Tides and the Moon 
The moon revolves around the earth other every 27.3 days. Because the earth and moon each exert a gravitational pull on each other, we can model this motion more accurately as both bodies revolving around their common centre of gravity, which lies about 1000 miles below the earth's surface. To keep things simple, we can initially approximate the orbit as circular. 

For the moon to stay in orbit round the earth, the gravitational forces between them must equal the centrifugal force from their spinning round each other. Now if we look at the centrifugal force, it will always act parallel to a line joining the centres of the earth and moon, and have the same magnitude at all points. However the gravitational forces will always act towards the centre of gravity of the other body. Also the gravitational force will be strongest on the side of the earth closest to the moon, and weakest on the far side of the earth, because gravitational force decreases with the square of the distance. These differences in magnitude and direction result in the tide producing force. 


Looking at the force with respect to the surface of the earth, at the  two poles, this acts vertically towards the centre of the earth, and at the two points closest and furthest from the moon the force acts vertically but away from the centre of the earth. In between, the direction of the force twists round through 90 degrees. 

Although you may think that the points where the force is vertical have the greatest effect on the tides, here the tide producing force is acting against the earth's own gravitational force, which is about 9 million times stronger. Instead, the greatest force is produced where the direction of the tide producing force is horizontal with respect to the earth, as although the force is smaller, it is unopposed by any other force. This results in the water moving to create two bulges, at the points where the earth is closest to and furthest from the moon. The bulges would reach equilibrium when the tendency to flow away from the bulge under gravity is balanced by the tide raising force. The range of this tide on the equator is less than 1 metre. 

These bulges would form a stable equilibrium tide, but because the earth is rotating about its own axis the bulges have to move round the earth to keep themselves aligned with the moon. To keep up with the moon's position relative to the earth, they travel round the earth every 24 hours 50 minutes (a lunar day), which explains why high tides are separated by 12 hours 25 minutes. 

The Moon's Declination 
The moon does not lie directly above the equator, but rather is inclined at up to 28.5 degrees each side of the equator, and moves up and down over a period of 27.2 days. The tidal bulges will tend to align themselves with the moon, and so when the moon is not aligned over the equator alternating tides will be higher and lower than average, particularly in mid latitudes. In this way, the moon has a diurnal (daily) effect on the tides, which varies from maximum to minimum every week. 

When the moon's declination is a maximum, it is approximately over one of the Tropics, so these higher tides are called tropic tides. When the declination is zero the moon is over the equator, and these smaller tides are called equatorial tides. 

The maximum declination of the moon oscillates between 18.5 and 28.5 degrees, over an 18.6 year cycle. 
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The Moon's Elliptical Orbit 
In reality the moon has an elliptical orbit, not a circular one. When the moon is closest to the earth, in perigee, the tide producing force is 20% greater than average, and when furthest away, in apogee, the force is 20% less than average. The time between successive perigees is 27.5 days. 

Inequalities in the Moon's Orbit 
It is interesting to note that the times for the moon's orbit, the time for the cycle of lunar declination, and the time between successive perigees, is similar but not equal. The time period for any pair of these to go through a full cycle varies between 18 and 19 years, and this is why tides vary over a 19 year cycle. 

The Character of the Tide 
The character of the tide indicates whether the tidal curve is principally diurnal or semi-diurnal at a given location 
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If the tide is semi-diurnal, there are two sets of high and low water a day. Fluctuations in the tide are primarily caused by the relative positions of the sun and moon, with spring and neap tides. Tides in Europe are primarily semi-diurnal, with a few exceptions such as Machrihanish on the West coast of Scotland, where the tide is diurnal. 

If the tide is diurnal, and there is just one high and one low water a day, and fluctuations in the tide are primarily due to changes in the declination of the moon, with the smallest tides when the moon's declination is least. Only a small proportion of tidal stations have truly diurnal tides. 

If the tide falls between these two extremes, it is described as mixed. There will be two pairs of high and low water, but one pair will have a significantly larger range than the other. The time interval between successive high tides can also vary significantly. 

Tides and the Sun 
The sun affects the tides in a similar way to the moon, but as it is much further away the tide producing force is only about 46% of that of the moon, despite its much greater size and weight. 

The sun produces two tidal bulges where the earth is closest to and furthest from the sun, and with the earth rotating every 24 hours this gives the solar tide a period of 12 hours. 

The sun also moves above and below the equator, with a declination of up to 23.5 degrees. As with the moon, this also results in diurnal inequalities, but they vary over the period of a year. Their effect is greatest at the summer and winter solstices, on 22 June and 22 December. 

The earth's orbit round the sun is also elliptical, with the separation being a minimum at perihelion (about 2nd January), and a maximum at aphelion (about 1st July), but the difference in distance, and so in tide producing force, is only about 3%, much less than with the moon. 

Combining the Effects of Sun and Moon 
The solar and lunar tides can be added together to give the total tide. This tide depends on the positions of the sun and moon relative to the earth. 

Spring and Neap Tides 
When the two tides combine to form a higher tidal range than average,  called spring tides. This occurs when the earth, sun and moon are in line, which may occur in two ways. If the moon lies between the earth and the sun (in conjunction) there is a new moon. Alternatively when the moon lies on the far side of the earth from the sun (in opposition) there is a full moon. The moon is said to be in syzygy (pronounced 'sizzijee') when either of these situations occur. 
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When the sun and moon are at right angles to each other (in quadrature), the moon is in its first or last quarter, and the solar and lunar tides are out of phase. Thus the tidal range is lower than normal, and the tides are called neaps. 

The sun and moon's positions cycle round over a period of 29.5 days. Thus there is an interval of 7.375 days between spring and neap tides. 

Spring and neap tides lag the phases of the moon by about 2 or 3 days. This is because the combined effects of the inertia of the water, and friction against the sea bed, cause a time lag. This can be calculated from harmonic coefficients as (g of S2 - g of M2) / 24.96 

The time of high water springs at a given location is approximately constant, as the sun and moon are always in the same relative positions. From harmonic coefficients it may be approximated as g of S2 / 30. 

Where tides are diurnal, the range between springs and neaps is generally less than the range between MHHW and MLLW. 

Equinoctial and Solstitial Tides 
At the solstices in June and December the declination of the sun is a maximum, and as the moon's declination varies of a 27 day period it will also have maximum declination at some stage around the solstice. At this time the diurnal forces of the sun and moon are both at a maximum, causing solstitial tides. At this time the diurnal tides and the diurnal inequality are at a maximum. 

At the equinoxes in March and September the converse applies. The declination of the sun is zero, and the moon will also have zero declination at some stage around the equinox. At this time the diurnal forces of the sun and moon are both at a minimum, and the semi-diurnal forces at a maximum, causing equinoctial tides. At this time the spring tides are at a maximum. 

Priming and Lagging 
Whilst the interval between lunar high tides is 12 hours 25 minutes, the interval between solar high tides is 12 hours. Thus the interval between high waters of the combined time will vary, and the variations occur when the moon is between syzygy and quadrature. 

When the moon is between new and the first quarter, or between the last quarter and  full, then the tide is said to prime. The high tide occurs before the lunar high tide. 

Conversely, the tide lags when the moon is between the first quarter and full, or the last quarter and new. High tide then occurs after the lunar high tide. 

Double High and Low Tides 
As well as having the main tidal coefficients, harmonics also occur with two and three times the frequency. In most locations these are very small, and have no significant effect on the tides. However in some shallow water areas, such as the Hampshire and Dorset coast, and the Dutch coast, the harmonics are significant in size, and are also in phase with each other. This results in the double high waters around Southampton, and the double low waters at Portland, for example. 
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Double high waters at Lymington, near Southampton 
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Double low tides at Rotterdam 

Tide Wizard will report both highs or lows,  so for example at Southampton it will report the time and height of the first high, then the intermediate low, and then the final high water. 

The Effects of the Weather on Tides 
The weather can have a very significant effect on the tides. Variations in tidal height are caused by strong or prolonged winds, and high or low barometric pressure. Differences in times of high and low water are caused by winds. 

Barometric Pressure 
Tides are predicted for average barometric pressures. High pressure will tend to cause lower tides, whereas low pressure raises the tidal level. A difference of 10 millibars can cause a difference of 0.1 metres on the tide. However the change takes time to develop, and applies to the average pressure over a large area. 

Wind 
The effect of the wind varies significantly with the local geography. In general, an offshore wind will lower the tidal level, and an onshore one will raise it. Winds blowing along the shore may cause storm surges, described below. 

The effects of the wind on the tide are most marked on the shores of shallow seas such as the North Sea and Persian Gulf.. 

Storm Surges 
A surge is a change in water level caused by the weather, that travels with about the same speed as the tide. Small surges are caused by local weather, but large surges are caused by weather patterns some distance away. Because the surge interacts with the tidal wave, times of high and low water may also be affected. 

As an example, a south westerly gale in the Hebrides may result in a change in sea level of just 0.2 metres, but this will travel clockwise round the British Isles, and when it arrives in the Thames Estuary may about 18 hours later it may have built to a surge of 2 metres or more. 

Glossary 
Age of the Tide 
The number of days that spring tides occur after a new or full moon, typically two or three days. 

Apogee 
The time when the moon is furthest from the earth, every 27.5 days 

Chart datum 
An arbitrary reference point for measuring charted depths and tide heights to. Unlike the land levelling system, this is not continuous, and may change between charts or at different locations on the same chart 

DST 
Daylight saving time, or summer time. In many countries outside the tropics the clocks are advanced during the winter months to give more daylight in the evenings. In Tide Wizard the time setting will be flagged with DST if daylight saving time has been selected by the user, even if there are no daylight saving time rules for that location, or the dates are such that daylight saving time is not applied. 

Freshet 
A large increase in water flow down a river or estuary, typically from heavy rains or melting snow 

Land Levelling System 
The datum used for land maps, generally a continuous plane 

LCT 
Local time. This is the time kept at the tidal station, before any application of daylight saving time or summer time. 

Neap tides 
Tides where the range is below average, due to the sun and moon working against each other. Neaps occur every 14 days, in between springs. 

Perigee 
The time when the moon is closest to the earth, every 27.5 days 

Secondary port 
A port where the tide heights are predicted by using time and height differences from a secondary port. In some location the same corrections may be applied for springs and neaps, but at either locations separate corrections are made. 

Seiche 
This is a standing wave occurring in a port, harbour, bay or estuary where one end is open to the sea. The height of the wave may be up to about 0.3 metres, with a period of 1 to 20 minutes (long, shallow stretches of water have a longer period). The frequency may vary with the height of tide, and the amplitude will vary with the weather conditions. 

Spring tides 
Tides where the range is greater than average due to the sun and moon working together. Springs occur every 14 days, two or three days after a new or full moon. 

Standard port 
A port where tide heights are predicted by the harmonic method,  that is used as a basis for tide predictions at secondary ports. 

Surge 
A change in water level caused by the weather, that travels with about the same speed as the tide. Small surges are caused by local weather (high barometric pressure and offshore winds lowering sea level), but large surges are caused by weather patterns some distance away. Because the surge interacts with the tidal wave, times of high and low water may also be affected. 

UTC 
Universal Time, effectively the same as Greenwich Mean Time (GMT), the time along the Greenwich Meridian 

Understanding Datums 
The depth of water at a given position is given by the charted depth plus the height of the tide. These are measured relative to the chart datum - but what determines the datum? This is set by the hydrographers and cartographers when drawing up the chart, and is generally set at a level so that the tide will not frequently fall below it. 

In the British Isles, the datum is now set to the Lowest Astronomical Tide (LAT), so tides should not fall more than 0.1 metres below datum. On older charts Mean Low Water Springs was used. 

In France, the datum is normally set at Lowest Predicted Low Water (LPLW), so that the tide seldom, if ever, falls below datum. 

In most of the USA, the datum is set at the Mean Low Water (MLW), so nearly half of all low waters fall below datum. 

In the Indian Ocean and South West part of the Persian Gulf, Indian Spring Low Water is used as a datum. 

Note that on many older charts the datum was set up before these conventions were adopted. 

Checking the Datum 
To get an accurate depth of water, the same datum must obviously be used for both the tide height predictions and the datum used on the chart for depths. Tide Wizard's predictions are based on the datum used on the most detailed British Admiralty chart of the area. If you use charts from another Hydrographic Office, or electronic charts, you should check that the same vertical datum is used, and correct Tide Wizard's predictions accordingly. 

Tidal Levels 
A number of different tidal levels are used. This table gives their name and acronym, a description, and (where applicable) how they may be estimated from harmonic coefficients.

	Acronym
	Name
	Description
	Harmonic Formula

	 
	Chart datum
	The arbitrary level to which charted depths and tide heights are measured
	 

	LPLW
	Lowest Predicted Low Water
	The level below which the tide seldom, if ever, falls below
	Z0-1.2(M2+S2+K1)

	MLW
	Mean Low Water
	Used as a datum on the East coast of the USA.
	Z0-M2

	LAT
	Lowest Astronomical Tide
	The lowest tide that may occur under standard meteorological conditions
	 

	MSL
	Mean Sea Level
	The mean level of the sea
	Z0

	MHWS
	Mean High Water Springs
	The mean level of high water at springs
	Z0+(M2+S2)

	MHWN
	Mean High Water Neaps
	The mean level of high water at neaps
	Z0+(M2-S2)

	MLWN
	Mean Low Water Neaps
	The mean level of low water at neaps
	Z0-(M2-S2)

	MLWS
	Mean Low Water Springs
	The mean level of low water at springs
	Z0-(M2+S2)

	MHHW
	Mean Higher High Water
	The mean height of the higher (or only) high water in diurnal or mixed tidal locations
	 

	MLHW
	Mean Lower High Water
	The mean height of the higher high water in diurnal or mixed tidal locations
	 

	MHLW
	Mean Higher Low Water
	The mean height of the lower low water in diurnal or mixed tidal locations
	 

	MLLW
	Mean Lower Low Water
	The mean height of the lower (or only) low water in diurnal or mixed tidal locations
	 

	Spring ML
	Spring Mean Level
	The average of MHWS and MLWS
	 

	ISLW
	Indian Spring Low Water
	Chart datum used in India and the Persian Gulf
	Z0-(M2+S2+K1+O1)

	MTL
	Mean Tide Level
	The average of heights of MHWS, MHWN, MLWN and MLWS
	 

	HAT
	Highest Astronomical Tide
	The highest tide that may occur under standard meteorological conditions
	 


Simplified Harmonic Method 
This is based on the full harmonic method for tidal prediction, but to make calculations quicker the calculations are simplified at a slight expense in accuracy. 

This is possible because of two factors that apply to factors with similar speeds: 

- the phase lag is approximately equal 

- the magnitudes are in proportion to their theoretical magnitudes 

Thus factors are grouped together with an amplitude proportional to their total theoretical amplitude, and the astronomical factors are adjusted to correct for the effect of grouping together the coefficients. 

In total some twenty factors are grouped together into two pairs of diurnal and semi-diurnal factors, plus quarter and sixth diurnal factors to take into account higher frequency shallow water effects. In additional, fortnightly and monthly seasonal variation of MSL and factors are taken into account for longer term variations. 

How accurate is the Simplified Harmonic Method? It varies for the tide station. At some locations it is almost identical to the full harmonic analysis of a primary port, and in general it is within a couple of tenths of a metre, but on some occasions errors can be greater than this. In general it is better than using secondary port data from the tide tables. 

Seasonal Variations 
The mean sea level may vary throughout the year due to two factors: astronomical and environmental. 

Astronomically, the motion of the sun causes two effects, one with a period of a year, and another with a period of six months. 

Environmental effects are generally due to seasonal heavy rains causing changes in water levels in rivers and estuaries. 

Harmonic Prediction of Tides 
The harmonic method is the most common method of predicting the tides, though in some areas such as the German coast other methods can provide better results. 

In this method, a number of coefficients are determined, each one of which models the relative motions between the earth, moon and sun. Each coefficient is modelled as a sine wave with a given period and magnitude, and then analysis of recorded tides at a given location allows the lag and scaling factor of the coefficients to be determined. The local geography will determine the natural frequency of the area, which will then determine how much the changes in water level correspond to each coefficient, depending on the period of the coefficient. The tide at that location is then the sum of the partial tides generated by each coefficient. 

In shallow water areas such as estuaries and rivers, additional factors are incorporated to correct for the shallow water effects on the tidal wave. 

As many as 390 coefficients have been identified, but the effect of any coefficients other than the two main coefficients for the sun and moon given below generally amounts to less than 4% of the tide. The four main coefficients are as follows: 

	Coefficient
	Description
	Speed
	Magnitude

	M2
	Lunar semi-diurnal
	28.98
	0.908

	S2
	Solar semi-diurnal
	30.00
	0.423

	K1
	Lunar-solar diurnal
	15.04
	0.531

	O1
	Lunar diurnal
	13.94
	0.377


The magnitude is the theoretical magnitude of the tidal coefficient, and the speed is the angular velocity of the coefficient in degrees per hour. 

For a given location, the harmonic coefficients each consist of a scale multiplier for the coefficient, and a lag angle for the angular coefficient. 

The History of Tidal Predictions 
Early Prediction Methods 
From the earliest times, people have been aware of the moon's effect upon the tides, even if they have not understood the principles causing the effects. 

The earliest recorded tidal predictions in Britain are from John Wallingford, Abbot of St. Albans (d. 1213). He predicted the times of high water at London Bridge for the different ages of the moon. As well as the historical interest, it is also interesting to note that the time of high water at London Bridge has advanced by about one hour over the last 800 years. 

Elizabethan seamen were the first to predict the times of high tide by the moon's bearing. Of course this only worked for semi-diurnal tides, and when they encountered diurnal tides they believed that they were caused by the wind. 

Seamen also recorded tidal data as the Mean High Water Interval (MHWI), the average time interval between the moon's transit and the next high water. Alternatively High Water Full and Change (HWF&C) was used. This is the time of the first high water on days of a full or new moon. Although less convenient to use than MHWI, it could easily be determined with fewer observations at the location. 

In several British ports families had studied tidal records, and come up with their own secret methods of tidal prediction, which allowed them to publish tide prediction tables. An example of this is Liverpool, where Rev. Holden analysed four years of tidal records from the twenty years recorded by the harbour master, Mr Hutchinson, and published his first set of tables in 1770. 

Sir Isaac Newton (1642-1727) made the first breakthrough in the analysis and prediction of tides, with his discovery of gravity resulting in the equilibrium theory of tides. This explained the forces producing the tides, and also tides created by the sun and the moon. However this did not take into account a number of factors such as the way that the ocean depth and inertia limit the speed of the tidal wave, the Coriolis force, and the effect of land masses on tides. 

In 1738, the French Academie des Sciences offered a prize for work on tides, which was shared by Bernoulli and others. In particular, Bernoulli extended Newton's work so that it could be used with tidal observations to predict the tides. This work allowed the time of high tide to be predicted in relation to the time of the lunar transit. 

Up to this point the tides had been regarded as purely affected by the moon, but Laplace (1749-1827) looked at the tides as fluids in motion. He derived the formulae for the tides on a rotating earth, though at the time he only had the tools to solve the equations for the earth totally covered with water. He also split the tides up into the seperate species of semi-diurnal, diurnal and longer periods, and laid the foundations for the harmonic analysis of tides. 

Sir George Airy (1801-1902) carried out work on waves in canals, which resulted in much useful information on the modelling of tides in rivers and estuaries. 

In 1831 a mathematician, Mr Lubbock, took 19 years of tidal observations at London, and used Newton's theories to predict the tide. These took into account the moon's declination, parallax and time of transit. He also made a break with the tradition of secrecy by publishing his methods, marking the beginning of the end of the tradition of families of tide table producers. 

Harmonic Analysis of Tides 
The harmonic analysis of tides was developed independently by Prof. William Ferrel (1817-1891) and Lord Kelvin (1824-1907). In 1872 Lord Kelvin and E. Roberts invented the tide-predicting machine, the first of which was built a few years later. 

The method was developed and rationalised by Sir George Darwin (1845-1912). Much of the notation in use has been carried over from his work. 

In the USA Rollin A. Harris (1863-1918) published the Manual of Tides, which contained a vast amount of information on the history of tidal prediction, and harmonic analysis and prediction of the tides. He also gave prominence to the importance of stationary waves in modelling the tides. 

Lord Rayleigh (1842-1919) did a lot of work on tides. In particular he showed how calculations concerning moving waves could be simplified significantly. 

Tide Predicting Engines 
In the days before digital computers, calculating the tides was a formidable task. However Lord Kelvin and Edward Roberts developed the tide predicting engine, which used a system of cranks, gears and pulleys to predict the tides. This wonderful device allowed the calculation of tide tables in a realistic time scale, and the production of tide tables would have been severely hampered without this device. 
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An early American tide predicting engine 
The first machine, completed in 1873, allowed the user to predict the tides using up to 10 harmonic coefficients. However over the years the number of coefficients steadily increased, reaching its plateau when the German created a 64 coefficient engine in 1928. These engines were still in widespread use until the 1960's, when the advent of the digital computer made them redundant. 
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A German 61 coefficient tide predicting engine 
OUR RESTLESS TIDES

A BRIEF EXPLANATION OF THE BASIC ASTRONOMICAL 
FACTORS WHICH PRODUCE TIDES AND TIDAL CURRENTS
Chapter 4

Variations in the Range of the Tides: Tidal Inequalities

As will be shown in Fig. 6, the difference in the height, in feet, between consecutive height and low tides occurring at a given place is known as the range. The range of the tides at any location is subject to many variable factors. Those influences of astronomical origin will first be described. 

1. Lunar Phase Effect: Spring and Neap Tides. It has been noted above that the gravitational forces of both the moon and sun act upon the waters of the earth. It is obvious that, because of the moon's changing position with respect to the earth and sun (Fig. 3) during the monthly cycle of phases (29.53 days) the gravitational attraction of moon and sun may variously act along a common line or at changing angles relative to each other. 

When the moon is at new phase and full phase (both positions being called syzygy) the gravitational attractions of the moon and sun act to reinforce each other. Since the resultant or combined tidal force is also increased, the observed high tides are higher and low tides are lower than average. This means that the tidal range is greater at all locations which display a consecutive high and low water. Such greater-than-average tides resulting at the syzygy positions of the moon are know as spring tides - a term which merely implies a "welling up" of the water and bears no relationship to the season of the year. 

At first- and third-quarter phases (quadrature) of the moon, the gravitational attractions of the moon and sun upon the waters of the earth are exerted at right angles to each other. Each force tends in part to counteract the other. In the tidal force envelope representing these combined forces, both maximum and minimum forces are reduced. High tides are lower and low tides are higher than average. Such tides of diminished range are called neap tides, from a Greek word meaning "scanty". 

2. Parallax Effects (Moon and Sun). Since the moon follows an elliptical path (Fig. 4), the distance between the earth and moon will vary throughout the month by about 31,000 miles. The moon's tide-producing force acting on the earth's waters will change in inverse proportion to the third power of the distance between the earth and moon, in accordance with the previously mentioned variation of Newton's Law of Gravitation. Once each month, when the moon is closest to the earth (perigee), the tide-generating forces will be higher than usual, thus producing above-average ranges in the tides. Approximately two weeks later, when the moon (at apogee) is farthest from the earth, the lunar tide-raising force will be smaller, and the tidal ranges will be less than average. Similarly, in the earth-sun system, when the earth is closest to the sun (perihelion), about January 2 of each year, the tidal ranges will be enhanced, and when the earth is farthest from the sun (aphelion), around July 2, the tidal ranges will be reduced. 
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FIGURE 4 

The Lunar Parallax and Solar Parallax Inequalities 

Both the Moon and the Earth revolve in elliptical orbits and the distances from their centers of attraction vary. Increased gravitational influences and tide-raising forces are produced when the Moon is at position of perigee, its closest approach to the Earth (once each month) or the Earth is at perihelion, its closest approach to the Sun (once each year). This diagram also shows the possible coincidence of perigee with perihelion to produce tides of augmented range.


When perigee, perihelion, and either the new or full moon occur at approximately the same time, considerably increased tidal ranges result. When apogee, aphelion, and the first- or third-quarter moon coincide at approximately the same time, considerably reduced tidal ranges will normally occur. 

3. Lunar Declination Effects: The Diurnal Inequality. The plane of the moon's orbit is inclined only about 5o to the plane of the earth's orbit (the ecliptic) and thus the moon monthly revolution around the earth remains very close to the ecliptic. The ecliptic is inclined 23.5o to the earth's equator, north and south of which the sun moves once each half year to produce the seasons. In similar fashion, the moon, in making a revolution around the earth once each month, passes from a position of maximum angular distance north of the equator to a position of maximum angular distance south of the equator during each half month. (Angular distance perpendicularly north and south of the celestial equator is termed declination.) twice each month, the moon crosses the equator. In Fig. 5, this condition is shown by the dashed position of the moon. The corresponding tidal force envelope due to the moon is depicted, in profile, by the dashed ellipse. 
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FIGURE 5 

The Moon's Declination Effect (Change in Angle With Respect to the Equator) and the Diurnal Inequality; Semidiurnal, Mixed, and Diurnal Tides 

A north-south cross-section through the Earth's center; the ellipse represents a meridian section through the tidal force envelope produced by the Moon.


Since the points A and A' lie along the major axis of this ellipse, the height of the high tide represented at A is the same as that which occurs as this point rotates to position A' some 12 hours later. When the moon is over the equator - or at certain other force-equalizing declinations - the two high tides and two low tides on a give day are at similar height at any location. Successive high and low tides are then also nearly equally spaced in time, and occur twice daily. (See top diagram in Fig. 6.) This is known as semidiurnal type of tides. 

However, with he changing angular distance of the moon above or below the equator (represented by the position of the small solid circle in Fig. 5) the tidal force envelope produced by the moon is canted, and difference between the heights of two daily tides of the same phase begin to occur. variations in the heights of the tides resulting from the changes in the declination angle of the moon an in the corresponding lines of gravitational force action give rise to a phenomenon known as the diurnal inequality. 

In Fig. 5, point B is beneath a bulge in the tidal envelope. One-half day later, at point B' it is again beneath the bulge, but the height of the tide is obviously not as great as at B. This situation gives rise to a twice-daily tide displaying unequal heights in successive high or low waters, or in both pairs of tides. This type of tide, exhibiting a strong diurnal inequality, is known as a mixed tide. (See the middle diagram in Fig. 6.) 

Finally, as depicted in Fig. 5, the point C is seen to lie beneath a portion of the tidal force envelope. One-half day later, however, as this point rotates to position C', it is seen to lie above the force envelope. At this location, therefore, the tidal forces present produce only one high water and one low water each day. The resultant diurnal type of tide is shown in the bottom diagram of Fig. 6. 
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FIGURE 6 

Principal Types of Tides 

Showing the Moon's declinational effect in production of semidiurnal, mixed, and diurnal tides.


