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Coordinate Systems The Horizontal System

The Horizontal System

Horizon: tangent plane of the Earth
passing through the observer

Zenith: point above the observer

Nadir: anti-podal point of the zenith

Verticals: great circles through zenith

Stars culminate on the NZS vertical

Meridian: the NZS vertical
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The Horizontal System

Altitude or Elevation a: angle from the
horizon along the vertical of the
object

Zenith distance: z= 90◦− a

Azimuth, A: clockwise angle of the
vertical of the object from the South
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Coordinate Systems The Equatorial System

The Equatorial System

Celestial Equator: intersection of
celestial sphere and equatorial plane

North/South celestial poles: poles of
the celestial equator

Declination δ : angular distance from
equator.

Right Ascension (R.A.) α : angle from
the vernal equinoxmeasured along
the equator counterclockwise

The meridian is split by the north
pole into north and south meridians
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Coordinate Systems The Equatorial System

Hour Angle and Local Sidereal Time

Hour angle: measured clockwise from
the meridian

α : R.A.
sidereal time Θ: hour angle of vernal
equinox

Θ = h+ α (for any object)

All measured in units of time:

1 hour = 15◦

1 minute = 15’ (arcminutes)
1 second = 15" (arcseconds)
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Solar vs. Sidereal Time

24h solar time = 24h 3m 56.56s sidereal
time

Orbital motion of the Earth makes stars
move faster than the Sun
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Coordinate Systems The Equatorial System

Horizontal–Equatorial Transformations

ψ = 90◦−A, θ = a
ψ ′ = 90◦−h, θ ′ = δ , χ = 90◦−φ

From the rotation transformations:

cosψ ′ cosθ ′ = cosψ cosθ
sinψ ′ cosθ ′ = sinψ cosθ cosχ + sinθ sinχ
sinθ ′ = −sinψ cosθ sinχ + sinθ cosχ

we finally get:

sinhcosδ = sinAcosa
cosh cosδ = cosAcosasinφ + sinacosφ
sinδ = −cosAcosacosφ + sinasinφ
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Coordinate Systems The Equatorial System

. . . and their inverse transformations

ψ = 90◦−h, θ = δ
ψ ′ = 90◦−A, θ ′ = a, χ = −(90◦−φ)

From the rotation transformations:

sinAcosa= sinhcosδ
cosA cosa= coshcosδ sinφ − sinδ cosφ
sina= coshcosδ cosφ + sinδ sinφ
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Coordinate Systems The Equatorial System

Transit or upper culmination of a star

The altitude a of a star is greatest when it
is on the south meridian.
Its hour angle is zero: h= 0 and the star
is at transit:
sinamax = cosδ cosφ + sinδ sinφ =
cos(φ −δ ) = sin(90◦−φ + δ )

Culmination altitude:

amax =

{

90◦−φ + δ , δ < φ culm.S
90◦ + φ −δ , δ > φ culm.N
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Coordinate Systems The Equatorial System

Altitude of a star at Transit

δ < φ −90◦, never visible at lat. φ
When h= 12h:
sinamin = −cosδ cosφ + sinδ sinφ =
−cos(δ + φ) = sin(δ + φ −90◦)
amin = δ + φ −90◦

Circumpolar stars:
δ > 90◦−φ , never set at latitude φ

Easy way to estimate δ
δ = (amin+ amax)/2 ; φ > 45◦ ,90◦−φ < δ < φ

δ = 90◦− (amax− amin)/2 ; δ >max(90◦−φ ,φ )
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Coordinate Systems The Equatorial System

Rising and Setting Times

We alread know:
sina= coshcosδ cosφ + sinδ sinφ
rising and setting times occur when
a= 0:
cosh= − tanδ tanφ
If α is known, the sidereal time can
be found:
cos(Θ−α) = − tanδ tanφ
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Coordinate Systems The Eclyptic System

Ecliptic Plane

Ecliptic: orbital plane of the Earth.

Also: the great circle on the celestial sphere described by the Sun
in the course of one year.

Cristiano Guidorzi (Università di Ferrara) 12/04/2010 16 / 22



Coordinate Systems The Eclyptic System

Vernal Equinox

Vernal Equinox

Time at which the Sun crosses the
celestial equator from Southern to
Northern hemisphere.

The Sun coordinates are
(α ,δ ) = (0,0).

The equatorial and ecliptic planes
intersect along a straight line
directed towards the vernal equinox.

Also known as γ point, used as
origin for measuring α .
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Ecliptic Coordinates

ε = 23◦26′ is the obliquity of
the ecliptic

Ecliptic longitude λ , and latitude β
λ : measured counterclockwise from
vernal equinox

β : angular distance from ecliptic

Equatorial–Ecliptic Transformations

sinλ cosβ = sinδ sinε + cosδ cosε sinα
cosλ cosβ = cosδ cosα
sinβ = sinδ cosε − cosδ sinε sinα

. . . and inverse Transformations

sinα cosδ = −sinβ sinε + cosβ cosε sinλ
cosα cosδ = cosλ cosβ
sinδ = sinβ cosε + cosβ sinε sinλ
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Coordinate Systems The Galactic System

Galactic Coordinates

The galactic longitude l is
measured counterclockwise from
the centre of the Milky Way
(α = 17h45.7m, δ = −29◦00′).

The galactic latitude b is
measured from the galactic
plane.
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Coordinate Systems The Galactic System

Galactic Coordinates

Equatorial–Galactic Transformations

Consider the spherical triangle with the following vertices:

the galactic North pole P (αP = 12h51.4m,δP = 27◦08′)

the North pole (lN = 123.0◦)

the generic star.

sin(lN− l)cosb= cosδ sin(α −αP)

cos(lN− l)cosb= −cosδ sinδP cos(α −αP)+ sinδ cosδP

sinb= cosδ cosδP cos(α −αP)+ sinδ sinδP
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