
Jason 3 SLR range orretion estimationFlavien Merier, Alexandre CouhertNovember 8, 20161 IntrodutionThe objetive of this doument is to analyze the di�erent models used for the Jason 1,2,3 SLRretrore�etor range orretion (same hardware for the three satellites) and to propose models forthis orretion, depending on the required performane.The available orretions in the doumentations for Jason 1,2,3 may be very di�erent at someelevations, so it is neessary to do a new analysis of the SLR retrore�etor assembly, in order toestimate the preision of these di�erent orretions.Using the information available in the Jason 3 POD doument [ICD POD℄ a global model isonstruted for the SLR retrore�etor. This allows to estimate a realisti range orretion funtion.For the Jason SLR retrore�etor assembly, it is possible to ahieve a sub-millimetri preision usinga range orretion funtion of the elevation only. A polynomial expression is proposed here, with aperformane better than 2 mm at low elevation, and 0.5 mm at high elevation.This range orretion funtion is diretly ompared to the three other available orretions, thedi�erenes an reah 5 millimeters at high elevations. These orretions are also veri�ed with a SLRpost�t residuals analysis for the �rst two yles of Jason 3.2 Optial path length omputation for a orner ubeThe �gure 1 shows the geometry of the problem for one ube orner. A similar example an befound in [D. Arnold 1979℄.
O is the optial referene point (orresponding to the omplete retrore�etor array). C is theenter of the external ube orner surfae. A is the apex of the ube orner.
l1 : optial path length for the optial referene point O of the SLR re�etor assembly (vauumpropagation). This orresponds to the propagation geometry used in the orbit determination model.1



3 SLR ARRAY INFORMATION

Figure 1: Geometry desription
l2 : optial path length for the ray re�eting at the orner ube apex. This is the measurement(measured propagation time). The di�ration e�et [ILRS 2006℄ is not onsidered here. The ini-dene angle is θ and the refration angle is θr, with the relation sin θ = nφ sin θr. nφ is the refrationindex orresponding to the phase veloity at the frequeny of the signal. Using ng for the grouprefration index, the expression for l2 using geometrial optis is (see Appendix) :

l2 = l1 − d cos θ + ngd0cosθr (1)The range orretion δl to add to the measurement l2 to obtain l1 is :
δl = d cos θ − ngd0cosθr (2)3 SLR array informationThe geometry information used here is the POD doument [ICD POD℄, and in the Satellite ICD[ICD SLR℄. For the array geometry desription, we use the table of the external surfaes oordinatesavailable in the POD doument (paragraph 10.1). For the optial enter o�set relative to the2



3 SLR ARRAY INFORMATIONinstrument referene plane, the value is 23.4 mm below the interfae (this is not relevant for thearray range orretion, whih is related to the optial enter, but is needed to have the orretposition on the satellite).In addition three range orretions are given in paragraph 10.2, orresponding to the diretions0,25,50 degrees in the x0z or yOz plane of the array. The numerial values for the SLR array modelare (see the Appendix and [ICD POD℄) :
d=82.55 mm for all ubes.
α0=50 degrees, angle between the entral ube and the other ubes referene axes (normal to theexternal surfae).
α1=34 degrees, angle between two external ubes referene axes.
δl=49.5 mm for the entral ube orner orretion (0 degree zenith angle).
δl=48.9 mm for 50 degree zenith angle, this value is an average, as the orretion depends also onthe azimuth in this ase.
δl=42.9 mm for 25 degrees zenith angle (this is the point of equal ontribution of the two adjaentorner ubes in the xOz plane for example).We have no desription of the ube orner geometry (value of d0), and also no information on

ng. Assuming that the material is Suprasil quartz glass, we an use the value of ng = 1.484 whihis the value used for Saral reent analyses (532 nm) [D. Arnold 2015℄ and also in [ILRS 2006℄.Using the value of the orretion δl in the axis of the entral ube, and the orresponding distane
d, we an derive the produt ngd0 from the equation 2, and then a value for d0. The values usedfor the model are thus :
nφ = 1.461, suprasil phase index of refration (532 nm).
ng = 1.484, suprasil group index of refration (532 nm).
d0 = 22.3 mm. This value seems realisti.
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4 COMPLETE ASSEMBLY CHARACTERISTICS4 Complete assembly harateristisThe �gure 2 shows the delays δl orresponding to the re�etions on the di�erent ubes of theassembly, as a funtion of the zenith angle θ (relative to the entral ube referene diretion). Thisorresponds to the orretions for a ray loated in the plane ontaining the entral ube and twoexternal ubes (for example the xOz plane). The blue solid line orresponds to the entral ube,the green and red orrespond to the two external ubes. For single photon detetion, the highestvalue of the three urves must be used.
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Figure 2: Propagation orretion for a plane ontaining the entral ube and two external ubes,dotted lines are the di�erent orretions used for Jason 1,2 or proposed for Jason 3The symbols on �gure 2 orrespond to the delay values given in the POD doumentation[ICD POD℄. For θ=0,-50,50 degrees, this orresponds here to the referene axis of the ornerubes. For θ=-25,25 degrees this is the middle between the two orner ubes, where the delaysorresponding to both ubes are idential. What is important here is that the evolution of theorretion between these values is now desribed, even if the used model is not perfet.4



4 COMPLETE ASSEMBLY CHARACTERISTICSThe dotted lines orrespond to the di�erent orretions used : Jason 1 seond degree polynomialexpression in |θ| (urve with the peak at 0 degrees) ; Jason 2, onstant value 50.0 mm ; Jason 3,onstant value of 46.0 mm.The problem of these three orretions is that they are biased for high elevation residuals om-putations whih are important for the radial orbit performane veri�ations (zenith angle below 30degrees on the station, this orresponds to θ below 24.5 degrees). Usually, at high elevation, thenumber of measurements lose to θ=0 degrees is not very important, so the orretions of Jason 1will underestimate systematially the orretion by 3-4 millimeters, the orretion of Jason 2 willoverestimate systematially the orretion by up to 5 millimeters. The average value of 46.0 mm forJason 3 seems a good ompromise, however the true orretion maximal error is +-3 millimeters.For the higher θ angles, when the ative ube is on one external ube, there is a dependenyin azimuth. Figure 2 shows the maximum possible value (the ray is diretly in the diretion of theube at 50 degrees). Figure 3 shows the orretion orresponding to a pointing in a plane ontainingtwo external ubes and the optial enter (the angle between these ubes is 34 degrees). This meansthat the orretion at 50 degrees is in the interval 46.5 - 49.5 mm.
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Figure 3: Propagation orretion for two external ubes (green and red)
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5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTION5 Expressions for a range orretion funtionDi�erent methods are possible :
• use diretly the geometrial information to �nd the orner ube with the normal losest tothe inoming diretion, and then ompute the orretion with the formula 2,
• make a table desribing the funtion dependenies in azimuth and zenith angle,
• polynomial expression using the elevation , no azimuth dependeny.The LRA origin in the satellite frame is [ 1194.0 , 598.0 , 706.2 ℄ from [ICD POD℄.5.1 Geometrial modelThe data are :

nφ = 1.461

ng = 1.484Optial entre in LRA referene frame (millimeters) : [ 0.0 , 0.0 , -23.4 ℄Geometry Table 1: Geometry desription (millimeters)Name 1 2 3 4 5 6 7 8 9
d0 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3
d 82.5 82.6 82.6 82.6 82.6 82.6 82.6 82.6 82.6normals 0.7661 -0.7661 0.0000 0.0000 0.5417 -0.5417 0.5417 -0.5417 0.00000.0000 0.0000 0.7661 -0.7661 0.5417 0.5417 -0.5417 -0.5417 0.00000.6428 0.6427 0.6428 0.6427 0.6427 0.6427 0.6427 0.6427 1.00005.2 Tabulated modelThe data are :Optial entre in LRA referene frame (millimeters) : [ 0.0 , 0.0 , -23.4 ℄6



5.2 Tabulated model 5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTIONCorretions, to be added to the measurements, expressed in azimuth (0-360 degrees) and zenithangle (0-65 degrees) (millimeters)0 5 10 15 20 25 30 35 40 45 50 55 60 65-------------------------------------------------------------------------------------------------------0 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.25 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.010 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.515 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.620 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.325 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.330 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.635 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.540 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.045 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.250 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.055 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.560 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.665 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.370 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.375 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.680 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.585 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.090 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.295 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0100 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.5105 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6110 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3115 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3120 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6125 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5130 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0135 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2140 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0145 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5150 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6155 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3160 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3165 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6170 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5175 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0180 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2185 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0190 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5195 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6200 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3205 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3210 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6215 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5220 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0225 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2230 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0235 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5240 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6245 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3250 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3255 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6260 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.57



5.2 Tabulated model 5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTION265 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0270 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2275 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0280 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5285 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6290 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3295 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3300 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6305 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5310 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0315 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2320 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0325 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5330 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6335 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3340 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3345 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6350 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.5355 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0360 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2-------------------------------------------------------------------------------------------------------The �gure 4 shows the rows or the olumns of the table above.
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Figure 4: Corretion table, dependeny in azimuth and zenith angle8



5.3 Polynomial expression 5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTION5.3 Polynomial expressionHere the objetive is to onstrut a orretion suitable for the SLR proessing. It is important tohave a orret representation of the entral part for θ below 25 degrees (see �gure 2), and a orretorder of magnitude at lower elevations. The urrent de�nition in the POD sofware (CNES/Zoom) isa polynomial funtion of |θ|, so we generate a polynomial expression for the orretion. This meansan even polynomial (or at least no or a small �rst order term).A seond degree polynomial represents perfely the entral peak, but is very erroneous for |θ|above 30 degrees, where the ative ube is an external ube. Thus a higher order polynomial isneessary. 2 maxima and 1 minima are needed (see �gure 2), so the degree is 4 at least. The �gure5 shows the theoretial orretion for di�erent azimuth values (dotted lines for 0,5,10,15 degrees).The orretion is ommon on the entral ube, and depends on the azimuth for the ontributionof the external ubes. The polynomial orretions are of degree 4 (with or without �rst degreeoe�ient) and degree 5 (with null �rst degree oe�ient).
polynomial correction, deg. 4 (green), 4 and 5 continuous at 0 (red and light blue)
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Figure 5: Polynomial orretion, referene (blue), deg. 4 (green), 4 and 5 ontinuous at 0 (red andlight blue)A good �tting is ahieved with the degree 4 approximation, with adjusted �rst degree term, thedisontinuity at θ=0 is aeptable. The orretion has been minimized for the onstributions ofthe external orner ubes, to take into aount the di�erent orretions depending on the azimuth9



6 RESULTS ON CYCLES 0 AND 1 JASON 3(table 2). Table 2: Polynomial range orretion oe�ients, in meters, for θ in radiansDegree 0 1 2 3 44 0.0495 0.0069 -0.1243 0.2480 -0.13284 (no deg. 1) 0.0500 0.0 -0.0985 0.2131 -0.1172Better expressions are possible for an elevation dependent orretion. For example looking at�gure 5, a funtion de�ned with two seond degree poynomials, one for θ below 25 degrees (almostno error), and the other for θ above 25 degrees (maximum error 1 mm depending on the azimuth).However, in this ase, the geometrial approah desribed above is simpler and more preise (but asoftware update is probably needed).6 Results on yles 0 and 1 jason 3The di�erent orretions are tested on the �rst two yles of Jason 3. The table 3 shows the meanand rms values for the four available orretions : 2d deg. polynomial (Jason 1), 50 mm (Jason 2),46 mm (POD doumentation Jason 3), 4th deg. polynomial (present study). Two positions for theoptial enter on the satellite are tested, -23.3 mm orresponds to the POD doumentation, -20.2mm is the value from the ICD.Table 3: High elevation mean and rms values for yles 0 and 1 Jason 3, a is for POD doumentationoptial enter, b is for ICD optial enterCase Cyle 0 a Cyle 1 a Cyle 0 a Cyle 1 a Cyle 0 b Cyle 1 bopt. ent. -23.3 mm -23.3 mm -23.3 mm -23.3 mm -20.2 mm -20.2 mmbias bias rms rms rms rmsdeg. 2 -3.2 -6.0 10.0 12.5 9.6 11,750 mm 2.3 -0.9 9.5 11.1 10.3 11.146 mm -1.7 -4.9 9.4 12.1 9.3 11.4deg. 4 -0.6 -3.4 9.6 11.5 9.7 11.1For the mean values (�rst two olumns of table 3), the e�et of hanging the optial enterposition of the satellite from -23.3 mm to -20.2 mm is to hange the orresponding mean by 2.0mm. The �gure 6 shows the SLR residuals biases for the di�erent on�gurations. The two yleshave very di�erent overall bias, so it is not possible to hoose between the two optial entre o�setsvalues. 10



6 RESULTS ON CYCLES 0 AND 1 JASON 3The �gure 7 shows the rms values. The e�et of the optial entre o�set is not very importanton these rms values. The new polynomial model has a orret behaviour, almost lose to the bestrms values ahieved by the the other formulas.

Figure 6: High elevation SLR residuals biases for the di�erent on�gurations (mm)

Figure 7: High elevation SLR residuals rms for the di�erent on�gurations (mm)To have a lear distintion of the performanes of the di�erent orretion models, it is neessaryto have more data.
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8 APPENDIX7 ConlusionThe omplete estimation of the Jason 3 SLR array range orretion has been presented (withoutmodelling of the di�ration e�ets). The results are onsistent with the urrent POD doumentationvalues, and allow to onstrut a ontinuous orretion for all propagation diretions with a betterpreision than the preeding orretions used on Jason 1 and 2 (same SLR array harateristis).The tests on the �rst two yles of Jason 3 show a orret behaviour of this new orretion, butthere are not enough measurements to have a good omparison of the performanes of the di�erentorretion models.8 Appendix8.1 range orretion expressionFigure 1 shows the geometry of the problem for one ube orner, see for example [D. Arnold 1979℄.
O is the optial referene point. C is the enter of the external ube orner surfae. A is theapex of the ube orner. l1 is the optial path length for the optial referene point O (vauumpropagation). l2 is optial path length for the ray re�eting at the orner ube apex.The inidene angle is θ and the refration angle is θr, with the relation sin θ = nφ sin θr. nφ isthe refration index orresponding to the phase veloity at the frequeny of the signal. Using ngfor the group refration index, the expression for l2 using geometrial optis is :

l2 = l1 − d cos θ + ng

d0

cosθr

−
d0

cosθr

sinθrsinθ (3)The term d cos θ orresponds to a hange of the referene point to the enter of the orner ube
C. The next term is the propagation between the surfae of the ube and the apex A, with therefration index ng. The last term is the orretion for the entry point of the ray in the ube, whihhas an o�set with respet to the enter C.This an be fatorized as :

l2 = l1 − d cos θ + ng

d0

cosθr

−
d0

cosθr

sinθrsinθ

= l1 − d cos θ + ng

d0

cosθr

−
d0

cosθr

nφ sin2 θr

= l1 − d cos θ + ngd0(cosθr + ǫ)

(4)
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8.2 seond order expansion of δl for Jason 3 8 APPENDIXThe term ǫ is usually negligible. It is equal to zero for ng = nφ. Pratially (ng − nφ)/ng issmall ( 0.015 for Suprasil ), and the maximal value for θ is around 25 degrees (in the Jason 3 arrayassembly, there is always a ube orner with the inoming diretion below 25 degrees from the ubeorner axis). ǫ is below 0.004 for the de�etions to be onsidered.So the range orretion δl to add to the measurement l2 to obtain l1 an be approximated as :
δl = d cos θ − ngd0cosθr (5)8.2 seond order expansion of δl for Jason 3The numerial values found for Jason 3 are :

d0 = 22.3 mm
d = 82.55 mm
nφ = 1.461

ng = 1.484

d is longer than ngd0, and θr is smaller than θ.This means that at �rst order in θ, the orretion is equivalent to a positive bias d − ngd0 =49.5 mm. The seond order term is equivalent to −
1

2
(d−

ng

n2

φ

d0)θ
2, this oe�ient is -33.5 mm/rd2.This explains the polynomial shape of the range orretion presented in �gure 2.8.3 Optial entre loations for Jason 3For the positioning of the assembly on the spaeraft, the value is given in the referene doumen-tation [ICD POD℄ shown on �gure 8. The LRA origin in the satellite frame is [ 1194.0 , 598.0 ,706.2 ℄.
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8.3 Optial entre loations for Jason 3 8 APPENDIX

Figure 8: Optial entre loation (from [ICD POD℄)
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