Lecture Notes
Waves


Animation Modified from PMEL Tsunami Project
 (http://geosun1.sjsu.edu/~dreed/105.html)
An ocean wave  pounding the shoreline is the first “dynamic” process you see when you go to the beach. The dictionary definition of “wave” as “To move back and forth or up and down in the air: branches waving in the wind”. Farther down in the list of definitions in the dictionary is the one pertaining to the ocean: “A ridge or swell moving along the surface of a large body of water and generated by the action of gravity or the wind”. 

Lets be sensible: who needs to consult a dictionary to find the definition of an ocean wave! We have all been to the beach, seen waves, jumped in or over them, and some of you  have ridden or tried to ride a wave (surfing!). We know about ocean waves, at least qualitatively.

The scientific study of waves can begin with a very simple conceptual picture
of what an ocean wave looks like. Your book, page 233 (Figures 10.1 and 10.2), shows profiles of ideal waves. If you look at these profiles you should recall (immediately, I hope) that an ocean wave looks exactly like a sine wave (or cosine wave). Even now in your college calculus course you will be revisiting the properties of sine/cosine waves. 

Terms we use to describe a wave are: wave length, wave period and wave height. Surfers in class should   be very interested in these wave properties along with the direction of water within a wave.

Before I continue, I want to put in a plug for a wonderful little paperback on ocean waves entitled: "Waves and Beaches", by Willard Bascom, published by Doubleday in 1980. I  bought an earlier edition in about 1963 and have used it many times. Mr. Bascom's book is unique because of its very easy writing style and the hand-drawn illustrations (by Willard Bascom) . Mr. Bascom, an engineer by training, is an acknowledged expert in waves and you can see him personally describe waves in the Oceanus video series (go to reference desk, library, under my name to get the tape on Waves. During the lectures, I will be drawing from material in Mr. Bascom’s book.   Both books are in my office in case you want to read them.
What creates ocean waves? Winds of course because they “touch and push” the sea surface; the wind grabs the sea surface layer to create a batch of baby waves, the "first" waves.  After the wind makes physical contact with   the ocean, the water moves as a tiny ripple. As the wind pushes longer or harder it will cause the ripples to grow--soon you will have small waves.  The wind is the forcing function and pushes stronger on the windward side of the tiny waves; on the leeward side the wind has a lesser effect as the pressure is smaller on this side.  Eventually the ripples spill over: you now have a full wind wave as the sea develops called a "chop".  At the same time other waves are created in the same area--sometimes called the fetch area--and the process continues. 
The small, miniature waves are called capillary waves. They are the “first” waves. At this level of structure the surface tension of the water is the principal force that tries to restore the wave to become a flat.  Capillary waves may get their start 1000s of kilometers out at sea where wind, or a new storm begins to act (again, another form of air-sea interaction) on a smooth ocean.  Soon owing to winds the area is filled with thousands or millions small waves. If you are on a ship or even on a dock during a relative calm period have a look at the water to spot the formation of capillary waves as a slight breeze comes up; previously you  probably did not really recognize these capillary waves as ocean waves because they were so small and seemingly insignificant compared to breaking waves you see at the beach.  Capillary waves can grow to eventually become large, full scale ocean waves. 
How long does it take for a wave to be fully “grown up”, to become a plunger or spiller, that is the kind of waves you see when you go to the beach? You surfers: The next time you are surfing on that “really great one” or you non surfers (I'm in that category) at the beach watching breaking waves, remember that the wave you see started as a group or parcel of capillary waves at some distant location in the ocean. 
Processes that create what eventually becomes a beach wave (a plunger or spiller) are complicated. First, the wave needs time to grow; then different waves come together and meet " we call that interference” to either reinforce each other, resulting in perhaps bigger and longer waves, or destroy each other creating a smaller wave.  If the winds where waves are created (the fetch area) stop, the waves obviously does not stop moving , but  continue to move, with the faster moving waves outpacing the slower ones--a process called dispersion--leading to an ocean swell. Well developed ocean swells  are generally found on the west coast of the USA.  If the winds pick up again, waves begin move faster again, with the capillary waves and other smaller waves developing on  top  “older” waves. Eventually as the waves move into shallow water (the beach) they release their energy by breaking on the beach face. The large amount of energy loosens the beach sand which is then transported seaward eventually settling sometimes in one spot forming a bar.
Let’s now look in more detail at  waves on a beach; then we will return to the open ocean to examine the properties of deep-water waves.

Shallow-water Waves
If you were able to “slice” the ocean with a gigantic kitchen knife and push one side away and then look into the other side  you would see that the “moving” water within the wave is not all  moving in the same direction. What you see are series of circular (called orbitals) paths being taken by the water. The first orbital, right at the surface, is the largest one; its diameter is the height of the wave (from trough to crest). For example we are all surfers and sitting on our board about 50 meters seaward from the beach. We see a 10 foot wave (wave length) approaching; the diameter of the first  “orbital”  is 10 feet.  What about the orbitals below the first one? They are smaller.  This is nicely shown on page 233 (Figure 10.3) of your textbook. So, as you move from the surface to depth, the orbitals get smaller and smaller, until you reach a depth where there are no more orbital. This depth where the orbitals disappear can be calculated by dividing the length of the ocean wave (from crest to crest or from trough to trough) by two. Thus, if you are surfacing at Melbourne Beach and estimate  that the distance between crests (or troughs, the low points) is about 50 ft, then the depth where the orbitals cease is 25 feet.  The next time you go surfacing se if you can experience the water motion in the orbitals. Of course you will have to get off your board and go for a brief dive into the water.
An interesting feature of the orbitals is the direction. The first orbit, the biggest one, will move water at the crest of the wave towards the beach. However, at the bottom of the same orbit, the water is going “out to sea”. By the same token, water at the trough of the wave (lowest part, but now at the surface water) is moving out to sea. Surfers, have you experienced this while sitting on your board; are you more or less sitting in the same spot waiting for that "big one"; When you are on your surfboard the crest moves you a bit forward and then as you move into the  trough you are moved slightly back to se. Surfing wouldn't be much fun without these orbitals moving in opposite directions! Again: The crest will move you towards the beach, but in the trough you will be moved back out to sea. Result: no net motion; you are not going anywhere. Non surfers go to the boardwalk at Indialantic and try to observe the “line or parallel” of surfers waiting for the "big one"; they are hardly  moving . 

We  know that surfers frequently ride the "big ones" all the way to the shore--giving them a "rush" (greatly feeling); How is this possible because the orbitals provide no net movement? I will be calling on you (surfers) to give your experiences to the class, so be ready. For any students (surfers) from California, I am especially interested in your experiences or comparisons of California waves versus Florida waves; what are the differences?? Share your experience and knowledge with the rest of the class.
What causes a beach wave to break and how is that a surfer eventually “rides
his/her wave” to the shore.  I believe you now  understand why the crest of a wave crashes or breaks on a beach. The process is, in large part, related to the orbital motion of water; slope of the beach is another factor too. As the wave moves into shallower water, the orbitals begin to flatten taking  on an elliptical shape. As the wave comes closer to the beach and the depth decreases orbitals are lost. Near the beach you are left with only one orbital. When that orbital touches the bottom its speed is decreased owing to friction between the bottom material (the sand, rock or whatever) and the water. But the speed  of water in the top of the orbitals is not slow as there is no friction. 
Thus water at the top of the orbital is moving faster than the water at the bottom of the orbital. This can’t go on forever as the wave is rapidly moving to the shoreline. The result of course is rushing , breaking water (at the crest) called a breaking wave, what you see at the beach. 
For the benefit of the surfers, Willard Bascom provides some tips to the process. I will paraphrase a few of his statements: when you surf you use the energy of the wave. The more energy you use the better surfer you are; likewise, the more energy in the wave the better the surfing (this makes sense; surfing would be pretty poor (an not practical!) on capillary waves). Your movement on the surfboard is the result of two things. The gravity force (your weight) as you are “slide” down a hill (kind of like skiing). The movement of the wave is the orbital motion of the water which at the crest and along the face (as it faces the beach) is towards the beach. But you when you mount your board you are somewhere on the downward face of the wave where you are between orbitals.  If you are high on the wave you get the forward motion of the wave which helps you "surf"; But if you are too high on the wave you are likely to lose your ride as it begins to break.  If you positioned yourself more down the face of the wave you find your between orbitals, with the trough orbital sending you back to sea unless your weight force overcomes the seaward orbital force.  Experience will tell you where in the face you should position yourself.. Somewhere on the slope of the wave you will find the optimum situation or spot. Mr. Bascom also mentions that surfers moving sidewise across a wave may be able to move at speeds considerably greater than the advancing wave, especially if the sideways has a large slope. 
As Mr. Bascom points out bow waves from moving vessels offer a “free ride” for porpoise who can ride them;  The porpoise rides the wave just like the surfer surfs on the beach. He/she finds the slope of the moving wave and “rides down it” thus using the energy (which created the wave in the first place) of the ship to propel it.

Waves, Energy, and Beaches
On the practical side waves have a tremendous effect or impact on beaches. Beach erosion is a serious, economic impact of wave action.  It is serious because some of us (not me) decided along time ago to live or have a business right on the beach, or at least have a residence or business a few meters from the breaking waves. Why would someone want to live on or very near the beach? Several reasons: Beaches are pleasing to be on, dynamic, full of bird life, great for fishing, habitat for turtles and so on.
There are many reasons why one would want to build a home on or near the beach. But one must be ready to suffer the potential adverse (from the human point of view) consequences. Besides why not leave the beaches alone so we could all enjoy them, kind of like a park, even some areas completely off limits. 
Beaches are continually changing by natural processes: sand is added; sand is
taken away, for example by storms and seasonal processes. There is considerable energy in waves; a 3 meter (about 10 ft) wave has about 10000 joules/m2. What’s a joule? Its a unit of energy. You learned about energy earlier. The specific heat of water is 1 cal/deg/g: The heat required to raise 1 gram of water 1 deg C from 15 to 16 deg C.There are 4.18 joules of energy per calorie. Thus 1 m2 of wave energy (above example) is equivalent to 2400 calories of heat. Or, 2.4 kg of water (or 2.4 liter) of water warmed 1 deg C. But we have more than just 1 m2 of wave area. The entire coastline of Florida has waves. Consider the distance between Melbourne Beach and Daytona Beach. A reasonable guess is 80 km (50 miles), or 80,000 m. Thus 80,000 packets of 1 m wave units would be equivalent 800 million joules. If the waves produce this energy every 10 seconds, then the power produced is 80 million joules per sec or 80 million watts, or 80 megawatts. This is a sizable power plant. 
Some have proposed harnessing wave power as a source of electricity. The tricky part is coming up with the mechanical device that will convert the kinetic energy to electrical energy. Other problems would have to be overcome also. Such as ensuring a constant source of waves. A major problem in using all the wave energy is of course that the surf would no longer be present (we just wouldn't’t see it; other natural processes would cease, such as sand transport) and surfing and associated business interests would cease. I don’t think many Florida residents or tourists would be interested in seeing Florida waves used to create energy; on the other hand perhaps there are portions (out of the way places) of Florida where waves could be harnessed for energy. This is good ocean engineering subject for research in engineering; a good environmental science subject for research in conflict resolution (just think of all the competing interests; what a field day!); and a good oceanography subject for research on physical and biological processes effected by wave energy conversion.

Tsunamis
A Tsunami is a open ocean wave usually created by submarine earthquake.  While a Tsunamic wave poses little threat at sea, the wave represents a potential disaster as it arrives close to shore.  Early detection is key to minimizing loss of property and life. In this regard the DART program has been designed to be an early warning system.   Basically DART continually senses sea level. Here is an image taken from the DART web site showing Tsunami detection.
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Go to the DART web site to learn how an early Tsunami is detected.


SUMMARY OF MAIN POINTS

Waves that eventually occur on the beach get started in the open ocean as small, capillary waves. Shallow water breaking waves occur when the orbital motion of water within a wave interacts with the bottom. 

There is considerable energy associated with breaking waves; it is unlikely that wave energy along a beach would ever be tapped for creating substantial amounts of electricity. 

Tsunami detection followed by early warning is now available.

