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Tides & Eclipses 
TIDES: Stated simply, tides are the vertical movement of water, specifically the alternate rise 

(flood) and fall (ebb) of water in the ocean. The word tide derives from the Greek for to divide and 

the Middle English for time.  

Tides: Moon rises "tides" on the Earth! "Tidal Forces" - stretching, 2 tidal bulges (land in 

inches, water in feet) Earth's rotates therefore 2 high/low tides a day (Figure 1). 

 

 

 

 

 

 

 

Sun also rises tides on Earth - only about 1/3 as effective, Why ? Tides are more influenced by 

the gravitational effect of the Moon than they are by that of the Sun (the Moon's closeness to us 

outweighs by far the Sun's greater size), although both affect the cycles. The gravitational effect of 

the Moon on the tides is about two and one-half times greater than that of the Sun. The lunar day 

and the tidal day are both about 50 minutes longer than the solar day, which accounts for the daily 

variations we notice. High tides occur at an average interval of 12 hours and 25 minutes, so we can 

expect that "full sea" or high tide will occur a little later each day than the day before.  
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Figure 1: The tides are a result of the mutual gravity between the 
Earth, moon, and Earth's oceans. 
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Spring Tides: Sun and Moon's Effects add to increase (higher highs, lower lows) tidal effects 

(Figure 2). 

 

 

 

 

 

 

 

 

 

Neap Tides: Sun and Moon's effects "fight" each other (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Spring Tides: The deepest tides occur when the sun and moon combine effects 

upon the Earth during full and new moon. 
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Figure 3: Neap Tides: During 1st and 3rd quarter moon the sun and moon fight each other 
and produce less severe tidal interactions. 
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Figure 4: The moon is also "stretched" by tidal interaction. 
This causes the Earth-moon system to have interesting 
consequences. 
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Something Neat!! This little behavior of gravity goes both ways! The Earth rises tides on the Moon 

too! This has some interesting consequences. 

 Moon is not a perfect sphere. It is slightly elongated. 

 The tidal interaction causes 

rotation and timing delay Č 

The Earth "brakes" the 

Moon's rotation! AND the 

braking is complete! 

Synchronous rotation of the 

Moon and its orbital period! 

(27.3 days!) We see a 

permanent "near" and "far 

side" of the Moon (Figure 4). 

 

Flip Side!! Moon also brakes the Earth's Rotation (days!?) 

 The length of the "day" is increasing! {From fossil reef corals of about 4108 years old - 

daily growth/annual growth Č 400 days/year ~ 22 hours a day!| 

 Day is increasing about 0.001 seconds/century. 

 Moon's orbit is growing because of all of this interaction. (A consequence of the 

"Conservation of Angular Momentum" [ice skater, high diver, spinning bar stool]) Earth less 

spin Č throws Moon out - orbit grows, period increases. (Space 1999). 

 Therefore, day getting longer, Moon looks smaller, tides are weakening. 

 The slowing rotation of the Earth results in a longer day as well as a longer month. 

 When will this stop? Once the length of a ñdayò equals the length of a ñmonth,ò the tidal 

interaction will be negligable. This is (according to models) predicted to happen when both 

the month and day equal about 47 days (as measured now) [once an earth spin and moon 

period are BOTH 47 current days long]. 
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Eclipse! 
 

Past: Mysterious ("why?") Frightening!! "Sun becomes black?" Moon vanishes and becomes 

"blood red?" Obviously a SUPERNATURAL EVENT!!! YIKES!! 

 

 

 

 

 

 

 

 

 

 

 

"Zeus, the father of the 
Olympic Gods, turned 

mid-day into night, hiding the light 
of the dazzling Sun; 

and sore fear came upon men." 
Archilochus (c680-c640 BC) 

 
 
 

Now: Mystery removed, (sometimes the price of learning) but still interesting, beautiful and 

informative! 

 

 

Figure 5: An eclipse is a once in a lifetime event not to 
be missed (above). There is something primal and 
stunning to witness the disappearance of the sun from 
the sky or the moon turning blood red. (Image: Credit 
unknown).  Artwork depicting a solar eclipse, from 
ñBilderatlas der Sternenweltò 1888 E. Weiɓ. 

http://upload.wikimedia.org/wikipedia/commons/c/c4/Solar_Eclipse_Drawing.jpg
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Who has "seen" a solar eclipse? Lunar!? 

Why do they occur? SHADOWS! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shadow Structure! 

 UMBRA = NO LIGHT. All 

light from the sun is blocked 

by object,  

PENUMBRA = some light 

from sun is blocked but not all. 

 

Go home and play 

"shadow puppets!" 
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UMBRA 

Figure 7: The structure of a 
typical shadow. The umbra is 
where no light is able to reach. 
The penumbra is where light is 
partially blocked. 

Figure 6: The Earth and moon cast shadows behind them. These shadows and the objects 
that wander into them have interesting consequences because sunlight will then not be able 

to fully reach them. 
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SOLAR ECLIPSE  
A solar eclipse occurs when the Moon lies between the Sun and Earth, casting its shadow on 

our planet. Depending on the location of the observer on the Earthôs surface, the observer may see 

a total solar eclipse, a partial solar eclipse or none at all. If the observer is lucky enough to be 

located in a position where the moonôs umbra contacts the Earth they will witness a total solar 

eclipse of the sun. For those in the penumbra of the moon they will witness only a partial solar 

eclipse. Those outside the locations where the moonôs shadow reaches will witness no eclipse at 

all. The location on the Earth the observer is located is very important to exactly what kind of 

eclipse is observed. 

 

 

 

 

 

 

 

 

 

 

 

 

What does the phase of the Moon need to be? "NEW MOON" 

 

 

 

 

Figure 8: During a solar eclipse the moon wanders between the Earth and Sun. A total 
eclipse occurs for observers on the Earth that fall in the umbra of the moon (if it reaches the 
Earth's surface). Observers in the penumbra experience a partial eclipse. Observers outside 
the moonôs shadow do not witness an eclipse. 
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Figure 9: This first image shows a complete sequence during a total solar eclipse. Notice 
that as the moon moves in front of the sunôs bright surface that it is not until all of it is 
covered until we see any other structures of the sun. The center image shows that another 
structure, ñcorona,ò exists. It is not until the brighter portion of the sun is blocked by the moon 
that we can view and study the corona. (Image: Courtesy of Fred Espenak) 
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Figure 10: Image courtesy of Fred Espenak: http://www.MrEclipse.com 

Figure 11: A brilliant bead of sunlight reappears along 
the Moon's rim as the total eclipse ends. The Sun's faint 
corona quickly fades from view during the "diamond 
ring" effect.. This is the kind of affect that can happen 
during a total solar eclipse. There are, in fact, a few 

types of solar eclipse. (Image: Courtesy of Fred 

Espenak) 

Figure 12: Also of importance is what structures can 
be seen during a solar eclipse. For instance, in this 
image one can easily make out pink colored flame-
like structures reaching up from the solar surface. 
Also, there is variation within the ñchromosphere.ò  In 
fact, the corona is known to vary widely in size and 
shape. Astronomers look to solar eclipses as times to 
really observe the various structures of the Sun. 
(Image: Courtesy of NASA) 
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Why not a solar eclipse every month then?  
Ah Ha! Orientation is important!! Sideways view of the ecliptic plane. 

 

 

 

 

 

 

 

 

 

Moon's orbit is tilted about 5o with respect to the Earth's orbit (ecliptic), so the shadows usually 

miss! 

 But, the Moon passes through the ecliptic twice a month. 

 *IF* at full moon Č LUNAR ECLIPSE probability. 

 *IF* at new moon Č SOLAR ECLISPE probability. 

 

A complication :  
For an eclipse to occur, the moon must reach full or new moon just as it passes through the 

plane of the Earthôs orbit; otherwise the shadows cast by the moon will not strike anywhere near 

the Earth. The points where the moon crosses the Earthôs orbital plane are called nodes. However, 

we have already discussed how the Earth precesses and the same is true for the orbit of the moon. 

The moonôs orbit wobbles slowly because of the gravitational effects of the Earth and Sun and this 

precession slowly changes the position of the eclipse nodes. The slow shift of the node positions 

combined with the periodicity of the lunar phases causes the eclipse cycle to start over every 

6585.3 days rather than once a year (if the nodes were fixed positions). This cycle of eclipses is 

called the Saros Cycle.  

Sun 
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Moonôs Orbit 

Earth 

Moon 

Figure 14: The moon's orbit is tilted 5o with respect to the 
ecliptic, thus eclipses are rare because the moon must be 
crossing the ecliptic and be a new (or full) moon for an eclipse to 

occur. Simply, the shadows usually miss each other. 
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NOTE: (Solar Eclipse) - coincidentally                ~ 1/2o deg. In size in sky. Sun is 400 

times (radially) bigger than Moon Č Sun also 400 times farther away! On average    Moon 

appears slightly smaller, but 10% elliptic orbit - sometimes slightly bigger. (Temporary Coincidence! 

Tides! Č Orbit getting larger - Moon is appearing smaller and smaller over time! Solar Eclipses will 

become rarer.) 

 

Annular Solar Eclipse   
 
The moonôs orbit around the 

Earth is not a perfect circle, but is 

elliptical. In other words, sometimes 

when the moon is crossing the node 

point during a solar eclipse it can be 

slightly farther away from the Earth 

than at other eclipse times. Thus, 

the moonôs shadow does not quite 

reach the surface of the Earth. 

When this happens, the eclipse 

appears ñannularò or like a ring of 

light (Figure 16). The reddish 

"beads" visible in the lower left edge 

of the limb are caused by sunlight streaming around mountains on the moon. So astronomers can 

even study features on the lunar surface during a solar eclipse.  

 

Partial Solar Eclipse  
This is just as it sounds. During a total solar eclipse, depending on your location during the 

event, you might only see part of the Sunôs face blocked because of your observing vantage point. 

 

Figure 16: An annular eclipse occurs because the 
moon is farther from the Earth and the umbra of the 
moon does not reach the surface of the Earth. (Photo: 
Courtesy of Jeffery R. Miller, esq., St. Lawrence 
University - 1994) 




