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Spring and Neap Tides
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The Tidally-Locked Orbit of the Moon

The Earth also
exerts tidal forces
on the moon’s rocky
interior.

— It is rotating with
the same period
around its axis as it

is orbiting Earth ’ P
(t|da”y IOCked). E (Not to scale)

- We always see
the same side of the
moon facing Earth.
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Acceleration of the Moon’s Orbital
Motion

Earth’s tidal bulges are Gravitational force
slightly tilted in the direction pulls the moon slightly
of Earth’s rotation. forward along its orbit.
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Lunar Eclipses
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If the moon passes through Earth’s full shadow

(Umbra), we see a lunar eclipse.

If the entire surface of the moon enters
the Umbra, the lunar eclipse is total.




A Total Lunar Eclipse (1)




A Total Lunar Eclipse (2)

A total lunar
eclipse can
last up to 1
hour and 40
min.

During a total
eclipse, the
moon has a
faint, red glow,
reflecting sun
light scattered
in Earth’s
atmosphere.




Lunar Phases

W Pause Moon's Revalulion Lunar Phases

Click and drog the crbiling moon to view s phases.
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Lunar Eclipses: 2002-2012

TABLE 3-1
Total and Partial Eclipses of the Moon, 2004 to 2013

Time* of Length Length
Mideclipse of Totality of Eclipse!
Year Date (GMT)  (Hours:Min) (Hours:Min)

2004 May4 20:32 1:16 3:22

. 2004  Oct. 28 3:05 1:20 3:38
Typlcal |y, 1or 2005 Oct.17 1204  Partial 0:56
2006  Sept.7 18:52 Partial 1:30

2 | unar 2007 Mar.3  23:22 1:14 3:40

. 2007 Aug. 28 10:38 1:30 332
echpses per 2008 Feb.21 327 0:50 3:24
2008 Aug. 16 2111 Partial 3:08

yea r_ 2009 Dec. 31 19:24 Partial 1:00

2010  June 26 11:40 Partial 2:42

2010 Dec. 21 818 1:12 3:28

2011 June 15  20:13 1:40 3:38

2011 Dec.10  14:33 0:50 3:32

2012 June 4 11:03 Partial 2:08

2013  April 25 20:10 Partial 0:28

*Times are Greenwich Mean Time. Subtract 5 hours for Eastern
Standard Time, 6 hours for Central Standard Time, 7 hours for
Mountain Standard Time, and & hours for Pacific Standard Time.
From your time zone, lunar eclipses that occur between sunset and
sunrise will be visible, and those at midnight will be best placed,

tDoes not include penumbral phase.

@ 2005 Brooks/Cole - Thomson



Small Angle Formula

amall Angle Formula
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Solar Eclipses

Sunlight

\

Path of total eclipse

The sun appears approx. as large in the sky (same angular
diameter ~ 0.59%) as the moon.

— When the moon passes in front of the sun, the moon can
cover the sun completely, causing a total solar eclipse.




Solar Eclipses: 2002-2012

Approximately 1 total solar eclipse per year

TABLE 3-2

Total and Annular Eclipses of the Sun, 2004** to 2014

Maximum Length of

Total/Annular Time of Mideclipse” Total or Annular Phase
Date (T/R) (GMT) (Min:Sec) Area of Visibility
2005 Apr. 8 AT 210 0:42 Pacific, N. of S. America
2005 Oct. 3 A 117 4:32 Atlantic, Spain, Africa
2006 Mar. 29 T 10h 4:07 Atlantic, Africa, Turkey
2006 Sept. 22 A 12h 7:09 N.E. of S. America, Atlantic
2008 Feb. 7 A 4h 2:14 S. Pacific, Antarctica
2008 Aug. 1 i 10h 2:28 Canada, Arctic, Siberia
2009 Jan. 26 A gh 7:56 S. Atlantic, Indian Ocean
2009 July 22 T 3n 6:40 Asia, Pacific
2010 Jan. 15 A 7h 11:10 Africa, Indian Ocean
2010 July 11 i 20h 520 Pacific, S. America
2012 May 20 A 23h 5:46 Japan, N. Pacific, W. US
2012 Now. 13 ik 22h 4:02 N. Australia, S. Pacific
2013 May 10 A oh 6:04 Australia, Pacific
2013 Nov. 3 AT 13h 1:40 Atlantic, Africa

The next major total solar eclipse visible from the United States will occur on August 21, 2017.

*Times are Greenwich Mean Time. Subtract 5 hours for Eastern Standard Time, 6 hours for Central Standard Time, 7 hours for Mountain Standard
Time, and 8 hours for Pacific Standard Time.

"hours.

**There are no total or annular eclipses of the sun during 2004 or 2014.

@ 2005 Brooks/Cole - Thomson



Total Solar Eclipse

Chromosphere and Corona
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Solar Atmosphere Revealed




Diamond Ring Effect




Earth and Moon’s Orbits Are
Slightly Elliptical

Apogee =
position furthest
away from Earth

Perihelion = position Earth
closest to the sun
/ Moon
Perigee = position
closest to Earth \
(Eccentricities greatly exaggerated!) f‘ggzi't'i‘;?]
furthest
away
from the

sun



Annular Solar Eclipses

When Earth is near perihelion, and
the moon is near apogee, we see
an annular solar eclipse.

Angular size of moon Angular size of sun

The angular
sizes of the
moon and the
sun vary,
Perigee Apogee Perihelion Aphelion depending on
Closest Farthes! oses Farthest their distance
from Earth.




Annular Solar Eclipses (2)

e

Almost total, annular eclipse of May 30, 1984




Conditions for Eclipses (1)

The moon’s orbit is inclined against the ecliptic by ~ 5.

2708 ﬁ INew moorn

SLn

A solar eclipse can only A lunar eclipse can only
occur if the moon passes a occur if the moon passes a
node near new moon. node near full moon.




Conditions for Eclipses (2)

Eclipses occur in a cyclic pattern.

Plane of moon's orbit

Favorable for eclipse / Plane of Earth's orbit Unfavorable for eclipse

Line of nodes

Line of nodes

Full

Unfavorable for eclipse Favorable for eclipse

— Saros cycle: 18 years, 11 days, 8 hours




