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ΔUT = UT1 – UTC   (IERS)



 

ΔT = 32.184 + ΔAT – ΔUT

ΔAT= No. of Leap seconds

ƒ(LG) ƒ(LB)

ΔUT

+ΔUT – ΔAT

ΔAT

ΔTDB

•

 

Parameters:
two argument Julian Date
convention;
Observables, as required 
e.g. UT1-UTC.

•

 

Care taken; subtract tiny
differences from smaller
argument.

3.  ASTROMETRY  TOOLS

Route Map
Routine

 

names
start iau

•

 

Epochs Julian, Besselian
EPB, EPJ, EPB2JD, EPJ2JD

B 
P
N
C

X,Y 
s,s’
ε

γ,φ,ψ
ζ ,z,θ
π ,Π

Δψ,Δε
ERA

GAST
GMST

EO
EqEq

Statistics
No. Registered users          687
No. downloads (9a)  4497 

ANSI C 2463
Fortran
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4.    T H E   M A N U A L

SOFA : Unique Visitors/Average Monthly 2008 - 2013
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Fortran & C
Versions

27 Routines

Celestial to Intermediate/ Eq

 

& Eq

 

C2I…

Celestial to Terrestrial                              C2T…

Selection from the 89 Routines

DX, DY, xp

 

yp

 

user supplied (IERS).    Use iau_TR

 

to calculate inverse matrix

ASCII and Adobe pdf

 

files, split into 
manageable sections:

Title page                         title
T&C                                   copyr
Changes                            changes
Introduction                    intro
Astronomy library          sofa_lib
Vector Matrix library     sofa_vml
Board                                board.lis

•

 

Time & date  JD

 

DTF2D
•

 

JD  date & time

 

D2DTF
•

 

Date  JDN

 

CAL2JD
•

 

JD  date, time,            JD2CAL
fraction                JDCALF

•

 

Leap seconds                  DAT
•

 

TDB –

 

TT

 

DTAB

X, Y, s
ε,ψ,ω,χ
ε,ζ ,z,θ
Δψ,Δε
M = N P B 

C = C(X+DX, Y+DY, s)

W = R3

 

(-yp

 

) R3

 

(-xp

 

) R3

 

(s’)

Q = W R3

 

(GAST)

 

M 

Q = W R3

 

(ERA) C 

CIP & CIO

precession

XYS06A, XY06
FW2M

P06E

NUT06A, NUT00A

PNM06A

C2IXYS

POM00

C2TEQX

C2T06A, C2TCIO

nutation
bias-precession-nutation

Flexible
structure

centre

Earth

Orbit

Topocentre

or

Parallax

SOFA is an IAU Division A Working Group that provides a library of 
building blocks of fundamental astronomy routines (186) in Fortran 
& ANSI C.  The SOFA library is authoritative, constructed with great 
care, practical, accessible and supported.

Transformation of 
coordinates:

Catalogue (ICRS), Astrometric (ICRS), 
Celestial Intermediate (and equator 

and equinox), Terrestrial 
Intermediate, ITRS and observed.

true apparent

direction

Aberration

ICRS α,δ, α, δ, π. r

observed az, altastrometric

 

α,δ

GCRS α,δ

CIRS α,δ

TIRS ITRS

topocentric

 

az,alt

 

or h,δ

BCRS α,δ,r

space motion

parallax

light deflection
aberration

CIRS α,δ

polar motion

refraction

bias-precession-nutation

Earth rotation angle

Adjacent 
time scales 
connected 
by 2 routines 
e.g.  
UTCUT1 
and 
UT1UTC

Sun

Earth

gravitational light deflection

Observer

light path

Bias-Precession-Nutation, Polar Motion, Earth Rotation

GCRS  CIRS† TIRS ITRS

IAU2000A / IAU 2006 (06A) GCRS Equator Equator of C
IP

Σ0

Σ
σ
CIO

N

θ ERA

TIO

GAST

=

Aries

s

EO

ϖ

Earth rotation angle, GAST and equation of the origins

P is the position of the CIP in the GCRS

P , σ  are the CIP and CIO at epoch t 

GCRS
O

Z

X
Y

N’

NN0

Σ

σ

σ0

0

P

P0

equator
at epoch t0

0 0 0

59 canonical routines delivering IAU Standards, such as 
IAU 2006 precession, IAU 2000A nutation and other IAU 
Resolutions, at for example, IAU’s

 

in 1976, 1980, 1994, 
2000, 2006.

Journees 2013 Systèmes

 

de 
référence

 

spatio-temporels

http://www.iausofa.org

Extracts from all routines with 
arguments, initial comments and 

references are listed …

Methods / Accuracy:
Rigorous methods wherever possible.  “Quick”

 

routines 
deliver better than mas precision.  A dependency on user 
choices e.g., refraction. An intermediate position can 
include light deflection from Saturn, Jupiter and the Sun 
and provide a CIRS position to within about ±2μas 

light ray

Earth

spherical atmosphere

Refraction

TIRS 

Saturn

Jupiter

Earth
Sun
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