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Outline:

« Earth, Moon, Sun

« Forces Causing Tides

¢ Equilibrium Tidal Theory

¢ Types of Tides

¢ Limitations of the Equilibrium Theory
« Dynamic Theory

* Amphidromic Systems

¢ Tidal Components
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Earth / Sun Orbital Motion
* The Earth orbits the sun once every
365.242199 days.
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Earth / Sun Orbital Motion

e The Earth orbits the sun once every
365.242199 days.

e Sidereal Day - the Earth rotates
through 360° every 23h, 56min

« Solar Day - Why is a day considered to
be 24h?
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Solar and Sidereal Day Animation
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Types of Days

 Sidereal day — 23h, 56min
» Solar day — 24h
 Lunar day — 24h, 50min
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Earth / Moon Orbital Motion Animation

How long is a Lunar Day?
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Earth/Moon Orbital Motion

* The Earth and Moon orbit around a common center of
mass.

< Find the location of this center of mass.

m.X.
XCM — ZMI i
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Earth/Moon
Rotation

Earth-Moon + Tidal bulges Animation
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What is a Month?

¢ The time it takes the Moon and the Earth to
orbit their common center of mass — but......

e Sidereal Month — 360° - 27.3 days
¢ Lunar Month — How long?
29.5 days

Animation
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Lunar and
Sidereal
Months

Lunar Months
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The Moon'’s Gravitational Force

« The attractive force of the Moon'’s gravity on a parcel of
water on the Earth is:

F :GMmm
g RZ
* R - distance from the center of the moon to the water

parcel

* M, — mass of the moon

* M- mass of the water parcel

*« G - Universal gravitational constant — 6.67 x 101t
Nm?/kg?
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Earth Moon

What is the gravitational pull of the Moon on a water
parcel on the near side of the Earth? How about the
far side?
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Pull on the side closest to the moon:

GM_m )
=—>—  (bigger)
* (D-R,)
Pull on the side away from the moon:

GM, m

s :W (smaller)

Animation
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The Inertial Tide

* Newton’s First Law of Motion: An object will
not accelerate unless a force is applied.

» Of course, our reference frame is accelerating
(rotating)!
* The ‘centrifugal force’
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Inertial
Tide

The Inertial Tide (2)

* How big is the ‘centrifugal force?’

e Same size as what we know as
centripetal force — the force that causes
an object to movezin a circle.

v
F.=m—

* In this case that force is provided by
the Moon'’s gravity.
GM, m v?
o
D D
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Tidal Producing force on the side closest to
the moon:

TPF— GM,m GM m (netforce
- (D-R )2 D> towards moon)

Tidal Producing force on the side away from

the moon:
GM,m GM, m (netforce away
TPF= (D+R_)? “ T pz  frommoon)

(Towards the Moon is positive)
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Tidal & N
Forces ;
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Inertial and
Gravity
Tides

Earth-Moon + Tidal bulges Animation
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Equilibrium Tides:

How long is the period
of the Lunar Tide?

How long is the period
of the Solar Tide?
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Tidal Producing Force Equation Simplified:

TPF= GMmm2 _ GM[;m
(D-R,} D
is approximately equal to:

2GM, m

B
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Moon and Sun Comparison

« What is the ratio of the Sun’s gravitational pull
on a water parcel to the Moon's?

» What is the ratio of the Sun’s tidal producing
force to the Moon's?
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Tide .
Phases = 0.

Types of Tides
Tide Phases

o ©

Type of Tide:
Alignment:

Moon Phase:
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(Open University)
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Moon’s Declination

large
high” tide

Moon’s Declination

Declination

High Latitude

Equator

Low Latitude
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Tidal Height Fredictions for Myrtle Beach, SC
Pt poduced by the Fripsics Depariment, Cosstal Corving Universiy
e s, constal eda physivs,

BGG1070 Springmaid Pier, S5C
Waier Levels

Cliemrond Hmgh:
| Predicted Height.  1.59 fu
Observed Time: 0030 (EST) 02/01/06
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