to illustrate vocabulary.

http://www.teachersdomain.org/resources/ipy07/sci/ess/watcyc/fastglacier/assets/ipy07_vid_fastglacier/ipy07_vid_fastglacier_56_mov.html Video clip glacier melt and movement
Higher thinking skills goals for this activity: order This lesson can incorporate many levels of higher order thinking skills such as formulating hypotheses, designing an experiment, analyzing data using drawings, and making calculations. 
Description of the activity/assignment

We created a hands-on activity for 3-5 students that models glacial flow. The students make a glacier using “flubber”, a glacial-modeling compound made from glue, water and detergent.  The students discuss with the teacher how scientists determine glacial flow with real glaciers and compare their findings to velocity diagrams of real glaciers. 
Determining whether students have met the goals

The students complete a worksheet and may be evaluated on written reports or oral presentations. 
Standards

National or State Education Standards addressed by this activity ** 
Teacher notes 3-5 GLACIER FLOW

These experiments should be set up at the beginning of the session.  It will take 15 or 20 minutes for the experiments to run.  The teacher may wish to have information available about glacier flow for the students to research during this time period.  
http://polarmet.mps.ohio-state.edu/jbox/photos  (This is a collection of many of Jason’s pictures) http://polarmet.mps.ohio-state.edu/jbox/photos/2007_26-30_May_Kangerlussuaq.htm
NOTE:  All experiments for testing speed variations with different beds should be set up to take the same time interval.  This will allow students to compare distance data between groups.  
Objectives: (Part I)
1. To find out what parts of a glacier move fastest.
(Part II)
2. To find out how different bases change how fast glaciers move. 
3. To see if slope has any affect on the speed of a glacier.  (Group information exchange.)
Discuss with students that many glaciers are speeding up due to global climate change.  Scientists are studying glaciers to find out how and why glaciers are moving faster.  Scientists have learned is that all parts of a glacier may not move at the same speed, and that different factors affect glacier flow.  Glaciers flowing on a layer of water usually move faster than glaciers that are frozen to the ground.  Glaciers in Greenland are moving faster - scientists believe this increase in speed may be due to meltwater that drains to the bed through the moulins, cracks in the glacier that allow meltwater to flow to the base.  (Hotlink to video from NASA about moulins and water on the base of glaciers – click view video. http://www.nasa.gov/vision/earth/lookingatearth/moulin-20061211_prt.htm )
Materials:
 Flubber* – uncolored – The students may make the flubber as a separate activity on a different occasion, or the teacher may make the flubber in advance.  Each group will need at least one large recipe.  For Part II, the students should divide their flubber into three roughly equal portions.
3 PVC pipes, cut lengthways– use one pipe for the internal speed difference experiment (Part I), three pipes for the basal experiment (Part II) .  
- one with rough sandpaper taped to the bottom (“rough bed”)

- one with tinfoil (covered with oil or “Pam”) taped to the bottom (“wet bed”)

- One with nothing on the bottom
(As an alternative, separate activity, students may mountains and valleys from clay or paper-maché, cover them with plastic wrap or foil, and then try the 'flubber'.  These mountains will allow the students to do Part I of the lab, but will not provide the identical “valleys” needed to do the basal effect experiment.)
Sandpaper – This will be used to simulate rocky beds.

Pam, another spray oil, or water - This will be used to simulate water flow underneath a glacier by reducing friction.
Protractors – to measure the slope (Each group may test a different slope, but each group MUST use the same slope for all three of its bed experiments.)  (If students have not yet worked with slope, it may be introduced as steepness.)  
· use books or boxes to prop up the PVC pipes at an appropriate slope
Marking pens -  to mark the start and stop lengths on the “side of the mountain.”  The flubber can erase this, so it is best to mark high on the side or edge of the tube.
Rulers - to measure the distance the flubber moved.  Students should measure in centimeters if possible, as scientists worldwide use the metric system.
Stopwatches – to time how long the flubber moves.  When using the worksheet Part II designate a time for the experiment to run.
toothpicks  - use plain wooden toothpicks.  Colored toothpicks bleed into the Flubber.
 Hypothesis and Experiment Design: 
Work with students to brainstorm how they could test 
1. The different parts of a glacier are moving at different speeds.  
2. How the students can show what parts of the glacier are moving faster.  
3. What bed factors influence the speed of a glacier.
4. How the students can show the bed effects on the speed of a glacier.
Design the experiments orally, using student input. Students will write what they plan to do in their experiment.
Part I.  To test if parts of the glacier are moving at different speeds, 

1. the students will poke the toothpicks into the flubber in a straight line, so that the flubber can carry them down “side of the mountain.”
2. the students predict what the line of toothpicks will look like if all the parts of the “glacier” are:  
a. moving at the same speed. 
b. moving at different speeds.
i. If the middle is moving faster. 
ii. If the sides are moving faster.
3. The students draw their predictions at the start of the experiment.

Part II.  To test the effects of friction on the speed of a glacier the students may design different experiments –

The glacier 

a. is frozen to the bed – use the plain PVC pipe.
b. has water (oil on the bed surface in this experiment) flowing between the ice and the land to lubricate the flow – use the oiled PVC pipe.

c. Is flowing over a rocky bed – use the sandpaper PVC pipe.

To test the effects of slope on the speed of a glacier, the students from different groups will use different slopes.  All the slopes within a group MUST be the same.  If using worksheet 3,4, (5) students must use the same time interval, then the distances can be compared.  If using worksheet 5, the velocities can be compared, so the distances and times do not need to be the same.
The students select their predictions and write their reasons for the prediction before they do the experiment.

Data:

Part I – the students draw the position and angle of their toothpicks.

Part II – the students fill in the table with their measurements of distance and time.  THE TIME PERIODS MUST BE EQUAL to avoid having to calculate velocity.
Conclusions:
Students will compare their final drawing to the drawings made in the hypothesis.  Students should then be able to conclude that glaciers usually move faster in the center.  (Observant students may also note that the toothpicks are now at an angle pointing downhill.  This is because glaciers move more slowly at the base than they do at the surface.)
Expand:  Students will brainstorm on how technology can be used to measure glacier flow.  A good source for information on this topic is https://www.cresis.ku.edu/index.php 
Discussion:  Discuss with the students possible reasons for their results

1. Mass – glaciers are heavier in the middle, so they have more force pushing them down hill.
2. Friction – the glaciers have more friction where they are in contact with the sides of the “mountain”.
3. For the students who noticed their toothpicks made an angle instead of standing up straight - glaciers have friction with the bed, and may be frozen to the bed, making the bottom of the glacier move more slowly than the top.
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* Flubber Recipe from Dr. McKenzie, The Ohio State University

Small Recipe                                                           Large Recipe                                                            

	In a large container (like a pail) combine                                      

	1 1/2 C
	warm water

	 2 C
	white glue 

	In a smaller container combine

	1 1/3 C
	Warm water

	3tsp
	Borax

	In a large container (like a pail) combine                                    

	0.75C  
	warm water

	1C
	white glue 

	In a smaller container combine

	0.67 C
	Warm water

	1.5 tsp
	Borax


(for a class set, you may wish to double or triple  the large batch size)

· Mix ingredients in each container thoroughly.

· Pour contents of smaller container into larger container.

· Gently lift and turn the mixture until only about a tablespoon of the liquid is left.  FLUBBER will be sticky for a moment or two.  Let the excess liquid drop off, then FLUBBER will be ready.

· Store in an airtight container for up to three weeks.

Use FLUBBER to simulate glaciers

· In tubes or slanted pans like paint roller pans.

· with small pebbles, to show carrying ability of glaciers and how glacial scratchings and grooves are formed.

· with toothpicks, to show flow of glaciers.

**
	                    National Science Education Standards         Grades K-4

	                        Standard     A        B         C          D           E              F            G
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Flubber K-4 National Science Standards

Science as Inquiry (4ASI) 

· Abilities necessary to do scientific inquiry (4ASI1) 

· Ask a question about objects, organisms, and events (4ASI1.1) 
· Plan and conduct a simple investigation (4ASI1.2) 
· Employ simple equipment and tools to gather data (4ASI1.3) 
· Use data to construct a reasonable explanation (4ASI1.4) 
· Communicate investigations and explanations (4ASI1.5) 

· Understandings about scientific inquiry (4ASI2 
· Asking and answering a question (4ASI2.1) 
· Simple instruments (4ASI2.3)
· Develop explanations using observations (evidence) (4ASI2.4)
· Scientists make the results of their investigations public (4ASI2.5) 
· Review and ask questions about results (4ASI2.6)
Physical Science (4BPS) 
· Properties of objects and materials (4BPS1) 

· Observable properties (4BPS1.1)
· Materials and their properties (4BPS1.2) 
· States of matter (4BPS1.3) 
· Position and motion of objects (4BPS2) 

· Describing position (4BPS2.1) 
· Describing motion (4BPS2.2) 
· Changing position and motion (4BPS2.3)
Earth and Space Science (4DESS) 
· Properties of earth materials (4DESS1) 
· Earth/atmosphere materials (4DESS1.1) 
· Changes in earth and sky (4DESS3)

· Surface changes (4DESS3.1) Patterns (4DESS3.3)
Science and Technology (4EST) 
· Abilities of technological design (4EST1)

· Identify a simple problem (4EST1.1) 
· Propose a solution (4EST1.2) 
· Implementing proposed solutions (4EST1.3 
· Evaluate a product or design (4EST1.4) 
· Communicate a problem, design, and solution (4EST1.5) 
· Understanding about science and technology (4EST2) 
· Science is one way of answering questions people have about the world (4EST2.1)
Changes in environments (4FSPSP4) 
· Changes in environments can be natural or influenced by humans (4FSPSP4.2)
	National Science Education Standards         Grades 5-8

	             Standard       A       B              C               D         E           F              G
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Flubber 5-8  National Science Standards  (http://pals.sri.com/standards/nses5-8.html) 

· Science as Inquiry (8ASI) Earth and Space Science (8DESS) Lithosphere (8DESS1.1) Land form causes (8DESS1.3) Water cycle (8DESS1.6) Earth's history (8DESS2)

· Abilities necessary to do scientific inquiry (8ASI1)
· Identify questions that can be answered through scientific investigations (8ASI1.1)
· Design and conduct a scientific investigation (8ASI1.2) 
· Use appropriate tools and techniques to gather, analyze, and interpret data (8ASI1.3)
· Develop descriptions, explanations, predictions, and models using evidence (8ASI1.4) 
· Think critically and logically to make the relationships between evidence and explanations (8ASI1.5) 
· Recognize and analyze alternative explanations and predictions (8ASI1.6)
· Communicate scientific procedures and explanations (8ASI1.7) 
· Use mathematics in all aspects of scientific inquiry (8ASI1.8)
· Understandings about scientific inquiry (8ASI2) 
· Kinds of questions and investigations (8ASI2.1) 
· Methods of different science domains (8ASI2.2) 
· Central role of mathematics (8ASI2.3) 

· Use of technology (8ASI2.4) Scientific explanations (8ASI2.5) 

· Role of critical evaluation (8ASI2.6) 

· Investigations may yield new ideas and approaches (8ASI2.7)

· Physical Science (8BPS)

· Properties and changes of properties in matter (8BPS1) 

· Characteristic properties (8BPS1.1) 

· Motions and forces (8BPS2) 

· Position, direction, speed (8BPS2.1) 

· Constant speed and pathway (8BPS2.2) 

· Effects of balanced and unbalanced forces (8BPS2.3) 

· Transfer of energy (8BPS3) 

· Energy properties, associations and transfer (8BPS3.1) 

· Heat flow (8BPS3.2) 

· Light/matter interactions (8BPS3.3) 

· Sun energy (8BPS3.6)

· Earth and Space Science (8DESS) 
· Structure of the earth system (8DESS1) 

· Lithosphere (8DESS1.1) 

· Land form causes (8DESS1.3) 

· Water cycle (8DESS1.6) 

· Earth's history (8DESS2) 

· Common processes, occasional catastrophes (8DESS2.1) 

· Science and Technology (8EST) 
· Abilities of technological design (8EST1) 

· Identify appropriate problems for technological design (8EST1.1) 
· Design a solution or product (8EST1.2) 
· Evaluate technological designs or products (8EST1.4) 
· Communicate the process of technological design (8EST1.5) 
· Understanding about science and technology (8EST2) 
· Scientific inquiry and technological design have similarities and differences (8EST2.1) 
· Perfectly designed solutions do not exist (8EST2.4) 
· Science in Personal and Social Perspectives (8FSPSP) 


· Populations, resources, and environments (8FSPSP2)

·  Causes of environmental degradation and resource depletion vary (8FSPSP2.3) 

· Natural hazards (8FSPSP3) 

· Processes of the Earth system cause natural hazards (8FSPSP3.1) 

· Human activities can induce hazards through various means (8FSPSP3.2) 

· Natural hazards can present personal/societal challenges (8FSPSP3.3) 

· Risks and benefits (8FSPSP4) 

· Students should understand risks associated with natural hazards (8FSPSP4.3) 

· Use a systematic approach to thinking critically about risks (8FSPSP4.4) 

· Risks and benefits relate directly to personal and social decisions (8FSPSP4.5) 

· Science and technology in society (8FSPSP5) 

· Science influences society through its knowledge and world view (8FSPSP5.1) 

· Scientists and engineers work in many different settings (8FSPSP5.4)
· History and Nature of Science (8GHNS)

· Science as a human endeavor (8GHNS1)

· People of diverse interests, abilities, etc. engage in the activities of science (8GHNS1.1)
· Doing science requires different abilities depending on many factors (8GHNS1.2)















