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Abstract. Spectroscopic orbits are presented for 52 stars in the Hyades
field, of which 41 prove to be actual members of the Hyades (with some
reservations in two cases). Most of the stars concerned have not had
orbits published for them previously. Three of them are of higher multiplicity. The already-known double-lined eclipsing system van Bueren 22
is demonstrated to be a triple system, as was obliquely announced
25 years ago; its ‘outer’ orbit, which has a period of about 8 years,
is now determined. Van Bueren 75 is already known to be triple, but
here the visual secondary is shown to be the (single-lined) spectroscopic
sub-system, and an independent spectroscopic solution is given for the
40-year orbit of what has hitherto been regarded as the ‘visual’ pair.
Van Bueren 102, for which a close visual companion was discovered comparatively recently, is a single-lined binary whose γ -velocity has shown
a steady drift over at least the last 30 (probably 50) years. Three stars,
vB 39, 50 and 59, have notably high eccentricities of 0.85, 0.98 and 0.94,
respectively; they have quite long periods (especially vB 50, which is over
100 years), and every one of them contrived to pass the whole of its recent
periastron passage (about 180◦ of true anomaly) between seasons, at the
time of year when the Hyades are unobservable!
Key words. Spectroscopic binaries—orbits—stars: late-type—stars: radial
velocities—star clusters: Hyades.

0. Preamble
The development of the cross-correlation procedure for the measurement of radial
velocities (Griffin 1967), and particularly the timely construction of a radial-velocity
spectrometer operating on that principle at the 200-inch Hale Telescope on Palomar Mountain (Griffin & Gunn 1974), enabled a comprehensive survey (Griffin
et al. 1988) to be made of the radial velocities of stars that were considered to be
actual or possible members of the Hyades star cluster. The survey shed a good deal
of light on the nature, membership and dynamics of the cluster (Gunn et al. 1988).
In the course of the observations, many of the stars on the observing programme
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were identified as spectroscopic binaries; even two of the four well-attested latetype Hyades giants, δ and θ 1 Tauri, which are brighter than fourth magnitude and
whose radial velocities had frequently been measured since 1899 and 1905 respectively, were quickly found to exhibit velocity variations that had not generally been
recognized previously. As the work proceeded, several papers were published to
give orbits for the newly discovered binary systems. They included Griffin & Gunn
(1977) (2 stars—the two giants—but an orbit could be given for only one of them at
that stage), Griffin & Gunn (1978) (3 stars), (1981) (4 stars), Griffin, Mayor & Gunn
(1982) (3 stars), and Griffin et al. (1985) (16 stars). Since then, Tomkin has been able
to identify additional components in five of the systems and has offered improved
orbits for them (in two cases with the writer’s collaboration) (Tomkin & Griffin 2002;
Tomkin 2003, 2005; Tomkin, Griffin & Alzner 2007; Tomkin 2007). Griffin (2001a)
presented a spectroscopic orbit for the visual-binary system HD 26090, which has
sometimes (Eggen 1963; Perryman et al. 1998) been considered to be a member of
the Hyades, and concluded that its radial velocity disqualified it.
At the end of 1986, rather shortly after the last of the orbit papers stemming
from the Palomar observations was published (1985), the availability of the 200-inch
reflector for such observations ceased. At that time, many additional stars had been
recognized as binaries, but their orbits were either undetermined or else were not
deemed ripe for publication. Among the reasons for their shortcomings were that the
periods were longer than the duration of the observations, that critical phases had
been missed, that the phase distribution of the data was poor and could in principle
be materially improved within the foreseeable future, or that there were aspects of
the data or their interpretation that were not sufficiently well understood.
Ever since then, efforts have been maintained to continue the work on velocity
variables in the Hyades as well as possible, although the loss of the use of the large
telescope has been keenly felt: some of the faintest stars have been altogether beyond
the reach of the available instruments, and some of the others have not been followed
with anything like the ease and regularity which would be desirable. On the other
hand, in those cases where the stars are quite bright and the only problem was the
leisurely nature of their variation, even the original Cambridge spectrometer (Griffin
1967) was serviceable for keeping the observations going. The various instruments
that have contributed to the observations presented here are enumerated in §2 below.
As a result of the above-mentioned efforts, it is now possible to give orbits for
many additional stars. There are still cases where the orbital periods are longer than
the 39-season duration of the observations, or there are other shortcomings, but it
is thought desirable now to present at least a progress report on all the binaries for
which new (or in a few cases improved) orbits can now usefully be given. The rest of
this paper is organized as follows. Section 1 presents what amounts to a caveat that
all stars that show orbital motion are necessarily double, even if the secondary object
is not visible in any particular case, and that some orbits presented here as singlelined come—or could very well prove in the future to have come—from observations
of blended spectra, with the result that the primary amplitudes may be seriously
under-estimated and the secondary amplitudes are not determined at all. Section 2
gives a brief description of the sources of the radial velocities upon which the paper
depends. In Section 3 the stars concerned are listed and basic data on them are
given. Then Section 4 consists of sub-sections each devoted to an individual system,
presenting the observational data and the resulting orbital elements, and also a little
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of such background information as has come to the author’s attention and seems to
be of direct interest here, and sometimes a brief discussion. Finally Section 5 offers
an elementary statistical overview of the periods and eccentricities of the 63 orbits
now known for mid- or late-type Hyades spectroscopic binaries.
0.1 Explanation of the title of this paper
The papers numbered IV–XVII in this series were published in the Monthly Notices
of the Royal Astronomical Society. Dissatisfaction with the relegation by that journal of fundamental (“supplementary”) data to a file on a remote computer, and the
perceived probability that those data will be inaccessible when they are wanted in
100 years’ time (as data on long-period binaries may well be), has led to the change
in journal. It could be mentioned that the first three papers in the series (Griffin
1967, 1969, 1970), which were the first ever to describe the measurement of radial
velocities by cross-correlation, do not carry the series title and were deemed only
retrospectively to have initiated the series.
1. The problem of recognizing the secondary stars in binaries
It is an obvious fact that a star that exhibits orbital motion must be at some level a
double star, but that does not by any means necessarily imply that its spectrum will
be seen as double-lined, or even that the secondary object can be detected at all. The
mass function derived from the orbit of a single-lined binary sets a lower limit, which
is sometimes large enough to be of interest, to the mass of the secondary. Even in
cases where the minimum mass is quite large, however, the secondary may still be
invisible because it is itself a binary system: splitting the mass into halves implies a
reduction in the total luminosity by an enormous factor.
When, some 50 years ago, the routine application of photoelectric photometry
made possible the compilation of colour–magnitude diagrams of open clusters, it
was soon recognized that the main-sequence band was in most cases more sharply
bounded at its lower edge than at the upper one, from which a number of points
would stray upwards by up to about three-quarters of a magnitude (equivalent to a
factor of two in brightness). That was correctly attributed to the presence, among
the cluster members, of unresolved binaries which, in the simple case of an equal
pair, would double the luminosity without altering the colour indices. The total
luminosities and combined colours of unequal pairs would still always cause the corresponding point in the c–m diagram to fall above the main sequence defined by
single stars, but by an amount less than the 0m .75 that obtained for equal pairs*.
*In the case of the Hyades cluster, which has a characteristic radius of the order of 10% of its distance, causing a spread of the order of 20% in apparent luminosity or of 0m .2 in distance modulus,
the position of a binary system in the c–m diagram is not an accurate guide to the relative brightness
of the components. Therefore ‘photometric decompositions’ in the literature are not generally cited
in the sections below; particularly optimistic are those of Barrado y Navascués & Stauffer (1996),
who offered decompositions of many of the stars treated here, deducing for example a secondary
M V of 11m .074 in order to alleviate the supposed excess brightness of 0m .003 for the vB 63 system
over the M V of 4m .721 that they thought appropriate to the primary.
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It has turned out, rather regrettably from the point of view of a spectroscopist,
that not all binaries that are identifiable photometrically in that way can be seen as
double-lined: photometry seems to be more sensitive than spectroscopy—at any rate
spectroscopy in the violet, the region of the spectrum where the radial velocities discussed here were observed—as a means of identifying very unequal pairs. That is
true even in cases where the velocity amplitude is sufficient for the corresponding
lines in the two spectra to be entirely separated at some orbital phases. Additional
difficulties arise when that condition is not met. Indeed, some of the apparently
single-lined objects whose orbits are presented in this paper have amplitudes of only
one or two kilometres per second, and might well be unequal double-lined systems
that cannot be recognized as such from the radial-velocity traces. In principle the
traces should show asymmetry at the nodes of the orbit, and the apparent v sin i values ought to be larger there than when the systems are at conjunction, but in practice
the differences could easily be too small to detect. That fact is demonstrated explicitly by unequal systems whose secondaries are bright enough, and whose velocities do
become sufficiently separated for the traces to appear incipiently double-lined near
the nodes: when the velocity separation is small, there is no hint of asymmetry in
the ‘dip’ in the trace, nor is there any perceptible widening. A specific example of
a binary whose secondary can be directly recognized only near the nodes is vB 96;
one whose duplicity can scarcely be recognized at all is vB 176.
Detection of duplicity spectroscopically is particularly difficult in the violet,
because the slope of the dependence of luminosity on stellar mass is very steep
there. It becomes progressively shallower towards longer wavelengths, until the maximum of the black-body energy curve at the relevant temperature is approached.
Thus Tomkin (2005, 2007) and Tomkin & Griffin (2002), working in the red part
of the spectrum, were able to measure additional components in Hyades binaries
that appeared single in Palomar radial-velocity traces, and to elucidate fully (Tomkin
2003; Tomkin, Griffin & Alzner 2007) the natures of two multiple systems, the
weak components in whose spectra were only imperfectly seen by radial-velocity
spectrometers. Bender & Simon (2008), observing in the infrared, identified and
measured the secondary components in quite a number of additional Hyades binaries hitherto seen only as single-lined, including a number of those treated in this
paper. They generally obtained measurements, however, at only one or two phases,
spaced (if at all) by only a small fraction of the orbital period, so their determinations of the mass ratios depend upon appeal to phasings and primary velocities
computed from preliminary orbital elements that were supplied privately to them
from Harvard. Their paper does not give their own measurements of the primaries’
velocities, but only a histogram, none too reassuring, showing their discrepancies
from the ephemerides based on the SB1 orbits with which they were provided.
The main purpose of this section of this paper is, therefore, to draw attention to
the fact that some of the single-lined orbits derived here, particularly those of small
amplitudes, are liable to require revision in the future, if the binaries concerned are
found not to be very unequal. Of course the majority of all the binaries whose orbits
have ever been determined are what the spectroscopist calls ‘single-lined’, meaning
merely that the secondary star, which is obviously bound to be present at some level
of brightness, is not visible in the spectra. Its effects are ignored. If, in fact, both
the Δm and the velocity amplitudes are small, all the velocity measurements are of
blended spectra. The true amplitude of the primary’s velocity changes is then greater
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than the amplitude measured for the blend, and nothing is discovered about the secondary at all. The period, however, will not be affected by the future recognition of
a secondary of significant brightness, and the eccentricity and longitude of periastron will not change much; it is the amplitude, and therefore particularly the mass
function which depends on its cube, that may need significant revision.
2. The sources of radial velocities utilized here
The fundamental origin of the work presented here rests with the radial-velocity
spectrometer that Griffin & Gunn (1974) constructed and used at the coudé focus
of the Palomar Observatory 200-inch telescope, which at the time was the largest
telescope in the world. For the great majority of the stars whose orbits are given
here, the initial observations, and the discovery of radial-velocity variations, were
made with that instrument and telescope. In some cases the observations began in the
very first season (1971/2) in which that system was brought to bear on the problem
of the Hyades. The Palomar Observatory is warmly thanked for the allocation of
observing time in that season and the 15 ensuing ones for observations of the Hyades.
Only in exceptional instances of rapid radial-velocity changes, however, was it worth
making more than one observation per season (and five of the seasons were almost
completely lost to bad weather), so in many cases the Palomar velocities now give
the impression of making only a relatively small contribution to the total data set.
The brighter spectroscopic binaries, once they were identified as such, could in
most cases be followed from the writer’s home site in Cambridge with the original
photoelectric radial-velocity spectrometer (Griffin 1967); although it was in many
ways a primitive instrument, it was capable of what in retrospect appear to be surprisingly good results, and its constant availability was a decisive advantage. Many of
the orbits in the papers, published in 1977 to 1985, enumerated in the first paragraph
of this paper largely depended upon observations made with that instrument.
The Dominion Astrophysical Observatory (DAO) very kindly allowed the author
to use the spectrometer set up at the coudé focus of the 48-inch reflector (Fletcher
et al. 1982) from time to time from 1983 to 2000. From 1986 to 1998 the writer was
privileged to have numerous observing runs with the Coravel instrument (Baranne,
Mayor & Poncet 1979) on the Geneva Observatory’s dedicated 1-m telescope at the
Observatoire de Haute-Provence (hereinafter OHP); a few Hyades measurements
were also made with the analogous instrument on the Danish 1.54-m telescope at
ESO La Silla, on which observing time was really granted for a different project
(Griffin & Cornell 2006). Since late 1999 another Coravel-type spectrometer has
been available on a continuous basis at the Cambridge 36-inch reflector. Between
them, the Coravels have provided the major part of the data discussed below.
In the tabular journals of observations that appear in the successive sub-sections
of Section 4 below, the instrument providing each velocity is identified immediately
after the entry of the numerical value(s) of the velocity, or in some double-lined
(SB2) systems it is placed after the date. To avoid spelling out the code in every
sub-section, it is given here once and for all; the corresponding symbols used in the
Figures that illustrate the orbit are also noted.
C
C

Cambridge (original spectrometer, 1970–1991): open circles
Cambridge (Coravel, 1996–2010): filled squares
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DAO spectrometer: filled triangles

ESO Coravel
filled circles
OHP Coravel
Palomar spectrometer: filled stars

In SB2 orbits, the secondary velocities are coded with the open equivalents of
the filled symbols used for the primary*. Occasional other sources are flagged with
asterisks that lead to footnotes in the individual tables. Rarely, a velocity that was
considered, at the time that it was obtained, to be for some reason less reliable than
others from the same source has been flagged with a colon and given half the weight
(or otherwise as specified in the text) that it would otherwise have had.
In the little tables of orbital elements, the final column, headed ‘Residual’, carries
the r.m.s. value of the residuals of the individual velocities (unit weight) from the
orbital solution. Beneath the line giving the orbital elements there is normally a second line giving their respective standard errors; in most cases the significant digits,
only, of those quantities are entered, aligned under the corresponding digits of the
elements in the first line.
Observations made with the Coravels and with the DAO radial-velocity spectrometer have their timings routinely corrected heliocentrically; those made with the
original spectrometer at Cambridge and the one at Palomar do not. The distinction is
of no significance except for binary systems whose periods are no more than a few
days and whose times of observation need to be specified—as those of certain objects
are below—to three decimals of a day instead of the usual two. Timings given to
three decimals have been corrected to the Sun in the cases of the Palomar and early
Cambridge spectrometers as well as those of the other instruments.
In this connection it may be noted that observations published long ago cannot
be expected to have heliocentric timings. The Hyades are almost on the ecliptic,
so for observations that are made near opposition the Sun is in almost exactly the
opposite direction to that in which the observer is looking; times at the Sun are
therefore later than those shown by the observer’s clock by practically the whole
amount of ∼500 seconds that corresponds to the light-time for 1 AU. Averaging
over the observing season might be estimated to require a timing correction that
would often be something like +6 minutes. If old observations are used to refine an
orbital period, over a typical baseline of say 60 years or about 30 million minutes,
the resulting orbital period may be expected to be too long by about one part in
five million—a small amount but not always completely negligible. For example it
represents half the standard error of the period in the case of vB 40 (§4.13 below),
although since (for other reasons) no early observations were used in that instance
no harm has been done.
A few of the faintest objects that were observable at OHP and ESO have proved to
be beyond the reach of the Cambridge instrument, which is on a smaller telescope,
at a much worse site, and has a much more complicated optical system (coudé as
opposed to Cassegrain) which involves two upward-facing mirrors; their reflective
surfaces inevitably degrade rather rapidly in the environment in which they are called
*Occasionally confusion could thereby occur in double-lined plots between ‘original Cambridge’
observations and OHP/ESO measurements of the secondary star; such cases are resolved in the
captions to the figures concerned.
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upon to operate, where the relative humidity in the winter is often 100% and causes
the hygroscopic dust to adhere to the aluminium coatings and corrode them. Moreover, the difference of 9◦ in latitude between OHP and Cambridge places the Hyades
significantly lower in the sky as observed from the latter site. Furthermore, there
are defects in the actual operating system of the Cambridge Coravel, causing excess
noise to appear in traces obtained at low counting rates and thus militating against
satisfactory observations of the faintest stars. The defects could be corrected by a
sufficiently dedicated person who understood the operating system, but there is no
such person.
Few externally measured (published) radial velocities have been incorporated in
the orbits presented here: not many photoelectrically determined ones are available,
and few earlier photographic ones are of useful quality. That applies particularly
to those measured by the objective-prism method of Fehrenbach and his collaborators, which are not cited in this paper. Woolley et al. (1981) gave velocities for ten
of the stars discussed here, but with quoted uncertainties of typically 5–7 km s−1
they are not of utility for the orbits. Earlier measures (Woolley, Jones & Mather
1960; Woolley & Harding 1965) were from coudé plates and are more reliable, but
in many cases are so few, and/or confined to very short time spans, as not to be
of assistance for present purposes. Detweiler et al. (1984) have velocities for 11 of
the stars of interest, but only one to (in one case) four measures of each, and they
were taken at an epoch when the stars were being well covered by our own observations. Nevertheless we have not hesitated to utilize any velocities that have come
to attention and seem to hold promise of improving the determination of an orbit
in comparison with a solution based on our own observations alone. Several of the
stars discussed below feature in the extensive catalogue of F- and G-type stars by
Nordström et al. (2004), where a mean radial velocity is given; since no dates are
given, however, that information is not of assistance here, and it has not seemed
necessary to refer to it below for every star concerned. Very recently many velocities
measured with the OHP Coravel, and even orbital solutions in four cases of present
interest (vB 22, 34 and 119, and J 288), have become accessible to sufficiently keen
and alert astronomers, although all that appears in the normally published literature
is half a page in Astronomy & Astrophysics (Mermilliod, Mayor & Udry 2009) carrying the title and abstract of a paper; there is no nore than an indication that scouring
a remote computer for associated data might turn up some that are relevant to one’s
own interests. The writer is aware of what is available on Hyades stars from that
source (in many cases there are just two measurements of a star), but refers to it in
§4 below only in those sub-sections where such data are deemed to be of utility or
some comment on them seems to be called for.

2.1 The zero-point of the radial velocities
An effort has been made to keep the same zero-point as in the previous related
papers, in particular the comprehensive radial-velocity survey of the Hyades (Griffin
et al. 1988), even though that now seems not to be the most accurate scale absolutely. The same methods of reduction have been used here as were used in the
previous papers for the observations at Palomar, and with the original spectrometer
at Cambridge and at the DAO, and no changes have been made to their zero-points.
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Observations obtained with the OHP and ESO Coravels have been reduced in Geneva
on the latest scale, described by Udry, Mayor & Queloz (1999), and it has been found
best to make an addition of +0.8 km s−1 to those velocities as supplied from Geneva.
As part of the routine Geneva reduction process, those velocities have already
received ‘chromatic corrections’ that depend upon the (B − V ) colour indices of the
stars concerned; their necessity is well demonstrated by Fig. 2 of the cited paper. The
Cambridge Coravel has also proved to exhibit a chromatic dependence of zero-point,
and the measurements made with it have been adjusted accordingly. Where there is a
sufficient overlap of OHP and Cambridge measures, the method of choice has been
to adjust the Cambridge zero-point to bring the mean residuals, from the derived
orbit, of both data sources near to zero. The need for the change of +0.8 km s−1 to
the OHP velocities is consonant with the conclusion reached some time ago (Griffin
& Herbig 1981) that the ‘Cambridge’ zero-point is about 0.8 km s−1 more positive
than the IAU one. For that reason, all radial velocities that are quoted from the literature, or have been adopted from the literature for use in the orbits below, have been
adjusted by +0.8 km s−1 before being entered in the respective tables, except where
a different treatment is specifically noted.
Owing to the empirical nature of the ‘chromatic corrections’ made to the velocities from the Coravel spectrometers, it is explicitly admitted that the γ -velocities
of the various orbits, even with respect to the zero-point which we are attempting
to maintain here, are not to be relied upon to the accuracies implied by their formal standard deviations, which are to be regarded as being of the nature of internal
‘housekeeping’ quantities only.

3. The stars whose orbits are presented here
The principal content of this section is in Table 1 below, but by way of a preface
we explain the preferences adopted for the nomenclature of the stars. The Hyades
has been recognized as a visual aggregation of stars since time immemorial, but
its physical reality as an association of objects that by astronomical standards are
mutually close together and are travelling together on quasi-parallel courses in space
was not demonstrated until the twentieth century, although it might be argued that
the seeds of the idea could be traced back at least as far as Proctor (1870) or even
Mädler (1856). It was, however, Kapteyn & de Sitter (1904), at Groningen, who first
made a specific investigation of the proper motions of stars in the central region of
the apparent cluster, and assigned (very largely correctly, as is now quite apparent) 77
stars as actual physical members of the cluster, in three categories—“very probable”
(42 stars), “probable” (19), and “doubtful” (16). Their work had been in progress for
a long time before it was published in 1904. It depended on proper-motion plates
taken at Helsingfors by A. Donner, each plate being exposed twice with a five-year
interval between exposures, the plate being meanwhile kept un-processed. The initial
exposures were made in 1895 and 1896. In a second paper, Kapteyn (1909) referred
to discussions that he had with Donner on the project initially in 1892.
American authors, particularly, prefer to cite Boss (1908) as the first to demonstrate the Hyades to be a physical cluster, but they are obviously mistaken; as just
one example, Giclas, Burnham & Thomas (1962) start their paper straight off with,
“Ever since Lewis Boss first showed in 1908 that the Hyades is a true moving
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group . . .”. Some of the investigations subsequent to those of Kapteyn & de Sitter
and of Boss have naturally been more comprehensive in terms of the area of sky
searched for members and/or the magnitude limit, and it now seems most convenient to use the stars numbered by van Bueren (1952) (hereinafter prefixed by ‘vB’)
as the basic list, later extended by Johnson, Mitchell & Iriarte (1962) (‘J’). The relatively few stars that do not feature in that sequence are necessarily identified in
different ways, usually following the respective authors who first considered their
possible membership of the cluster. There is an intention here that, for each star discussed, the author who first suggested cluster membership of the object is identified,
but the literature is so extensive and fragmented that correct assignment of priority is not positively guaranteed. It should be pointed out that although van Bueren
adopted new proper motions for his tabulated stars from the then-recently-published
Yale Zone Catalogues, the great majority of the objects in his list had already been
recognized as Hyades members; indeed, his main tabulation is very closely analogous to previous lists published by Gyllenberg (1931) and Wilson (1932), although
the latter is not referenced in his paper.
For the great majority of the 52 stars treated here, orbits are being given for the
first time. A specific number cannot easily be given, because some of the stars have
had more or fewer of their orbital elements published without any data or discussion.
What we would recognize as proper presentations of orbits have been given in the
past by others for vB 22, 34, 38, 40, 45, 57, 71 and the inner orbit of 75, and for
HD 28007, and by the writer and his collaborators for vB 22, 41 and 117; details
will be found in the relevant sections below. In all cases, the purpose of the new
discussions is of course to improve on the previous ones.
In Table 1, preference is given to magnitudes by Johnson, Mitchell & Iriarte
(1962), and to spectral types by Morgan & Hiltner (1965), where available.

4. Orbital solutions for Hyades-area stars
4.1 Van Bueren 158 (HD 20278)*
Van Bueren 158 is an 8m G5 star at what is, prima facie, an improbable distance
(nearly 20◦ ) from the apparent centre of the cluster; in fact it is not even in Taurus but
in the eastern part of Aries. Photometrically it is satisfactorily close to the Hyades
main sequence in the colour–magnitude diagram but, now that its parallax has been
determined by Hipparcos and its distance found to be nearly 100 pc, the star seems
too luminous to be readily accepted as a cluster member. It was first proposed as
such by Martin (1934), who assigned a probability of membership in one of four

*Van Bueren’s (1952) table of Hyades-area stars (his Table 2) is divided into four sub-sections
lettered a to d. Van Bueren himself did not attach numbers to the stars in his Tables 2c and 2d;
the ‘van Bueren’ numbers, running from 153 to 191, of the stars in those tables were subsequently
assigned by Johnson & Knuckles (1955), who used the same division and arrangement of four
tables. Later, Johnson, Mitchell & Iriarte (1962) attached numbers (prefixed by the letter J where
they are used in this paper as star identities), which continued the numerical sequence from 201
to 362, to stars brought to their attention in advance of publication by Giclas, Burnham & Thomas
(1962) or privately by Pels.
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categories, of which vB 158 was in the highest, on the basis of proper motions. Van
Bueren relegated it to his Table 2c as a “doubtful case”, owing to the radial velocity
that had been published for the star by (R. E.) Wilson (1948). Wilson found a mean
velocity of +43.5 ± 1.5 (‘probable error’) km s−1 as a mean from four plates, and
classified the star as type G1. The velocity was considered by van Bueren to differ by
13 km s−1 from that expected for a Hyades member at that position in the sky. Pels,
Oort & Pels-Kluyver (1975) nevertheless included vB 158 in their corresponding
table of Hyades stars, noting that they were accepting only two of the (17) objects in
van Bueren’s Table 2c, but also that the discordant radial velocity of vB 158 made
its membership uncertain.
The first Palomar measurement of the radial velocity of vB 158 was made in 1974.
A second observation in 1979 showed a small but definite discordance, which has led
to the star’s being observed in almost every season since and a total of 48 new radial
velocities. It has, however, still not been seen round a complete cycle, but enough
of the orbit has been accomplished that a useful, if preliminary, solution of it can
be obtained now. The measurements are set out in Table 2. The new velocities have
all been given equal weights except for the seven obtained with the original spectrometer in Cambridge, which have been weighted 1/4 . By themselves, they yield
an orbital period of about 17700 ± 2600 days (about 48 ± 7 years). The four individual plate velocities that contributed to the mean value given by Wilson (1948)
were subsequently published by Abt (1970); they are listed at the head of Table 2
and can be plotted (Fig. 1) on the same graph as the new observations. It is hard
to know quantitatively what credence to place upon them, but it seems likely to be
more than a coincidence that the first and lowest one should come very close to the
phase expected for the sharp minimum of velocity in the cycle previous to the one
covered by the recent observations. If Wilson’s observations are included in the solution of the orbit, with a weight (0.02) that brings their variance into line with that
of the other sources, the solution shown in Table 3 and plotted in Fig. 1 is obtained.

Table 2. Radial-velocity observations of vB 158.
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Table 3. Orbital elements for vB 158.

Figure 1. The oberved radial velocities of vB 158 plotted as a function of phase, with the
velocity curve corresponding to the adopted orbital elements drawn through them. The assignment of the various plotting symbols to the different sources of radial velocities is set out in §2
above. To save space in ensuing captions, many of them are abbreviated such that the whole of
the foregoing description would be rendered by ‘Orbit of vB 158’. Additional information specific to this particular figure is that the plusses represent the old Mount Wilson photographic
measurements published as a mean by Wilson (1948) and subsequently in detail by Abt (1970).

Formally, the period is 47.4 ± 2.1 years, but in view of the gap in phase coverage of
the orbit and uncertainty as to the reliability of the old photographic observations,
the standard error is doubtless optimistic.
The γ -velocity is slightly higher than the mean velocity given by Wilson, which
was already considered 13 km s−1 too high to correspond to Hyades membership, so
vB 158 is confirmed as a non-member of the Hyades, as indeed is equally apparent
from its parallax, which puts it further from the cluster centre than we are.
4.2 Johnson 207
J 207, another star far from the apparent centre of the Hyades, is a faint (10m .79)
companion 20 from the 8m .35 star van Bueren 3. The pair was first noted by Sir
William Herschel (1785) on 1782 October 9, and received his designation I◦I IV 89;
it will be found under that designation, complete with its position, in his son’s compilation in the RAS Memoirs (Herschel 1866) of all Sir William’s double stars. (It is
noted there as being in Aries, but according to the revised constellation boundaries
(Delporte 1930) it is now just across the border in Taurus.) The pair was also noted
by (Wilhelm) Struve, who listed it as no. 399 in his Catalogus Novus (Struve 1827,
p. 10). He regarded it subsequently, however, as being outside the limits of angular
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separation and magnitude of double stars that were worth measuring—he had already
shown by a statistical argument (Struve 1827, pp. X, XI) that systems with separations >16 were likely to be optical rather than physical pairs. Thus it does not
feature in his great Mensurae Micrometricae (Struve 1837) except in a table on
p. XXXIII, where it is listed as one of 333 Catalogus Novus stars rejected because
the companion was fainter than magnitude 9 (and in the index on p. 324 where it is
noted ‘rej.’). Since then it has routinely been known as ‘ 399 rej.’.
The star is not merely a visual companion to vB 3 but (pace Struve!) actually constitutes with that object a physical double star. That was already clear to Burnham
(1906), who catalogued the pair as BDS 1730 and noted that, since their positions
were relatively fixed despite the proper motion of about 0.2 per annum of the principal component, the stars must be moving together. There has been confusion in
some quarters over the identity of J 207, which has been attributed the BD number
(+19◦ 547) that really belongs to vB 3 by Pels, Oort & Pels-Kluyver (1975), by Oort
(1978), and also by Upgren & Weis (1977), who judged the star to be a ‘probable
binary member’ of the Hyades from its position in the colour–magnitude diagram.
The ‘finding chart’ published by Johnson, Mitchell & Iriarte (1968) actually points
to vB 3 and not to J 207.
The suggestion that J 207 might be a Hyades member appears first to have been
made by Pels, in a private communication to Johnson, at least as early as 1962, when
Johnson, Mitchell & Iriarte (1962) published photometry for it. Pels unfortunately
died before he could publish his own paper, which eventually appeared much later as
a collaboration with his widow and with Oort (Pels, Oort & Pels-Kluyver 1975), so
chronologically Pels’ priority became concealed. The title of the 1975 paper, which
refers to ‘New members of the Hyades . . .’, although many of them were already
well publicized by that time, thus seems anachronistic or actually erroneous unless
one is aware of the regrettable delay in publication. The ‘new’ stars received ‘Leiden’
designations in the 1975 paper, J 207 being Leiden 3. Perryman et al. (1998), in their
Table 2, mistakenly show Leiden 3 as being identical with vB 3.
Despite its faintness, J 207 was observed spectrographically by R. E. Wilson
(1948) at the Mount Wilson 60-inch reflector. He obtained three plates, which provided velocities that are shown by Abt’s (1970) compilation to have a total range of
only 2.5 km s−1 , whereas four analogous plates of vB 3 (which is three magnitudes
brighter than J 207 in the violet and has a constant velocity (Griffin et al. 1988))
showed a range of almost 11 km s−1 . Such a range, incidentally, serves as a warning not to put unlimited faith in the refinement suggested above to the period of
vB 158 by appeal to similar spectra of that star. Wilson classified J 207 as type K6.
In a paper not retrieved by Simbad, O. C. Wilson (1967) described spectra taken at
38 Å mm−1 of a lot of moderately faint dwarf stars, including J 207, with the extraordinary 8-inch-focus ( f /0.7) aplanatic-sphere camera (Bowen 1952) of the 200-inch
coudé spectrograph. Radial velocities measured from such spectra were found to
have a mean ‘probable error’ of 1.79 km s−1 ; the velocity found for J 207 was +25.0,
and Wilson classified the star as dK7. Unfortunately he did not give the date of the
exposure. His estimate of the magnitude was 9m .5, perhaps illustrating how the big
telescope could seem to brighten up faint stars! A radial velocity of +20.2 km s−1
was given by Pels, Oort & Pels-Kluyver (1975) as having been communicated by
Wilson in advance of publication, but evidently some mistake had been discovered
or correction had been made before Wilson’s actual publication in 1967.
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Table 4. Radial-velocity observations of J 207.

Palomar observations of J 207 were made in 1974 and in nine subsequent seasons,
delineating a maximum of radial velocity. The star has subsequently been followed
with the Coravel spectrometers which, with one observation from the DAO, have
brought the total number of radial velocities up to 38. They are listed in Table 4.
The Palomar measurements not only cover, alone, the most significant phases of the
orbit, but exhibit smaller residuals than the other principal sources; all other sources
have been given half-weight in the orbital solution, which is plotted in Fig. 2 and
whose elements are given in Table 5. The measurements by R. E. Wilson (1948; Abt
1970) are deemed not to be of utility for improving the orbit and so are not included
here, although they would fall within the confines of Fig. 2. O. C. Wilson (1967) did
not give the date of his measurement, but if we may assume that it was made in the
five years before his paper was submitted for publication, that would correspond to
phases about .3 to .5 in Fig. 2, where it would fit very well.
It is seen that J 207 has a tolerably well-determined orbit with a period of 30.7 ±
0.5 years; its γ -velocity of +26.87 ± 0.09 km s−1 differs from the mean of +26.67 ±
0.09 km s−1 found for vB 3 by Griffin et al. (1988) by just 0.20 ± 0.13 km s−1 ,
reaffirming the true binary nature that was already apparent from the common proper

Figure 2. Orbit of J 207.
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Table 5. Orbital elements for J 207.

motion of that double-star system. At the same time it shows that J 207, like vB 3,
has a radial velocity unacceptable for a Hyades member at that position in the sky,
and thereby certifies it as a non-member.
4.3 Van Bueren 135 (HD 23261)
Van Bueren (1952) himself seems to have been the first author to identify this 9m star
as a possible member of the Hyades. It is in an outlying location, at what is for the
Hyades the unusually low declination of +3◦ , but its proper motion was found to be
entirely consonant with membership. Inasmuch as van Bueren did not know its radial
velocity, he placed the star in his Table 2b, which contained 20 stars with unknown or
weakly determined radial velocities, whereas the principal table 2a was reserved for
stars that had not only proper motions but also known radial velocities that accorded
with the Hyades motion. The star was accepted by Pels, Oort & Pels-Kluyver (1975)
as a probable member of the cluster, although still without radial-velocity evidence.
It falls satisfactorily close to the main sequence in the Hyades colour–magnitude
diagram. There does not seem to be any more recent classification of its spectrum
than the HD type of G5; its colour index would be more consonant with a type
of K0 V.
The nature of vB 135, as far as its radial velocity was concerned, managed totally
to elude the writer for no less than 19 years, during which 14 measurements were
made! The star was observed in six seasons at Palomar, and at three other times at
Cambridge, before the comprehensive survey (Griffin et al. 1988) of Hyades radial
velocities was written, but in that survey the star was noted merely as a “probable
spectroscopic binary”. It was always found to be at a velocity of +50–52 km s−1 ;
the extreme range of the Palomar observations was only 2.3 km s−1 (which was in
truth enough to identify the star as a binary with certainty) and the Cambridge measurements did not much increase that range. The object was observed in four further
seasons (in one of them from October to February), still with no increase in range,
until suddenly, in 1991, it was found one night at +40 km s−1 —almost 10 km s−1
away from where it had ever been seen before! Suitably assiduous observation then
soon established that it has a period of only 320 days, so it had completed more than
20 orbits while it had been under observation, but by ill chance it had always been
observed during the interval of about one-third of the orbit when it was near apastron
and at its maximum velocity.
Altogether there are now 95 measurements available for the determination of the
orbit; they include two that were kindly made at OHP by the late Dr. A. Duquennoy
soon after the astonishing ‘low’ velocity had been observed there by the writer. They
are listed in Table 6 and provide the elements given in Table 7; the orbit is plotted in
Fig. 3. All the data sources have been given equal weight in the solution apart from
the ‘original Cambridge’ ones, which have been weighted 1/8 .
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Table 6. Radial-velocity observations of vB 135.

The period is almost exactly 7/8 of a year, so there are eight cycles in every seven
years, during which time the phases migrate around the calendar. It can be seen in
retrospect how, by extraordinary mischance, the observations were made in batches
in the years 1972–74, 1979–81, and 1986–89, centred at seven-year intervals and
leaving substantial gaps that embraced all of the years when the unseen orbital phases
had migrated into the observing season.
The important, if obvious, deduction from the observations described in this section is that vB 135 is not a member of the Hyades—its velocity is more than
10 km s−1 higher than would correspond to membership at its position in the sky.

Table 7. Orbital elements for vB 135.
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Figure 3. Orbit of vB 135.

4.4 G7–42
This relatively faint star is one of many Hyades candidates identified in a Lowell Observatory survey by Giclas, Burnham & Thomas (1962). They gave its
annual proper motion as 0.15 in position angle 81◦ , not far from the motion
expected for a Hyades star at its position. They noted that it had already been
listed as a star having a motion in excess of 0.1 annually, by Paloque (1955),
who gave it as 0.159 in p.a. 79◦ .1. Luyten, who called the star 474-3, twice
(Luyten 1965, 1969a) gave another measurement of its proper motion, 0.17 in
p.a. 102◦ , the angle differing substantially from that given by the earlier authors.
He also noted a hypothetical spectral classification (estimated purely on the basis
of the apparent colour) as ‘f’— not very encouraging for the membership of
an 11m star, which if on the Hyades main sequence ought to be of very-lateK or M0 type, but still not as far off as the white-dwarf type of ‘DA’ that is
unaccountably given among the headers to the Simbad bibliography. The V and
(B − V ) magnitudes of G7–42 were measured by Weis & Upgren (1982) as 11m .60
and 0m .74, perhaps suggesting that ‘g’ would be a better estimate for its spectrum than ‘f’, but still easily negating the star as a normal photometric member.

Table 8. Radial-velocity observations of G7-42.
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Table 9. Orbital elements for G7-42.

Figure 4. Orbit of G7–42.

It was already clear from the three radial-velocity measurements made at Palomar
that the object is nothing to do with the Hyades, so in that sense it was of no further
interest; however, the fact that it had proved to vary in velocity was an incentive to
continue observing it to determine its orbit, and that has been done by means of 20
additional measurements obtained with the Coravels, three-quarters of them at OHP.
The data are set out in Table 8; they have all been given the same weight in the
solution of the orbit, which is illustrated in Fig. 4 and has the elements shown in
Table 9.

4.5 Van Bueren 9
Van Bueren 9 seems to be a typical 9m Hyades main-sequence star, except that
its lithium abundance is anomalously low (Thorburn et al. 1993). The object was
first recognized as a cluster member quite early, by Hertzsprung (1921). It could be
explained that, a hundred years ago, proper motions were simply unavailable for the
generality of field stars: Kapteyn & de Sitter’s (1904) survey of the central regions
of the Hyades was based on new plates specifically taken for the purpose, while Boss
(1908) was restricted to bright stars that had meridian positions. Hertzsprung made
a start on an enlarged field by comparing the positions in the Berlin zones of the
Astronomische Gesellschaft (Auwers 1896; Becker 1895) with those that had thenrecently been published from Abbadia (1915). The star here called vB 9 was the
westernmost member thus identified by Hertzsprung.
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Table 10. Radial-velocity observations of vB 9.

Van Bueren 9 was one of the stars observed in the first season (early 1972) with the
Palomar spectrometer, and it was measured with that instrument again in nine succeeding seasons. The results showed velocity changes that nearly covered a complete
cycle of the orbit, which has since been seen round considerably more than another
full cycle by reasonably systematic observation with other spectrometers. There is
a total of 48 measurements, which are listed in Table 10; they were all weighted
equally in the solution of the orbit, which is illustrated in Fig. 5 and has the elements
given in Table 11.
This is one of the stars for which Bender & Simon (2008) succeeded in detecting the companion spectroscopically in the infrared, by observations made at the
Infrared Telescope Facility on Mauna Kea with a spectrograph that enabled them

Figure 5. Orbit of vB 9. The two plusses represent early Mount Wilson photographic
measurements (Wilson 1948, Abt 1970), which were not included in the solution of the orbit.
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Table 11. Orbital elements for vB 9.

to record a range of 40 Å, covering several deep absorption lines, centred at
λ15548 Å. They obtained two measurements, two days apart, in 2004, so in effect at
a single epoch. They tabulated the orbital elements supplied to them from the Center
for Astrophysics at Harvard for the primary components of the stars for which they
were able to measure secondaries, and calculated mass ratios on the basis of those
data. The quoted orbital parameters have no standard errors associated with them, so
it is impossible to know how accurate they are expected to be, but in the case of vB 9,
at least, the comparison with the orbit determined here is not encouraging. (In the
particular case of vB 9, the text happens to mention that the proportional uncertainty
of K 1 is 6%.) The CfA period of 5070 days differs from the one given in Table 11
by more than 1000 days—it is nearly 22 standard deviations away from our value.
That is, of course, not to say that it is wrong—if its own standard error is 1000 days
then it is not erroneous but merely not very well determined. Be that as it may, the
secondary observation is portrayed in Bender & Simon’s Fig. 3 as being at a phase
of about .895, a considerable way up the rising branch of the putative velocity curve
for the secondary component, whereas according to our orbit it was obtained almost
exactly at the node, at phase .672. The discrepancy no doubt has some repercussions
on the exact value of the mass ratio, but the principal accomplishment of Bender &
Simon remains, viz., that they have detected the secondary and it is evidently of the
nature of an early-M main-sequence star.
Entering roughly estimated masses of 1 and 0.4 M for the two components into
the expression for the mass function, one finds it to indicate that the orbital inclination is likely to be a little over 30◦ . From Table 11, a1 sin i is 200 Gm, so a1 is
likely to be approaching 400 Gm, and the actual separation of the stars to be about
3 1/2 times larger still, about 1300 Gm or 8 or 9 AU. Thus the angular separation on
the sky may, at least part of the time, be as much as 8 or 9 times the parallax of
about 0.016, i.e. about 0.13. The difference in luminosity in the V band may be
expected to be around five magnitudes—an impossible prospect visually, but perhaps
not beyond ambition for coronagraphic adaptive optics on a large telescope.
4.6 Johnson 241
It is clear that Pels alerted Johnson, Mitchell & Iriarte at least as early as 1962 to the
probability that the star that they (1962) called J 241 was a member of the Hyades,
although by the time that Pels, Oort & Pels-Kluyver (1975) published their paper
entitled ‘New Members of the Hyades . . .’ the potential membership of the star was
well known. Indeed, Giclas, Burnham & Thomas (1962) identified it (as G7-127)
independently as a probable member in 1962, and it had subsequently appeared in
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discussions of the Hyades by van Altena (1966, 1969), Eggen (1968), Upgren (1974)
and Hanson (1975) by the time that the Pels et al. (1975) paper was eventually published. Van Altena at first (1966) gave J 241 (vA 52 in his listing) a probability of
membership of only 24% on the basis of measurements of a pair of plates taken with
the Carnegie 20-inch astrograph of the Lick Observatory, but a subsequent, more
accurate, re-measurement with an automatic machine when one became available
resulted (van Altena 1969) in an increase in the probability to 91%. Hanson, similarly on grounds of proper motion, placed the membership probability at 95%; in his
catalogue it is called H 90.
It was obvious from the beginning (Johnson, Mitchell & Iriarte 1962) that J 241
was photometrically anomalous for a Hyades star: its colour indices are appropriate
to a star of type about G8 V, whereas its apparent magnitude of 11m .7 would correspond to an absolute magnitude a little fainter than 8m if the star were indeed a
member of the cluster. There were other stars that exhibited analogous discrepancies, and for a time some authors actually seemed to believe in the existence in the
Hyades of a ‘subdwarf sequence’ about three magnitudes below the main sequence.
Eggen (1968) disposed of a few of those stars by divulging radial velocities that had
been measured at Palomar by O. C. Wilson, no doubt in the course of the programme
described in §4.2 above, and disclosed to him privately (although they do not feature
in Wilson (1967)’s own paper). One of the ‘subdwarfs’ for which Wilson provided
a radial velocity was J 241, for which he obtained a value of +88 km s−1 —about
50 km s−1 adrift from the velocity expected for a Hyades member, although the possibility of its being a large-amplitude spectroscopic binary could not be ruled out on
the basis of a single measurement. The entry for vA 52 (J 241) in a table of ‘subluminous late-type probable members’ in van Altena (1969) is one of a number of entries
specifically flagged with a footnote saying “Spectral types by Pesch”; but no type is
given there, nor is there one in Pesch (1968)’s own paper giving spectral types for
faint Hyades stars. The spectre of the ‘subdwarfs’ was finally laid to rest in a paper
by Hanson & Vasilevskis (1983) on the basis of a fairly comprehensive lot of radial
velocities, mostly provided by the present writer (with the approval, of course, of his
collaborator J. E. Gunn), in advance of publication (Griffin et al. 1988).
In the first season (early 1973) that J 241 was observed at Palomar, it gave an
unuseable trace whose ‘dip’ was partly off the positive-velocity end of the scan,
which routinely had a range of 80 km s−1 centred on the Hyades mean velocity. In

Table 12. Radial-velocity observations J 241.
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Table 13. Orbital elements for J 241.

subsequent seasons, therefore, it was observed with the alternative scanning range
of 180 km s−1 , as explained in Griffin et al. (1988), §VIIa. Eleven observations,
representing nine different seasons, were obtained in that way. A further 21 measures
have since been obtained with the other instruments, the majority of them with the
OHP Coravel. They are presented in Table 12, and were all given the same weight in
the orbital solution, except for the first Palomar observation, which was noted at the
time as being unusually uncertain. The elements are given in Table 13, and the orbit
is illustrated in Fig. 6. The orbit is seen to leave something to be desired in terms of
the phase distribution of the observations. It is, however, hardly possible to obtain
an even distribution, because the period is so exactly an integral number of years
(5.02 ± 0.02 years). The gaps in phasing could, however, be substantially reduced if
a telescope in a low southern latitude, of sufficient aperture to observe the star easily
even when it is at low altitude, were brought to bear, and would be able to observe
in every month except, probably, May and June.
4.7 Leiden 27 (HDE 284234)
L 27 is a 10m .66 object with a colour index (1m .39) red enough to belong to a K7–M0
main-sequence star, although it was classified in the second Henry Draper Extension
(Cannon & Mayall 1949), under the identity HDE 284234, as G5. Its V, (B − V )
photometry was given by Upgren & Weis (1977), who suggested, from its position
in the colour–magnitude diagram, that it is a binary member of the Hyades. Such an
idea was dispelled as soon as the object was observed for radial velocity with the

Figure 6. Orbit of J 241.
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Table 14. Radial-velocity observations of L 27.

Palomar spectrometer, in 1978, when two observations made three days apart were
both above +100 km s−1 . A total of 12 observations was made at Palomar, and 54
with other spectrometers, with the largest contribution coming, as in so many other
cases, from the OHP Coravel. All the data are set out in Table 14.
For a first trial of the orbit, all observations were weighted equally apart from
the single measurement made with the original Cambridge spectrometer, for which
the faintness of the object made it a marginal proposition; that datum was weighted
1/4 . The residuals of the 12 observations made with the Cambridge Coravel proved
to be about half those of all the other sources, so in a second iteration they were

Figure 7. Orbit of Leiden 27.
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Table 15. Orbital elements for L 27.

double-weighted (formally, all the others were down-weighted by a factor of two,
leaving the Cambridge observations at unit weight). The final orbit is plotted in Fig. 7
and its elements are given in Table 15. The period is seen to be close to one year
(1.072 years), so any given phase migrates towards successively later dates around
the calendar in a cycle lasting 14 years. It is noticeable that the Palomar observations
do not cover all phases, because their total duration was little more than half the
length of the migratory cycle; the initial observations were right at the ascending
(maximum-velocity) node, and those made in successive seasons regress slowly in
phase down the rising branch of the velocity curve.
For such a red star, the ‘dip’ in radial-velocity traces is disappointingly shallow.
There is no astrophysical information available about L 27; the shallow depth of the
dip might be due either to very substantial metal-deficiency or else to the presence
of a blue companion that is responsible for about half the light in the wavelength
region (approximately the photometric B band) observed by the radial-velocity spectrometers. The rather early type given in the Henry Draper Extension could be
consonant with either explanation. It is difficult to engineer composite photometry
that would add so much light in B while leaving the integrated colour index as red as
is observed; that seems possible only if the primary were a highly luminous star and
the integrated colour were affected by substantial interstellar reddening. It would be
of interest to obtain an actual spectrum of the object to determine its nature.
4.8 Van Bueren 22 (HD 27130)
This star is certainly a member of the Hyades, having been identified as such in the
very first listing of probable members by Kapteyn & de Sitter (1904) (although one
proper-motion survey (Hanson 1975) subsequently put the probability of its membership at 0%). It has long been known as a spectroscopic binary; a single-lined orbit
with a period of 5.6 days was given for it long ago by Sanford (1924). A doublelined orbit was given by the writer and his collaborators (Griffin et al. 1985) some
time ago, but a qualitative as well as quantitative improvement is offered now. The
observational history of the object was outlined in the 1985 paper up to the time of
that publication, but the most salient developments are briefly recounted here. O. C.
Wilson (1963) pointed out that, although the binary had been known only as a singlelined one, both components were visible in the Ca II H and K emission lines; but
nobody acted on that tip-off—nearly twenty years elapsed before McClure (1982)
published the first double-lined orbit. McClure also looked for, and found, eclipses;
as a result, the system was gazetted as a variable star, with the designation V818 Tau
(Kholopov et al. 1985). Meanwhile, in 1980 it had independently occurred to the
writer, who noticed that vB 22 lay above the Hyades main sequence in the colour–
magnitude diagram, that it was potentially double-lined, and he and his collaborators
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promptly verified that idea with the Palomar radial-velocity spectrometer. Griffin et al. (1985) published a new orbit on the basis of 15 Palomar measurements (10
of them double-lined) supported by 28 observations made of the primary star from
Cambridge with the prototype spectrometer, for which the dip given by the secondary
component was too weak to be measured. Four of the Cambridge velocities dated
from 1967–69, before the Palomar Hyades project began, when vB 22 was fortuitously included in an unrelated programme (Griffin 1971). Owing to its eclipses and
thus the accurate knowledge of the inclination (as well as the other characteristics) of
its orbit, vB 22 has become a pivotal object in many discussions of the Hyades, their
distances, and other properties, so an improved knowledge of vB 22’s own properties
is of major importance.
There were some disconcerting features in the orbit presented in 1985, whose
authors made it as clear as they could without actually asserting it outright that
they thought that the γ -velocity was not constant, with the implication that the system was really triple. Many of the observations were made in an intensive series,
mostly at Cambridge, in the 1980/81 and 1981/82 observing seasons, with fewer,
mostly Palomar, measurements in previous and succeeding seasons. The 1980/81
data exhibit negative residuals with worrying consistency; they are necessarily balanced by positive residuals elsewhere, and indeed the residuals are systematically
positive in late 1982 and 1983. Worse still are the residuals of the four early (1960s)
Cambridge observations, which range from +2.8 to +4.9 km s−1 — really unacceptable even for early observations with the original photoelectric instrument. The paper
(Griffin et al. 1985) discusses those matters frankly, and goes on to say “We conclude that it would be worthwhile to continue to monitor the radial velocity of vB 22,
and meanwhile to suspend judgment on the significance of the run of residuals . . ..”
Soon afterwards there was quite a flurry of new orbits for vB 22. Peterson & Solensky (1987) pooled McClure’s data with ours. They apparently allowed for different
zero-points from different observatories, not only between the McClure and Griffin
et al. velocities (which was fair enough) but also between Palomar and Cambridge.
They evidently did not understand what our paper was saying. They said themselves,
“. . . the difference between the Palomar and Cambridge zero-points, significant at
the 4σ level, is disconcerting if one considers the effort spent by Griffin and his
colleagues in maintaining a consistent definition.”
In the same year, Mayor & Mazeh (1987) included vB 22 in a programme of
re-determination of orbital parameters that had been determined long ago, with a
view to identifying changes that could be attributed to the action of a third body.
Such changes could include variations of velocity amplitude and/or longitude of
periastron. Their results did not seem very conclusive to the writer, because it seemed
as if the authors, having experience only of their Coravel as a means of measuring
velocities, did not appreciate how uncertain the early photographic elements could
be! Be that as it may, they produced an independent orbit for vB 22 on the basis of 15
measurements of the primary (one of which, giving the largest residual of all, is close
to the γ -velocity and is clearly of a blend); all but two of them were obtained in the
same seasons as most of the Griffin et al. data. There were also five measurements
of the secondary, all taken in one observing run at New Year 1981/82. It is clear
from the text of their paper that Mayor & Mazeh (1987) clearly understood what
Griffin et al. were driving at; indeed they noted that we “found residuals that could
be due to a third body” and even appeared to chide us by saying “they do not mention
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this possible interpretation explicitly”! (Our exclamation mark!) The following year,
Peterson & Solensky (1988) returned to the matter again, incorporating Mayor &
Mazeh’s newly published data, too, into their solution. Since then, no substantial
fresh body of data has been published as far as the writer is aware, but in a table
referred to by Mermilliod, Mayor & Udry (2009) in their paper that Astronomy &
Astrophysics did not print (cf. §2 above) there are orbital elements based on a subset
of Mayor & Mazeh’s (1987) observations, though they are attributed velocities that
have changed by amounts from +0.22 to +0.57 km s−1 in the case of the primary
and ranging up to nearly ±2 km s−1 in the case of the secondary.
After a few seasons’ inaction, the writer followed his own advice by restoring
vB 22 to the observing programme, and has monitored it with typically a few observations each season right up to date. Since the purpose was to document changes in
the γ -velocity and not particularly to improve the 5.6-day orbit, observations were
normally restricted to the primary component alone and were obtained only at times
when it was well separated in velocity from the secondary. Quite soon it became
apparent that the expectation that there would be changes in the γ -velocity was being
fulfilled, and then that the period of the outer orbit was only about eight or nine years.
In fact the observations now span (‘cover’ would be an over-statement) five cycles
of that orbit. The data are listed in Table 16; they necessarily include those already
given in 1985, which are important for the solution of the outer orbit, but the blended
measurements that were placed within brackets and effectively rejected in the 1985
Table IV are omitted. Because there are so few measurements of the secondary, they
are placed on separate lines in their chronological places in Table 16, rather than in
a separate column that would be very largely empty. Only the writer’s own measurements are listed; those published by McClure (1982) and by Mayor & Mazeh (1987)
are not included because (a) they are largely confined to exactly the seasons when
the writer too was making intensive observations, and so would over-load a relatively
small region of phase in the outer orbit, and (b) in any case the uncertainty over their
relative zero-points would negate the contribution that they might otherwise make to
the solution. In accepting them as they stand, one would run the risk that mere zeropoint discrepancies were being interpreted as motion in the outer orbit; on the other
hand, in attempting to homogenize their zero-points by introducing empirical offsets
designed to reduce their mean residuals to zero—as would be a perfectly valid and
desirable step to take if the data extended quasi-uniformly all round the orbit—one
would in effect be throwing away such information as they might contain that was of
most importance to that orbit.
The data have been solved simultaneously for the single-lined outer orbit (the
orbit of the centre of mass of the observed system—the companion in the outer
orbit has not been detected) and the double-lined inner one, by means of a programme written some years ago (Griffin 2001b) to solve an analogous system. All
the velocities of the primary star have been accorded equal weight in the solution,
apart from those obtained with the original spectrometer at Cambridge, which have
been weighted 1/5 . The secondary velocities have needed to be weighted only 0.05,
reflecting the difficulty of obtaining accurate measurements of such a weak ‘dip’
as that star gives in radial-velocity traces (cf. Griffin et al. 1985, Fig. 2), to bring
the weighted variances of the two components into approximate equality. In view of
the potential ability, pointed out by Mazeh & Shaham (1979), of a distant companion to maintain a non-zero eccentricity in an inner orbit that, left to itself, would be
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Table 16. Radial-velocity observations of vB 22.

circular, an initial solution was run with e and ω allowed as free parameters. The
eccentricity turned out to be only 0.0013 ± 0.0011, and the sum of the squares of
the (weighted) deviations increased only from 16.03 to 16.24 (km s−1 )2 when zero
eccentricity was imposed on the solution, an increase that is shown by Bassett’s
(1978) second statistical test to be altogether without significance. The final solution therefore includes a strictly circular inner orbit. Its elements are presented in
Table 17. Two diagrams are necessary to illustrate it—one (Fig. 8) showing the outer
orbit, and the other (Fig. 9) the inner one. Both plot the same observations, of course,
and any given observation has the same residual from both curves, because in effect
the computed contribution from the other orbit towards the total velocity has been

56

R. F. Griffin
Table 17. Orbital elements for vB 22.

subtracted. (It has scarcely even crossed one’s mind to share the residuals between
the two orbits and thereby cosmetically to halve them!) Because the residuals of the
secondary velocities are several times as large as those of the primary, as indicated
by the need for twenty-fold down-weighting of the underlying velocities in the
solution of the orbit, they have been omitted from Fig. 8, where they would otherwise
be distracting.
The four early Cambridge observations of the primary, which gave such pause for
thought in 1985, are distinguished in Fig. 8 by over-size symbols, and the origin of
their large positive residuals from the simple double-lined orbit is obvious when one
sees their phasing, near the nodal passage in the outer orbit.

Figure 8. Outer orbit of vB 22, showing the variation of the γ -velocity of the inner (5.6-day)
system. The circles that represent velocities obtained with the prototype radial-velocity spectrometer at Cambridge are plotted with extra-large symbols in the cases of the four observations
obtained in 1967–1969. Peterson & Solensky (1987) recognized that there was a difference of
4.0 km s−1 between the γ -velocities of vB 22 at that epoch and at the epoch of the subsequent
measurements made with the same instrument (the observations represented here by ordinarysize open circles), but instead of representing it by an orbit they regarded it as a demonstration
of systematic error, which they ‘corrected’.
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Figure 9. Inner orbit of vB 22. Open circles on the velocity curve for the secondary star
represent observations made at OHP (they are the counterparts of the filled circles that represent OHP measurements of the primary). Open circles on the primary’s curve plot Cambridge
observations as usual, but (as in Fig. 8) with larger symbols for the four measurements taken in
the 1960s.

Even a casual glance at Fig. 8 affirms that the amplitude of that orbit is several
times as great as the typical velocity residuals. It follows that, in a straight doublelined solution that does not take account of the variation in the γ -velocity, many of
the residuals are bound to be several times as large. Indeed, a diagram analogous to
Fig. 9 but obtained from an ordinary double-lined solution does look quite ragged—
worse, in fact, than ones previously published (McClure 1982; Griffin et al. 1985;
Mayor & Mazeh 1987), because those solutions did not incorporate velocities made
at all phases of the outer orbit. A solution of the identical data set that is given in
Table 16, but treated as that of a normal double-lined system, yields a sum of squares
of the weighted deviations of 196.67 (km s−1 )2 —twelve times higher than we have
obtained here!
The recognition of the presence of a third component in vB 22 naturally has
some repercussions both on the orbit and on other parameters. In all of the formerly
published double-lined orbits, most of the radial velocities had been taken near the
descending (minimum-velocity) node of the outer orbit, so their γ -velocities were
too low, by 1 km s−1 or more. The periods of the McClure and Griffin et al. orbits
were shortened by about three times their claimed standard errors by an effect of
the light-time across the outer orbit. The new period has a much smaller, and now
presumably realistic, standard error. The ‘true’ period, measured in the rest-frame of
the system, is shorter than the observed one by rather more than 1 part in 104 owing
to the recession of the system from us by that fraction of the speed of light—it is
5.6084828 ± 0.0000018 days, and differs from the actually-observed value by more
than 400 standard deviations. Differing aspects of the significance of such a difference were aptly summarized in 1985: “Academically, it is decisive. Statistically, it
[is] overwhelming . . . . Practically, it is negligible, since the element K with which
it is combined in the ‘derived’ quantities can hardly be known to anything approaching 1 part in 104 .” Although the third star has not been seen in radial-velocity traces,
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it might, as in so many other cases (Bender & Simon 2008) be observable spectroscopically in the infrared; helpfully, the spectra of the two known members of the
system are often far displaced from the position, corresponding to the vicinity of the
γ -velocity, where the outer companion’s spectrum must be expected. Alternatively,
or even additionally, the companion may observable directly with adaptive optics on
a large telescope or by optical interferometry. It can have only quite a small fraction
of the mass of the 5.6-day system, so its distance from that system must be several
times the a1 sin i value of about 0.6 AU shown in Table 17 for the outer orbit, perhaps about 3 AU, so its angular separation from the principal pair will be (at least
sometimes) about three times the parallax, or 0.06. Finally, the third star, although
as yet unseen, must be expected to contribute at some level towards the integrated
brightness of the system, requiring some adjustment of the magnitudes assigned to
the observed components.
The mean value for the rotational velocity of the vB 22 primary is found
from the OHP traces to be 8.4 ± 0.4 km s−1 and from the Cambridge ones to be
8.3 ± 0.3 km s−1 . For sychronous rotation and sin i ∼ 1, the indicated stellar radius
is 0.92 R .
4.9 Van Bueren 34 (HR 1358, HD 27483)
Van Bueren 34 is another of the original Kapteyn & de Sitter (1904) Hyades. At
6m .17, it is one of the brightest Hyades main-sequence stars that is of late enough
type to be readily observable with radial-velocity spectrometers of the Coravel type;
it is significantly brighter than most such stars with similar colour indices simply
because it consists of two stars of practically equal brightness. Its spectral type is
normally considered to be F6 V (Johnson, Mitchell & Iriarte 1962), but Eggen (1982)
has a footnote to his Table 1 specifically to say that it is of type B. Other stars whose
brightnesses are enhanced by multiplicity to almost the same level as vB 34 and are
treated in this paper are vB 57 and vB 75.
The double-lined nature of vB 34 was discovered independently at Mount Wilson
in 1933 and at the David Dunlap Observatory (DDO) in 1935; the two observatories respectively announced the duplicity in papers by Christie & Wilson (1938) and
Young (1939). Meanwhile Harper, at the DAO, was obtaining a series of 17 spectrograms, evidently with a view to determining the orbit, in 1936–40. Observers at the
three observatories subsequently agreed to pool their resources, and the upshot was
the paper by Northcott & Wright (1952), giving the orbit on the basis of a total of 90
spectrograms; the orbital period is just over 3 days. The twin stars are very similar
to one another, but Northcott & Wright mentioned that they could be distinguished
“with fair certainty” by inspection of the individual plates; in a specific investigation of the relative line strengths, they found a Δm of 0m .07 ± 0m .01—which must
refer to violet wavelengths. Boesgaard & Tripicco (1986) found that the slight difference in temperature between the stars was associated with a great difference in their
lithium abundances, the slightly cooler star having no detectable lithium λ6708-Å
line whereas the primary has an obvious one. Their paper implies that they found a
brightness ratio, at the lithium wavelength, of 2.05 to 1.95, a seemingly oblique way
of stating a Δm of about 0m .05. The spectral lines are significantly broadened—their
axial rotations could be expected to be synchronized to the orbital motion; Kraft
(1965), who gave pairs of velocities from three coudé plates but seemed not to be
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aware that the orbital period was known, quantified the v sin i values as 12 km s−1
for both stars.
Bohm-Vitense (1993) made, with IUE, the unexpected discovery that the vB 34
system includes a white dwarf; she canvassed the possibility of a 16-year period
and a characteristic angular separation of 0.2, although she had no actual picture
of the system. Another extraordinary thing that has happened regarding vB 34 is
that, notwithstanding its short period, it has been directly resolved on the sky and
its apparent orbit has even been determined, by Konacki & Lane (2004) with the
‘Palomar testbed interferometer’ (Colavita et al. 1999).
Mayor & Mazeh (1987) produced a new orbit for vB 34 in the course of the project
described in §4.8 above. They obtained 18 measurements with the OHP Coravel
(one of them was at a single-lined phase and was not used in the solution). Just
two observations of the star were made by the writer and his collaborators in the
last season (late 1986) that they were able to observe at Palomar. Another 14 were
obtained by the writer in 1987–1992 with the OHP Coravel; again, one of the observations was at a single-lined phase and could not be used in the orbit. Trial orbits
run from the writer’s 15 SB2 measurements demonstrated that the orbit was indistnguishable from a circle, and yielded an orbital period of 3.059117 ± 0.000008 days.
Mayor & Mazeh, from a data set of very comparable size (and indeed origin), and
despite a much shorter time base of little more than two years, claimed that their
period—though differing from the author’s by only 3 units in the last (sixth) decimal place—had a standard deviation of only 0.000002 days. The author was obliged
to conclude that they must have refined their value by appeal to the JRASC observations (as we will call those published in that journal by Northcott & Wright (1952))
or at least to the epoch that was derived from them.
To do a fully comprehensive investigation, the present writer therefore transcribed
both of the old data sets so that he could experiment with them. In doing so, he came
across a number of idiosyncrasies in them. The dates in the DDO data set have had
the leading figures truncated, and the ones given at the head of the column are the
wrong ones for the first 28 entries. (But even that is better than in Young’s (1939)
announcement of the double lines, where the fact of truncation, and the missing
leading figures, are not mentioned at all!) The JRASC authors homogenized the zeropoints of the data from the three observatories concerned, and it is confirmed that
they did that satisfactorily. They retained two observations which we would have
rejected as having been obtained too near to a single-lined phase and being too much
affected by blending; but by and large our solution of their data was very similar
to theirs, except that their date for the “Epoch of [zero] mean longitude”, i.e. T0 , is
half a cycle out: that is to say it would apply only if the identities of the primary
and secondary were reversed. Exactly the same problem exists with Mayor & Mazeh
(1987): they too give an epoch that is half a cycle wrong. If one adopts their listings
of the primary and secondary velocities and runs the orbit, one gets indeed their
epoch, but the values of K , a sini and f (m) are all interchanged from the ones that
they list—the ‘secondary’ becomes the more massive star. The only thing that can
be said in their favour is that at least there appears to be an integral number of cycles
between their T0 and the JRASC one.
Very recently Mermilliod, Mayor & Udry (2009) have compounded the confusion by producing a ‘new’ orbit from largely the same OHP data as Mayor & Mazeh
(1987) did before, in much the same way as they did for vB 22 (cf. §4.8 above). In
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listings accessible by computer they have given the orbital elements and the underlying data. The latter include 13 of the 17 pairs of velocities used in 1987, but they
have changed by typically some tenths of a km s−1 , and it is far from obvious why
the other four observations should have been omitted. Six of the 13 pairs of velocities
have had the identities of the components reversed in the new listing, although they
could not actually have been used in the solution of the orbit with the assignments as
they are now listed. But now there are in addition just two pairs of velocities obtained
12 years after the main batch, and one single-lined measurement that was made earlier but not included in the 1987 data set. The 2009 authors adopted for the two later
observations identities that in truth are inverted with respect to the ones that they
actually used for the main batch, so the period is in error by about half a cycle in the
12 years—it is now given as 3.058271 ± 0.000018 days, so it has a far larger uncertainty and it differs from the 1987 value by more than 100 standard deviations of the
latter. Of course the data points do not fit the erroneous period too well; the listed
r.m.s. error per observation is as much as 4.98 km s−1 —as is in fact admitted, without
comment, in those authors’ listing—and the newly disclosed single-lined observation falls at a phase (about .62) far from where the system is really single-lined. All
the conclusions mentioned here are demonstrated beyond cavil by the writer’s own
experimental solutions with the transcripted data.
When a solution was run from the author’s Palomar and OHP data, plus the
JRASC observations (with the appropriate weighting of 0.04), the period that resulted
was 3.0591180 ± 0.0000013 days. It seemed somehow unsatisfactory, however, that
despite the 2009 publication of a ‘new’ solution of the orbit of vB 34, no observations had been made of the system for fifteen years. When that was recognized
(2010 January) there was just time to restore the object to the observing programme
before the close of the 2009/10 Hyades season, and ten new measurements were
obtained with the Cambridge Coravel. They have been added to Table 18, and their
superior precision warrants the reduction of the weighting of the Palomar and OHP
data to one-half. The resulting period, from the present writer’s observations alone,
is practically the same as before but much more precise, having a standard deviation
of less than a millionth of a day (less than a tenth of a second). Addition of the old
JRASC observations to the data set no longer offers any significant advantage. Inclusion of the Mayor & Mazeh velocities, with an appropriate zero-point offset and
appropriately reversed identities, also produces no great improvement; they need to

Table 18. Radial-velocity observations of vB 34.
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Table 19. Orbital elements for vB 34.

be quarter-weighted to equalize the variances. Therefore Table 19 and Fig. 10 give
the results of solving the writer’s measurements alone, altogether independent of the
others.
There is a systematic difference of 1.8 km s−1 between the Mayor & Mazeh observations and those of Table 18, notwithstanding that half the new set was obtained
with the same (OHP) instrument as was used by the former authors. The Table 18
OHP data have been adjusted by +0.8 km s−1 from the ‘as reduced’ values, as
explained in §2.1 above; to make the Mayor & Mazeh set agree with them in the
mean it was necessary to subtract 1.0 km s−1 . Part of the trouble probably arises from
a deliberate change in the OHP zero-point, as described by Udry, Mayor & Queloz
(1999), but another part may well stem from an actual change in the γ -velocity as
a result of orbital motion with the white dwarf discovered by Bohm-Vitense (1993).
Really the system should be observed systematically year after year to watch for
such a change.
Van Bueren 34 was, understandably, only partially resolved with the interferometer used by Konacki & Lane (2004); the major axis of its orbit subtends only
1.26 ± 0.05 milliseconds of arc, and certain assumptions, which seem to have been
in part derived from Mayor & Mazeh’s orbital elements, needed to be made in its
calculation. It is of interest to see that the astrometric authors, in using the T0 time
from Mayor & Mazeh, needed to assign the larger of the two velocity amplitudes to
the primary star— the numbers are those of Mayor & Mazeh but the identities of the
components are reversed. The most significant astrometric element is the inclination,

Figure 10. Orbit of vB 34.
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Figure 11. Radial-velocity trace of vB 34, obtained with the Cambridge Coravel on 2010
January 31. The two dips are of noticeably unequal widths although their depths are the same
as one another.

of 45◦ .1 ± 1◦ .7; it enables the stellar masses found from the radial-velocity orbit to
be freed of the factor sin3 i, which in this case appears to be about 0.355 ± 0.032,
giving masses close to 1.36 and 1.33 M , with formal uncertainties of about 9%.
The radial-velocity traces of vB 34 exhibit two dips of similar depths but, surprisingly for stars of very nearly the same mass, considerably different widths—see
Fig. 11. The mean v sin i values from OHP are 18.5 ± 0.7 and 14.4 ± 0.6 km s−1 ;
the corresponding Cambridge values are 18.8 ± 0.6 and 13.8 ± 0.3, respectively, and
we might take the means to be 18.7 ± 0.5 and 14.0 ± 0.3. Upon the seemingly very
probable assumption that the rotations of both stars are synchronized with the orbit,
the implication is that the ratio of radii is 1.33 ± 0.05 to 1, from which it follows that
the ratio of surface areas is as much as 1.78 ± 0.13 to 1. One might well expect that
stars of nearly the same mass would have nearly the same temperature, so their luminosities would be nearly proportional to their areas. The evidence from the rotations
for a substantial difference in the sizes of the stars, however, suggests that nothing
can be taken for granted in the vB 34 system: we cannot even be sure that the smaller
star would also be the cooler, as would be normal for a pair of main-sequence stars.
Konacki & Lane (2004), after saying that, in their work, “there is a strong correlation between the apparent semimajor axis and the brightness ratio”, and “In effect, it
is not possible to determine both parameters reliably”, quite reasonably deemed the
stars to be of equal brightness, but that assumption no longer appears secure.
The orbital inclination found by those authors could be used (if it could be relied
upon) to find, from the projected values derived from the line-widths, the actual
equatorial velocities of the stars: they would be 26.4 and 19.8 km s−1 , and (still on
the assumption of captured rotations) the stellar radii would be 1.60 and 1.20 R .
That result would indicates that it is the primary star that is out of line with normal
main-sequence characteristics rather than the secondary; it is not at all clear why it
should be over-size, since it is well below the turn-off point in the colour–magnitude
diagram of the Hyades and therefore should not yet be exhibiting important evolutionary effects. The fact that the dips given by the two stars in radial-velocity traces
are of practically equal depths, so their areas differ only by the ratio of widths (not by
the square of that ratio, as the surface areas of the stars must be supposed to do) could
possibly be explained by the spectrum of the smaller star having a greater intrinsic line-strength. That could happen either because that component is cooler than
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the other (though that would exacerbate the luminosity-ratio problem) or because
it is incipiently ‘metallic-lined’. In discussing this issue, therefore, it is important
to keep in mind the possible distinction between the difference in stellar luminosities and that in their line strengths. In the latter connection it may be recalled that
Northcott & Wright (1952) could distinguish “with fair certainty” which component was which on spectrograms of quite modest quality; against that, however,
Boesgaard & Tripicco (1986) said that at the wavelength of the red Li I line there
was a difference of line strength of only 5%.
Evidently vB 34 presents problems that cannot be solved here. Even an optimist can scarcely expect that independent spectra will be obtainable directly for the
individual components at all soon; separation of the spectra from the observable
composite one, however, may already be possible by the powerful Korel method
introduced by Hadrava (1995).

4.10 Van Bueren 38 (60 Tauri, HR 1368, HD 27628)
Van Bueren 38, one of Kapteyn & de Sitter’s (1904) original Hyades, is one of
two bright A-type stars (the other is vB 45) that are treated in this paper and could
usefully be observed with the radial-velocity spectrometers only because they are
metallic-lined, i.e. most of their absorption lines are of enhanced strength, as if they
belonged to a star of later type than the actual (hydrogen) type. The idea that such
enhancement could occur was first adumbrated by Titus & Morgan (1940), who also
recognized the anomalous weakness of calcium lines in such stars. The (then) usual
method of classifying A stars, by comparison of the K line with the adjacent Balmer
lines Hδ and H , resulted in too early a type, making it appear that the stars concerned
were under-luminous (below the main sequence), whereas their metal lines made
them look like F-type stars. Roman, Morgan & Eggen (1947) adopted the scheme,
which is still in vogue, of classifying Am stars by three types, giving successively
the types corresponding to the K line, the Balmer lines, and the metal lines. The type
of vB 38, in that fashion, is usually regarded as A5/F0/F2, as was first given by
Abt (1961), after Bidelman (1951) had recognized the star as ‘Fm’ (transcribed into
Simbad as ‘Am’).
Horan (1979) made a photometric survey of the Hyades for δ Scuti variables, and
on seemingly rather slender evidence considered that vB 38 showed variations with
an amplitude of only 0m .01 and a period of about 1.5 hours. On that basis the star
received the variable-star designation V775 Tau (Kholopov et al. 1981). Horan was
quoted by quite a number of subsequent authors, who added nothing to his evidence,
until finally Li (2000), in a paper wholly devoted to vB 38, made a comprehensive
study which confirmed the star as a δ Scuti variable and elucidated two principal
frequencies of 13.0364 and 11.8521 cycles per day.
The spectrum of the star is considerably blurred by rotation, causing the precision
of radial velocities obtained with instruments that utilize resolutions higher than that
of the actual spectrum to be worse than for sharp-lined stars. The projected rotational
velocity is close to 30 km s−1 , but numbers in the literature have ranged from 50
(Levato 1975) down to 15 (Kraft 1965, a normally dependable source) and even 0
(Struve 1945, a paper not to be relied upon, as it gives 0 for several other stars that
rotate quite rapidly).
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The radial velocity of vB 38 was first measured, and found from three plates to be
variable over a considerable range, by (J. S.) Plaskett, Harper & Young (1919) at the
DAO; the same data were published again the next year (Plaskett et al. 1920), with
the addition of H. H. Plaskett (son of J.S.) to the authorship consortium. The Victoria
authors were far from forthcoming over the dispersion of their spectra, but it appears
likely that the reciprocal dispersion that they used was 35 Å mm−1 at Hγ . Stilwell
(1945) contributed six more velocities; although writing from the DAO, he actually
obtained them at Lick, with a prism spectrograph giving 37.5 Å mm−1 at Hγ on
the 36-inch refractor. R. E. Wilson (1948) gave the results of four Mount Wilson
measurements merely as a mean value of +37.7 km s−1 , with a note ‘Variable’;
Abt (1970) later gave the individual times and velocities for those plates plus one
additional Mount Wilson measure, all taken at 36 Å mm−1 at Hγ .
Before he did that, Abt (1961), who attributed the discovery of the velocity variations to Stilwell, obtained 13 spectra of his own with the ‘d’ camera (20 Å mm−1 )
of the ‘X Spectrograph’ (a Cassegrain grating instrument) at the Mount Wilson 60inch telescope. He obtained an orbit from them, but not the one that seems best
suited to the data; the elements he gave produce r.m.s. deviations of 2.6 km s−1
for the data points, which might correspond with what he called “a mean scatter of
1.75 km s−1 ”, if that expression is read in the sense of ‘probable error’ rather than
‘r.m.s. deviation’. The best solution of Abt’s data produces a mean-square deviation
almost exactly half of that given by his own solution. Abt noted aptly—indeed with
under-statement—that “Stilwell’s observations do not agree very well”.
Next, Margoni, Munari & Stagni (1992) gave five velocities (quoted only to integer numbers of km s−1 ) derived from 42-Å mm−1 spectrograms taken at Asiago
in 1970/71. They presented an orbit that utilized the velocities from the DAO
(Plaskett et al. 1919, 1920), Lick (Stilwell 1945), and both sets from Mount Wilson
(Wilson 1948, Abt 1970; Abt 1961) as well as their own. It is definitely erroneous,
having an altogether wrong period: by chance the observations are largely in batches
with intervals of about ten years (in one case twenty) between them, and Margoni
et al. selected a period that is wrong by one cycle every ten years (about 1 part
in 1750), so an error of five cycles accumulated between the epochs of the DAO
observations and their own.
Finally, Debernardi et al. (2000) produced an orbit solely on the basis of 23 observations obtained with the OHP Coravel. Unlike the previous authors, they recognized
that the orbit could be expected to be, and in fact is, indistinguishable from a circle,
so their solution for it has zero eccentricity imposed. Even in this case, not all of the
elements given by the authors are correct: the value of T0 is off by about 0.07 days,
causing a very obvious phasing discrepancy between the data and the orbital curve in
the plot provided by Pourbaix et al. (2004). Not all of those authors’ other results can
be corroborated, either. The (O−C) value of 0.62 km s−1 that they quote is only about
a quarter of the actual r.m.s. errors; on the other hand the uncertainty of 0.27 days
given for T0 is vastly exaggerated—it is more than an eighth of the whole period!
Van Bueren 38 was never observed at Palomar, but the writer has made 23 observations of it with the OHP Coravel and 19 with the Cambridge one. They are listed
in Table 20 and produce the orbit given in Table 21. The Cambridge measurements
have much smaller residuals than the OHP ones, so the latter have been given quarterweight. Inclusion of most of the earlier measurements, appropriately weighted, alters
the elements by only a small fraction of their respective standard errors, and those
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Table 20. Radial-velocity observations of vB 38.

errors themselves are little improved; the one useful improvement is the refinement
of the period from the 2.1436106 ± 0.0000026 days of the solution of the writer’s
observations alone to 2.1436117 ± 0.0000008 days. The final orbit has therefore
been computed from the writer’s data alone but with the period fixed at the latter
value. It is illustrated in Fig. 12. The ‘true’ period (in the rest-frame of the system) is
2.1433302 ± 0.0000013 days; it differs by more than 200 standard deviations from
the observed period. It is perhaps of interest that the contribution of the uncertainty
of the γ -velocity to the standard error of Ptrue is greater than that of the observed
period.
The plenary solution to which reference is made in the preceding paragraph
demonstrates that the last two of Stilwell (1945)’s six velocities are ‘wild’. The mistakes are probably not in the times, as they are at sensible times of night, and several
other stars on the same programme were observed at adjacent times on the same
nights. The Margoni et al. (1992) observations are particularly ragged and could not
usefully be included in any solution.
The projected rotational velocity, according to the writer’s observations obtained
with the OHP Coravel, is 31.8 ± 3.2 km s−1 ; the Debernardi et al. (2000) value,
from the same instrument, was 30.8 ± 3.1 km s−1 . The Cambridge traces, which
model the dips more realistically, yield a value of 30.8 ± 0.2 km s−1 . If, as is very
likely, the rotation is synchronized with the orbital revolution, a rotational velocity
of 30.8 km s−1 in a period of 2.144 days implies a projected radius of 1.30 R ; in
the absence of any information as to the axial inclination, all that can be said is that
that represents a minimum radius for the star. In fact the radius of vB 38, which has
a hydrogen type near F0 V, is expected to be near 1.35 R (Allen 1973), so the star’s
axial inclination must be high. If, as also seems very probable, the same inclination
Table 21. Orbital elements for vB 38.
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Figure 12. Orbit of vB 38.

applies to the orbit, the secondary star must not be far above the minimum mass of
about 0.26 M demanded by the mass function, corresponding to a type near M4
or M5.
4.11 Johnson 259 (HDE 286770)
J 259 is a 10m star that, like J 207 (see §4.2 above) was first suggested as a Hyades
member by Pels privately to Johnson, who assigned it the J number in continuation
of the van Bueren (1952) Hyades sequence and published photometry for it in 1962
(Johnson, Mitchell & Iriarte 1962). In that year it was also recommended for Hyades
membership by Giclas, Burnham & Thomas (1962), who designated it G7–177. It
already carried BD and HDE designations, +10◦ 568 and 286770, respectively. In the
eventual Pels paper from Leiden (Pels, Oort & Pels-Kluyver 1975) it was called L 33.
Its HDE type is K2, but Vyssotsky (1956), who recognized it in a search for M
dwarfs, called it a K8 star, and gave it the number 441 in his survey. Its colour indices
are actually close to the tabular values for K5 V (Allen 1973).
O. C. Wilson (1967) took two spectrograms of it with the 8-inch camera (referred
to in §4.2 above) of the Palomar coudé spectrograph, obtaining accordant radialvelocity results of +38.5 and +39.9 km s−1 and thereby greatly reinforcing the star’s
claim to Hyades membership. Eggen (1970), who gave photometry for it, listed
it under its BD identity of +10◦ 568 (misprinted as +10◦ 578 in his Table 6) and
included it among ‘possible new members of the Hyades group’; he found that the
parallax it would need to make it a ‘group member’ would be 29 arc-milliseconds,
making it a foreground object with too bright an apparent magnitude to be an actual
cluster member. Weis & Upgren (1982)*, however, tentatively attributed its excess
brightness to duplicity, noting it as a ‘probable binary member’ of the Hyades. Eggen
(1985) appears to have been convinced by that: a footnote to the star’s entry in his
*Wildly discordant photometry attributed to them by Simbad arises from Simbad having inadvertently transcribed the magnitudes given by Weis & Upgren for vA 177 (van Altena 1966) instead of
those given for G7–177, i.e. J 259.
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table entitled ‘Vyssotsky stars in the Hyades supercluster’ says, “Although not catalogued as such, this is almost certainly an equal-component binary and in the Hyades
cluster.” From then onwards that seems to have been the accepted status of the star.
The reality of its duplicity was clinched by the announcement of its spectroscopicbinary nature by Griffin et al. (1988), and even more directly from the demonstration
by Patience et al. (1998), by speckle interferometry both at Palomar (where its resolution was marginal) and at Keck, that it is an extremely close double star; they
found at the Keck telescope a Δm of 0m .14 in the infrared K band. Bender & Simon
(2008) found the object to be double-lined in the infrared at about 1.5μ, and gave
three velocities for the secondary, interpreting them in the light of an orbit provided
privately from the CfA for the primary star, although since the system is incipiently double-lined even in the visible it is hard to see how an orbit could have been
obtained for the primary alone.
The radial velocity of the star has been measured ever since the start of the Hyades
programme at Palomar in early 1972. The Palomar spectrometer did not have such
good resolution as the later instruments, but the ‘dip’ in J 259’s radial-velocity trace
was already recognized as widened and asymmetrical in the observation in the second season, so it was clear that the object was double-lined. The relative strengths
of the two components were, however, uncertain within wide limits, so it was not
practicable to derive a reliable double-lined orbit; but by treating the star as singlelined, and following it as such with the original spectrometer from Cambridge too,
the period was soon established and the approximate value of 3 years was published
by Griffin et al. (1988).
Subsequent observations with the Coravels have shown the components of J 259
sufficiently well separated at the nodes of the orbit to allow the profiles of the twin
dips to be established reasonably accurately; a trace recently obtained near a node
appears here as Fig. 13. There is a ratio of about 1 to 0.55 between the strengths of the
dips, as nearly as can be told—it is still not very reliably determined—representing
a difference of 0m .65 in the brightnesses of the components in the wavelength range
utilized by the Coravels, approximately the photometric B band. That would translate
to about 0m .55 at V . The integrated absolute magnitude of the system is about 6m .4,
so the individual components may be expected to be close to 6m .9 and 7m .5, which
could be said to correspond to spectral types near K3/K4 and K6 respectively.

Figure 13. Radial-velocity trace of J 259, obtained with the Cambridge Coravel on 2010
February 20.
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Table 22. Radial-velocity observations of J 259.

All the radial velocities, resolved or not, are listed in Table 22, where those that
were reduced as single-lined are written between the columns for the primary and
secondary; they were not taken into account in the solution of the orbit but they are

Figure 14. Orbit of J 259. The orbit depends principally on the Cambridge observations (large
squares). Unresolved observations of the system form a sequence across the middle of the
plot, resembling the primary’s velocity curve but having only about one-third of the amplitude.
They are plotted with open symbols: the circles, stars, triangles and diamonds representing
the original Cambridge spectrometer, Palomar, DAO and OHP respectively. Normal-size open
circles near the velocity curve of the secondary are the counterparts of the OHP measurements
(filled circles) of the primary star; the three large circles plot the Bender & Simon (2008)
measures of the secondary (which were not used in the solution of the orbit) after an empirical
zero-point adjustment.
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Table 23. Orbital elements for J 259.

plotted together with the resolved ones in Fig. 14, where it is seen that they follow
the variation of the primary component but with greatly muted amplitude. In fact the
relative strengths of the two dips in the traces are reflected in the relative distances
of the single-lined curve from the curves for the individual components. The orbital
elements are presented in Table 23. There are only 21 resolved radial-velocity traces
in all, of which the 11 Cambridge ones appear much the most reliable. Seven of
the nine OHP traces have been given weight 1/4 , still not really small enough to
reduce their weighted variance to the level of the Cambridge traces; the first two
OHP observations were specifically noted as uncertain and their weighting has been
further halved. The single resolved DAO measurement has rather arbitrarily been
attributed half-weight. Measures of the secondary have been globally down-weighted
by a factor of five in comparison with primary velocities from the corresponding
source.
The three measurements made by Bender & Simon of the secondary component’s radial velocity have been plotted (after an empirical zero-point adjustment
of +2 km s−1 ) in Fig. 14, where they are seen to agree with the orbit remarkably
well—fortuitously so, in fact, in view of their admitted uncertainties being about
2 km s−1 .
4.12 Van Bueren 39 (HD 27685)
Van Bueren 39 is not one of the oldest-established Hyades stars: it was rejected in
the pioneer investigation by Kapteyn & de Sitter (1904), in whose catalogue it is
no. 74, for not having a sufficiently accordant proper motion, and appears first to have
been suggested as a cluster member by Gyllenberg (1931). Although it seems clear
enough now that it is a bona fide member of the cluster, it has not enjoyed universal
approval even since 1931. Eggen (1950a), who identified the star as being no. 40 in
a listing supplied to him by R. E. Wilson but apparently never otherwise published
(it is no. 42 in Wilson (1932)’s published listing) considered it to be a ‘subdwarf’, but
it seems that that did not necessarily mean that he regarded it as less luminous than
a main-sequence star (cf. Eggen 1950b, Fig. 2). The object was omitted from the list
of members by Heckmann & Lubeck (1956), was given a membership probability of
0% by van Altena (1969), and was rejected by Hardorp (1980, 1982), while Montes
et al. (2001) rejected it both for its ‘peculiar velocity’ and on radial-velocity grounds.
Successive Hyades speckle-interferometry surveys (Mason et al. 1993, 1999;
Patience et al. 1998) have failed to see a companion to vB 39, and after being unable
to see any sign of duplicity at a lunar occultation Africano et al. (1978) set a lower
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limit of about three magnitudes to the Δm. Even Bender & Simon (2008), who were
so successful in seeing other Hyades stars as double-lined in the infrared, did not
see any secondary in vB 39, although the orbital phase was not too unfavourable for
resolution at the time that they observed.
A mean of two Mount Wilson radial velocities of vB 39 was published by Wilson
(1948); their individual details were provided by Abt (1970). Stauffer et al. (1993)
unexpectedly gave one velocity (but with its timing specified only to the month) in a
paper entitled ‘Lithium and chromospheric activity in the Alpha Persei cluster’; analogous measurements were given for vB 50, 59, 63 and 142 among the stars treated
in the present paper, but they will not be mentioned again in the relevant sections of
the paper. The writer’s first measurement was made at Cambridge in 1971, before
any observations were made of the star from Palomar. There is now a total of 119

Table 24. Radial-velocity observations of vB 39.
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Figure 15. Orbit of vB 39. The two open triangles plot early Mount Wilson photographic
velocities (Wilson 1948, Abt 1970); their residuals, though mutually similar, are not of
significance.

velocities, set out in Table 24, available for the determination of the orbit. That orbit
has a period of 12.66 years and the very high eccentricity of 0.85, which with ω near
90◦ is manifested as a very sudden fall in velocity after 97% of the orbital period has
been spent in a very gradual rise—see Fig. 15. Of course nothing was known about
that at the first periastron passage to occur, in 1978, after the observations began.
Annual observations in 1979–90 documented such a leisurely rise that the observer
was totally unprepared for the rapid descent, which had happened in its entirety
before the first observation of the ensuing season was made in 1991 January. After a
further cycle, in 2002, the observer was fully alerted to what was going to happen and
did his best to watch it, observing the star once a fortnight throughout the season and
expecting the descent to start at any moment. The event obstinately postponed itself
until the season had ended, however, and although the seasonal gap in observations
was reduced to the absolute minimum, nevertheless vB 39 contrived to make its complete descent during that short interval, between early April and early August! All the
same, the observations do constrain the orbit quite well, defining the period within a
standard error of only a week. The elements are given in Table 25. Velocities from the
different sources have all been weighted equally apart from those obtained with the
original Cambridge spectrometer, which have been weighted 1/8 , and the old Mount
Wilson observations, which were not used at all although they are plotted in Fig. 15.
The mass function demands a minimum mass of about 0.45 M for the secondary,
which if single cannot be later than about M0 V and must be within about four magnitudes of the luminosity of the primary. From the a1 sin i of nearly 2 AU and a mass
Table 25. Orbital elements for vB 39.
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ratio probably near 2:1, we could deduce a semi-major axis of about 6 AU for the
relative orbit, which at the distance of the Hyades would subtend an angle of about
0.13. Most of the time the system is near apastron, where owing to the extreme
eccentricity the separation is nearly double the value corresponding to the semi-axis.
On the other hand, because ω is near 90◦ we see the orbit end-on rather than side-on;
its minor axis is a(1 − e2 )1/2 , ∼ 0.53a, so the actual angular separation may never
be more than about 0.53 × 0.13—about 0.07.

4.13 Van Bueren 40 (HD 27691, OΣ 82, ADS 3169)
Van Bueren 40 is a well-known spectroscopic–visual triple system, and is one of the
original Groningen Hyades (Kapteyn & de Sitter 1904). Its visual duplicity was first
noticed by Otto Struve, who catalogued it as no. 82 in a work (Struve 1843) that is
officially attributed to his father (Wilhelm), although the designation by which the
system is often known, O 82, is that of Otto. Aspects of the saga of that catalogue
have been outlined by Hussey (1898) and Griffin (1982). The components of the
double star differ by rather more than one magnitude in brightness, and from the
time of discovery throughout the remainder of the nineteenth century their angular
separation was rather less than one second of arc. They seemed to be making such
progress in their orbit that towards the close of the century Gore (1894) and Hussey
(1900) ventured orbits with periods less than 100 years, although Glasenapp (1893,
1894) found a longer period and Burnham (1896), characteristically on the pessimistic flank of realism (cf. Griffin 2000, pp. 14ff ), even doubted whether the pair
constituted a binary system at all! Since then the separation has been a little over a
second of arc, and the angular motion has decreased correspondingly. Aitken (1932),
who catalogued the pair as ADS 3169, noted that a revision of the orbit would be
needed; in point of fact it had already been made, the period attributed to the pair
having risen in one year from the 112 years of Lauritzen’s (1929) orbit to the 487
years of Kuiper’s (1930)! That soon proved, however, to have been an over-reaction:
now, with about 2/3 of the orbit having been witnessed, the period assigned to the
system has stabilized at about 240 years, e.g. Mason et al. (2004).
Hipparcos found the pair to be 1.34 apart and to have a Δm in the Hp photometric band (not far from V ) of 1m .41 ± 0m .10. Fabricius & Makarov (2000) derived
the individual magnitudes for many double stars, including vB 40, from improved
re-processing of the whole ensemble of raw Tycho VT and BT measurements; in the
case of interest they obtained 7m .34 and 7m .89 for the VT and BT of the primary
component (not in very good accord with the 7m .17 and 7m .76 listed in the Hipparcos catalogue itself (ESA 1997, 10, p. DC 75)), and 8m .70, 9m .53 for the secondary.
Use of the transformations given in Equations 1.3.20 in the introductory volume of
Hipparcos, p. 57, yields V magnitudes of 7m .29 and 8m .63 with (B − V ) colour
indices of 0m .47 and 0m .71, respectively. The summed luminosities in V and B agree
with the directly observed magnitudes (to be found in Table 1 above) of the integrated
system, with discrepancies of only 0m .02 in each case.
Morgan & Hiltner (1965) classified the spectrum of vB 40, observed as one star,
as G0 V; it is scarcely practicable to obtain entirely independent spectra of the individual components unless the people in charge of a large telescope with adaptive
optics could be prevailed upon to take an interest in the matter, but analogy with other
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Hyades main-sequence stars with magnitudes and colours similar to the components
of vB 40 suggests that the types must be very close to F8 and G6. Patience et al.
(1998), however, using speckle interferometry in the infrared, seemed scarcely able
to see the visual secondary at all, listing a ΔK of no less than 2m .9 between the components and proposing a secondary mass of only 0.39 M , corresponding to that of
an early-M dwarf.
Luyten (1969b) asserted that there is a third visual component of the vB 40 system, in the form of a faint common-proper-motion companion at a distance of 62
and position angle 285◦ (astrometry by Hanson (1975) suggests 64 and 291◦ );
Luyten called the system LDS 1166. The companion was also noted by Luyten
(1971) as LP 415-368, by Luyten, Hill & Morris (1981) and Luyten, Morris & Hill
(1982) as LP 475-319, by van Altena (1966, 1969) as vA 247 and by Hanson (1975)
as H 269. Neither van Altena nor Hanson agreed that its proper motion is identical
with that of vB 40 or that it is a member of the Hyades. Upgren, Weis & Hanson
(1985), however, regarded it on photometric grounds as a possible member; they
gave its V magnitude as 15m .47.
Sanford (1921; he gave a preview in 1920) found that the spectrum of vB 40,
observed as a single star, showed large variations of velocity in a period of exactly
four days. He said that “light from both components entered the slit, but in the
time needed to get a good spectrogram, component B, two magnitudes fainter than
A, could produce no appreciable effect upon the photographic plate. Consequently
the spectroscopic binary here studied is A.” While it is true that A was clearly the
spectroscopic binary, it is not the case that B would have no effect on the plate or
on the radial velocity found by measuring it. Sanford under-estimated the relative
brightness of B; moreover, the lines of B must in general be considerably stronger
intrinsically than those of A owing to the difference in spectral types, so the effects
of blending must be serious. Sanford had 15 spectra, distributed between the four
orbital phases to which access was restricted by the exactness of the orbital period to
that integer number of days. He obtained an orbit with K = 36.1 ± 0.7 km s−1 and
e = 0.060 ± 0.020. Lucy & Sweeney (1971), who made statistical checks upon the
significance of the non-circularity of many published low-eccentricity orbits, confirmed that the Sanford data led to an orbit whose eccentricity (they found it to be
0.070) was significant at the 4% level.
Since 1921 a few isolated radial velocities have been published for vB 40 (Jones
& Woolley 1961; Kraft 1965; Detweiler et al. 1984; Beavers & Eitter 1986), but
no substantial effort to improve on Sanford’s orbit is known to have been published, although Bender & Simon (2008) have listed elements supplied to them from
Harvard’s Center for Astrophysics. The present writer’s own observations of vB 40
began at Palomar in early 1972, but in several cases the velocity of the primary star
was not measurable, the dip being partly off one or other end of the trace. It usually seemed as if the individual components of the visual binary could be measured
separately at Palomar, but the results for the secondary suggest that they are slightly
compromised by a small admixture of the primary’s light when the primary was at
one of the two accessible phases when its velocity was not far from that of B. When
observations were subsequently made with the Coravel spectrometers, it was considered a lost cause to try to observe the components separately, so no effort was made
to separate them, and the traces that resulted were reduced as double-lined. There are
potential objections to that procedure, inasmuch as the separation vector of the stars
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Table 26. Redial-velocity observations of vB 40 A.

Figure 16. Orbit of vB 40 A.

is likely to have a component transverse to the entrance slit of the spectrometer, so
neither of the components’ images—but particularly that of the secondary—is symmetrically centred on the slit, and guiding errors must be expected. From the results,
they do not appear to be serious, at least in the case of the primary. The companion in
the 4-day orbit is not detected by the Coravels, but it has been measured in the
infrared by Bender & Simon (2008), who gave four velocities for it, leading to a
mass ratio (M2 /M1 ) of 0.46 ± 0.02. The new radial velocities of the visual primary
are listed in Table 26 and, with the OHP ones quarter-weighted, yield the orbit that
is plotted in Fig. 16 and whose elements are given in Table 27. The orbit does not
utilize any of the published observations, either those of Sanford or the subsequently
published minor potential contributions to the data set. At most they produce only
small reductions in the formal standard errors; more serious is the objection that they
are all of doubtful veracity owing to the problem of blending between the spectra of
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the two visual components—although Sanford dismissed that problem, one cannot
help noticing that his value of K is only 36 km s−1 whereas ours is 40. No doubt the
difference is mainly to be ascribed to the systematic ‘dragging’ of Sanford’s velocities towards the γ -velocity as a result of blending. Thus it seems much the safest
plan, and at worst loses little, to restrict ourselves to our own data.
With e and ω left free, the orbit is found to have an eccentricity of only
0.003 ± 0.005, so there is certainly no case for considering it to be other than circular. The conspicuous bunching of the points in Fig. 16 arises, of course, from
the extraordinary closeness of the period (within 16.32 ± 0.14 seconds) to the exact
value of 4 days. It takes more than 5000 cycles or 20,000 days (60 years) for the
phasing to slip by a whole day and thus to even out the opportunities for observations; apart from the three Palomar measurements and one ESO one, which were
made from entirely different longitudes from the others and therefore could in any
case overcome the restriction, our observations cover less than a third of the interval
needed for easy coverage of all phases from a single site or longitude.
Radial velocities of the visual secondary, vB 40 B, are shown in Table 28 and
Fig. 17. Their raggedness must be largely due to the various effects of the proximity
of the primary star. The eye of faith may see a slight tendency for an overall decline
over the nearly-40-year interval (about one-sixth of the complete orbital period)
spanned by the measurements. A line drawn through the points by eye—considered
in this instance to be a more reliable procedure than any available on a computer—
might intersect the left and right edges of the enclosing box (at MJD 40,000 and

Table 27. Orbital elements for vB 40 A.

Figure 17. Radial velocities of vB 40 B, plotted directly against time.
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Table 28. Radial-velocity observations of vB 40 B.

56,000 respectively) at about 42.8 and 41.8 km s−1 respectively. Whatever quibbles
there might be about those particular values cannot alter the significant conclusion
that the velocity of the secondary star has been on average at least 3 km s−1 higher
than the γ -velocity of the primary. It must be expected that, if indeed there has been
an appreciable change in the radial velocity of the secondary, an analogous one (with
a somewhat smaller gradient and reversed sign) must have affected the primary. It is
not obvious in the residuals from the orbit, but the computation would of course have
tried to accommodate it, and we are not sufficiently sure of our ground to warrant
imposing a time-variation upon the γ -velocity of the primary.

4.14 Van Bueren 41 (δ Tau, HR 1373, HD 27697)
Van Bueren 41 is one of the four Hyades late-type giants. Three of them (vB 28,
41 and 71, which are γ , δ and θ 1 Tauri, respectively) were identified as Hyades in
the original assessment of cluster membership by Kapteyn & de Sitter; the fourth
(vB 70, Tauri) is outside (to the north of) the area covered by the proper-motion
plates upon which that survey was based.
It was an altogether unlooked-for discovery, made early in the Palomar Hyades
programme, that among the four cluster giants there are two spectroscopic binaries,
vB 41 and 71, with amplitudes quite large enough that their orbits could have been
documented early in the twentieth century. Although it could be called a discovery
in the sense of being a newly demonstrated fact, in another sense it was not, because
both vB 41 and vB 71 had been suspected previously of exhibiting velocity variations. Indeed, at the time that the orbit of vB 41 was first determined photoelectrically
(Griffin & Gunn 1977), it was demonstrated that existing, published photographic
measurements readily led to a virtually identical (if less well determined) orbit—
all the material had lain on the table since 1960, and the star had been suspected of
variation as long ago as 1908, by Küstner. A very discordant velocity attributed to
Adams & Joy (1923) by Simbad, is, however, an error on the part of the latter.
The 1977 orbit was graded, in the Seventh Catalogue of spectroscopic-binary
orbits (Batten, Fletcher & Mann 1978), and its successor the Eighth Catalogue
(Batten, Fletcher & McCarthy 1989), as quality d (“Poor orbits”); no doubt
Griffin & Gunn helped to bring that upon themselves through characterizing the
orbit as ‘preliminary’ in the summary of their paper. Now that the observations have
been continued for another third of a century, an improved orbit can be given. As
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Table 30. Orbital elements for vB 41.

it happens, two other orbits have recently been published for vB 41 in compendia
of red-giant orbits, by Mermilliod et al. (2007) and Massarotti et al. (2008), consortia with overlapping membership. The first relies for the most part on the data that
formed the basis of the existing orbit by Griffin & Gunn (1977), while the second is
based on independent data. The new orbital elements presented here, however, which
are derived from our own observations alone, have standard deviations smaller by
factors ranging from about 2 to 15.
The data are given in Table 29; they include the photoelectrically measured ones
(only) that underlie the 1977 orbit, and now consist of 77 observations made with the
original spectrometer, 50, 29 and 3 with the Coravels at Cambridge, OHP and ESO,
respectively, 18 from Palomar and 5 from the DAO—182 in all. The new Cambridge
velocities have considerably smaller residuals than the others, which have been given
weight 1/4 , apart from the original spectrometer which has needed a weighting of
only 0.05. The elements are set out in Table 30 and the orbit is illustrated in Fig. 18.
The very small mass function demands a minimum mass of only 0.16 M if the
primary is taken as about 2 M , so the companion may be well down the M-dwarf
sequence, although the smallness of the mass function may simply be due to a low
orbital inclination.
Johnson & Harris (1954) asserted, without supporting documentation, that vB 41
is photometrically variable with an amplitude of 0m .1, and on that basis the star was

Figure 18. Orbit of vB 41.
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entered into the New Catalogue of Suspected Variables (Kukarkin et al. 1982) as
no. 1582. The variation has not subsequently been confirmed; indeed, Hipparcos’s
76 transits show an r.m.s. photometric spread of only 0m .003—the smallest value
among the 100 entries on its page (6, 413) of the Hipparcos catalogue. Somewhat
analogously, Mason et al. (1993) claimed to have detected by speckle interferometry
a ‘visual’ companion star 0.273 from vB 41, although they admitted to its absence
from four previous observations; it has not appeared, either, in subsequent ones or
in the infrared speckle survey by Patience et al. (1998). The Bright Star Catalogue
(Hoffleit 1982) has a note of a (seemingly improbable) 13m occultation companion
at 0.04.
Morgan & Hiltner (1965), noted in §3 above as being our preferred source of MK
classifications, gave the spectral type of vB 41 as K1 III, but it has usually been considered to be K0 III. In the 1980s Keenan became very sensitive concerning spectral
types, and changed the classification first to K0− III CN 0.5 (Keenan & Pitts 1980;
Keenan 1983; Keenan & Yorka 1985) and then to G9.5 III CN 0.5 (Keenan & Yorka
1988; Keenan & McNeil 1989; Keenan & Barnbaum 1999).

4.15 Van Bueren 45 (63 Tau, HR 1376, HD 27749)
Van Bueren 45—another of Kapteyn & de Sitter’s (1904) archetypal Hyades*—is
quite an extreme example of an Am star: it is the brightest of all the main-sequence
stars in the Hyades that can readily be observed with radial-velocity spectrometers,
with which it is in fact easy to measure, having a metallic-line type of about F5.
Its full Am designation (K/Balmer/metal lines) is usually given as A1/F0/F5, e.g.
Roman et al. (1947), Conti (1970). Naturally its pronounced idiosyncrasy has led
to interest in its chemical abundances, which have been investigated by a number
of authors, e.g. Conti (1965), the Stroms (1966), and Hundt (1972). The findings,
brutally summarized, are that calcium and scandium have abundances relative to
hydrogen that are only about a tenth the solar ones, elements with atomic numbers
higher than that of iron are enhanced by 1/2 to 1 dex, while barium and some of
the ensuing rare-earth elements are up by as much as 11/2 dex. There seems to be
a consensus that the abundance anomalies in an Am star are confined to the outer
layers (atmosphere), and that the star is otherwise constructed like a normal A star
of its hydrogen type.
No fewer than five orbits have already been given for vB 45, but appreciable improvement upon them can still be made here. The discovery of vB 45’s
spectroscopic-binary nature was made nearly 100 years ago by Schwarzschild (1913)
at Potsdam, by the unusual method (since practised only by Fehrenbach and his
collaborators) of measuring radial velocities from objective-prism spectra. He took
three doubly-exposed plates of the Hyades field, with the objective prism turned 180◦
between exposures, and found a range of velocity of 70 km s−1 —which “exceed[s]
by a great deal the errors of observation”. Schwarzschild’s note was promptly
followed by one by Jantzen (1913) giving an orbit which is indeed a tolerable approximation to the true one, on the basis of radial velocities measured from 12 slit
*They misprinted its declination, which is given 10◦ too high in their Table V.
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spectrograms all taken with the Potsdam refractor in 1913 February and March. They
fitted the three relative velocities found by Schwarzschild with residuals of only 3, 3
and 5 km s−1 , but owing to a year’s hiatus between the first one (1912 January) and
the other two (1913 January) there was an ambiguity in the number of intervening
cycles and therefore in the orbital period, which Jantzen resolved in what has proved
to be the correct sense, adopting 8.425 days. It is to be noted that Jantzen’s dates are
not GMAT but are in the Central European Time equivalent, one hour fast on GMAT.
Harper (1935) obtained five radial velocities at Victoria and confirmed Jantzen’s
choice of period, refining it to 8.4178 days. A solution now run on the computer does
not give exactly the elements that Harper found, but it is clear from the text of his
paper that he (like Jantzen) was privy to the dates of Schwarzschild’s measurements,
for which their author gave only calendar dates—insufficient precision for use in an
8-day orbit, so it is impossible now to reconstruct from published information a data
set identical with Harper’s.
Abt (1961) was next on the scene, contributing velocities measured from eight
20-Å mm−1 plates taken with the ‘X Spectrograph’ on the Mount Wilson 60-inch
reflector. They are very badly bunched in phase. It is far from clear from the paper
that the orbital elements that Abt gave were not newly computed ones but were
merely recited from Harper (1935) with the exception of the γ -velocity, which Abt
said needed to be changed by +3.1 km s−1 . A fresh calculation of the orbit, made
during the preparation of this paper and utilizing data from the three sources then
available to Abt, does not suggest much change of γ at all, but K comes out substantially different from Harper’s value, at 34.0 ± 1.6 against Harper’s 37.6 km s−1 .
Harper’s orbit, like Jantzen’s, had considerable eccentricity; Lucy & Sweeney (1971)
found that it was not significantly different from zero (it was significant at a level of
21.7%), so the orbit should be considered circular.
Abt & Levy (1985) produced an independent orbit on the basis of just their own
20 plates taken at 16.9 Å mm−1 with the KPNO coudé-feed telescope. They commented, “The published orbital elements by Harper came from several sources. The
present data are probably better, although [sic] they tend to confirm Harper’s elements. The initial solution gave e = 0.0003 ± 0.010, so zero was assumed.” (In the
quoted piece, 0.0003 is likely to be a misprint for 0.003.) The epoch given in their
table of orbital elements (in brackets), and its standard error, seem unrelated to reality; also, the standard errors given for the other elements are about 11/2 times those
that I get from the same data. Abt & Levy gave a rather different set of spectral types,
A1.5/A8/F2, from those usually adopted.
Margoni, Munari & Stagni (1992) utilized the measurements already published
by Jantzen (1913), Harper (1935), Abt (1961) and Abt & Levy (1985) as well as ten
of their own from Asiago, which they listed only to integer kilometres per second.
They did not consider the orbit to be circular, and although they said, “Our final
solution well matches the Abt & Levy (1985) spectroscopic orbit”, in relative terms
it is much further than that one is from the solution derived here—largely, it appears,
through the incorporation of the earlier velocities, which are less reliable, although
the increase that they provide in the time base does make the Margoni et al. period
much more accurate than that of Abt & Levy.
Debernardi et al. (2000), who credit Abt (1961) with determining the first orbit
for vB 45, gave an orbit purely on the basis of 19 measurements made with the
OHP Coravel. They fixed the eccentricity at zero, but as in the case of vB 38 they
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Table 31. Radial-velocity observations of vB 45.

miscalculated the standard deviation of the epoch, for which they obtained a value of
0.79 days, almost a tenth of a whole cycle and a hundred times larger than is given
by a correct computation.
Only one observation was made of vB 45 with the Palomar radial-velocity spectrometer, but a total of 84 further measurements has since been made—40, 22 and

Table 32. Orbital elements for vB 45.
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Figure 19. Orbit of vB 45.

1 with the Coravels at OHP, Cambridge and ESO, 16 with the original Cambridge
spectrometer and 5 at the DAO. They are given in Table 31. As in the case of vB 41,
the Cambridge Coravel measurements prove to have about half the residuals of the
other main series, so all the other sources have been given weight 1/4 ; they include,
this time, the original spectrometer at Cambridge, which seems to have been almost
as good as the OHP Coravel on vB 45, for which the Coravel precision is noticeably impaired by the rotational broadening of the ‘dip’. The orbital elements are
given in Table 32, with all the previous sets for comparison; the orbit is illustrated
in Fig. 19. Of course the orbit is just like all its predecessors, but it is notably more
precise. Experiments were performed with the inclusion of all the observations provided by the previous authors, with appropriate weights and in some cases empirical
offsets. The conclusion was reached that no significant gains can thereby be made
in the precision of the elements, except slightly in that of the period, which is somewhat improved (but almost unchanged) by the great increase in the time base, to
8.417751 ± 0.000005 days. The early observations, however, which have the most
leverage on the period, were doubtless not heliocentrically corrected. Allowance for
that (see §2 above) might suggest a decrease of the period by one or two units in the
last (sixth) decimal place.
The spectrum of vB 45 exhibits very noticeably rotational broadening. Projected
rotational velocities (in km s−1 ) in the literature include 0 (Struve 1945), ≤12 (Kraft
1965), 15 (Abt & Moyd 1973), 25: (Dobrichev 1985), 15 (Abt & Morrell 1995),
and 23 (Royer et al. 2002). The mean v sin i given by the OHP Coravel traces is
13.3 ± 0.2 km s−1 ; the mean from the Cambridge instrument is 12.9 ± 0.1 km s−1 .
If we assumed that the rotation is synchronized with the orbital revolution, we could
multiply the orbital period by the rotational velocity (taken as 13.0 km s−1 ) to
obtain the projected circumference of the star, and thus the projected radius, which
comes out at 2.16 R ; that seems improbably large for a star that is supposed to
be constructed according to its hydrogen type of about F0 V, even if we see the
star equator-on (sini ∼ 1), so we should probably conclude (with some misgivings)
either that star has begun to evolve or that its rotation may be somewhat faster than
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synchronous. In the latter case we can deduce nothing about the inclination of the
rotational axis.
The Bright Star Catalogue has a note at the back indicating that HR 1376 (i.e.
vB 45) has been resolved by the lunar-occultation method, with an angular separation of 0.0006, but it has not been possible to find a literature reference for that.
If the companion is a low-mass star, we could expect the (constant) separation of
the components in their circular orbit to be several times the a1 sin i value shown in
Table 32, say 25 Gm or 1/6 of an AU, which at the ∼50-pc distance of the Hyades
would subtend some 3 arc-milliseconds.

4.16 G7–192
G7–192 is a 13m star that was suggested as a Hyades member by Giclas, Burnham &
Thomas (1962) on grounds of proper motion. It is 16 due south of the 5m star 66 Tau.
It was agreed to be a probable cluster member by Weis & Upgren (1982), who measured it photometrically as V = 12m .88, (B − V ) = 1m .52, having obtained almost
the same results, but from fewer measurements, in an earlier paper (Weis, Deluca
& Upgren 1979). Pesch (1968) classified it as M1 from red and infrared objectiveprism plates at very low dispersion (1000 and 1700 Å mm−1 at Hα and the A band,
respectively) taken with the Burrell Schmidt of the Warner & Swasey Observatory.
Robertson (1984), from similar red plates, called it M3. Stauffer et al. (1991) noted
that it has strong Hα emission. Luyten, Hill & Morris (1981) and Luyten, Morris &
Hill (1982) included the star in nos. 59 and 60 of Luyten’s series on proper motions,
with different names (LP 535-73 and 535-121, respectively) and opposite conclusions concerning membership. Reid (1993) and Eggen (1993) both considered it to
be a member of the Hyades. They were no doubt helped to that conclusion by the
disclosure by Griffin et al. (1988) that the object is a spectroscopic binary whose
γ -velocity is exactly the velocity to be expected of a cluster member.
The first observation of the radial velocity of G7–192 was made at Palomar in
1974 and was thought at the time to have failed! It was not until the star was observed
again, five years later, that a shallow double dip was recognized in the trace. Thus
alerted to the nature of the object and to the sort of trace that it would give, the
observers could just about make out, and their computer could even measure, the
analogous feature in the earlier trace, although it has been half-weighted in the solution of the orbit. The radial-velocity spectrometer seemed to run out of power a little
way into the M spectral types, the dip becoming very shallow and correspondingly
difficult and inaccurate to measure, no doubt because the set of atomic lines that
principally featured in the design of the cross-correlating mask becomes increasingly
submerged by molecular features as the M-dwarf sequence is descended. Of course a
double-lined binary divides the dip in half too. G7–192 is the faintest binary that was
routinely observed at Palomar, and has been well beyond the reach of any instrument
to which the author has had access since the Palomar telescope ceased to be available
for the radial-velocity work. Thus all of the measurements come from the 200-inch
reflector and the spectrometer (Griffin & Gunn 1974) at the coudé focus there.
There is a total of 16 observations, representing eight different observing seasons
and spanning altogether 12 years if the initial marginal observation is included in the
census. The velocity amplitudes suggested straight away that the period was likely to
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Table 33. Palomar radial-velocity observations of G7-192.

Table 34. Orbital elements for G7-192

be short; then measurements on consecutive nights in 1982 confirmed that idea; and
finally the object was observed on five consecutive nights in 1984 (twice, at well separated times, on two of them). During the 1984 campaign the system was seen round
most of an entire orbit and its period was determined quite accurately enough to tie
up with all the other seasons without ambiguity. Moreover, the overall span of the
observations is long enough to give a period with sufficient accuracy that even now,
after nearly 25 years, the phasing has not been lost and a couple of fresh observations would restore its exactness. One pair of velocities, obtained in 1994, has been
published (Stauffer et al. 1997), and would suggest a reduction in the orbital period
by less than the standard error obtained here. The Palomar measurements are set out
in Table 33; one observation which happened to be made exactly at a conjunction
is attributed there to both components. The elements are given in Table 34, and the
orbit is illustrated in Fig. 20. The sum of the squares of the deviations of the 32
observations from the computed velocities is reduced from 69.87 to 62.15 (km s−1 )2
by allowing e and ω as free parameters instead of forcing zero eccentricity on the
solution. Those figures lead to a variance ratio F2,25 = 1.55, which is not at all significant (even the 20% point is 1.72), so there is every reason to adopt the circular
orbit of Table 34.
The components of the binary are almost equal, so each must have an apparent magnitude near 13m .6 and therefore an absolute magnitude slightly fainter than
10m , corresponding to M2–3 V. Their masses may be expected to be near 0.4 M —
almost certainly larger than the minimum masses required by the orbital elements,
anyway—so eclipses would be surprising; the most likely inclination is 50◦ –60◦ .

4.17 Van Bueren 50 (HD 27836)
Van Bueren 50 is one of the original Kapteyn & de Sitter (1904) Hyades stars,
although there was some hesitation in the second Groningen paper (van Rhijn
& Klein Wassink 1924), in which the classification of the object had slipped to
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Figure 20. Orbit of G7–192.

‘doubtful’ from the 1904 ‘very probable’ (the highest membership category). The
star’s membership in the cluster has been largely agreed by all authors since then;
Griffin et al. (1988), however, were only lukewarm in their assent, adding to it a
query both as to membership and as to duplicity. The indecision arose because the
mean of nine radial velocities, all made in different seasons ranging from 1971/2 to
1986/7, stood some 2 km s−1 below the value to be expected for a Hyades member at the relevant position in the sky—more than enough to disqualify it if one
could be certain that the mean was a true one. There was, however, moderately (but
not fully) compelling evidence that over the 15-year interval the discrepancy had
tended to increase, suggesting that vB 50 might well be a long-period spectroscopic
binary whose γ -velocity might yet prove to be compatible with cluster membership.
In favour of that possibility, the 1988 authors were able to point to the facts that
Hardorp (1980) had found from vB 50’s energy distribution that it possessed a red
companion, and Carney (1982) had considered it to be a ‘photometric binary’, from
its position above the main sequence in the colour–magnitude diagram of the cluster.
Another consideration was the statistical improbability, if it were merely a field star,
that the discrepancy of its radial velocity from the Hyades value would be so small.
Campbell (1984), in a paper mainly concerned with starspots, drew attention to
six Hyades stars whose (B − V ) colours were seemingly significantly ‘too blue’
relatively to their (R − I ) indices. He would have liked to propose them as binaries,
but was dissuaded on the ground that “None of the six . . . shows any significant
velocity variations at the 1 km s−1 level, according to Latham and Stefanik (1984)”,
where the reference was to a paper ‘1984, in preparation’. Orbits are nevertheless
given in the present paper for four of the stars concerned—vB 50, 63, 91 and 190;
the other two (G7–135 and J 253), however, though observed repeatedly over more
than a decade by Griffin et al. (1988), seemed not to show any appreciable variation.
Lockwood et al. (1984) reported a photometric campaign which had demonstrated
for certain Hyades members small periodic photometric variations that were interpreted in terms of the axial rotation of stars bearing the stellar equivalent of sunspots.
In the case of vB 50 those authors obtained a rotation period of 7.1 days. At the
same time Duncan et al. (1984) reported on an analogous campaign in which the
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observed quantity was the strength of the Ca II H and K reversals; they gave the rotation period as 5.1 days. Those conflicting conclusions were published as consecutive
papers in the PASP; their authorship consortia included one member who was common to both investigations! The BY-Dra-type variability of vB 50 led to its being
given the variable-star designation V895 Tau by Kholopov et al. (1987).
Radick et al. (1987; a subset of the 1984 Lockwood collaboration) confirmed the
photometric rotation period of vB 50 as 7.10 ± 0.05 days; later, however, Radick
et al. (1995; a slightly reduced consortium) found the mean period to be 6.77 days
and excused the discrepancy on grounds of the fickleness of the spot pattern that was
responsible for the photometric variations. Indeed, periods determined separately in
five different seasons ranged down to 5.55 days; the great discrepancies in photometric periods may have arisen because the dominant spots were at different latitudes
and the substantial differential rotation seen as a function of latitude in the case of
the Sun occurs also on other stars, including vB 50. The chromospheric period of
5.1 days (Duncan et al. 1984), which was said to have a ‘false-alarm probability’ of
0.005 but which at one time appeared to be a false alarm all the same, is perhaps not
so far beyond the range of photometric periods as to be discounted.
Mason et al. (1993) resolved vB 50 by speckle interferometry at the KPNO 4-m
telescope. Several subsequent measures of the system have been published (Patience
et al. 1998; Balega et al. 2004, 2006, 2007; Horch et al. 2009), and Hipparcos has a
slightly ‘pre-discovery’ measure. Together, the measurements form an obvious (nearparabolic!) orbital curve, covering well over 300◦ of position angle; indeed, it is
surprising that noone performed an orbital solution until Zirm (2008) did so quite
recently. The original speckle measure (Mason et al. 1993) needs to have its quadrant
reversed.
After the conclusion of the Palomar radial-velocity observations (Griffin
et al. 1988), the gradual decline of the radial velocity of vB 50 first became more certain and then more pronounced. Acceleration of a velocity away from the γ -velocity
is a sure sign of a high-eccentricity orbit, and by 1994 it was very apparent that a
dramatic periastron passage was imminent. That was a time when the writer was
entirely dependent for his data upon occasional observing runs at OHP, but through
the kind assistance of other observers at OHP only the months from April to July
were missed in the seasonal gap in 1995—during which time the whole rising branch
of the velocity curve of the ∼100-year orbit was traversed! Since then the radial
velocity has been returning, ever more slowly, towards the γ -velocity; the orbit has
one of the highest eccentricities ever found for a spectroscopic binary, as well as the
longest tolerably well estimated period, which promises to be just over 100 years
with currently an 11% uncertainty. Barrado y Navascués & Stauffer (1996) listed,
without comment or explanation, a period of 12045 days, but they are obviously mistaken. The available observations (which already span nearly 14000 days and are far
from covering an orbital cycle) are shown in Table 35; in addition to the nine Palomar measurements there are 50 from OHP, covering the years before and after the
periastron passage, and then two from the DAO and 23 from the Cambridge Coravel
subsequently. The orbital elements are shown in Table 36, while the data points and
velocity curve are plotted in Fig. 21. The complete absence of points on the rising branch of the curve is an admitted but unavoidable shortcoming that cannot be
redeemed until about the year 2100; if only the periastron passage had occurred during a time when the star was accessible to observation (and the observer had had
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Table 35. Radial-velocity observations of vB 50.

routine access to a Coravel as he does now) highly accurate values of T , K , e and
ω could have been determined. Elements of Zirm’s ‘visual’ orbit are included in
Table 36 for comparison with the spectroscopic ones deduced here; the agreement is
seen to be within the admitted uncertainties of the spectroscopic orbit, even without
allowance for any imperfections in the visual one.
Wilson (1948) gave a mean velocity from three Mount Wilson spectra of vB 50;
their individual details were later given by Abt (1970) (though assigned to a misprinted HD number) and are seen to date from 1942/3, which would place them right
in the middle of the long gap in phase coverage in the centre of Fig. 20. Unfortunately they are not nearly accurate enough to be of assistance in the orbit. Nordström
et al. (2004) listed a mean of three velocities obtained on unspecified dates having
a total range of only 73 days; it is evident from the velocity that they were obtained

Table 36. Orbital elements for vB 50.
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Figure 21. Orbit of vB 50.

shortly before the periastron passage, but they would not help with the orbit even if
we knew their details.
The optical interferometric observations show that the Δm in the V band is close
to 2m .9; it decreases rapidly longwards, as is to be expected since the companion
is so much further down the main sequence and consequently much redder. Judged
purely from its magnitude, the spectral type of the secondary star must be about K5.
Specific efforts to detect its signature in long-integrated Coravel traces near the time
of periastron passage, when the secondary’s ‘dip’ would have been quite separate
from the primary’s, were not successful.
Being just one sub-type earlier in spectral type than the Sun, vB 50 could be
expected to be marginally larger. If its radius were taken as 1.05 R , then a rotation period of 7.1 days, as proposed by Lockwood et al. (1984) and Radick et al.
(1987), would imply an equatorial velocity of 7.5 km s−1 ; if the period were really
6.77 days (Radick et al. 1995) then it would be 8.0 km s−1 . The mean observed
v sin i values are 7.7 ± 0.2 km s−1 from the OHP traces and 7.7 ± 0.3 km s−1 from
the Cambridge ones, suggesting that sin i ∼ 1. Since we are in a position to estimate
tolerably accurately the masses of both components of the system, we might hope to
obtain another estimate of sin i from the mass function, but unfortunately the poor
knowledge of the quantities K 3 and (1 − e) that enter its calculation cause the mass
function to be practically indeterminate.

4.18 Van Bueren 57 (70 Tau, φ 342, HR 1391, HD 27991)
This is one of the best-attested Hyades members, given the highest rating both by
Kapteyn & de Sitter (1904) and by van Rhijn & Klein Wassink (1924) in the second
Groningen consideration of the matter—and by authors ever since. Its main claim
to fame is as a very close visual binary; it was not recognized as such during the
heyday of the visual discovery of such objects, but was found by Finsen (1959)
with his eyepiece interferometer on the 261/2 -inch Johannesburg refractor in 1959.
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The separation of the pair never exceeds 0.1. In an extraordinary demonstration
of observational skill Finsen could not only measure but actually discover binaries
at separations much smaller than the aperture available to him had any business,
according to the Dawes (1867) limit, to be able to resolve. The writer has told a
story against himself (Griffin 1992) lamenting his ignorance and lack of appreciation
when he had the privilege of visiting Finsen in 1958.
Extrapolating from the angular motion over the first three years after discovery,
Eggen (1963) anticipated an orbital period, if the orbit were circular, near 14 years,
and foresaw the problem that that would create by way of an “improbably small”
total mass, but he also said, “The period may be near to five years . . . ”. Kraft (1965),
who gave a v sin i value of 15 km s−1 (which he later (Kraft 1967) adopted as a standard) for vB 57, noted that the orbit was unknown but he too suggested “P = 5y ?”.
Wayman, Symms & Blackwell (1965) referred to 10 (Radcliffe Observatory?) coudé
spectrograms of the system, which yielded radial velocities ranging from +35.7
to +42.4 km s−1 , making the object a “suspected radial-velocity variable”. They
pointed to the velocity of +33.7 ± 1.1 (p.e.)—none too accordant with expectation
for a Hyades star—cited by van Bueren (1952) from Shajn & Albitzky (1932).
The first orbit that was proposed for the system was by Finsen (1967) himself;
it had a period of 15.5 years and an eccentricity of 0.22. There ensued two decades
of trouble, in which the unacceptable mass sum was a constant thorn in the flesh
and the successive orbits of Finsen (1967), Couteau (1973) and Finsen (1978) were
found to lack predictive power. During that time the object was resolved by speckle
interferometry and also at several lunar occultations, not all cited in extenso here; the
occultations established the Δm as being 0m .3–0m .4, and at least in one case (Fekel
et al. 1980), which includes a reproduction of the very convincing occultation trace)
it was noted that the star identities appeared to be the reverse of those expected on
the basis of the orbit. Evans (1984) tried to reconcile the conflicting information
with a period of 11.4 years, at the cost of banishing the system to a distance modulus
of 4m .0 (significantly further from us than the Hyades).
The situation was finally regularized when Peterson & Solensky (1986, 1987)
showed that, instead of the orbit being of low eccentricity, it was really a highly
eccentric one with a period not much more than 6 years—half of what had been
supposed up till then. Actually Gunn and the writer were already aware of that fact,
as Heintz (1988) has attested, because Palomar observations had demonstrated the
unexpectedly large radial-velocity amplitudes and the unheralded periastron passage
that led to a reversal of the components between late 1981 and late 1982. Although
that revision of the orbit enabled the pieces of the jigsaw to fall into place in an
orderly fashion, Couteau (1987) and Balega & Balega (1988) published further versions of the long-period orbit. The Balegas admitted, “Incidentally, it remains true
that actually the period of the φ 342 system is quite likely 6 yr”, but Couteau specifically rejected the 6-year solution, saying (in French; this is a translation), “The
continuity of the interferometric observations in these last years leaves no doubt
about the period; the orbit of six years discussed by Peterson and Solensky (1986)
is not confirmed by the recent observations.” In fact, McAlister et al. (1988) proceeded to show that the interferometric observations did confirm the 6-year orbit;
they did that by developing a method of obtaining unambiguous quadrant assignments for speckle observations—previously all such observations had suffered from
a 180◦ ambiguity.
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Figure 22. Radial-velocity trace of vB 57, obtained with the Cambridge Coravel on 2007
October 23 right at the node of the orbit and therefore showing the two dips as well resolved
as they can ever be.

Radial-velocity observations of vB 57 had been few, scattered, and reduced as
single-lined until Torres, Stefanik & Latham (1997b) published a double-lined orbit
obtained from measurements made with their mutually similar échelle spectrographs
at the 60-inch reflectors at Harvard and Mount Hopkins and on the 4.5-m-equivalent
Multiple-Mirror Telescope. They fitted their spectra with twin stellar models that
were computed for empirically chosen temperatures and rotational velocities (the
latter being 20 and 0 km s−1 for the primary and secondary, respectively) and a
luminosity ratio corresponding to a Δm of 0m .34, and obtained a well-determined
orbit with geometrical elements extremely similar to those of the astrometric orbit
by McAlister et al. (1988). Their final elements incorporated astrometric as well as
spectroscopic data.
The measurement of radial velocities for the components of vB 57 is made particularly difficult by the facts that the spectra of both components are blurred by rotation
and that the velocity amplitudes are insufficient ever to separate the double lines completely. Radial-velocity spectrometers give traces in which the two dips are always
blended together. At the more favourable node of the orbit, however, the dips are just
sufficiently separated for there to be a slight rise between them (Fig. 22), making it
possible to assign tolerably accurate rotational velocities, of 20 and 9 km s−1 . Altogether nine observations were made at Palomar, 28 at OHP, one at ESO, and 32 with

Table 37. Cambridge radial-velocity observations of vB 57.
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Figure 23. Orbit of vB 57.

the Cambridge Coravel. The Cambridge measurements, only, are set out in Table 37.
The Palomar spectrometer had inherently lower resolution than the Coravels (a
result of an actual disadvantage of a large telescope, readily demonstrated from first
principles by thermodynamic arguments, that the difficulty of designing an efficient
spectrograph rises with aperture). The blending between the components was correspondingly worse, especially since the phase exemplified in Fig. 22 was never
observed there. Although the data still exist, changes in computers and computing
have made the reduction software otiose, and (embarrassing though it is to admit
it) the effort involved in resurrecting a good reduction programme would probably
be out of proportion to the benefit that it would offer to this orbit. Analogously,
the OHP and ESO data exist, but they are confined to a database to which I have
no access. Automatic reductions are satisfactory for single-lined objects but not for
badly blended double-lined ones such as we are faced with in this instance, and it is
reluctantly concluded that the available reductions of the OHP/ESO measurements
are not safe to incorporate in the data set here. Thus the Cambridge observations are
utilized alone.
It is far from surprising that the measurements of the primary star, which gives
‘dips’ that are wider and shallower than those of the secondary, prove to have considerably larger residuals. They have needed to be weighted 1/3 in the solution of the
orbit, to obtain approximate equality in the weighted variances for the components.
The ratio of dip areas is found from the best-resolved traces to be 1:0.7 (equivalent
to 0m .39 when expressed in magnitude terms), and that has been imposed uniformly
on all the reductions, together with the rotational velocities of 20 and 9 km s−1 . The
resulting orbit is portrayed in Fig. 23; its elements are shown in Table 38, together
with those given by Torres et al. (1997b). The correspondence is seen to be very good
except for K 1 , where Torres et al. and I differ by 1.01 ± 0.37 km s−1 . Because they
took one of the components to have narrow lines (v sin i = 0), Torres et al. could
be expected to need a larger total of (K 1 + K 2 ) to obtain combined profiles wide
enough to match the observed ones—but it is not clear why it is their K 1 that should
be larger when K 2 is the amplitude that corresponds to the profile that they have considered narrow. It is, however, acknowledged that the Torres et al. value of q (1.088)
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Table 38. Orbital elements for vB 57.

is more consonant with the mass ratio to be expected of a pair of F stars with a magnitude difference near 0m .4 than the ratio of 1.21 obtained here. It is also pointed out
that the standard deviations of the orbital elements found here are smaller than the
true uncertainties, being subject to unquantified systematic errors arising from the
adoption of fixed dip profiles in preference to reducing every trace with the dip profiles ‘free’ (an impossibility except near the nodes of the orbit). Analogous optimism
is present in the Torres elements, obtained from traces modelled with fixed temperatures and rotational velocities; they charged themselves one degree of freedom in the
solution of the orbit for each parameter that they fixed in the reduction of the observations, but the logic behind that is far from clear. Fixing five of the seven parameters
in every reduction invites errors that are systematic and cannot be accounted for by
an artifice that amounts to a tiny increase in the random errors attributed to the orbital
elements.

4.19 Van Bueren 176 (HD 27990, COU 2682)
Van Bueren 176 is another star which received the best recommendation as a Hyades
member in both of the original Groningen lists (Kapteyn & de Sitter 1904, van Rhijn
& Klein Wassink 1924); it was relegated by van Bueren to his Table 2d (and thus
has a number that is out of the RA order of the brighter stars) simply because, at 9m ,
it was too faint to feature in the Yale Zone Catalogues, upon which van Bueren
based his principal list. It has been approved as a cluster member by most subsequent authors*, except perhaps by Hanson (1975), who accorded it a probability of
membership of only 12%. Soderblom (1989) inadvertently entered vB 176 twice in
his Table 1, once under its van Bueren designation, where it was approved as a cluster member on the authority of Griffin et al. (1988), and again under the designation
van Altena (1966) 363, where it is rejected on the authority of Hanson (1975).

*Perryman et al., however, recorded van Bueren himself as having rejected it. They made the same
mistake over all the stars (vB 153–191; those are not designations actually given by van Bueren
himself—see footnote to §4.1 above) in van Bueren’s Tables 2c and 2d insofar as they are included
in their own listing, evidently not realizing that van Bueren regarded all of those stars as actual or
potential Hyades. Van Bueren (1952) described 153–156 as “probable members” that were outside
certain limits of right ascension, 157–169 as “doubtful cases”, and 170–191 (his Table 2d) as stars,
mostly from the Groningen lists, that had been pointed out by others as Hyades stars but were fainter
than the limit of the Yale Zone Catalogues upon which his own adjudications were based.
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Van Bueren 176 was defined by van Bueren as BD +17◦ 721, just as its HD
number, HD 27990, was defined in the Henry Draper Catalogue, but there seems
to have been a conspiracy, or perhaps it should more charitably be considered
merely as a lot of uncritical copying of a mistake, to persuade us that it is really
+17◦ 718. That mistake is made by Luyten (1965, 1971), van Altena (1966),
Hanson (1975), Artiukhina & Kholopov (1975), Stern et al. (1981), and Carney
(1982). Eggen (1950a) mistakenly attributed to vB 176 (identified as no. 64 in
his paper) membership in the double system ADS 3206, whose ADS number he
misprinted as 3286.
Taylor (1970, Fig. 7) identified vB 176 as a binary star on the basis of its elevated
position in a temperature–magnitude diagram. Similarly, Bettis (1975) noted that it
falls above the main-sequence line in the colour–magnitude diagram of the Hyades,
and consequently judged it to be a ‘photometric binary’. Scarcely had Mason et al.
(1993) reported their failure to detect duplicity of the object by speckle interferometry with the KPNO 4-m telescope when Couteau & Gili (1994) announced that
the former had resolved it just by looking at it with the Nice 50-cm telescope!
It took Couteau’s designation COU 2682; the observer saw it as a pair with a Δm of
0m .3 and an angular separation of 0.17. Subsequently, speckle measurements have
been reported by Balega et al. (2004, 2006), Horch et al. (2009), and by Metchev &
Hillenbrand (2009). The disparity in brightness has been found to be much greater
than it appeared to the discoverer, about 1m .34 in the visual region, decreasing
towards the red as befits a main-sequence pair. The Δm is almost equal to the magnitude disparity between K0 and K5 dwarfs (Allen 1973, p. 206); it could therefore
be expected that the integrated spectral type of K2 V (Morgan & Hiltner 1965) arises
from components of about K1 and K6 V.
Two 80-Å mm−1 Mount Wilson spectrograms (Wilson 1948, Abt 1970) gave a
mean of +38.0 km s−1 and thereby provided strong support for the Hyades membership of vB 176, although they cannot be expected to be accurate enough to be
of service in determining the orbit. The radial velocity of the star has been under
observation by the writer ever since 1971—not quite long enough to see it round

Table 39. Radial-velocity observations of vB 176.
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Figure 24. Orbit of vB 176.

a complete cycle, which promises to take until 2014. The 50 observations, mostly
made at Palomar, OHP and Cambridge in remarkably equal numbers (15 in each
case), are shown in Table 39; with the exception of the single measurement made
with the original spectrometer at Cambridge, weighted 1/4 , they have all been given
equal weight in the solution of the orbit, which is plotted in Fig. 24 and whose
elements appear in Table 40.
The problem posed by double-lined binaries whose orbits are determined from
blends that are reduced as single-lined has been addressed in §1 of this paper. In the
present instance, since the Δm of the binary pair is quite accurately known to be
1m .34 at about the wavelength of the V photometric band, it can be assumed to be
very nearly 0m .3 greater at B, which is about the wavelength range used by the radialvelocity spectrometers. Simply from arithmetic, that implies that the radial-velocity
traces should include a secondary ‘dip’ that is about 22% of the area of the primary’s.
The expected mass ratio is, in round numbers, 1.2 to 1, so we must suppose that the
seemingly unresolved ‘dip’ really consists of a pair of dips that (a) have areas that
bear a ratio of 1:0.22 to one another, and (b) straddle the γ -velocity in the ratio of
1:1.2. Solving the implicit elementary pair of simultaneous equations, we find that,
if the true velocities are +1x and −1.2x from the γ -velocity, then the observed
unresolved dip will appear at +0.6x, always provided that x is small enough for the
dip to be entirely unresolved. Even quite a weak secondary, therefore, results in the
true amplitudes being as large as +1.67 and −2.0 times the amplitude derived from
blended dips reduced as single-lined.

Table 40. Orbital elements for vB 176.
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Figure 25. Radial-velocity trace of vB 176, obtained with the Cambridge Coravel on 2006
February 9 at the node of the orbit and illustrating how well the slight asymmetry of the dip
can be mimicked by the inclusion in the model of a weak secondary.

On one occasion (2006 February 9; see Fig. 25) when vB 176 was near the node of
its orbit, the writer thought that the dip looked a bit asymmetrical and made an experimental double-lined reduction of it in addition to the normal single-lined one. At the
time he was unaware that the object had been resolved on the sky, so the reduction
was not in any way guided by externally supplied information but was performed
entirely ‘blind’, with all parameters left free. The computer found for the secondary
an equivalent width of 28% of the primary, and the velocities it attributed to A, B, and
the single-lined blend were +43.9, +33.6, and +42.4, respectively; the γ -velocity
is +39.8. Those figures yield for the individual components A and B departures
from the γ -velocity of +1.6 and −2.4 times the departure measured for the blend—
figures that are agreeably (perhaps serendipitously!) close to those expected from
the discussion above. In general, however, the traces were not integrated to sufficiently high S/N levels to be usefully reducible as double-lined. The most practical
solution to the problem seems to be to solve the orbit as single-lined, as is done
here, and to extrapolate real amplitudes of 1.67 and 2.0 times the observed one,
viz., K 1 = 4.0 km s−1 , K 2 = 4.8 km s−1 . That extrapolation cannot be expected to
be at all accurate. The method of calculation in the previous paragraph is valid only
when the separation of the two velocities is very small; when it becomes as much
as 10 km s−1 the effect of the secondary in ‘dragging’ the measured velocity of the
blend from that of the primary towards the γ -velocity begins to fall below the linear
law, notwithstanding the apparent corroboration in the one case where an effort was
made to split the blend directly. It may be mentioned, however, at the risk of appearing to ‘build castles in the air’, that a double-lined orbit computed with amplitudes
of 4.0 and 4.8 km s−1 yields M1,2 sin3 i values of about 0.58 and 0.48 M , implying
that sin3 i ∼ 0.7, sin i ∼ 0.89, i ∼ 63◦ .
4.20 HD 28007
HD 28007 is a 71/2 -magnitude star that was considered for membership of the Hyades
by Kapteyn & de Sitter (1904) but rejected for its proper motion, which was too
small in RA—a fact that seemed already to have been established in a preliminary
investigation by Weersma (1904), a student under Kapteyn’s direction. All the same,
the star was accepted as a member of the Hyades by Gyllenberg (1931), although
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rejected by several other authors. Its radial velocity was measured on four plates
by Wilson (1948), but the results were inconclusive as far as Hyades membership
was concerned because they showed the velocity to vary over a considerable range
which embraced the value to be expected for a cluster member. Wayman, Symms
& Blackwell (1965) still considered it a “possible member” (albeit at a distance of
82 pc!) only six years before the start of the Palomar radial-velocity campaign on
the Hyades, so in the effort to ensure comprehensive coverage of potential members
there was every incentive to include HD 28007 on that programme. Its photometry
places it close to the Hyades main sequence; its HD type is F0, and there is an MK
classification of F2 V from an objective-prism plate (Perraud 1962). It seems unlikely
that a star of such an early type (it is considerably bluer than any of the other stars on
this programme apart from the strongly metallic-lined objects vB 38 and 45) would
be quite easily measurable with radial-velocity spectrometers unless its spectrum is
at least somewhat metallic-lined.
Imbert (2006) has recently published an orbit for HD 28007, but the one presented
here is considered to be an improvement. This new one is based on a total of 97 radial
velocities obtained from six different spectrometers, with the largest contributions
coming from the original one in Cambridge (35) and OHP (31); they are listed in

Table 41. Radial-velocity observations of HD 28007.
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Table 42. Orbital elements for HD 28007.

Table 41. There is clear evidence of excess radial-velocity noise—for which Gunn
& Griffin (1979) introduced the term ‘jitter’—of close to 1 km s−1 , because the
residuals from the computed velocity curve are much larger than could be expected
from the more accurate spectrometers and substantially reduce the superiority of
those instruments over the original one in Cambridge, which in this instance has been
given weight 1/2 , as has the DAO spectrometer. The r.m.s. residual per full-weight
observation in the resulting orbit is just under 1 km s−1 . An initial solution in which
the parameters e and ω were left free showed that e was less than its standard error,
so there was no hesitation in imposing zero eccentricity on the final solution, which
is shown in Table 42 and Fig. 26. Imbert, too, obtained an r.m.s. residual close to
1 km s−1 . He adopted a solution, also given in the Table, with a small eccentricity,
but by transcribing his data and running a solution on them it has been confirmed
that he would have done better to recognize that the eccentricity is not statistically
significant. His data, by themselves, yield a period of 5.32418 ± 0.00006 days; the
improvement that he claimed to obtain in the precision of the period by the temporary
inclusion of the old Mount Wilson data was illusory, because (as was confirmed by

Figure 26. Orbit of HD 28007. The large open circles plot the measurements published
by Imbert (2006) from the OHP Coravel; the four plusses are the early Mount Wilson
photographic velocities (Wilson 1948; Abt 1970).
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trial solutions of the data set) he must have assigned to them the same weight as
his own measurements notwithstanding that they give 24 times the variance. With
his data to hand, we added them to ours to obtain a combined solution, which is
given in the last line of Table 42 and, having slightly reduced uncertainties, may be
recommended for adoption as the best now available.
The mass function is very small and demands a secondary of no more than
0.25 M if the primary is assigned a mass that is normal for F2 V. No secondary dip
has been noticed in radial-velocity traces. Imbert (2006) has asserted that the secondary is of type G5 V but it is not at all clear why he thought so. The origin of the
radial-velocity jitter has not been determined; the spectral type seems too early for it
to be attributed to star-spots (BY Dra variability), but an obvious first step towards
investigating it would be a photometric campaign. Unfortunately the star was not
on the Hipparcos programme, so there is no ready-made set of good magnitudes;
the Tycho ones are not sufficiently precise for the purpose. In the present context,
however, the most significant result is that the star is certainly not a member of
the Hyades.

4.21 Van Bueren 59 (HD 28034, V992 Tau)
Van Bueren 59 is another star that received full support as a Hyades member in both
of the early Groningen papers, and its membership has never been seriously doubted.
A good deal of interest arose in the 1980s in slight photometric variations in
Hyades stars, and such variations were ascribed to vB 59, among others. There
was a quite substantial discordance between the V magnitude of 7m .49 given by
Johnson, Mitchell & Iriarte (1962) and the 7m .43 that Eggen (1976, 1977, 1979) kept
listing, but it is not clear whether the difference is to be put down to real variation.
Lockwood et al. (1984), however, claimed to have seen actual variation of the magnitude in the 1982/3 season. Later Radick et al. (1987)—largely the same syndicate
but with the authors’ names in a different order—gave additional details, identifying
periodicities that they attributed to rotational modulation, of 5.13 days in the 1982/3
season and 4.83 days in 1983/4. They also noticed a stepwise change, though of
only about 0m .01, in the V magnitude at one point in the later season; on the strength
of those findings, Kholopov et al. (1989) assigned a variable-star designation, V992
Tau, to vB 59. Radick et al. also noted that there appeared to be an inverse correlation between brightness and chromospheric activity (Ca II H & K emission) in
Hyades stars, in the sense that the star became brighter when it was less active; for
vB 59 they found a correlation coefficient of −0.836, which they said was significant at >99%. Duncan et al. (1984) had already noticed a periodicity of 5.2 days in
the HK emission strength.
As vB 59 is a star slightly earlier in spectral type (and therefore presumably
slightly larger) than the Sun, rotation in 5 days implies that its equatorial velocity is
about 11 km s−1 , as noted by Radick et al. (1987). Kraft (1965) found from spectra at about 5 Å mm−1 that its projected rotational velocity is ≤6 km s−1 , and in
a subsequent paper (Kraft 1967) he adopted it as a standard of that velocity (effectively of zero velocity, since he evidently could not detect any broadening of its lines
at all). If the 5-day periodicity did indeed represent the rotation period—it seems
possible that groups of star-spots that happened to be nearly 180◦ , or some other
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sub-multiple of 360◦ , apart, might confuse that issue—then the inference must be
that the axial inclination of vB 59 is of order 30◦ or less. The actual rotational velocities found from Coravel traces are 5.0 ± 0.4 km s−1 (OHP) and 4.5 ± 0.5 km s−1
(Cambridge), which would correspond to an inclination of about 25◦ for a 5-day
rotation period.
The radial velocity of vB 59 was first measured in 1914 at Mount Wilson, where
a mean value of +41.0 km s−1 with a ‘probable error’ of the mean of 2.0 km s−1
was found by Adams et al. (1929). The individual measures were published much
later, with dates, by Abt (1970). Kraft (1965) gave one velocity, Woolley & Harding
(1965) three, and Detweiler et al. (1984) two, all with dates. None of those authors
suggested that the velocity was variable; it was Griffin et al. (1988) who first said
it was. They had obtained nine measurements with the Palomar spectrometer, all
in separate observing seasons. The writer had a most unfortunate attack of amnesia
after finding, in 1983 October, first at Palomar and then at the DAO, that the velocity
of vB 59 was declining rather dramatically and that a periastron passage, necessarily
marked by an abrupt rise of velocity, must be imminent. When he returned home he
forgot about it for two months, until January, and then found that the complete rise
had already taken place! It was accordingly necessary to retain the star on the observing programme for another orbital cycle. Then, however, the periastron passage and
sudden rise in velocity took place when the star was in the daytime sky in the early
summer of 1999, so despite every effort (mostly made by Dr. C. D. Scarfe on the
writer’s behalf) to minimize the seasonal gap in observations none was obtainable
during the rise. In preference to delaying for another cycle, the orbit is determined
here on the basis of the 78 available new velocities, of which 8 are from the original spectrometer, 9 from Palomar, 16 from the DAO (including most of the ones that
delineate the rapid drop of velocity before periastron), 17 from OHP, one from ESO,
and 27 from the Cambridge Coravel.
The new velocities, plus the five early Mount Wilson ones (Adams et al. 1929;
Abt 1970), are given in Table 43; the solution is in Table 44 and is portrayed in
Fig. 27. The new observations were all given the same weight except for those from
the original spectrometer, which were weighted 1/4 . The Mount Wilson velocities
were not included in the solution, and the other early velocities have been omitted
altogether because they are not precise enough to contribute anything useful to the
orbit although they are not in serious conflict with it. It is seen from Fig. 27 that
the Mount Wilson velocities do show some relationship to the orbit, and it may be
felt that a small alteration to the period would bring the low point, that falls just to
the left of the velocity minimum, onto the velocity curve. The two high points are
far enough off the curve to remind us that there is no compelling reason to want
to reduce the residual of the low point to nothing, and it turns out that to do that
requires the orbital period to be altered to about 5730 days—a change of seven standard deviations. If the Mount Wilson measurements are weighted so as to make
their weighted variance similar to that of the writer’s observations (a weighting of
less than 0.02), the adopted elements of Table 44 remain almost unchanged. Only if
they are attributed an unrealistically high weight is the low point pulled in towards
the curve.
The mass function of vB 59 requires a secondary of no more than about 0.27 M ,
well down the M-dwarf sequence. If the reported 5-day photometric period is indeed
that of the axial rotation of the star, then the observed v sin i values indicate, as
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Table 43. Radial-velocity observations of vB 59.

noted above, an inclination of about 25◦ or sin i ∼ 0.43. There is no real reason
to expect that the axial and orbital poles should be aligned in a binary system of
such a long period (even despite the extreme eccentricity, which implies that the
periastron separation is little more than 1/20 of the mean). If they were so aligned,
then the substitution of the value 0.43 for sin i in the mass function would require
the mass of the secondary to be about 0.8 M , corresponding to a type of about
K0 V, only about two magnitudes fainter than the primary. That possibility can be
discounted. Although Mason et al. (1993) did not manage to resolve the binary system by speckle interferometry in the visible, Patience et al. (1998) did so in the

Table 44. Orbital elements for vB 59.

Hyades Spectroscopic Binaries

101

Figure 27. Orbit of vB 59. The five plusses plot the early Mount Wilson photographic
measurements (Adams et al. 1929; Abt 1970).

infrared, finding a magnitude difference of 3m .6 ± 0m .2 in the K band. They considered the masses of the two stars to be 1.07 and 0.28 M , putting the secondary
practically at the minimum mass demanded by the orbital elements.
Bender & Simon (2008) reckoned that they had seen the spectrum of the secondary
and measured a velocity from it on two occasions in the 2005/6 Hyades season. The
primary was at that time only about half a kilometre per second from the γ -velocity,
and the secondary’s measurements differed from that velocity by only about the
standard deviations listed for them, making the critical reader a bit sorry that the
paper did not give an illustration of the observed spectrum, to allay (or perhaps reinforce!) any misgivings. The paper does give orbital elements, privately supplied from
Harvard, for the primary star; they have been added to Table 44 and will be seen to
differ considerably from those found here. The amplitude is almost doubled; correspondingly (1 − e) is approximately halved; and the period is close to the one that
brings the low Mount Wilson point onto the velocity curve and that was rejected
above. Putting together the Harvard orbit of the primary and their own observations
of the secondary, Bender & Simon found the masses of the two stars to be 5.4 ± 4.8
and 0.96 ± 0.56 M , respectively.

4.22 Van Bueren 63 (HD 28068, V906 Tau)
Kapteyn & de Sitter (1904) were hesitant over this star, classing its membership in
the Hyades as “doubtful”, but in the second paper from Groningen (van Rhijn &
Klein Wassink 1924) it was accepted as a “practically certain” member—and so it
has remained ever since.
Taylor (1970) marked vB 63 in his Fig. 7 as a binary star because it fell above
the general trend of the main sequence in the temperature–magnitude diagram.
Bettis & Branch (1975), who gave an erroneous bibliographical reference to Taylor,
commented that Bettis (1975)’s own work did not confirm Taylor’s finding. Hardorp
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(1980), however, concluded from spectrophotmetry that “vB 63 has an unseen red
companion”, and Carney (1982), too, regarded it as a ‘photometric binary’ from its
position in the colour–magnitude diagram. Barrado y Navascués & Stauffer (1996)
said that the secondary must have MV = 11m .074 on the basis of ‘photometric
decomposition’.
At one time there was considerable interest in a search for ‘solar analogues’, and
vB 63 is superficially so similar to the Sun that it featured in some of the discussions.
That is in some ways surprising, because it spectral type, as classified by no less an
expert than Morgan (Morgan & Hiltner 1965), is G5 V, whereas the Sun has always
been considered to be G2. The anomaly was even slightly exacerbated by the assessment by Hardorp (1978) that vB 63 is actually slightly hotter than the Sun; he would
have preferred its type to be G1—which is in fact exactly the Mount Wilson (Wilson
1948) type. That was before he had recognized it as possessing a redder companion; of course, the star would have been disqualified as a solar analogue from the
outset if it had been recognized as having a composite spectrophotometric profile.
Efforts to resolve the companion directly by speckle interferometry (Mason et al.
1993, Patience et al. 1998) have not been successful.
Lockwood et al. (1984) fount that vB 63 exhibited slight photometric instability
in each of three observing seasons, beginning with that of 1981/2, and they detected
a periodicity of 7.8 days that they ascribed to rotation. On that basis the variablestar identity V906 Tau was gazetted for it by Kholopov et al. (1987). Radick et al.
(1987)—nearly the same consortium as Lockwood et al. —again noted a very similar
rotation period of 7.73 ± 0.06 days, but in a more comprehensive study Radick et al.
(1995) showed that over the longer term the annual mean magnitude fluctuated over
a range of about 0m .02, and that the apparent rotation period was not the same in
every season, ranging from 7.43 to 8.24 days in nine seasons, although in two of
them (not the ones with the extreme periods) the variation was slight enough to create
significant uncertainty.
The radial velocity of vB 63 was measured by Wilson (1948) from four Mount
Wilson plates; the resulting mean was +40.4 ± 2.7 (‘probable error’) km s−1 . Individual details of the plates have since been given by Abt (1970), from whose
compilation we see that they were taken at a dispersion of 80 Å mm−1 , which
might be regarded as more appropriate to classification than to velocity measurement, though it could be said that at any rate the mean velocity helped to confirm
the star as a Hyades member. The spread of the individual velocities was almost
20 km s−1 . The star was measured with the Palomar radial-velocity spectrometer a
total of 14 times in 13 separate seasons between 1971/2 and 1986/7, during which
time nearly two circuits of the orbit were accomplished. The orbit has quite a high
eccentricity, nearly 0.7, which is manifested as a rather sudden rise of velocity; the
observer was alert to it the second time round but it then—after the seemingly typical manner of high-eccentricity Hyades binaries—occurred while the star was in the
daytime sky. The object had therefore to be retained on the observing programme,
and it was not until the 1999/2000 season that the rise occurred at a time when it
could be followed; since then there has been a fifth cycle, but the rise occurred once
more when the star was in the daytime sky.
There are 132 measurements altogether (not counting the four Mount Wilson ones
at the beginning) set out in Table 45; the largest number (50) comes from the original
photoelectric spectrometer (Griffin 1967), followed by 31 and 26 from the Coravels
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Table 45. Radial-velocity observations of vB 63.

at Cambridge and OHP and 14 from Palomar. In solving the orbit, the main sets
have been given full weight apart from the ‘original Cambridge’ one, which has
been given weight 1/4 ; the small series from the DAO (8) and the ESO Coravel (3)
have been half-weighted. On that basis the orbit has the elements given in Table 46;
it is plotted in Fig. 28. The Mount Wilson velocities have been plotted but were
not utilized in the orbit—it will be seen that two of them have relatively enormous
residuals.
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Table 46. Orbital elements for vB 63.

Bender & Simon (2008) managed to obtain two double-lined spectroscopic observations of vB 63 in the infrared, about two months apart; they identified the star as
Hanson (1975) 382, although in all but two other cases they used the van Bueren
designations where they were available. They found a mass ratio of 1:0.37 by the use
of orbital elements supplied privately from Harvard (and listed in their paper, and
added to our Table 46 here) for the primary star; they are broadly similar to our own,
but the period, for example, differs by 13 times our standard deviation.
Soderblom (1982) found the rotational velocity of vB 63 to be 7.0 ± 0.7 km s−1 ;
Benz & Mayor (1984) obtained 7.2 ± 0.3 km s−1 from the OHP Coravel. The mean
value found from the writer’s OHP and ESO measurements is 6.3 ± 0.3 km s−1 ;
the Cambridge traces yield 6.4 ± 0.3. The apparent discrepancy between vB 63’s
spectral type, which is considerably later than that of the Sun, and the temperature,
which is marginally higher than solar, makes for difficulty in assessing the stellar
radius, but if we take it as equal to the solar radius we ought not to be far wrong.
Rotation of a star of radius 1 R at the observed rate (taken as our own mean value of
6.35 km s−1 ) produces a rotation period of 8.0sin i days. Since the observed rotation
period is, on average, only slightly less than 8 days, we may be sure that the axial
inclination is high, although the sensitivity of i to sin i when the latter is near unity
prevents us from proposing a specific value for it. Of course it does not follow that
the orbital inclination is the same; the mass function, however, requires a secondary

Figure 28. Orbit of vB 63. The four plusses represent the early Mount Wilson photographic
velocities (Wilson 1948, Abt 1970).
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mass of not less than 0.49 M if we take the primary as 1 M , so the minimum value
of M2 /M1 , even with sin i ∼ 1, would be 0.49, more than two standard deviations
greater than Bender & Simon (2008)’s observational value of 0.37 ± 0.05 for it. The
mass function itself has a relatively negligible uncertainty, but a slight reduction
in the discordance is obtained by supposing that the mass of the vB 63 primary is
appreciably larger than the 1-M mass that is the obvious choice for a solar-type star.
Inasmuch as certain double-lined Hyades binaries, including BD +22◦ 669 (Griffin,
Mayor & Gunn 1982) and vB 22 and vB 117 (Griffin et al. 1985; this paper), have
already been found to have masses above the tabular values, we might attribute a
mass of (say) 1.1 M to the primary of vB 63. The mass function would then demand
a minimum mass of 0.51 M for the secondary, reducing the minimum value of
M2 /M1 to about 0.46, just within two standard errors of the Bender & Simon value.

4.23 Johnson 271 (HDE 286820)
J 271 is one of the stars to which Johnson, Mitchell & Iriarte (1962) were alerted by
Pels, whose own paper appeared only posthumously after a long delay (Pels, Oort
& Pels-Kluyver 1975). Pels could be credited with having recognized it, on propermotion grounds, as a Hyades member; his identification of it was also known to
Giclas, Burnham & Thomas (1962) before they published their own work on the
Hyades field, though their conclusion that it is a cluster member was in all probability reached independently. Johnson et al. (1962) included it in their list of Hyades
members, judging it on its photometry; Upgren & Weis (1977), noting its position
modestly above the main sequence in the colour–magnitude diagram of the cluster, considered it to be a ‘probable binary member’. Griffin et al. (1988) positively
confirmed its duplicity from radial-velocity observations, announcing it as a spectroscopic binary with a period longer than the 16 years for which they had been
observing it but giving no details other than a preliminary γ -velocity. The star was
first resolved on the sky by Mason et al. (1993), who found an angular separation of
0.175 by speckle interferometry with the KPNO 4-m reflector. Patience et al. (1998)
reported another measurement, made at the Palomar 200-inch telescope, and noted a
Δm in the infrared K band of 0m .64.
The star was observed in 12 different seasons at Palomar, out of the 16 successive seasons in which observing time was allocated on the 200-inch telescope; it was
missed in four consecutive seasons in the 1970s when the observing was seriously
curtailed by bad weather. The observations covered most of an orbital cycle; in 1979
and 1980, near the nodal passage, the ‘dip’ in the radial-velocity trace was noticeably skew, demonstrating that it was incipiently double-lined, but the observers were
not optimistic enough to try to split it into its two components. Comparable numbers
of observations have subsequently been made at both OHP and Cambridge. In both
cases attempts were made to split traces made near nodal passages. The velocities are
set out in Table 47. There are only six measurements resolved between the components, and even among those few only the first two Cambridge ones appear tolerably
reliable; they show a ratio between the dip areas of 1 to 0.18, equivalent to 1m .85 in
magnitude terms. That magnitude difference, in the wavelength region used by the
Coravel, about equivalent to the photometric B band, agrees quite well with the ΔK
of 0m .64 noted above. The V magnitude of the system as a whole, 9m .46, may be

106

R. F. Griffin

Table 47. Radial-velocity observations of J 271.

apportioned between components of 9m .7 and 11m .2, whose spectral types, judged
by analogy with other Hyades stars of corresponding magnitudes, must be about K2
and K7.
It is possible to derive an orbit, of sorts, by treating the measures of blends (which
are by far the majority of the data) as if they were of the primary alone. That yields
an orbit (Fig. 29) with a period of 7007 ± 33 days (19.2 years) and an eccentricity
of 0.59 ± 0.03. The form and period of the orbit are no doubt reasonably correct, but
the amplitude is obviously smaller than the true value for the primary star. There is
no really satisfactory method of obtaining the orbit: the traces that could be resolved
are so few, and their resolution so uncertain, that one is obliged to utilize the blended
measures. The velocities from the two resolved OHP observations are not to be
trusted: the one at the earlier phase, particularly, is clearly erroneous, attributing to

Figure 29. Orbit of J 271. The great majority of the plotted radial velocities were reduced as
if the object were single-lined, so they yield an orbit which, though doubtless of somewhere
near the correct form, has a smaller amplitude than the real amplitude of the primary star’s
velocity.
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Figure 30. The same data as in Fig. 29, with the addition of the data points representing
the six measurements of the secondary star from traces that were reduced as double-lined.
Among them, only the first two Cambridge ones (near phase .1) are at all trustworthy. The
velocity curve for the primary has been fitted by eye and not by computer, through judicious
adjustment of the curve shown in Fig. 29. An effort was made to allow for the ‘dragging’
towards the γ -velocity, through the effect of blending with the unresolved weak secondary
dip, of all the observations that were reduced as single-lined. Then the velocity curve for the
secondary necessarily mirrors that of the primary, and the only parameter to be decided is its
amplitude, which again has been judged by eye.
Table 48. Orbital elements for J 271.

the secondary dip a profile that is un-physically narrow and therefore placed far
too far ‘out’. The traces need careful reduction, but I have no access either to the
data base in Geneva in which they are held or to the reduction software. The best
approximation to the true double-lined orbit appears to be obtained through judicious adjustment ‘by eye’ of the orbit shown in Fig. 29 for the primary, allowing as
best one may for the blending of most of the measurements; the only decision then
to be made regarding the orbit of the secondary is its amplitude. The result of that
exercise is portrayed in Fig. 30, and the corresponding elements appear in Table 48.
Obviously it is not possible to give formal standard errors for an orbit ‘determined’
in such a manner, or any meaningful residuals from it in Table 47.
4.24 Van Bueren 177 (HDE 285828)
This tenth-magnitude star, no. 204 in the Groningen lists (Kapteyn & de Sitter 1904,
van Rhijn & Klein Wassink 1924), was regarded ambiguously in those papers as far
as its Hyades membership was concerned. In the first it was “doubtful” and in the
second “possible”, although in that instance the lack of enthusiasm arose more from
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the uncertainty, rather than from any marginal discordance, of its proper motion.
Subsequently its membership of the cluster was accepted by Gyllenberg (1931), and
it was listed in the paper entitled ‘Some New Members of the Hyades Cluster’ by
van Rhijn & Raimond (1934)*; since then it has generally been regarded as a member. It features as no. 177 in van Bueren’s (1952) list, in the section 2d of his table of
Hyades stars, wherein he listed objects that had been considered members in Groningen lists but whose credentials he had not been able to check because the stars were
too faint to be included in the Yale Zone Catalogues that were the source of the
proper motions on which he was relying.
The star then re-appeared as a ‘new’ member of the Hyades in Pels’ list (Pels,
Oort & Pels-Kluyver 1975); Pels must not have realized that the stars in van Bueren’s
Table 2d were already believed to be Hyades, but his co-authors noted the equivalence in 16 cases. Pels had evidently ‘sold’ them as new members to Johnson,
Mitchell & Iriarte (1962), who must have recognized the duplication of van Bueren
Hyades in many but not all instances, because in seven cases they managed to
observe the same star under both its van Bueren number and under a number assigned
by themselves, probably to a Pels star; there are three additional cases of duplication, which may have arisen in a different manner, in the Johnson et al. paper. Very
often the discordances between the magnitudes and/or colour indices for the stars
thus observed independently under two different identities are much larger than the
avowed precision of the measurements would lead one to expect. In seven cases it
is 0m .05 or more, and is nowhere worse than in the case of current interest, vB 177,
also identified as J 273, where the V magnitudes are given as 10m .57 and 10m .43
respectively. At least in this case, the discrepancy seems likely to be largely real,
rather than the result of observational error, because there are other conflicting measurements of the V magnitude of vB 177. There are several values clustered around
10m .40 (Upgren & Weis 1977; Eggen 1977, 1979, 1982; Carney 1983; Upgren, Weis
& Hanson 1985), but there are also magnitudes of 10m .50 by Upgren (1974) and
10m .30 by Weis & Hanson (1988). There is a distinct correlation of the (B − V )
colour index with the V magnitude, in the sense that the star appears to be bluer
when it is brighter—so the implied B magnitudes are a little more discordant even
than the V ones. That would be consonant with substantial spottedness being the
origin of the variability.
It does seem remarkable that even authors whose own measurements have been
quite seriously discordant with one another have not commented upon that fact, and
also that other stars have received variable-star designations on the evidence of variations ten times smaller than the quarter-magnitude range that seems to have been
*It might appear that in 1934 van Rhijn had forgotten his 1924 paper! It is clear, however, that the
authors of the 1934 work did not intend to claim that all the objects that they listed were newly
recognized members. They measured proper motions from plates that covered a relatively small
area of sky but did so more deeply than the original Kapteyn & de Sitter (1904) survey. They
identifed 41 stars as Hyades members (in some cases ‘doubtful members’); many of them were
indeed fainter than the Kapteyn members, but included in the listing were all the stars found to
have proper motions appropriate to membership, including ones already so identified by Kapteyn
& de Sitter. In addition to vB 177, other Kapteyn stars that feature both in van Rhijn & Raimond
(1934) and in this present paper are vB 40, 50, 190, 91 and 106 (sections 4.13, 4.17, 4.27, 4.33 and
4.39 respectively).
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Table 49. Radial-velocity observations of vB 177.

exhibited by vB 177, yet that object still has no such designation. Another anomaly
concerning the star is that Carney (1982) has a special note to his Table III to say
that “vA 435 is not vB 177, as claimed by Pels, Oort & Pels-Kluyver (1975).” But
vA 435 is vB 177, although Pels et al. do not say so!
Patience et al. (1998) observed vB 177 by speckle interferometry but did not
resolve it; Bender & Simon (2008) observed its spectrum in the infrared without
finding it double-lined. The star is nevertheless double, as is evidenced by its radial
velocity, which was observed at Palomar in 13 seasons and found to vary in a period
not much more than one year. Despite the faintness of the star, some additional
measurements were made with the original Cambridge spectrometer; later, the observations were maintained with the various Coravels. All the 50 measurements are
listed in Table 49. In the solution of the orbit they have all been given the same
weight, except the ‘original Cambridge’ velocities, which have been weighted 1/10 .
The Cambridge Coravel measures have much smaller residuals than the others, but
they have not been given increased weighting owing to their relative paucity and
poor phase distribution. The orbit is shown in Fig. 31 and its elements are given in
Table 50. A period close to the one found here, and an eccentricity about half the one
given in Table 50, were reported at a conference by Stefanik & Latham (1992) on the
basis of still-unpublished observations. Pels, Oort & Pels-Kluyver (1975) quoted for
vB 177 an undated velocity of +30.7 km s−1 (+31.5 with the correction uniformly
applied in this paper, cf. §2.1) as having been “communicated in advance of publication by Wilson”. That velocity is well outside the actual range of vB 177, by much
more than the typical uncertainties in the velocities that Wilson measured for such
stars, and it does not feature in his actual publication (Wilson 1967).
The mass function requires for the secondary star a minimum mass not much
larger than 0.13 M ; the actual mass of the secondary is likely to be considerably more than that, implying an orbital inclination well away from 90◦ , to account
for the somewhat elevated position of the binary in the colour–magnitude diagram.
Moreover, Eggen (1982) noted explicitly that “. . . and VB 177 may have faint, red
companions that slightly effect [sic] R − I ”.
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Figure 31. Orbit of vB 177.

Table 50. Orbital elements for vB 177.

4.25 G7–232
The earliest reference that is easily to be found to the membership in the Hyades of
this faint star is that of Giclas, Burnham & Thomas (1962), who gave it the identification used for it here and also provided a finding chart for it. In that same year
of 1962, however, Herbig (1962) listed it as one of only 21 “certain or very probable Hyades members” fainter than m pg = 12m .0 known to him, and gave for it a
type of M1 that he derived from a spectrum obtained at the Lick Observatory with
the nebular spectrograph of the Crossley 36-inch reflector at 430 Å mm−1 at Hγ .
He identified it as ‘La 2’, noting that ‘La’ referred to “Larink discoveries, listed by
Osvalds (1954, Table 9)”. Osvalds, however, gives no actual reference to Larink,
who evidently deserves to be accorded priority but whose original work has not so
far proved retrievable. The star was also identified as a cluster member independently by Pels, as his no. 68; he presumably informed Johnson of it, as he did for
other stars, but since Johnson, Mitchell & Iriarte (1962) did not determine its magnitude and assign it their own number, Pels’ discovery did not come to light until
his work was completed, long after his demise, by co-authors (Pels, Oort & PelsKluyver 1975). Subsequent authors, e.g. van Altena (1966, 1969), Luyten (1971,
1980), Luyten, Hill & Morris (1981), Hanson (1975), and Reid (1992, 1993) have
all added their respective imprimaturs to the star’s cluster membership. Reid (1992)
gave a set of cross-identifications in which he said Luyten, Hill & Morris (1981)
identified the star as vA 286, but they actually listed it as vA 486, as indeed did
van Altena (1966, 1969) himself.
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Van Altena (1969) gave the photoelectric magnitude and colours of G7–232 as
V = 12m .20, (B − V ) = 1m .47 and (U − B) = 0m .91. Upgren & Weis (1977)
found V and (B − V ) to be 12m .15 and 1m .49* and considered the star to be a
“probable binary member” of the Hyades from its position in the colour–magnitude
diagram. Pesch (1968) reaffirmed the M1 spectral type from red and infrared
objective-prism spectra of very low dispersion. Herbig, Vrba & Rydgren (1986)
came across the star anew in an objective-prism search for Ca II H&K-emission
objects that would be candidates for pre-main-sequence objects in the Taurus–Auriga
dark clouds. They called it ‘LkCa 10’, and confirmed its emission nature at Hα by
a 33-Å mm−1 image-tube spectrum, from which they classified it M0.5 V, taken at
the Lick 120-inch coudé. They also gave photometry for it, separate results from two
consecutive nights, in reasonable agreement with one another (and also with Stauffer (1982)) at V = 12m .05 and (B − V ) = 1m .49, but very discordant in (U − B),
where they obtained 1m .13 on one night and 1m .43 on the other, bringing the total
range of measured (U − B) colour indices up to more than half a magnitude.
The discordance of up to 0m .15 among the various photoelectric V magnitudes
(not to mention the colour indices) must be seen as prima facie evidence of photometric variability. A deliberate photometric campaign by Prosser et al. (1995)
showed a periodicity—to be regarded as the rotational period—of 2.42 days, with a
range at that time of about 0m .06. It was only on the strength of that discovery that
the object was at last assigned a variable-star designation, V1102 Tau, by Kazarovets
& Samus (1997).
When it was observed for radial velocity at Palomar, G7–232 was discovered
to be both a visual and a spectroscopic binary. It was seen at the eyepiece of the
200-inch reflector to have a companion of about the fifteenth magnitude about 2
following the principal star; the companion was thought by my collaborator J. E.
Gunn on one occasion to be perceptibly bluer than the primary. The duplicity was
later suspected by Herbig et al. (1986) and was definitely asserted by Prosser et al.
(1995). Cutispoto et al. (1996) mis-read Prosser et al. ’s 2.42-day photometric period
as being an orbital period, and from that misunderstanding together with the visual
duplicity and the assertion by Griffin et al. (1988) that G7–232 is a spectroscopic
binary with a period greater than five years they concluded that the object is “formed
by two almost equal SB systems, both constituted by M1V amd M3:V components”. A direct observation with adaptive optics of the visual pair, made on behalf of
Guenther et al. (2005) with the VLT UT4 telescope on 2004 March 12, gave the
separation as 1.60 in p.a. 78◦ .6, with a Δm in the infrared J photometric band of
1m .3 ± 0m .3.
The radial velocity of G7–232 was measured nine times at Palomar, and found to
vary on a leisurely time-scale. One measurement was made at ESO with the Coravel
on the Danish 61-inch reflector, and it proved just possible to observe it with the
1-m telescope at OHP, where eight further observations were made. The 18 measurements, listed in Table 51, were made in 17 different observing seasons over a
total interval of 25 years. The star has proved too faint to be observable with the

*They gave slightly different values in two separate tables, Tables II and III. They subsequently
repudiated Table II altogether and substituted a new, appreciably different version, which is to be
found in Weis & Hanson (1988).
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Table 51. Radial-velocity observations of G7-232.

Table 52. Orbital elements for G7-232.

Figure 32. Orbit of G7–232. The open circles plot the six velocities referred to by Paulson
et al. (2004), after adjustment by an empirical zero-point correction of +40.4 km s−1 . The plus
represents the single measurement by Hartmann, Soderblom & Stauffer (1987).

Cambridge instrumentation. All the observations have been given the same weight in
the solution of the orbit, which appears in Fig. 32 and Table 52. The velocity amplitude is quite small but is determined to about 10%; the period is 19.2 years, with a
standard deviation of one year. The mass function calls for a secondary whose minimum mass is not much over 0.14 M if the primary is assumed to be about 0.5 M .
The γ -velocity confirms the conclusion that was already indicated by Griffin et al.
(1988) that the system is indeed a member of the Hyades cluster. One radial velocity
was published for G7–232 by Hartmann, Soderblom & Stauffer (1987); it was not
utilized in the orbit but is plotted in Fig. 32.
The radial velocity has more recently been measured for the star (under the
alias vA 486) in the course of an effort (Cochran et al. 2002) made with the Keck
telescope to find planets in the Hyades. The star ought not to have been on the
programme, of which it was said that “all known spectroscopic binaries have been
removed” (Paulson et al. 2002); it is difficult to know how Griffin et al. (1988)
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could have been more definite than they were, in listing in their Table III, which
surely has the most comprehensive radial-velocity information to date about latetype Hyades stars, “G7-232 Spectroscopic binary P > 5 years”. Be that as it may,
six radial-velocity measurements were made in the Keck programme. They were
plotted against time by Paulson et al. (2004) and can be obtained numerically via
a computer. Although they were obtained with a system which often gives a precision of the order of metres per second, there is a pair of observations less than three
hours apart that differ by 0.3 km s−1 , and another pair a little over a day apart that
differ by 0.4 km s−1 . Cochran et al. (2002) say that an image rotator was used to
keep the projection of the entrance slit of the spectrograph vertical on the sky. That
would be a sure way to make the contribution of the light of the nearby visual companion to the flux passing the entrance slit change radically with hour angle as well
as with variations of seeing. The total time span of the Keck observations is scarcely
more than a tenth of the orbital period, so they cannot contribute significantly to the
determination of the orbit; moreover, they are clearly nowhere near to a true zeropoint, although nothing is said to that effect in the papers about them. They have
been plotted in Fig. 32 after correction by an empirical offset of +40.4 km s−1 ; we
can comment only that they seem to show a downward trend of the same order as is
expected at that phase of the orbit.
The ‘dips’ seen in radial-velocity traces of G7–232 are quite wide. The OHP traces
yield a mean projected rotational velocity, v sin i, of 14.7 ± 1.1 km s−1 ; the last two
Palomar traces (only) were reduced with a programme that quantified the broadening, and they gave v sin i values of 14 and 15 km s−1 respectively. Rotation of a star
with a radius of 0.6 R , which is quite as large as G7–232 is likely to be, at the
observed rate produces a rotational period of 2.1sini days, which by comparison
with the published period of 2.42 days (Prosser et al. 1995) gives the unacceptable
result sini ∼ 1.15. Prosser et al. did mention that their observations, made contemporaneously from two sites, “exhibit a phase shift and were analyzed separately”;
they did not show a periodogram, but one has to wonder whether a different interpretation of their observations might be possible. They calculated an equatorial
velocity of 11 km s−1 on the basis of a radius of 0.55 R , and set a limit from their
own spectroscopy of v sin i < 10 km s−1 , the same limit as was found by Stauffer,
Hartmann & Latham (1986), yet as soon as the following year Hartmann, Soderblom
& Stauffer (1987) said that v sin i = 11.3 km s−1 (their Table I, though also
<11 km s−1 in their Table II). New high-quality observations of the rotation (both
its period and its velocity) are evidently desirable.

4.26 Van Bueren 71 (θ 1 Tau, 77 Tau, HR 1411, HD 28307)
Like two of the other three Hyades giants, vB 28 and 41, vB 71 was identified as a
‘very probable’ member of the cluster by Kapteyn & de Sitter (1904). (The fourth
one, vB 70, is at a relatively high declination and was outside the field that they
surveyed; it was added to the membership by Boss (1908), who had at his disposal
the proper motions of bright stars over the whole celestial sphere (Boss 1910).)
Van Bueren 71 has received many designations from different authors, but one whose
equivalence must be rejected is the identification by van Altena (1966) of vB 71 with
vA 502, a 12m star about 20s following.
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When the writer and his collaborator J. E. Gunn constructed in 1971 the radialvelocity spectrometer that operated at the coudé focus of the 200-inch telescope, the
observing programme foreseen for it was the measurement of velocities in star clusters, both globular and Galactic. Initially the only way of maintaining the zero-point
of the velocity scale was by appeal to standard stars, so for each star cluster a bright
star was selected to act as the velocity standard. The star adopted for the Hyades was
vB 71. It was a source of some vexation to discover, in the second observing season,
that many Hyades stars appeared to have changed their velocities by approximately
the same amount of nearly −1 km s−1 —obviously reflecting a change of the standard
star. Analogous misfortune befell us in connection with certain other clusters too.
As far as the Hyades were concerned, we thereupon changed our choice of primary
standard to vB 70, but in order not to place much faith in any one star we adopted an
altogether more foolproof system that distributed the long-term maintenance of the
zero-point among 17 selected objects, as related by Griffin et al. (1988, §VI).
The gradual rise in the radial velocity of vB 71 proceeded monotonically season
by season, and by the time Griffin & Gunn (1977) were in a position to write their
paper entitled ‘Hyades giants δ and θ 1 Tauri as spectroscopic binaries’ (i.e. vB 41
and 71) they were able to give 71’s mean velocity in six consecutive seasons. They
did not claim to have discovered it to be a binary: although the star had not been
generally noted as a binary in then-recent times, in earlier days it had been so noted,
and indeed the authors were able to point to previous epochs of slow rise in its
velocity approximately 24,000, 18,000 and 6000 days before the one that was then
current, with the implication that the orbital period was about 6000 days (16 years),
although 3000 days could not at that time be ruled out. (By 1980 it could, and in the
paper (Griffin et al. 1988) giving the full results of the Palomar Hyades campaign
the period is given without qualification as “P ∼ 16 years”.) The early velocities
were not listed in the 1977 paper; they came from Lick (Campbell & Moore 1928),
Bonn (Küstner 1914), the Cape (Lunt 1919; Jones 1928), Mount Wilson (Adams &
Joy 1923, Abt 1970; Woolley, Jones & Mather 1960), and Victoria (Harper 1934).
Particularly discrepant from other velocities were the three published from the Cape;
two made in the same month but differing by 8 km s−1 did not inspire undue faith in
them, but the mean of all three was 8.5 km s−1 above the Lick mean. In his comprehensive Catalogue of Stellar Radial Velocities, Moore (1932) listed the mean values
from Lick, Bonn and the Cape, gave a ‘grand mean’ that he flagged as ‘provisional’,
and made an unequivocal note, “Var”, in the ‘Remarks’ column.
Griffin & Gunn (1977) pointed out that both δ and θ 1 Tauri are zodiacal stars and
susceptible to spates of lunar occultations, one of which was then imminent, at 18year intervals. They suggested that θ 1 (vB 71) could be resolved by that technique,
even though they under-estimated the brightness of the companion through not having seen the full amplitude of the radial-velocity variation. In the ensuing series of
passages of the Moon through the Hyades field in 1978–80, several observers took
the opportunity to watch occultations of the brighter stars, with time resolutions of
the order of a millisecond, with a view to the discovery and measurement of duplicity
on angular scales smaller than were accessible to other techniques. Five occultations
of vB 71 were successfully observed (White 1979; Beavers & Eitter 1979; Radick
& Lien 1980; Evans & Edwards 1981; Peterson et al. 1981a,b; Radick et al. 1982;
Beavers et al. 1982). All those observers detected the companion to vB 71; the system was found to have a ΔV of about 3m .5, increasing towards the red, and the

Hyades Spectroscopic Binaries

115

secondary was thereby identified as a main-sequence star with a type of about F8.
The vB 71 system was also resolved at about the same time by speckle interferometry, beginning in 1979 (McAlister & Hendry 1982). An overview of the results
was offered by Evans (1984); he allowed only that Griffin & Gunn “suspected” vB 71
of duplicity, and considered that his estimate of 9 years for the period was “not, at the
speculative level of both estimates, inconsistent” with the 16 years that he said those
authors “guessed”. The report of what was by then a routine speckle measurement
by Mason et al. (1993) is accompanied by a footnote saying that the measured secondary is “a long period interferometric companion in addition to the spectroscopic
component suggested by Griffin & Gunn (1977) to have a period of about 16 years.
An estimate of Δm = 0.76 was made by Dombrowski (1991).” The reference is to
an unpublished Ph.D. thesis, so it appears that a student’s tenfold over-estimate of
the relative brightness of the companion concealed for the time being the identity of
the spectroscopic and occultation/interferometric secondaries.
Torres, Stefanik & Latham (1997c) presented a study of the orbits of θ 1 and θ 2
Tau (vB 71 and 72), which together form a wide double—with a separation of 6 .6
it is literally a visual double star, seen as such with the naked eye. Those authors
seem to follow Evans (1984) by allowing only that there are “rough estimates of the
orbital period in the literature ranging from 9 to 16 yr (Evans 1984; Griffin et al.
1988), based on rather limited information.” Actually, by the time that Griffin et al.
confirmed in 1988 the period of 16 years that they had first proposed in 1977,
they had been attentively observing the radial velocity of vB 71 in every one of 18
consecutive seasons, and had thereby seen the object round a complete revolution
and knew the period within a standard error of about 40 days. It was Torres et al.
themselves who were possessed of rather limited information—even after pressing
into service the published radial velocities, including the six seasonal means given
by Griffin & Gunn (1977), they were obliged to fall back on oblique evidence to
resolve the ambiguity between periods of about 3000 and 6000 days. They discussed
astrometric as well as radial-velocity observations, and deduced an orbit in three
dimensions. The period was 5939 ± 46 days, and the orbit was found to be almost
edge-on (i = 92.35 ± 0.24 degrees). Massarotti, Latham, Stefanik & Fogel (2008)
re-published a subset of exactly the same elements, and also gave the elements of
an orbit with a period of 6091 ± 156 days on the basis of their own radial velocities
alone. At much the same time, Mermilliod, Mayor & Udry (2009) gave elements
based on their observations; the period was 5997 ± 22 days (believed by the present
writer to be more than 3σ astray), and the other elements were surprisingly loosely
determined.
The writer’s observations consist of 18 made at Palomar (in 15 different seasons),
76 with the original spectrometer at Cambridge, 35, 4 and 52 with the Coravels at
OHP, ESO and Cambridge, respectively, and 10 from the DAO—195 in all, listed
in Table 53. The first three Palomar measurements are the seasonal means implied
by the apparent shift in zero-point of the velocity scale, and are attributed to the
approximate mean times of the relevant observing runs. There are some small series
of velocities in the literature or accessible through computers, but they are not utilized in the orbit presented here; in addition to the early ones already mentioned in
the third paragraph of this section, they include a few by Detweiler et al. (1984),
Beavers & Eitter (1986) and de Medeiros & Mayor (1999). In the solution of the
orbit, to obtain approximate equality of the variances the Palomar and Cambridge
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Table 53. Radial-velocity observations of vB 71.

Hyades Spectroscopic Binaries

117

Table 54. Orbital elements for vB 71.

Coravel velocities have been accorded unit weight and all the others have been halfweighted apart from the ‘original Cambridge’ ones, which have been weighted 1/10 .
On that basis the orbit has the elements shown in Table 54; it is plotted in Fig. 33. For
comparison, the very rough elements given by Mermilliod et al. (2007) and those by
Massarotti et al. (2008) have been added to Table 54.
There are many UBV measurements of vB 71, which are in generally good mutual
agreement; the Hipparcos ‘epoch photometry’ also shows the brightness to be very
constant. Choi et al. (1995), however, considered that they had divined a rotation
period of 140 days from small variations in the H&K emission intensity, which
they observed over several seasons. Gray & Brown (2006) objected, saying that the
implied rotational velocity was unacceptably great. They were proposing a rotation
period of two years for Arcturus, and considered that other giants should be about the
same, and that their v sin i rates were too small to allow the periods of the order of
half a year put forward by Choi et al., which would correspond to equatorial velocities of about 8 km s−1 . But vB 71 has a radius of about 12 R (Coleman 1982), about
half that of Arcturus, and a 140-day rotation would produce an equatorial velocity
of about 4.3 km s−1 . That does not seem out of the question in relation to the measured v sin i value of 2.4 km s−1 published by Gray & Endal (1982). Gray & Brown

Figure 33. Orbit of vB 71.
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(2006) gave a diagram showing a line profile for vB 71 and how it would be modified
unacceptably for v sin i values of 8 and 4 km s−1 .
Even Choi et al. (1995) did not find any variation in broad-band magnitudes of
vB 71, but Percy (1993) reported a significant temporary fade of something like 0m .1
in the course of three months’ monitoring of the star. The fade appears to have lasted
about 20 days and to be centred near MJD 48920 (late October 1992). A cynic might
easily dismiss it as a glitch of some sort, owing to its inherent improbability and
the fact that the data points do not form a neat light-curve. There is, however, the
intriguing possibility that Percy may have witnessed an eclipse of the secondary star.
The date of the relevant conjunction, according to the orbit presented here, would be
1993 January 11, uncomfortably far from the date of the apparent fade but perhaps
not impossibly so. Furthermore, according to the orbital inclination and its uncertainty as given by Torres et al. (1997c) there ought not to be an eclipse anyway, but
the orbit is nevertheless seen so nearly edge-on that if an eclipse were incontrovertibly seen then the parameters could no doubt be adjusted to accommodate it. It is
unfortunate that the eclipse possibility was not recognized until this paper was being
written, because the relevant conjunction, one cycle after the Percy fade, occurred
quite recently, early in 2009. The ephemeris date of the next one is 2025 June 14, an
impossible date for observing the Hyades, but two cycles forward from the date of
the 1992 fade would bring us to late March of that year. The a priori likelihood of an
eclipse—or in this case a transit—is more than three times higher at the other conjunction, which occurs near periastron in vB 71’s very eccentric orbit. The sizes of
the stars differ by a factor of ten or so, so the transit would produce a fade of the order
of 1% or 0m .01—an amount that has become routinely detected by planet-search
enthusiasts. The ephemeris date for the next event is 2014 November 29, which falls
conveniently exactly at opposition.
Van Bueren 71 is slightly bluer than the other three Hyades giants, and has often
been classified slightly earlier, as G9 against the others’ K0. The fact that several
per cent of its light comes from a relatively blue main-sequence companion is easily enough to explain the difference in colour index, and seems only too likely to
account for the difference in classification too. In his successive revisions of the MK
standards of spectral types, Keenan (Keenan & Pitts 1980; Keenan 1983; Keenan &
Yorka 1985) at first called it K0 IIIb Fe −0.5; in 1988 he (Keenan & Yorka 1988)
changed it to G9 III CN −0.5, and in 1989 to G9 III Fe −0.5 (Keenan & McNeil
1989), which he retained in his final listing (Keenan & Barnbaum 1999).

4.27 Van Bueren 190 (HDE 285806, V994 Tau)
This is one of only three stars listed by Kapteyn & de Sitter (1904) as being as faint as
the tenth magnitude and “very probable” members of the Hyades—and it has turned
out that the other two are not actually members but are two of the five interlopers in
that historic list of 42 objects. The star reappeared as no. 17 in a list of 32 members
in the paper entitled ‘Some New Members of the Hyades Cluster’, by van Rhijn &
Raimond (1934), but about half the other stars in their list, too, could not properly
be characterized as ‘new’ (see footnote in §4.24 above). Somewhat analogously, it
also featured as Leiden 54 in the paper on ‘New Members of the Hyades Cluster
. . . ’ by Pels, Oort & Pels-Kluyver (1975), even though those authors themselves
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Table 55. Radial-velocity observations of vB 190.

noted the equivalence with van Bueren (1952) no. 190; like Perryman et al. (1998)
(see footnote in §4.19 above) they seemed not to realize that inclusion in the relevant
table by van Bueren already implied Hyades membership.
Upgren & Weis (1977) and Carney (1982) judged vB 190 to be a binary member
of the Hyades from its position in colour–magnitude diagrams. Carney’s Table III
has columns that give radial velocity and spectral type, which for vB 190 (identified as vA 500) (van Altena 1966) are +42.7 and K8 V, but there is no indication
whence they are quoted, except perhaps in the concluding acknowledgements where
D. Latham is thanked for radial-velocity results. Griffin et al. (1988) noted that the
star is a spectroscopic binary with a period in excess of 15 years. Stauffer et al.
(1997) quoted an unpublished Harvard thesis by Ziskin as saying that it has a period
of 13 years. Bender & Simon (2008), observing in the infrared, saw the star as
double-lined and gave two velocities for the secondary, which they interpreted in the
light of orbital elements supplied from Harvard and including a period of 20.4 years.
In a campaign of intensive photometry of lower-main-sequence Hyades stars,
Radick et al. (1987) identified in vB 190 a periodicity of 3.66 days, which they interpreted as the rotational period. That prompted the assignment (Kholopov et al. 1989)
of the variable-star designation V994 Tau to the star. By what seems a complicated
and roundabout calculation, Radick et al. deduced that the equatorial velocity should
be 14.4 km s−1 . According to the writer’s slide-rule*, even a Sun-size star rotating
in the observed period would have a velocity of no more than 13.8 km s−1 , and if
the radius of vB 190 were estimated at 0.65 R its velocity would be 9 km s−1 .
Stauffer et al. (1997) listed an observed rotational velocity of 8.5 km s−1 , which was
not much above the minimum that they could detect; the OHP radial-velocity traces
find a mean rotational velocity for vB 190 of 7.1 ± 0.5 km s−1 .
The star’s radial velocity was measured at Palomar on 12 occasions, representing 11 different seasons; there are 14, 2 and 5 subsequent measurements with the
Coravels at OHP, ESO and Cambridge, respectively, and one from the DAO. All
those velocities were given equal weighting in the solution of the orbit. It was a great
*It seems more straightforward to use the simple expression Vequ = 50.6 R /Prot , where R is
*
in solar radii and P is in days; 50.6 km s−1 is the equatorial velocity of a Sun-size star rotating
in 1 day.
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Table 56. Orbital elements for vB 190.

Figure 34. Orbit of vB 190.

effort to try to observe so faint an object with the original spectrometer at Cambridge; four measurements were in fact made, but are so ragged in comparison with
the others (as well as being confined to a very small range of phase) that they cannot
contribute usefully to the orbit and have been zero-weighted. The radial velocities are
given in Table 55 and the orbital elements in Table 56; the orbit is plotted in Fig. 34.
There is no doubt that the γ -velocity strongly supports the cluster membership of
the star.
4.28 Van Bueren 75 (HD 28363, Hu 1080, ADS 3248)
This is a most interesting sixth-magnitude multiple system, whose membership of
the Hyades was at first considered “doubtful” by Kapteyn & de Sitter (1904) but
advanced to “practically certain” in the second Groningen paper (van Rhijn & Klein
Wassink 1924). The object was discovered to be a close (0.4) visual double star in
1904 by Hussey (1905) with the Lick 36-inch refractor*. The pair is often known
by the designation ADS 3248 (Aitken 1932). The components are considerably
unequal; Hipparcos found Δm = 0m .70, which was about the value that had long
*Hussey said, however, that Burnham had probably measured it in 1897 by mistake for the nearby
system 80 Tau, and Burnham (1906, p. 388) admitted as much; but van den Bos (1937), with the
benefit of the perspective offered by another 30 years’ observational data for both systems, argued
that Burnham made no such mistake and that the 1897 observation was indeed of 80 Tau, as it was
intended to be.
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been supposed. The observers who watched vB 71 so carefully at the series of lunar
occultations that took place in 1978–80 (see §4.26 above, where the relevant references are given) were equally interested in vB 75; a synopsis of their activities was
given by Evans (1984).
As a Hyades object of relatively short period (40 years) for a visual binary, vB 75
has received considerable attention from observers, and inevitably a number of orbits
has been published for it. The latest one is by Söderhjelm (1999); it gives the period
as 40.7 years, the major axis of the orbit as 0.390, the eccentricity as 0.33, and the
inclination as 92◦ —so the orbit is seen virtually edge-on. At V = 6m .59 the system
is just too faint to feature in the Bright Star Catalogue, but it does appear in the
Supplement (Hoffleit, Saladyga & Wlasuk 1983). The spectral type, F8 in the Henry
Draper Catalogue, was confirmed as F8 V by Christy & Walker (1969) who, on
the basis of the Δm and a table of the properties of main-sequence stars, proposed
types (which are still very plausible) of F7 V and G0 V for the individual visual
components.
Despite (or perhaps because of) its known binary nature, vB 75 was neglected
spectroscopically until comparatively recently. For a long time the only radialvelocity measurements, apart from three that were made by Bok & McCuskey (1937)
in an objective-prism experiment and are difficult to evaluate, were the four made
by Wilson (1948), who found a range of 15 km s−1 and considered the velocity to
be variable. There ensued a long interval when conflicting statements were made as
to which visual component was the spectroscopic binary and how many components
were visible in the spectrum. Preliminary attention is drawn now to Fig. 35, which
illustrates a radial-velocity trace of vB 75 and makes it very clear that the spectrum
has two, and only two, observable components; and since it is the narrow dip that
moves from day to day we know that it is the fainter visual component that is the
spectroscopic binary.
Wallerstein & Hodge (1967) and Hardorp (1980), however, said that the visual primary was the spectroscopic binary and indeed assumed that the system consisted of

Figure 35. Radial-velocity trace of vB 75, obtained with the Cambridge Coravel on 2004
December 18, when the phases of the outer and the inner orbits had conspired together to
produce the maximal difference between the radial velocities of the two observable components
of the triple system. The broad dip (v sin i ∼ 24 km s−1 ) is the signature of the primary star
in the 40-year ‘visual’ orbit; the narrow one is that of the visual secondary, which is itself a
single-lined spectroscopic binary with a period of about three weeks.
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three nearly equal components. Hardorp cited Eggen (1967) as authority for it. Eggen
(1967) did not in fact say that, but he gave a table listing the mass of ADS 3248 AB
as 0.87 M and that of ADS 3248 B as 0.52 M ; both masses seem extraordinarily
small, and the meaning of ‘AB’ is not clear to the present author. In a later paper,
Eggen (1984) gave the mass sum as 3.48 M “which includes the unseen spectroscopic companion (A ) that is manifest only by the presence of double spectral
lines”. He went on to give the separate magnitudes of the three stars, breaking the
visual primary into A and A which differed by just under one magnitude and quoting as authority for it McClure (1982), who himself included Eggen (1969) among
the sources of his misinformation! From the annual reports of the David Dunlap
Observatory (Fernie 1980), we learn that Turner & Lyons had begun a specific investigation of vB 75, and observations were continuing at that time “to define the orbit
of the third star”. In the following year it was reported (Fernie 1981) that vB 75 “is
a complex system in which the fainter component appears to be double-lined with
roughly equal components.” Thorburn et al. (1993) not only said that the visual primary is a double-lined spectroscopic binary but even added, “Three sets of lines are
visible in our spectrum”; their paper actually shows the spectrum, which exhibits the
usual two sets of lines. Dr. Thorburn (private communication, 1994) explained that
they interpreted the broad lines of the primary as unresolved blends of two components. Barrado y Navascués & Stauffer (1996) noted, “Triple system. The inner pair
is the SB2.” (That is obviously inevitable if all three stars are seen in the spectrum.)
In a report to a conference, Stefanik & Latham (1992) tabulated an orbital
period of 21.254 days for the visual primary, though without any other information.
Mermilliod et al. (1994), too, gave a period of 21.25 days in a table of main-sequence
triple systems in star clusters. Eventually Smekhov (1995) correctly identified the
visual secondary as being a single-lined spectroscopic binary and gave orbital elements for it on the basis of 29 radial velocities obtained over a total interval of some
two years. Very recently Mermilliod, Mayor & Udry (2009) have deposited with the
CDS a lot of OHP Coravel radial velocities that they had obtained of stars in open
clusters; they include many observations of vB 75.
We return now to the radial-velocity trace of Fig. 35. The star that gives the wide
dip (the mean v sin i value from the Cambridge Coravel traces is 23.8 ± 0.2 km s−1 )
is the primary component, quasi-stationary in the short term, while the narrow dip
(v sin i ∼ 0) is the rapidly varying secondary. The two dips are usually blended
together, but are of such different profiles that (once they have been seen separated and their exact profiles are known) the traces are easily modelled to give the
twin velocities, although the great width of the primary dip causes the velocities
that are derived from it to be of indifferent quality. The mean ratio of dip areas is
1 to 0.58; expressed in stellar-magnitude terms that is 0m .59, and by application
of the empirical factor of 1.15 (Griffin & Suchkov 2003, §7) to convert from the
magnitude-equivalent of the ratio of dip areas to a V magnitude difference, we obtain
ΔV = 0m .68, almost exactly the received value.
A common problem in determining the ‘inner’ orbits of triple systems is that during the time span of the observational campaign the γ -velocity may change owing
to motion in the outer orbit. The most satisfactory way of dealing with that problem is to solve it by maintaining the observations for one or more cycles of the outer
orbit, as was done in the case of vB 22, described above in §4.8. That becomes less
practical if the outer period is long, but in the present case the observations span 39
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seasons and all-but cover a complete cycle of the 40-year visual orbit, so both orbits
can be solved simultaneously by the appropriate triple-system programme, which
was largely written by Mr. A. P. Cornell (Griffin & Cornell 1997) some years ago.
It is an unfortunate circumstance that the two dips that are seen so nicely separated
in Fig. 35 were not exhibited thus until comparatively recently, when the phase in the
outer orbit approached the node at which the largest velocity excursions in both orbits
are additive. Throughout the years when the system was observed from Palomar
the dips were always blended together in an asymmetrical profile, so although it
gradually became apparent that there was a broad and a sharp component and that
the latter could move appreciably from day to day, the distribution of observing time
available on the 200-inch telescope was such as to make it difficult to establish the
period. Moreover, the profiles of the two dips were not accurately determinable from
the blends, so the derived velocities, particularly those from the broad primary dip,
were not as accurate as they might be if they could be re-reduced now. The number
of Palomar observations, made in 1972–86, is 24.
With the development of the ‘Coravel’ spectrometer (Baranne, Mayor & Poncet
1979) and its installation on the dedicated 1-m Geneva telescope at OHP, the possibility arose of making an intensive series of observations of binary and multiple
stars of particular interest. The present writer was privileged in early 1979 to have
an observing run with Dr. Mayor, in which five rapidly-varying Hyades-area binaries
were repeatedly observed. The orbits of three of them were written up reasonably
promptly (Griffin, Mayor & Gunn 1982), but the other two (vB 75 and J 288, the latter being treated below in §4.32) presented problems that required longer to solve,
although the orbit of the visual secondary in vB 75 was established at that time. For
a time in the 1980s there was an intention (not carried to a conclusion, however) of a
collaboration between the Geneva and Palomar observers to write a paper on vB 75;
for that purpose the star was placed on a Geneva programme at OHP and no fewer
than 11 different observers obtained traces of it. Those are the traces underlying the
velocities recently filed by Mermilliod, Mayor & Udry (2009) with the CDS. Subsequently the writer obtained a further 18 observations himself at OHP in 1991–97.
Since then, he has made 43 measurements with the Cambridge Coravel.
The sixth paragraph of §4.18 above, on vB 57, refers to the impracticability, for
different reasons, of obtaining fresh reductions of either the Palomar or the OHP
radial-velocity traces. Ignorance of the individual dip profiles, allied to lack of full
appreciation of the advantage of very good S/N ratio, led to several of the early
Palomar observations giving unacceptable residuals for velocities derived from the
broad primary dip. Rather than pick and choose velocities individually, the writer
has rejected all of the first seven velocities of the primary (and none of the ensuing
ones), although the rejected data are still plotted in the orbit diagram (Fig. 36). Relatively little is lost in terms of the determination of the orbit, because the velocities
of the primary are all so ragged in comparison with those of the secondary that they
carry little weight. Just one Palomar secondary observation has been rejected. The
OHP measurements present a great problem. Often there were multiple measurements taken consecutively, because the complete dip over-filled the scan range, and
of course in such circumstances the reductions are bound to be untrustworthy. The
traces need all to be reduced with the dip profiles fixed at the forms given in the mean
by the best and best-resolved traces, but that has not been done: each observation has
been reduced independently. Where the profiles—particularly the widths—assigned
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Figure 36. Outer orbit of vB 75. The coding of the symbols is reversed from the convention
used for other stars in this paper—the filled symbols refer to the secondary, whose radial velocity can be measured much more accurately than that of the primary, as may be appreciated by
reference to Fig. 35; the open symbols plot the primary’s velocities. (Open circles are OHP
velocities of the primary.) The plusses near phase .3 are the rejected Palomar observations of
the primary, while the cross is the one rejected secondary observation (see text).

Figure 37. Inner orbit of the visual secondary star in vB 75.

to the two dips are very far from the true values, the corresponding observations
(the velocities of both components) have been rejected. The information relevant to
that judgement is not available in the listing lodged with the CDS but is given in
a corresponding output that was sent to the writer several years ago. The number
of OHP measurements accepted for the orbit is 50, representing 33 of the publiclyaccessible results on file at the CDS and 17 of the 19 observations made by the writer
in the ’90s. The Cambridge observations and their reductions are of course fully
under the writer’s control and do not need to be vetted for possible rejection. All of
the useable observations are set out in Table 57.
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Table 57. Radial-velocity observations vB 75.

The smallest residuals, by far, from the orbital solution are those of the Cambridge
observations of the sharp secondary dip, so they have been given unit weight in the
solution. The OHP and Palomar measurements of the secondary merit weight 1/4 .
The Cambridge primary velocities have been given weight 0.15; the Palomar ones
again merit only 1/4 of that, but the OHP ones warrant a half of it, so their respective
weights are 0.037 and 0.075. Finally, the simultaneous solution of the outer and inner
orbits yields the elements that are shown in Table 58.
The period of the outer orbit, as derived here spectroscopically, expressed in years,
is 40.24 ± 0.58, and the epoch of periastron is 2001.39 ± 0.25. Consideration was
given to fixing the period at the visual value, which might be expected to be better,
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Table 58. Orbital elements for vB 75.

Table 59. Photometric model (absolute magnitudes, colour indices)
for vB 75.

since the system has been seen visually round well over two complete orbital cycles.
The visual period, however, long considered to be 40.4 years (van den Bos 1956), has
more recently been proposed to be 39.93 ± 0.27 years (Peterson & Solensky 1988)
and 40.7 years (Söderhjelm 1999), so it seems in fact to be scarcely more certain
than the spectroscopic one, whose complete independence may as well, therefore,
be retained.
A photometric synthesis (Table 59) of the magnitudes and colours, taken from
one of the standard tables of main-sequence properties (Allen 1973), of types F7
and G0 reproduces the principal observed properties of vB 75 (integrated MV , ΔV ,
colour indices) as nearly as could well be expected without splitting spectral subtypes and attributing unwarranted precision to the tabular (and indeed observed)
properties. It may be noted that the Hipparcos parallax yields a distance modulus of
3m .43 ± 0m .18; the re-reduction by van Leeuwen (2007) gives practically the same
value but with the uncertainty halved.
Since the inclination of the orbit has been shown visually to be close to 90◦ , the
quantities m 1,2 sin3 i found from the elements of the outer orbit represent the actual
masses of the components. The mass of the primary is remarkably high for its F7 V
type—perhaps 15% higher than standard tabulations would lead one to expect,
though its standard error of 31/2 % is not altogether negligible. Such a discrepancy,
between Hyades masses that have been incontrovertibly established for double-lined
binaries and the received tabular values, is already familiar, having been pointed out
previously in the cases of, e.g., vB 22 (Griffin et al. 1985, §VI) and BD +22◦ 2669
(Griffin, Mayor & Gunn 1982, §VIa).
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Clearly the mass of the visual secondary, at 2.10 ± 0.08 M , must include a substantial contribution from the unseen component. Faced with a serious disagreement
over the difference in the masses tabulated for F5 and G0 stars (1.3 and 1.1 M ,
Allen 1973; 1.4 and 1.05 M , Cox 2000), we might start from the mass of the vB 75
primary and appeal to the gradient of about −0.014 in log M per sub-type which
is very clearly seen in Andersen’s (1991, Fig. 2) graph of accurate observed masses
for double-lined binaries. On that basis we could allot as much as 1.30 M to the
supposedly G0 component (vB 75 Ba), still leaving 0.80 M for the unseen Bb. If
we allow for the uncertainties in those numbers we might reduce them to 1.25 and
0.75 M , respectively, with the advantage that they then match the mass function
of the inner orbit almost exactly, on the assumption (which seems inescapable) that
the inclination of the inner orbit, like that of the outer one, is near 90◦ . (It does not
follow, however, that the orbits must be exactly co-planar.) The 0.75-M Bb component can be expected to be near type K5 V and to have an absolute magnitude near
7m .5, putting it some four magnitudes fainter than the AB system and three magnitudes fainter than Ba. Its signature in radial-velocity traces could be anticipated to be
about 10 times weaker than that of Ba, so it would have a depth of less than 1% from
the ‘continnuum’; it is not too surprising that even deliberate searches for it, made
at times when it ought to have been in an otherwise unoccupied region of the traces,
have not been successful. The mean separation of Ba and Bb, on the basis of the
a1 sin i determined from the orbit and of i ∼ 90◦ and q ∼ 1.67 as concluded above,
is about 28 Gm or 0.19 AU; at the ∼48-pc distance of vB 75 it would subtend an
angle of about 4 milliseconds of arc on the sky—about a hundredth of the separation
of the bright components.

4.29 Van Bueren 81 (HD 28483)
The declination of vB 81, at almost +20◦ , placed it beyond the northern boundary
of the area surveyed for Hyades members by Kapteyn & de Sitter (1904); the star
did not feature in Boss’s (1910) Preliminary General Catalogue, either, so Boss
(1908), too, did not include it among Hyades members. It was Hertzsprung (1921)
who first proposed the star that we now identify as vB 81 as a Hyades candidate,
on the basis of a proper motion derived by comparison of its positions in the Berlin
zone of the Astronomische Gesellschaft (Auwers 1896) and in the Abbadia (1915)
catalogue. Not until Wilson (1948) measured its radial velocity for the first time was
its candidature really confirmed, although other authors had already been accepting
it as a cluster member—as they did in so many other cases—on the basis of its proper
motion alone.
Although it is only the ninth-brightest of the stars treated in this paper, vB 81
(type F6 V) is the brightest normal single-lined main-sequence object. Among the
brighter stars, vB 41 and 71 are two of the only four giants in the Hyades; vB 38 and
45, while more than a magnitude brighter than vB 81, are more like A-type stars and
are measurable with radial-velocity spectrometers only because they are metalliclined; while vB 34, 40, 57 and 75 have their luminosities raised through conspicuous
duplicity. Of course every binary must have its luminosity raised above that of the
primary alone, to some extent, but in the present case the secondary is far from
conspicuous and the effect is small. The system was not resolved at an initial attempt
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by speckle interferometry (Mason et al. 1993), but Patience et al. (1998) succeeded
in resolving it by working well out in the infrared, at the K band (2.2 μ), where the
slope of the main sequence is much shallower than in the visible and secondaries
appear relatively brighter in comparison with their primaries. Those authors saw the
companion 0.107 distant from the primary and with a K -band magnitude difference
of 2.13 ± 0.06, implying a ΔV near four magnitudes and a secondary probably near
type K5.
The principal specific interest that has been shown in the literature concerning
vB 81 relates to its rotation and its photometric constancy. The star has very significant rotation, which spectroscopists put at 20 km s−1 (Gunn & Kraft 1963),
18 km s−1 (Kraft 1965), and 25 km s−1 (Wallerstein, Herbig & Conti 1965). In the
1982/3 observing season, ordinary photometry in the Strömgren b and y bands
(Lockwood et al. 1984) showed no appreciable variation, but measurements of the
Ca II H and K flux (Duncan et al. 1984) were reported as revealing a 2.8-day periodic variation that was interpreted as the rotation period of the star. Some years
later, however, Radick & Baliunas (1987), seemingly basing their assertion on the
selfsame 1982/3 HK observations, said that they showed a period of 2.20 ± 0.01
days—though with no great confidence, as they assigned a subjective quality of C
on a scale of A to C.
The substantial rotation makes for difficulty in measuring the radial velocity of
vB 81 accurately. The star was measured in eight seasons at Palomar, with rather
discordant results, the ‘worst’ being the first one, which the observers afterwards

Table 60. Radial-velocity observations of vB 81.
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Table 61. Orbital elements for vB 81.

Figure 38. Orbit of vB 81.

feared might not be too reliable—a longer integration would have been an advantage,
owing to the great width and shallowness of the cross-correlation dip in the trace,
which at that time was something of a novelty. Thus in their comprehensive report
on Hyades radial velocities, Griffin et al. (1988) listed vB 81, perhaps too conservatively, only as a probable spectroscopic binary. Continued observations, however,
have confirmed its duplicity and demonstrated that it has a very eccentric orbit with
a period of 11 years. The longitude of periastron is such as to cause the eccentricity
to manifest itself as a sharp peak in the velocity curve, and the period being—within
its standard error of only a week—an integral number of years, the peak is always
passed in July, a season when the Hyades are out of observational reach, at least from
this observer’s latitude.
There are 76 radial-velocity observations available to determine the orbit—10
from Palomar, 2 from the DAO, and 33, 1 and 30 from the Coravels at OHP, ESO
and Cambridge, respectively. They are set out in Table 60. The Cambridge data have
been given unit weight in the solution of the orbit and all the others half-weight.
The solution is illustrated in Fig. 38 and its elements are presented in Table 61. The
two observations referred to by Wilson (1948), which were published individually
by Abt (1970), are included in Table 60 and Fig. 38 but were not utilized in the solution of the orbit. Six OHP measurements exist in a table associated with the paper by
Mermilliod, Mayor & Udry (2009) that Astronomy & Astrophysics did not print
(cf. §2 above), but in a trial solution they all proved to fall within the relatively uninteresting phase range .2 to .6 and also to be substantially more ragged even than those
in Table 60, so they have not been included there or in the solution of the orbit.
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The mean v sin i values are 25.0 ± 0.4 km s−1 from the Palomar traces, 25.7 ±
2.6 from OHP, and 25.6 ± 0.2 km s−1 from the Cambridge ones. The writer has no
means of knowing what anomalies may cause the large uncertainty of the OHP value.
With the stellar radius estimated at 1.2 R , a v sin i of 25.5 km s−1 corresponds to a
rotational period of 2.3sin i days. If the more recent and smaller of the two suggested
photometric periods, 2.20 days, were accepted, then the axial inclination would have
to be near 90◦ . In the absence of any other objection to it, we would not need to
worry that the comparison formally leads to an unacceptable sin i of about 1.04,
because (a) the star’s radius may not be quite as much as our estimate, and (b) the
actual equatorial velocity might be a little more than 25.5 km s−1 and the value that
we have found be reduced because of latitude-dependent differential rotation, as in
the solar case.
Patience et al. (1998) resolved the system on 1996 January 10, when the phase
according to our orbit was .856 and the separation of the components would have
been slightly more than the semi-major-axis value. Our value of a1 sin i, expressed
in AU, is 0.89 ± 0.07; we could take d1 sin i, where d1 is the distance of the primary star from the centre of gravity of the system at the time of the observation, to
be close to 1 AU. Here, the quantity i refers to the orbital inclination, to be distinguished from the axial inclination discussed in the paragraph above. Patience et al.
estimated the two masses at 1.2 and 0.55 M , a ratio of about 2.2, so on that basis
d2 sin i ∼ 2.2 AU and the actual separation of the components, d1 + d2 , would be
3.2/sin i AU. Since the observed angular separation was 0.107 as seen from our
distance of 50 pc, the linear separation, projected on the ‘plane of the sky’, must
have been about 50 × 0.107 or 5.3 AU; equating that, which is the minimum true
< 0.6. If the axial and orbital
separation, with 3.2/sin i, leads to the inequality sin i ∼
inclinations were aligned, the implied equatorial velocity of the star would be in
excess of 40 km s−1 and its period of rotation at most a day and a half. In that case,
neither of the discordant periods proposed (Duncan et al. 1984; Radick & Baliunas
1987) for the photometric variability in H and K could be the rotational period.

4.30 Van Bueren 88 (HD 28635)
This star appears to have been just outside (to the south of) the area surveyed by
Kapteyn & de Sitter, and credit for its recognition as a Hyades star is believed to
belong to van Herk (1935). In many assessments, its proper motion in declination has
seemed to be smaller than would strictly be expected for a Hyades member, and the
star was actually rejected as recently as 1991 by Schwan (1991) for that reason. The
Hipparcos/Tycho 2 proper motion is in full accord with membership, however, and
so are its position in the colour–magnitude diagram and its radial velocity, so there
is no doubt that it is indeed a cluster member. Its parallax (Hipparcos/van Leeuwen
2007) puts it on the far side of the cluster.
Van Bueren 88 was one of the stars included in searches for visual companions by the fine-guidance sensors on the Hubble telescope (Franz et al. 1992) and
in the infrared K band by adaptive optics (Metchev & Hillenbrand 2009), but no
companion was seen.
As in the cases of so many Hyades stars, Wilson (1948) measured the radial velocity of vB 88; he obtained a mean of +42.4 km s−1 from two plates, with a ‘probable
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Table 62. Radial-velocity observations of vB 88.

error’ of the mean of 0.8 km s−1 , from which we might deduce that the individual
values were 41.2 and 43.6 km s−1 . Unusually, the individual data are not listed in
Abt (1970). Carney (1982) referred to a radial velocity of +39.9 km s−1 , which
he received as a private communication from Latham, for vB 88. He also listed a
tentative identification of the star with Leiden 25 (Pels, Oort & Pels-Kluyver 1975)—
but L 25 is a 12m star and not at all near to vB 88. In their comprehensive discussion
of Hyades radial velocities, Griffin et al. (1988) gave 8 velocities that were obtained
with the Palomar 200-inch telescope in different seasons from 1972 to 1986. They
agreed particularly badly with one another, and in a section (§VIII) of the paper
describing the statistics of the results there occurs the remark, “The largest χ 2 entry
of all, 95 (n = 8) for vB 88, probably identifies a spectroscopic binary, but the
paucity of data coupled with the very small range does not encourage us to make an
assertion to that effect now.” The star has remained under observation, and there are
now 14 measurements made with the OHP Coravel and 16 with the Cambridge one
available for discussion together with the original 8 from Palomar. They are listed
in Table 62 and plotted directly against time in Fig. 39, wherein the periodic nature
of the radial-velocity variation is quite apparent. The orbit is readily determined, all
three sources of velocities being ascribed equal weights, and its elements are given
in Table 63.
During the long time that the writer’s observations were accumulating, techniques for measuring radial velocities to extreme accuracy (first adumbrated by

Figure 39. Radial velocities of vB 88, plotted directly against time.
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Table 63. Orbital elements for vB 88.

Griffin (1973)) were further developed, and generous amounts of observing time
were allocated for their deployment on very large telescopes. In such a use of the
Keck 10-m telescope to survey supposedly non-binary Hyades stars for signatures
of planets, vB 88 was inadvertently included; its velocity variations naturally came
to light at once, and an orbit was published for it by Paulson, Cochran & Hatzes
(2004). Although the measurements underlying that orbit are at least ten times better than the present writer’s, the orbit itself is not necessarily more reliable. Its
elements are included in Table 63, where it is seen that the γ -velocity is given as
−0.485 km s−1 —clearly at odds with typical Hyades radial velocities which are
near +40. No explanation of the discrepancy is given in the paper. Moreover, the
elements given by Paulson et al. are not those that I obtain by solving their data;
my solution of their data has been added to Table 63. In particular, their period of
2809.2 ± 80.7 days is seen to differ by well over 200 days from the 2583 ± 70 days
that I get from the same data, which do not span as much as a single cycle. The
data in Table 62 span more than five complete cycles, and despite their much greater
individual uncertainties they jointly define the period as 2641 ± 14 days—a number
that could be expected to be more reliable than either of those derived from the Keck

Figure 40. Orbit of vB 88. The large open circles plot radial velocities obtained with the Keck
telescope and published by Paulson, Cochran & Hatzes (2004). They have been subjected to
an empirical correction of +41.33 km s−1 , and were not utilized in the calculation of the orbit
but have merely been plotted to show where they would fall.

Hyades Spectroscopic Binaries

133

data. To illustrate the latter, they have been overlaid on the orbit in Fig. 40, where the
velocity curve depends upon the writer’s observations alone and corresponds to the
elements given from them in Table 63, and the Keck velocities, with an empirically
estimated offset of +41.33 km s−1 , have merely been added to the plot. It would be
possible to run a solution that incorporated both sets of velocities, but the disparities
in their precisions, on the one hand, and their time bases, on the other, conspire to
make such merging unsatisfactory, and it seems better to leave the results as separate sets of orbital elements, which could be selected or averaged as might appeal to
the user.
4.31 G7–254 (HDE 285880)
G7–254 (so designated by Giclas, Burnham & Thomas (1962)) is an 11m .3 object,
the primary component of a visual double star. It was considered by Kapteyn & de
Sitter (1904) in their original Groningen survey, in which it featured as their no. 284,
but was rejected as a Hyades member. In the sequel from Groningen, van Rhijn &
Klein Wassink (1924) included the star in a small table of ‘doubtful cases’. The fact
is that its proper motion in right ascension has usually been found to be smaller than
cluster membership would demand, and the assessment of its membership probability has depended upon the margin of error that individual authors have been willing to
countenance. Thus it was rejected by Raimond (1924), in whose listing it was A 299,
and by Losert (1939) (no. 187), Holmberg (1944) (A 770), Hanson (1975) (no. 518)
and Reid (1992); but it was considered ‘doubtful’ by Martin (1934), who identified it
by its BD number +14◦ 716, and as a wahrscheinlich [probable] member by Osvalds
(1954) (no. 755), was given a membership probability of 67% by van Altena (1969)
(no. 647), and was accepted outright as a ‘new member’ by van Rhijn & Raimond
(1934) (no. 26) and by Haas (1935) (no. 15). Weis & Upgren (1982) rejected it on
photometric grounds, since at (B − V ) = 0m .84 it has a colour that corresponds to
that of a main-sequence Hyades member of about the ninth magnitude.
There is an obvious visual companion about 9 distant in position angle ∼290◦ .
The system seems never to have been entered into any catalogue of double stars, or
measured properly—it is fainter than most visual discoverers have gone, although at
the eyepiece of the 200-inch telescope, with the benefit of a collecting area about a
million times (15 magnitudes) greater than that of the naked eye, it appears brilliant
enough. There is, therefore, no information as to whether the components constitute
a physical binary, although the statistics of angular separations lead to a presumption in favour. Photometry of the secondary star has been given as V = 13m .25,
(B − V ) = 0m .80 by Weis & Upgren (1982), although some doubt may be felt in
that regard, as it cannot have been easy to obtain accurate independent measurements of stars as close together as the G7–254 pair. Additional reasons for hesitation
are (a) since the stars are attributed almost identical colour indices but differ by
two magnitudes in V , the photometry does not allow them to constitute a normal
main-sequence pair, and (b) four efforts in different seasons to measure the fainter
star’s radial velocity at Palomar failed because there was no cross-correlation dip.
That could have happened simply because the dip might have been beyond the range
of the scan, implying a radial velocity more than about 50 km s−1 removed from a
normal Hyades velocity of +40, or else because the star was too blue to give a crosscorrelation signature (but that would be contrary to the Weis & Upgren photometry).
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Table 64. Radial-velocity observations of G7-254.

Table 65. Orbital elements for G7-254 A.

Figure 41. Orbit of G7–254.

In either case it makes it unlikely that the pair is a real (as opposed to merely optical)
binary.
The system was classified in the Henry Draper Extension (Cannon & Mayall
1949) as F8; its colour, however, is analogous to that of a late-G dwarf. Graff (1924),
in whose catalogue it is no. 199, long ago noted it as having the colour of a G5 star.
Van Rhijn & Raimond (1934) reported an actual spectral classification of G6 from
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an unpublished investigation by Schwassmann, and Ramberg (1941) classified it
as dG8.
The radial velocity of the brighter star was first measured at Palomar in 1972
and was recognized as variable in the following year. Altogether, 47 observations
have been made of it—14 at Palomar, 19 at OHP, 7 at the DAO, 5 at Cambridge
and 2 at ESO; they are given in Table 64, and with uniform weighting for all five
sources they readily give the orbit whose elements and velocity curve are respectively
shown in Table 65 and Fig. 41. The high eccentricity of 0.6 is noteworthy in relation
to the shortness of the 46-day period, but for the purposes of this paper the most
important result is that the γ -velocity demonstrates conclusively that G7–254 A is
not a member of the Hyades. The very small mass function demands a mass of no
more than about 0.14 M for the spectroscopic secondary.

4.32 Johnson 288 (G7–256, HDE 286839)
The first appearances of the 11m object Johnson 288 in the context of the Hyades
were in the almost simultaneous papers by Giclas, Burnham & Thomas (1962) and
by Johnson, Mitchell & Iriarte (1962). The latter authors gave its UBV photometry
after being alerted to its potential cluster membership by Pels, so their share of the
priority morally belongs to Pels, whose paper on the subject (Pels, Oort & PelsKluyver 1975) was understandably much delayed by his unfortunate demise. The
star’s Hyades membership has been endorsed by all the subsequent authors who have
considered it; those who have quantified their acceptance have given it as 97% (van
Altena 1969) and 81% (Hanson 1975).
Whereas Johnson, Mitchell & Iriarte (1962) found J 288’s V magnitude to be
11m .02, Eggen (1968; 1976, 1977) measured it first at 11m .01 and then at 10m .90,
and Weis & Upgren listed it as 10m .91. Carney (1982) combined his own photometry
with some that he took from Upgren & Weis (1977)’s Table II (which Weis & Hanson
(1988) later disowned and replaced by a corrected version) and gave V = 11m .03.
Those discrepancies escaped the attention of (or left unmoved) the designators of
variable stars, who were finally alerted to (or convinced of) the variability of J 288
when Hipparcos (11, p. P5; 12, p. A84) demonstrated a range of almost 0m .2 and a
periodicity of 1.4840 ± 0.0002 days, whereupon they (Kazarovets et al. 1999) designated the star V1147 Tau, with type ‘BY:’. Carney (1982), noting its position above
the main sequence in the colour–magnitude diagram, had already identified it as a
probable ‘photometric binary’, and Weis & Upgren (1982) had reported in a footnote,
“Several unpublished radial velocity measurements show variability. Probably SB.”.
J 288 was classified K0 by Miss Cannon in the Henry Draper Extension (Cannon
& Mayall 1949), and K by Pesch (1968). When increased telescopic power allowed
its spectrum to be observed in some detail, Stauffer and his collaborators observed
Hα and found it first (Stauffer et al. 1991) to be in emission, and then (Stauffer et al.
1997) double, with a second emission component, about 2/3 as strong as the principal one, evidently arising from the secondary star whose existence was implicit in
the finding by Griffin et al. (1988) that the object was a spectroscopic binary with the
very short period of about 1.49 days. No secondary absorption lines could be seen,
however, so clearly the fainter star’s Hα emission was of huge intensity in comparison with its continuum. The system’s activity, already manifested by its photometric
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variability and Hα emission, was further endorsed by the identification of J 288 with
the Einstein and ROSAT X-ray sources 1ES 042891+130 (Schachter et al. 1996) and
1RXS J043225.9+130648 (Stern et al. 1992, Li & Hu 1998); the latter authors gave
for it a spectral type of K4 V. Barrado y Navascués & Stauffer (1996), whose principal concern was with lithium abundances, showed a tracing of the spectrum of J 288
in the Li I λ6708-Å region, where its appearance is that of a single-lined star with
a possible very weak lithium line, which those authors measured at 10.7 ± 6 mÅ;
they also gave a classification of K6 V. Their paper launches into a discussion which
seems to me to run entirely off the rails, starting from a premise that several shortperiod ‘tidally locked binary systems’ (BD +23◦ 635, BD +22◦ 669, V471 Tau,
vA 677 [i.e. J 288], J 301 and J 331) have large lithium equivalent widths—which
their own Tables 2 and 3 show that they don’t, with the sole exception of V471 Tau,
which has at least about 10–20 times the equivalent width of all the others, one of
which (J 331 primary) has no detectable lithium at all.
The first three efforts (1972/3/4) to measure the radial vleocity of J 288 at
Palomar failed because the ‘dip’ was partly or wholly beyond the range of the scan.
All subsequent measurements were made with the ‘big scanning block’ (cf. Griffin
et al. 1988, §VIIa) which gave a total scan range of 180 km s−1 . Four successful
Palomar observations had been made, and J 288 had of course been recognized as a
binary system with a large amplitude and therefore necessarily a short period, when
Table 66. Radial-velocity observations of J 288.
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Table 67. Orbital elements for J 288.

Figure 42. Orbit of J 288.

in 1979 the opportunity described in §4.28 above arose to enable short-period systems to be observed intensively with the OHP Coravel, and the orbital period was
thereby determined. The star has continued under observation, and there is now a
total of 92 radial velocities (35 from Palomar, 51 from OHP and 6 from Cambridge,
all listed in Table 66) available for the determination of the orbit. The 14 OHP observations made in 1979 have statistically larger residuals than the others and have been
half-weighted in the solution, which is given in Table 67 and illustrated by Fig. 42.
There is no doubt that the orbit should be considered exactly circular; quite apart
from the theoretical difficulties that would arise if it were not, at such a short period:
the sum of squares of the residuals is reduced only from 119.46 to 119.17 (km s−1 )2
by relaxing the imposition of e ≡ 0.
In a table related to the paper by Mermilliod et al. (2009) of which Astronomy
& Astrophysics printed only the abstract, there are 33 velocities measured with the
OHP Coravel for J 288. Another such table gives orbital elements derived from 34
velocities—one more than are listed. There is no table analogous to Table 66 presenting the journal of observations with the phases and residuals, which is unfortunate,
because it is impossible that the given elements could have stemmed from the data
listed in the separate table. The elements have, however, been added to Table 67 for
comparison with those derived here. Thirteen of the 33 measurements are among
the 14 obtained in early 1979 in the observing run mentioned above shared by
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Mayor and the writer—the one that is not is probably the one that made up the 34
used for the orbit. The times given are identical, but the velocities given in the relevant table differ from those (which equally came from the Coravel data base in
Geneva) in Table 66 by amounts ranging up to 1 km s−1 but with one discrepancy
of 28 km s−1 —evidently a mistake of some sort. The other 20 velocities were not
made by the writer, but a trial was made of adding them to the data set in Table 66.
Two of them are unacceptably ‘wild’, with residuals of about +20 and −7 km s−1 ,
and if those two are arbitrarily rejected the remainder are still rather ragged like the
1979 ones which had to be given half-weight in our own solution. They offer negligible improvement to the solution, and in view of there being at least three definite
mistakes in the J 288 listing associated with the Mermilliod et al. abstract (and we
recall the confusion in the vB 34 entries described in §4.9 above) it has seemed best
to omit them from our own solution of the orbit.
The J 288 mass function of just over 0.05 M is significant. The colour index,
absolute magnitude, and direct classifications all point to a type near K5 V for J 288,
so its mass may be estimated as near to 0.7 M . Then the mass function calls for a
secondary of at least 0.4 M , so it can be no later than about M2 and no more than
about 2m .5 fainter in V than the primary. No evidence of it could be seen in radialvelocity traces, but it has been seen, and its velocity measured, in the infrared by
Stauffer et al. (1997) and by Bender & Simon (2008). The former gave two dated
measurements of both the primary and the secondary. Those of the primary would
agree best with our orbit if an empirical correction of −2 km s−1 were applied, so
it is assumed that the same correction could with advantage applied to the velocities
of the secondary too. Bender & Simon gave three measurements of the secondary,
but strangely did not give those for the primary, seemingly preferring to use ones
computed from an orbit (whose elements have been added to Table 67) supplied privately from the Center for Astrophysics at Harvard. If the five secondary velocities
are included in a double-lined solution with the data of Table 66 for the primary, with
suitable weightings of 0.1 for Stauffer et al. and 0.01 for Bender & Simon, the amplitude found for the secondary is 103 ± 3 km s−1 , and q (= M1 /M2 ) is 1.48 ± 0.04,
making the secondary about 0.47 M . Those numbers lead to a value of about 0.88
for sin i or about 62◦ for i, but clearly are very preliminary. If the sum of the stellar radii is estimated at 0.8 Gm and the projected separation (a1 + a2 )sin i is taken
as (1 + q)a1 sin i, ∼ 3.5 Gm, then the absence of eclipses—which is clear from the
< 3.5/0.8 or i < 77◦ .
Hipparcos light-curve—means that tan i ∼

4.33 Van Bueren 91 (HD 28783)
This star was considered a ‘doubtful’ member of the Hyades by Kapteyn &
de Sitter (1904) but confirmed as a ‘practically certain’ member in the second
Groningen assessment (van Rhijn & Klein Wassink 1924), and has been accepted
as such by all subsequent authors. In the colour–magnitude diagram of the cluster
it stands appreciably above the main-sequence locus, and was thereby identified as
a ‘photometric binary’ by Taylor (1970), Upton (1970), Bettis (1975) and Carney
(1982); Barrado y Navascués & Stauffer (1996) asserted that ΔV = 1m .069 from
photometric decomposition. Campbell (1984) noted that unequal main-sequence
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binaries would appear relatively redder at longer wavelengths; he listed the measured excess redness (according to a recipe adopted by Carney (1982) in his efforts
to identify photometric binaries) of the (V − K ) colour index in comparison with
the (B − V ) one for a considerable number of Hyades stars. He considered that an
excess of 0m .04 could be expected to constitute a criterion of duplicity with a magnitude difference between 2 and 5, but reported that a paper cited as ‘in preparation’
would say that none of the six stars that showed such an excess in his list and were not
already-known binaries showed any radial-velocity changes at the 1-km s−1 level.
Four of those stars, however, of which vB 91 is one (the others are vB 50, 63 and
190) feature in this present paper, where their velocities are shown to have ranges of
about 9, 30:, 16 and 8 km s−1 respectively.
Radick et al. (1987) found evidence of a small periodic photometric variation,
which they attributed to rotation of a spotted surface, in vB 91; it had a period of
9.36 ± 0.04 days. They derived from it an equatorial rotational velocity of
6.7 km s−1 , thereby implicitly crediting an early-K dwarf with a radius of about
1.24 R ; we have already alluded to their complicated and dubious calculations in
§4.27 above. On the strength of that discovery of variability, Kholopov et al. (1989)
assigned the variable-star designation V996 Tau to vB 91.
Bartkevičius and Lazauskaitė (1996), who were classifying spectral types by photometry on the Vilnius system, determined a type of MD–K1V for vB 91; MD stands
for ‘metal-deficient’, and they found [Fe/H] to be −0.22, a seemingly unlikely result
for a Hyades star.
Van Bueren 91 was one of the stars observed by Wilson (1948) in his Hyades
radial-velocity survey; he gave a mean velocity of +43.4 ± 0.5 (p.e.) km s−1 from
just two plates, whose individual results were later specified by Abt (1970). After
the star had been listed by Griffin et al. (1988) as a binary with a period in
excess of 15 years, Mason et al. (1993) resolved it by speckle interferometry;
on the basis of what they freely admitted to be crude assumptions (which are
in fact far from fulfilled), they offered the astonishingly accurate estimates of

Table 68. Radial-velocity observations of vB 91.
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Table 69. Orbital elements for vB 91.

Figure 43. Orbit of vB 91. The system includes a secondary star that is believed to be bright
enough to contribute appreciably to the cross-correlation signals from which the radial velocities were measured, although it was never detectable in the observations. The radial-velocity
amplitude may well require upward revision on account of the implied blending of all the
observed traces.

P ∼ 25 years and K ∼ 5 km s−1 . A subsequent measurement with the Keck telescope by Patience et al. (1998) yielded a ΔK of 1m .02 ± 0m .02, corresponding to a
ΔV of two magnitudes or so.
The first Palomar radial-velocity observation was made in 1972, and the star has
been observed in all but four of the last 39 years. Listed in Table 68 are the 16
measurements from Palomar, 14, 2 and 17 from the OHP, ESO and Cambridge
Coravels, and one from the DAO—50 all told. The orbit has been solved on the
basis of uniform weighting of all five sources; its elements are given in Table 69
and it is plotted in Fig. 43. The contribution of the secondary star has at no time
been detected in the radial-velocity traces; the secondary dip, however, must be at
most a small feature and would be severely blended with the primary even at the
nodes of the orbit. The mass function requires the secondary to have a minimum
mass of 0.53 M , and therefore to be no later than about M0, if the primary is taken
to have a mass of 0.85 M . The velocity amplitude K 1 , and correspondingly the
mass function, must however be under-estimated on account of the incipient (though
unrecognized) blending of the measured dips in the radial-velocity traces, so the
mass of the secondary is likely to be considerably larger than the formally computed minimum. Nevertheless Patience et al. (1998) actually specify the two masses
as 0.85 and 0.56 M on the basis of the ΔK that they obtained, but the estimate here
of ΔV ∼ 2m would suggest types of about K0 V and K4 V, with masses of about
0.85 and 0.75 M , with the further implication that sin i is a little under 0.8 and the

Hyades Spectroscopic Binaries

141

inclination not much over 50◦ . If we took the radius of the primary to be 0.85 R
we would derive an equatorial velocity of 4.6 km s−1 from Radick et al. (1987)’s
9.36-day rotation period, and the expected v sin i would be about 3.6 km s−1 . The
value found from the OHP radial-velocity traces is 5.5 ± 0.4 km s−1 whereas the
Cambridge one is only 3.6 ± 0.5 km s−1 ; the discrepancy may be an effect of the
unresolved secondary, since many of the OHP traces were obtained near a node of
the orbit.
4.34 Van Bueren 96 (HDE 285931*)
This is another of the stars whose membership in the Hyades was demonstrated in
the original Kapteyn & de Sitter (1904) paper and has been accepted by all authors
since. It was first recognized as a binary system on photometric grounds by Taylor
(1970) and Upton (1970). Surprisingly, it seems not to stand quite as far as vB 91
above the main sequence in c–m diagrams, although its components are less unequal;
the explanation may lie simply in a difference in distance moduli, but that cannot be demonstrated at present because vB 91 was unaccountably omitted from the
Hipparcos programme. VB 96 was noted as a ‘known binary’ by Campbell (1984),
apparently on the basis of privately supplied evidence of radial-velocity variability.
McAlister et al. (1987) resolved it on the sky by speckle interferometry after it had
been pointed out to them by the writer as a good candiate for resolution. As in so
many other cases, even including wholesale re-investigation of objects that had previously been resolved by lunar-occultation observations (e.g. Mason 1996), they then
attached to it their ‘discovery designation’; it is not at all clear in what sense a system
that is already known to be a binary can be said to be ‘discovered’ when it is merely
observed again by another technique. It was also re-discovered in an investigation
(Franz et al. 1992) of the sensitivity to stellar duplicity of the fine-guidance sensors
on the Hubble telescope; it was the only one detected as double out of 16 Hyades
objects observed, while vB 34, 59 and 88 were overlooked—vB 34 must have been
too close, while the others probably were of too large Δm.
The object became routinely measured by optical interferometry, and by 1998
Schoeller et al. (1998)—who showed a picture, obtained by ‘speckle-masking
interferometry’, of the binary very well resolved with black sky between the
components—said it was possible to calculate a preliminary orbit with a period of
19 years; Griffin et al. (1988), however, had indicated 13 years as a preliminary
value from radial velocities. The first published orbit was by Söderhjelm (1999)
and had a period of 13 years; successive improvements were made by Balega et al.
(2002) and by Cvetkovic & Ninkovic (2008). The magnitude difference between the
components has been discussed by all those authors and has also attracted attention
from Hershey (1992), Horch, Meyer & van Altena (2004), and particularly Pluzhnik
(2005); the last-named obtained ΔV = 1m .35 ± 0m .03, while the others have generally found very similar values although with somewhat larger uncertainties†. Use of
the Hipparcos distance modulus (which is only 3m .10 ± 0m .15, placing the system
*Mermilliod (1976) and Lanz (1986) erroneously give the HDE number as 285934.
† Barrado y Navascués & Stauffer (1996), however, found a ΔV of only 0m .276 by ‘photometric
decomposition’.
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well towards the ‘front’ of the cluster), gives the individual absolute magnitudes as
5m .69 and 7m .04, which may be said to correspond to main-sequence types of G9
and K4, exactly as proposed by Balega et al. (2004).
Van Bueren 96 was first observed for radial velocity by Adams et al. (1929) at
Mount Wilson; they obtained three plates that gave a mean velocity of +37 km s−1
with a ‘probable error’ of 1 km s−1 and largely supported the Hyades nature of the
object. The individual velocities were much later given by Abt (1970). The only other
velocity published for vB 96 appears to be one of the secondary component (only),
by Bender & Simon, who however also listed orbital elements that had been supplied
to them privately from Harvard, albeit without observational data or indication of
uncertainties. The first Palomar observation of vB 96 was obtained in 1972, and the
variability of the velocity was recognized in the following year; in all, 16 measurements were made at Palomar and 18 with the original radial-velocity spectrometer
at Cambridge before the programme was transferred, first in 1987 to OHP (14 measures, plus two at ESO) and then in 2000 to Cambridge (23); there is also one DAO
observation, making 74 in all. Most of them are listed in Table 70—but see below.
The incipiently double-lined nature of the vB 96 spectrum creates great difficulty
in determining the orbit. The duplicity is absolutely not apparent except in observations taken near the nodes of the orbit. The system was seen round a complete
cycle at Palomar, but the spectrometer there did not have such high resolution as
the Coravels, and although there was noticeable asymmetry in traces obtained near
nodal passages the observers were not optimistic enough to try to reduce any of them
as double-lined. Observations were being made with the original spectrometer in
Cambridge over the same interval, but were inevitably treated as single-lined and are
in any case of relatively poor accuracy. Then the system was seen nearly round the

Table 70. Radial-velocity observations of vB 96.
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next cycle with the OHP Coravel. Unfortunately the observations have not been correctly reduced, and I have no means of obtaining fresh reductions. Several of them
have been split to give two velocities in the apastron part of the orbit, always with
the secondary on the wrong side of the primary, so those results are meaningless.
There are five OHP measurements made near the more favourable node, but in every
case the secondary dip has been attributed an impossibly narrow profile—much narrower than the profile corresponding to zero rotational velocity—so it is attributed
a velocity that is certainly too far removed from that of the primary, though the primary velocities may not be so far from the truth. Finally, most of a third cycle has
been observed from Cambridge. This paper was submitted for publication just at the
time when the system was approaching the more-favourable node, and the Editor has
kindly allowed me to update it with four measurements made in the 2010/11 season
and two in the 2011/12 one. The observations made in 2010 and early 2011 support tolerably reliable double-lined reductions (Fig. 44). The mean strength of the
secondary dip, from the seven entirely independent reductions, is 0.25 ± 0.01 times
that of the primary. The ratio could be expected to be quite similar to that of the V
luminosities, whose difference of 1m .35 corresponds to a ratio of 0.29, which might
be considered to be in reasonable agreement. The imposition of fixed dip parameters
upon traces that are less well resolved than the 2010/11 ones has allowed doublelined reductions to be made of all the Cambridge traces except the two taken in
2000.
The orbit has been computed in two stages. First, the period was determined by
the use of all the measurements, plausibly weighted, unresolved measures being
cavalierly accounted as measures of the primary. The period thus derived was
5087 ± 7 days. It has been concluded, with reluctance, that the most reliable means
of obtaining the final orbit is to base it on the 21 resolved Cambridge traces alone.
The resolution of the closely blended traces obtained once annually in 2002–2005
seemed not to yield very reliable velocities for the secondary component, although
it still ‘cleaned’ the primary velocities of the ‘dragging’ by the secondary of the
centroids of the blended dips. Therefore the primary velocities alone were adopted
in respect of those observations. The final orbit was accordingly calculated with just
the 21 primary velocities and the 17 accepted secondary ones, which were weighted

Figure 44. Radial-velocity trace of vB 96, obtained with the Cambridge Coravel on 2010
March 6, as the system approached the orbital node at which the velocity separation between
the two components is greatest. It is only near the nodes that there is any sign of duplicity in
the radial-velocity traces.
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Table 71. Orbital elements for vB 96.

1/4

to equalize the weighted variances, and with the period fixed at 5087 days. The
resulting elements are noted in Table 71 and underlie the velocity curves illustrated
in Fig. 45.
That figure plots with large symbols the data upon which the orbit is based.
Symbols that are small, but otherwise conform to the conventions adopted in this
paper (§2) regarding correspondence between symbols and sources, are used to plot
the (much more numerous) observations that were not utilized in the orbit except
in the initial determination of its period. They all refer to traces that were reduced
as single-lined apart from the four small open squares which denote the rejected
Cambridge secondary velocities. It is ironic that the only five OHP/ESO velocities
that are plotted (and included in Table 70) are those for which no attempt was made
at resolution. The single-lined measures naturally tend to follow the velocity curve
of the primary star but to exhibit qualitatively the expected ‘dragging’ towards the
γ -velocity by the blending with the secondary. A tendency for the Palomar measures

Figure 45. Orbit of vB 96. Only the observations plotted with large symbols were used in
the calculation of the orbit; the others were reduced as single-lined and therefore falsified by
blending, and/or were in any case too ragged to contribute usefully to the orbit.
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at phases .2 to .4 to fall a little lower than would be expected, however, suggests that
there is still scope for adjustment of the orbital elements, but such adjustment would
scarcely be meaningful without improved data, such as might indeed be obtainable
over the next few seasons.
The elements found here are in almost embarrassingly good accord with those—
added to Table 71 for comparison—found astrometrically by Balega et al. (2002)
and Cvetkovic & Ninkovic (2008). The fact that the latters’ value of ω is almost the
same as the spectroscopic one, however, whereas owing to the difference in the definitions of ω in the two techniques it could be expected to differ by 180◦ , must mean
that the quadrants of all the measurements that they utilized need to be reversed. (All
astrometric ωs are reversed in this paper, to accord with the spectroscopic convention.) The inclination found for the ‘visual’ orbit is 45◦ .4 ± 2◦ .1, providing a value
of 0.36 ± 0.04 for sin3 i. Substituting that value in the quantities m 1,2 sin3 i given by
the spectroscopic orbit determined here, one obtains the masses of the vB 96 components as 1.10 ± 0.15 and 0.90 ± 0.12 M . They are doubtless too high, but probably
only by about one standard deviation; the q value near to 1.2 is close to expectation
for a pair of stars with the observed differences in magnitudes and spectral types.
Bender & Simon (2008)’s one velocity measurement led them to a mass ratio of just
over 2.

4.35 Johnson 294
This must be another of the candidate Hyades to which Johnson, Mitchell & Iriarte
(1962) were alerted by Pels, in whose eventual paper (Pels, Oort & Pels-Kluyver
1975) it features as (Leiden) no. 79. It is one of the stars over which Johnson et al.
confused themselves, measuring them twice under different names, in this case as
J 294 and J 362, finding V magnitudes of 11m .75 and 11m .81, respectively. The
Hyades membership of the star was agreed by Luyten et al. (1981, 1982) on grounds
of proper motion and by Upgren & Weis (1982) on grounds of photometry. The latter
authors listed V as 11m .70, bringing the range of V measurements up to 0m .11, an
amount that is distinctly larger than measuring errors ought to permit, but no definite
assertion of variability has been made. Oort (1979) noted Leiden 79 (i.e. J 294) as
being one of two Leiden stars that had marginally discrepant proper motions, but he
also reported that he had been informed by the present writer that the radial velocity
confirmed membership. [Surely I would not have gone further than saying ‘tended
to confirm’ it?—but I regret that I cannot now retrieve the correspondence.] The
spectrum of J 294 was classified as K4 V by Li & Hu (1998) in the course of a
programme of observation of probable optical counterparts of ROSAT X-ray sources
(Stern, Schmitt & Kahabka 1995), in this case 1RXS J043412.1+113353.
There appears to be only one radial-velocity measurement of J 294 in the literature, and that is a measure of the secondary component by Bender & Simon (2008).
The first Palomar observation was made in 1972; by great good fortune the star’s
ten-year orbit was at a critical phase then—the velocity was right at the sharp maximum that occurs in a high-e orbit with ω ∼ 0. A substantial change had occurred
in the velocity when it was measured again a year later; there are Palomar observations in nine subsequent seasons (12 observations in all), and then 11 velocities were
obtained at OHP, two at the DAO and two at ESO. The star proved to be just too faint
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Table 72. Radial-velocity observations of J 294.

Table 73. Orbital elements for J 294.

to be satisfactorily observable at Cambridge, so the orbit depends upon the 27 observations just mentioned; they are set out in Table 72. The OHP and ESO observations
have been half-weighted in the orbital solution. The resulting elements are given in
Table 73, to which have been added those quoted by Bender & Simon (2008), and the
orbit is illustrated in Fig. 46. The phase coverage is not ideal, but the close proximity
of the period to the integer number of ten years, allied to the sharpness of the velocity
maximum, makes it inevitable that there will be gaps in phase coverage in important regions on both flanks of the peak in velocity. The orbit is, however, fairly well
determined, and its γ -velocity is in such close accord with the value expected for a
Hyades member that no reasonable doubt can remain about J 294’s membership.

Figure 46. Orbit of J 294.
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The mass function requires the secondary to have a mass of at least about 0.18 M
if the primary mass is estimated at 0.65 M . Bender & Simon (2008)’s single measurement of the secondary led them to assign component masses that are not very
informative, both being zero to well within their 1-σ uncertainties.

4.36 Van Altena 750
This is the faintest star that is treated in this paper apart from G7–192 (§4.16). Its V
and (B − V ) magnitudes were given first by Upgren (1974) as 12m .42 and 1m .48,
then by Upgren & Weis (1977) as 12m .40 and 1m .35 in a table that was later disowned and replaced (cf. §4.32 above) by Weis & Hanson (1988) with a corrected
version which gave 12m .35 and 1m .46, and also by Upgren, Weis & Hanson (1985),
who gave 12m .41 and 1m .45. The object appeared in catalogues of Hyades-area stars
in papers by Graff (1924) (no name attached to it), Ramberg (1941) (Table I B,
no. 342, type K), and Holmberg (1944) (no. A 922), but none of those authors set out
to adjudicate on cluster membership. The first information on that topic came from
Osvalds (1954), who listed it as his no. 918 and reported that it had been proposed
as a Hyades member by Larink, for whose work he gave no reference (see §4.25).
The star’s proper motion was subsequently determined by van Altena (1969), who
put the probability of membership at 90%, by Luyten (1971), who attached a flag
reserved for stars “that may be members and for which an accurate redetermination
of the motion is highly desirable”*, and by Hanson (1975), who gave the membership probability as zero. Hanson implicitly repudiated his own conclusion when
later, in the consortium Upgren, Weis & Hanson (1985), he was party to the flagging of vA 750 with “Radial velocity consistent with membership. Certain member.”.
The spectrum of vA 750 has been classified as M1 by Herbig (1962) and as M0 by
Pesch (1968).
The orbit depends upon eight radial velocities from Palomar, obtained in different
seasons from 1972 until 1986, and six later ones from OHP; there is also one measurement from the DAO. The star was right at the limit of what could be measured
at OHP and is quite beyond the Cambridge instrument. The observations are given
in Table 74; the OHP and DAO measures have been half-weighted in the solution
of the orbit, which is given in Table 75 and illustrated in Fig. 47. The γ -velocity is
about 2 km s−1 higher than would be expected for a Hyades member at the position
of vA 750; the discrepancy is a little disconcerting, but observational uncertainty
may contribute an appreciable part of it, and when the matter is considered in the
light of the accordance of the proper motion and the fact that photometry places
the object close to the main sequence, it is hard to entertain much doubt regarding
vA 750’s cluster membership. At the cluster distance its apparent magnitude leads
to MV ∼ 9m .0, corresponding to spectral type M0 (as has indeed been observed
directly, as noted above) and to a mass of perhaps 0.55–0.6 M ; the mass function
then demands a secondary mass of not less than about 0.23 M —a type no later than
M5 and a Δm that can be little more than three magnitudes.

*Luyten (1980; Luyten, Hill & Morris 1981) did subsequently re-determine the motion himself,
continuing to find it in accordance with Hyades membership.
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Table 74. Radial-velocity observations of vA 750.

Table 75. Orbital elements for vA 750.

Figure 47. Orbit of vA 750.

4.37 Leiden 77 (HDE 284561)
Although Pels no doubt identified the object as a probable Hyades member long
before his paper (Pels, Oort & Pels-Kluyver 1975) was published posthumously, by
that time the star had also featured, as LP 415-1399, in Luyten’s (1971) catalogue of
Hyades-area proper motions. It was not actually flagged there as a probable member, although the motion listed for it is very Hyades-like, and in subsequent listings
carrying more accurately determined motions Luyten (1980; Luyten, Hill & Morris
1981) did flag it as a candidate for membership. Usually scrupulous in identifying stars by the first designation that each received, Luyten seemed not to honour
non-astrometric catalogues such as the Henry Draper Extension (Cannon & Mayall
1949)*—in which the star concerned was numbered 284561 and classified as K7.
*In fairness, we should recall that Luyten’s policy was spelt out explicitly, e.g. in Luyten, Morris
& Hill (1982): “For the designations . . . we have always preferred the B D number when known,
otherwise the number given by the first person publishing the motion”. (My italics.)

Hyades Spectroscopic Binaries

149

Table 76. Radial-velocity observations of L 77.

Table 77. Orbital elements for L 77.

Figure 48. Orbit of Leiden 77.

Photometry of L 77 was given by Upgren & Weis (1977) and improved by Weis
(1991); the V magnitude is 11m .13.
There do not appear to be any radial velocities of L 77 in the literature, although
Bender & Simon (2008) reported observing it to try to see it as double-lined. The
star was not observed on the Palomar Hyades programme until 1978, but after that it
was measured in every season but one until 1986 (8 observations), and there are also
14 measurements from OHP, four from Cambridge, three from the DAO and one
from ESO, all to be found in Table 76. In the solution of the orbit, only the Palomar
measurements have been given full weight, all the others being half-weighted. The
elements are given in Table 77 and the orbit is shown in Fig. 48. There is no doubt
that L 77 is a member of the Hyades. If the primary mass is taken to be about 0.7 M ,
the mass function requires the secondary to be no less massive than about 0.38 M .
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The corresponding latest spectral type for it is about M2, and it appears that the Δm
cannot be much more than two magnitudes, although no evidence of the companion
has been noticed in radial-velocity traces.
4.38 Van Bueren 102 (HD 29310)
Van Bueren 102 is one of the original Kapteyn & de Sitter (1904) Hyades, and has
been accepted as a member ever since, except perhaps by Smart (1939) who by omission implicitly rejected it. Three Mount Wilson radial-velocity measurements by
Wilson (1948), though not in very good mutual accord (as may be seen from the individual values later published by Abt (1970)), gave a mean of +39.7 ± 1.9 (‘probable
error’) km s−1 that was practically in exact agreement with expectation for a Hyades
star. Subsequent velocities were not so reassuring. Four Mount Wilson coudé plates
(Woolley, Jones & Mather 1960) gave a mean velocity of +46.1 ± 0.8 km s−1 , drawing from the authors the comment that the star (and vB 57 and 77, which similarly
gave ‘wrong’ velocities) “are either variable or are not members of the cluster”. The
high velocity was confirmed by three additional Mount Wilson plates (Woolley &
Harding 1965) taken two years later, but Kraft (1965) obtained +39.4 km s−1 from
a single Palomar coudé plate and noted the star as “SB1?”. He found the projected
rotational velocity of vB 102 to be 6 km s−1 , and subsequently (Kraft 1967) adopted
it as a standard star for that rotational velocity. Other v sin i values found in the literature for vB 102 are 9.0 ± 1.0 (Soderblom 1982) and 6.8 ± 0.7 km s−1 (Benz &
Mayor 1984).
Radick et al. (1987) detected a very slight periodic variation in the magnitude of
vB 102, and ascribed it to the rotation of a spotted surface in a period of 6.46 ± 0.03
days. On the strength of that finding, Kholopov et al. (1989) designated the star
V998 Tau. Radick et al. (1995) later presented the results of 12 years’ monitoring of
certain Hyades stars; for vB 102 they had found rotational modulation in nine seasons, which (considered each in isolation) yielded periods ranging from 6.17 to 6.71
days. By analogy with the Sun, with its latitude-dependent rotation, at least part of
the spread in periods may be real. Rotation in the observed period of a star that is
slightly larger than the Sun would lead one to expect an equatorial velocity V of
just over 8 km s−1 , on the basis that V = 50.6R /P, where R is the stellar radius
*
*
in solar units and P is the rotational period in days. (Radick et al. (1987) obtained
V = 9.7 km s−1 as the outcome of a seemingly unnecessarily cumbersome computation.) The mean v sin i values found in the present investigation are 7.51 ± 0.30
km s−1 , from the traces obtained with the OHP Coravel, and 7.52 ± 0.12 km s−1 ,
from those obtained at Cambridge. The formal uncertainties represent the interagreement of the traces but allow nothing for systematic effects arising from the
simplicity of the models. We can validly conclude that the axial inclination is high
> 60◦ ), but cannot with confidence assign a specific value to it.
(say ∼
Mason et al. (1993) discovered by speckle interferometry that vB 102 has a
‘visual’ companion about a quarter of a second of arc away from it. The companion had moved 15◦ over a 2.7-year baseline; the authors suggested that the orbital
period, on the basis of a circular orbit, would be 29 years, but the observed rate of
change of position angle would seem to suggest 65 years. Another measurement was
made by Patience et al. (1998); the separation was unchanged but the position angle
had advanced another 47◦ in 4.1 years, seemingly doubling the angular velocity in
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defiance of the ‘law of equal areas’. Patience et al. were observing in the infrared K
band and found ΔK ∼ 2m .0, from which they deduced a secondary mass of 0.49 M ,
implying that the type of the secondary is about M0.
At the time of publication of the Hyades radial-velocity survey by Griffin et al.
(1988) the observations of vB 102 were tolerably fitted by an orbit with a period very
close to two years—so close, in fact, that it was listed with ‘=’ rather than the ‘∼’
used with other periods specified in that paper. In seasons starting in even-numbered
calendar years the velocity was practically constant, whereas in odd years it started
notably high and steadily declined. It was only in 2003, when a fresh set of frequent
observations was begun as early as possible in the season in an effort to extend the
phase coverage to embrace properly the ascending (maximum-velocity) node, that
they proved to start at a much lower velocity even than had been hoped, and the
realization dawned that the γ -velocity had been steadily decreasing. There are 162
new radial velocities, set out in Table 78, available for discussion. 80 of them have
been made with the Cambridge Coravel and are given full weight in the orbit; ten
Palomar and six DAO ones have been given half-weight, while 37 measures with
the original Cambridge spectrometer, 27 OHP and two ESO velocities have all been
weighted 1/4 .
In the calculation of the orbit, the slope of a linear trend has been included as an
extra element in the least-squares solution, whose result is given in Table 79. The
two-year orbit is shown in Fig. 49, while the variation of the γ -velocity appears in
Fig. 50. It is seen to represent the data well; it is of interest that the Woolley et al.
(1960, 1965) observations, that began 14 years before the first Palomar one and have
not been utilized in the calculation, are in full agreement with the trend. The quasilinear trend has clearly been continuing for at least 50 years, setting for the outer
orbit a minimum period longer than the speckle measurements might lead one to
expect. (The three earlier measures by Wilson (1948; Abt 1970) are too scattered
to enable anything to be said about whether they match the trend.) A linear decline
that occupies much of the orbital period implies an orbit with e ∼ 0.45, ω ∼ 270◦ ,
but if the period is much longer than the span of the available observations then
the elements are much less constrained. It is implicit in the entry for vB 102 in
Griffin et al. (1988)’s Table IV that the radial velocity expected for it as a member
of the Hyades at that position is +41.23 km s−1 ; the γ -velocity passed that value in
early 1995, which could be regarded as an (obviously very rough) estimate of the
time of apastron passage.
Bender & Simon (2008) observed the spectrum of vB 102 in the infrared and
reduced their three observations as if they included a contribution from a star other
than the G1 V primary. They say that the speckle companion would not affect their
observations, and that their measurements refer to the companion in the two-year
orbit, as indeed the inferred velocity amplitude suggests—it gives a mass ratio of
about 8. They give elements, supplied from Harvard and added to Table 79 here, for
the two-year orbit, but do not refer to the long-term trend.
The mass function of the two-year system requires the companion star to have a
mass of at least 0.17 M , the mass of the G1 V primary being assumed to be near
1.1 M . The mass ratio therefore cannot be more than about 6.5 to 1. As regards
the distant companion, even an orbit having the smallest values of P and K that
presently appear reasonable (about 22,000 days and 1.8 km s−1 respectively) has a
mass function of about 0.008 M . With the primary sub-system having a mass of at
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Table 78. Radial-velocity observations of vB 102.
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Table 79. Orbital elements for vB 102.

Figure 49. Orbit of vB 102. The ordinate is the velocity relative to the γ -velocity, whose variation is plotted in Fig. 50. In both figures, open squares plot the velocities obtained from Mount
Wilson 100-inch coudé plates, published by Woolley, Jones & Mather (1960) and Woolley &
Harding (1965).

Figure 50. Variation of the γ -velocity of vB 102, fitted to a linear trend. The observations
obtained around 1960 and plotted by open squares were not included in the calculation, but
they are seen to be entirely consonant with a retrospective extrapolation of the same trend.

least (1.1 + 0.17) M , the minimum mass for the companion is about 0.27 M , but
of course any larger value (such as the 0.49 M proposed by Patience et al. (1998))
would be acceptable, provided it is not so large as to imply that vB 102 should appear
double-lined in optical-band spectra.
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4.39 Van Bueren 106 (HD 29461)

The star is just beyond the southern margin of the field surveyed by Kapteyn &
de Sitter (1904); its discovery as a Hyades member appears to have been made by
van Rhijn & Raimond (1934), in whose list it is VR 31. Hardorp (1982) considered
that vB 106, together with vB 64 and 142, “are perfect solar spectral analogs, not only
because of their line spectra . . . but also with respect to their energy-distributions.”
That was despite their G5 spectral classifications, which would appear to imply that
they ought to be considerably cooler than the Sun.
Griffin et al. (1988) noted vB 106 to be a spectroscopic binary with a period of
about 10 years. The secondary star has not been seen directly, although Mason et al.
(1993) and Patience et al. (1998) tried to resolve the system by speckle interferometry. The companion is probably very faint.
There are two early radial-velocity observations by Wilson (1948; Abt 1970), but
they are not accurate enough to assist with the orbit. Nidever et al. (2002, Table 2)
reported that they had made 8 very precise observations with the Keck telescope; they
gave the result of one, only, and said that the ensemble showed a linear change over
a total interval of 563 days. In their Table 4 they specified the slope of the variation
as +0.58 m s−1 per day, from 9 observations. Patel et al. (2007) (a syndicate largely
overlapping that of Nidever et al.) gave a preliminary orbit for vB 106 (which they
called a ‘subgiant’) from Keck observations that did not cover a complete cycle.
The did not tabulate the data but showed a plot of the orbit and gave some of the
elements. The period they selected was 18 years, but they said it could range from 10

Table 80. Radial-velocity observations of vB 106.
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Figure 51. Orbit of vB 106. The large open circles plot the Keck velocities referred to (but
not published) by Patel et al. (2007). They were read back from the published graph, subjected
to a huge empirical zero-point adjustment, and plotted here to show their general agreement
with the writer’s orbit, to which they did not contribute. Their authors did compute an orbit
from them, but although the velocities are obviously much more accurate individually than
those obtained by the present writer, they yielded an orbital period that was wrong by 8 years
whereas the period of the orbit presented here has a standard error of 8 days.

to 25 years; they would have done well to fix it at the 10 years noted by Griffin et al.
(1988).
The Palomar and Cambridge observations span 38 years and cover more than
three revolutions of the orbit. Although they are not nearly as precise individually
as the Keck data, they define an orbit whose period has a standard error of only
8 days. There are 11 Palomar observations, and 17 from OHP, four from the DAO,
three from ESO, and 43 from the Cambridge Coravel, 78 in all, listed in Table 80.
Some observations were made also with the original Cambridge spectrometer, but
they are so relatively ragged that they have not been included. The OHP and ESO
observations have been weighted 1/2 , the DAO ones 1/4 , in the solution of the orbit,
which is illustrated in Fig. 51; its elements are given, along with the Patel et al. ones,
in Table 81. The single Nidever datum would give a residual of −0.92 km s−1 if
entered in the new orbit, an amount very much in keeping with the 0.8 km s−1 that
is to be expected (cf. §2.1 above).

Table 81. Orbital elements for vB 106.
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Table 82. Keck radial-velocity observations of vB 106.

It seems a pity to waste the excellent Keck observations, so the dates and velocities
were read back from an enlarged copy of the published orbit graph—a procedure
that has worked well previously, e.g. Griffin, Carquillat & Ginestet (2002), despite
the unconcealed astonishment (Hatzes et al. 2003) of the authors whose data were
thereby retrieved! The graph includes three bunches of overlapping points, of which
only the end members could be identified and read back with tolerable confidence.
The salvaged data are listed in Table 82, and are plotted (though zero-weighted in the
calculation) in the orbit shown in Fig. 51. They seem to be on a random zero-point,
and an empirically determined 42.2 km s−1 has been added to them to enable them to
appear in the Figure. The third of them is credited with a date 8 days from the single
datum given by Nidever et al. (2002), and may well be the identical observation. It
is possible that an error of 8 days (corresponding to about 5 m s−1 in velocity) could
have been made in reading the graph, on which it is less than a tenth of a millimetre,
but if so it may be systematic, and we elect not to alter it. The fifth salvaged datum
is read as 562 days later, which might well represent the 563-day span referred to by
those authors.

Figure 52. Orbit of vB 106 according to the ‘salvaged’ Keck observations. The orbital period,
and, in effect, the γ -velocity, were imposed.
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The Keck observations are seen to be in quite good accord with the orbit determined here. They readily support a solution on their own, once the correct period is
imposed on them. The result is shown in Fig. 52, the phases and residuals in Table 82,
and the elements have been added to Table 81. A comparison of the two sets of elements reveals some discrepancies that are larger than they ought to be according to
the formal standard errors. The poor phase distribution of the Keck observations,
which completely avoid the descending branch of the velocity curve, may cause the
formal uncertainties to be unrealistic. Probably the mean values from the two sets
are the best to adopt at present.
The mass function is very small, and requires for the secondary a minimum mass
that is scarcely above the brown-dwarf limit of 0.08 M .
4.40 Johnson 316
11m .2

object was first identified as a Hyades member by Johnson, Mitchell &
This
Iriarte (1962), but they were doubtless alerted to it by Pels, whose paper (Pels, Oort
& Pels-Kluyver 1975), in which it is listed as Pels 81, was much delayed as has
been noted above, e.g. in §4.2. Luyten (1971) at first, on the basis of simply an estimated proper motion, did not flag the star as a possible member, but subsequently
he (Luyten, Hill & Morris 1981; Luyten Morris & Hill 1982), too, noted the star as
a candidate for Hyades membership, under the designation* LP 475- 254. Upgren
& Weis (1977) identified it as a “probable binary member” of the Hyades from its
position above the main sequence in the colour–magnitude diagram. Griffin et al.
(1988) noted it as a spectroscopic binary and confirmed it as a cluster member; Stefanik & Latham (1992) listed its orbital period and eccentricity as 367.674 days and
0.322 ± 0.016 respectively, but gave no other information.
In many ways J 316 is extraordinarily similar to J 331, whose orbit was given by
Griffin et al. (1985): they are of similar magnitudes and consist of virtually equal
stars which are individually about twelfth magnitude, which give radial-velocity
traces in which the dip depths are halved owing to their duplicity and are therefore none too easy to measure. In fact J 316 is even more troublesome than J 331,
owing to its smaller velocity amplitude, and perhaps still more by its having a period
extremely close to one year. The observer recognized too late, when his access to
the OHP Coravel suddenly ceased, that he had neglected to try to improve the phase
coverage of the data; the object is too difficult for observation with the Cambridge
telescope, even though one marginal observation with it is included here. Thus only
a preliminary orbit can be given. There are 20 Palomar measurements, all of them
double-lined, 17 OHP observations of which 12 were reduced as double-lined, and
one DAO and two ESO measures, together with the one Cambridge effort—36 pairs
of velocities in all. They are given in Table 83. The OHP and ESO measures have
been weighted 1/3 to bring their variance into approximate equality with Palomar;
the Cambridge one has been arbitrarily weighted 1/4 . The solution of the orbit is
given in Table 84 and is illustrated in Fig. 53.
It is seen from the elements that the star that is adopted here as the primary is found
to have a marginally—but far from significantly—smaller mass than its companion.
*Simbad confuses Pels 81 with van Bueren 81, associating the LP designation with the latter.
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Table 83. Radial-velocity observations of J 316.

Table 84. Orbital elements for J 316.

Figure 53. Orbit of J 316.

Both stars must be very close to V = 12m and so to MV = 8m .6, so their masses
are likely to be very similar to those given for them, multiplied by the sin3 i term,
in Table 84. The separation of the stars at the times of conjunctions is about 100
times the sum of their radii, so eclipses are unlikely, but until the system has been
observed photometrically at the proper time they can not be ruled out. The dates of
conjunctions according to the present orbit are 2011 August 25 and December 21,
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falling later by about three days per year; owing to the age and bad phase distribution
of the velocity data there is an uncertainty of about a week on the dates, but it could
be greatly reduced by a few new radial-velocity observations.
4.41 HR 1514 (HD 30138)
HR 1514, a 6m star of spectral type G9 III (Halliday 1955) or (less probably) G5 III
(Sato & Kuji 1990), was considered by Wayman, Symms & Blackwell (1965) in a
trawl of the Hyades area for previously unrecognized cluster members, but after surviving some initial steps in a winnowing process was ultimately rejected. Knowledge
of its radial velocity was weak, consisting of a mean of +35.9 ± 0.5 (p.e.) km s−1
from four David Dunlap plates (Young 1945), and a mean of +33.1 km s−1 from two

Table 85. Radial-velocity observations of HR 1514.
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Figure 54. Orbit of HR 1514.
Table 86. Orbital elements for HR 1514.

low-dispersion Mount Wilson plates (Wilson & Joy 1950), so the star was observed
at Cambridge. Quite unexpectedly, in view of the close inter-agreement of the DDO
velocities, there was a change of about 30 km s−1 between the first two Cambridge
measures, taken two months apart, so the object was placed on the spectroscopicbinary programme. Altogether 119 measurements have been made of it—24 with the
original spectrometer (weight 1/8 ), 49 at OHP (weight 1/2 ), 42 with the Cambridge
Coravel (weight 1), and 4 at the DAO (weight 1/4 ). They are listed in Table 85 and
lead to the orbit which is plotted in Fig. 54 and whose elements are given in Table 86.
The γ -velocity is well below the value expected for a Hyades member at the position of HR 1514 in the sky (south-eastern Perseus). The orbital period is noteworthy
for its troublesome closeness to one year, although the coincidence is not as close
as was found for J 316 in the immediately preceding section above. The mass function is significant: it requires a minimum mass of 1.15 M for the secondary if the
primary is deemed to have a mass of 2 M . The companion may well be an Ftype main-sequence star, which would imply a Δm of about three magnitudes. The
indicative angular separation is about 10 milliseconds of arc.
4.42 Van Bueren 142 (HD 30246)
We have now passed the right ascension of the eastern boundary of the area surveyed
by Kapteyn & de Sitter (1904), so all the following stars had to await the vigilance of
others for identification as Hyades objects. The 8m object vB 142 appears first to have
been so identified by Haas (1935); it is no. 24 in his list of “members supplementary
to those of Wilson and Gyllenberg” (dated 1932 and 1931 respectively). Haas was
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promptly scolded by Martin (1936), who claimed that he had already (Martin 1934)
considered all but one of Haas’s 40 stars and had included 25 of them in his list of
members; he had rejected the other 14, among which was vB 142 under the alias
BD +15◦ 678, on grounds of deviant proper motions. All the same, the star has subsequently received general acceptance as a cluster member. Van Bueren relegated it
to his supplementary Table 2b, rather than including it in the main Table 2a, merely
because at that time there was no radial-velocity information to support its membership. The star’s magnitude was determined in duplicate by Johnson, Mitchell &
Iriarte (1962), both as vB 142 and under the designation J 325, possibly because Pels
indicated the star to them without identifying it as a van Bueren star. The Pels paper
(Pels, Oort & Pels-Kluyver 1975) distinctly claims to list “all cases in which a star
was given two different numbers by Johnson et al.”, of which it lists seven instances;

Table 87. Radial-velocity observations of vB 142.
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but it is not in fact a complete listing, as it omits vB 142 = J 325, J 294 = J 362, and
J 319 = J 320.
Van Bueren 142 is one of Hardorp’s “perfect” solar analogues, as mentioned in
§4.39 above. The star was first noted as a spectroscopic binary by Griffin et al.
(1988). Mason et al. (1993) and Patience et al. (1998), however, found it unresolved
by speckle interferometry. Barrado y Navascués & Stauffer (1996) deduced that the
absolute magnitude of the secondary must be 10m .304 by ‘photometric deconvolution’ based on the excess brightness of the system above the main sequence, but their
value for the primary star was 4m .832—exactly the same, to three decimal places, as
the magnitude with which they started for the system as a whole. Bender & Simon
(2008) reported four measurements of the radial velocity of the secondary (but, as
usual, none of the primary), and derived a mass ratio of 18 ± 12 to 1. The orbit plot
that they exhibit is, however, none too reassuring, attributing by far the largest residual (almost as much as the whole velocity amplitude) to the point which has by far
the smallest error bar.
Table 87 gives the writer’s 115 radial velocities of vB 142—there are 9 from
Palomar, 14 from the original spectrometer in Cambridge and 59 from the Cambridge Coravel, 25 from OHP, 4 from ESO and 4 from the DAO. They have all been
weighted equally in the orbit apart from the old Cambridge velocities, which have
been given a weight of 1/5 . The elements are shown in Table 88, which also notes
those quoted by Bender & Simon, and the orbit is illustrated in Fig. 55. It is seen to be

Table 88. Orbital elements for vB 142.

Figure 55. Orbit of vB 142.
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another small-amplitude one, with a tiny mass function which demands a minimum
mass of only about 0.047 M .

4.43 Van Bueren 113 (HD 30311)
This 7m late-F star appears to have been assigned as a Hyades member first by
Martin (1934), who was able to make a fresh systematic trawl of a substantial area of
sky for new Hyades by taking advantage of the large number of proper motions that
had at that time recently been published. Van Bueren 113 (listed by Martin by its BD
number [+8◦ ] 759) is at an unusually low declination, now just over 9◦ , for a Hyades
member. It is one of ten Hyades binaries noted by Bohm-Vitense (2007) to fall very
close to an elliptical ring more or less centred on vB 141 (71 Tau, HD 28052) and
suggested to have originated in a burst of star-formation triggered by the passage
through the interstellar medium of a blast wave from a supernova now represented
by vB 141’s white-dwarf companion. Among the other binaries in the ring are three
(vB 121, 124 and 140) whose orbits have already been published by the writer and
his collaborators (Griffin & Gunn 1978; Tomkin, Griffin & Alzner 2007; Griffin et al.
1988), and vB 115, 119 and 120, all of which are discussed below. Johnson &
Knuckles (1955, p. 210) appear to call vB 113 a ‘subdwarf’, but it may be inferred
from the entries in the ensuing Table 4 on p. 214 that their 113 is a misprint for 133.
The Hyades membership of vB 113 was confirmed by the (fortuitously accordant)
radial velocities determined from two Mount Wilson plates by Wilson (1948; Abt
1970). The only dated radial velocities that have been found in the literature and are
of a quality to be of possible assistance with the orbit are one by Kraft (1965) from
the Palomar coudé, and three by Woolley & Harding (1965) from Mount Wilson
coudé plates, which were obtained so close together in time as to constitute effectively a single datum that (like Kraft’s) is not really of much utility. Woolley et al.
(1981) made a single measurement, too uncertain to be useful here (quoted standard
error 6.7 km s−1 ), at Kottamia at a time listed as being within a few minutes of local
noon; analogous daytime observations were given for four other stars treated here
(vB 57, 59, 102 and 119).
Kraft (1965) listed a v sin i value of 7 km s−1 for vB 113; in 1967 he (Kraft 1967)
adopted the star’s spectrum as constituting a standard for that rotational velocity.
Mason et al. (1993, 2001) found the star unresolved by speckle interferometry in
visible light, but Patience et al. (1998), observing in the infrared, noted a secondary
with a ΔK of 2m .7 ± 0m .4 and suggested for it a mass of 0.38 M , corresponding to
a type of about M2 V. Bender & Simon (2008) gave two radial velocities for it and
proposed a comparable mass.
There are 102 new radial velocities, listed in Table 89, available to determine the
orbit, of which 10 from Palomar and 19 from the Cambridge Coravel have been
assigned unit weight; and there are five DAO ones ( 1/2 weight), 23 OHP and three
ESO ( 1/4 ) and 42 ‘original Cambridge’ ones (weight only 1/10 ). The orbit is shown
in Fig. 56; its elements are noted in Table 90 together with a set quoted by Bender
& Simon. The mass function sets a firm lower limit of about 0.26 M to the mass
of the companion star; the indications that the actual mass is appreciably greater
than that imply that the orbital inclination is well away from 90◦ . The noticeable
rotational broadening of the spectral lines (and correspondingly the cross-correlation
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Table 89. Radial-velocity observations of vB 113.

Figure 56. Orbit of vB 113.
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Table 90. Orbital elements for vB 113.

dip in radial-velocity traces) of vB 113 is quantified from the OHP Coravel as
v sin i = 7.0 ± 0.3 km s−1 and from the Cambridge one as 6.1 ± 0.3 km s−1 .

4.44 Van Bueren 114 (HD 30355)
The initial history of vB 114 exactly parallels that of vB 9 and 81 (q.v.), inasmuch
as its Hyades membership was first proposed by Hertzsprung (1921) and was largely
confirmed by radial velocities measured by Wilson (1948).
Griffin et al. (1988) announced the spectroscopic-binary nature of vB 114;
Mason et al. (1993) did not find evidence of the companion by speckle interferometry in the visible, but Patience et al. (1998) succeeded in the infrared, where they
found an angular separation of 0.17 and a ΔK of 3m .9, the second-largest magnitude difference among the 33 objects that they were able to resolve. On the basis
of its magnitude, they considered the secondary to have a mass of 0.21 M , which
would place it well down the M-dwarf sequence, probably at about M5. Bender &

Table 91. Radial-velocity observations of vB 114.
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Figure 57. Orbit of vB 114. The observation corresponding to the ‘wild’ OHP point was not
included in the calculation of the orbit.
Table 92. Orbital elements for vB 114.

Simon (2008) observed vB 114 spectroscopically in the infrared, but did not see
evidence of the spectrum of the secondary.
There are 64 radial-velocity observations, listed in Table 91, available for the
determination of the orbit. Eight of them were made at Palomar, and have such
unusually small residuals that they have been given double weight in the solution.
The Coravel spectrometers have provided 22 (Cambridge), 19 (OHP) and two (ESO)
velocities, and the DAO spectrometer six, all given unit weight except for one OHP
measurement that must be rejected and is presumed to be of the wrong star. Finally,
there are seven relatively ragged velocities from the original spectrometer at Cambridge, which have been attributed a weight of 1/10 . The orbit is plotted in Fig. 57 and
its elements are shown in Table 92. The mass function demands a secondary with a
mass of at least 0.27 M if the G5 primary’s mass is taken as 0.9 M ; there is seen
to be a minor conflict with the mass estimate of Patience et al. (1988), which may
just reflect the uncertainty of an observation which was probably near the limit of
detection but could also be fully explained by the possibility of the companion being
itself a binary system.
4.45 Van Bueren 115 (HDE 284787)
Just as in the case of vB 142 above (§4.42), vB 115 was first proposed as a Hyades
star by Haas (1935), who was taken to task by Martin (1936), who claimed that
he had considered it when preparing his own list of new Hyades (Martin 1934) but
had rejected it. (In his listing of rejected stars it appears under its BD designation
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of +20◦ 823.) While Haas seems indeed to have overlooked Martin’s earlier paper,
Martin was mistaken in rejecting it, as its cluster membership soon became well
established, particularly after Wilson (1948) published for it a Hyades-like mean
velocity of +42.4 ± 0.7 (p.e.) km s−1 from three plates, whose individual times and
velocities were later listed by Abt (1970).
It was Griffin et al. (1988) who announced that vB 115 is a spectroscopic binary;
they gave its approximate period as four years, although they might better have
said three, since the actual period is 3.30 years and was known to within about a
week at the relevant time. Neither Mason et al. (1993), observing in the visible, nor
Patience et al. (1998), in the infrared, managed to resolve the object on the sky,
but Bender & Simon (2008) listed two radial velocities for the companion star and
deduced a mass ratio close to 2 though with substantial uncertainty.
The 89 new radial velocities from which the orbit of the primary is deduced
here include 22, given unit weight in the solution of the orbit, from the Cambridge
Coravel. Half-weighted are seven velocities from Palomar, six from the DAO, and 21
and three from the Coravels at OHP and ESO respectively; there are also 30 measures
obtained with the original spectrometer at Cambridge, weighted 1/10 . The velocities
are set out in Table 93; the orbit is shown in Fig. 58 and its elements are given in
Table 94 along with a set quoted by Bender & Simon (2008). The mass function
does not call for a secondary star more massive than about 0.27 M , but according
Table 93. Radial-velocity observations of vB 115.
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Figure 58. Orbit of vB 115.
Table 94. Orbital elements for vB 115.

to the masses implied by the Bender & Simon mass ratio the orbital inclination must
be well away from 90◦ .
4.46 Van Bueren 117 (HDE 283882, BD +24◦ 692)
At a declination of nearly +25◦ , vB 117 is the northernmost of all the van Bueren
Hyades members apart from the pair vB 131/2. It seems first to have been recognized as a member by Martin (1934) and Haas (1935)—in contrast to the cases of
vB 142 and 115, Martin not only considered it but approved it as a cluster member.
Wilson (1948) found that its radial velocity largely confirmed its membership
and also discovered that the spectrum is double-lined. He gave only an uncertain mean velocity of +44: km s−1 , and it appears from his four measurements,
which were later published individually by Abt (1970), that he measured the plates
as single-lined. He could hardly have done otherwise: even the second one, 1945
September 20, which—as we can now discover from the computed orbit—had by
far the widest splitting (about 115 km s−1 ), would have shown a line separation of
only about 20 μ at the dispersion of Wilson’s spectra (80 Å mm−1 at Hγ ) and so
would scarcely be resolved. Perryman et al. (1998) egregiously recorded van Bueren
(1952) as rejecting his no. 117 (in addition to most of nos. 153–191—see footnote
to §4.19) as a cluster member.
Young (1974), observing at 39 Å mm−1 at the Kitt Peak 84-inch Cassegrain in an
(unrewarded) effort to find further main-sequence/white-dwarf binaries analogous to
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BD +16◦ 516 (Young & Nelson 1972), re-discovered the SB2 nature of vB 117. He
was lucky in catching it just as it approached a node, where the velocity splitting was
100 km s−1 or so, and in the hope of seeing significant orbital motion he observed it
three times on one night and twice on the next. He mentions that “Most absorptionline pairs were hopelessly blended, and only the double [H and K] emission lines
were adopted for the final results. . . . Further spectroscopic observations intended
to derive orbital elements should be made with much higher dispersion to resolve
the absorption lines. This will require a large telescope . . . .” The star was in fact
already under observation at the (much smaller!) Cambridge 36-inch telescope with
the original photoelectric spectrometer, as well as at the 200-inch reflector, and its
orbit was presented by Griffin & Gunn (1978). It has a period of 11.93 days—longer
than was imagined probable by Young, who naturally would not have foreseen the
high eccentricity of 0.51. As in the cases of some other Hyades SB2s, the minimum
masses demanded by the orbital elements were found to be significantly larger than
stars of the relevant types were supposed to possess.
After Bopp & Fekel (1977) had recommended photometric monitoring of
vB 117*, Bopp, Noah & Klimke (1980) † discovered variability at a level of about
0m .1 with a periodicity of 6.82 days, which led Kholopov et al. (1981) to gazette it
as a BY Dra variable star with the designation V808 Tau. Its variability is conspicuous in the discrepancies between various published sets of UBV magnitudes, among
which V ranges from 9m .52 (Rucinski 1981) to 9m .67 (Johnson & Knuckles 1955;
Johnson, Mitchell & Iriarte 1962). There is evidence that the star gets bluer as it gets
brighter—the Rucinski (B − V ) is 0m .04 bluer than was found by the other authors
just cited, and the (U − B) is as much as 0m .13 ‘bluer’. That is just what would
be expected for stars whose variation is caused by a changing incidence of cool
spots. Disappointingly, the Hipparcos photometric data set (which was unusually
small—only 50 measurements) shows little variation and no certain period. Bondar
(2001) has presented evidence (not entirely convincing) from more than 200 photographic patrol plates that vB 117 exhibits a long-term variation with a time-scale
of about 17 years and a range in m pg of about 0m .3; there appeared to be minima
in about 1960 and 1977. The 6.82-day period is puzzling‡ , being shorter than the
orbital period, but not as short as the pseudo-synchronous period, which would be
expected to be just under 4 days. The issue was discussed by Edwards (1983), who
had an explanation in terms of the youth of the star (although he implied in his §III
that it is in the Pleiades); but Giuricin, Mardirossian & Mezzetti (1984) disagreed,
saying forthrightly that “The non-synchronous rotation of 24◦ 692 [vB 117] and . . .
cannot be rashly used to infer that they are very young as unreasonably believed by
Edwards (1983) and Bopp et al. (1980).” Hall (1986) had an explanation in terms of
the time-scale for synchronization being greater than the age of the Hyades.
The mean ratio of dip areas in the OHP radial-velocity traces is 1.83 ± 0.07; in
the Cambridge ones it is 1.97 ± 0.07. Those ratios are very much larger than the
*They twice misidentified it as BD +24◦ 292 instead of +24◦ 692.
† They quoted a type of K3 V from Morgan & Hiltner (1965; a reference they misprinted), who did
not mention the star.
‡ It might be doubted as a fact! It was based only on 17 ‘service’ observations (of which two were
rejected), thinly spread over more than 200 days.
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4:3 asserted by Griffin & Gunn (1978) from early Palomar traces. Dip areas were
not numerically quantified until the Palomar radial-velocity spectrometer was placed
under computer control in 1977 (Griffin et al. 1988, §V), and the dip ratio noted
in the 1978 paper was probably a rather casual estimate; it is, however, quite well
corroborated by a simple measurement with a ruler of the dip depths on an enlarged
copy of the vB 117 trace shown by Griffin & Gunn (1978, Fig. 2 ∗ ). The vB 117
system as a whole varies considerably in magnitude, so quite substantial variations
in relative brightness are to be expected. A mean ratio of 1.90 corrresponds to a Δm
of 0m .70 in the wavelength region used by the Coravels, ∼B, and so to a ΔV of about
0m .55 and a difference of two sub-types in spectral type; the types could be estimated
at K3 V and K5 V. The former 4:3 dip ratio would imply a ΔV of about 0m .25; since
the system as a whole varies by 0m .15 a relative change by 0m .3 is entirely possible.
Griffin & Gunn (1978) lacked a computer programme for solving double-lined
orbits directly, and fell back on computing the orbits of the two components of
vB 117 separately. Possibly for that reason, Peterson & Solensky (1988), wanting
to discuss certain Hyades SB2s, found it “necessary to rereduce the data”. They
determined, however, that the orbit was exactly circular; their elements cannot even
remotely fit the observations. Even so, Torres, Stefanik & Latham (1997a) stated
that they preferred the elements recomputed by Peterson & Solensky, not only for
vB 117, but also for vB 140, which was not even mentioned by Peterson & Solensky at all, and whose orbital elements were computed by Griffin et al. (1985) with a
proper SB2 programme which by then they had available (Griffin 1980). Mason et al.
(1993) and Patience et al. (1998) observed vB 117 by speckle interferometry and did
not discover any ‘visual’ companion; the spectroscopic system would be much too
close for them to resolve.
Although the orbit given for vB 117 by Griffin & Gunn (1978) was secure, the
phase distribution of the data left a lot to be desired and the method of solution was
not ideal; it was the interesting and significant nature of the orbit that prompted its
uncharacteristically premature publication. The system was, therefore, restored to
the observing programme when the OHP Coravel became available, and 37 observations of it were made there and one at ESO; in the great majority of them both
components were measured, if necessary in separate integrations owing to the limited scanning range, but in five cases only one or the other velocity was determined
and one case was an irresolvable blend. After a hiatus of more than a decade, quite
recently five further observations were made with the Cambridge Coravel in order
to maximize the time base and thereby to improve the precision of the period. All
the measurements are listed in Table 95; they include six observations made at
Palomar after the orbit was published in 1978, and two made at the DAO (one of
them of the primary only). In the solution of the orbit, all the sources were given unit
weight except the original spectrometer, which was weighted 1/5 ; but the first three
Palomar observations, in which the twin dips were close to the ends of the scan,
were half-weighted. (Subsequently we used the ‘big’ scanning block (cf. §4.32, paragraph 4), which gave an adequate range of 180 km s−1 .) One secondary observation
from Palomar and one from the original spectrometer—both of which were already
∗ The figure caption reprehensibly omits to say that the scale of km s−1 on the abscissae is relative

and not absolute.
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Table 95. Radial-velocity observations of vB 117.

noted as uncertain—gave much larger residuals than the rest and were rejected.
The velocities of the secondary were globally given 2/3 the weight of the primary.
The resulting orbit is plotted in Fig. 59 and its elements are given in Table 96; the

Figure 59. Orbit of vB 117. Open circles plot observations made of the secondary star at
OHP or ESO; observations made with the original spectrometer at Cambridge appear as circles
with dots in them (primary) and circles with smaller circles inside them (secondary). Open
diamonds denote blends.
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Table 96. Orbital elements for vB 117.

elements published in 1978 (weighted averages of those for the two components,
where appropriate) are given for comparison, and are seen to be very close to the
new ones although their uncertainties are considerably greater. The radial velocities
of vB 117 change sufficiently rapidly on the steep sides of the orbits near periastron
that observations made at such times (only) are given timings to three decimals of a
day in Table 95.
Since vB 117 has not been found to show eclipses, the consideration given by
< 83◦ still stands. The minimum masses of
Griffin & Gunn (1978) that shows that i ∼
the components must be close to 0.81 and 0.77 M , which are appreciably more than
have usually been credited to stars of their types. The rotational velocities of the two
stars are determined by the OHP observations to be 5.4 ± 0.5 and 4.8 ± 0.7 km s−1 .
If the radii are estimated at 0.8 and 0.75 R , and sin i taken as 0.99, the implied
rotation periods are about 7.4 and 7.8 days, with uncertainties of the order of a day.
Those periods could be regarded as consonant with the 6.82-day photometric period
found by Bopp et al. (1980) and believed to be of rotational origin.

4.47 Van Bueren 119 (HD 30676)
Van Bueren 119 is one of the stars first identified as Hyades members by Hertzsprung
(1921) in the same way as vB 81 (cf. §4.29 above). It features also in the early lists
by Gyllenberg (1931) (as no. 131), Wilson (1932) (as no. 129), and Martin (1934) (as
−657, from its BD number +16◦ 657, the minus indicating that the number referred
to the declination zone next below its then-current declination of 17◦ 5 ). Its general
acceptance as a member was reinforced by the radial velocity of +41.6 ± 0.8 (p.e.)
km s−1 published by Wilson (1948) on the basis of two low-dispersion Mount Wilson
spectrograms.
The star was on the Hyades observing programme at Palomar, but had been
observed only once when the writer became aware, in early 1979, in the observing
run that he shared with Mayor at the OHP Coravel (see §4.28 above), that Mayor
had already discovered it to be a binary and had made a good number of observations
of it; so its orbit was left for Mayor’s attention, and was so noted by Griffin et al.
(1988) in their otherwise rather comprehensive survey of Hyades radial velocities. It
was, however, observed eight times at Palomar, but not until 1984 was a very weak
secondary detected; there are six apparently single-lined observations and only two
(made but two days apart and thus representing just a single epoch) in which both
components were measured.
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Table 97. Radial-velocity observations of vB 119.

When it seemed, after many years, that Mayor was not actually going to publish an orbit for it, a fresh observing campaign was made on vB 119 at Cambridge,
where 45 observations have been obtained. The relatively short orbital period of 225
days enabled that to be done quite quickly. The data are listed in Table 97. Although
the object is double-lined, the secondary is manifested only by an exceedingly weak
dip, as can be seen in Fig. 60, which portrays a radial-velocity trace obtained when
the components’ velocity separation was almost at its maximum. The primary dip
is considerably widened by axial rotation of the star; the v sin i is quantified by
the Cambridge traces at 13.62 ± 0.12 km s−1 , though the formal precision is not to
be taken literally as the true uncertainty of the measurement. Despite the exiguous
nature of the secondary dip, it was nearly always possible to obtain some sort of
measure of its radial velocity, if necessary by imposing on the reductions fixed dip
parameters for it, taken as averages from the resolved traces—a dip area equal to
0.09 of that of the primary, and v sin i = 4 km s−1 . All but four of the 45 traces thus

Figure 60. Radial-velocity trace of vB 119, obtained with the Cambridge Coravel on 2004
November 13, when the velocity difference between the components was almost at its
maximum.
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Figure 61. Orbit of vB 119.

yielded velocities for both components. One of the remaining four, made close to
the orbital node, was intentionally of the secondary only; the other three had to be
reduced as if they were single-lined. Although there was a temptation to treat the
single-lined measures as measures of the primary star alone, it was resisted, and they
appear in Table 97 as blends. Thus the orbit is determined from 43 observations of the
primary and 44 of the secondary, just two of each component being from Palomar.
The Palomar and Cambridge data were accorded equal weights. The secondary’s
velocities were weighted 1/12 to bring the variances into approximate equality. The
orbit is illustrated in Fig. 61, and its elements are presented in Table 98.
Quite recently (in 2009) Mayor has in fact published an orbit for vB 119!—in the
paper on OHP velocities by Mermilliod, Mayor & Udry (2009), of which Astronomy & Astrophysics printed only the summary. The orbit is only single-lined—those
observers appear not to have noticed the secondary at all. Therefore most of the
observations must be ‘dragged’ a little towards the γ -velocity by the unaccountedfor blending, as indeed is apparent from the fact that those authors’ value for the
velocity amplitude K is significantly smaller than the K 1 obtained here. The data
have been transcribed and an orbit run on them by the writer, whose jaundiced eye
reckons that it can actually see the ‘dragging’ of the observations that are near the

Table 98. Orbital elements for vB 119.
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Table 99. Photometric model (absolute magnitudes, colour indices)
for vB 119.

γ -velocity. After being so punctilious in rejecting his own single-lined measurements, the writer jibbed at including a lot of other people’s*. Besides, when he tried
a joint solution, he found that the OHP data warranted a weighting of only 1/5 to
equalize the variances; the elements were negligibly changed by the addition of the
extra data, apart from the small (and clearly damaging) reduction in K 1 brought
about by the use of velocities all derived from blends, and the standard errors were
scarcely improved. The one exception was of course the standard error of the period,
which by the great difference in mean epochs of the two sets of data was substantially refined. When the unresolved Palomar measures were also included, with the
weighting of 1/8 which proved appropriate, an orbital period of 224.904 ± 0.012
days resulted; the period found from the double-lined measurements alone was
224.82 ± 0.06 days. The blending of the OHP and the SB1 Palomar data would not
be expected to bias the determination of the period substantially, so in the final solution of the orbit the period was held fixed at 224.904 days and the data set restricted
to just the resolved velocities. That is the solution given in Table 98, together with the
one recently presented by Mermilliod, Mayor & Udry (2008), complete with their
standard deviations which are thought to be a bit on the optimistic side.
The factor 0.09 between the strengths of the cross-correlation signatures of the
components of vB 119 in the Cambridge radial-velocity traces is arithmetically
equivalent to a difference of 2.61 magnitudes. The fainter star, however, must be a
K type, whose spectrum matches the cross-correlating mask in the Coravel instrument substantially better than that of the primary, which is late F. Single stars of
the respective types would be expected to give dip areas bearing a ratio of about 5
to 3, equivalent to 0.56 magnitudes, to one another, so the inference from radialvelocity traces is that there is a Δm of approximately 3m .2 between the components.
That is in the wavelength region where the Coravel operates, roughly equivalent to
the photometric B band. Utilizing that value of ΔB and interpolating in a table of
main-sequence properties, e.g. Allen (1973), we can construct for vB 119 the photometric model given in Table 99. The colour indices are added successively to MV to
obtain M B and MU , then those luminosities are summed, and the joint colour indices
determined.
*39 of them are listed, but there are three pairs and a triplet that were made within minutes of one
another and are not really to be considered independent, so the actual number of OHP measurements
is held to be 34; probably partly for that reason, the writer’s solution of the orbit from the OHP
data, while yielding much the same elements as the OHP authors found, has standard deviations
modestly larger than they listed.
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The absolute magnitudes found for the two stars are remarkably, but surely fortuitously, close to those proposed by Barrado y Navascués & Stauffer (1996) merely on
the basis of the tiny elevation, above the main-sequence line in the colour–magnitude
diagram, of the point representing the system—an effect that could well be wholly
due to vB 119’s being slightly nearer to us than the (undisclosed) distance that those
authors adopted for it. The cited authors actually knew nothing of the secondary,
noting the system only as SB1. The observed mass ratio is in close accord with the
masses of 1.17 and 0.73 M interpolated for the relevant spectral types in Allen
(1973)’s table of main-sequence masses; we know from the larger masses found
from several SB2 systems, e.g. vB 22 in §4.8 above, that (at least in the case of the
Hyades) the entries in that table are due for upward revision, but as long as the revision is systematic it should not affect the ratio. If we suppose that the true masses are
10% more than the tabular ones, the value of sini derived from the m 1,2 sin3 i values
is 0.90, making the orbital inclination about 64◦ . The semi-major axis of the relative
orbit is then found to be 134 Gm, or nearly 1 AU, so the characteristic angular separation of the stars at favourable times can be expected to be of the same order as the
parallax, i.e. about 0.02.

4.48 Van Bueren 120 (HD 30712)
The first appearance of this star in a list of Hyades members appears to be in the
one by Martin (1934), in which it is identified by its BD number [+14◦ ] 770, closely
followed by that of Haas (1935), in whose listing it is no. 30. As happened in so
many other cases, Wilson (1948) largely confirmed its Hyades membership by radial
velocities measured from low-dispersion Mount Wilson spectra, and the star has
routinely been accepted as a member. Herbig (1965), however, noted incorrectly that
it was not accepted by Johnson, Mitchell & Iriarte (1962).
The star’s literature has been bedevilled by a gross error in the first photoelectric
V magnitude given for it, by Johnson & Knuckles (1955) (possibly a misprint, but
there is a point that corresponds to it in their plotted colour–magnitude diagram), and
copied uncorrected into Johnson, Mitchell & Iriarte (1962). Those papers gave V as
7m .34, when 7m .74 was probably intended. The error resulted, through the vigilance
of Fitzgerald (1973), who surveyed the USNO Photoelectric Catalogue (Blanco et al.
1968) for discrepancies, in the entry of vB 120 as NSV 1735 in the New Catalogue of
Suspected Variable Stars (Kukarkin et al. 1982); Simbad currently describes vB 120
as “Variable Star” as the main heading to its bibliography. The problems have been
compounded by the inclusion of the erroneous V magnitude in averages, e.g. Nicolet (1978), and by another error by Mason et al. (1993), who listed V as 8m .10.
Barrado y Navascués & Stauffer (1996) further misquoted a paper by Mermilliod
(1976) (for which they gave an erroneous reference) as giving still another different
V magnitude, and misquoted Mason et al. as giving it as 8m .18. There is no valid
evidence of variation, and none was seen by Hipparcos in its 68 observations; it
would be best now to lift from the star the suspicion of variability and to delete it
from listings of variable stars.
It may have been the enhanced brightness indicated by Johnson & Knuckles
(1955)’s V magnitude that helped Upton (1970) to propose vB 120 as a binary. Its
duplicity was in effect announced by McAlister et al. (1987), who resolved it by
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Figure 62. Radial-velocity trace of vB 120, obtained with the Cambridge Coravel on 2004
December 27, right at the node of the orbit, when the velocity difference between the
components was at its maximum.

speckle interferometry; as in the case of vB 96 (§4.34 above), they had been alerted
to the likelihood of its resolvability by the present writer, but they still attached to it
their ‘discovery designation’. Griffin et al. (1988) noted it as a spectroscopic binary
and gave for it a preliminary γ -velocity but no other information apart from confirming it as a member of the Hyades. A short region of its spectrum in the red Li I
region, showing conspicuously double (though blended) lines, appears in the paper
by Thorburn et al. (1993). Söderhjelm (1999) gave a very preliminary, 7.5-year circular, orbit on the basis of the speckle observations that had by then accumulated in
the literature.
The components of vB 120 are only partially resolved in radial-velocity traces,
even at the nodes of the orbit. The maximum velocity separation is portrayed by
the Cambridge Coravel trace shown here as Fig. 62. Such a trace allows the v sin i
values and the relative strengths (areas) of the two dips to be determined reasonably
closely. The imposition of those quantities, averaged over the best-resolved traces,
on the reductions of more closely blended and seemingly single-lined traces enables
the twin velocities to be determined with reasonable certitude.
There are 24 Cambridge observations, all but one of which have been reduced
as double-lined. The dip areas, averaged from the 12 best ones, proved to be in the
ratio 1 to 0.71, and the v sin i values were 4.6 ± 0.7 km s−1 for the primary and
2.1 ± 0.9 km s−1 for the secondary. All the traces were re-reduced in a uniform
manner with those parameters imposed. The residuals from the computed orbit were
then considerably smaller than those obtained when each trace was reduced independently. It is pointed out, however, that whereas it could be hoped that the formal
uncertainties of orbital elements obtained from independently reduced traces would
be fully realistic, those obtained with fixed dip parameters may conceal errors that are
systematic*. If, for example, the dips were assigned smaller widths, then for every
trace they would need to be modelled further apart, thereby increasing the velocity
amplitudes K 1,2 ; but in actual fact the K values did not change significantly as a
*Inasmuch as almost all SB2 orbits depend to some extent on closely blended traces reduced with
the help of imposed dip parameters, the same consideration applies generally, albeit usually with
less force than in the particular case of vB 120.

178

R. F. Griffin

result of the new reductions—in fact K 2 did not change at all to two decimal places.
Surprisingly, the new residuals of the secondary’s velocities are no greater than those
of the primary’s, so those of both components have been taken as the standard for
unit weight in the solution of the orbit. The weight is reduced to 1/4 in the cases of
two observations which were terminated by cloud at photon-count levels less than a
quarter of those normally obtained.
The Palomar spectrometer (Griffin & Gunn 1974) did not have such high resolution as the Coravel instruments, and the blending in difficult cases such as that
of vB 120 was more severe. Ten observations were made at Palomar of the star;
seven were reduced as double-lined. Even though they were long ago reconsidered
as an ensemble, as the Cambridge ones have recently been, one particular observation gives rather ‘wild’ residuals and has been rejected. The others are marred by
a couple of bad residuals for the secondary; for comparable variances, the primary
velocities have been weighted 1/4 and the secondary 1/16 .
The star was observed 25 times with the original Cambridge spectrometer, whose
traces were drawn with a pen ‘in real time’ by a chart recorder and reduced by eye.
The resolution of the dips was never enough to allow twin velocities to be read from
the traces, so they are not retained in this discussion; the variation (and near the
nodes the sign) of the velocity separation could, however, be followed, and an initial
approximation to the period was thereby determined.
Fifteen observations were made at OHP and two at ESO; they have not been
reduced as well as could be wished, and in two cases the components were misidentified and the imposed dip parameters reversed—those results are clearly wrong
and have been omitted from Table 100. The remainder have been weighted 1/4 (primary) and 1/8 (secondary) in the orbital solution. Another 15 OHP observations have
recently become accessible, through the paper referred to in the abstract published
by Mermilliod, Mayor & Udry (2009). Ten of them are double-lined, but all except
one (which has been reduced ‘inverted’ and whose result is therefore meaningless)

Table 100. Radial-velocity observations of vB 120.
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Figure 63. Orbit of vB 120. The two crosses near phase .8 plot the rejected Palomar
observation.
Table 101. Orbital elements for vB 120.

were obtained so close together in time (within a range of about 0.03 in phase) as to
be unhelpful; they are not discussed further here.
Finally, there is one good double-lined DAO observation, obtained right at a node;
it has been half-weighted. All the data are presented in Table 100, and lead to the
orbit that is illustrated by Fig. 63 and whose elements are given in Table 101.
The ratio of 0.71 in the dip areas corresponds arithmetically to a magnitude difference of 0m .37; when allowance is made for the fact that the later-type component,
whose spectrum better matches the (K2) mask in the Coravel, would give an intrinsically slightly deeper dip than the primary if it could be observed alone, the actual Δm
wil be slightly increased; but that will be countered by the fact that the measurement
related to the violet part of the spectrum, so the difference in the V band is probably
just about equal to the observed 0m .37. The system is on the side of the Hyades cluster nearest to us, the Hipparcos parallax showing the distance modulus to be only
3m .13 ± 0m .09 and the combined absolute magnitude therefore to be close to 4m .6.
The individual components must therefore be about 5m .2 and 5m .6, corresponding to
spectral types near G6 and G8.

4.49 Johnson 347 (HDE 282747)
The only papers retrieved by the Simbad bibliography for J 347 are the one by Johnson, Mitchell & Iriarte (1962) which gave its photometry, and the one by Griffin et al.
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(1988) indicating that it is a visual and spectroscpic binary and is not a member of the
Hyades. A careful reading of the former paper (the Introduction, second paragraph)
suggests that, although its title refers solely to the Hyades, it includes other stars that
were ‘sold’ to its authors by Pels, stars that were not even suggested to be related
to the Hyades—but, confusingly, those authors conferred Hyades designations upon
them just the same. Another irregularity is that Simbad does not recognize the identity of J 347 with HDE 282747: it regards the latter as a different star, albeit at the
same position, and knows of just one paper relating to it—the catalogue of HDE stars
by Nesterov et al. (1995)—and no photometry.
Although the object does not seem to feature in any catalogue of visual double
stars, it appeared at the eyepiece of the 200-inch reflector as an obvious double, the
companion star being about 2 to the south of the primary and about a magnitude
and a half fainter. No doubt the photometry by Johnson et al. (1962) represents the
combined brightness, so the properties of the individual components are not known
with any accuracy. The statistical probability that stars so close together in the sky
would be unrelated is so small that it can be discounted. The annual proper motion,
shown by Tycho 2 to be about 0.08, is large enough to suggest that the stars are
unlikely to be giants, so we can use the combined colours and the estimated Δm to
venture the conjecture that they must have spectral types near K0 V and K5 V. The
HDE type is in fact K0.
The radial velocity of the primary was found at the first observation to be far from
the Hyades velocity, too near the end of the scan for acceptable measurement, so after
that it was measured with the ‘big block’ (wide-range scan). Six measurements were
made, all in different seasons; the companion star could on occasion be measured
separately, and three observations were obtained of it. Both stars proved to be spectroscopic binaries. The object could not even be seen, let alone measured, as a double
star at OHP or Cambridge, so the observations made there must be rather hybrid,
although they willl largely represent the primary star. Since the guiding would always
be on the apparent photocentre of the pair, there must be a variable admixture of the
light of the secondary, a contribution that would often be less than would correspond
to the Δm because the guiding will always favour the primary. Seven observations
were made at OHP, one at the DAO, and 22 with the Cambridge Coravel. All are set
out in Table 102, and support a single-lined orbit with a period of about 41/2 years.

Table 102. Radial-velocity observations of J 347 A.
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Table 103. Orbital elements for J 347.

It seems perverse that the Palomar observations of the primary, which are the
only ones that are free of potential blending, have statistically the largest residuals
(their r.m.s. value is nearly 1 km s−1 , about double their typical internally estimated
uncertainties) of any of the sources. Be that as it may, all the velocities have been
given equal weight in the solution of the orbit, whose elements are given in Table 103
and which is plotted in Fig. 64. It is obvious from the γ -velocity that J 347 is nothing
to do with the Hyades. The mass function demands a spectroscopic secondary no
later than M2.
The three Palomar velocities of the visual secondary are as follows: 1980
Oct. 22.41 +17.9, 1981 Dec. 3.31 +32.5, 1981 Dec. 5.31 +23.7 km s−1 . It is to
be noted that a major change in velocity took place in only two days, so the orbital
period is likely to be a matter of weeks at most. The secondary has occasionally
seemed to be observable as a weak second dip in OHP and Cambridge observations,
but the certainty with which it can be measured, or even identified as a valid observation of the secondary, does not encourage a listing of its putative velocities here.
Since the secondary seems liable to be blended with, or masked by, the primary dip
in a large proportion of all cases, the determination of the orbit by observations of the
unresolved pair with a small telescope such as that available to the author is hardly a
realistic proposition.

Figure 64. Orbit of J 347 A.
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4.50 Van Bueren 151 (HDE 240629)

At a right ascension beyond 5h and a declination of only +6◦ , vB 151 is on the outskirts of the Hyades, more than 13◦ from the apparent centre of the cluster. It seems
first to have been proposed for membership by van Bueren (1952) himself, on the
basis of the proper motion given in the relevant Yale Zone Catalogue; no radial velocity, to help in the adjudication on cluster membership, was known, which is why
the star appeared in section b of van Bueren’s table (his Table 2) of actual or potential Hyades. When a radial velocity did become available (Griffin et al. 1988) it was
equivocal: the star proved to be a binary, and its γ -velocity stood nearly 2 km s−1
away from the value expected for a cluster member at that position in the sky.
(Schwan (1991), however, considered that the radial-velocity discrepancy was only
0.5 km s−1 .) The balance of probability was tipped firmly against membership by the
Hipparcos parallax of 0.01378 ± 0.00208, corresponding to a distance of about
73 ± 11 pc*; but it has recently been tipped back again by van Leeuwen (2007)’s
re-reduction of the Hipparcos data, from which he found π = 0.01924 ± 0.00305,
bringing it into agreement with the cluster mean to well within its new (increased!)
uncertainty. It may be noted that the star’s angular distance from the cluster centre
already represents a minimum radial distance of about 11 pc.
Hipparcos found the magnitude of vB 151 to be variable over a range of the order
of 0m .1, and arranged for Kazarovets et al. (1999) to gazette it with the variable-star
designation V1362 Orionis; Hipparcos noted the type of variability as ‘unsolved’,
but Kazarovets et al. listed it as ‘LB:’, with the colon to represent uncertainty. That
type is defined as ‘slow irregular variables of late spectral type’, which seems
improbable for a dwarf star which is much more likely to be exhibiting BY Dra variability through the rotation of a spotted surface, although in that case a periodicity
might well be apparent. Because of the rise and decay of spots, and the possibility
of a latitude-dependent rotation period if the Sun is any guide, etc., variability of
such a sort might well lack coherence over the 3-year Hipparcos mission, so a naïve
period search could easily miss an underlying approximate periodicity. In fact Koen
& Eyer (2002) reckoned that they could see a period of 3.336 days with an amplitude
of 0m .0342 in the Hipparcos data. Interpreted in terms of rotation, however, such a
period would demand an equatorial velocity of about 12 or 13 km s−1 , whereas the
observed v sin i is only of the same order as that of the Sun. The mass function given
by the orbit does not offer scope for a very small value of sin i orb , though that would
only be relevant if the orbital and axial inclinations could be presumed to be similar; in any case an almost-pole-on orientation would negate the photometric effects
of rotation. Thus no explanation comes to hand for the periodicity that Koen & Eyer
found.
Ten radial-velocity measurements were made of vB 151 at Palomar. The first four
showed that more than one cycle had taken place in an elapsed time of six years.
The need for more frequent observations was met when it was found possible to
measure the star, despite its comparative faintness and unfavourable declination, at
Cambridge with the original spectrometer, with which 28 velocities were obtained.
They are reliable in relation to their own standard, but naturally are less accurate than

*Perryman et al. (1998), however, were willing to accept it as a member at that distance.
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Table 104. Radial-velocity observations of vB 151.

those obtained with later-generation spectrometers, and have been weighted 1/8 in
the solution of the orbit. There are in addition 18, 12 and 3 measures with the Coravel
instruments at OHP, Cambridge and ESO, respectively, and 5 obtained at the DAO.
All have received weight 1 (like the Palomar data) except for the DAO measures,
which have been weighted 1/4 . All 76 velocities are shown in Table 104. The orbital
elements derived from them are given in Table 105 and the orbit is plotted in Fig. 65.
Speckle interferometry at visible wavelengths by Mason et al. (1993) did not
reveal any companion, but observations in the infrared by Patience et al. (1998) identifed a companion with a ΔK of 1m .45 ± 0m .06, corresponding to a ΔV of about
three magnitudes and thus to an early-M secondary, at 0.85 from the principal star.
The linear separation of 40 AU or more implies an orbital period of the order of
centuries. The primary’s share of the ∼4-km s−1 putative relative orbital velocity
would be enough to excuse any discrepancy that there may be between the current
γ -velocity and the expectation for a Hyades member, thereby countering the reason

Table 105. Orbital elements for vB 151.
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Figure 65. Orbit of vB 151.

for Griffin et al. (1988)’s equivocation on the issue, although of course there is no
guarantee that it will prove to be of the correct sign and magnitude actually to do
so. Meanwhile, Bender & Simon (2008) were able to find indications of the spectroscopic secondary in the infrared and made three measurements of its radial velocity.
They seemed not to measure the primary, but instead computed its velocity from
orbital elements they received from Harvard and included in their own paper; they
have been added to Table 105 for comparison with those established here.
There is an obvious visual companion about 16 almost due east (p.a. ∼ 88◦ )
of vB 151; its photometry has very likely been given by Weis & Upgren (1982)
(who specify it as being 26 east, but there is no other candidate) as V = 12m .40,
(B − V ) = 0m .69. Two radial-velocity observations of it at Palomar gave no result,
but that was no doubt on account of the limited range of velocity that was being
scanned (roughly 0 to +80 km s−1 ). It was measured once at OHP, on 1996
Dec. 16.04, when its velocity was found to be −14.9 km s−1 ; it is only marginally
observable with the Cambridge Coravel, but two efforts (2008 Dec. 7.07 and 2009
Jan. 2.99) yielded results of −12.9 and −17.3 km s−1 respectively; the discrepancy
is not considered significant. The photon rate is not as low as the apparent brightness
of the object might lead one to expect—an indication that it is quite blue, possibly an
F star despite the published colour index. In any case it is evidently unrelated either
to vB 151 or to the Hyades.

4.51 Van Bueren 152 (HDE 241105)
It is hard to know why van Bueren (1952) included this star in his catalogue of
actual or potential members of the Hyades, since it was known—and is shown in
his Table 2(b)—to have a proper motion that is much too big (0.164/year) and in
the wrong direction (Δθ ∼ 22◦ ) for a member at its position. His map of the cluster is also faulty in regard to the proper-motion vectors that it shows: although the
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Table 106. Radial-velocity observations of vB 152.

motion of vB 152 is nearly twice that of the nearby visual-multiple system of genuine Hyades stars* vB 131/2, its vector is drawn shorter. The proper motion that is
now available from Hipparcos (0.217 in p.a. 114◦ ) is actually substantially larger
even than the value that van Bueren adopted from the relevant Yale Zone Catalogue
(Barney 1953). It is of interest that vB 152 is a common-proper-motion companion to the 7m F star HD 33252, more than 5 south-following (p.a. 173◦ ); attention
was called to the pair first by van den Bergh (1958) and subsequently by Halbwachs
(1986), Gould & Chaname (2004), and Lepine & Bongiorno (2007). Hipparcos
measured almost identical parallaxes for the two stars. Simbad mistakenly identifies vB 152 with Cincinnati 18–663 (Porter, Yowell & Smith 1915, 1918), which in
actual fact is the brighter c.p.m. companion HD 33252, whose large proper motion
was brought to light by those authors from meridian observations starting in the
eighteenth century.
The first effort to observe the radial velocity of vB 152, from Palomar in 1973,
was unsuccessful, yielding a ‘dip’ that was partly off the negative-velocity end of
*Perryman et al. (1998) accepted vB 131 as a member but decisively rejected vB 132, notwithstanding that the two form a physical binary (ADS 3730, Aitken 1932). The fainter component, vB 132,
is itself a close visual binary with a 32-year orbit, which may have confused Hipparcos (and/or
Perryman et al.!); the writer regrets that its radial velocity has not been monitored systematically.
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Table 107. Orbital elements for vB 152.

the trace; the star was then observed from Cambridge, and from Palomar with an
extended scanning range, but it was not until 1980 that it was transferred to the
spectroscopic-binary observing programme and observed systematically. There is a
total of 90 velocities, set out in Table 106, for the determination of the orbit—11 from
Palomar, 27 from Cambridge with the original spectrometer, 27, 19 and 3 with the
‘Coravels’ at Cambridge, OHP and ESO, and 3 from the DAO. All have been given
unit weight in the solution of the orbit apart from the DAO (weight 1/2 ) and ‘original
Cambridge’ ( 1/4 ). The elements are given in Table 107 and the orbit is plotted in
Fig. 66. It is obvious that the γ -velocity confirms that the star has nothing to do with
the Hyades apart from its not-at-all-close apparent proximity in the sky.
From time to time the c.p.m. companion HD 33252 was also observed. Its radial
velocities are collected in Table 108, where they are seen to be constant within observational error; that error is larger than in many other cases owing to the relatively
early type and appreciable rotational velocity of the star, which together cause the
radial-velocity ‘dip’ to be quite shallow and somewhat widened. The mean v sin i
determined from the OHP traces is 8.9 ± 0.5 km s−1 . The mean radial velocity found
for HD 33252, from the measures in Table 108 weighted similarly to those of vB 152,
is +16.73 ± 0.15 km s−1 . It differs by just 0.03 ± 0.16 km s−1 from the γ -velocity
of vB 152, amply confirming the conclusion already reached from the similarities
in their proper motions and parallaxes that the two stars really are related to one
another.

Figure 66. Orbit of vB 152.
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Table 108. Radial-velocity observations of HD 33252.

4.52 HD 33400
HD 33400 was first considered in connection with the Hyades by Martin (1934), who
classed it as a ‘doubtful’ member, as did Wilson (1948), although the latter surely
increased the probability of its membership by finding it to have a radial velocity of
+44.8 km s−1 as the mean of three plates, with a ‘probable error’ of 1.5 km s−1 for
the mean. Wayman, Symms & Blackwell (1965) regarded it as a ‘possible’ member,
although from the smallness of its proper motion they calculated that it had to be at
a distance of 81 pc—far behind the main cluster—if it were to be a member at all.
Griffin et al. (1988) noted it as a spectroscopic binary but gave no other information
and did not offer an adjudication on its membership. Perryman et al. (1998) were
more positive about it, accepting it as a member although agreeing in large measure
with Wayman et al. by acknowledging that it must be at a distance of 41.9 pc from
the cluster centre—almost as far as we are.

Table 109. Radial-velocity observations of HD 33400.
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Table 110. Orbital elements for HD 33400.

Figure 67. Orbit of HD 33400.

The star was observed four times on the Hyades programme at Palomar; after the
variability of its velocity had been established it was observed rather assiduously at
Cambridge and OHP to determine its orbit, which has a relatively short period of
about 77 days. The 81 observations now given in Table 109 comprise 33, 28 and 2
made with the Coravels at OHP, Cambridge and ESO, respectively, 11 with the original Cambridge instrument and 3 with the DAO one, as well as the 4 from Palomar.
The OHP and ESO velocities have been weighted 1/2 and the ‘original Cambridge’
ones 1/8 in the solution of the orbit, whose elements are given in Table 110 and
which is plotted in Fig. 67. The three Mount Wilson observations (Wilson 1948),
which have been specified individually by Abt (1970) but are not listed or plotted
here, are not in particular conflict with the orbit but cannot contribute anything to
its determination; their r.m.s. deviation of 4.1 km s−1 from the computed orbit is
scarcely smaller than that calculated from their mutual discrepancies on the basis of
a constant mean.
The orbit is nearly circular, but the eccentricity is four times its own standard
error and is certainly significant. Synchronous or pseudo-synchronous axial rotation
would warrant an equatorial velocity of only about 1 km s−1 , whereas HD 33400
actually exhibits considerable rotation, as is quite usual among F-type stars. The
v sin i value given by the OHP radial-velocity traces is 13.4 ± 0.3 km s−1 ; the mean
from the Cambridge traces is 12.9 ± 0.4 km s−1 .
The γ -velocity is almost exactly what it should be, according to the Gunn et al.
(1988) model, for a Hyades star at that position in the sky. Evidently, from
Perryman et al. (1998)’s assessment, the direction of its proper motion is also acceptable, even though its size agrees with the parallax in placing the star far behind the
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cluster centre. Photometrically, the star lies about a magnitude and a half below the
main-sequence line in the c–m diagram of the Hyades, but that too is explained by
its doubled distance. Thus the conclusion concerning membership seems to hinge
simply upon how large a limiting radius one is willing to countenance for the cluster.
5. Discussion
This section is limited to a presentation of some basic statistics of the late-type
binaries among the Hyades members, of which 41 are included among the 52 stars
whose orbits are given here—they are identified by the letter H in the final column
of Table 1 above. Some 40–50 Hyades stars of the earlier types were either found,
or considered without trial, to be too hot to give spectra that cross-correlated sufficiently well with the Arcturus-based (K2) mask in the radial-velocity spectrometers,
and/or to rotate too rapidly and blur out the cross-correlation ‘dip’, to yield satisfactory velocities. Of the basic list of 132 Hyades in van Bueren (1952)’s Table 1a,
only 83 were well enough observed at Palomar to feature in the survey results
(Griffin et al. 1988, Tables IV and V). Among those 83, five (vB 3, 61, 98, 110 and
125) were rejected as cluster members. Orbits are given in the present paper for 27.
Six others have been given previously by the writer and his collaborators (vB 62 and
121, Griffin & Gunn 1978; vB 43, 69 and 77, Griffin et al. 1985; vB 124, Tomkin,
Griffin & Alzner 2007). One orbit, that of vB 23, was not pursued because Batten
& Wallerstein (1973) published it shortly after the Palomar work started. Thus at
least 34 out of the 78 specified late-type Hyades members (44%) are spectroscopic
binaries.
Of course the restriction of that census to ‘spectroscopic’ binaries is a bit unsatisfactory; among the other 44 out of the original sample of 78 stars there are certainly
additional binaries, presently classed as ‘visual’, which if followed spectroscopically with sufficient patience would become ‘spectroscopic’ ones in just the same
way as vB 57 and 75 have done. One might think particularly of vB 29, 58, 122
and 132, whose visual orbits are already known, as well as the outer orbits of the
visual/spectroscopic multiple systems vB 40, 102 and 124 (cf. Sections 4.13 and
4.38 above, and Tomkin, Griffin & Alzner 2007), but there are probably others,
including cases in which close ‘visual’ companions have been discovered comparatively recently by optical and infrared interferometry, e.g. Patience et al. (1998).
But then the class of ‘visual’ binaries, too, is not rigidly limited to any particular
maximum separation (angular or linear). The specific stars just mentioned have reasonably well-determined orbital periods of a few decades to a few centuries and
angular separations of the order of a second of arc or less. Amongst the van Bueren
stars, however, there are pairs so wide that although they are probably (the less-wide
ones certainly) gravitationally-bound binaries we must despair of determining their
orbits within any foreseeable future—pairs such as vB 11/12, 131/132, 78/79 and
71/72, whose separations are about 4, 12, 109 and 337 seconds respectively. There
may be other such systems that have not come to attention. For example, a 13m visual
companion to vB 19 was noticed casually at the eyepiece of the 200-inch reflector, and repeated measurements of its radial velocity (listed by Griffin et al. 1988)
showed it to qualify, at least on that criterion, as a Hyades member. Thus the notion
of a binary fraction is a rather nebulous one; all we can say is that the value of 44%
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Figure 68. Period distribution of Hyades spectroscopic binaries.

mentioned in the preceding paragraph is a cast-iron lower limit even on the very strict
basis of counting only spectroscopic binaries whose orbits have been determined.
Shifting to easier ground, we present here two diagrams to illustrate the statistical distributions of late-type Hyades spectroscopic binaries in respect of period
(Fig. 68), and of eccentricity as a function of period (Fig. 69). In this connection we
plot all the known Hyades spectroscopic orbits—not just those pertaining to stars
in van Bueren’s Table 1a. There are 43 Hyades orbits identified in Table 1 above
(41 stars, two of which (vB 22 and 75) have two orbits); for convenience the periods
and eccentricities of the orbits have been listed in the table. There are in addition 20
orbits previously published by the writer and his collaborators (Griffin & Gunn 1978,
1981; Griffin, Mayor & Gunn 1982; Griffin et al. 1985; Tomkin, Griffin & Alzner
2007) (from 19 stars—vB 124 has two orbits), plus vB 23 (Batten & Wallerstein
1973), making 64 in all. Fig. 68 may be compared with an analogous diagram (Griffin

Figure 69. Distribution of the eccentricities of Hyades spectroscopic binaries as a function
of period. Open symbols refers to orbits published in previous papers, filled symbols to orbits
presented here.

Hyades Spectroscopic Binaries

191

2008) showing period distributions of field binaries. In that diagram one of the distributions is hugely skewed towards short periods by observational selection; the
other, like that in Fig. 68, is inevitably restricted at the long-period end by the limited duration of the observing campaign (although in the present case the limit is
somewhat longer), and observational selection may have militated somewhat against
short-period binaries because the orbits of some of them had already been determined by others. The Hyades distribution is very reminiscent of the sum of the two
distributions in the cited paper: it is bi-modal, with a distinct group of stars with periods of a few days, then a valley in the 10–100-day range, and then a rapid rise that
goes as far as the longest periods that are permitted by the duration of the observations, which in the present case is about one working lifetime (P ∼ 104.2 days). No
explanation of the distribution is offered here—it is simply presented as an observational fact. The eccentricity/period diagram (Fig. 69) is of a form that has become
quite familiar. Easily understood as a result of tidal dissipation is the circularity of
orbits at periods of just a few days; there is less consensus about the reason(s) for
the monotonic increase of mean eccentricities with periods, extending far beyond
the period at which tidal effects must become negligible. The one non-zero (but still
small) eccentricity near the short-period end of the distribution belongs to Leiden 20
(BD +23◦ 635); in addition to being a spectroscopic binary, that system has a relatively distant companion (Griffin & Gunn 1981; McAlister et al. 1987), which is no
doubt responsible for maintaining the small eccentricity in the inner orbit (Mazeh &
Shaham 1979; Mazeh 1990). It would be of interest to know why there is one eccentric orbit (that of vB 121, e = 0.35), whose period of 5.75 days is well below those
of the longest circular orbits (vB 45, 8.42; J 331, 8.49 days); and vB 62 (e = 0.23)
has a period (8.55 days) that is only marginally longer.
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