


Homework 1 is assigned today 

HW 1 is posted on the class web site as a pdf file. 

Note 1: It is OK to discuss homework problems 
with your friends.  It is not OK to copy their 
answers.  You will both get 0 if this happens.   

Note 2: Please show your work.  If you get the 
right answer but don’t show that you understand 
how to get the right answer, then I’m sorry, but 
you will get only 1/2 of the full marks.   



As the Earth rotates, 
we see the sky rotate around the pole. 



The Sky As Seen From Earth 

•  The Celestial Sphere 
 Stars and planets are scattered throughout space; some are much 

closer to us than others.  Still, it is convenient to pretend that the Sun, 
Moon, planets, and stars are located on the inner surface of a huge 
sphere enclosing the Earth. 

•  Daily motion of the celestial sphere 

The celestial sphere appears to                                                       rotate 
rotate from east to west around                                                              
a fixed point in the sky.  At any                                                   time, 
time, only half of the sphere is                                                          is 
above the horizon. 

 This is because the Earth rotates 
 from west to east.  The Earth rotates 

 once with respect to the stars every 
 23h 56m 4s = 1 day. 



The View From the North Pole 



The View From the Equator 



From Mt. Kilimanjaro,  
the South Celestial Pole is just above the horizon. 



Paths of the Stars in Texas (latitude 30o North) 



Because the Earth is slightly flattened and because the Sun  
and the Moon pull on it gravitationally, the Earth’s axis  
of rotation precesses, like that of a spinning top. 

Precession of the Earth’s Rotation Axis 



•  Earth’s axis currently points near Polaris, the North star.   
•  But 5 thousand years ago, it pointed at Thuban, in Draco.  
•  In 12 thousand years, the axis will point roughly toward Vega.   
•  In about 26 thousand years, the pole will point to Polaris again. 

Precessing Poles 

Polaris 
(current pole star) Thuban 

(pole star in 3000 BC) Vega 
(pole star in  
14,000 AD) 



Path of Precession 



Path of the Sun in the Sky 

The Sun appears to move slowly with respect to the stars from one 
day to the next. It returns to its starting place after one year. The path 
of the Sun across the celestial sphere is called the ecliptic. 

This motion is due to the Earth’s motion around  
the Sun.  Each orbit takes 365.26 days. 

This is still for latitude ~ 30 degrees N. 



Apparent Movement of the Sun around the Ecliptic 

Feb. 21 Apr. 21 

Earth’s 
Orbit 

Ecliptic 

Pisces Aquarius
Capricorn

Aries

The Sun appears to move 360º in 365.26 days, 
so it moves about 1º = twice its diameter per day.



Constellations of the Zodiac 
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(oops!! #13) 

The sky at midnight 
changes with 
the seasons. Spring Constellations 
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The fact that the zodiac has 
13 (not 12) constellations 
is one sign among many 

that the “pseudoscience” of 
astrology is nonsense. 



Earth’s spin axis is tipped by 23.4o. 

start of summer start of winter 

Here, Earth & sky are oriented so that the plane of the Earth’s orbit 
around the Sun is horizontal. 

The angle between the ecliptic 
and the celestial equator is 23.4º.  
This angle  is  the  tilt  of  the 
Earth’s rotation axis with respect 
to the axis of its orbit around the 
Sun.  Because of this tilt, we 
experience seasons. 



Sunlight and the Seasons 

45º N 

70º N 

20º N 

Why is it hotter in summer? 
Reason 1: 

Daylight lasts longer. 







“Midnight Sun” at 00:02 AM on June 7, 2006 
from Ivalo, Finland 



The Sun was high in 
the sky at 02:30 AM 
on June 8, 2006 as 
seen from VardØ, 
Norway (70o 22″ N). 





Why is it hotter in summer?  Reason 2: 

Spread of sunlight: summer 

Spread of sunlight: winter 



Summer is hotter than winter for two reasons 

•  Daylight lasts longer — the Sun is above the horizon longer each day in 
summer than in winter, so it has more time to heat the Earth. 

•  The Sun is higher in the sky, so more sunlight is concentrated into any 
given area on the Earth’s surface. 

Wrong answer 
Seasons have nothing to do with when the Earth is closer to or farther from 

the Sun.  This is obvious, because the northern and southern hemispheres 
have opposite seasons: for example, southern summer and northern winter 
happen at the same time and cannot simultaneously be explained by how 
far the Earth is from the Sun.  In fact, Earth is closest to the Sun on about 
January 4, during northern hemisphere winter.  But the extra heat (6 % 
compared to July 4) is much less important than the two reasons above. 



When it is summer in the North, 
it is winter in the South. 

And vice versa. 
Northern 

winter 
Northern 
summer 

Southern 
summer 

Southern 
winter 



Why it is always colder at the poles 

Equator 

Tropic of Cancer 

Tropic of Capricorn 

Arctic Circle 

Antarctic Circle S 

N sunlight arrives very obliquely  

sunlight arrives almost vertically 

sunlight arrives very obliquely 



Phases of the Moon: 
Why do we see the Moon as a thin crescent here? 



Phases of the Moon: 
Why do we see the Moon as a thin crescent here? 
Why does the “dark side” not look completely dark? 



Monthly Motion of the Moon; 
Phases of the Moon 

Copyright 1995-1999, 2000 The Regents of the University of Michigan 

To the Sun 

The Moon revolves around the Earth.   
Each orbit takes 27.322 days; this is the Moon’s sidereal period. 

New Moon  Waxing crescent  First quarter  Waxing gibbous  Full Moon  Waning …. 

Moon’s phases 



Monthly Motion of the Moon: 
We always see the same side of the Moon. 

Copyright 1995-1999, 2000 The Regents of the University of Michigan 

To the Sun 

Moon’s phases 

What does this mean? 



Phases of the Moon 



My ship will never be visible from Earth! 
The Moon’s rotation and revolution periods are the same. 



Why the synodic month is longer than the sidereal month 

A) Full Moon - Time = 0

B) One Sidereal Month Later
Time = 27d 7h 43m

C) Full Moon - One Synodic Month Later
Time = 29d 12h 44m



The Tides 

Simple Picture 
(no Earth rotation) 

To Sun 

The location of high tide at
a given time each day (say, noon) 
is related to the Moon’s position  

In reality, the high tide isn’t directly under 
the Moon.  The rotation of the Earth carries 

it slightly ahead of the Moon.  

Exaggerated Reality 
(Earth rotates) 



Effects of tides on the Earth and Moon 

•  Earth’s rotation drags the tides forward with respect to the sub-lunar point, 
so the tides drag backward on the Earth’s rotation and slow it down.   
Days are getting longer by 0.023 seconds per century.  

•  The Earth is 81 times as massive as the Moon, so the Earth’s tidal forces 
on the Moon are 81 times bigger than the Moon’s tidal forces on the Earth.  
The Moon has no oceans, but rocks can flex.  Friction inside the flexing 
Moon has slowed its rotation to the point that it now keeps the same side 
facing Earth. 

•  The tidal bulge in the Earth leads the Moon’s motion around the Earth, so 
it pulls the Moon forward in its orbit.  This makes the Moon go faster, like a 
rocket that is being speeded up by a rocket engine.  And like that rocket, 
the Moon therefore climbs to a higher orbit.                                   
Therefore the Moon’s orbit gets larger by 4 cm per year.  



•  Therefore the Moon was closer to the Earth in the past.  

•  The  distance from the Earth to the Moon is now 3.844 x 108 cm. 

•  If the Moon always moved away from the Earth at its present rate, 
then it’s distance was zero (3.844 x 108 cm)/(4 cm / year) =          
9.6 billion years ago. 

•  The age of the Earth-Moon system is 4.6 billion years. 

•  But tides were stronger in the past, when the Earth and Moon were 
closer together.  So the Moon moved away from the Earth faster in 
the past.  It took less than 9.6 billion years to get as far from the 
Earth as it is now. 

•  Astronomers believe that the Moon was formed 4.6 billion years 
ago when a large protoplanet hit the still-forming Earth and knocked 
loose the material that now forms the Moon. 

The Moon’s orbit gets larger by 4 cm per year. 



The Moon and Sun both create tides on the Earth. 

•  The gravitational pull of the Moon and Sun both make tides. 

•  The Moon is much closer to us, so its effect is bigger. 

•  Near new Moon and full Moon, the Sun and Moon pull in 
parallel directions and their effects add.  High tides are 
especially high and low tides are especially low.  These are 
called spring tides. 

•  Near first and last quarter Moon, the Moon and Sun pull at 
right angles to each other.  Then the Sun’s tide reduces the 
Moon’s tide and the net tidal range is small.  These are 
called neap tides. 



Solar and Lunar Eclipses 

A lunar eclipse happens when the Earth casts a shadow on the Moon.  
 The Moon  must be full.   

You can see a lunar eclipse anywhere on the night side of the Earth. 

A solar eclipse happens when the Moon casts a shadow on the Earth. 
The Moon must be new. 

You can only see a total solar eclipse if you are in the Moon’s shadow,  
which is 0 — 168 miles in diameter. 

To Sun 



Normally the shadows miss. 

Shadow 

Shadow 

To Sun 

The Moon’s orbit is tilted 5.15 degrees 
with respect to the Earth’s orbit, so  
normally, the shadows miss ... 



Line of Nodes 

line of nodes 

Full moon, no eclipse 

New moon, no eclipse 

Full Moon, lunar eclipse 

New Moon, solar eclipse 
line of nodes 

The line of nodes is the intersection of two planes — the plane of the Moon’s  
orbit around the Earth and the plane of the Earth’s orbit around the Sun.  If the  
Sun, the Earth, and the Moon are lined up when the Moon happens to cross 
the line of nodes, then there is a lunar or a solar eclipse. 



Lunar Eclipses 

To Sun 

Umbra 

Penumbra 

(not to scale) 

Total lunar eclipse: Moon passes through the Earth’s umbra. 
Partial lunar eclipse: Moon passes only through Earth’s penumbra. 



Umbra and Penumbra 

(not to scale) 

Penumbra 

Penumbra 



A Lunar eclipse photo series  
shows the size of Earth’s shadow.

APOD 2008 August 20



The totally eclipsed moon looks copper red ... 

… because sunlight refracts through Earth’s atmosphere.  Seen from the 
Moon, the Earth would be surrounded by a bright ring the color of sunset. 





Lunar eclipse from the summit of Mauna Kea, Hawaii.  Seeing the shadow 
of the mountain in twilight means that the Sun has just set behind you.

A Lunar eclipse eclipse happens when the Sun and Moon                           
are in exactly opposite directions as seen from the Earth.



Solar Eclipses: 
When we see the Sun “eclipsed” by the Moon 

To Sun

During a solar eclipse, the tiny oval of totality sweeps across the Earth   
at more than 1000 miles/hr.  Totality cannot last more than 7.5 min 
and usually lasts 2 — 3 min.  If the Moon happens to be unusually far  
from the Earth and if the Earth is unusually close to the Sun, then the  
Moon looks too small to cover the Sun and the eclipse is annular. 

Total solar eclipses happen because of an accident: the Sun is 400 
times larger than the Moon and, on average, 390 times farther away.     
So the Sun and Moon look the same size (0.5 degree in diameter), and 
the Moon can “exactly” cover the disk of the Sun. 



Total solar eclipse on Earth  
(from Mir space station, August 11, 1999) 



The Sun looks biggest 
when we are closest to it 

(about January 4). 

The Sun looks smallest 
when we are farthest 
from it (about July 5). 

When the Sun looks biggest & the Moon looks smallest, 
then the Moon looks too small to cover the Sun 

completely and we get an annular eclipse. 



Annular Solar Eclipse (January 1992) 



Umbra and Penumbra 

Umbra 

Penumbra 

If you are in the penumbral shadow of the Moon,  
then you can see some of the Sun’s disk, and  

the eclipse is partial. 



Solar Eclipse of August 11, 1999 




