Chapter 11
Tides
· Patterns, Levels, Currents

· Tide Patterns

· Tides rise and fall in response to forces generated by the Sun and Moon and the rotation of the Earth

· Tidal movements vary from place to place
· Diurnal tide – 

· Semi-diurnal tide

· Semi-diurnal mixed tide – 
· Tide Levels
· High water – 

· Low water –
· Higher high water, lower high water, higher low water, and lower low water
· Mean tide
· Tidal datum

· Minus tide
· Flood tide –
· Ebb tide – 
· Tide Current
· Tidal currents – 

· Slack water – 
· Equilibrium
· Equilibrium tidal theory – 
· Assumed earth is covered with uniform layer of water to simplify lunar and solar influences
· Describes effects of moon and sun and earth’s rotation
· Earth and moon behave as a single system, rotate about common center of mass 4700 km from earth’s center
· Period is 27.3 days, sidereal month

· Elliptical Orbit
· All points on and within the earth rotate about the common center of mass and each point has the same angular velocity and the same Fcentrifugal
· This has nothing to do with the rotation of the earth about its own axis

· Not referring to Fcent caused by the earth’s spin
· Fcent balanced by the gravitational attraction between the two bodies
· Gravitational force is not the same everywhere due to varying distance from the moon
· At a spot closest to the moon, Fg > Fcent
· Other side of earth, furthest from moon, Fg < Fcent
· The difference in the two forces is known as the tide generating force, FT
· FT is proportional to M/R³
· Dynamic tidal analysis – 
· Tides are modified by landmasses, earth’s rotation, and basin geometry
· Tides are discontinuous except in the Southern Ocean
· Wavelength is large compared to depth, speed governed by depth (shallow water wave)

· Can oscillate in basins (standing wave)

· Can be reflected from edge of continents, refracted due to bathymetry changes, and diffracted as it passes between continents
· Coriolis affects tidal movement
· Lunar/Solar Tides
· Moon creates two highs and lows around the earth per day
· Semi-diurnal Tide

· Tidal day = 

· Moon moves eastward along its orbit as earth rotates on its axis
· Sun’s tide generating force is 46% that of moon’s because of the increased distance
· Spring/Neap Tides

· Moon’s orbit about earth is 29 ½ days relative to a point
· Sun, moon, and earth move in and out of phase
· Lunar tide orbits earth with moon while solar tide is stationary to sun
· In phase 
· 90 degrees out of phase

· Declination Tides

· Diurnal tides

· One bulge is in NH and the other is in SH

· Formed by declination of moon or sun above or below equator
· Elliptical Orbits

· Perihelion – 
· Aphelion – 
· Earth’s orbit varies cyclically over 10s of 1000s of years, too large for us to consider
· Perigee – 

· Apogee –
· Progressive Wave Tides
· In a large ocean basin, the tide moving across the sea surface as a shallow-water wave
· Co-tidal Lines – 
· Elliptical orbits reach the bottom (characteristic of shallow water waves)
· Coriolis force affects water particles
· Tidal currents rotate CW in NH and CCW in SH
· Standing Wave Tides

· Tide is reflected off continents and coriolis acts on flow
· Instead of the high tide moving towards the low tide, coriolis deflects the flow to right (NH) or left (SH)
· Crest rotates around the basin
· Rotary standing wave

· Node is a central point
· Crest follows co-tidal lines that radiate from node
· Corange Lines – 
· Produces a rotary tidal current
· Predicting Tides

· Mean tides are calculated from 19 year records at selected locations
· Harmonic analysis used to break the signal into components
· Magnitudes and period match the forcing from sun and moon
· Allows for isolation of effects due to local geography
· Predictions from local effects and predicted astronomical data
· Energy from Tides

· Need large tidal ranges or swift tidal currents
· Requires building of dam across bay or estuary to contain water inside bay at high tide
· At ebb tide, when difference in elevation is sufficient, water is released through turbines to produce electrical power
· 7 meter tidal range required
· Few places in the world meet the requirements
· Watermills use the energy from tidal currents to generate energy

