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Purpose

This lab is designed to help you understand the behavior of ocean waves in terms of how they move, what causes them, and what factors influence their motion.
Lab Objectives
· To create and test a two-dimensional model of an ocean wave.

· To create and test a three-dimensional model of surface waves interacting with coastlines.

· To create and test a three-dimensional model of a wind driven wave.

· To create and test a three-dimensional model of a surface wave approaching a beach.
Materials

· Soda straw
· Clear plastic tank
· Six inch ruler
· Study light
· Wood blocks
· A white surface or a piece of paper
· Lump of clay
· Plastic sheet

· Wood bar

· Slinky

Write up


Your write up for this lab should include all sketches and written observations for parts 1 through 4, as well as answers to the follow-up questions.  As usual you can either add this information to this handout or submit your data and interpretations as a separate document.  In both cases use complete sentences and make sure to label all sketches.  Note: Your sketches should be sketches and not photographs.  You may include photographs of your apparatus, but they should not be in-lieu of the sketches being asked for in this handout.
Background


The earth’s oceans are constantly in motion.  In addition to the stream-like motion of currents and the daily fluctuations in sea level called tides, a vast variety of waves occur both at and below the sea surface.    To a physicist a wave is energy traveling through a medium in the form of vibrations within that medium.  To an oceanographer this medium is seawater and the energy being transferred is derived from wind blowing across the sea surface, an earthquake, areas of low atmospheric pressure, or some type of artificial disturbance.


Ocean waves are transverse waves (figure 1).  This means that a surface vibrates up and down as energy passes through the water.   This surface can be the interface between air and water or this boundary between water of different densities.  In general all ocean waves have several characteristics by which they can be measured.  

	Wavelength 

Amplitude 
Period 

Frequency  

Wave velocity
	The distance from one crest to crest to another.  

The height from trough to crest.

The time that it takes for a complete wave to pass a point - usually measured in seconds.

The number of waves that pass a stationary point in one second.

The speed at which a wave crest moves.
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Figure 1 – Anatomy of a wave



In regards to surface waves, the shape and behavior of a sea surface wave depends on what produces it, how deep the water is underneath it, and what it interacts with.  Most surface waves are produced by the wind, though disturbances such as earthquakes or hurricanes can cause massive waves (see your textbook for details).   The latter types of waves (tsunamis and storm surges) generally have high amplitudes, long wavelengths, and cause considerable damage to coastal areas because of their magnitude and energy.  Wind waves, on the other hand, are much more variable, with amplitudes ranging anywhere from less than 1 cm to well over 40 meters.  


How waves interact with coastlines and each other also determines their size and the direction in which they travel.  For instance when a wave travels into shallow water, it becomes taller and shorter until it collapses to form a breaker (figure 2a).  This happens because surface waves actually extend below the surface (figure 2b).  As a shoreward moving wave enters shallow water it “drags” on the seafloor.  The rule of thumb is the shallower the water the greater the drag.  Since the leading edge of the wave is in shallower water it travels slower than the trailing edge.  The result is that the length of the wave decreases causing its amplitude to increase.  If a wave is strikes a beach at an oblique angle the part in shallower water slows sooner than the part in deeper water causing the entire wave to change direction, a process called refraction.
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	Figure 2a – A wave approaching a beach.  The beach is to the right so the wave on the left if in shallower water than the one on the right.  The wave on the right has grown tall enough that its top has fallen over producing a breaker.
	Figure 2b – The movement of water within a wave.  Though the wave moves to the right, the water is actually moving in a vertical circle.  This circular movement takes place deeper under the wave, but to an every decreasing degree.



In addition to refraction water waves also reflect off of obstacles such as cliffs or headland.  They also bend around the corners of obstacles such as jetties or breakwaters (diffractiong.) Finally, if two waves collide with each other they combine to create a still larger wave (constructive interference) or cancel each other out (destructive interference).

Method


This lab is divided into four parts.  In all four parts you will be modeling various aspects of wave motion.  In the first part you’ll investigate the basics of wave motion.  In the second part you will look at reflection, refraction, and diffraction.  In the third part you will focus on how waves move onto beaches.  Finally, in the fourth part you will be investigating how wind driven waves are produced. 

Part 1 - Modeling wave motions and interactions


For part 1 you will use a slinky to model wave motion.  Nope, we aren’t going to make it walk down stairs.  In the following three experiments you’ll use it to help you understand some of the basic physics of wave motion.  The models that you will be making are two-dimensional which means that you will be like a cross section of an ocean wave rather than a complete wave.  When you draw your models two things are important.  First, draw what the model looks like from the side so that it looks like a cross section of an ocean wave.  Second, include arrows in your drawing so that you are showing motion.  You may in some instances want to make several drawings of your model at different times so that you have a “time-lapse” picture of your model.  And finally, make sure to label all the parts of the models.
Model 1.1 - Single waves

     Stretch a slinky between you and a lab partner. While your lab partner holds his/her end motionless, jerk your end up and down once.  Watch what happens when you do this.  Write down your observations and make a sketch to describe what you saw. 

Write down your observations and paste your sketch here.

Problem:

What must you do to make a higher (larger amplitude) wave? 

To answer this question, first make a hypothesis.  After writing your hypothesis in the space provided, record what you actually did to make a larger amplitude wave.

Your hypothesis

The solution

Model 1. 2 - Standing waves

      In this second model have your partner hold their end of the slinky motionless.  While they are doing this repeatedly jerk your end of the slinky up and down.  Adjust your rate until you get a single standing wave.

Problem:

Without changing the length of the slinky, how do you make 2 standing waves, 4 waves?    Again make a hypothesis and record it in the space provided.  After doing so try changing how you are shaking the slinky until you get the number of standing waves being asked for.

Your hypothesis:

Your solution:

Model 1.3 - Wave collisions

In this model you’ll be investigating what happens when two waves collide.  To begin this experiment stretch out a slinky on the floor between you and a partner.  Hold onto the slinky to dampen out any vibrations in it.  Then at the same time, you and your partner create two single pulses by making a short, sharp jerk from side to side at your ends of the slinky.  Note – When you do this the pulses should bulge in the same direction.  For instance, if your pulse bulges to your right, your partner’s pulse should also bulge to your right.   Watch the waves travel toward each other.  What happens when they meet?  Note model 1.3 takes patience; so try it several times until you can clearly see what happens when the waves collide.  Record your observations in the form of three drawings of the model that show the pulses before their collision, during the collision, and after the collision.  

Write your observations and paste your drawing here

Problem:

What happens when the pulses bulging in opposite directions collide with one another?  Before trying this make a hypothesis and record it in the space provided.  Then record your observations in the same way that you did for the previous variation of this model.

Your hypothesis:

Your observation:

Follow-up questions

1. In what ways does the slinky accurately model an ocean surface wave?  In what ways doesn’t it? 

2. Referring to model 1.2 what controls the size and frequency of a wave?

3. In model 1.3 what did you do to produce destructive interference?  What did you do to produce constructive interference?

4. Rouge waves are abnormally high waves that appear in a generally quite sea.  How might model 1.3 explain how rouge waves are produced?

Part 2 - Modeling waves along coastlines  


In this part of the lab you will be modeling how surface waves interact with coastlines.  To do this you will be using a device known as a ripple tank.  A ripple tank is a watertight tank with a clear bottom that allows you to see surface waves in water.  To see these waves the tank is placed on blocks raising it above a white surface.  A study lamp is placed above the tank so that light shines through the water filled tank onto the surface below.   Any ripples on the surface of the water will show up on the surface as light and dark colored bands.  To set up your ripple tank for the next four models see figure 3.
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Figure 3 – Ripple tank set up for experiment 2


Model 2.1 – Simple wave motion

 
To begin take out any objects that might be in the tank.  At one end of the tank use as small ruler to make a single wave by gently bouncing the ruler up and down on the water surface.  Make a sketch of what you see on the paper below the tank when you do this.  In making your drawing draw waves fronts and the direction that they are traveling (indicated by an arrow).  As always make sure to label your sketch.  Record your observations by sketching them on figure 4.
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	Figure 4 

Overhead view of model 2.1.  


Model 2.2  - Wave reflection

For this model place a model breakwater in the tank (figure 5).  Position the bar so that it is parallel to the oncoming wave front.  Make of sketch of the wave patterns that you see on the white paper.  Draw the waves and they directions that they are traveling on figure 5. Use different colors for the oncoming and reflected waves.
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	Figure 5 

Overhead view of model 2.2.  


Model 2.3 – Wave reflection 2

In this model, position the bar so the wave strikes it at an oblique angle (figure 6).  Record your observations by sketching the waves and direction of travel in figure 6.  Use different colors to indicate oncoming and reflected waves.
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	Figure 6 

Overhead view of model 2.3.  


Model 2.4 – Wave diffraction

For this fourth model remove the bar and place a model sea stack in the tank (this is a flat bottomed lump of clay).  Again make waves and watch the results on the paper screen underneath the tank.  Record your observations in figure 7. Use different colors to indicate oncoming and diffracted waves.
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	Figure 7 

Overhead view of model 2.4.  


Model 2.5 -   Wave refraction

For this final model remove the sea stack and place a sheet of clear plastic on the bottom of the tank.  Position the sheet so the waves approach the edge of the plastic at an oblique angle (figure 8).  Make a sketch of what appears on the paper below.
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	Figure 8 

Overhead view of model 2.5.  


Part 3 - Modeling waves along a beach


For this part of the lab use the wave tank with the plastic “beach” in it.  
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Figure 4 – Side view of the wave tank apparatus for part 3.




Model 3.1 -  Low angle beach


Set the beach at the angle indicated by the green line on the side of the tank.   Gently bob the wave paddle up and down at the deep end of the tank and watch the waves produced as they travel up on to the plastic sheet.  Watch this action for 1 minute.  Make as sketch that looks like figure 9 showing the change in shape of the waves as they come “onshore”.  Include a written description of the model in action along with your sketches of it.

Paste your sketch and written description here

Model  3.2 -  High angle beach


Readjust the angle of the beach in model 3.1 to be steeper angle. Again make waves for one minute and watch what happens as the waves move into progressively shallower water. Again include a written description of the model in action along with your sketches of it.

Paste your sketch and written description here

Follow-up questions

1. What impact did changing the angle of the “beach” have on the shape of the waves as they came onshore?

2. How could you create a rolling breaker (ala Hawaii 5-O) using a tank similar to this one?

Part 4  - Modeling wind driven waves


In this part of the lab you will be modeling an offshore storm creating wind waves.  To do this you will be using the tank that you used in part 2 and a soda straw.
Model 4.1 – Mild storm


To set up this model create an “ocean” by filling the tank with water to a depth of approximately 1 cm.  Using a soda straw blow on the center of your model ocean.  This will create several types of waves on the surface of the water.   Describe these waves by making a map view sketch of the area disturbed by your storm.  

Paste your sketch and written description here

Follow-up questions

1. Where are the largest waves in your model?  

2. Where does the surface appear to be the most chaotic?

3. Where are the longest waves?

4. How do the waves change as they move away from straw?

Model 4.2 – Energetic storm


In this second model do what you did in model 4.1, but this time blow harder and record your observations by answering the following questions.  

· What happens to the size of the affected area when you do this?  

· How do the waves within a 5 cm radius of the end of the straw compare to the same waves in the same area in model 4.1? 

Follow-up questions

1. If you really wanted to generate some large swells at the far end of the tank how would you do this?

2. In real life (in other words out at sea) what determines the size of swells generated by offshore storms? 
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