Patterns In the Sky

Daily Motions of the Sky:

The daily motion of the stars is westward across the sky.

- stars “appear” to move 1° every 4 minutes.


- a star’s path is referred to as its diurnal (daily) 


circle.



*usually only a portion of the diurnal circle is 


visible because it passes below the horizon.



* only stars which are near Polaris are found in 


the North circumpolar region and their entire 


diurnal circle can be seen.




-Fig 2.1

Celestial Poles:

Celestial North Pole:


- point on the celestial sphere directly above the 


Earth’s North Pole.

- Located about 3/4° from Polaris
Celestial South Pole:


- located above the Earth’s South Pole.


- no star is located near there.

Facing North...stars move across the sky counterclockwise around the north celestial pole.
Facing South...stars move across the sky clockwise around the south celestial pole.

2 Important circles on the Celestial Sphere:


1.  The Meridian


2.  Celestial Equator



- see Fig 2.4

The Meridian:


-passes through both celestial poles and the zenith.


- the meridian separates the portion of the celestial 

sphere which is above the horizon into East and 


West halves.



* stars rise east, reach the meridian, and sink 



west.

The Celestial Equator:


- every point along this line is 90° from both celestial 

poles.

- divides the sky into northern and southern halves.



* the celestial equator serves as the basis for the 


equatorial coordinate system!

Equatorial System


- based on the celestial equator.

- 2 coordinates to give a star’s position:



1.  Declination:

-north/south coordinate equal to angular 

distance from the celestial equator. (like latitude)



- measured in degrees, minutes, and 




seconds of arc.



2.  Right Ascension:




-angular distance measured eastward along 



the celestial equator from the vernal 




equinox to the star’s position. (like 

Longitude)



** the vernal equinox is the position of the 



Sun on the celestial equator on the first day 



of Spring.




- measured in hours, minutes, and seconds.




* 1 hour  =  15°

Because equatorial coordinates don’t depend on the time or place an observation is made, they can be used to catalog the locations of all the stars.
Pros & Cons of the Equatorial System:


Advantage:  



- Dec. and RA coordinates don’t change with 


time and location.


Disadvantage:



- these coordinates don’t tell you exactly where 


to look for a star.  You must also know the star’s 


local hour angle.




*  angular distance from the meridian to the 



point on the celestial equator nearest the 



star.




* at most observatories, this calculation is 



done by a computer (which then points the 



telescope)

The Night Sky:

The night sky looks relatively the same for most of the US.


- only a small part of the sky is contained in the north 

circumpolar cap.


- the north celestial pole is located about 1/3 - 1/2 of 

the way from the horizon to the zenith.


-appearance of the sky depends on the latitude you 

observe at.



*  celestial north pole has an altitude equal to 


the observer’s latitude.



* so you can use Polaris to locate North and 



determine latitude.

Motion of the Sun:

Although the Sun, Moon, and planets share the westerly motion of the stars, they each have their own individual motions too.

-as the year passes the Sun appears to “move” through the zodiac constellations.  

(we see a new constellation rise on the horizon each month.)

- the path the Sun follows through the stars is called the ecliptic.


*  this path is slightly tilted, so throughout the year 

the Sun goes both north and south of the celestial 

equator.


* 1/2 the year is spent north of the equator and 1/2 is 
spent south of the equator.



* the ecliptic is tilted 23.5° from the celestial equator.

The tilt of the ecliptic produces the 7 important lines of latitude on the earth’s surface:

Line of Latitude




Position


1.  Equator





0°


2.  Tropic of Cancer



23.5°N


3.  Tropic of Capricorn


     
23.5°S


4.  Arctic Circle




66°N


5.  Antarctic Circle



66°S


6.  North Pole




90°N

7.  South Pole




90°S
** See Drawings**

The Seasons:

To understand the seasons on the earth, you must first know the 4 fundamental parameters of Earth-Sun relationships.

4 Parameters:


1.  Earth rotates on its axis. (counterclockwise)


2.  Earth revolves around the sun.  (counterclockwise)

3.  Earth is inclined on its axis relative to the orbital 

      plane 23.5°

4.  Axial parallelism throughout the revolution.

*diagram of seasons*

Time:

People have always tried to keep track of time.

The 2 basic units of time:

1.  Day

2.  Year
- both are related to the motion of the Earth relative to the Sun.

Measures of Time
Apparent Solar day


- from high noon to high noon.

-average length = 24 hours
Sidereal Day


- used by astronomers.

- length of time it takes a star to return to the      

  meridian.


- length = 23h 56m 4s

Calendars:

Sidereal Year


- Real/true year

- one revolutionary year
Tropical Year


-length of time for one complete seasonal cycle.

- 365d 5h 48m 46s

- leap year- every 4 years to account for extra time.


- basis for the Gregorian Calendar.

** Sidereal Year and Tropical Year vary by about 21 min.**

The Moon and it’s Phases

Facts about the moon:

1.  It:


-rotates on it’s axis

-revolves around the earth

-5° tilted from the plane of the ecliptic
2.  Orbital Period


Sidereal Period:


- real period  (true period)


-27d 7h 43m 11.5s

Synodic Period:


-apparent period  (lunar month)


-29d 12h 44m 2.8s

3.  
The moon shines because it reflects incidence 

solar radiation.


-highlands (light)
- made of Anorthosite (type of 






   feldspar)



* higher albedo (amount of reflected light)


-lowlands.....Maria (darker)  - made of Basalt 








    
 (feldspars and 









  pyroxenes)



* lower albedo

** different reflectivity due to composition!

4.  
Synchronous Rotation 


- the moon rotates and revolves at the same rate!

- never see the backside of the moon
5.  
Phases of the Moon  (See Diagram)

Opposition
-
Full Moon



(Sun-Earth-Moon)


Quadrature
-
Third Quarter


(Sun-Earth- 90° to Moon)


Conjunction
-
New Moon


(Sun-Moon-Earth)


Quadrature
-
First Quarter


(Sun-Earth- 90° to Moon)


Opposition

Motion of the Moon:


The motion of the Moon is similar to that of the Sun.


- it generally moves eastward relative to the rest of 

the stars at a rate of about 13° per  day.

Sidereal Month:


-real/true month

-length of time it takes for the moon to complete one 

complete revolution.


- approximately 27.3 days
Synodic Month:  


- length of time it takes for the moon to return to the 

same position relative to the sun.

- approximately 29.5 days.
The moon’s orbital path doesn’t coincide exactly with the earth’s orbital path.


- the moon’s orbit is tilted 5°  from the earth’s orbital 

path.


- these two great circles intersect at two points on 

opposite sides of the moon’s orbit...these are called 

the Nodes.



* The moon’s orbit and the earth’s orbit “slide” 


around each other like two hula hoops.



* It takes approx. 18.6 years for one of the nodes 


to make a complete trip around the ecliptic.

** Eclipses only occur when the correct phases (conjuction or opposition) occur at the nodes.

Motions of the Planets:
The word “planet” is derived from Greek for wanderer.


- the term planet was originally used to describe any 

celestial object that moved with respect to the stars.


- Most of the time planets move eastward, which is 

said to be prograde or direct.


- at regular intervals planets do appear to reverse its 

direction for a short period of time, which is called 

retrograde motion.


- For Mercury & Venus retrograde motion occurs 

when the planets “align” with the sun, which is called 
conjunction.


- For the other planets, retrograde motion occurs 

when the planet is opposite the sun, which is called 

opposition.



* episodes of retrograde motion occur at intervals 

known as synodic periods.



* synodic periods range from 4 months for 



Mercury to about 26 months for Mars.

