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Constellations and Asterisms, modern definition
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Constellations and Asterisms

This simplified star 
chart might help.

An asterism is a 
subset of stars that 
form a widely 
recognized shape. 
The Big Dipper is a 
great example.
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Constellations and Asterisms

Orion’s Belt is an asterism within the constellation of Orion.

5

Ch. 2.1



Chapter 4: Earth, Moon, and Sky

Thinking Ahead
4.1 Earth and Sky
4.2 The Seasons
4.3 Keeping Time
4.4 The Calendar
4.5 Phases and Motions of the Moon
4.6 Ocean Tides and the Moon
4.7 Eclipses of the Sun and Moon
Key Terms
Summary
For Further Exploration
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Coordinates on Earth

On Earth, we can give a 
precise location by using 
latitude and longitude.

Latitude has a physically 
meaningful zero point: the 
Earth’s equator.

Latitude is measured in 
degrees.
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Coordinates on Earth

Time zones 
across the 
Earth are a bit 
like lines of 
longitude.

They are 
based on 
average 
sunrise and 
sunset times.
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Coordinates on the Sky

“Up-Down” Direction:
● Earth’s Latitude: in degrees, relative to Earth’s Equator
● Sky’s Declination (Dec): in degrees, relative to the 

Celestial Equator.
“Left-Right” Direction:
● Earth’s Longitude: in degrees (and time zones), relative to 

an arbitrary starting point called the Prime Meridian.
● Sky’s Right Ascension (R.A.): in hours, relative to an 

arbitrary starting point called the Vernal Equinox.
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Coordinates on the Sky

Image Link, Credit: Tfr000 (talk) 15:34, 15 June 2012 (UTC) - Own work, CC BY-SA 3.0
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Keeping Time: Solar vs Sidereal Day

The Sun and stars both appear to move nearly the same way 
over the course of a day, but there is a 4-minute difference.

Solar day: one rotation, facing the Sun to facing the Sun. 24 hr
Sidereal day: one rotation with respect to distant stars. 23 hr 56 min
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Seasons: Direct and Indirect Sunlight

The first main reason is based on how direct or indirect the 
sunlight is. One image shows the summer solstice, the 
other shows the winter solstice. See also next slide.
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Seasons: Direct and Indirect Sunlight
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Seasons: Length of the Day

The second main reason for seasonal variation is that we 
have different numbers of hours of daylight throughout year. 
This is because the location of sunrise and sunset changes 
during the year; it is not always perfectly East and West.

If you struggle to visualize the changes of the Sun’s path 
throughout the year after this topic, I recommend this site: 
ccnmtl.github.io/astro-simulations/sun-motion-simulator/
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The Celestial Sphere

To help us understand how stars 
move through our skies, we 
make a simplified scientific 
model of the sky. We’ll call this 
the Celestial Sphere. This 
assumes all stars, no matter 
how far they are, are projected 
onto a sphere around the Earth.
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The Celestial Sphere: Star Motions
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This is an example of 
star trails, taken in 
Hawaii. Look at how 
the stars appear to 
make big circles.

What object is at the 
“center” of those 
circle motions?

http://apod.nasa.gov/apod/ap051220.html


The Celestial Sphere: Star Motions

Pause-and-Think MC Question:

You see a star rising due East. When this star reaches its 
highest position above the horizon, where will it be?
1) high in the Northern sky
2) high in the Eastern sky
3) high in the Southern sky
4) high in the Western sky
5) directly overhead
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The Celestial Sphere: Star Motions

Pause-and-Think MC Question:

Imagine you are camping in a field outside Grand Rapids. Looking directly 
north, you see a star just barely above the horizon. About fifteen minutes 
later, you notice that it has shifted position slightly. Which way did it move?

1) to the right, (east)
2) to the left, (west)
3) up, (rising)
4) down, (setting)
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The Ecliptic

Do you know your 
astrological sign? (a.k.a. 
sign of the zodiac)

Astrology is a 
pseudoscience (see 
Section 2.3) but it has 
roots in astronomical 
observation.
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The Ecliptic

The astrological signs 
represent the 
constellations that 
the Sun “appears” in 
throughout the year.

But that also means 
that our night time 
constellations 
change during year.
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Ancient Calendars
• Every culture on Earth 

had some form of early 
calendar in its history

• Most of these calendars 
used a 360 day year, plus 
five extra days tacked on 
to the end
– South and Central 

American cultures used 18 
months of 20 days each, 
with the five extra days 
considered very unlucky 
and dangerous

– Egyptians used a calendar 
with 12 months of 30 days, 
and the five extra days 
were used for celebration



Ancient Calendars
• Many of these calendars relied on direct observation of the 

Moon to signal a new month
– Whenever an official observer would see a full moon, the start of the 

next month would be announced



Where Did Our Calendar Originate?
The Julian Calendar

• Like many things in our culture, 
our calendar originates from 
the Roman Empire
– Julius Caesar introduced the 

'Julian' calendar in 45 BC, and 
its design was heavily 
influenced by Cleopatra

• Remember, the Egyptian 
calendar had 12 months of 30 
days each

– The Julian calendar was very similar to our modern calendar, except 
for leap years

• The Julian calendar assumes the year is exactly 365.25 days and inserts 
a leap day every 4 years

– Remember, the mean year is actually more like 365.2422 days

• This is a very small difference, but will lead to an extra day of time every 
128 years



Revisions to the Calendar
• It took quite some time for people to realize that the calendar was drifting 

• In 1582, Pope Gregory finally took action, and adjusted the calendar accordingly
– By this time, the calendar had drifted by about 10 whole days

• In order to correct this, Pope Gregory eliminated October 5 - 14, 1582 from the calendar

–  He also revised the rules for leaps years to ensure this wouldn't happen again
• The new leap year rules (and still in used today) are:

– Years divisible by 4 are leap years

– Years that are divisible by 100 years are NOT leap years

– Years that are divisible by 400 years are leaps

• The calendar was not accepted by the British and American colonies until 1752!
– The Catholics and the Protestants didn't play well together

• This calendar, known as the Gregorian calendar, is the one we still use today
– Note:  Even with the confusing leap year rules, the Gregorian average year is 365.2425, 

different from the mean tropical year of 365.2422

– Over a long period of time, our current calendar will drift also!



Months are Named After These:
● January: Named after the Roman god Janus.

● February: Named after the Roman festival of purification, Februa.

● March: Named after Mars, the Roman god of war.

● April: From the Latin word aperire, meaning "to open".

● May: Named after Maia, a Roman goddess associated with growth.

● June: Named after Juno, the Roman goddess of marriage & childbirth

● July: Named after Julius Caesar.

● August: Named after Augustus Caesar.

● September: Comes from the Latin word septem, meaning "seven".

● October: Comes from the Latin word octo, meaning "eight".

● November: Comes from the Latin word novem, meaning "nine".

● December: Comes from the Latin word decem, meaning "ten".



Days of the Week:



The Calendar

Pause-and-Think Open Question:

Of the following lengths of time in the list below, which 
are based primarily on astronomical cycles and motions?
● Day
● Week
● Month
● Year
● Century
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The Calendar

One day: based the rotation of the Earth (i.e. the solar day, 
not the sidereal day) Astronomical value: 1.0000 days

One month: based on the orbit of the Moon around the 
Earth. Astronomical value: 29.5306 days

One year: based on the orbit of the Earth around the Sun. 
Astronomical value: 365.2422 days

Our calendar is right to ~1 day in 3300 years with leap years.
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In-Class Small Group Assignment

1. Form groups of 3-4 students
2. Create a shared “Google Doc” and share it with your 

professors too (LAndres@BU.edu and 
Henebry@BU.edu)

3. Include the names of all students on your small team 
in the body of the document.

4. Create a Mars Calendar.  Be creative!!
a. A day on Mars (called a “sol”) is 24 hours and 40 

minutes
b. Mars goes around the sun in 668.6 days 
c. The moons (Phobos and Deimos) take eight hours and 

30 hours to travel around Mars.  Our moon takes 27.3 
days to Travel around the Earth.

mailto:LAndres@BU.edu
mailto:Henebry@BU.edu


Create Your Own Martian 
Calendar

• This is a situation we could run into if we ever colonize 
another world (Mars, for example)

• From the previous slides and your knowledge of our own 
calendar, you should realize there are multiple possible 
solutions to each situation, you choose which is best



Attempt to Satisfy These Criteria
It would be convenient if the calendar met some criteria to match 
human comforts as well as possible.  Your calendar will probably 

not satisfy all these conditions (neither does our own!).

1. Each day of the year has a place in your calendar.  There are no extra or 
bonus days tacked onto the end of the year (like in the Egyptian example)

2. The week has 7 days (like we are used to here on Earth)

3. The months match your lunar cycle (this doesn't happen with our calendar)

4. A whole number of weeks per month

5. A whole number of weeks per year

6. Number of months divides evenly into quarters (to mark the seasons)


