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Fluid (noun) : a substance (as a liquid or 
gas) tending to flow or conform to the 
outline of  its container  
 
 

From	
  Merriam-­‐Webster	
  

need to describe both the mass and volume  
when dealing with fluids 

Enterà density   (ρ)  =  mass per unit volume = M/V 

Salinity, Temperature, & Pressure 

What	
  does	
  	
  a	
  physical	
  oceanographer	
  want	
  to	
  know	
  in	
  
order	
  to	
  understand	
  ocean	
  processes?	
  



JPL/NASA 

Surface Salinity: Precipitation & Evaporation 

Where precipitation exceeds evaporation and river input is 
low, salinity is increased and vice versa. Note: coastal 
variations are not evident on this coarse scale map. 
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Surface Temperature- Net warming at low latitudes 
and cooling at high latitudes. à Need Transport 



Perpetual	
  Ocean	
  hWp://svs.gsfc.nasa.gov/cgi-­‐bin/details.cgi?aid=3827	
  
Es_ma_ng	
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  Menemenlis	
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Waves	
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Properties of  a Wave 
 
Wave Height 
Amplitude 
Wavelength 
Wave Steepness 



Wind Generation of Surface Gravity Waves 



Wavewatch III- Surface Wave Forecast 

hWp://polar.ncep.noaa.gov/waves/	
  

•  SO	
  storms	
  very	
  
energe_c	
  

•  swell	
  versus	
  wind	
  
waves	
  

•  swell-­‐	
  long	
  waves	
  
arrive	
  first	
  



Surface Gravity Waves 

Deep Water 
Waves 

Shallow Water 
Waves 



Surface Gravity Waves-- Wave Speed (c=L/T) 

Shallow Water Waves 

Deep Water Waves 

water depth 
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Dispersion 

c = gL
2π

=
gT
2π

Swell Period (left)  
Sea Period (right) 

Deep Water Waves 



Shallow Water Wave Example 
Tsunami 

Animation: http://nctr.pmel.noaa.gov/sumatra20100406/ 
c = gd



Wave Shoaling 

c = gdc = gL
2π



Breaking 

surface waves 
break when the 
wave height is 
greater than 

0.78 times the 
water depth 

 
H>0.78h 



Spilling Breakers 

l foam,turbulence at crest 
l gently sloping beach 
l starts some distance from shore 



Plunging Breakers 

l dissipated over short distance 
l variable slopes 
l shallower slopes/distant swell 
l wind-- collapsing breaker 



Surging Breakers 

l unbroken 
l steep slopes 
l waves run-up beach 



Refraction 

What happens if  a wave 
is incident at an angle 

to the shore (or the 
shore bends)? 

Deep 

Shallow 

Beach 

c = gd



Refraction 

What happens if  a wave 
is incident at an angle 

to the shore (or the 
shore bends)? 

c = gd



Refraction 



Refraction 



Rip Currents 

waves steepen → begins to break → rolling bores 
What happen to wave speed and height as waves shoal? 



Rip Currents→Wave Set-Up 

Variability in Breaking Zone will result in variability of  the 
alongshore pressure gradient. 



Rip Currents 

manmade & natural structures, topography, character of  
incident wave field, slope of  the beach 

 (steep=small surf  zone= weak longshore currents) 
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Ekman	
  (1905)	
  

Ekman	
  Transport:	
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  wind	
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Earth’s	
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  right	
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  wind	
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Flow	
  Over	
  the	
  Shelf:	
  Winter	
  vs.	
  Summer	
  
(from	
  10	
  years	
  of	
  AlOmeter	
  Data)	
  

January	
   July	
  

• 	
  high	
  sea	
  level	
  	
  
• 	
  poleward	
  flow	
  
• 	
  Davidson	
  Current	
  
• >50	
  cm/s	
  	
  

• 	
  low	
  sea	
  level	
  
• 	
  equatorward	
  flow	
  
• 	
  shelf:	
  >50	
  cm/s	
  



The	
  Oregonian	
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  25,	
  1996	
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  and	
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  west	
  coast	
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courtesy	
  of	
  
Andy	
  Thomas	
  (U	
  Maine)	
  

mg/m³	
  

upwelled nutrients 
feed phytoplankton 



Seasonal Hypoxia 
 
•  Summertime low 

oxygen levels 

•  Physical-Biological 
Intereraction 

•  Upwelled water low in 
oxygen, high in 
nutrients 

•  Biological  processes 
drive the oxygen lower 

hypoxia 

Barth/Shearman 
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