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* Again, like the Greeks, we can pretend that the Ear  th, our observing

‘platform’, is fixed at the centre of the sphere, a  nd that the sky or celestial
sphere rotates about it.

» For these purposes, we're quite happy assuming an A ristotlian
(geocentric) universe!
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Ll JSE ON-euclidec geome 0 DNherica
triangles

« 2 anglesin a spherical triangle is > 180°

Definitions:

1. Circle: any planar intersection (slice) of a
sphere

2. Great Circle: planar section which passes
through the centre of a sphere

3. Small circle: planar section NOT passing
through the centre

4. An axis of a great circle is the diameter
perpendicular to the plane of the circle

5. Poles are where an axis intersects a

sphere
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¢,

NORTH POLE

— Latitude (measuring North-South)

» Small circles: parallels of
latitude

— Longitude (measuring East-West)

» Great circles: all pass
through poles

S0OUTH POLE
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Or segment of a grea cle,
IS a geodesic : the shortest s
distance between two points = A

on a sphere '-

* Unlike a planar triangle, the
sum of the angles of a
spherical triangle can vary:

180° < sum of angles < 540°

=Y
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— The Sine rule:
sina = sinb = sinc
sin A sin B sin C

— The Cosine rule:
cosa=cosbhcosc+sinbsinccosA
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zenith
|

(‘straight up’)
Nadir : ‘straight down’

Meridian : the great circle which passes
through the poles, zenith & nadir

Note: if you are on of the Earth’s poles,
the equivalent celestial pole is at the
zenith and the equator runs around the hotizor
horizon
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ODpjects measured by two coordinates:

Altitude (or elevation): angular measure along Te— 5 AZIMUTH
great circle from horizon to zenith (0° to 90°) HORIZONTAL PLANE
Azimuth : angular measure from North cardinal —— : _
point along horizon to the where the altitude Zenith distance is also sometimes
great circle intersects the horizon. Usually used (e.g. when dealing with
measured from North to East (0° to 360°), refraction in the atmosphere).
although there are other conventions
sometimes used. Zenith distance® = (90 - altitude®)
Because celestial object move across the sky (rise in the east; set in the west)

due to the Earth’s rotation, Altitude & Azimuth gen erally both change with time (and
position on the Earth). [An exception, for altitude, would be where ?]
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J in the ‘local equatorial system’, or,

2. Right Ascension ( R.A. or a) & Declination
in the ‘general equatorial system’)

Definitions:

Declination ( d): angular measure along a great
circle from celestial equator to [i)]ole (0°to
+90°). [Like latitude on the Earth]

Hour Angle (HA) : angular measure from the north
fo where a %reat circle passing through the
object and the celestial poles Intersects the
equator. Measured in either hours west (+) or
east (-) of the north part of the meridian, or
sometimes in degree west of north (0° to 360°).
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NORTH CELESTIAL POLE

SOUTH CELESTIAL POLE

Right Ascension (_a): Like Hour
Angle, but measured east from a

point on the equator called the  First

Point of Aries (or Vernal Equinox or
Spring Equinox), abbreviated as
[like longitude on Earth]

v
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» Declination and Right Ascension are essentially fix ed for most
objects, like latitude and longitude are fixed for geographical
positions on Earth

» Exceptions to the above are for:
— Precession and nutation (wobbling of Earth’s spin ax S)

— Motion of nearby objects, e.g. solar system objects , Or even
nearby stars

* Hour Angle is dependent on observers location, sinc e it refers to the
local meridian
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hiot o scale

mation around the sun
If ohe [zideral] day

 The mean solar day (defined by the time it takes th e Sun to reappear at the same
position on the sky) is ~4 minutes shorter than the mean sidereal day, defined as
when a star returns to the same position it was see  n at the previous day.
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Point of Aries or Vernal Equinox — to make one rotat  ion across the sky, not a star

— Due to the precession of the Earth’s axis, the posi  tion of the Vernal Equinox (where the
Sun crosses the equator) drifts ~50 arcsec per year

— A sidereal day is therefore 0.009 seconds shortert  han the true rotation period of the Earth

* Another way of looking at this is that because of t he motion of the Earth
around the Sun, an extra Sidereal Day is produced e ach year.

A normal year (from Earth’s rotation) consists of ~ 365.25 Solar days and
366.25 Sidereal Days

— 1 Sidereal Day = 365.5/366.25 Solar Days = 0.9973 S olar Day = 0.9973 x 24 hours = 23 hours
56 mins 04 sec

» Relative to the stars, the Sun moves 360° in 365.25 days, or a bit less that
a degree/day. In R.A., this is ~4 minutes a day (av erage).
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depends on the longitude o
the location, hence ‘local’

The start of a new sidereal day (0
hours O min O sec) iswhen Y
crosses the meridian.

Y'is the ‘zero point’ of R.A.
coordinate

For a star on the meridian:
LST = R.A. of star

Once you have LST (e.g. from a
clock or time tables) and R.A. (from
a catalogue), you can locate an
object in the sky from its H.A.
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et

* ¢ = latitude; A = azimuth; a = altitude; H = Hour Ang le; & = Declination; q =
parallactic angle
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IN((Y0 - A SIN(90 — a

=
sSinA = - sinH cos o
COS a
Similar expressions can be derived for the
inverse transformations (H & ofroma & A
ora &ofromLST,a&A)
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* Instead it follows a great circle called the  ecliptic
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— Origin of the coordinate systemis Y (First Point of Aries, or Vernal Equinox)
— Coordinate are measured in terms of:

» ecliptic longitude _ (A): measured east from Y

» ecliptic latitude _ (B): measured from ecliptic to poles (-90° to +90°)
— The ecliptic and equator intersect at the equinox nodes

» “ascending node”: when Sun moves from S to N at Y(A=0°%R.A.=0h)

» also known as Vernal or Spring Equinox
“descending node”: when Sun moves from N to S at 2 (A=180° R.A. =12 h)
» also know as Autumnal Equinox
At the equinoxes: length of day & night are equal
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« Similar to all the previous systems
discussed

» Galacticcentreisatl =b=0°
(R.A. =17h 46m Dec = -28° 46’)

G South

Galactic

Fale
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