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Lake Strata and Internal Waves

Teacher’s Guide

by Evan A. Variano, CSIP Graduate Student Fellow, Cornell University

Overview 

This lab will cover density and stratification.  You can tie this into the concept of rock strata, as well as waves.

Subject 

Earth Science, Environmental Science, Oceanography, or Marine Biology

Audience 

Grades 8-12

Time Required

One double class period (60-80 minutes)

Background 

Thermal stratification in lakes and oceans is a physical process with huge implications for aquatic life.  The “thermocline” - a sharp transition from a warm upper layer to a cold lower layer - can be felt firsthand by scuba divers, as well as swimmers who aren’t averse to diving into cool lake water in the early summer.  The layer is quite thin – typically 1 to10 meters, and is biologically active because cold, deep nutrient-rich water meets the warm and bright upper water.  This small region has the best of both worlds, and thus aquatic life congregates there.  A similar situation occurs in shallow near shore regions in lakes and oceans, not because of thermal stratification but rather because the floor (where nutrients collect) is high enough to be in the warm upper layer.

Understanding the fact that density differences can make a sharp fluid-fluid boundary is the main point of this lab.  In nature, these density differences are usually due to thermal effects, but here we work with two sodas whose density difference is due to a different amount of dissolved solute.  To be more true-to-life, but less exciting for students, you can use hot and cold water, adding food coloring to one.  Beware that creating a sharp stratification will be more difficult in this variation, as the densities difference will be less than for soda.

The lab really comes to life when students get to observe waves on the density boundary.  This effect is visually dazzling, especially when the boundary is very sharp.  Hence care should be taken early on to get at least one very good example, from which the entire class can observe the phenomenon of rotating internal waves.

Biological relevance of thermal can be found in Limnology or Oceanography texts, (I recommend Limnology by Jacob Kalff – it is clear and interesting, with many good diagrams), but are described briefly here.  Life prospers in the warm upper layer, but nutrients from decaying dead matter and runoff collect in the lower layer.  There is not much mixing in the lake, but it is maximal at the thermocline and in shallow near-shore regions.  This mixing means that more of the ingredients for life are available at the thermocline (and near-shore region) than anywhere else in the lake.  Aquatic ecosystems function well in systems such as this, which have large regions that are missing some key elements of life (heat and light in the lower layer, nutrients in the upper layer) and have small regions at the thermocline and shoreline that are more biologically productive.  However, when human actions cause nutrient-loading of lakes, oceans, and estuaries, then the upper layer can become much more productive than usual.  Some species prosper at the expense of others, and the species balance in the ecosystem is shifted.  As a result, biodiversity decreases which negatively impacts human life.  Specifically, Nitrogen and Phosphorous loading from agricultural runoff and treated sewage will cause plankton to prosper at the expense of fish – this process, “Eutrophication” is also known as the red tide.

Learning and Behavioral Objectives

Students will:

· Review the definition of density

· Use inquiry skills to determine the reason for density differences between sodas

· See that density differences can create a sharp fluid-fluid boundary

· Observe internal waves, seeing that they have long periods 

· Understand that mixing from internal waves is a major source of mixing in lakes & oceans

· Review the concept of ratios, and optionally, similitude

National Science Education Standards

This lab addresses the following standards:

· Abilities necessary to do scientific inquiry 
· Identify questions and concepts that guide scientific investigations
· Design and conduct scientific investigations
· Formulate and revise scientific explanations and models using logic and evidence
· Recognize and analyze alternative explanations and models
· Science in Personal and Social Perspectives
· Environmental Quality
· Natural ecosystems provide an array of basic processes that affect humans. Those processes include maintenance of the quality of the atmosphere, generation of soils, control of the hydrologic cycle, disposal of wastes, and recycling of nutrients. Humans are changing many of these basic processes, and the changes may be detrimental to humans

Assessment Strategy

This lab is guided by a worksheet that students complete along the way.  It features a variety of question types.  Some are more open-ended and less easy to grade, while others are more direct.  The worksheet is “bare bones” in that each question is essential for understanding one of the main concepts in this lab.  Thus students should be graded for completing all questions.  Additional questions or a lab write-up can be created to match the individual teacher’s goals and assessment style.

Teaching Tips

Teaching tips are given, along with teacher-specific comments, in the following annotated version of the student worksheet.
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Pre-Lab demo:

Place a can of Diet Coke and a can of Sprite in a fish tank. [image: image2.png]


The Diet Coke will float, while the Sprite sinks.  This is because the artificial sweetener has much less mass than the sugars used in the Sprite.  When hypothesizing why this is, students typically come up with the color, the calories, or the caffeine, as drivers of density.  This is a good venue in which to discuss density, as the concept of “unit volume” is very clear here.

Inquiry Exercise:

Students will hopefully react to the demo by asking “why,” which is the first step in scientific inquiry.  They are then asked to make a hypothesis (educated guess is a less intimidating word) as to why.  Next, they are asked to design an experiment using other sodas to test this.  This should be pretty simple.  For example, if they think the dark color of coke causes it to float, then they could put a can of root beer in the tank to further test the effect of color.

Main Lab: Each group of students will create a stratified soda like this:
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Materials: Sprite, Diet Coke, spoon, straw, beaker

If you have students who will not be able to resist drinking the soda, use clear plastic cups instead of beakers.  Otherwise, remind students about the hazards of drinking from labware.

Procedure:

You will build a model of a stratified (and carbonated!) lake.

1. Fill your beaker to 2/3 full with Sprite.

2. Slowly pour the Diet Coke on top of the Sprite layer.  With practice you’ll be able to get it to float on top of the Sprite layer.  It can help to put spoon above the Sprite layer, and pour the Coke onto this.  The spoon will slow down the flow and keep it from mixing with the lower layer. 
3. Repeat this until you have two layers, clearly separated.

Showing the students an example is very helpful.  Don’t fill the glass all the way to the top, as we need some empty space for question 5.

4. Can you mix the two layers together by blowing on the surface through the straw? _______

No, it is very hard to mix by disturbing the surface layer.  Wind and wind-generated surface waves in lakes and oceans typically do not mix away the stratification beneath them.  The one exception is when stratification is weak, i.e. in late fall, when a strong wind event can mix the lake.  This is often called “overturn.”

5. Tilt your beaker to 45 degrees.  Hold it there until the soda stops moving, and then bring the beaker back to normal.  Look at the boundary – do you see a wave?  How about increased mixing at the boundary between the Diet Coke and Sprite?  Keep trying until you see a wave.

This is a rotating wave and can be seen from all sides of the glass.  It moves quite slowly, as do internal waves on themoclines in lakes and the ocean (typically these waves have a period of about 1 day).

6.  The boundary between the warm upper layer and cold lower layer in a lake is called the thermocline (thermo=temperature, cline = change or slope).  The boundary in your stratified soda is not due to temperature, so thermocline is not an appropriate term to describe it.

Propose a better term: _______________.

Re-naming terms seems to help students gain ownership of the concepts.

7.  Measure the thickness of this transition zone (which you have just given a better name than ‘transition zone’), as well as the thickness of the Diet Coke layer (define this as the distance between the middle of the transition zone to the top of the Diet Coke layer.  Calculate the ratio of the two:


A = Transition zone thickness = _______________


B = Diet Coke layer thickness = _______________


R = ratio = A/B = _______________

Check out http://www.cayugalake.cornell.edu for a plot showing the thickness of the upper, lower, and transition layers in Cayuga Lake.  You can calculate A, B, and R from this data for comparison.

10.  What do you think some of the main factors are that determine the thickness of the transition zone (which you renamed in question 6) in the stratified soda?

Energy provided to mixing = pour velocity, shaking the beaker, etc.

The density difference = larger difference makes it easier to stratify.  That is why I use soda here rather than hot & cold water.  Salt and fresh water make a good demo, too.

The visual effect is stronger when we use a thicker sprite layer, so students might identify the bottom layer thickness as a factor.

This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
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