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Abstract. Thefourstargreatedn thispapethavebeenunderobsenation
with photoelectricadial-velocity spectrometer®r mary years.They have
provedto bebinarieswith periodsof 30,1828,1514and822daysrespec-
tively; the orbitsareof modesteccentricityapartfrom thatof HD 110743
which is indistinguishablegrom a circle. The massfunctionsare small,
andno companiorhasbeenobsenedfor ary of the stars.HD 110743 ,a
K dwarf, is muchthe nearesbf the four, andits orbit is of shortenough
periodfor the photocentrianotionto have beenrecognizedy Hipparcos
An eleventh-magnitudstarrathermorethan1’ awvay from HD 106104is
shavnto beagenuinegphysicalcompanionwith practicallyidenticalradial
velocity, propermotionanddistancemodulus althoughtheprojectedsep-
arationis about13,000AU.

Key words. Radialvelocities—spectroscopluinaries—orbits—stars,
individual—HD 106104—HD109281—HD109463—HD110743.

1. Introduction

A fairly recentpublication(Yoss& Griffin 1997)in this Journal describeda com-
prehensie photometricand radial-\velocity surey of the late-typestarsthat arein

the North GalacticCap (b > 75°) andfeaturein the Henry Draper Catalogue It

was notedin that survey that no fewer than 125 of the 903 starsthat were mea-
sured had beenidentified as spectroscopidinaries. The presentauthor in some
casewith collaboratorshadalreadypublishedorbits for 33 of themandhassubse-
quentlyprovided onemore (Griffin 2000),andthreehave beenpublishedby others.
(Oneof thosethree(Jasnigvicz, Duquenng & Acker 1987)hassincebeenimplic-

itly withdravn.) Thereremainsthereforeaformidablecollectionof the bestpart of

a hundredlooseendsneedingto be tied up. The presentpaperrepresents modest
start upon that task, which is not madeary easierby the fact that all of the stars
residewithin the samesmall areaof sky andso in a sensecompetefor the same
observingtime. Many of them also have long periods,so the work could not be

hurriedbeyond a certainpoint, no matterhow muchobservingtime might be avail-

able.

Thefour starstreatedin this paperdo not shareary particularpropertyapartfrom
inclusionin the Galactic-Polesurwey: they have beenselectedor publicationbecause
they areamongthebestobsenedof thebinarieswhoseorbitsremainto bedetermined.
HD 106104,109281and109463areall in the constellationComaBereniceswhile
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HD 110743satahigherdeclinatiorandisin thesouth-westerpartof Caned/enatici.
HD 109463s sufficiently closetotheComaClusterto haverecevedaTrumpler(1938)
designationno. 189. It is alsothe brightest(7™. 7) andlatest(K5) of the starsand
givesveryfineradial-\elocity traces At the otherextreme,HD 106104is remarkably
faint (10™. 3) for anHD star;probablyfor thatreasorits HD numberis overlookedin
a catalogug(Hill 1982)specificallycompiledto give cross-identificationsf A- and
F-typestarsin the North-Galactic-Poleegion, aswell asin a photometriccatalogue
by Knude(1993).HD 106104is alsoparticularlyearly (~ F8)in type— muchearlier
thanthe ostensibldimit of G5imposedin the selectionof late typesfrom the Henry
Draper Catalogue— andconsequentlys moretroublesomeo to obsere. The other
two starsareof intermediatecharacter

Table 1 recapitulatessalientdatafrom the surney paper(Yoss& Griffin 1997)
aboutthe four stars.It includesafifth star a visual companion(albeita distantone,
about76” away in positionanglel14’) to HD 106104;the objectwasincludedin the
Galactic-Polesuney (Yoss& Griffin 1997)purely out of inquisitivenesshecausef
its proximity to a starthatwasvalidly selectedor the programmeThe‘mk’ spectral
typesin Table1 wereinferredfrom DDO-type photometry(McClure 1976,andsee
the suney papercitedabove) andarenot actualspectraklassificationglthoughthey
form agoodsubstitute Equally thevaluesfor My, theimplied z distancegwhichare
for practicalpurposesqualto the line-of-sightdistancedo the stars,in view of the
very high Galacticlatitudes),and[Fe/H] areall derivedfrom the DDO photometry

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

HD \Y B-V  Type Type My z [Fe/H]
m m HD ‘mk’ m pc
106104 1034 053 G5 FoV +42 164 —
109281 8.68 1.01 KO KO III +1.4 285  +0.02
109463 7.69 1.41 K2 KSII-IV  +1.6 165 —0.02
110743 876  0.83 KO K1V +6.1 34 +0.04
106104B 1127  0.62 — G3V +4.9 182 —

Someadditionalphotoelectrigpghotometryin the V and B bands(but nonein U)
is availablefor the starsandis listed in Table 2; publishedspectraltypesare given
in Table3. Thereis a differenceof opinion regardingthe type of HD 110743 ,but it
is readily resoled: the gianttype proposedby Upgren(1962)was obviously wrong
from the outset,becausét implied a distanceat which the star’s large propermotion
of about0”.38 perannumwhich hasbeenknown sincethe nineteenttcentury(Porter
1895)iwould correspondo anunacceptabl&rans\ersevelocityin therange500-1000
kms.

Rathersurprisinglyin view of the faintnessof HD 106104in particular all four
starsfeaturein theHipparcos(1997)cataloguetheirparallaxesandthecorresponding
distancesdistancemoduliandabsolutenagnitudesresetoutin Table4. Theuncer
taintiesof small parallaxesarereflectedvery asymmetricallyin the derived distance
estimatessodistancesorrespondindo = + o aregivenin bracletsafterthe central
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Table 2. Additional photoelectric magnitudes.

Star \" B-V Reference
m m
HD 106104 10.352 — Knude (1993)
10.34 0.56: Hipparcos (1997)

HD 109281 8.67 1.03 Ljunggren (1965)
8.67 1.03 Hartkopf & Yoss (1982)
8.71 — Hansen & Radford (1983)
8.68 — Hipparcos (1997)

HD 109463 7.70 1.39 Haggkvist & Oja (1973)
7.81 — Hartkopf & Yoss (1982)
7.69 — Hipparcos (1997)

HD 110743 8.79 0.83 Ljunggren (1965)

Table 3. Additional spectral types.

Star Type

Reference

HD 106104 g:F8
F8

HD 109281 gG8
KO III
G9 II-I11* Hartkopf & Yoss (1982)
HD 109463 K5 II-IV*  Yoss (1977)
K5 III-IV*  Hartkopf & Yoss (1982)
HD 110743 dKO

G8 III
K1

Schwassmann & van Rhijn (1951)
Hill (1982)

Malmquist (1960)

Upgren (1962)

Malmquist (1960)
Upgren (1962)
Bidelman (1985) [vice Kuiper]

*From DDO photometry, not spectra

Table4. Hipparcos parallaxesandderiveddistancesandabsolutemagnitudes

Star Parallax
msof arc

Distance Dist. modulus My
pc m m

HD 106104 5.82+ 1.73
HD 109281 0.44+ 1.14
HD 109463 2.58+ 0.97
HD 110743  22.90+ 1.65

172 (132-245) 6.17+ 0.7 +4.2 £ 0.7

(> 630) >9.0 <-03
390 (290-620)  7.94+ 09  —0.2 + 0.9
44 (41-47) 3.20+ 0.16  +5.59+ 0.16

values;the asymmetrie®f the distancemoduli arelessseriousandareglossedover
in arepresentate uncertaintyvalue.
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2. Radial velocities

Thefirst photoelectricradial-velocity measurementsf the threebrighter starswere
madenearly (in onecasemorethan)thirty yearsago;HD 106104wasnot obsened
until 1982.Becausehe starswere part of a large surwey programmeandthe initial
purposevasto obtainjusttwo obsenationsof eachobjecttherewasadeliberatelelay
in obtainingasecondbsenation,andsereralyearselapsedeforevelocity variability
was establishedand the objectstransferredo the spectroscopic-binarprogramme
for systematisurwillance. Thussystematiobsenation haslastedonly for intervals
rangingfrom 12 to 22 years,but aseventhe longestorbital periodis 5 yearsall the
starshave beenseenround several cyclesandtheir orbits are very well established.
The longestperiod belongsto HD 109281andis so preciselyan integral number
of years(1828 & 3 days,while 5 yearsis 1826;11 days)that the observingseasons
correspondo exactly the samesetof orbital phasesycle aftercycle, causinghedata
to beunavoidablybunchedn phasethedamageo theorbit determinations, however,
morecosmeticthanreal, unlike the situationthat canarisewith periodsthatarevery
closeto 1 or 2 years.

Radial-\elocity spectrometershat have contributed measurement®r this paper
includetheoriginalinstrumentat CambridggGriffin 1967),theonemadeby Dr. J.E.
Gunn and the writer for the Hale 200-inchtelescope(Griffin & Gunn 1974), the
Genea Obsenatory’s Coravek (Baranneet al. 1979) at Haute-Preenceand ESO,
the instrument(Fletcheret al. 1982) at the Dominion Astrophysical Obsenatory’s
48-inch couck reflectorat Victoria, and mostrecentlya Coravetik e instrumentat
Cambridge . The numbersof obsenationsmadewith the respectre instrumentsare
notedin Tableb.

Table5. Usageof thevariousphotoelectriaadial-\elocity spectrometers.

Spectrometer HD: 10610 106104B 10928 109468 11078  Totalks

Cambridggold) 2 — 55 28 47 132
Palomar — — 2 1 1 4
Haute-Preence 50 11 28 32 27 148
ESO 3 2 2 2 9
DAO 4 — 4 2 7 17
Cambridgg(new) 5 2 11 11 8 37
Totals 64 13 102 76 92 347

Very few radial velocities have been publishedpreviously for ary of the four
stars.For HD 106104thereis none.HD 109281 was obsened three times with
the Kottamia 74-inch telescopeby Woolley et al. (1981), who useda prismatic
Cassgrain spectrograplwhich gave a reciprocaldispersionof 66 A mm* at Hy;
Sandage& Fouts (1987) listed one velocity (+71.6 km s™1), measuredwith a
reticon detectorat the Mount Wilson 100-inch couce spectrographbut they gave
no date so it is not possibleto include their obseration in the discussionhere.
Heard (1956) reporteda meanof four radial velocities obtainedfor HD 109463
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with the David Dunlap 74-inchreflectorat 66 A mm1, but the obserationswere
not given individually and did not suggesto Heardthat the velocity was variable.
Two measurementnly two daysapart)were obtainedof the starby Chériguene
(1971),who usedthe couck spectrograplof the Haute-Preence193-cmtelescope
at a reciprocaldispersionof 25 A mm~1. Finally, HD 110743is the subjectof
one obsenation publishedby Yoss, Neese& Hartkopf (1987), who noted that it
was obtainedwith ‘IRS’, which they describedby way of explanationas ‘KPNO
0.9-mIRS’. All availableradialvelocities,alreadypublishedor newly presentedhere,
arelistedin Tables6(a)—(d).

It is atroublesomdact,but onethathasto befacedthatradialvelocitiesstemming
from differentsourcesareaptto exhibit differentzero-pointsCoravelmeasurements
have beenparticularlytroublesomen thatregard, sincetheir zero-pointhasseemed
to possesa dependencen stellarcolour (e.g. Scarfe Batten& Fletcherl990).That
hasrecentlybeenadmitted,anda new reductionprocedureandzero-pointhasbeen
adoptedUdry, Mayor & Queloz1999).The datain the Tables6 areintendedto be
on the Cambridgezero-pointusedin the previous papersin this series;to thatend,
obsenationsmadeat Cambridge PalomarandVictoria have beenstandardizedvith
respectio the Cambridgereferencestars(Griffin 1969)— meaningin this case41
Comalone sincethatstaris cornvenientlyathandin theGalactic-Poldield. All Haute-
ProvenceandESOCoravelobsenationsarestoredin a databasein Gen&a, whence
thoseneededfor this paperwerekindly retrieved by Dr. S. Udry. They areon the
new zero-pointandseemin the caseof eachstarto needan adjustmenbf 0.8 km
s (which hasalreadybeenappliedto the velocitiesasgivenin Tables6) to make
themhomogeneouswith the otherdata.Thatis an agreeabldinding, becauseét has
long beenconsideredGriffin & Herbig1981)thatthatis the offsetusuallyneededo
bring measurementhatareonthe‘lA U’ zero-pointinto harmory with thoseon the
Cambridgébasis For thatreasonthesameoffsethasbeerappliedto thefew published
obsenationsthatfeaturein thetables.

The homogeneityof the obsenationsmadewith the nev CambridgeCoravel is
possiblynot above reproach:they agreeall right in the caseof the two red giants
(HD 109281and 109463),but for the two bluer starsthey would agreemore com-
fortably if alteredby —0.3km s~1. Not enoughexperiencehasyet beengainedwith
theinstrumentfor thereto be ary certaintyaboutary colourdependencef the zero-
point; for presenpurposeshe empiricalcorrectionof —0.3km s~ hasbeenmadeto
therelevantobsenationsof HD 106104and110743andof thevisualcompaniorof
HD 106104 but no changehasbeenmadeto thoseof HD 109281or 109463.

3. Orbits

To obtain the bestorbits it is necessarnnot only to coordinatethe zero-pointsof
differentdatasourcegut alsoto assignappropriateveights.

Preliminaryorbits shoved very clearly that noneof the radial velocitiesgleaned
from the literature standscomparisonwith thosemeasuredwith the photoelectric
spectrometersothey have all beenrejectedfrom the orbital solutionsalthoughthey
areretainedn the Tables6 andplottedin theorbit diagramsn thosecasesvherethey
fall within theboundarie®f theplots.

It hasbeerfoundin mary previousanalysesasit hasin thisone thatradialvelocities
measureavith the original spectrometein Cambridge uponwhich the photoelectric
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Table 6a. Radial-velocity observations of HD 106104.
Date MJD Velocity Phase (0—-C)
km s~ km s~ 1
1982 Mar. 8.00* 45036.00  +12.8 0.501 -34
1984 Apr. 23.90* 45813.90  +18.9 26.488 +3.2
1988 Jan. 31.51F  47191.51  +15.7 72.511 —0.8
1989 Mar. 26.03  47611.03  +16.3 86.526 -0.8
May 1.88 647.88  +18.9 87.757 +1.3
1990 Jan. 27.11  47918.11  +14.8 96.785 -15
Feb. 12.29% 934.29 +6.5 97.325 —0.2
14.361 936.36  +11.6 .394 +0.5
15.31% 937.31  +13.2 426 +0.4
1991 Jan. 28.11  48284.11 —8.7 109.012 -0.3
29.10 285.10 -9.8 045 +0.4
30.05 286.05  —10.4 077 +0.1
Feb. 3.17 290.17 -2.2 214 —0.2
4.09 291.09 +0.2 245 —0.4
5.09 292.09 +3.7 278 +0.5
6.08 293.08 +6.0 311 +0.3
Dec. 17.15 607.15  +14.7 119.804 —0.4
19.16 609.16 +9.5 871 +0.4
19.21 609.21 +6.7 872 -2.2
1992 Jan. 14.12  48635.12  +19.1 120.738 +0.8
15.08 636.08  +16.7 770 —0.4
16.09 637.09  +15.1 .804 0.0
17.12 638.12  +12.7 838 +0.3
18.12 639.12 +9.2 872 +0.2
19.17 640.17 +4.9 907 +0.3
20.15 641.15 +2.0 939 +1.9
21.15 642.15 —4.3 973 0.0
Feb. 26.491 678.49 -35 122.187 +0.7
27.401 679.40 -2.0 217 -0.3
28.331 680.33 +0.1 .248 -0.8
Apr. 21.97 733.97  —-10.1 124.040 0.0
22.91 73491  —-10.6 072 0.0
23.90 735.90 -9.6 105 +0.1
24.92 736.92 -8.2 139 —0.4
25.93 737.93 -5.9 173 -0.5
26.95 738.95 -2.3 207 +0.3
27.91 739.91 -0.9 239 -1.0
29.89 741.89 +6.7 .305 +1.5




SpectoscopicOrbits, Paper24—Four NGP Staris 193

Table 6a. (Continued)

Date MJD Velocity Phase (0O—-C)
km s~1 km s~1

1992 Apr. 30.92 48742.92 +8.1 124.339 +0.4

June 27.92 800.92 +3.3 126.277 +0.2

Dec. 18.21 974.21 —10.5 132.066 +0.1
20.18 976.18 —74 132 +0.9

1993 Feb. 12.13 49030.13 +0.6 133.934 -0.2
Mar. 19.04 065.04 —10.2 135.101 -0.3

Dec. 25.21 346.21 +15.5 144.494 —-0.4
26.08 347.08 +17.8 523 +0.8

27.15 348.15 +18.2 539 +0.2

28.15 349.15 +18.1 592 -0.7

29.16 350.16 +18.4 .626 -0.9

30.16 351.16 +20.0 .659 +0.6

1994 Jan. 1.24 49353.24 +18.6 144.729 0.0
3.16 355.16 +15.8 .793 0.0

8.13 360.13 -29 959 —-0.4

Feb. 21.05 404.05 +12.5 146.426 -0.3
Apr. 29.95 471.95 +20.3 148.694 +1.1
1995 Jan. 4.15 49721.15 —10.0 157.020 -1.0
June 2.95 870.95 -9.5 162.024 -0.2
1996 Apr. 2.98 50175.98 —-2.8 172.214 -0.8

1997 Apr. 10.995  50548.99 +19.6 184.676 +0.2
May 10.898 978.89 +20.0 185.674 +0.6

1998 May 2.89  50935.89  +18.3 197.601 —0.6
2000 Jan. 9.145  51552.14 —4.4 218.188 -0.3
Apr. 6.9 640.96 —5.7 221.155 +1.0
May 30.929 694.92 —2.0 222.958 +0.4

*Observed with original Cambridge spectrometer;
not used in orbital solution.
tObserved with DAO 48-inch telescope.
{Observed with ESO Coravel.
§Observed with Cambridge Coravel.
All others observed with Haute-Provence Coravel.
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Table 6b. Radial-velocity observations of HD 109281.

Date MJD Velocity  Phase (O—C)
km s~ ? km s~ ?

1967 Mar. 30.88*  39579.88 +76.7 1.343 -2.8
Apr. 13.82* 593.82 81.4 350 +1.8
1970 May 11.80*  40717.80 69.8 1.965 +2.6
1971 Feb. 27.08  41009.08 72.9 0.125 +0.4
1975 May 30.93  42562.93 66.5 0.975 -0.7
1977 Apr. 2.05  43235.05 79.0 1.343 -0.5
27.98 260.98 79.5 .357 -0.2

1978 Mar. 24.08  43591.08 78.0 1.537 -1.2
May 23.267 651.26 79.6 570 +0.9
June 18.93 677.93 79.5 .585 +1.1
1979 Jan. 3.25  43876.25 7.4 1.693 +1.8
Feb. 25.15 929.15 4.7 722 +0.1
Mar. 8.10 940.10 76.7 .728 +2.3
Apr. 29.03 992.03 72.9 757 -0.5
May 13.97  44006.97 72.3 .765 -0.8
June 22.94 046.94 71.5 787 -0.7

Dec. 25.22 232.22 67.4 .888 -1.0
1980 Feb. 23.11 44292.11 66.1 1.921 —-1.5
May 5.97 364.97 67.5 .961 +0.3
1981 Mar. 1.13 44664.13 72.5 2.125 0.0
Apr. 27.98 721.98 74.4 .156 +0.3
May 24.99 748.99 73.4 171 -1.3
1982 Jan. 10.19  44979.19 79.0 2.297 +0.2
Mar. 4.06 45032.06 80.1 .326 +0.8
May 7.03 096.03 78.7 .361 -1.0
1983 Feb. 4.53%  45369.53 80.0 2.510 +0.4
Mar. 7.08 400.08 80.9 527 +1.5
June 12.93 497.93 76.8 .581 -1.7

Dec. 11.22 679.22 76.3 .680 +0.3
1984 Jan. 9.17  45708.17 75.2 2.696 -0.3
Apr. 3.01 793.01 74.0 742 +0.1
May 10.94 830.94 73.3 .763 +0.1
Dec. 21.22  46055.22 68.7 .886 +0.2
1985 Jan. 24.13  46089.13 +67.2 2.904 -0.8
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Table 6b. (Continued)

Date MJD Velocity ~ Phase (O—C)

-1

km s km s—

1985 Feb. 8.46%  46104.46 +68.6 2.913 +0.8

Mar. 15.01 139.01 67.4 .932 0.0
May 31.90 216.90 68.2 .974 +1.0
1986 Jan. 25.10  46455.10 71.5 3.104 -0.1
Feb. 27.09 488.09 71.1 123 -1.3
Mar. 7.04 496.04 71.7 127 -1.0
Apr. 10.058 530.05 73.9 145 +0.3
May 12.95 562.95 75.0 163 +0.6
June 14.91 595.91 75.7 182 +0.5
Aug. 25.808 667.80 77.0 221 +0.3
Nov. 24.55T 758.55 78.9 271 +0.7
1987 Jan. 6.18  46801.18 78.9 3.294 +0.2
Feb. 1.12 827.12 77.8 .308 —1.2
Mar. 1.138 855.13 79.1 .323 -0.2
Apr. 27.91 912.91 78.9 .355 -0.8
May 31.92 946.92 80.3 374 +0.5
June 22.93 968.93 79.2 .386 —0.7
Dec. 10.24  47139.24 79.1 A79 -0.8
1988 Jan. 8.22  47168.22 78.9 3.495 -0.8
Feb. 1.42% 192.42 79.3 .508 -0.3
Mar. 11.078 231.07 79.1 529 -0.3

Apr. 12.91 263.91 +78.5 .047 -0.6
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Table 6b. (Continued)

Date MJD Velocity ~ Phase (O—C)
km s ! km s~ !

1988 May 6.90  47287.90 +79.6  3.560 +0.7
June 2.98 314.98 78.2 575 —0.4
Nov. 5.208 470.20 76.3 .660 -0.3
1989 Feb. 11.10  47568.10 73.7  3.713 -1.3
24,231 581.23 74.4 721 -0.3

Mar. 18.03 603.03 74.6 733 +0.3
Apr. 28.938 644.93 73.6 756 +0.2
May 26.91 672.91 73.2 771 +0.4
June 19.91 696.91 71.9 784 —0.4
1990 Jan. 31.09%  47922.09 68.3  3.907 404
Feb. 12.319 934.31 68.0 914 +0.2
Mar. 26.96 976.96 67.0 937 —0.4

Apr. 30.87  48011.87 66.4 956 —0.8
May 26.95 037.95 65.1 971 -2.1
Dec. 27.20 252.20 71.5  4.088 +0.8
1991 Jan. 29.11%  48285.11 71.8  4.106 +0.2
May 2.93 378.93 73.9 157 —0.2
Dec. 19.18% 609.18 77.9 283 —0.6
1992 Jan. 16.115  48637.11 78.8  4.298 0.0
Feb. 28.37% 680.37 79.4 .322 +0.2
Apr. 23.918 735.91 79.3 .352 —0.4
June 25.88% 798.88 +80.6 387 407
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Table 6b. (Continued)

Date MJD Velocity ~ Phase (O—C)

km s! km s~ !

1992 Aug. 12.85%  48846.85 +79.9  4.413 —-0.1
Dec. 20.268 976.26 79.8 484 0.0
1993 Feb. 15.108  49033.10 80.0 4515 405
Mar. 23.088 069.08 79.3 535 0.0

July 6.898 174.89 78.5 593 40.2
Dec. 30.208 351.20 76.0 .689 +0.2
1994 Feb. 21.09%  49404.09 746 4718  —0.2
May 3.008 475.00 73.2 757 —0.2
Aug. 1.83% 565.83 71.1 807  —0.3
1995 Jan. 5.16%  49722.16 67.9 4892  —04
June 4.93% 872.93 66.8 975  —04
1996 Mar. 30.98%  50172.98 73.5 5139 403
1997 Mar. 29.06/  50536.06 79.7 5337  40.2
Apr. 16.02 554.02 79.6 .347 0.0
May 11.00ll 579.00 79.4 .361 -0.3
July 19.908 648.90 80.4 399 404
Sept. 9.788 700.78 80.2 428 +0.2
1998 May 1.99%  50934.99 79.3 5556  +0.3
July 12.908  51006.90 78.0 595 =02
1999 Dec. 20.26/  51532.26 68.6  5.883 0.0
2000 Jan. 9.18/  51552.18 68.8  5.893  +0.5
Mar. 25.00! 628.00 67.9 935 405

Apr. 30.98l 664.98 67.5 955  40.3
May 30.91/l 694.91 67.1 972 —0.1
June 19.94/ 714.94 67.6 983  +0.3

July 16.91l 741.91 67.7 997 +0.2
Aug. 1.87l 75787  4+67.0  6.006  —0.7

*Observed at Kottamia by Woolley et al. (1981);
not used in orbital solution.

tObserved with Palomar 200-inch telescope.

{Observed with DAO 48-inch telescope.

§Observed with Haute-Provence Coravel.

TObserved with ESO Coravel.

lObserved with Cambridge Coravel.

All others observed with original Cambridge
spectrometer; weighted /4 in orbital solution.
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Table 6¢c. Radial-velocity observations of HD 109463.

Date MJD Velocity ~ Phase (O—C)
km s~! km s—!

1968 Apr. 26.92*  39972.92 —33.2 0.080 —-04
1969 Jan. 1.217  40222.21 —23.8 0.245 +5.0
3.12t 224.12 -279 246 409
1982 Mar. 6.06*  45034.06 —29.9 3.423 -0.1
1984 Apr. 24.93*  45814.93 -37.9 3.939 +0.1
1985 Feb. 24.03*  46120.03 -30.9 4.141 -0.2
1986 Jan. 26.15*  46456.15 —29.5 4.363 -04
Mar. 7.04* 496.04 -30.0 .389 -0.6
Apr. 10.06 530.06 —29.6 412 +0.1
May 7.90* 557.90 -30.0 430 -0.1
June 4.91* 585.91 —29.5 .449 +0.7
Aug. 25.81 667.81 —30.6 .503 +0.7
Nov. 24.55¢ 758.55 —32.6 .563 0.0
1987 Jan. 6.21*  46801.21 —33.8 4.591 -0.6
Feb. 1.11* 827.11 -32.9 .608 +0.7
Mar. 1.14 855.14 —33.6 .626 +0.5
Apr. 27.92* 912.92 —-34.7 .665 +0.3
May 24.96* 939.96 —36.0 .682 -0.5
31.92* 946.92 —36.5 .687 -0.9
Dec. 10.25* 47139.25 —38.9 814 -0.6
1988 Jan. 8.17* 47168.17 —-37.4 4.833 +1.1
Feb. 1.43% 192.43 —38.7 .849 -0.1
Mar. 11.06 231.06 —38.7 875 0.0
May 26.93* 307.93 -38.1 .926 +0.2
June 12.91* 32491 —37.2 937 +0.9
Nov. 5.21 470.21 —-34.7 5.033 +0.1
1989 Jan. 18.17*  47544.17 —32.2 5.082 +0.6
Feb. 24.249 581.24 —32.5 .106 -0.7
Apr. 28.93 644.93 -30.0 .148 +0.4
May 26.91* 672.91 —29.8 167 +0.2
June 19.92* 696.92 —28.4 .183 +1.2
July 3.92* 710.92 —28.7 192 +0.7
1990 Jan. 31.09 47922.09 —28.7 5.331 +0.1
Feb. 12.319 934.31 —28.9 .339 0.0
Mar. 26.97* 976.97 —28.8 .368 +0.3
Apr. 30.88*  48011.88 —-29.1 .391 +0.3
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Table 6¢. (Continued)

Date MJD Velocity ~ Phase (O—C)
km s—1! km st
1990 May 26.94* 48037.94  —29.7  5.408 —-0.1
Dec. 27.20* 25220 —31.0 549 +1.3
1991 Jan. 29.11  48285.11 —32.6  5.571 +0.1
Apr. 4.00* 350.00 —35.2 614 —1.4
May 2.94* 378.94  —34.1 633 +0.1
June 12.91* 419.91  —344 660 +0.5
Dec. 19.18 609.18  —37.7 785 +0.1
1992 Jan. 16.11  48637.11  —38.1 5.804 0.0
Apr. 23.91 73591  —38.8 .869 —-0.1
June 25.88 798.88  —38.7 910 —0.2
Aug. 13.82 847.82  —37.7 943 +0.3
Dec. 20.26 976.26  —34.8  6.028  +0.3
1993 Feb. 15.10  49033.10 —33.3  6.065 +0.1
Mar. 23.12 069.12  —31.9 .089 +0.6
July 7.92 175.92 —30.3 .160 —0.2
Dec. 29.20 350.20 —28.3 275 +0.4
1994 Jan. 8.16  49360.16  —28.5 6.281 +0.2
Feb. 18.12 401.12  —28.9 .308 —0.2
May 3.01 475.01  —28.9 357 +0.1
Aug. 2.85 566.85  —30.0 418 -0.3
Dec. 14.21 700.21  —32.1 506 —0.8
1995 Jan. 3.18  49720.18  —32.1 6.519 —0.5
June 2.96 870.96  —33.9 619 0.0
Dec. 27.17  50078.17  —37.4 756 —0.2
1996 Mar. 30.98  50172.98 —38.3  6.818 0.0
Nov. 21.27l 408.27  —37.8 .974 -0.7
Dec. 15.26 432.26  —36.6 .989 0.0
1997 Mar. 29.07  50536.07  —33.6 7.058 +0.2
Apr. 17.94l 555.94  —33.1 071 +0.1
May 13.01/l 581.01  —32.9 088  —0.4
July 20.90 649.90 —31.5 133 —0.6
Dec. 25.18 807.18  —29.3 237 —0.5
1998 May 2.90 5093590 —28.7  7.322 +0.1
July 27.84  51021.84  —29.1 379 +0.1
1999 Apr. 18278  51286.27 —32.4 7.554 —0.1

Dec. 20.26l 532.26  —36.2 716 +0.1
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Table 6¢. (Continued)

Date MJD Velocity ~ Phase (O—C)

-1 km s~ !

km s

2000 Jan. 9.18I 51552.18 —36.3 7.729 +0.3

Feb. 11.18ll 585.18  —37.1 751 0.0
Mar. 25.00l 628.00  —37.7 779 0.0
Apr. 30.98ll 664.98  —38.4 804 0.3
May 30.91/l 694.91  —38.4 824 0.0
June 19.95/ 714.95  —38.4 837 +0.1

*Observed with original Cambridge spectrometer;
weighted /4 in orbital solution.

fObserved at Haute-Provence by Chériguene (1971).
tObserved with Palomar 200-inch telescope.
§Observed with DAO 48-inch telescope.
TObserved with ESO Coravel.

Observed with Cambridge Coravel.

All others observed with OHP Coravel.
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Table 6d. Radial-velocity observations of HD 110743.

Date MJD Velocity Phase (O-C)

km s~ km s~

1973 May 16.93  41818.93 -9.5 0.500 +0.5
1977 Apr. 30.98  43263.98 —4.8 2.258 -0.9
1978 May 23.29*  43651.29 -5.1 2.729 -0.7
1979 May 18.91  44011.91 -21 3.168 -1.7
1980 Jan. 2.16  44240.16 -98 3.446 -0.2
May 6.00 365.00 -8.3 .597 +0.5
1981 Mar. 1.13  44664.13 +2.5 3.961 -0.1
Apr. 27.99 721.99 +3.8 4.032 +1.1
May 31.95 755.95 -0.3 073 —2.4
1982 Jan. 10.20  44979.20 —6.9 4.345 +0.3
Mar. 4.09  45032.09 -8.6 409 +0.3
May 5.01 094.01 -10.1 484 -0.2
1983 Feb. 3.56T  45368.56 —0.6 4.818 +0.3
23.07 388.07 +0.2 842 +0.3

Mar. 7.09 400.09 -0.1 857 -0.5
15.05 408.05 +1.6 .866 +0.9

Apr. 15.94 439.94 +2.8 905 +1.1
May 9.94 463.94 +3.1 934 +0.9
June 8.94 493.94 +3.0 971 +0.3
Dec. 11.23 679.23 -1.8 5.196 -0.3
1984 Jan. 2.24  45701.24 -1.8 5.223 +0.7
Apr. 13.97 803.97 -9.3 .348 —2.0
27.94 817.94 —7.0 .365 +0.8

May 11.91 831.91 -8.6 .382 -0.3
20.13% 840.13 —17.1 .392 -8.6

1985 Jan. 1.21  46066.21 —6.7 5.667 +0.1
24.16 089.16 -58 695 0.0

Feb. 8.50f 104.50 -5.8 713 -0.8
18.371 114.37 —54 725 -0.8

Mar. 15.04 139.04 -34 755 0.0
May 31.93 216.93 0.0 .850 —0.2
1986 Jan. 25.17  46455.17 +0.2 6.140 -0.3
Feb. 27.11 488.11 -2.0 .180 -1.1
Mar. 7.08 496.08 -1.0 .190 +0.2

26.03 515.03 —-3.4 213 -1.3
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Table 6d. (Continued)

Date MJD Velocity Phase (O-C)
km s~ km s~

1986 Apr. 10.08%  46530.08 -1.8 6.231 +1.0
May 5.95 555.95 -3.9 263 +0.2
June 3.96 584.96 —4.8 298 +0.7
Aug. 25.818 667.81 —8.6 .399 +0.1

Dec. 12.24 776.24 -9.7 531 +0.1
1987 Jan. 7.22  46802.22 -8.3 6.562 +1.2
31.16 826.16 -8.3 591 +0.6

Feb. 21.10 847.10 -7.9 617 +0.4
Mar. 3.09% 857.09 -7.9 629 +0.1
20.02 874.02 -6.9 650 +0.4

Apr. 27.93 912.93 —6.0 697 -0.3
May 8.94 923.94 -4.9 710 +0.3
Dec. 10.26  47139.26 +3.0 972 +0.3
22.24 151.24 +2.2 987 —0.6

1988 Jan. 23.49t  47183.49 +2.5 7.026 —0.2
Feb. 1.44f 192.44 +2.2 .037 -04
Mar. 11.088 231.08 +2.3 .084 +0.4
Apr. 12.98 263.98 +0.8 124 -0.1
May 29.95 310.95 —0.4 181 +0.5
Nov. 5.218 470.21 -84 375 —0.3
1989 Feb. 11.15  47568.15 —-10.3 7.494 -0.3
24.249 581.24 -10.4 510 -0.5

Mar. 25.09% 610.09 -9.4 .545 +0.3

Apr. 28.958 644.95 -9.1 587 —0.1
May 26.94 672.94 -6.9 621 +1.3
1990 Jan. 27.13%  47918.13 +1.8 7.920 —0.2
Feb. 12.339 934.33 +2.6 939 +0.3
Mar. 27.01 977.01 +3.6 991 +0.8

Apr. 30.92  48011.92 +2.7 8.034 +0.1
1991 Jan. 29.13%  48285.13 —8.2 8.366 —0.4
Feb. 6.148 203.14 —8.6 376 -0.5
1992 Jan. 16.128  48637.12 -1.9 8.794 —0.1
Feb. 28.41f 680.41 +0.1 847 0.0
Apr. 22.028 734.02 +1.1 912 —0.7
June 25.89% 798.89 +3.4 991 +0.6

Dec. 20.25% 976.25 -2.3 9.207 —0.4
1993 Feb. 15.11%8  49033.11 —4.3 9.276 +0.3
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Table 6d. (Continued)

Date MJD Velocity ~ Phase  (0O—C)
km s~ 1 km s~ 1
1993 Mar. 24.995  49070.99 —6.5 9.322 —0.1
July  8.90% 176.90 -9.6 451 +0.1
Dec. 27.19% 348.19 —7.0 659 0.0
1994 Feb. 18.13%  49401.13 —45 9.724 +0.1
May 3.05% 475.05 -1.1 814 0.0
Aug. 3.85% 567.85 +2.0 927 —-0.1
Dec. 14.228 700.22 +1.0 10.088 —0.8
1995 Jan. 5.17%  49722.17 +1.6 10.114  +0.4
June 2.978 870.97 -5.5 295 —-0.1
1996 Mar. 30.99%  50172.99 -5.6 10.663 +1.3
1997 Mar. 31.96/  50538.96 +1.9 11.108 +0.5
Apr. 17.98ll 555.98 +1.1 129 +0.3
May 13.02l 581.02 —0.5 159 —0.4
July 19.918 648.91 -2.9 .242 +0.4
1998 July 8.87%  51002.87 —6.9 11.672 -0.3
1999 July 12.26f  51371.26 +1.5 12.120 +0.5
Dec. 29.21ll 541.21 —6.6 327 0.0
2000 Mar. 4.10l  51607.10 -85 12.407 404
Apr. 7.01ll 641.01 -9.6 448 0.0
May 29.94ll 693.94  —10.2 513 —0.3
June 19.96ll 714.96 -9.7 538 +0.1

*Observed with Palomar 200-inch telescope.

tObserved with DAO 48-inch telescope.

{Observed at KPNO by Yoss, Neese & Hartkopf (1987);
not used in orbital solution.

§Observed with Haute-Provence Coravel.

YObserved with ESO Coravel.

lObserved with Cambridge Coravel.

All others observed with original Cambridge
spectrometer; weighted /4 in orbital solution.
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Figurel. Theobsenedradialvelocitiesof thefour starsplottedasfunctionsof phasewith the
velocity curvescorrespondingo theadoptedrbital elementsiravn throughthem.Filled circles
represenimeasurementmadewith the Haute-PreenceandESOCoravesk, filled squaredeing
usedor theCambridgeone.Opencirclesreferto velocitiesobtainedwith theoriginal Cambridge
spectrometerthey wereweighted;l1 in the orbital solutions,exceptin the caseof HD 106104
wherethey werediscardediltogetherObsenationsmadeatthe DominionAstrophysicalObser
vatory areshavn asfilled triangles thosefrom Palomarasstars.Plussesandcrossesepresent
the few measurementgublishedby others,in caseswherethey fall within the confinesof the
diagramsthey areidentifiedin Tables6 andwerenot usedin the solutionsof the orbits.
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Figurel. (Continued

methodwasfirst developed,typically have (O — C) residualsabouttwice aslarge as
thosefrom theCoravelspectrometersothey meritonly;l1 of theweight.All theother
instrumentsormallyratefor unit weight,the sameasthe Coravek. Someexceptions
to thegenerarule have beenmade asfollows.

HD 106104 Thereareonly two ‘old Cambridge’measurementandthey both give
very badresidualsThe staris particularlyfaintandwasdifficult to measurevith the



Table7. Orbital elementdor 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 (MJID) 48972.23+ 0.19 48092 + 22 48934+ 19 47984.1+ 1.7
v (kms™h) +7.10+ 0.10 +74.67 + 0.06 —33.29+ 0.04 —3.59 + 0.06
K (kms™) 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
w (degrees) 141.44+ 25 199+ 4 240+ 5 —
a1 sini  (Gm) 6.02 + 0.05 1589+ 1.9 1034+ 1.4 72.0+ 0.9

fm) (Mg) 0.00970+ 0.00026  0.0480+ 0.0017

0.0193+ 0.0008

0.0221+ 0.0009

90¢

U9 47y
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originalinstrumentwhichis why only two obsenationsweremadewith it. They have
beenzero-weighted.
HD 109281 The scanningrangeof the Palomarspectrometewasfixed during ary
oneseriesof measurementsndcould not be centredat will, starby stat HD 109281
hasa high velocity which placedits ‘dip’ partly off theendof thetwo Palomartraces,
impairing the accurag of the resultingvelocities,which have beengiven the same
weightastheold Cambridgeones.

With thosepreliminariessettled the orbitsreadilyfollow; they areplottedin Fig. 1
andtheirelementsaresetoutin Table7.

4, Discussion
4.1 HD 106104

At 30 days,the period of this staris by far the shortestof the four. Coravel traces
shov thatHD 106104is the only oneof thefour starsto have a significantrotational
velocity — it is about6 km s71 . Sincethe spectraltype s slightly earlierthanthat
of the Sunandthe orbital periodis slightly longerthanthe Sun’s periodof rotation,
synchronousgotationwould necessitat@n equatorialvelocity almostidentical with

the solarone, viz. 2 km s . The pseudo-synchronougelocity, that takes account
of the eccentricityof the orbit, would be larger by aboutone-third(Hut 1981).Even

s0,andquite apartfrom the questionof the unknavn axial inclination, which would

actto make the obsenred rotationalvelocity lessthanthe true one, it is fairly cer

tain that HD 106104is spinningfasterthan synchronouslywith its orbital revolu-

tion.

Theinclusion(purely out of curiosity) of the visual companionin the suney pro-
gramme(Yossé& Griffin 1997),for which it did not meetthe criteria for selection,
providesanobjectlessonin serendipityWe have alreadyseenfrom Table1, thatthe
apparenmagnitudeof the companionis aboutQ™.9 fainterthanthatof HD 106104
itself; the companionis alsoslightly redder andits DDO ‘pseudo-spectraltype is
G3V againstthe principal stars F9 V, sothetwo objectswould very well passfor a
physicalpair. In factthededucedlistance®f 164and182pc areequalto well within
their joint uncertainty and are uncannilycloseto the distanceimplied by the Hip-
parcos parallax(Table4). The radial velocity of the companionhasbeenmeasured
thirteentimes,with theresultsgivenin Table8.

Thereis no strongevidencefor variability, andthe meanvelocity of +6.9 4 0.3
km s~1 differs by only —0.2 + 0.3 km s~ from that of HD 106104and makes it
extremelylikely thatthe two starsreally are physically associateavith oneanother
The matteris clinched by the accurateproper motion derived for the companion,
from Tycho (Hipparcos 1997) and precedingastrometriccataloguesin the Tycho 2
cataloguedescribedby Hgg et al. (2000):in Table9 it is comparedwith the proper
motionsderived both by Hipparcosandhby Tycho 2 for the principal stag andis seen
to besensiblyidentical.

At thedistanceof thepair, takento beaboutl 70pc,theobseredangularseparation
of 76 second®f arcrepresents projected(i.e. minimum) distanceof about13,000
AU or 1—16 of a parsecThe systemcould be only looselyboundat sucha separation,
but boundit mustbe:if for the sale of illustration we supposehe relative orbit to
be more or lesscircular andits diameterto be not much greaterthanthe obsened
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Table8. Coravel radial-velocity observations of HD 106104 B.

Date Velocity Date Velocity
kms™! kms~!
1990 Feb. 14.36* +6.4 1994 Apr.29.95 493
1991 Jan. 2811  +7.2 1995 Jan. 416  +7.0
Feb. 509 +6.0 June 295  +81
1992 Jan. 15.09  +6.7 1997 May 10.89  +7.4
Apr. 26.95  +6.1 1998 May 2.89  +65
Dec.20.19 464 2000 Apr. 696  +6.7

1993 Dec. 29.16 +5.2

Observedat:  *ESO T Cambridge  All others: OHP

Table9. Proper motions of HD 106104 and its companion.

Arc-milliseconds/year

@ 1)
HD 106104 Hipparcos —35.0+ 2.0 +51+ 0.9
Tycho 2 —356+ 1.3 +49+ 1.3
HD 106104 B Tycho 2 —339+ 18 +75+ 18

projecteddistancetheperiodis of theorderof amillion yearsandtherelative orbital
velocityabout0.3km s™. If unboundthereforewithin atmostafew million years—
atimeshortcomparedvith arevolution of the Galaxy— thesystenmwoulddisintegrate
and not attractobseners’ attention(asit did ours) by the mutual proximity of its
componentslt would alsoseemto requirea disturbancea greatdealmorelocalized
thanthegeneratidalfield of theGalaxyto disruptthesystemby givingthecomponents
differentialaccelerationsuficientto unbindthemwithin afractionof anorbitalperiod.

4.2 HD 109281

The propertythat immediatelycatchesattentionconcerningHD 109281is its high
y-velocity of +74.7km s~ — fewer thana dozenof the 903 starsmeasuredn the
Galactic-Poldield provedto have velocities(takenwithoutregardto sign)higherthan
that.Yet,accordingo theresultsderivedfrom DDO photmetrythehighvelocityis not
accompaniedby any diminutionof metallicalbundancesn comparisorwith the Sun.
Thethreeradial velocitiesdeterminedrom Kottamiaspectrogram®y a Greenwich
Obsenatory consortiumunderWoolley areexcellentin their classandareconsonant
with theorbit derivedfrom the photoelectrioselocities,which have, however, only %
of the variance.The troublesomesxactitudewith which the orbital periodequalsan
integral numberof yearswasremarleduponin §2 above.
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4.3 HD 109463

The V magnitudeof 7™.81 takulatedfor HD 109463by Hartkopf & Yoss(1982)in a
paperthatpresentagreatdealof photoelectrigphotometrywould appeato constitute
primafacieevidencefor variability of thatstar;againstthat,ther.m.s.internalscatter
in theHipparcosmagnitude$rom the87 individualtransitsis (at0™.011)thesmallest
for ary of thefour stars Dr. Yosshaskindly informedme,however, thathismagnitude
wastranscribedrom thebibliographiccatalogueof radial velocitiesby Abt & Biggs
(1972)— afactthatcannotbe divined from the publishedpaper;it is my belief that
Abt & Biggscopiedthatentrystraightfrom the Henry Draper Catalogue(Cannon&
Pickering 1920),which obtainedit from visual photometryperformedby Pickering
(1890)in thespringof 1887.The unusualdistancetabulatedfor HD 109463(andthe
distance®f all the otherstarstreatedn the paperby Hartkopf & Yoss)arisesfrom an
errorin thecolumnheadingsaandshouldbe divided by afactorof athousand.

The two radial velocitiespublishedby Chériguene(1971)do not agreewith one
anotheraswell asmight be expectedof couck velocitiesobtainedat practically the
sameorbital phasepneof themfalls well off thetop of the plot in Fig. 1. The mean
givenby Heard(1956)for four (un-datedelocitieswould alsobe abore the top of
thegraphif theusualadjustmenbf +0.8km s~ weremadein aneffort to placethem
on the Cambridgescale.In a casein which eightradial velocitiesobtainedwith the
sameequipmentDavid Dunlap Cassgrain spectrograph66 A mm=1 at Hy) were
known individually, however, it wasfound (Griffin 1980)thatanoffsetof —5 km st
was neededo put theminto systematicagreementvith Cambridgemeasurements,
and Heard himself was quotedthere as having found in a substantialunpublished
investication of his own that his 66-A mm~! dataneededsucha correction.Sucha
changewould placethe meanof the four David Dunlapvelocitiesat —31.1km s72,
whichwouldbeentirelyreasonabldt maybeinferredfromthe‘probableerror’ quoted
for their meanthatthe individual valueshave anr.m.s.spreadof 4.4 km s* around
thatvalue,but in the absenc®f informationon thetimesof the obsenationsit is not
possibleto tell how muchthe actualchangeof HD 1094635 velocity contritutedto
thatspread.

4.4 HD 110743

HD 110743is by far the nearesbf the four starstreatedin this paper;its proximity
impliesthattheangularscaleof its orbit asseenon the sky is muchlargerthanin the
casesf the otherthreeobjects.With the further circumstancefavourablefrom the
point of view of the Hipparcosmission,thatthe orbital periodis only a little shorter
thanthetotal durationof thatmission,sotheorbit is aboutasbig asthe satellitecould
have seercompletelyroundacycle, Hipparcossucceedeih discoreringtheduplicity
of the starfrom the photocentrianotion, from which wasderived an orbital solution
(Hipparcos 1997,10, p. DO2) entirely independentf the onegivenin the present
paper The astrometricorbit is in reasonablegreementvith the radial-velocity one,
asmaybe seernfrom thecomparisorgivenin Table10; it is notnearlysoprecisebut
it doesprovide valueswhich of coursearenotdeterminablespectroscopicallyfor the
angularsemi-axismajorandtheinclination.

Theangularsemi-axioof 07.0221+0".0016is practicallyidenticalwith theparallax
thatwasdeterminedy Hipparcosatthesameime,0”.0229+ 0”.0016,sotheimplied
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Table10. Comparisorof orbital elementsof HD 110743.

Spectroscopic Astrometric
(This paper) (Hipparcos)
P (days) 822.1+ 0.7 799 + 15
T (MJD) 47984.1+ 1.7 48039+ 51
e 0 0.25+ 0.13
w (degrees) 0) 49 + 30
a (arcseconds) — 0.0221+ 0.0016
1 (degrees) — 49 + 12
a;sing  (Gm) 72.0+ 0.9 —

linearmeasuremertf the semi-axisis justaboutl AU. Thatdimensionrefersto the
orbit of the photocentreandcould of coursebe smallerto ary degreethanthatof the
orbit of the visible stararoundthe centreof gravity, dependingon the contritution
of the secondarystarto the total luminosity Comparisonwith the value of a; sini
determinedspectroscopicallys thereforefraughtwith uncertaintythe spectroscopic
valueis lessthanthetrue separatiorby thefactorsini, the1-o limits of whosevalue
accordingto Hipparcos (cf. Table 10) is 0.60-0.87 Jeadingto the expectationthat
ay sini is within thoselimits in termsof astronomicalnits, or could belargerif the
apparensize of the astrometricorbit is diminishedbecausef significantlight from
the secondarystar In factit is only 0.481 + 0.006 AU; the discrepang seemsto
suggesthat(a) thereis little scopefor thesecondargtarto contributeary substantial
luminosityto the systemand(b) Hipparcosmusthave significantlyover-estimated
and/ora, or underestimatedr. Amongthoseparametergheproportionaluncertainty
of theinclinationi is severaltimesworsethanthatof theotherssoit wouldbenatural
to lay the principalerroratits door.

A noteworthy featureof the orbit of HD 110743is its circularity, despitea period
50 to 100 times longer than the maximum at which tidal effects are supposedo
circularizethe orbits of lowermain-sequencstars(e.g. Mathieuetal. 1992).When
the eccentricityis permittedas a free parameteiin the orbital solutionit takesthe
value 0.012,lessthanits own standarderror, andin comparisonwith the result of
the solutionwith the eccentricityfixed at zerothe sumof the square®f the weighted
residualgiminisheshy barelyl1% — farlessthanwould constitutesignificanceunder
Bassetts (1978)statisticaltests. As amatterof generalprinciple,therefore sincee is
indistinguishabldrom zeroandasa corollaryw is indeterminatethe exactly circular
orbital solutionis adoptedAstroptysically, however, theprincipleis hardto justify in
this particularcase:no mechanisnof circularizationcanbe proposedsowe areleft
to supposehatthe HD 110743systemactuallyformedin a practicallycircular orbit.
Evenif the companionstarhaspassedhroughits evolution asa giant— andto the
bestof thewriter's knowledgeno ultraviolet surneys have noticedevidenceof awhite
dwarfin thesystem— it would have beenunlikely to reducetheorbitaleccentricityso
verynearly(or quite)to zero:giantbinariesareusuallycircularizedup to periodsonly
of theorderof 200days(Griffin 1990;Mermilliod & Mayor 1992),andevenbarium
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stars,which areall supposedo includea highly evolved componentnormally shov
non-zeroeccentricitiegMcClure & Woodsworth 1990).
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