Astronomical
Observation
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 To study the properties of celestial objects
by means of observations
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Properties of stars < Interpretation
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Action, reaction, interaction
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altitude (FI1F)
(= elevation)
-90° to +90°

azimuth (7 5FF])
e.g., measured from north,
clockwise
0" to 360°

Zenith distance = 90°-Alt

Measuring the Sky

 Unit of distance in astronomy

1 astronomical unit (AU) = ~ H i~ §§
=149.6 x 10% km "
el I GU ‘[f'i R

1 light year (ly) —é.460 X 1012 km
~ 6x 10* AU

1 parsec (pc) = 206,265 AU #; Z &

= 3.086 x 103 km ~ 3.26 ly
 Unit of separation (on the sky)

1 degree = 60 minutes of arc (arcminutes) = 60’
1 arcminute = 60 arcseconds = 60”
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Earth’'s Revolution # zf = #%

The Earth revolves around the Sun. The
passage is called the ecliptic (& ig).

+ i ®# © The ecliptic plane intercepts the celestial
equator with an angle of 23.4 degrees.
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At different hours in a night, one sees different
night sky. At different months one sees also
different sky =» 5 i - = ¥ (zodiac signs)

Table 1-1

The 13 Constellations of the Zodiac

Constellation Dates of Sun’s Passage Through

Pisces March 13-April 20

Aries April 20-May 13

Taurus May 13-June 21

Gemini June 21=July 20

Cancer July 20-August 11

Leo August 11-September 18

Virgo September 18-November |

Libra November 1-November 22
missing Scorpius November 22-December 1

Ophiuchus g % Js December 1-December 19

Sagirtarius December 19-January 19

Capricorn January 19-February 18

Aquarius February 18-March 13
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Earth’'s Rotation (Spin) # 3% p &

» Counterclockwise (west = east) if viewing from
the above (the north pole) = Sun, moon and stars
rise in the east and set in the west

 Earth’s orbital motion also counterclockwise

« Extending Earth’s spin axis
> () 4% (north celestial pole; NCP)
NCP appears not to spin; all other stars seem to
move around the NCP or SCP in a day

4K (Polaris) : closest to NCP now (< 1°)

» Babylonians 3000 years ago 360 days
—> 360 deg in a circle




In the duration of a day, all
stars seem to move around
the NCP. The stars actually
do not move. The Earth’s
spin causes the apparent
motion of stars.

" APPARENT SKY MOTION
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The coordinate System
on the Surface of the Earth —
Longitude and Latitude
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 Longitude and Latitude /|y L=
Greenwich longitude =0 (| | | ~— —
(focal time)

- Universal Time

(UT S FIRHRER)

TaiwanTime=UT+ 8 hr

%ﬁlﬁ latitude =0
I+ 177690
ﬁjﬁf] - 90°S or -90°N RER
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Eastern Date |
(One day ahead of Western)
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South celestial pole

Projecting the longitude and
latitude onto the celestial sphere ...

The Sun is not a
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good time keeper.
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e Sidereal Time ('I?EJEﬁ )
Time as measured by reference to the stars
= hour angle of the vernal equinox
= right ascension of stars currently on the
observer’s meridian

e Solar Time (=N[EEE)
Time with respect to the sun
= hour angle of the sun plus 12 hours

apparent solar time - true sun, irregularly
mean solar time - for timekeeping

Solar time loses about 4 minutes a day against
sidereal time; a star rises 4 minutes earlier a day

Q : Which is longer, a solar day or
a sidereal day? By how much?

Solar day; one hour
Solar day; 4 minutes
Sidereal day; one hour
Sidereal day; 4 minutes
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* The sidereal day is23h56 m04.1 s

» Each apparent solar day in a year is different,
with a variation of ~30 s

» One mean solar day, by definition, is exactly 24
hours.

» The mean sidereal day is about 4 minutes shorter
than the mean solar day.
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 Other sidereal periods
sidereal month for the Moon = 27.32166 d

c.f. (mean) synodic month 7% *|=29.53059 d
sidereal day; sidereal year

~ [f] (great circle)
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% J (constellation) --- Stars in a constellation
may not be associated with each other. They are at
different distances but merely projected onto the same
part of the sky. There are a total of 88 constellations for

the whole sky.

erry Lo dri gu 5

The constellation Leo “Lion”
appears in the spring sky.
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AAVSO Leo-Leo Minor

Educational Finder Chart
Chart Scale 5° = 25mm
i
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A constellation is more than a “star pattern”. It
stands for a patch (region) of the sky. A star chart
(B ﬁ%ﬁ') shows Leo and its neighboring constellations.
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(photograph)
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Milky Way
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Eastern horizon

For constellation maps see
http://www.hawastsoc.org/deepsky/con
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Orion J& = J

http://www.allthesky.com/constellations/orion/mainm.html

Celestial Coordinates

» The sky position of a

star is specified by its -
RA and DEC /"’s
coordinates.

DRACONIS

» But there is precession
of the equinox; i.e., the NORTH
position of the vernal
equinox changes with
time

20



The Earth’s spin axis precesses with a period of
~ 26,000 years. By AD13,000 the Polaris will
become the star Vega.
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A star’s RA and DEC coordinates change with
time! B1950 equinox vs J2000 equinox

Coordinate Systems

» Horizontal (observer) system e
» Equatorial system

Fundamental plane=earth’s equator el

« Galactic system G | ]
Fundamental plane=Galactic plane - crie

» Ecliptic system
Fundamental plane=ecliptic plane

21



SURRERSRIT R AAHE L

\ Galactic

’_"' ; ‘, Milky ? plane
= Way /
: ;

Q : What causes the seasoning ?

1. The sunspot activities on the surface of
the Sun

2. Inclination of the Earth’s spin axis

3. Change of distance between the Sun
and the Earth

4. Periodical changes of atmospheric
turbulences
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January
(perihelion)

March
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% 4 (vernal equinox) ~ § & (summer solstice)
# 4 (autumn equinox) ~ * I (winter solstice)
 Sun at vernal equinox around March 21 each year

 Direct sunshine - summer; longer days than
nights

» Opposite season in southern hemisphere
» At equinoxes, same duration of day and night

» Seasoning has nothing to do with sun-earth
distance (difference only 2%).

e In fact Earth at perihelion (7| IE[!D in January, at
aphelion (B | l%!,j in July

Time and Coordinates

 Sun at vernal equinox on March 21
« Vernal Equinox = RA=0h f.w*‘-"—h

* Sun moves RA~ 2 hours each month ¥ \f‘ e
{"' = .:"":'.l-'l-:i.I

How does a star of
DEC=-25 deg move
on the sky?

How about a star of
DEC=+90 deg?
DEC=—65 deg?
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North
Celestial Pole

South
Celestial Pole

Remember: Sun at RA=0h around March 21
(vernal equinox ;FE\' 73 ) , and moves 2 h every
month.

An exercise....

» The center of the Milky Way galaxy has the
equatorial coordinates of RA~17h and DEC~
—30 deg. What is the best month/season to
observe the Galactic center (.,%Liﬁ* FlIe)
from Taiwan?

 |s it better to observe the Galactic center in
Australia? If so, why? If not, why not?
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