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TIDES 



TIDAL RANGE 

In their simplest form, tides are single waves that stretch across the entire ocean, causing its water to move up the front of 
its crest on one side of the basin and down its back into the trough on the opposite side. 
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DIFFERENCE BETWEEN TIDES AND WAVES 

• Tides rise due to gravitational pull of moon and sun; Waves are result of winds. 
• Energy of tides is much more than the rogue waves or storm breakers. 
• Rogue waves are very high and limited in area; Tides are relatively low waves but stretch 

across the entire ocean. 
 

Tide changes proceed via the following stages: 
• Sea level rises over several hours, covering the intertidal zone; flood tide. 
• The water rises to its highest level, reaching high tide. 
• Sea level falls over several hours, revealing the intertidal zone; ebb tide. 
• The water stops falling, reaching low tide. 

Oscillating currents produced by tides are known as tidal streams. The moment that the tidal 
current ceases is called slack water or slack tide. The tide then reverses direction and is said to 
be turning. Slack water usually occurs near high water and low water. 















The phase when the tidal range is at a maximum (that is, 
the highest high tide and the lowest low tide) is referred 
to as a spring tide. This is the time when the greatest 
expanse of beach is exposed at low tide and the greatest 
expanse of beach is flooded at high tide. By contrast, 
there are the neap tides when the tidal range is at a 
minimum, meaning that the high tide is unusually “low” 
and the low tide is unusually “high.” 



• Based on the number of high and low tides and their relative 
heights each tidal day, tides are described as semi-diurnal, 
mixed, or diurnal.  

• When the moon is directly over Earth's equator, its associated 
tidal bulges are centered on the equator. In theory, all locations 
on the planet except at the highest latitudes would rotate 
through the two tidal bulges and experience two equal high 
tides and two equal low tides per tidal day; this is known as 
a semi-diurnal tide. Semi-diurnal tides have a period of 12 hrs 
and 25 min, and theoretically have a wavelength of more than 
half the circumference of Earth.  

• Different types of tides occur when the moon is either north or 
south of the equator. Whereas semidiurnal tides are observed 
at the equator at all times, most locations north or south of the 
equator experience two unequal high tides and two unequal 
low tides per tidal day; this is called a mixed tide and the 
difference in height between successive high (or low) tides is 
called the diurnal inequality.  

• When the moon is above the Tropic of Cancer or Tropic of 
Capricorn, the diurnal inequality is at its maximum and the 
tides are called tropic tides. When the moon is above or nearly 
above the equator, the diurnal inequality is minimum and the 
tides are known as equatorial tides.  

• When the moon and its associated tidal bulges are either north 
or south of the equator, most points at high latitudes in theory 
would be impacted by one tidal bulge and would experience 
one high tide and one low tide per tidal day. This so-
called diurnal tide has a period of 24 hrs and 50 min. 





The phases of the Moon are the different ways the Moon looks from Earth over about a month. 
As the Moon orbits around the Earth, the half of the Moon that faces the Sun will be lit up. The different shapes of the lit portion of the Moon 
that can be seen from Earth are known as phases of the Moon. Each phase repeats itself every 29.5 days. The same half of the Moon always 
faces the Earth, because of tidal locking. So the phases will always occur over the same half of the Moon's surface. A phase is an angle of the 
moon to the earth so it appears differently every day. 

• A new moon is when the Moon cannot be seen because we are 
looking at the unlit half of the Moon. The new moon phase 
occurs when the Moon is directly between the Earth and Sun. 
A solar eclipse can only happen at new moon. 

• A waxing crescent moon is when the Moon looks like crescent 
and the crescent increases ("waxes") in size from one day to the 
next. This phase is usually only seen in the west. 

• The first quarter moon (or a half moon) is when half of the lit 
portion of the Moon is visible after the waxing crescent phase. It 
comes a week after new moon. 

• A waxing gibbous moon occurs when more than half of the lit 
portion of the Moon can be seen and the shape increases 
("waxes") in size from one day to the next. The waxing 
gibbous phase occurs between the first quarter and full moon 
phases. 

• A full moon is when we can see the entire lit portion of the 
Moon. The full moon phase occurs when the Moon is on the 
opposite side of the Earth from the Sun, called opposition. 
A lunar eclipse can only happen at full moon. 

• A waning gibbous moon occurs when more than half of the lit 
portion of the Moon can be seen and the shape decreases 
("wanes") in size from one day to the next. The waning 
gibbous phase occurs between the full moon and third quarter 
phases. 

• The last quarter moon (or a half moon) is when half of the lit 
portion of the Moon is visible after the waning gibbous phase. 

• A waning crescent moon is when the Moon looks like the 
crescent and the crescent decreases ("wanes") in size from one 
day to the next. 

• An old moon is a moon with only a tiny bit of it seen in the 
corner, about to turn into a new moon. 



The separate sets of ocean bulges related to the moon and sun act at times together and at other times in opposition. 
About every two weeks, the positions of the sun, moon, and Earth forma straight line (Figure A). At these times of new and 
full moon phases as viewed from Earth, the lunar- and solar-related ocean bulges also line up (and add up) to produce tides 
having the greatest monthly tidal range (that is, the highest high tide and lowest low tide); these are called spring tides. 
Between spring tides, at the first and third quarter phases of the moon, the sun's pull on Earth is at right angles to the pull 
of the moon (Figure B). At this time, tides have their minimum monthly tidal range (that is, unusually low high tide and 
unusually high low tide); these are called neap tides or fortnightly tides. Furthermore, the moon orbits Earth in an ellipse 
(rather than a circle) so that the moon is closest to Earth (stronger tide-generating force) at perigee and farthest from Earth 
(weaker tide-generating force) at apogee. The moon completes one perigee-apogee-perigee cycle once every 25.5 days. 



If the Earth is rotating in and out of these tidal bulges, why is the period of a diurnal tide 24 
hours and 50 minutes and, for mixed and semidiurnal tides, 12 hours and 25 minutes? 
Shouldn’t they be 24 hours and 12 hours, respectively? The explanation is actually quite simple. 
After one Earth day, the Moon has moved forward slightly in its orbit. So an additional 50 
minutes is necessary for a spot on the Earth to regain its position relative to the Moon each day. 
Hence, the times of high tide and low tide shift forward each day, as anyone who reads a tide 
table in the newspaper knows. 



(a) Because gravitational attraction 
varies with the distance separating 
the masses, the gravitational force 
of the moon is weaker on the far 
side of the Earth than its near side. 
Ocean water is drawn toward the 
moon by gravitational attraction.  

(b) Water is also displaced to the side 
of the Earth that faces away from 
the moon. This mound results from 
rotation about the center of mass 
of the Earth-Moon system.  

(c) Gravitational attraction and 
centrifugal force produce two tidal 
bulges of water of about the same 
size, positioned on opposite sides 
of the Earth.  

ORIGIN OF TIDES 



EQUILIBRIUM MODEL OF TIDES 

1. The Earth’s surface is considered to be completely covered by seawater to an infinite depth, so that the tides are 
unaffected by the sea bottom. In other words, in this model, there are no landmasses or effects of the sea floor, both of 
which greatly distort the tidal bulges and complicate the analysis. 
2. The waves associated with the tides are assumed to be progressive waves. 
3. The water is assumed to be in equilibrium with the tide-generating forces—gravitational attraction and centrifugal 
effect—at all times. 





DYNAMIC MODEL OF TIDES 

(a) Tidal bulges are not stationary 
relative to the Moon. Rather, they 
are trapped in ocean basins and 
move around the Earth as the 
planet rotates once daily about its 
spin axis.  

(b) As the Earth rotates from west to 
east, the tidal bulge of water is 
forced against the western side of 
the basin, where it piles up and 
creates a pressure gradient. Water 
flows downslope in response to 
the pressure gradient and in the 
Northern Hemisphere is deflected 
to the right by the Coriolis effect. 
The deflection causes water to 
stack up against the southern 
edge of the basin, where the 
pressure gradient causes currents 
to reverse and flow northward 
and bend toward the eastern side 
of the basin. The final effect of 
this motion is the creation of a 
rotary system in which high and 
low tides occur on opposite sides 
of the basin and in the Northern 
hemisphere rotate 
counterclockwise. 





The rotary wave in amphidromic systems travels in a 
counterclockwise direction in the Northern Hemisphere 
because Coriolis deflection is to the right. In the Southern 
Hemisphere the Coriolis deflection is to the left, inducing 
clockwise rotation of the rotary wave in amphidromic 
systems. 




