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TIDES AND WATER MARKS

TIDES and the EARTH-MOON SYSTEM

The earth-moon system rotates in space aboutmtsnom centre of mass, there being a stabilising
balance of centrifugal fordending to pull it apart with the gravitationatrattionbetween the two
bodies tending to keep it together. On the sidibefEarth nearer the Moon, there is a slight excess
of gravitational force; on the side opposite theomohere is a slight excess of centrifugal force.
These create tidal bulges in the ocean, below witielEarth is rotating about its polar axis, sd tha
the bulges (separated by 180° of longitude) seetratel around the Earth. The bulges (tides) are
not separated by exactly 12 hours because the Maavolving round the Earth as well, so that the
bulges are actually separated in time at any oi& pa the Earth's surface (in theory) by about 12
hours and 26 minutes. The Moon appears at its kigh@nt in the sky (azimuth) over any point on
the Earth's surface 52 minutes later each Eartl{feigg 1a and Ib).

TIDES and the SUN-EARTH-MOON SYSTEM

The Sun can also cause tidal effects (Fig. 2a). "\wthe Sun, Earth and Moon are all in line in
space, the tidal forces are greater and the tidigles larger than when the Sun, Earth and Moon
form a right angle in space. All three are in lstenew moonand full moon,and it is then (or
slightly after, for much more complex reasons) ttegt biggest tidal ranges (high to low water
mark) are. These are SPRING TIDENOTHING to do with the season; from a Norse word
meaning “swell” (in the English, not American, sendNew and full moon are separated by half a
lunar month (27.3 days/2 = 13.65 days) so Spribgstcome round approximately every 13% days.
Halfway in time between new and full moons arefitrst and_third quarterfHalf Moon]. The Sun,
Earth and Moon then form a right angle in spacg.(Eb), and the tidal forces are at their smallest,
because Sun and Moon are pulling at 90° to eacér.offhe smallest tidal ranges happen then,
called NEAP TIDESderived from another Norse word, meaning scartle¢se are also separated
in time by about 13%2 days.

TIDE LEVELS

There is a_MEAN TIDE LEVEL (MTL) about which the tidal oscillation is, on asge,
symmetrical. This is in mid-shore. High waters ®fRBNG and NEAP tides leave different high
water marks. These are MEAN HIGH WATER SPRINGSHWS) and_MEAN HIGH WATER
NEAPS(MHWN). Similarly, with low waters, we have MEAN MU WATER SPRINGSMLWS)
and MEAN LOW WATER NEAP3MLWN). Particularly high or low tides occur whelnet Sun is
at its nearest to us at the Equinoxes and crealeREXIE high and low waters (EHWS or EHWN,
ELWS or EHWN). Classically, these happen closeh® Yernal (21 March) and Autumnal (21
September) Equinoxes. These abbreviations appsgudntly in marine biological writings and on
Ordnance Survey maps.




THE EARTH, THE MOON AND THE TIDES

Fig. 1a_Tide-generating forces

What is shown here for the Moon, ¢
applies inmost respects to the effec
the Sun onhe Earth's oceans (Fig. :

Axis of Earth’s rotation \ >
O

Tidal bulge due to excess of gravitational force

over centrifugal, in rotating earth-moon system 100N

Tides are maximal at th@oint on the Earth
surface immediately ‘beneath the Mo, or at th
diametrically opposite point on the Earth's surface

@ Axis of rotation of Earth-Moon system This runs throug!
what is calledthe barycentre (mass centre) of the w
rotating system. The barycentral axis is well irside Earth.

Tidal bulge due to excess oéntrifugal force ove
gravitationa, in rotating eart-moon systen

OF COURSE, the tidal water bulges shown above BE@EMOUSLY exaggerated,
but the effect is the same, and at a human sckkftirces are pretty big, as are their sizes.



Fig. 1b Why High (and Low) tides recur somewhat lagr (52 minutes) each Earth Day

In the diagram below, imagine that you are looking
down onto the Earth-Moon system from above.

The Earth is rotating about its own axis, and ttetk-Moon
system is rotating about its own axis, in the sdimectionin space.

1. In one Earth day, a given pc
P on its surface moves throt
360° as the Earth rotates.

2. However, the Moorhas gon
a further 13° in that time (see
opposite). So, to catch up, ¢
again be ‘beneath the Moon’, (
reference point on the Earth

to go a further 13°. This takes
52 minutes by which theides
are later each full Earth day. 1
point has now reached.P

3. In one earth day, the Mo
moves through about 13° of its o
round the Earth, from M to M

4. During this Earth day + 52 minutes,
point will have passed through twhigh
tide positions (One undethe Moon, an
one when diametrically opposite it).

This means that each high tideseparate
by approximately 12 hours + 26 minutes.

[Lunar Cycle: Orbit Period about 27 days. So 360/27.3 degrees per day = about 139]



SPRING AND NEAP TIDES

The Position of Earth, Sun and Moon

Fig. 2a_The Position at SPRING tides.

WHEN THE SUN-EARTH-MOON SYSTEM IS IN ALIGNMENT

SUN
Summed lunar and solar tides reinforce each ot
create a bulgeThis gives rise to SPRING TIDE¢.
This happens twice every lunar month, once evety days.
Fig. 2b The Position at NEAP tides
WHEN THE SUN-EARTH-MOON SYSTEM FORMS A RIGHT ANGLE
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Summed lunar rad solar tides detre
from each other, so thwrerall tide bulg
is smaller.This is a NEAP TIDE.
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This also happens twice every lunar month, onceyel&/ days.



