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Motion of the Earth 
requirements  

•BERV : Barycentric Earth Radial velocity : 
projection of the observer velocity in the direction of 
the star.

1 cm/s

•BTLA : Barycentric Time of Light Arrival:
time arrival of the photons at the barycenter of 
Solar System.

1 s
Saturday 20 June 15



Motion of the Earth. 
requirements  

•Position at J2000 and proper motion of the star 
•Observation date (UTC)
•Geocentric position of the observer in the ITRF 
(lat,Long, h).

Saturday 20 June 15



INPOP

SOFA/ERFA

EOP

CalcEph

Obs. Coord. 
(ITRF)

Star Coord.

BERV, BTLA

Earth Orb. Param. 
(ICRF)

Obs. Geoc. Coord 
(ICRF)

BePOP

leap second

updated to 
obs. time

INPOP13c

(C, 2 700 l.)

(C, 18 000 l.)

(C, 50 000 l.)

40Mo

23Mo

10Mo

0.5Mo

0.7Mo

3Mo

Saturday 20 June 15



UT1

UTC

TAI

TT

TDB

EOP

Leap of second

Offset 32.184 s

∫ ephemeris

Universal Time 1

Universal Time 
Coordinated 

Atomic time

Terrestrial time

Planetary
solution

Earth 
Rotation Angle

Observations

theoritical Earth's
orientation (CIP)

 Barycentric 
Dynamic Time

Time Scale

Saturday 20 June 15



−1.5e−04

−1.0e−04

−5.0e−05

0.0e+00

5.0e−05

1.0e−04

1.5e−04

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Year

∆
B

E
R

V
 (

cm
/s

)

Errors with simplified CIP (nutations 2000A−>2000B)

Motion of the Earth Spin

•2000A : most accurate CIP model (1350 terms)
•2000B : degraded CIP model (80 terms)

(For LLR 2000A is needed (2cm))
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Everything seems to be 

well within 

required uncertainty values
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BePOP - newbervmain

observer at 
the surface 

on the Earth 
describing a 
circle orbit 
at uniform 

speed 
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observer at 
the surface 

on the Earth 
describing a 
circle orbit 
at uniform 

speed 

depends 
only on 

position and 
proper 

motion of 
the star

BERVMX
various corrections :   Pi=3.1415,  time from J2000 : AAAA+(M-1)/12+(J-1)/365.25, obliquity 

value, etc ...
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/*#################################################################*/46

#include$<stdio.h>47

#include$"bepop.h"48

49

int$main$($void$)50

{51

$$/*$pointer$to$a$derived$type$containing$the$parameters$of$the$model$*/52

$$typeParamBEPOP$*$ptrBEPOP$=$NULL$;$/*$must$be$initialized$at$NULL$to$avoid$errors$*/53

$$/*$structure$containing$the$output$of$BEPOP_compute$routine$*/54

$$typeOutBEPOP$resBEPOP$;55

56

$$/*$Initialisation$of$the$pointer$to$default$parameters$*/57

$$ptrBEPOP=BEPOP_initDefault(1,ptrBEPOP)$;$/*$1:$most$precise$model$(all$nutations$terms,$all$EOPs$taken$into$account)$*/58

$$BEPOP_checkInit($ptrBEPOP);$/*$checks$if$all$fields$are$consistent$(should$be$useless$when$using$BEPOP_initDefault()$routine$*/59

60

$$/*$Computes$the$quantities$used$for$the$radial$velocities$data$reductions$*/61

$$BEPOP_compute($6.31,$20.4,$0.001,#0.003,$$$$$$$$$$$$$$$$$$$$$$$$/*$source$coordinates$*/62

$$$$$$$$$$$$$$$$$2007,$5,$17,$23,$41$,$43.66$,$$$$$$$$$$$$$$$$$$$$$$$$$/*$date$and$time$*/63

$$$$$$$$$$$$$$$$$10.0,41.5,2300.4$,$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$/*$station$position$*/64

$$$$$$$$$$$$$$$$$ptrBEPOP,$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$/*$model$parameters$*/65

$$$$$$$$$$$$$$$$$&resBEPOP);$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$/*$results$$$$$$$$$$*/66

67

$$/*$Prints$the$results$*/68

$$printf("$$Barycentric$Earth$Radial$Velocity$(in$km/s)$$$$$$$$$$$$:$%10.6f\n",resBEPOP.BERV)$;69

$$printf("$$maximum$value$of$BERVMX$(in$km/s)$$$$$$$$$$$$$$$$$$$$$$:$%6.2f\n",resBEPOP.BERVMX)$;70

$$printf("$$Barycentric$Time$of$Light$Arrival,$in$julian$day$(TDB)$:$%20.12f\n",resBEPOP.BTLA)$;71

$$printf("$$Barycentric$Observer's$Velocity$(in$km/s)$$$$$$$$$$$$$$:$%10.6f\n",resBEPOP.BOV)$;72

$$printf("$$Sun#Earth$distance$(in$km)$$$$$$$$$$$$$$$$$$$$$$$$$$$$$:$%16.6f\n",resBEPOP.SED)$;73

74

75

$$ptrBEPOP=BEPOP_close(ptrBEPOP)$;$/*$close$the$pointer$and$free$memory$*/76

$$return$(0);77

}78

79
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/*#################################################################*/1

/*$License$$of$this$file$:2

$This$file$is$"triple#licensed",$you$have$to$choose$one$$of$the$three$licenses3

$below$to$apply$on$this$file.4

5

$$$$CeCILL#C6

$$$$ The$CeCILL#C$license$is$close$to$the$GNU$LGPL.7

$$$$ ($http://www.cecill.info/licences/Licence_CeCILL#C_V1#en.html$)8

9

$or$CeCILL#B10

$$$$$$$$The$CeCILL#B$license$is$close$to$the$BSD.11

$$$$$$$$(http://www.cecill.info/licences/Licence_CeCILL#B_V1#en.txt)12

13

$or$CeCILL$v2.014

$$$$$$The$CeCILL$license$is$compatible$with$the$GNU$GPL.15

$$$$$$($http://www.cecill.info/licences/Licence_CeCILL_V2#en.html$)16

17

18

This$library$is$governed$by$the$CeCILL#C,$CeCILL#B$or$the$CeCILL$license$under19

French$law$and$abiding$by$the$rules$of$distribution$of$free$software.20

You$can$$use,$modify$and/$or$redistribute$the$software$under$the$terms21

of$the$CeCILL#C,CeCILL#B$or$CeCILL$license$as$circulated$by$CEA,$CNRS$and$INRIA22

at$the$following$URL$"http://www.cecill.info".23

24

As$a$counterpart$to$the$access$to$the$source$code$and$$rights$to$copy,25

modify$and$redistribute$granted$by$the$license,$users$are$provided$only26

with$a$limited$warranty$$and$the$software's$author,$$the$holder$of$the27

economic$rights,$$and$the$successive$licensors$$have$only$$limited28

liability.29

30

In$this$respect,$the$user's$attention$is$drawn$to$the$risks$associated31

with$loading,$$using,$$modifying$and/or$developing$or$reproducing$the32

software$by$the$user$in$light$of$its$specific$status$of$free$software,33

that$may$mean$$that$it$is$complicated$to$manipulate,$$and$$that$$also34

therefore$means$$that$it$is$reserved$for$developers$$and$$experienced35

professionals$having$in#depth$computer$knowledge.$Users$are$therefore36

encouraged$to$load$and$test$the$software's$suitability$as$regards$their37

requirements$in$conditions$enabling$the$security$of$their$systems$and/or38

data$to$be$ensured$and,$$more$generally,$to$use$and$operate$it$in$the39

same$conditions$as$regards$security.40

41

The$fact$that$you$are$presently$reading$this$means$that$you$have$had42

knowledge$of$the$CeCILL#C,CeCILL#B$or$CeCILL$license$and$that$you$accept$its$terms.43

*/44

/*#################################################################*/45

46

47

#include$<stdio.h>48

49

#include$"bepop.h"50

51

BePOP   Licences

Release soon !

Saturday 20 June 15



Resolution No. TBD#1
Recommended Nominal Conversion Constants

for Selected Solar and Planetary Properties
Proposed by IAU Inter-Division A-G Working Group on Nominal Units for Stellar &

Planetary Astronomy

June 13, 2015

The XXIXth International Astronomical Union General Assembly,

Recognizing

that notably different values of the solar mass, radius, luminosity, effective tem-
perature, mean total solar irradiance, of the masses and radii of the Earth and
Jupiter, and the constant of gravitation G have been used by researchers to express
and derive fundamental stellar and planetary properties,

Noting

1. that neither the solar nor the planetary masses and radii are secularly con-
stant and that their instantaneous values are gradually being determined
more precisely through improved observational techniques and methods of
data analysis, and

2. that the common practice of expressing the stellar and planetary properties
in units of the properties of the Sun, the Earth, or Jupiter inevitably leads
to unnecessary systematic differences that are becoming apparent with the
rapidly increasing accuracy of spectroscopic, photometric, and interfero-
metric observations of stars and extrasolar planets1, and

1
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3. that the universal gravitational constant G is currently one of the least pre-
cisely determined constants, whereas the error in the product GM� is 5 or-
ders of magnitude smaller (Petit & Luzum 2010, and references therein).

Recommends

In all scientific publications in which accurate values of basic stellar or extrasolar
planetary properties are derived or quoted:

1. that whenever expressing stellar properties in the units of the solar radius,
solar luminosity, solar effective temperature, total solar irradiance, helio-
centric gravitational constant, or solar mass, that the nominal values RN

� ,
LN
� , T N

e↵�, SN
� , (GM)N

� , andM2010
� , respectively, that are by definition exact

and expressed in SI units, be used. only (chosen to be close to the current
best estimates, see below) — not as the true solar properties. Their consis-
tent use in all relevant formulas and/or model calculations will guarantee a
uniform conversion to SI units. Symbols like e.g. L� and R� should only
be used to refer to actual estimates of e.g. solar luminosity and solar radius
(with uncertainties).

2. that the same be done for expressing planetary properties in units of the
equatorial and polar radii of the Earth and Jupiter (i.e., replace with nominal
values RN

eE, RN
pE, RN

eJ, and RN
pJ, expressed in meters), and the Geocentric and

Jovian gravitational constants ((GM)N
E and (GM)N

J , respectively, expressed
in units of m3 s�2). Symbols like e.g. GME listed in the IAU 2009 system of
astronomical constants (Luzum et al. 2011) should only be used to refer to
actual estimates (with uncertainties).

3. that nominal solar conversion constants be adopted as set forth by this res-
olution, and that derived solar and planetary parameters and fundamental
constants also be adopted as listed below:

SOLAR CONVERSION CONSTANTS
1RN
� = 6.9566 ⇥ 108 m

1SN
� = 1361 W m�2

1LN
� = 3.828 ⇥ 1026 W

1T N
e↵� = 5772 K

1(GM)N
� = 1.3271244 ⇥ 1020 m3s�2

1M2010
� = 1.988547 ⇥ 1030 kg

2
PLANETARY CONVERSION CONSTANTS

1RN
eE = 6.3781366 ⇥ 106 m

1RN
pE = 6.3567519 ⇥ 106 m

1RN
eJ = 7.1492 ⇥ 107 m

1RN
pJ = 6.6854 ⇥ 107 m

1 (GM)N
E = 3.986004 ⇥ 108 m3 s�2

1 (GM)N
J = 1.2668653 ⇥ 1011 m3 s�2

which will ensure that the numerical constants in all relevant formulas used
in the analyses become either exact, or that their uncertainty depends on the
current uncertainty of a single physical constant (Harmanec & Prša 2011).

4. that if masses are explicitly needed, they be expressed in units ofM2010
� and

derived using the above fixed value of the (GM)N
� product and adopting the

2010 CODATA value of the gravitational constant,

G

2010 = 6.67384 (±0.00080) ⇥ 10�11 m3 kg�1 s�2

(Mohr, Taylor, & Newell 2012). In this way, once a more precise value of
G

new becomes available, the stellar masses can be easily recomputed as:

M

Mnew
�
=

M

M2010
�

G

new

G

2010

without the need for repeated orbital solutions.

5. that if nominal volumes are needed, that a nominal Earth volume be derived
as 4 ⇡RN

eE
2 RN

pE/3, and nominal Jupiter volume as 4 ⇡RN
eJ

2 RN
pJ/3.

Explanation of the role of (GM)N
�

The need for increased accuracy has led to a requirement to distinguish be-
tween Barycentric Coordinated Time (TCB) and Barycentric Dynamical Time
(TDB). However, within the limits of current accuracy of the universal gravita-
tional constant G

2010, the recommended value ofM2010
� is exactly the same when

using either the TCB- or TDB-compatible values of the GM product. For this
reason it is suggested to adopt the (GM)N

� value as an exact number, given with a
precision within which its TCB and TDB values agree. This precision is consid-
ered to be sufficient for most applications in stellar and exoplanetary research for
the forseeable future.

3
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