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ABSTRACT

Aims. We presentphysicalmodelsof tenasteroidsobtainedby meansof lightcurve inversion.A substantialpartof thephotometricdatawas
observedby amateurastronomers.We emphasizetheimportanceof a coordinatednetwork of observersthatwill beof extremeimportancefor
futureall-sky asteroidphotometricsurveys.
Methods. Thelightcurve inversionmethodwasusedto derive spinstatesandshapemodelsof theasteroids.
Results. Wederivedspinstatesandshapemodelfor tennew asteroids.This increasesthenumberof asteroidmodelsup to nearlyonehundred.
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1. Intr oduction

The lightcurve inversionmethodhasbecomea standardtool
for asteroidshapeandspinstatedetermination(Kaasalainen&
Torppa2001;Kaasalainenet al. 2001,2002a).Convex mod-
els are a good representationof real shapesof asteroids,as
hasbeenprovenby groundtruthsfrom, e.g.,Kaasalainenet al.
(2001,2005);Marchisetal. (2006).Slightly lessthanonehun-
dred asteroidmodelshave beenderived so far (Kaasalainen
et al. 2002c,2004; Torppaet al. 2003). However, the num-
ber of asteroidmodels increasesslowly, mainly due to the
fact that at leastthreewell coveredapparitionsarenecessary
for a main-beltasteroidto bemodelled.TheUppsalaAsteroid
PhotometricCatalogue(UAPC,Lagerkvistet al. (2001))– the
main sourceof asteroidphotometricdata– hasbeenalready
exploited andall well-observedasteroidsweremodelled.The
UAPC still containsvaluablephotometricdataof many aster-
oids but the amountof the datais not su� cient for a unique
physicalmodel.For many suchtargets,observationsfrom only
one more apparitionare su� cient for a model,and many of
thosetargetsarewithin thereachof amateurastronomers.

We presentnew observationsand physicalmodelsof as-
teroids110 Lydia, 125 Liberatrix, 130 Elektra,165 Loreley,
196 Philomela,218 Bianca, 306 Unitas, 423 Diotima, 776
Berbericia,and 944 Hidalgo. In the last section,we discuss
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the possibility of combiningtheordinarylightcurveswith the
sparsephotometricdatathatwill beavailablefrom all-sky pho-
tometricsurveys in thenearfuture.

2. Obser vations

In orderto derive uniquespin statesolutionsandshapemod-
elswecombinedphotometricdatapublishedin theUAPCwith
the new observationsthat werecarriedout by a large number
of both amateurandpro� esionalobservers.Somelightcurves
from the UAPC that were too noisy, consistedof only a few
points,or wereclearly wrong,werenot includedin the anal-
ysis. All the new observationsarelisted in Table3. For each
lightcurve, there is the date of observation, aspectdata,as-
teroid's ecliptic coordinatesand the codenumberof the ob-
servatory. This numberrefers to Table 1 where information
aboutobserversand telescopesis listed. All photometricob-
servations were treatedas relative and we useda combina-
tion of theLommel-SeeligerandLambertlight-scatteringlaws
(Kaasalainenet al. 2002a)asourscatteringmodel.

We do not present all the lightcurves in a graphical
form but select only tree representative lightcurves for
eachasteroid.Most of the lightcurves can be found at the
Collaborative Asteroid Lightcurve Link (http://www.
MinorPlanetObserv er .c om/astlc /d efa ul t. htm) or at
http://obswww.uni ge.c h/~ behrend/pa ge cou.html .
There is not enoughroom for full report of observed data.
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Table1. Thelist of observatoriesandtelescopes,D is thetelescopeaperturediameter.

code observingsite D [cm] observers
1 BlauvacObservatory, France 31 R. Roy
2 Borowiec Station,PoznanObservatory, Poland 40 A. Marciniak,R. Hirsch,K. Kaminski,

M. Fagas,T. Micha�owski, T. Kwiatkowski
3 CarbuncleHill Observatory, RhodeIsland,USA 35 D. Pray
4 EganObservatory, Florida,USA 40 M. Fauerbach
5 Observatori AstronomicdeConsell,Mallorca A. Lopez,R. Pacheco
7 Ond�rejov Observatory, CzechRepublic 65 M. Wolf, J. �Durech
8 Ostrowik, Poland 60 W. Pych
9 PicduMidi, France 105 T. Micha�owski, J.Berthier

11 SantanaObservatory, CA, USA 35 R. Stephens
12 Shedof ScienceObservatory, Minneapolis,USA 25 R. Durkee
13 PicdeChateau-RenardObservatory, France 62 S.Fauvaud,G. Santacana
14 Waterlooville, Hampshire,England 25 R. Dymock
15 Whitin Observatory, Massachusetts,USA 61 S.Slivan,M. Frey
16 Mt TaranaObservatory, Bathurst,Australia 40 C. Bembrick
17 Craigie,Australia 25 G. Bolt
18 PleasantPlains,Illinois, USA 35 F. Pilcher, D. Jardine
19 R. Poncy
20 LinhaceiraObservatory, Portugal R. Goncalves
21 StazioneAstronomicadi Sozzago,Italy R. Crippa,F. Manzini
22 VintageLaneObservatory, Blenheim,New Zeland 30 B. Allen
23 UK? M. Crow
24 AntelopeHills Observatory 25 R. Ko�
25 LesEngarouinesObservatory, France L. Bernasconi
26 GoatMountainAstronomicalResearchStation,USA 35 R. Stephens

Internetdatabaseswill betheonly possibilityof datapresenta-
tion afterPan-STARRSandothersurveysstart.

3. Models

The spin solutions and shapemodels were derived using
the lightcurve inversionmethoddevelopedby Kaasalainen&
Torppa(2001);Kaasalainenet al. (2001).Thespinaxisdirec-
tion in J2000eclipticcoordinates� p; � p andtherotationPeriod
P for eachasteroidare listed in Table 2. In the caseof the
lightcurve inversionthe systematicerrors in lightcurves and
model errorsdominateover the observational noise.Thus it
is pointlessto reporterror estimationsderivedfrom statistical
tools(for examplecon�dencelimits basedon � 2 distribution).
A good estimationof a typical error in the pole direction is
about5� of arc. The accuracy of the perioddeterminationis
of the orderof the last unit digit of the periodvaluegiven in
Table2. For moredetaileddiscussionof error estimationsee
Torppaet al. (2003).

In Figs.1 to 20weplot thetheshapemodelof eachasteroid
viewedfrom theplaneof its equator(two views90� apart)and
pole-onand the correspondinglightcurve �t. In somecases,
thearetwo possiblepolesolutionswith theecliptic longitudes
� about180� apartandwith similar valuesof the pole eclip-
tic latitude� . This ambiguity is inevitable for disk-integrated
measurementsof objectsorbitingneartheplaneof ecliptic(see
Kaasalainen& Lamberg 2006).Due to the fact that we used
only relativephotometry, thedimensionsalongtherotationaxis
arenotwell constrained.Thepole-onsilhouettesareverygood
approximationsof asteroidsrealshapeswhereasthesilhouettes

viewedfrom theequatorialplanecanbesigni�cantly stretched
or squeezedalongthe rotationaxis.The principal axis of the
inertiatensor(assuminguniform density)correspondingto the
maximummomentof inertia is very closeto the rotationaxis
for everymodel.

The models together with the spin vector solutions
are available at http://astro.tro ja .mff. cuni. cz/
projects/asteroid s3D.

110 Lydia Lightcurveamplitudesdo not exceed0.2mag.The
shapeis �at with a regular pole-onsilhouette.Thereare two
polesolutions.

125 Liberatrix Therotationaxisis almostperpendicularto the
planeof ecliptic andtheorbit is closeto theecliptic (for most
lightcurvesj� j � 5� ). Liberatrix hasbeenseenequator-on all
the time andthe lightcurveshardly changefrom oneopposi-
tion to another, they havethesameamplitude0.4mag.Relative
lightcurvesandtherestrictedgeometrydonotallow usto con-
strain the dimensionalong the rotation axis accurately– the
shapemodelcanbemoreor lessstretchedalongthis axisand
thelightcurve �ts remainalmostthesame.

130 Elektra Lightcurves of Elektra are typical double si-
nusoidal, the shapeis regular and elongated.Although the
rotation axis is perpendicularto the plain of ecliptic, the
viewing/illumination geometryis not restrictedto equatorial
view/illumination (contraryto thepreviouscaseof Liberatrix)
dueto thehighecliptic longitudesElektrareached(� 35� < � <
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Table 2. Thetablelists theecliptic coordinatesof asteroid's spinaxisdirection(� p; � p), its siderealrotationperiodP, thespanof observations
in years,theumberof oppositionsNopp, thenumberof lightcurvesNlc, andthermsresidualof the�t.

Asteroid � p � p P yearsof obs. Nopp Nlc rms
[deg] [deg] [hr] [mag]

110Lydia 331 � 61 10.92580 1958–2003 4 26 0.011
149 � 55

125Liberatrix 280 +74 3.968199 1981–2005 7 34 0.024
95 +68

130Elektra 65 � 88 5.224664 1980–2003 10 52 0.013
165Loreley 346 +29 7.22667 1981–2006 6 29 0.015
196Philomela 276 � 49 8.332827 1964–2005 8 27 0.013

111 � 41
218Bianca 305 +17 6.33717 1979–2005 10 50 0.015

121 � 10
306Unitas 79 � 35 8.73875 1979–2003 5 15 0.015

254 � 18
423Diotima 351 +4 4.775377 1981–2006 10 36 0.019
776Berbericia 347 +12 7.66701 1977–2006 8 36 0.012
944Hidalgo 281 +5 10.058634 1976–2004 4 14 0.013

25� ). Althoughthepoledirectionreportedin Table2 givesthe
best�t to thedata,thereis a secondpolesolution(241� ; � 33� )
that givesonly a slightly worse�t andcannotbe completely
ruledout.

165 Loreley The shape model has many �at areas, the
lightcurves have small amplitudeof 0.2mag at most and a
complicatedstructure.Thepoledirectionsolution(346� ; +29� )
is clearly the best one but there is the second solution
(165� ; +15� ) giving only a slightly worse�t.

196 Philomela The shapemodel is asymmetricandsmooth,
thegeometryvariesa lot, lightcurvesvary from almost�at to
thosewith amplitudesup to 0.4mag.

218 Bianca Therearetwo polesolutionscorrespondingto al-
mostthesamespinaxiswith progradeandretrogradesenseof
rotation.Theshapeis asymmetric.

306 Unitas The shapeis regular, lightcurvesexhibit typical
two extremaperrotation.

423 Diotima The lightcurves vary a lot – someare almost
�at and othersexhibit 0.2mag deepminima. From the pho-
tometricdatawe obtainedtwo solutionsfor thepoledirection:
(349� ; +3� ) and(173� ; +34� ). But only the �rst oneis consis-
tentwith theadaptive opticsimageobtainedby Marchiset al.
(2006).

776 Berbericia Lightcurves are very di� erent for di� erent
apparitions– sometimesthereis only one maximumper pe-
riod. Thecorrespondingshapemodelis asymmetricwith sharp
edges.

944 Hidalgo Although our model is based on only 14
lightcurvesfrom threeoppositions,thepoleandperiodsolution
is unique.Theshapemodelhasverylarge�at areasanda`rect-
angular' pole-onsilhouette,which arestrongindicationsof a
highly nonconvex shape(Kaasalainenet al. 2002b; �Durech&
Kaasalainen2003).Also thesharpminimaof somelightcurves
supporttheideaof a two-lobedshape.

4. Future work

The numberof asteroidmodelsavailableso far is very small
whencomparedwith thewholeasteroidpopulation.Theclas-
sical approachof observingselectedtarget (or a few targets)
duringthenight in orderto denselycover thelightcurve in the
rotationphaseis timeconsuming.Thenumberof asteroidswith
enoughobservationsto derive a model increasesonly slowly.
Thesituationis goingto changein thenearfuturewith theas-
teroidphotometricsurveys (for examplePan-STARRS).It has
beenshown (seeKaasalainen2004; �Durechetal.2006)thatas-
teroidmodelscanbederivedfrom calibratedphotometricmea-
surementssparsein time. This kind of datawill be provided
by futurephotometricsurveys – insteadof tensof lightcurves
coveringseveral apparitionswe will have typically a hundred
or moreindividual brightnessmeasurementsspreadover sev-
eral years.A di� culty that appearswhen analyzingsparse
datais that the rotation period of an asteroidis not `visible'
from the dataas it is in the caseof an ordinarywell-covered
lightcurve. Thus a very wide interval of all possibleperiods
mustbe denselyscannedfor the correctvalue.The time con-
sumingprocessof periodsearchcanbespedupdramaticallyby
addingjustoneordinarylightcurvethatconstrainsthesearchto
a narrow interval of periods.

more...

Acknowledgements.This work wassupported,in part,by CIMO and
theAcademyof Finland.Theobservationscarriedoutat theBorowiec
Stationweresupportedby PolishGrant1 P03D02027.



4 J. �Durechet al.: Physicalmodelsof tenasteroidsfrom observerscollaborationnetwork

Table3. Aspectdatafor new observationof themodelledasteroids.Thetablelistsasteroiddistancefrom theSunr, from theEarth� , thesolar
phaseangle� , andtheeclipticalcoordinatesof theasteroid(�; � ).

date r � � � � obs.
[AU] [AU] [deg] [deg] [deg] code

110Lydia
20031202.2 2.642 1.757 11.6 37.0 � 1:3 3
20031213.1 2.651 1.857 15.1 35.9 � 0:9 3
20031221.2 2.657 1.947 17.2 35.7 � 0:6 3
20031222.0 2.658 1.957 17.4 35.7 � 0:6 3
20031223.1 2.659 1.969 17.6 35.7 � 0:5 3
20031226.1 2.661 2.007 18.3 35.8 � 0:4 3
20031227.1 2.662 2.018 18.5 35.8 � 0:4 3
20031228.0 2.663 2.029 18.6 35.8 � 0:4 3
20031229.1 2.663 2.042 18.8 35.9 � 0:3 3
20031230.0 2.664 2.055 19.0 35.9 � 0:3 3
20031212.2 2.650 1.848 14.9 36.0 � 0:9 11
20031217.2 2.654 1.901 16.3 35.8 � 0:7 11
20031219.2 2.656 1.923 16.8 35.7 � 0:7 11
20031222.2 2.658 1.958 17.5 35.7 � 0:6 11

125Liberatrix
20041213.0 2.818 2.278 18.7 14.7 � 4:0 4
20041213.1 2.818 2.279 18.7 14.7 � 4:0 4
20041215.0 2.820 2.305 18.9 14.9 � 4:0 4
20041228.0 2.830 2.489 20.0 16.4 � 3:9 4
20041228.1 2.830 2.490 20.0 16.4 � 3:9 4
20040908.0 2.740 1.907 14.2 27.5 � 2:7 7
20041008.0 2.765 1.773 3.0 22.3 � 3:7 7
20041230.7 2.832 2.529 20.1 16.9 � 3:9 7
20050113.8 2.842 2.734 20.2 19.6 � 3:7 7
20041110.1 2.792 1.905 11.0 15.7 � 4:2 15

130Elektra
20031021.8 2.503 1.701 16.4 59.4 � 34:4 16/17
20031023.7 2.505 1.694 16.1 59.1 � 34:7 16/17
20031024.7 2.506 1.690 15.9 58.9 � 34:8 16/17
20031029.7 2.511 1.676 15.0 58.0 � 35:4 16/17
20031114.5 2.528 1.662 13.4 54.5 � 36:2 16/17
20031115.6 2.530 1.663 13.4 54.2 � 36:2 16/17
20031119.5 2.534 1.669 13.4 53.3 � 36:2 16/17
20031127.6 2.544 1.692 13.8 51.5 � 35:8 16/17
20031129.6 2.547 1.700 14.0 51.0 � 35:6 16/17

165Loreley
20040928.3 3.064 2.102 6.3 17.7 15:6 12
20041009.2 3.073 2.100 5.1 15.4 15:8 12
20041009.3 3.073 2.100 5.1 15.4 15:8 12
20041023.9 2.778 1.799 4.5 18.8 � 4:0 1
20041105.9 2.789 1.872 9.5 16.4 � 4:1 1
20041106.9 2.790 1.880 9.9 16.2 � 4:1 1
20041110.0 2.792 1.904 10.9 15.8 � 4:2 1
20041110.9 2.793 1.912 11.3 15.6 � 4:2 1
20060115.2 3.365 2.482 8.6 84.8 7:6 18
20060126.3 3.368 2.581 11.5 83.5 6:9 18
20060126.2 3.368 2.579 11.5 83.5 6:9 18

196Philomela
20031116.3 3.182 2.279 8.6 82.1 0:2 3
20031122.3 3.183 2.244 6.6 81.1 0:3 3
20031123.4 3.183 2.238 6.2 80.9 0:4 3
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Table3. continued

date r � � � � obs.
[AU] [AU] [deg] [deg] [deg] code

20050301.9 3.152 2.182 4.5 151.5 10:4 19
20050302.8 3.152 2.184 4.7 151.3 10:4 19
20050304.9 3.151 2.189 5.3 150.9 10:4 19
20050306.9 3.151 2.195 5.9 150.5 10:4 19
20060505.0 3.061 2.068 4.1 236.2 3:7 20
20060507.0 3.060 2.062 3.4 235.8 3:7 20
20060505.1 3.061 2.068 4.0 236.1 3:7 20
20060519.0 3.059 2.050 1.8 233.4 3:3 20
20060519.0 3.059 2.050 1.8 233.4 3:3 20
20060512.0 3.060 2.052 1.7 234.8 3:5 21

218Bianca
19960119.1 2.676 1.776 10.4 144.5 � 13:7 9
19960318.9 2.605 1.818 16.2 132.4 � 8:5 8
19970514.0 2.396 1.632 19.2 280.7 22:7 2
19970517.0 2.398 1.609 18.5 280.6 23:0 2
19970519.0 2.399 1.595 18.1 280.5 23:2 2
19970606.0 2.411 1.498 13.4 278.4 24:8 2
19970607.0 2.412 1.494 13.1 278.2 24:8 2
19970607.9 2.412 1.491 12.9 278.0 24:9 2
20000322.8 2.756 2.467 21.1 98.6 � 13:3 2
20000323.8 2.755 2.479 21.1 98.8 � 13:2 2
20010302.1 2.384 1.779 22.0 225.2 11:1 2
20010306.1 2.382 1.734 21.3 225.6 11:7 2
20010307.1 2.381 1.723 21.1 225.6 11:9 2
20010401.1 2.369 1.494 14.7 225.3 16:0 2
20010403.0 2.368 1.481 14.1 225.1 16:4 2
20031213.9 2.949 2.026 8.0 70.5 � 22:3 5
20031215.9 2.949 2.031 8.4 70.1 � 22:3 5
20031216.9 2.948 2.034 8.5 69.8 � 22:3 5
20031217.8 2.948 2.037 8.7 69.6 � 22:2 5
20031220.8 2.946 2.048 9.4 68.9 � 22:1 5
20040110.8 2.935 2.183 14.4 65.6 � 20:7 5
20040114.8 2.932 2.219 15.3 65.2 � 20:3 5
20040117.8 2.931 2.248 15.9 65.1 � 20:0 5
20050117.1 2.546 1.925 19.8 178.4 � 4:4 2
20050202.0 2.527 1.736 16.1 178.5 � 3:4 2
20050207.1 2.521 1.684 14.5 178.1 � 3:0 2
20050209.1 2.519 1.665 13.8 177.9 � 2:8 2
20050311.6 2.485 1.491 0.4 172.0 0:3 16/22
20050312.6 2.484 1.490 0.2 171.8 0:4 16/22
20050313.6 2.483 1.489 0.6 171.5 0:5 16/22
20050313.6 2.482 1.489 0.7 171.5 0:5 16/22
20050326.5 2.469 1.499 7.0 168.4 2:0 16/22
20050331.5 2.464 1.515 9.4 167.3 2:5 16/22
20050403.4 2.461 1.527 10.7 166.8 2:8 16/22
20050416.9 2.447 1.609 16.0 164.9 4:1 23
20050418.9 2.445 1.624 16.7 164.7 4:2 23
20050419.9 2.444 1.632 17.0 164.6 4:3 23
20050406.9 2.457 1.545 12.1 166.1 3:2 23
20050410.9 2.453 1.568 13.8 165.5 3:5 23
20050208.4 2.520 1.671 14.1 178.0 � 2:9 4
20050211.4 2.516 1.643 13.0 177.6 � 2:6 4
20050212.2 2.515 1.636 12.7 177.5 � 2:5 4
20050330.1 2.465 1.510 8.7 167.6 2:4 4
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Table3. continued

date r � � � � obs.
[AU] [AU] [deg] [deg] [deg] code

20050405.1 2.459 1.535 11.4 166.5 3:0 4
20050406.1 2.458 1.540 11.8 166.3 3:1 4

306Unitas
20030309.2 2.700 1.849 13.2 129.8 0:2 24
20030310.2 2.699 1.857 13.5 129.6 0:2 24
20030401.1 2.689 2.077 19.3 128.4 0:9 24
20030410.2 2.684 2.184 20.7 128.8 1:2 24

423Diotima
20031016.1 3.078 2.111 5.5 11.6 � 13:5 13
20031017.0 3.078 2.113 5.7 11.5 � 13:4 13
20041207.1 3.189 2.237 5.4 92.4 4:9 4
20041207.3 3.189 2.236 5.3 92.3 4:9 4
20041213.2 3.190 2.218 3.4 91.1 5:2 4
20041213.4 3.190 2.218 3.3 91.1 5:2 4
20050112.8 3.191 2.291 8.4 85.0 6:4 14
20050113.0 3.191 2.291 8.5 85.0 6:4 14
20050131.8 3.191 2.461 13.6 82.9 6:7 2
20050221.9 3.191 2.720 17.0 82.9 6:7 2
20050320.8 3.190 3.099 18.1 86.2 6:7 2
20060117.1 3.124 2.477 15.3 172.4 14:2 2
20060228.1 3.109 2.152 5.7 167.2 16:3 2
20060309.1 3.106 2.141 5.2 165.3 16:3 2
20060313.0 3.105 2.144 5.7 164.5 16:3 2

776Berbericia
20031124.3 2.673 1.863 14.5 104.0 4:4 3
20031126.2 2.676 1.848 13.9 103.8 4:7 3
20040210.8 2.796 2.078 16.1 90.2 11:2 5
20040212.8 2.799 2.102 16.6 90.2 11:2 5
20040213.8 2.801 2.115 16.8 90.2 11:2 5
20040215.9 2.804 2.141 17.2 90.2 11:3 5
20040219.9 2.811 2.194 17.9 90.2 11:3 5
20040223.9 2.817 2.249 18.5 90.4 11:4 5
20040228.9 2.826 2.319 19.1 90.7 11:4 5
20050215.1 3.309 2.529 12.0 184.5 24:1 21
20050219.1 3.313 2.500 11.2 184.0 24:4 21
20050312.0 3.330 2.412 7.7 180.0 25:3 25
20050313.0 3.331 2.411 7.6 179.8 25:4 25
20050509.9 3.370 2.759 15.2 171.0 21:6 2
20060614.2 3.276 2.335 8.0 237.3 6:8 11
20060615.2 3.275 2.340 8.3 237.1 6:7 11
20060616.2 3.274 2.345 8.6 237.0 6:6 11
20060618.2 3.272 2.357 9.1 236.6 6:4 26
20060619.2 3.271 2.363 9.4 236.5 6:4 11
20060620.2 3.270 2.369 9.7 236.3 6:3 11

944Hidalgo
20041014.3 2.184 1.240 11.2 40.6 16:3 24
20041017.3 2.171 1.221 10.6 39.8 17:8 24
20041018.3 2.166 1.215 10.4 39.5 18:4 24
20041021.4 2.153 1.200 10.2 38.7 20:0 24
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Fig.1. Theshapemodelof 110Lydia.Therearetwo equatorialviews 90� apart(the�rst two �gures) anda pole-onview (thethird plot).
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Fig.2.Observeddata(points)andthemodelledbrightness(dashedcurve) for threerepresentative lightcurvesof 110Lydia.Theplotscoverone
rotationcycle, thebrightnessis givenin relative intensityunits.Theviewing/illumination geometryis givenby theaspectangleof theEarth�
andof theSun� 0 andby thesolarphaseangle�

Fig.3. Theshapemodelof 125Liberatrix.Theviewing geometryis thesameasin Fig.1
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Fig.4. Lightcurvesandthecorresponding�ts for 125Liberatrix.

Fig.5. Theshapemodelof 130Elektra.Theviewing geometryis thesameasin Fig.1
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Fig.6. Lightcurvesandthecorresponding�ts for 130Elektra.
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Fig.7. Theshapemodelof 165Loreley. Theviewing geometryis thesameasin Fig.1
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Fig.8. Lightcurvesandthecorresponding�ts for 165Loreley.

Fig.9. Theshapemodelof 196Philomela.Theviewing geometryis thesameasin Fig.1
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Fig.10.Lightcurvesandthecorresponding�ts for 196Philomela.

Fig.11.Theshapemodelof 218Bianca.Theviewing geometryis thesameasin Fig.1
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Fig.12.Lightcurvesandthecorresponding�ts for 218Bianca.
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Fig.13.Theshapemodelof 306Unitas.Theviewing geometryis thesameasin Fig.1
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Fig.14.Lightcurvesandthecorresponding�ts for 306Unitas.

Fig.15.Theshapemodelof 423Diotima.Theviewing geometryis thesameasin Fig.1
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Fig.16.Lightcurvesandthecorresponding�ts for 423Diotima.

Fig.17.Theshapemodelof 776Berbericia.Theviewing geometryis thesameasin Fig.1
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Fig.18.Lightcurvesandthecorresponding�ts for 776Berbericia.
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Fig.19.Theshapemodelof 944Hidalgo.Theviewing geometryis thesameasin Fig.1
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Fig.20.Lightcurvesandthecorresponding�ts for 944Hidalgo.



14 J. �Durechet al.: Physicalmodelsof tenasteroidsfrom observerscollaborationnetwork

References

�Durech,J.& Kaasalainen,M. 2003,A&A, 404,709
�Durech,J.,Grav, T., Jedicke,R.,Kaasalainen,M., & Denneau,L. 2006,Earth,Moon,andPlanets
Kaasalainen,M. 2004,A&A, 422,L39
Kaasalainen,M. & Lamberg, L. 2006,InverseProblems,22,749
Kaasalainen,M., Mottola, S., & Fulchignomi,M. 2002a,in AsteroidsIII, ed.W. F. Bottke, A. Cellino, P. Paolicchi, & R. P.

Binzel (Tucson:Universityof ArizonaPress),139–150
Kaasalainen,M., Pravec,P., Krugly, Y. N., etal. 2004,Icarus,167,178
Kaasalainen,M. & Torppa,J.2001,Icarus,153,24
Kaasalainen,M., Torppa,J.,& Muinonen,K. 2001,Icarus,153,37
Kaasalainen,M., Torppa,J.,& Piironen,J.2002b,Astron.Astrophys.,383,L19
Kaasalainen,M., Torppa,J.,& Piironen,J.2002c,Icarus,159,369
Kaasalainen,S.,Kaasalainen,M., & Piironen,J.2005,A&A, 440,1177
Lagerkvist, C.-I., Piironen, J., & Erikson, A. 2001, Asteroid photometriccatalogue,�fth update(UppsalaAstronomical

Observatory)
Marchis,F., Kaasalainen,M., Hom,E.,et al. 2006,Icarus,in press
Torppa,J.,Kaasalainen,M., Michalowski, T., et al. 2003,Icarus,164,346
1 AstronomicalInstitute,CharlesUniversity in PragueV Hole�sovi �ckách2, 18000Prague,CzechRepublic
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