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The alteration between day and night

 and the observation of the celestial bodies and their movements in the sky

the succession of the seasons 

introduced the notion of time

Retrograde motion 
A Helioocentric Explanation 

(see: http://mars.nasa.gov/allaboutmars/nightsky/retrograde/) 

•  Explained due to the Earth being closer to the Sun than Mars 
and orbiting more rapidly 
–  1-4: Mars appears to move eastward with respect to background stars 
–  4-6: Earth passes Mars – Mars seems to reverse direction 
–  6-9: Earth passed Mars – Mars resumes eastward motion 

1



➢ We experience seasons because of  tilt of Earth’s axis of rotation as Earth moves around Sun

in a year 

➣ Precise understanding of these phenomena came about through careful observations 

➣ We now know that we experience day and night because of Earth’s rotation around itself 
2
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Astronomy has its roots in the work done by the Babylonian and Egyptian civilizations

Over a thousand years BCE the Babylonians already had extensive astronomical records               
with good measurements of time and of Moon positions as well as stars and planets in the sky         

from which we inherit both our systems of angular and time measurement: the 360◦ circle             
and the time units of 24 hrs, 60 minutes, and 60 seconds 

The oldest dial known 1500 BCE

The sundial is considered to be the first scientific instrument
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The Babylonian Calendar was a lunisolar Calendar based on the lunar phases  

It was used in Babylon and surrounding regions for administrative, commercial, and ritualistic purposes
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Babylonian year consisted of 12 lunar months each beginning on the evening (after sunset)              

of the first observed (or computed) lunar crescent after the astronomical new moon
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At first the intercalary months were inserted at irregular intervals                                              
based on the observed discrepancies between the calendar and the seasons                                  
but after about 500 BCE a regular intercalation scheme                                             
consisting of seven intercalary months in a 19-year cycle was adopted

The year began around the spring equinox and to keep the calendar in step with the seasons          

an intercalary month was inserted at (semi-)regular intervals
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Just like Earth, the Moon rotates on its own axis and experiences daylight and dark cycles 
 The Moon’s day and night cycles are a little longer than Earth’s: 

 the Moon spins on its axis once every 27.3 days 

The Moon’s period of rotation matches the time of revolution around Earth                                                     
This implies that it takes the Moon the same length of time to turn once on its axis                               

as it takes it to go once completely around the Earth
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This means that Earth observers always see the same side of the Moon (called the “nearside”) 

The side we do not see from Earth, called the “farside,” has been mapped during lunar missions
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The Moon looks different during its revolution around the Earth                      

11The Moon looks different during its revolution around the Earth                       
because at each position it is getting a different amount of sunlight on its surface

29.5 day period 
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Phases of the Moon
The center ring shows the moon as it revolves around the Earth, 
as seen from above the north pole

Sunlight illuminates half the Earth and half the moon at all times
But as the moon orbits around the Earth, at some points in its orbit 
the sunlit part of the moon can be seen from the Earth, and at other 
points, we can only see the parts of the moon that are in shadow

The outer ring shows what we see on the Earth during each 
corresponding part of the moon's orbit

● 

● 
● 

● 
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FIG. 1: Lunar phases.

FIG. 2: Aristarchus observation.

The first precise astronomical measurements were
carried out in the middle of the 2nd century BCE by
Aristarchus of Samos, and Eratosthenes of Cyrene. The
first distance to be measured with any accuracy was the
ratio of the Earth distances to the Sun and the Moon.
Aristarchus realized that when the Moon was exactly
half illuminated, it formed a right triangle with the Earth
and the Sun [2]. By observing the angle between the Sun
and Moon, �, the ratio of the distances to the Sun and
Moon could be deduced using a form of trigonometry.
From the diagram in Fig. 2 and trigonometry, we can
calculate that

S
L
=

1
cos�

= sec� . (1)

The diagram is greatly exaggerated, because in reality,
S = 390 L. Aristarchus determined � to be a thirtieth of
a quadrant (in modern terms, 3�) less than a right angle:
in current terminology, � = 87�. Trigonometric func-
tions had not yet been invented, but using geometrical
analysis in the style of Euclid, Aristarchus determined

that

18 <
S
L
< 20 . (2)

In other words, the distance to the Sun was somewhere
between 18 and 20 times greater than the distance to
the Moon. It was brilliant reasoning undermined by
insu�cient observations. With nothing but his eyes to
go on, Aristarchus estimate was not terribly far from the
true value of 89.853�. But when the distances involved
are enormous, small errors can be quickly magnified.
His result was o↵ by a factor of about 20.

We are told by Cleomedes, in a story often retold, that
Eratosthenes determined the size of the Earth by observ-
ing known phenomena and applying basic arithmetic
and geometry to them [3]. Here is how he did it. While
working at the library, he learned that on the first day
of summer the Egyptian town of Syene cast no shad-
ows; see Fig. 3. This happens because at noon on the
day of the summer solstice the Sun is positioned directly
above the town of Syene, near the modern city of Aswan,
Egypt. On the same date at noon in Alexandria, a rod
perpendicular to the ground cast a shadow that is 7� 120
from perpendicular.2 Eratosthenes then divided 360� by
7�120 and determined that 7� 120 was 1/50th of a circle.
Since the distance between and Syene and Alexandria
was measured to be 5, 000 stades and these two places
lie on the same meridian, by means of a simple geomet-
ric argument Eratosthenes calculated the circumference
of the Earth to be 250, 000 stades. The best modern guess
is that 1 stadia = 185 m. Putting Eratosthenes result
into modern units, his estimate of the circumference of
the Earth is 46, 250 km. The modern measurement is
40, 070 km. The largest uncertainty in Eratosthenes mea-
surement comes from the definition of the stadia, there
are also some minor erros in Eratosthenes calculations.
Syene is not on the Tropic of Cancer, where the Sun’s rays
are directly overhead during the summer solstice. It is
actually 37 km (23 miles) north of the Tropic of Cancer.
Alexandria is not due north of Syene and the distance
between them is not 925 km. The actual distance cor-
responds to an angular measurement not of 7�120, but
rather of 7�300. All in all, Eratosthenes’ estimate is only
about 15% too large!

In closing, we note that Aristarchus also presented
the first known heliocentric model. Though the original
text has been lost, a reference in Archimedes’ book [4]
describes a work by Aristarchus in which he advanced
the heliocentric model as an alternative hypothesis to
geocentrism. Archimedes wrote: “Now you [you being
King Gelon] are aware the universe is the name given by
most astronomers to the sphere the center of which is
the center of the Earth, while its radius is equal to the

2 Note that noon is determined when the shadow is shortest, and
therefore one does not need any clock for this.

The Moon’s sidereal orbital period (the sidereal month) is roughly 27.3 days 
Time interval that the Moon takes to orbit 360◦ around the Earth relative to the “fixed” stars 

Period of  lunar phases (the synodic month -> full moon to full moon period) is about 29.5 days  
This is because while  Moon is orbiting  Earth -> Earth is progressing in its orbit around the Sun  
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➣ Red light is refracted and falls onto the Moon 

➣ Earth’s atmosphere scatters blue light

Lunar Eclipse14



As we’ve already mentioned ☛  lunar eclipse always happens at a Full 
Moon 

 However ☛ not every Full Moon comes with a lunar eclipse 

 Here is why ☛ Moon’s orbit is tilted at about five degrees to the Earth’s 
orbit, so our natural satellite usually passes above or below the Earth’s 
shadow at aFull Moon.  

On average ☛ there are  two lunar eclipses per year 

The maximum number of lunar eclipses in one year is five ☛ though it 
happens quite rarely  

The last time five lunar eclipses occurred in one calendar year was in 1879 
and the next time such an event will happen is in 2132 
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Solar Eclipse
16
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Most calendar years have two solar eclipses ➣

➣

➣

➣ The last time this happened was in 1935, and the next time will be in 2206

Only about 25 years in the past 5,000 years have had five solar eclipses 

The maximum number of solar eclipses that can take place in the same 
year is five, but this is rare 
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Perigee

224,00miles

Atperigee,themoon
isclosesttoEarthand
appearsupto14percent
largerthannormal.

Apogee

•251,655miles

Atapogeethemoonis
thefurthestinitsorbit
fromEarthandappears
14percentsmallerand

30percentdimmer.
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FAQs and Guide ›

Supermoons
A “supermoon” occurs
when a full moon
coincides with the
Moon’s closest
approach to Earth in its
elliptical orbit, a point
known as perigee.
During every 27-day
orbit around Earth, the
Moon reaches both its
perigee, about 226,000
miles (363,300 km) from
Earth, and its farthest
point, or apogee, about
251,000 miles (405,500
km) from Earth. Because
the Moon’s orbit
wobbles and differs
depending on where the Sun and Earth are in their orbits, the
exact distance of these closest and furthest points varies, and
some supermoons are closer or farther than others. ‘Supermoon’
isn’t an official astronomical term, but typically it’s used to
describe a full Moon that comes within at least 90 percent of
perigee.

Supermoons only happen three to four times a year, and always
appear consecutively. Throughout most of Earth's orbit around
the sun, perigee and the full moon do not overlap.

This animation shows the difference between a Moon at its closest point to Earth, when supermoons occur, and at its
farthest. Distance to apogee and perigee vary by event. Credit: NASA/JPL-Caltech

At its closest point, the full moon can appear up to 14 percent
bigger and 30 percent brighter than the faintest Moon of the
year, which occurs when it’s farthest from Earth in its orbit. Even
though 14 percent doesn’t make a big difference in detectable
size, a full supermoon is a bit brighter than other moons
throughout the year.

It might be hard to detect a supermoon visually, but it does have
an effect on Earth. Because the Moon is in its closest approach to
Earth, it can cause higher tides than usual.

Not-So-Super Moon vs. Supermoon
Credit: NASA’s Scientific Visualization Studio

Use the slider to compare and contrast the Moon’s apparent size at its farthest and nearest
points to Earth during a 2020 supermoon.

Super Blue Moon
August 31, 2022

What Makes a Supermoon Super? (Animation)

0:15 / 0:15
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Astronomy 2500 Years Ago 

 

Astronomy 2500 Years Ago
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 By observing the angle between the Sun and Moon 
the ratio of the distances to the Sun and Moon could be deduced using a form of trigonometry

Aristarchus realized that when the Moon was exactly half illuminated 
 it formed a right triangle with the Earth and the Sun
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87 o 

1/cos(87  ) = 19.1 o 

D D s m = 19.1 

D s 

D m 

D D s m = 389 Correct Value: 
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After several pages of 
geometry… 

18D  < D  < 20D s m m 
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What shape is the Earth?
Key Concepts

1. Aristotle (4th Century BCE) was the first to 

demonstrate the Earth is spherical  

2. Eratosthenes (ca. 200 BCE) was the first to 

determine the size of the Earth
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Aristotle (4th Century BCE): First to give 
reasons why the Earth is spherical

Aristotle contemplating the Bust of Homer, 
Rembrandt (CE 1653)



27 Aristotle’s 1st reason
You see different stars from the south than from the north

Big Dipper

Southern Cross
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If the Earth were flat (as Thales believed)

Big Dipper

Southern Cross



29 2nd reason

During a lunar eclipse, Earth’s shadow is always circular 

Only object whose shadow is always circular is a sphere

Shape of Earth’s shadow

2 

Aristotle’s most convincing reason came from 
observing lunar eclipses (when the Earth’s 

shadow falls on the Moon). 

During a lunar eclipse, Earth’s 
shadow is always circular. 

Only object whose shadow is 
always circular is a sphere. 

3rd reason: 
The shape of the 
Earth’s shadow. 

Peter Apian, Cosmographia, AD 1524 

Other reasons were given later: 

Ships disappear “hull-down”. 

Eratosthenes Teaching in Alexandria, 
Bernardo Strozzi (AD 1635) 

Eratosthenes (ca. 200 BC): First to find the     
size of the spherical Earth. Eratosthenes was the head librarian 

of the famous Library of Alexandria. 

Alexandria • 

• Syene 
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➢ What Eratosthenes read: At noon on June 21, Sun is at 
Zenith seen from Syene

➢ What he saw: At noon on June 21, Sun is 7.2 south  of 
Zenith seen from Alexandria

➢ What he assumed: Earth is spherical; Sun is very, very 
far away

32



Eratosthenes estimate is only about 15% too large!

Since the distance between and Syene and Alexandria was measured  to be 5,000 stades  
and these two places lie on the same meridian  
geometric argument  -> circumference of the Earth ~ 250,000 stades 

Eratosthenes then divided 360◦ by 7◦12ʹ and determined that 7◦ 12ʹ was 1/50th of a circle 

Modern measurement -> 40,070 km

The best modern guess is that 1 stadia = 185 m Putting Eratosthenes result 
In modern units -> circumference of the Earth is 46,250 km 
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A. Yes  

B. No 

34

If the Earth–Moon distance were greater than  

the Earth–Sun distance would an observer on the Earth 

be able to see the Moon in its first quarter phase? 



A. Yes  

B. No 
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If the Earth–Moon distance were greater than  

the Earth–Sun distance would an observer on the Earth 

be able to see the Moon in its first quarter phase? 



Observer on Earth would not be able to see the Moon in its first quarter phase  

if  Earth – Moon distance were greater than Earth – Sun distance 

When we see the Moon in its first quarter phase, Earth, Moon, and Sun must be aligned such 

that they form a right angle with Earth – Sun distance as the hypotenuse of a right triangle 

This is the only way we would be able to see first quarter Moon.

Astronomy Group Assignment 1 (08/29) 
 
1. If the Earth–Moon distance were greater than the Earth–Sun distance would an 
observer on the Earth be able to see the Moon in its first quarter phase? If your answer is 
“yes”, draw a diagram showing how this could be true. If your answer is “no”, explain 
why a first quarter Moon would be impossible. 
 
No, an observer on the Earth would not be able to see the Moon in its first quarter phase if the 
Earth – Moon distance were greater than the Earth – Sun distance. When we see the Moon in 
its first quarter phase, the Earth, Moon, and Sun must be aligned such that they form a right 
angle with the Earth – Sun distance as the hypotenuse of a right triangle. This is the only way 
we would be able to see  a first quarter Moon. 

 
2. With a telescope here on Earth, would we ever see Venus in a crescent phase? If so, 
sketch the relative positions of Venus, Sun, and Earth when that happens. 
 
With a telescope here on Earth, we would be able to see Venus in a crescent phase. In order to 
see a planet in the crescent phase, the observer must be located farther away from the Sun 
than the planet is. Luckily, Earth is farther away from the Sun than Venus is. If the Earth is 
located in either of the two quadrants labeled “Crescent” relative to Venus, then the crescent 
phase will be visible. 
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The same side of the moon always faces the Earth 

because: 

37

A. The moon is not rotating about its axis. 

B. Tidal forces keep the moon’s rotation and orbiting

motion in sync with each other 
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motion in sync with each other 



A. Roman 

B. Greek 

C. Babylonian 

D. Aztec

39

Which civilization developed and implemented the first 

lunar calendar? 



Which civilization developed and implemented the first 

lunar calendar? 
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A. Roman 

B. Greek 

C. Babylonian 

D. Aztec



Which planet seems to be turned on its side with an axis 
tilt of 98 degrees? 

A. Uranus 

B. Pluto 

C.  Neptune  

D. Saturn
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A. Uranus 

B. Pluto 

C.  Neptune  

D. Saturn
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Which planet seems to be turned on its side with an axis 
tilt of 98 degrees? 



A. 27.3 days 

B. 7 days 

C.  29.5 days 

D. 365 days

The period from one full moon to the next is: 
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A. 27.3 days 
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C.  29.5 days 

D. 365 days
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The period from one full moon to the next is: 



Name the phase that the moon is in for each type of 

eclipse, lunar and solar: 

A. Full moon for both phases  

B. New moon for both phases  

C. Full moon for lunar and new moon for solar  

D. New moon for lunar and full moon for solar  

45



A. Full moon for both phases  

B. New moon for both phases  

C. Full moon for lunar and new moon for solar  

D. New moon for lunar and full moon for solar  
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Name the phase that the moon is in for each type of 

eclipse, lunar and solar: 



Two martians, Yll and Ylla K, are located due north and south of each other 

on planet Mars  

Yll sees Sun directly overhead (at the zenith) at noon. At same time, Ylla 

sees Sun 6 degrees away from the zenith. Ylla is 355 kilometers north of 

Yll. Compute circumference of planet Mars 

47 QUERY 1



AST-101, AST-117, AST-602 
Prof. Anchordoqui  
Assignment #2 
September 12, 2019 
 
1. Suppose that Aristarchus had measured an angle of 45 degrees between the Sun and the 
Moon when the Moon was in its first quarter phase. Draw an accurate diagram of the positions 
of Earth, Moon, and Sun necessary for this measurement to be correct. In this case, what is the 
ratio of the Earth–Sun distance to the Earth–Moon distance? 1.41  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Two martians, Yll and Ylla K, are located due north and south of each other on the planet 
Mars. Yll sees the Sun directly overhead (at the zenith) at noon. At the same time, Ylla sees the 
Sun 6 degrees away from the zenith. Ylla is 355 kilometers north of Yll. Compute the 
circumference of the planet Mars.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Two martians, Yll and Ylla K, are located due north and south of each other 

on planet Mars  

Yll sees Sun directly overhead (at the zenith) at noon. At same time, Ylla 

sees Sun 6 degrees away from the zenith. Ylla is 355 kilometers north of 

Yll. Compute circumference of planet Mars 

48 QUERY 1

6�

360�
=

355 km

x
) x = 21, 300 km



Given that circumference of Earth is 40,000 kilometers, what is Earth’s 

diameter in kilometers?  

Given that there are 0.621 miles per kilometer, what is Earths diameter 

in miles?

49 QUERY 2



Given that circumference of Earth is 40,000 kilometers, what is Earth’s 

diameter in kilometers?  

Given that there are 0.621 miles per kilometer, what is Earths diameter 

in miles? 

50 QUERY 2

C = 40, 000 km

d =
C
⇡

=
40, 000 km

⇡
= 12, 732 km

1 km = 0.621 miles ) 12, 732 km = 0.621 · 12732 miles = 7, 906.57 miles


