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Abstract. Thefourstarstreatedin thispaperhavebeenunderobservation
with photoelectricradial-velocityspectrometersfor many years.They have
provedto bebinarieswith periodsof 30,1828,1514and822daysrespec-
tively; theorbitsareof modesteccentricityapartfrom thatof HD 110743
which is indistinguishablefrom a circle. The massfunctionsare small,
andno companionhasbeenobserved for any of thestars.HD 110743,a
K dwarf, is muchthenearestof the four, andits orbit is of shortenough
periodfor thephotocentricmotionto havebeenrecognizedby Hipparcos.
An eleventh-magnitudestarrathermorethan1′ away from HD 106104is
showntobeagenuinephysicalcompanion,with practicallyidenticalradial
velocity, propermotionanddistancemodulus,althoughtheprojectedsep-
arationis about13,000AU.

Key words. Radialvelocities—spectroscopicbinaries—orbits—stars,
individual—HD106104—HD109281—HD109463—HD110743.

1. Introduction

A fairly recentpublication(Yoss& Griffin 1997) in this Journal describeda com-
prehensive photometricand radial-velocity survey of the late-typestarsthat are in
the North GalacticCap (b > 75◦) and featurein the Henry Draper Catalogue. It
was noted in that survey that no fewer than 125 of the 903 starsthat were mea-
suredhad beenidentified as spectroscopicbinaries.The presentauthor, in some
caseswith collaborators,hadalreadypublishedorbits for 33 of themandhassubse-
quentlyprovidedonemore(Griffin 2000),andthreehave beenpublishedby others.
(Oneof thosethree(Jasniewicz, Duquennoy & Acker 1987)hassincebeenimplic-
itly withdrawn.) Thereremains,therefore,a formidablecollectionof thebestpartof
a hundredlooseendsneedingto be tied up. The presentpaperrepresentsa modest
start upon that task,which is not madeany easierby the fact that all of the stars
residewithin the samesmall areaof sky and so in a sensecompetefor the same
observingtime. Many of them also have long periods,so the work could not be
hurriedbeyonda certainpoint, no matterhow muchobservingtime might beavail-
able.

Thefour starstreatedin this paperdo not shareany particularpropertyapartfrom
inclusionin theGalactic-Polesurvey: they havebeenselectedfor publicationbecause
they areamongthebestobservedof thebinarieswhoseorbitsremaintobedetermined.
HD 106104,109281and109463areall in theconstellationComaBerenices,while
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HD 110743isatahigherdeclinationandis in thesouth-westernpartof CanesVenatici.
HD 109463issufficientlyclosetotheComaClustertohavereceivedaTrumpler(1938)
designation,no. 189. It is alsothe brightest(7m. 7) andlatest(K5) of the starsand
givesveryfineradial-velocity traces.At theotherextreme,HD 106104is remarkably
faint (10m. 3) for anHD star;probablyfor thatreasonits HD numberis overlookedin
a catalogue(Hill 1982)specificallycompiledto give cross-identificationsof A- and
F-typestarsin theNorth-Galactic-Poleregion,aswell asin a photometriccatalogue
by Knude(1993).HD 106104is alsoparticularlyearly(∼ F8) in type– muchearlier
thantheostensiblelimit of G5 imposedin theselectionof latetypesfrom theHenry
DraperCatalogue– andconsequentlyis moretroublesometo to observe. Theother
two starsareof intermediatecharacter.

Table 1 recapitulatessalientdata from the survey paper(Yoss& Griffin 1997)
aboutthe four stars.It includesa fifth star, a visualcompanion(albeita distantone,
about76′′ away in positionangle114◦) to HD 106104;theobjectwasincludedin the
Galactic-Polesurvey (Yoss& Griffin 1997)purelyout of inquisitivenessbecauseof
its proximity to a starthatwasvalidly selectedfor theprogramme.The‘mk’ spectral
typesin Table1 wereinferredfrom DDO-typephotometry(McClure1976,andsee
thesurvey papercitedabove)andarenotactualspectralclassificationsalthoughthey
form agoodsubstitute.Equally, thevaluesfor MV , theimpliedz distances(whichare
for practicalpurposesequalto the line-of-sightdistancesto thestars,in view of the
veryhighGalacticlatitudes),and[Fe/H] areall derivedfrom theDDO photometry.

Table 1. Properties of the stars discussed (Yoss & Griffin 1997).

HD V B V Type Type MV z [Fe  H]
m m HD ‘mk’ m pc

106104 10.34 0.53 G5 F9 V +4.2 164 —
109281 8.68 1.01 K0 K0 III +1.4 285 +0.02
109463 7.69 1.41 K2 K5 III–IV +1.6 165 0.02
110743 8.76 0.83 K0 K1 V +6.1 34 +0.04

106104 B 11.27 0.62 — G3 V +4.9 182 —

−

− /

Someadditionalphotoelectricphotometryin theV andB bands(but nonein U )
is availablefor the starsandis listed in Table2; publishedspectraltypesaregiven
in Table3. Thereis a differenceof opinion regardingthe typeof HD 110743,but it
is readily resolved: thegiant typeproposedby Upgren(1962)wasobviously wrong
from theoutset,becauseit implied a distanceat which thestar’s largepropermotion
of about0′′.38perannum,whichhasbeenknown sincethenineteenthcentury(Porter
1895),wouldcorrespondtoanunacceptabletransversevelocityin therange500–1000
km s−1.

Rathersurprisinglyin view of the faintnessof HD 106104in particular, all four
starsfeaturein theHipparcos(1997)catalogue;theirparallaxesandthecorresponding
distances,distancemoduliandabsolutemagnitudesaresetout in Table4. Theuncer-
taintiesof smallparallaxesarereflectedvery asymmetricallyin thederiveddistance
estimates,sodistancescorrespondingto π ± σ aregivenin bracketsafterthecentral
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Table2. Additionalphotoelectricmagnitudes.

Star V B V Reference
m m

HD106104 10.352 — Knude(1993)
10.34 0.56: Hipparcos(1997)

HD109281 8.67 1.03 Ljunggren(1965)
8.67 1.03 Hartkopf&Yoss(1982)
8.71 — Hansen&Radford(1983)
8.68 — Hipparcos(1997)

HD109463 7.70 1.39 Ḧ aggkvist&Oja(1973)
7.81 — Hartkopf&Yoss(1982)
7.69 — Hipparcos(1997)

HD110743 8.79 0.83 Ljunggren(1965)

−

Table3. Additionalspectraltypes.

Star Type Reference

HD106104 g:F8 Schwassmann&vanRhijn(1951)
F8 Hill(1982)

HD109281 gG8 Malmquist(1960)
K0III Upgren(1962)
G9II–III* Hartkopf&Yoss(1982)

HD109463 K5III–IV* Yoss(1977)
K5III–IV* Hartkopf&Yoss(1982)

HD110743 dK0 Malmquist(1960)
G8III Upgren(1962)
K1 Bidelman(1985)[viceKuiper]

*FromDDOphotometry,notspectra

Table 4. Hipparcos parallaxesandderiveddistancesandabsolutemagnitudes

Star Parallax Distance Dist.modulus MV

msof arc pc m m

HD 106104 5.82± 1.73 172 (132–245) 6.17± 0.7 +4.2 ± 0.7
HD 109281 0.44± 1.14 (> 630) >9.0 <−0.3
HD 109463 2.58± 0.97 390 (290–620) 7.94± 0.9 −0.2 ± 0.9
HD 110743 22.90± 1.65 44 (41–47) 3.20± 0.16 +5.59 ± 0.16

values;theasymmetriesof thedistancemoduli arelessseriousandareglossedover
in a representativeuncertaintyvalue.
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2. Radial velocities

The first photoelectricradial-velocity measurementsof the threebrighterstarswere
madenearly(in onecasemorethan)thirty yearsago;HD 106104wasnot observed
until 1982.Becausethe starswerepart of a large survey programmeandthe initial
purposewastoobtainjusttwoobservationsof eachobject,therewasadeliberatedelay
in obtainingasecondobservation,andseveralyearselapsedbeforevelocityvariability
wasestablishedand the objectstransferredto the spectroscopic-binaryprogramme
for systematicsurveillance.Thussystematicobservationhaslastedonly for intervals
rangingfrom 12 to 22 years,but aseven the longestorbital periodis 5 yearsall the
starshave beenseenroundseveral cyclesandtheir orbits arevery well established.
The longestperiod belongsto HD 109281and is so preciselyan integral number
of years(1828± 3 days,while 5 yearsis 1826 1

4 days)that the observingseasons
correspondto exactly thesamesetof orbitalphasescycleaftercycle,causingthedata
tobeunavoidablybunchedin phase;thedamageto theorbitdeterminationis,however,
morecosmeticthanreal,unlike thesituationthatcanarisewith periodsthatarevery
closeto 1 or 2 years.

Radial-velocity spectrometersthat have contributedmeasurementsfor this paper
includetheoriginal instrumentatCambridge(Griffin 1967),theonemadeby Dr. J.E.
Gunn and the writer for the Hale 200-inch telescope(Griffin & Gunn 1974), the
Geneva Observatory’s Coravels (Baranneet al. 1979)at Haute-ProvenceandESO,
the instrument(Fletcheret al. 1982)at the Dominion Astrophysical Observatory’s
48-inchcoud́e reflectorat Victoria, andmost recentlya Coravel-like instrumentat
Cambridge.The numbersof observationsmadewith the respective instrumentsare
notedin Table5.

Table 5. Usageof thevariousphotoelectricradial-velocity spectrometers.

Spectrometer HD: 106104 106104 B 109281 109463 110743 Totals

Cambridge(old) 2 — 55 28 47 132
Palomar — — 2 1 1 4
Haute-Provence 50 11 28 32 27 148
ESO 3 — 2 2 2 9
DAO 4 — 4 2 7 17
Cambridge(new) 5 2 11 11 8 37

Totals 64 13 102 76 92 347

Very few radial velocities have beenpublishedpreviously for any of the four
stars.For HD 106104there is none.HD 109281was observed three times with
the Kottamia 74-inch telescopeby Woolley et al. (1981), who useda prismatic
Cassegrain spectrographwhich gave a reciprocaldispersionof 66 Å mm−1 at Hγ ;
Sandage& Fouts (1987) listed one velocity (+71.6 km s−1), measuredwith a
reticon detectorat the Mount Wilson 100-inchcoud́e spectrograph,but they gave
no date so it is not possibleto include their observation in the discussionhere.
Heard (1956) reporteda meanof four radial velocities obtainedfor HD 109463
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with the David Dunlap74-inchreflectorat 66 Å mm−1, but the observationswere
not given individually anddid not suggestto Heardthat the velocity wasvariable.
Two measurements(only two daysapart)wereobtainedof the starby Chériguene
(1971),who usedthe coud́e spectrographof the Haute-Provence193-cmtelescope
at a reciprocaldispersionof 25 Å mm−1. Finally, HD 110743is the subjectof
one observation publishedby Yoss,Neese& Hartkopf (1987), who noted that it
wasobtainedwith ‘IRS’, which they describedby way of explanationas ‘KPNO
0.9-mIRS’. All availableradialvelocities,alreadypublishedor newly presentedhere,
arelistedin Tables6(a)–(d).

It is atroublesomefact,but onethathasto befaced,thatradialvelocitiesstemming
from differentsourcesareaptto exhibit differentzero-points.Coravelmeasurements
have beenparticularlytroublesomein that regard,sincetheir zero-pointhasseemed
to possessa dependenceon stellarcolour(e.g. Scarfe,Batten& Fletcher1990).That
hasrecentlybeenadmitted,anda new reductionprocedureandzero-pointhasbeen
adopted(Udry, Mayor & Queloz1999).The datain the Tables6 areintendedto be
on the Cambridgezero-pointusedin the previous papersin this series;to that end,
observationsmadeat Cambridge,PalomarandVictoria have beenstandardizedwith
respectto the Cambridgereferencestars(Griffin 1969)— meaningin this case41
Comalone,sincethatstaris convenientlyathandin theGalactic-Polefield.All Haute-
ProvenceandESOCoravelobservationsarestoredin a databasein Geneva,whence
thoseneededfor this paperwerekindly retrieved by Dr. S. Udry. They areon the
new zero-pointandseemin thecaseof eachstarto needanadjustmentof +0.8 km
s−1 (which hasalreadybeenappliedto the velocitiesasgiven in Tables6) to make
themhomogeneouswith the otherdata.That is an agreeablefinding, becauseit has
longbeenconsidered(Griffin & Herbig1981)thatthatis theoffsetusuallyneededto
bring measurementsthatareon the‘IA U’ zero-pointinto harmony with thoseon the
Cambridgebasis.For thatreason,thesameoffsethasbeenappliedto thefew published
observationsthatfeaturein thetables.

The homogeneityof the observationsmadewith the new CambridgeCoravel is
possiblynot above reproach:they agreeall right in the caseof the two red giants
(HD 109281and109463),but for the two bluer starsthey would agreemorecom-
fortably if alteredby −0.3 km s−1. Not enoughexperiencehasyet beengainedwith
theinstrumentfor thereto beany certaintyaboutany colourdependenceof thezero-
point; for presentpurposestheempiricalcorrectionof −0.3km s−1 hasbeenmadeto
therelevantobservationsof HD 106104and110743,andof thevisualcompanionof
HD 106104,but nochangehasbeenmadeto thoseof HD 109281or 109463.

3. Orbits

To obtain the bestorbits it is necessarynot only to coordinatethe zero-pointsof
differentdatasourcesbut alsoto assignappropriateweights.

Preliminaryorbits showed very clearly that noneof the radial velocitiesgleaned
from the literaturestandscomparisonwith thosemeasuredwith the photoelectric
spectrometers,sothey have all beenrejectedfrom theorbital solutionsalthoughthey
areretainedin theTables6 andplottedin theorbit diagramsin thosecaseswherethey
fall within theboundariesof theplots.

It hasbeenfoundin many previousanalyses,asit hasin thisone,thatradialvelocities
measuredwith theoriginal spectrometerin Cambridge,uponwhich thephotoelectric
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Figure 1. Theobservedradialvelocitiesof thefour starsplottedasfunctionsof phase,with the
velocitycurvescorrespondingto theadoptedorbitalelementsdrawn throughthem.Filled circles
representmeasurementsmadewith theHaute-ProvenceandESOCoravels,filled squaresbeing
usedfor theCambridgeone.Opencirclesrefertovelocitiesobtainedwith theoriginalCambridge
spectrometer;they wereweighted1

4 in the orbital solutions,exceptin the caseof HD 106104
wherethey werediscardedaltogether. ObservationsmadeattheDominionAstrophysicalObser-
vatoryareshown asfilled triangles,thosefrom Palomarasstars.Plussesandcrossesrepresent
the few measurementspublishedby others,in caseswherethey fall within theconfinesof the
diagrams;they areidentifiedin Tables6 andwerenotusedin thesolutionsof theorbits.
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Figure 1. (Continued)

methodwasfirst developed,typically have (O – C) residualsabouttwice aslargeas
thosefrom theCoravelspectrometers,sothey meritonly 1

4 of theweight.All theother
instrumentsnormallyratefor unit weight,thesameastheCoravels.Someexceptions
to thegeneralrulehavebeenmade,asfollows.
HD 106104. Thereareonly two ‘old Cambridge’measurementsandthey both give
very badresiduals.Thestaris particularlyfaint andwasdifficult to measurewith the
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Table 7. Orbital elementsfor thefour stars.

Element HD 106104 HD 109281 HD 109463 HD 110743

P (days) 29.9335± 0.0013 1828 ± 3 1513.8± 2.4 822.1± 0.7
T (MJD) 48972.23± 0.19 48092± 22 48934± 19 47984.1± 1.7
γ (km s−1) +7.10 ± 0.10 +74.67± 0.06 −33.29± 0.04 −3.59 ± 0.06
K (km s−1) 15.02± 0.13 6.42 ± 0.07 5.03 ± 0.07 6.37 ± 0.08
e 0.229± 0.008 0.173± 0.012 0.160± 0.010 0
ω (degrees) 141.4± 2.5 199 ± 4 240 ± 5 —

a1 sini (Gm) 6.02 ± 0.05 158.9± 1.9 103.4± 1.4 72.0 ± 0.9
f (m) (M�) 0.00970± 0.00026 0.0480± 0.0017 0.0193± 0.0008 0.0221± 0.0009
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originalinstrument,whichis why only two observationsweremadewith it. They have
beenzero-weighted.
HD 109281. The scanningrangeof the Palomarspectrometerwasfixed during any
oneseriesof measurementsandcouldnot becentredat will, starby star. HD 109281
hasahighvelocitywhichplacedits ‘dip’ partlyoff theendof thetwo Palomartraces,
impairing the accuracy of the resultingvelocities,which have beengiven the same
weightastheold Cambridgeones.

With thosepreliminariessettled,theorbitsreadilyfollow; they areplottedin Fig. 1
andtheir elementsaresetout in Table7.

4. Discussion

4.1 HD 106104

At 30 days,the periodof this star is by far the shortestof the four. Coravel traces
show thatHD 106104is theonly oneof thefour starsto have a significantrotational
velocity — it is about6 km s−1 . Sincethe spectraltype is slightly earlierthanthat
of theSunandtheorbital periodis slightly longerthantheSun’s periodof rotation,
synchronousrotationwould necessitatean equatorialvelocity almostidenticalwith
the solarone,viz. 2 km s−1 . The pseudo-synchronousvelocity, that takesaccount
of theeccentricityof theorbit, would be largerby aboutone-third(Hut 1981).Even
so,andquiteapartfrom thequestionof theunknown axial inclination,which would
act to make the observed rotationalvelocity lessthan the true one, it is fairly cer-
tain that HD 106104is spinningfasterthan synchronouslywith its orbital revolu-
tion.

The inclusion(purelyout of curiosity)of thevisualcompanionin thesurvey pro-
gramme(Yoss& Griffin 1997),for which it did not meetthe criteria for selection,
providesanobjectlessonin serendipity. Wehavealreadyseen,from Table1, thatthe
apparentmagnitudeof thecompanionis about0m.9 fainterthanthatof HD 106104
itself; the companionis alsoslightly redder, andits DDO ‘pseudo-spectral’type is
G3 V againsttheprincipalstar’s F9 V, sothetwo objectswould very well passfor a
physicalpair. In factthededuceddistancesof 164and182pcareequalto well within
their joint uncertainty, andareuncannilycloseto the distanceimplied by the Hip-
parcosparallax(Table4). The radial velocity of the companionhasbeenmeasured
thirteentimes,with theresultsgivenin Table8.

Thereis no strongevidencefor variability, andthe meanvelocity of +6.9 ± 0.3
km s−1 differs by only −0.2 ± 0.3 km s−1 from that of HD 106104andmakes it
extremelylikely that the two starsreally are physically associatedwith oneanother.
The matter is clinchedby the accuratepropermotion derived for the companion,
from Tycho (Hipparcos1997)andprecedingastrometriccatalogues,in the Tycho 2
cataloguedescribedby Høg et al. (2000):in Table9 it is comparedwith the proper
motionsderivedbothby Hipparcosandby Tycho 2 for theprincipalstar, andis seen
to besensiblyidentical.

At thedistanceof thepair, takentobeabout170pc,theobservedangularseparation
of 76 secondsof arc representsa projected(i.e. minimum)distanceof about13,000
AU or 1

16 of a parsec.Thesystemcouldbeonly looselyboundat sucha separation,
but boundit mustbe: if for the sake of illustration we supposethe relative orbit to
be moreor lesscircular and its diameterto be not muchgreaterthanthe observed
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Table 8. Coravel radial-velocity observations of HD 106104 B.

Date Velocity Date Velocity
km s−1 km s−1

1990 Feb. 14.36* +6.4 1994 Apr. 29.95 +9.3
1991 Jan. 28.11 +7.2 1995 Jan. 4.16 +7.0

Feb. 5.09 +6.0 June 2.95 +8.1
1992 Jan. 15.09 +6.7 1997 May 10.89 +7.4

Apr. 26.95 +6.1 1998 May 2.89 +6.5
Dec. 20.19 +6.4 2000 Apr. 6.96 +6.7

1993 Dec. 29.16 +5.2

Observed at: *ESO † Cambridge All others: OHP

Table 9. Proper motions of HD 106104 and its companion.

Arc-milliseconds/year
α δ

HD 106104 Hipparcos −35.0 ± 2.0 +5.1 ± 0.9
Tycho 2 −35.6 ± 1.3 +4.9 ± 1.3

HD 106104 B Tycho 2 −33.9 ± 1.8 +7.5 ± 1.8

projecteddistance,theperiodis of theorderof amillion yearsandtherelativeorbital
velocityabout0.3km s−1. If unbound,therefore,within atmostafew million years—
atimeshortcomparedwith arevolutionof theGalaxy— thesystemwoulddisintegrate
and not attractobservers’ attention(as it did ours) by the mutual proximity of its
components.It would alsoseemto requirea disturbancea greatdealmorelocalized
thanthegeneraltidalfieldof theGalaxytodisruptthesystembygivingthecomponents
differentialaccelerationssufficienttounbindthemwithin afractionof anorbitalperiod.

4.2 HD 109281

The propertythat immediatelycatchesattentionconcerningHD 109281is its high
γ -velocity of +74.7km s−1 — fewer thana dozenof the903starsmeasuredin the
Galactic-Polefield provedto havevelocities(takenwithoutregardto sign)higherthan
that.Yet,accordingto theresultsderivedfromDDOphotmetry, thehighvelocityisnot
accompaniedby any diminutionof metallicabundancesin comparisonwith theSun.
The threeradial velocitiesdeterminedfrom Kottamiaspectrogramsby a Greenwich
ObservatoryconsortiumunderWoolley areexcellentin their classandareconsonant
with theorbit derivedfrom thephotoelectricvelocities,whichhave,however, only 1

40
of thevariance.The troublesomeexactitudewith which theorbital periodequalsan
integral numberof yearswasremarkeduponin §2 above.
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4.3 HD 109463

TheV magnitudeof 7m.81tabulatedfor HD 109463by Hartkopf & Yoss(1982)in a
paperthatpresentsagreatdealof photoelectricphotometrywouldappearto constitute
prima facieevidencefor variability of thatstar;againstthat,ther.m.s.internalscatter
in theHipparcosmagnitudesfrom the87individualtransitsis (at0m.011)thesmallest
for any of thefourstars.Dr. Yosshaskindly informedme,however, thathismagnitude
wastranscribedfrom thebibliographiccatalogueof radialvelocitiesby Abt & Biggs
(1972)— a fact thatcannotbedivinedfrom thepublishedpaper;it is my belief that
Abt & Biggscopiedthatentrystraightfrom theHenryDraperCatalogue(Cannon&
Pickering 1920),which obtainedit from visual photometryperformedby Pickering
(1890)in thespringof 1887.Theunusualdistancetabulatedfor HD 109463(andthe
distancesof all theotherstarstreatedin thepaperby Hartkopf & Yoss)arisesfrom an
errorin thecolumnheadingsandshouldbedividedby a factorof a thousand.

The two radial velocitiespublishedby Chériguene(1971)do not agreewith one
anotheraswell asmight be expectedof coud́e velocitiesobtainedat practicallythe
sameorbital phase;oneof themfalls well off thetop of theplot in Fig. 1. Themean
givenby Heard(1956)for four (un-dated)velocitieswould alsobeabove the top of
thegraphif theusualadjustmentof +0.8km s−1 weremadein aneffort to placethem
on theCambridgescale.In a casein which eight radial velocitiesobtainedwith the
sameequipment(David DunlapCassegrain spectrograph,66 Å mm−1 at Hγ ) were
known individually, however, it wasfound(Griffin 1980)thatanoffsetof −5 km s−1

wasneededto put theminto systematicagreementwith Cambridgemeasurements,
and Heardhimself was quotedthereas having found in a substantialunpublished
investigationof his own thathis 66-Å mm−1 dataneededsucha correction.Sucha
changewould placethemeanof the four David Dunlapvelocitiesat −31.1km s−1,
whichwouldbeentirelyreasonable.It maybeinferredfromthe‘probableerror’quoted
for their meanthat the individual valueshave anr.m.s.spreadof 4.4 km s−1 around
thatvalue,but in theabsenceof informationon thetimesof theobservationsit is not
possibleto tell how muchtheactualchangesof HD 109463’s velocity contributedto
thatspread.

4.4 HD 110743

HD 110743is by far thenearestof the four starstreatedin this paper;its proximity
impliesthattheangularscaleof its orbit asseenon thesky is muchlargerthanin the
casesof the otherthreeobjects.With the further circumstance,favourablefrom the
point of view of theHipparcosmission,that theorbital periodis only a little shorter
thanthetotaldurationof thatmission,sotheorbit is aboutasbig asthesatellitecould
haveseencompletelyroundacycle,Hipparcossucceededin discoveringtheduplicity
of thestarfrom thephotocentricmotion,from which wasderivedanorbital solution
(Hipparcos1997,10, p. DO2) entirely independentof the onegiven in the present
paper. Theastrometricorbit is in reasonableagreementwith theradial-velocity one,
asmaybeseenfrom thecomparisongivenin Table10; it is notnearlysoprecise,but
it doesprovidevalues,whichof coursearenotdeterminablespectroscopically, for the
angularsemi-axismajorandtheinclination.

Theangularsemi-axisof 0′′.0221±0′′.0016ispracticallyidenticalwith theparallax
thatwasdeterminedby Hipparcosatthesametime,0′′.0229±0′′.0016,sotheimplied



210 R.F. Griffin

Table 10. Comparisonof orbital elementsof HD 110743.

Spectroscopic Astrometric
(Thispaper) (Hipparcos)

P (days) 822.1± 0.7 799 ± 15
T (MJD) 47984.1± 1.7 48039± 51
e 0 0.25 ± 0.13
ω (degrees) (0) 49 ± 30
a (arcseconds) — 0.0221± 0.0016
i (degrees) — 49 ± 12
a1 sini (Gm) 72.0 ± 0.9 —

linearmeasurementof thesemi-axisis just about1 AU. Thatdimensionrefersto the
orbit of thephotocentre,andcouldof coursebesmallerto any degreethanthatof the
orbit of the visible stararoundthe centreof gravity, dependingon the contribution
of the secondarystar to the total luminosity. Comparisonwith the valueof a1 sini

determinedspectroscopicallyis thereforefraughtwith uncertainty:thespectroscopic
valueis lessthanthetrueseparationby thefactorsini, the1-σ limits of whosevalue
accordingto Hipparcos (cf. Table10) is 0.60–0.87,leadingto the expectationthat
a1 sini is within thoselimits in termsof astronomicalunits,or couldbelarger if the
apparentsizeof theastrometricorbit is diminishedbecauseof significantlight from
the secondarystar. In fact it is only 0.481± 0.006 AU; the discrepancy seemsto
suggestthat(a) thereis little scopefor thesecondarystarto contributeany substantial
luminosityto thesystem,and(b) Hipparcosmusthave significantlyover-estimatedi
and/ora, or under-estimatedπ . Amongthoseparameterstheproportionaluncertainty
of theinclinationi is severaltimesworsethanthatof theothers,soit wouldbenatural
to lay theprincipalerrorat its door.

A noteworthy featureof theorbit of HD 110743is its circularity, despitea period
50 to 100 times longer than the maximumat which tidal effects are supposedto
circularizetheorbitsof lower-main-sequencestars(e.g. Mathieuet al. 1992).When
the eccentricityis permittedas a free parameterin the orbital solution it takes the
value0.012,lessthan its own standarderror, and in comparisonwith the resultof
thesolutionwith theeccentricityfixedat zerothesumof thesquaresof theweighted
residualsdiminishesby barely1%— farlessthanwouldconstitutesignificanceunder
Bassett’s (1978)statisticaltests.As amatterof generalprinciple,therefore,sincee is
indistinguishablefrom zeroandasacorollaryω is indeterminate,theexactlycircular
orbitalsolutionis adopted.Astrophysically, however, theprincipleis hardto justify in
this particularcase:no mechanismof circularizationcanbeproposed,sowe areleft
to supposethattheHD 110743systemactuallyformedin a practicallycircularorbit.
Even if thecompanionstarhaspassedthroughits evolution asa giant— andto the
bestof thewriter’sknowledgenoultraviolet surveyshavenoticedevidenceof awhite
dwarf in thesystem— it wouldhavebeenunlikely to reducetheorbitaleccentricityso
verynearly(or quite)to zero:giantbinariesareusuallycircularizedupto periodsonly
of theorderof 200days(Griffin 1990;Mermilliod & Mayor 1992),andevenbarium
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stars,which areall supposedto includea highly evolvedcomponent,normallyshow
non-zeroeccentricities(McClure& Woodsworth1990).
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