
Cycle of the Sky 

•  To understand the seasons 
•  To understand the motion and the 

appearances of the moon. 
•  To understand the effect of the moon 

on Earth  
•  To understand the causes of eclipses. 



What causes the seasons? 

What are the differences between days in 
summer and winter?

Longer days 

stronger Sun  

in summer than in winter 



Are the seasons due to the 
changing distance from the sun? 

Distance doesn't matter here!
(Not to scale) 



Seasons are due to the tilt of the earth.





Your Horizon 

S N 
E 

W 

The Sun’s path 
during one day. 

The Sun’s location 
and path six months 
later. 







The sun rises in the northeast 
and sets in the northwest!



The sun rises in the southeast and 
sets in the southwest!

The sun is above our horizon longer in summer than in winter. 







Questions? 

•  What would happen to the seasons if 
the earth were tipped at 35 degrees, 
instead of 23.5 degrees? 

How about if it were not tipped? 



Why are most farmhouses in the Midwest 
arranged with a row of evergreen trees in the 
west and a row of deciduous trees to the 
south? 

Farmhouse 
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Suppose you are in Australia in August.  
Which of the following is true: 

•  � It’s winter and the Sun rises in 
the Northeast  

•   It’s summer and the Sun rises 
in the Northeast 

•   It’s winter and the Sun rises in the 
Southeast 

•   It’s summer and the Sun rises in 
the South east 



You are dropped onto an unknown location on Earth. 
Cleverly, you note that Polaris is about 30o above the 

horizon. What's your latitude? 

a.         30o  north  

d. 60o  south

c. 60o north

b. 30o  south



Our Moon 



Earth & Moon 
Like planets, the moon does 

not emit its own right. 

The Moon is ~1/4 of the 
Earth in diameter and  
~1 percent in mass. 

The rotation of the Moon and 
its revolution around the 
Earth are synchronized 
and take 27 days,7 hours, 
and 43 minutes. 

We only see one side of the 
moon. 



Lunar Phases 





Lunar Phases 

sunlight As seen from Amherst 



Survey 
Question  

Lunar Phases 

sunlight As seen from Amherst 



Survey Question 

A third quarter moon is rising.  What 
time is it? 

   1)  sunset 
   2)  sunrise 
   3)  midnight 
   4)  noon 



Earth Rising on the Moon 

Apollo 11 



Survey Question 
In this picture of the Earth rising, what is the 

predominant direction of the sun in relation to 
the observer? 
   1)  above the observer 
   2)  below the observer 
   3)  behind the observer 
   4)  behind the Earth 



To sun 

Effects of Moon on Earth: 
Tides 



Spring Tides 

Occur at every new and full moon 



Neap tides

Occur at every first- and third-quarter moon 



Earth's rotation slows down by 0.0023 s/100 years.
Only 900 million years ago, Earth' day was 18 hrs long.
The moon's orbit is growing larger by about 4 cm/yr.

Friction drags the tidal bulges eastward  
out of the direct earth-moon line 



We see only one side of the moon, because the tidal friction 
has slowed the rotation of the soon so that its rotation and 

revolution are synchronized 



How long does it take for the 
moon to rotate once? 

•  One day 
•  About 27 days 
•  Half a year 
•  One year 



How long does it take for the 
moon to rotate once? 

•  One day 
•  About 27 days 
•  Half a year 
•  One year 



Solar and Lunar Eclipses 













Shadows 



Geometry of Solar Eclipses 

Umbra (shadow): sun is completely blocked out. 
Penumbra (almost shadow): sun is partially blocked out. 



Annular eclipse 



Orbits of the moon around the earth and the 
earth around the sun are not circular. 



Solar Eclipse 





Looking Back on an Eclipsed Earth; 1999 August 11  
                           Credit: Mir Space Station Crew



Total Eclipse of June 21st 2001 

The umbra is never 
more than 270 km in 
diameter and sweeps 
across Earth's surface 
at 1600 km/hr (1000 
mph)!



Survey Question 

The phase of the moon at a solar eclipse is? 
   a)  new 
   b)  1st quarter 
   c)  full 
   d)  it depends on the year 



Lunar Eclipse 

Why is the shadow curved? 
Whose shadow is this? 











Partial lunar eclipse  



During a lunar eclipse, what 
would you see from the moon? 



How come there isn't an eclipse 
every full moon and new moon? 

•  The main reason is that the moon’s orbit is 
tilted from the earth’s orbit. 

•  A total eclipse from a given point on the 
surface of the Earth is not a common 
occurrence.  

•  Eclipse can be predicted: two eclipses every 
year.  



Some solar eclipses in the 
future 

•  2008 Feb 07:  Annular,  S. America; Antarctica 
•  2008 Aug 01: Total,  Canada; Greenland; Russia;    

Mongolia; China  
•  2009 Jan 26: Annular, India; Sumatra; Borneo 
•  2009 Jul 22: Total, India; Nepal, China 
•  2010 Jan 15: Annular, Central Africa, India, Burma, China 
•  2010 Jul 11: Total, Chile, Argentina 
•  2012 May 20: Annular, China, Japan, West US 
•  2012 Nov 13: Total, Australia, South Pacific 
•  http://sunearth.gsfc.nasa.gov/eclipse/solar.html  for all 

solar eclipses from 1901  - 2100                



Draw a diagram showing the 
related objects (Earth, the 

moon, or Sun) during 

a) a partial solar eclipse,

b) an annular eclipse,

c)  a total lunar eclipse,

d) a partial lunar eclipse.



Solar day and Sidereal day 
•  The apparent solar day = the time from 

high noon to high noon. 
•  The average length of the apparent solar 

day = 24 hours 
•  Sidereal day = the time from a star to the 

same position. 
•  Because the sun moves in respect to stars, 

the sidereal day is different from the solar 
day. 



The Length of the Solar Day 

Earth revolves about 360o/365 ~ 1o around Sun 

Earth rotates at a rate of 360o/(24x60)=0.25o/minute 

So need an extra 1o/0.25o =4 minutes to complete a solar 
day 


