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Knowing the Heavens

e Goals:

— To see how the sky changes during a night and from
night to night.

— To measurethe positions of starsin celestial
coordinates.

— To understand the cause of the seasons.

o Constélationsin the Sky

— 6000 starsvisible by eye in the night sky. Ancient
civilizationstraced the patterns of these starsinto
figures - constellations (groups of stars).

— 88 constellationsin the sky (e.g. Ursa Major - big
dipper, Orion).

— Starsin constellations are generally not physically
closeto each other (e.g. Orion).
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The changing night sky

* Positions change during a night.

— Duringthe night the positions of stars and moon change
“Diurnal Motion”.

— Earth rotatesfrom West to East so starsappear torisein the
east and set in thewest (e.g. arotating chair).
see Figure 2-4

— Earth rotates 360° in 24 hours: 15°hr
— Thisisarapid rotation.

* Positions change night to night.

— Theearth orbitsthe Sun in 365.25 days (0.986°day).
see Figure 2-5
— The positions of the constellations change slowly during the
year.
— Sky rotates at about 30° or 2 hoursa month.

— Thisisa dow rotation.
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Star names and Catalogs

e Early Catalogs

— Mapping and cataloging the stars has been in business for 1000s
of years.

— Positions of stars have been used to tell the season and
navigation.

« “Modern” Catalogs

— Johann Bayer (1603)
» used constellations and added Greek letters e.g. a-Lyraeisthe
brightest star (Vega).
o 24 x 88 (constellations) possible names.
— Bonner Durchmusterung (1850s)
o compiled by FW Argelander (many years)
o 324,188 stars, e.qg. BD+5° 1668
— Henry Draper (1911)
o 225,300 stars, e.g. HD87901
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Star names and catalogs

e Current Catalogs

— New technologies

* Photographic platesor CCD imaging surveys enable millions
of starsto be cataloged.

— HST Guidestar Catalog (Version 1)
» 15,169,873 stars (accur ate positions)
 names are celestial coordinates.

— HST Guide star Catalog (Version 2)

« >100,000,000 star s cataloged

e positionsaccurateto < 1 arcsec (in 1500s positionswere
measured to 1 arcmin)

o Catalogue names

— Stars can have many namesin many different
catal ogs.
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The Celestial Sphere

 No absolutereferenceframe
— A person on earth can be described by 2 angles
(longitude and latitude).

— Starsand galaxies appear to be on the surfaceof a
sphere “celestial sphere” with the earth at the center.

— Any star can then be described by 2
angles/coordinates (RA and Dec).

o Orientation of the celestial sphere
— Poles arethe axes of the Earth’srotation.

— Directly over head iscall the* zenith”.
see Figure 2-10
* A person can only see 90° in any direction (one hemisphere).

o A person at 35° north can seethe pole star all year and never
see the south pole.
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Coordinate Systems

e Longitude and latitude

— On the sky we call these angles Right Ascension and Declination.
see Box 2-2
— Declination (Latitude)
 Measured in degrees
e (North) 90° < Dec < -90° (South)
— Right Ascension (Longitude)
 Measured in hours (15° per hour) .
o Starting point isdefined asthe vernal equinox (March).
 RA istheangular distance eastward along the celestial equator.
— Example:

» |f astar overhead (zenith) hasan RA 8hr30mOsthen 2.5 hourslater
a star at 10hrOmOs will be over head.

« Using time (not angles) makesit easy to know when a star isvisible.
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T he Seasons

e Rotation of the Earth around the sun causesthe
Seasons

— Thedistanceto the Sun does NOT cause seasons

 Theseasons are oppositein the Northern and Southern
Hemispheres.

 The Earthsdistance from the Sun changesby only 3%.
 TheEarthisclosest tothe Sun in January.

— Seasons are caused by thetilt of the Earths axis of
rotation.
see Figure 2-11
 Theearthistilted 23.5° from the perpendicular.

 When the Northern hemisphereistitled towardsthe Sun it is
summer.

 When the Northern hemisphereistilter away from the sun it
Iswinter .



Knowing the Heavens Survey of Astrophysics 110



Knowing the Heavens Survey of Astrophysics 110

T he Seasons

e SuMmer

— During the summer a point on the Earth hasmore
than 12 hoursof day light.

— Itsishotter duetothelength of the day and the angle
that the sun makes
see Figure 2-12

— 1/2 ayear later the Northern hemispheretilts away
from the sun (winter).

e Apparent motion of the Sun
— The Suns position on the sky changes over the year.

— |t appearstotraceacircular path - the* Ecliptic’.

 The Sun movesat 1° per day around the ecliptic (west to
east).

 Theeclipticisinclined to the celestial equator by 23.5° (due
tothe earthstilt).
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The Equinoxes and Solstices

 Theeclipticisinclined at 23.5°

The Sun revolvesaround the Earth at an angleto the Celestial
Sphere
see Figure 2-14

The pointswerethe orbit crossesthe celestial equator arethe
equinoxes.

« Thesun appearsto bedirectly over the equator.

« Day and Night are of equal length

» Spring equinox occursaround 21st of March.
The points when the Sun reachesthe farthest North/South are
“solstices’.

e solstice =“standstill”

» representsthelongest day (land of the midnight sun).

o Usually around 21st of June.

The movement of the Sun meansit follows different tracks
acrossthe sky and thelength of the day varies.
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Precession of the Earths Tilt

 Rotation of moon around the earth

— Moon rotates around the Earth every 4 weeks.
 movesat 0.5° per hour.
« complicated orbit.

— Themoon and the Sun’srotation are almost on the same plane.
 Themoon’s plane of rotation istilted by about 5°to the Sun.

» the moon sweeps out a band +/- 8 degreeseither side of Ecliptic
called the Zodiac.

 Themoon isnorth of the celestial equator for 2 weeks and then
south of the equator .

— Moon and Sun “pull” at the Earth
see Figure 2-15
 Theearthisnot completely spherical (43 km larger at the equator).

 The Sun and Moon cause a gravitational pull (trying the
“straighten” therotation axes).

» The spin of the earth opposes this pull.
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Precession of the Earth’s Tilt

— This pull causes a gyroscope effect
« The“spinning bicycle” wheel opposes a change in the motion.
 Thisrotationiscalled “precession”.
« Aswith thebicyclewheel the axes of thethe Earth’srotation
pr ecesses.
— A slow precession of the pole
 Thepolerotatesat 23.5° to the perpendicular of the ecliptic.

* Thisrotation isthe owest change (taking 26,000 yearsto
complete).

 Theresult isachangein wherethe celestial pole pointsrelative to
the stars.

« 5000 yearsago Thubon in Draco would have been the “ Pole Star” .

— Precession causes RA, Dec to change
» Precession of the pole meansthe equator also precesses.

* The equinoxes precess so the coordinates of the stars change slowly
with time.

« Coordinatesareonly good for a particular time (epoch). M ost
catalogsrefer to J2000.
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Keeping Time
e A solar day

— Local noon isdefined as when the sun crosses a
meridian.

 meridian isa circle passing through the celestial poles and
through the zenith.

» asolar day isthetime between 2 crossings of the meridian.

* theearth revolvesaround the sun (so the earth must rotate
mor e than 360° between crossings).
— Thelength of a solar day varies

 Theearthsorbit isnot perfectly circular (Chapter 4). The
earth movesmorerapidly near the sun so solar daysare
longer in January.

 The 23.5°angleto the ecliptic meansthat during the
equinoxes (spring/summer) the sun appearsto move north-
south (day islonger in March/September)

* not good for time keeping.
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Keeping Time
— Mean Solar Day

 Path the Sun would takeif itsorbit was circular around the
celestial equator (average Sun).

e Successivetransitsof the“ mean sun” are 24 hourslong.
» good for time keeping (though no longer used).

— Time Zones

« Wewant timerelativeto our daytime - the Earth has
approximately 24 time zones.

« Timediffersby about 1 hour from one zoneto the next.

» Each zoneisdefine so that the apparent noon occurs at
about 12pm in each zone.

e Timein each zone called Standard Time.

— Universal Time

* S0 we have a common reference point Universal timeisthe
time zone covering Longitude 0 (Greenwich England)

o 24 hour system.



Knowing the Heavens Survey of Astrophysics 110



Knowing the Heavens Survey of Astrophysics 110



Knowing the Heavens Survey of Astrophysics 110

Sidereal Time

e Atimerdated tothestars

— Astronomer s want to know when a star (not the sun)
ISsvisible.
 Thevishbility of a star dependson its position (RA).
— Sidereal timeisbased on the position of the ver nal
equinox
see Box 2-4
* Thisisthe same starting point for RA.

» A Sidereal Day isabout 4 minutes shorter than a Mean Solar
Day (dueto therotation of the Earth round the Sun).

» sidereal clockstick at different ratesfrom normal clocks.

— Why astronomersuse Sidereal Time
o A star alwaysrisesat the same sidereal time.

 When the Sidereal time equals an objects RA the object ison
the meridian.
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Calendars

o Defining a calendar year

— Earth rotates around the Sun every 365.25 days

 Assuming ayear of 365 dayswill cause the seasonsto slowly move
out of sinc with the months.

» Leap yearsaccount for these changes.
— Sidereal year

e For the Sun toreturn to the same position as defined by the stars
(365.3564 mean solar days).

— Tropical year
 Timefor the Sun to return to vernal equinox (365.2422 days)

* Tropical year is20m24s shorter than a sidereal year (precession of
the Equinoxes)

— Leap years

» Tropical year isnot 365.25 daysthe year will lose 3 daysevery 4
centuries

« Toaccount for thisonly centuriesdivisible by 400 are leap years
(Gregory XI11). Theerror isnow 1 day every 3300 years.



