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WAVES 



Waves and their 
properties. (a) Regular, 
symmetrical waves can 
be described by their 
height, wavelength, and 
period (the time 
one wavelength takes to 
pass a fixed point). 
(b) Waves can be 
classified according to 
their wave period. The 
scales of wave height 
and wave period are not 
linear, but logarithmic, 
being based on powers 
of 10.  



The variety and size of wind-generated waves 
are controlled by four principal factors:  
(1) wind velocity,  
(2) wind duration,  
(3) fetch,  
(4) original sea state. 



Significant Wave Height? 

What is the average 
height and what is the 
significant height? 



Wind-generated waves are progressive waves, because they travel (progress) across the sea 

surface. If you focus on the crest of a progressive wave, you can follow its path over time. But 

what actually is moving? The wave form obviously is moving, but what about the water just 

below the sea surface? Actually, two basic kinds of motions are associated with ocean waves: the 

forward movement of the wave form itself and the orbital motion of water particles 

beneath the wave. 



The motion of water particles beneath 

waves. (a) The arrows at the sea 

surface denote the motion of water 

particles beneath waves. With the 

passage of one wavelength, a water 

particle at the sea surface describes a 

circular orbit with a diameter equal to 

the wave’s height. Water particles 

below the sea surface also describe 

orbits with the passage of each wave, 

as indicated by the back-and-forth 

motion of seaweed attached to the 

ocean floor.  

(b) The orbital diameters described by 

water particles beneath waves decrease 

rapidly with distance below the water 

surface. Wave-induced water motion 

essentially ceases at a depth (called the 

wave base) that is equal to one-half the 

wavelength.  

(c) The orbits described by water 

particles beneath waves are not closed, 

but slightly open. This results in a net 

displacement of water, called mass 

transport (Stokes drift), in the 

direction of wave advance. 



When the sea bottom is deeper than one-half the wavelength, the orbits of the water particles are near 

circular. Obviously, waves that are in water shallower than one-half their length will interact with the ocean 

floor. Water near the sea bottom cannot move in a circular orbit, only “back and forth.” Here the circular 

orbits of the water particles become flattened into ellipses because of bottom interference. Also, bottom 

interference changes the shape and speed of the wave and transforms it from a deep-water wave, where 

bottom interactions were absent because the wave base was above the sea floor, into an intermediate-water 

wave and then a shallow-water wave, where the effects from contacting the ocean floor become important. 

A deep-water wave is defined as a wave moving through water that is deeper than its wave base, which 

is one-half its wavelength. An intermediate-water wave travels through water depths that are between 

one-half and one-twentieth the wavelength, and a shallow-water wave is in water less than one-

twentieth the wavelength 



Wave Speed,  C= 
𝐿

𝑇
 

L= wavelength; T= wave period; d= water depth 

Wave Speed in m/s,  C= 1.56 T = 1.25 𝐿 = 3.13 𝑑 



CHAOTIC WAVES:  

 Impart an irregular, disordered pattern to the sea surface.  

 The water motion is turbulent with sea spray, whitecaps (foaming wave crests), and even 

breaking waves (unstable waves that collapse).  

 These seas are a composite of numerous waves having different lengths, heights, and periods 

that are continually merging and separating as they move in different directions and at 

different speeds through the fetch area.  

 The interaction of several waves is called wave interference.  

 The irregular shape of a profile of the sea surface in the fetch is due to the interference of 

progressive waves of different sizes.  



HARMONIC ANALYSIS OF CHAOTIC WAVES (WAVE INTERFERENCE) 

Seas in the fetch appear chaotic, as indicated by the irregular wave profile at the top 

of the diagram. However, the irregular seas are created by the interaction—wave 

interference—of 14 regular waves. The profile of each of these waves is shown 

beneath the composite profile. Once out of the fetch area, each of these waves will 

separate into a regular swell, because the longer waves travel faster than the shorter 

waves. The process of wave separation is called dispersion. 

(c) (d) 

Constructive wave interference deepens the 

wave troughs and raises the wave crests, 

producing a 

larger wave.  

Destructive wave interference reduces the 

height of the larger wave.  

Both constructive and destructive wave 

interference occur simultaneously, resulting in a 

complex, irregular wave form. 



A regular ocean swell produced by 

dispersion that separates waves on the basis 

of their celerity.  

Seas are irregular in the 

fetch area because of 

constructive and destructive 

wave interference. Outside 

the fetch, a regular ocean 

swell develops as waves sort 

themselves according to 

speed by the process of 

dispersion. 



Breakers dissipate their energy at the shoreline by 

wave collapse. 

The swash zone is alternately 

covered and uncovered by 

water that rushes up the beach 

and back down the beach as 

each wave breaks. 



Three important changes are brought about by shallow-water conditions: transformation of the wave’s 

properties, wave refraction, and collapse as a shore breaker.  

When waves begin to interact with the bottom, they slow down, and their speed, which in deep 

water depended on wavelength and period, now is regulated directly by water depth.  

The formula for calculating the speed of a shallow-water wave is 

 

C = 𝒈𝒅  = 3.13 𝒅 m/sec  

 

where C is celerity (i.e., speed), g is gravitational 

acceleration, and d is water depth in meters. 

SHALLOW-WATER WAVE TRANSFORMATIONS 

 As waves approach a shoreline, their height increases and their troughs flatten out, giving rise to an 

asymmetrical (less regular) wave profile.  

 This change in shape and growth in height reflects the redistribution of wave energy as water depth 

decreases. 

 However the period, a fundamental property of a wave, doesn’t change. 



Wave Dispersion 



Wave Dispersion 





SHORE BREAKERS  

Wave Steepness = H/L (H- height; L- wavelength) 

• Helps to predict when and where waves will become unstable and break.  

• As waves enter shallow water, their height (H) increases and their wavelength (L) decreases. 

• The steepness of the wave increases, wave gets bigger and steeper just before it collapses as a breaker at 

the shoreline. 

A critical wave steepness occurs when the wave height is about equal to one-seventh the wavelength (H/L = 

1/7, which means that for a 1-meter-high wave, H= 1 meter, and L = 7 meters). 

Then, the crest is oversteepened and unstable, and bottom friction retards the base of the wave permitting the 

top of the wave to get ahead. This results in the wave’s “breaking.” 



Standing Waves 

Standing waves do not move horizontally, but remain stationary, as water moves beneath them. These waves 

oscillate back and forth about a fixed point called a node. The maximum vertical displacement of the 

water level occurs at the sides of the basin; these are called the antinodes. 

The properties of a standing wave depend on the geometry of the basin. The larger the container, the longer 

its characteristic standing wave will take to oscillate back and forth as the water surface tilts first to one side 

and then to the opposite side. Each will have a natural period of oscillation that is controlled by the length of 

the basin and its depth of water as follows: 

T = 2l / 𝒈𝒅  sec 

l: the length of the basin,  

g: gravitational attraction, and  

d: depth of water in the basin 



In an open-ended basin, the natural period of oscillation is easily calculated by the formula: 

 

T = 4l / 𝒈𝒅  sec 

 

l: the length of the basin,  

g: gravitational attraction, and  

d: depth of water in the 
 


