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Tidal Theories

Bulge of water
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Tidal Theories

Newton’s statical or equilibrium theory
= The first theory that attempted to explain the tides in the ocean was the equilibrium
theory developed by Newton (1687).

= Newton showed that the Moon's gravitational attraction is greater on the side of the
Earth facing the Moon and smaller on the side opposite the Moon than the average
gravitational attraction on the Earth as a whole. The difference between these
gravitational forces produces a tidal-generating force. On the side facing the Moon, water
is pulled toward the Moon, producing a high-tide bulge. On the opposite side, the weaker
lunar attraction relative to the Earth's average produces an apparent outward force,
causing water to bulge away from the Moon and producing a second high tide.

= In an ocean completely covering the earth and of equal depth, the horizontal component
of the tide-generating forces pulls the water towards the points nearest and farthest away
from the moon, thus causing elevation of the water at these points, with a corresponding
depression in the water level halfway between these two points on the earth’s great circle.



Tidal Theories

Newton’s statical or equilibrium theory
= The sun also would tend to give similar effects related to itself.

= Equilibrium theory can explain certain characteristics of ocean tides,
especially the occurrence of semidiurnal tides.

=> This theory can also explain the formation of spring and neap tides.

o When the sun and the moon are in line with respect to the earth (full moon
and new moon) their tide-generating forces are added, producing the
highest high tides known as spring tides.

o When the sun and the moon are perpendicular to one another with respect
to the earth, their effects tend to cancel one another, producing the lowest
low tides known as neap tides.



Tidal Theories

Limitations of Newton's statical or equilibrium theory

1. The theory assumes that the Earth is entirely covered by a uniform ocean. In
reality, continents divide the oceans into separate basins.

2. The Earth is assumed to be enveloped with a sea of uniform depth. But this
condition is fulfilled only in the Southern Ocean. Therefore, it is only in this
portion of the ocean where the equilibrium figure may be developed.

3. The theory was developed based on gravitational pull and assumed
equilibrium of a particle at each instant.Friction between moving water
and the ocean floor, as well as internal friction within the water, is not
considered.

4. The shapes and positions of continents strongly influence tidal
movement. The theory cannot explain the complex tidal patterns near
actual coastlines.



Tidal Theories

Limitations of Newton's statical or equilibrium theory

5. The actual movement of tidal water is strongly influenced by Earth's
rotation and the Coriolis force. The simple equilibrium model does not
reproduce these effects accurately.

6. The theory assumes that the ocean surface immediately adjusts to the
changing gravitational forces of the Moon and Sun. In reality, tides take time
to propagate through ocean basins and there is a time lag or advance.If this
assumption were correct, there would have been high tides exactly when the
moon was passing over the meridian.



Tidal Theories

Laplace theory

= Nearly a century after Newton put forward his equilibrium theory. Laplace
(1775) formulated the dynamic theory of tides.

According to this theory, the tide-producing forces produce tide waves in the
ocean whose period corresponds to the generating forces. The dynamical theory
attempted to understand tides by considering the effect of the depth and width
of the ocean basins, the earth’s rotation, and friction on the behavior of fluids
subjected to rhythmic forces.

= Laplace went a step further, considering the disturbances due to earth
rotation. His theory is known as the dynamical theory.



Priming of Tide

O The periodic acceleration in the time of occurrence of high and low waters
changes due to the relative positions of the moon and the sun.

A Priming of tide is the initial rise in water level in a river, estuary, or canal
caused by the incoming tidal wave before the main high tide arrives.

d Priming occurs when the moon is between the new moon and the first
quarter and between the full moon and the third quarter.

O For these positions of the moon, the high water at any place can occur before
the moon transits.

d The interval between successive high water would be less than the average (12
hr 25 mins) = prime of tide



Lagging of Tide

d Lagging of tide is the delay in the occurrence of high or low water at a
particular location compared to the predicted time or compared to a
reference location.

 The lagging of the tide occurs when the moon is in the second and fourth
quarters.

O For these positions of the moon, the high water at any place can occur after
the moon transits.

A The interval between successive high water would be more than the average
(12 hr 25 mins) = lag of tide



Priming and Lagging of Tide
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Tide Tables

 Tide tables, sometimes called tide charts, are used for tidal prediction and
show the daily times and levels of high and low tides, usually for a particular
location.

 The dates of spring tides and neap tides, approximately seven days apart,
can be determined by the heights of the tides on the classic tide tables: a
small range indicates neaps and a large range indicates springs.



Tide Tables
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Tide Gauges

* The height of high and low waters and their variations with time can be
measured at the site with the help of tide gauges.
* The following are some of the common types of tide gauges used:

1. Non-registering type tide gauges: In which an attendant is required to take a
reading from time to time

i. Staff gauge
ii. Float gauge
iii. Weight gauge
2. Self-registering type tide gauges: No attendant is required.



Tide Gauges

1. Staff Gauge
= This is the simplest type of gauge, which is firmly fixed in a vertical position.
* The gauge consists of a board with a suitable height.

» The staff is read directly from some distance.

Tide Board or Tide Staff



Tide Gauges

2. Float Gauge

" On account of the wash of the sea, it may be
difficult to read a staff gauge accurately. In that
case, a float gauge may be used.

* [t consists of a simple float with a graduated
vertical rod, enclosed in a long wooden box of
30cm*30cm square section. The box has few

holes at the bottom through which water may
enter and lift the float.

* The readings are taken through a slit window
against some suitable index.
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Tide Gauges

3. Weight Gauge

* The weight gauge consists of a weight attached to a wire or chain. The chain
passes through a pulley, along the side of a graduated board.

* The weight is lowered to touch the water surface and the reading is taken
against an index attached to the chain.

Pulley Chain or wire index
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Tide Gauges

Self-registering Gauges:

= A self-registering gauge automatically Clockwor St Pulley operating
registers the variation of water level machine \ Fe

with time. . \ @

= [t essentially consists of a float protected Stylus
from wind, waves etc. The float has | — Counterweight
attached to a wire or cord which passes L7~ P S
over a wheel (called the float wheel) and |
is maintained at constant tension by
some suitable arrangement.

L/~ Float
* This type of gauée is usually housed in a t
well constructed under a building so

Inl
that effect of wind and other L 5:{:3;;;)“4
disturbances is reduced.
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Prediction of Tides

The two elements required in the prediction of the tide at a place are:

1. Time of occurrence of tide and
ii. Height of tide above datum

There are two principal methods of tide prediction:

1. Prediction by use of non-harmonic constants
ii. Prediction by use of harmonic constants



Prediction by use of Non-Harmonic Constants

« The various nonharmonic constants that are used for prediction of the tide at
a place are:

a) Age oftide
b) Lunitidal interval
c¢) Mean establishment

d) Vulgar establishment



Age of tide

= The time that elapses between the generation of a spring tide and its arrival
at the place is called the age of the tide at that place.

= The age of the tide (also known as the age of phase inequality, lunitidal
interval) at a location is a term that denotes the interval between the time
of a Full or New Moon (when the equilibrium semi-diurnal tide force is
maximum) and the time of the local spring tide.

=> The age of tide varies for different places up to a maximum 3 days.

=> Itis obtained as the mean of several observations.



Lunitidal Interval

 Lunitidal interval or high water lunitidal interval is the time interval that
elapses between the moon’s transits and the occurrence of the next high
water.

d The values of the lunitidal interval can be observed if they are plotted
against the time of the moon’s transits.

d The interval may be taken from the local time of the moon's transit to the
local time of high water, or it may be taken from the Greenwich time of the
moon's transit to the standard time of high water.



Mean Establishment

=> The average value of the lunitidal interval at a place is known as its mean
establishment or mean lunitidal interval.

=> Also referred to as the mean high water interval, this is the mean value of all
the high water intervals throughout at least a lunation, which is
approximately 29 days.



Vulgar Establishment

= Vulgar establishment is defined as the value of the lunitidal interval on
the day of the full moon or change of moon.

= The value of vulgar establishment is approximately equal to the clock
time at which high water occurs on the days of full moon or change of

moon.

= Mean establishment = vulgar establishment - lagging correction.



Lun tidal intarval

Lunitidal Interval
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Prediction of Time of High Water

To get the approximate time of the high water -

1.

Find the age of tide and mean establishment for the place from the charts.

2. Knowing the hour of the moon’s transit at the place, on the day in

question, determine the time of the moon’s transit on the day of
generation of the tide.

3. Corresponding to the time of transit of moon on the day of generation of

tide find out the amount of priming or lagging correction from the table
given below

Moon'’s transit

Hour of 0 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12

Correction in

. 0 -16 | -31 | -41 | 44 | -31 0 +31 | +44 | +41 | +31 | +16 0
minutes




Prediction of Time of High Water

4. Add algebraically the priming or lagging correction to the mean
establishment to get the lunitidal interval for the day in question.

5. Add the lunitidal interval to the time of the moon’s transit on the day in
question, to get the approximate time of high water.



Prediction by use of Non-Harmonic Constants

Let us find the time of afternoon high water at a place with the following data:

a) Time of the moon’s transit on that day = 4h 40 m
b) Mean establishment =3h 10 m
c) Age of tides = 2 days



Prediction by use of Non-Harmonic Constants

Practice Problem:
Let us find the time of afternoon high water at a place with the following data:

Time of the Moon's transit on that day = 3 h 20 min
Mean establishment =3 h 15 min
Age of tides = 3 days



Height of Tide

O Another item in the prediction of the tide is the estimation of the height of
the rise of the tide, i.e, the vertical distance of the high water level above
some suitable reference datum.

d A commonly adopted datum is the low water level of ordinary spring tides
for the place.

 The approximate height of the tide of known rise or range, at any time
between high and low water, can be ascertained from the following
expression:

H=h+ (1/2)rcos0
Where,
H = required height of tide above datum
h = height of mean tide level above datum
r =range of the tide

0 = (interval from high water/interval between high and low water ) X 180



Prediction by use of Harmonic Constants

= 36tidal constituents of harmonic type.
= 09 important constituents are listed in the following table-

Symbol for constituent

Description or name

Period

M, Lunar semi-diurnal 1 Lunar day
2
S, Solar semi-diurnal 1 Solar day
2
N, Larger elliptic-semi-diurnal -
K, Luni-solar semi-diurnal 1 Sideral day
2
K, Luni-solar diurnal Sideral day
0O, Larger diurnal (declinational) -
P, Solar diurnal (declinational) -
M, First overtake of semi-diurnal 1 L unar day
4
MS, Compound luni-solar i diurnal i
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