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Abstract. The ‘Redman K stars’ are a group of 80-odd seventhmagnitude late-type stars, nearly all giants, distributed along the Galactic
equator between approximate longitudes 50◦ and 150◦ (roughly Sagitta
to Cassiopeia). Their radial velocities have been measured systematically
once per season in 30 of the 45 seasons from 1966 to 2010/11. At least 26
of them (30%) have proved to vary in velocity. Orbits have been derived
for all but one of the 26, many of them having longer periods than have
normally been associated with spectroscopic binaries; several are comparable with, or longer than, the present duration of the observing campaign.
Also reported here are radial-velocity measurements made casually of
stars seen in the fields of some of the Redman stars. Two of the companions have proved to vary in velocity on long time-scales, and (somewhat
preliminary) orbits are given for them.
Key words. Stars: late-type—stars: radial velocities—spectroscopic
binaries—orbits.

0. Preamble
Some 40 years ago one of the authors published, in the third paper in the same series
as this present one, an account (Griffin 1970) of radial-velocity measurements made
in 1966 and 1969 of 87 stars dubbed the ‘Redman K stars’. It was explained then
that, while the author concerned was developing at Cambridge the method (Griffin
1967) of measuring radial velocities by cross-correlation, there was a stage when
the faintest stars conveniently observable with the on-site 36-inch telescope were
about seventh magnitude. That is the method that was, after considerable delay and
objection, adopted universally, and has been responsible for much of what is known
about such diverse objects as extra-solar planets and black holes. The then Director
at Cambridge, Prof. R. O. Redman, suggested that a set of 7m stars, whose radial
velocities he had himself measured (Redman 1930, 1932) from 90-Å mm−1 spectrograms taken with the 72-inch telescope at the Dominion Astrophysical Observatory,
Victoria, B.C. (DAO), would offer a useful test programme, since their velocities
were already known. They had been selected from the Henry Draper Catalogue as
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being of K types, within 10◦ of the Galactic plane, and having photovisual magnitudes betwewen 7.0 and 7.5. They were limited in Galactic longitude by the
high latitude of the DAO, and Redman had tried to ensure that they were giants
(as opposed to dwarfs) by deleting from the sample stars known to have large
proper motions*. Redman’s interest in them was as markers of Galactic rotation,
whereas the interest of the 1970 author was directed more towards documenting the
performance of the novel instrument.
At that epoch, observing time on the 36-inch telescope was in heavy demand, and
the experimental radial-velocity instrument was set up on a pre-existing spectrometer that had been designed (Griffin 1961) for another purpose. Observing time was
allocated for radial-velocity work a month at a time. In 1966 September, shortly after
the new instrument was first brought into satisfactory operation, measurements were
made of 83 Redman stars, selected in a casual fashion just on the basis of being
conveniently close to the meridian at the time of observation. Considerably fainter
stars could by then be observed without difficulty, and the Redman objects were
mostly measured when sky conditions were particularly poor. All the same, repeated
observations of some of the stars showed the standard error of an individual observation to be not much more than 1 km s−1 . It may be hard to believe now—such has
been the progress in radial-velocity measurement since the cross-correlation method
was universally adopted—but 1 km s−1 was a handsome accuracy by the standards
of the time. (The Radial Velocity Catalogue published by Wilson (1953), which
listed all stellar velocities known at that time, included only 69 stars as faint as 7m
which even had mean velocities of quality a, reserved for those with standard errors
1.3 km s−1 ; interest in stellar radial velocities had been at a low ebb since that
Catalogue had been compiled, so the number of such stars would not have increased
materially by 1970.)
The same 83 stars were re-observed in 1969, and the results of that small survey
were then published (Griffin 1970). It was demonstrated that in 1969 the standard
error of an observation had been reduced to 0.64 km s−1 , mostly through increased
experience on the part of the observer and by better thermal lagging of the spectrometer, to increase the time-constant of the rapid slippage of its instrumental zero-point
in response to the nocturnal cold. Nine of the stars were considered, with differing
degrees of confidence, to have changed their velocities significantly between the
two observing seasons and were excluded from the statistical investigation of the
observational errors.
The paper referred to a total of 87 stars, but two of them were in a quite different
part of the sky from the others and do not feature in the present report. Two of
the others were first measured in an observing run somewhat later than the 1966
September one, but since then have always been included in the programme. One
additional star (HD 3699), seen in the same field as a programme star (HD 3681)
and of superficially analogous character, has been observed so often that it is treated
here as an honorary Redman star. The present paper is mainly concerned, then, with
86 stars that have been systematically observed.

*There is in fact only one dwarf (HD 190404) among the stars featured in this paper.
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1. The observing programme
The nine stars that, in the initial investigation (Griffin 1970), were suspected or
demonstrated to vary were transferred to a spectroscopic-binary observing programme, and in due course orbits were published for all of them. The other 77 stars
languished without further observation until 1973, by which time the observer had
become somewhat alerted to the proclivity of stars to change their velocities on timescales longer than had generally been regarded as of interest to spectroscopists. They
were therefore re-observed, and indeed a few additional cases of variation did come
to light. Since then, they have been measured again in most observing seasons, and
from time to time further objects have proved to change their velocities and have
accordingly been transferred to the binary programme. That has, however, been done
only when the variability has seemed practically certain: to avoid biassing the statistics the rule has been to make only one observation of each star in each season. In
all, 30 seasons’ observations have been obtained. In addition to the nine original
binaries, nine more have had their orbits published; furthermore, in Paper XIX of
this series (Griffin 2012), published adjacently to this Paper XX, orbits are given for
six more. With one exception (HD 191046) the orbits in Paper XIX are less definitive than the previous 18, simply because the orbital periods are comparable with or
longer than the length of the observing campaign.
One additional star, HD 9354, seemed after a few seasons to be certainly variable
and was transferred to the binary programme, but then misgivings arose and it was
eventually put back on the once-per-season schedule. When this paper was in preparation, however, it became quite clear that the velocity of that star does vary. There
remain, therefore, out of the total of 86 stars, 61 that had not been recognized as
spectroscopic binaries and have been repeatedly observed on a quasi-annual basis in
most observing seasons since 1973. The very act of writing up this work, however,
has brought to light one or two more binaries (discussed in §2.2 below) among the
61 remaining stars. One of them, HD 206523, showed in an early season one major
discordance which has been regarded up till now with some equivocation, but which
now seems likely to be a perfectly valid measurement. The other, HD 21465, was
noticed to have slightly discordant velocities but was not recognized as a potential
binary; it is not clear even now whether the discordance that certainly exists among
its radial velocities is of astrophysical significance or is merely artificial.
The radial velocities have been measured with three successive instruments. First,
the original photoelectric spectrometer at Cambridge (Griffin 1967) was used in ten
seasons between 1966 and 1983; next, the OHP ‘Coravel’ (Baranne, Mayor & Poncet
1979) was used on a guest-investigator basis in nine seasons from 1986 to 1998; and
finally the Cambridge Coravel has contributed eleven more seasons in 2000–2010.
The observations have normally been very systematic but there are just a few lapses
from complete coverage of the observing seasons.
1.1 The thorny problem of zero-point discrepancies
The use of different instruments inevitably raises troublesome problems of discrepancies between their velocity scales. The OHP Coravel had a colour-dependent
zero-point, as was long known to RFG from comparisons between that instrument
and the Cambridge prototype, and was actually demonstrated by comparisons with
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DAO photographic measurements by Scarfe, Batten & Fletcher (1990). Not until
1999 was it admitted (Udry, Mayor & Queloz 1999), after similar discrepancies had
been found between Coravel velocities and those obtained with those same authors’
later and more precise Elodie spectrometer. The OHP authors then made a wholesale
revision of all the velocities that had ever been measured with their Coravel, to place
them on the supposedly more accurate scale established with Elodie. The analogous
Coravel at Cambridge, not surprisingly, exhibits a rather similar colour-dependent
zero-point.
The present data set offers an opportunity to investigate such systematic discrepancies, at least over the range of colour indices or spectral types involved in the
programme. There are sufficient observations, with mutually comparable numbers
from each of the three instruments, to be statistically useful. In a preliminary investigation, therefore, the data set was broken into three parts corresponding to the
respective instruments, and the means and standard deviations of the velocities of
each star were determined from the data from the three instruments separately. There
were, as expected, significant discrepancies. The revised OHP velocities have been
taken as the standard. The colour dependence of the difference between that set and
the ‘original Cambridge’ one was effectively removed in the revised Coravel reductions, and the discrepancy appears to be just a constant offset; the Cambridge Coravel
shows a colour dependence rather similar to the one that Udry et al. (1999) took out
of the OHP velocities by empirical corrections based on colour indices.
Figure 1 shows the relationship of the velocities from each of the Cambridge
instruments to those from OHP, as a function of colour index. The velocities from the
original spectrometer are found to need a correction of −0.4 km s−1 , without dependence on colour index, in conformity with the mean offset of the relevant points
in Fig. 1. We were unable to identify any property of the stars apart from colour
index as being systematically related to the velocity discrepancies seen between the
OHP and Cambridge Coravels. Properties tested included right ascension, declination, velocity, and the equivalent width of the ‘dip’ in radial-velocity traces. There
was of course a relationship to spectral type, but it was not as close as the one with
colour index. We applied empirical corrections, based on the relationship plotted by
the full line in Fig. 1, to all the data from the Cambridge Coravel; this paper presents
and utilizes the corrected data.
The adoption here of the OHP zero-point differs from the convention in most of the
papers in this series, and in particular from the one adopted in the original ‘Redman
K star’ paper (Griffin 1970); usually the zero-point has been the one established in
an early paper (Griffin 1969) that is retrospectively recognized as Paper II of this
series. It has usually been found (e.g. Griffin & Herbig 1981) to be about 0.8 km s−1
more positive than the ‘IAU zero-point’ (e.g. Pearce 1957). It is not immediately
clear why the offset found here is only 0.4 km s−1 , but for present purposes it is just
an empirical uniform correction to all the velocities from the original instrument,
to bring them into systematic accord with those obtained with the OHP Coravel.
The discrepancy is somewhat puzzling, but is not regarded as being of the utmost
significance even though we have thought it worth discussing below, because the
principal interest in the Redman data set is thought not to lie in the exact mean
velocities so much as in the constancy or otherwise of the velocities.
It is noticed that the offset of 0.4 km s−1 is found here between sets of observations that were not contemporaneous—it is between measurements made with the
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Figure 1. Discrepancies between the mean velocities from the Haute-Provence (OHP)
Coravel and the two Cambridge instruments, plotted as functions of colour index. The OHP
velocities are regarded as the standard, and the quantities plotted are the corrections that would
be needed to the Cambridge velocities of each star individually to bring them into equality
with OHP. Open circles refer to the prototype spectrometer, filled circles to the Cambridge
Coravel. No significant dependence on colour index is seen in the former set, and a mean offset of −0.4 km s−1 is determined. The Coravel observations have a clear variation with colour,
which is approximated by the linear trend indicated in the Figure. The relationship plotted by
that line, V = −1.98 + 0.91(B − V ), has been used to ‘correct’ the Cambridge velocities to
the OHP standard.

original spectrometer in 1966–83 and the OHP Coravel in 1986–98. The 0.8-km s−1
offset found in other comparisons has been in cases where the observations from
the two instruments were mostly mutually contemporaneous and interleaved. (That
does not apply to the comparison cited above, by Griffin & Herbig, but in that one
the Cambridge velocities were not compared with OHP ones at all but mainly with
ones from the Lick Observatory.) In Paper XIX (Griffin 2012, printed immediately
preceding this one in this Journal), the data from which the orbit of HD 191046 is
determined include approximately 20 Cambridge measurements made before any of
the OHP ones and, later, about the same number when the contributions from the
two sources were interleaved. There is distinct evidence that an offset of 0.8 km s−1
is more approriate to the later set than one of 0.4 km s−1 .
Some support for such a change may be seen in papers referring to the comprehensive investigation by Griffin et al. (1985, 1988) of the radial velocities of members
of the Hyades star cluster. The 1985 paper, §III, describes the adoption of the value
+39.1 km s−1 for the Hyades reference star vB 70 (van Bueren 1952) ( Tau), established from observations made up to 1975. Significantly for present interests, it goes
on to say, “There are indications . . . that in some recent seasons the velocity assigned
to  Tau should have been more positive by a few tenths of a km s−1 .” Then §VII(d)
of the 1988 paper describes the decision to alter the velocity adopted for  Tau from
+39.1 to +39.4 km s−1 .
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Acceptance of those indications would be tantamount to asserting that a change
must have occurred in the Cambridge zero-point in the early 1980s. It is hard to
argue about that, either one way or the other. The zero-point was set up in the first
place (Griffin 1969) in what was subsequently recognized (Griffin & Herbig 1981)
as an unsatisfactory fashion. Moreover, it depended entirely on just four specified
stars, which had to be observed at frequent intervals (typically half an hour or less)
throughout every observing session, and only the one nearest to the meridian was
observed. The constancy of the velocities of the four stars could not be guaranteed,
but at the time that the scheme of standardization of the Cambridge velocities was
set up there was no reason to suspect normal late-type stars of velocity instability.
With the choice of ‘reference stars’ apparently free, the four that were chosen were
among those that gave the deepest (and therefore most accurately measurable) dips
in the radial-velocity traces, which in turn meant that they were all late-K giants.
Such stars would not now, more than forty years on, be considered without actual
trial to be the most reliable references. The problem always is that one hopes the
reference source to maintain its constancy to better than one’s measuring error,
which almost by definition means that it is impossible to check its performance at
the desired level of precision. Comparatively recently,  Tau itself has been found
(Sato et al. 2007) to exhibit radial-velocity changes with a period of 595 days and
a (semi-)amplitude slightly under 0.1 km s−1 —just beyond the measuring precision
of the radial-velocity spectrometer (Griffin & Gunn 1974) used in the Hyades work.
When regarded in the more critical light that the new standards of accuracy
provided by the cross-correlation method subsequently shone on the issue of the
Cambridge reference stars, misgivings certainly arose. They went so far that an
‘orbit’ with a period of 576 days (and a sub-km amplitude) was actually published
by McClure et al. (1985—a consortium that included Griffin) for one of the four
reference stars, HR 152. The radial velocity of HR 152 had certainly exhibited that
periodicity for many years, because the reflex of the variation was evident in the
residuals from 20 orbits that had already been published for stars whose radial velocities were measured with respect to that of HR 152. All the same, the ‘orbit’ later
seemed to lack predictive power, and it now appears that the changes may have arisen
from some cause other than orbital motion. Comparatively recently the star has been
recognized as a photometric variable and designated V428 And; the fluctuations that
led to its recognition, however, are on a much shorter time-scale than the 576 days
of the ‘orbit’.

2. Results
The data are set out in Tables 1 and 2*, which present the dates and the velocities,
respectively, season by season. The unusual procedure of giving the dates and the
velocities in separate tables is made possible (and is thought helpful) in this case
owing to the systematic nature of the observations and the fact that there is a uniform

*The convention of presenting such tables in order of right ascension has been modified here
because there is an enormous gap in the programme between right ascensions 5h and 19h , whereas
the programme runs continuously past the equinoctial colure (0h RA)—so the tables do the same.
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Table 1. Dates of radial-velocity measurements taken with the old Cambridge instrument..
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Table 1. (Continued) Dates of radial-velocity measurements taken with the
Haute-Provence Coravel..
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Table 1. (Continued) Dates of radial-velocity measurements taken with the new Cambridge
instrument..
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Table 2. Radial velocities (km s−1 ) in the first 15 seasons.
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Table 2. (Continued) Radial velocities (km s−1 ) in the last 15 seasons..
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number of them, one per season ∗ . That allows all the velocities to be juxtaposed in
a single table (Table 2) where they can be seen all together; the conspicuous vertical
rules separate the seasons covered by the three successive instruments. The ‘dates’
table, presented in three pages, one for each instrument, shows (month:day) in the
season that starts in the year noted at the head of the column. The stars towards the
end of the list were often not observed until early the following year; their dates
are accommodated by deeming the January of that year to be month 13, and so on.
In one case (1982/3) a set of observations was left unfinished in one season but
was completed in the next; the convention of allowing month numbers to exceed 12
covers that case too without any further complication.
The means, and the r.m.s. deviations of the individual observations, from each
of the three instruments are collected together in Table 3. More or less in conformity with the discussion of observational errors in the early paper (Griffin 1970)
on the same set of stars (though in sharp contrast to the protocol actually adopted
there), in forming the mean velocities from the ten seasons observed with the original
spectrometer the first season has been down-weighted by a factor of four.
The r.m.s. deviations of the third set of observations (the Cambridge Coravel)
from the respective stellar means average approximately 3/4 of those of the second set
(the OHP Coravel)—their variance is little more than half as great. In any individual
case, such a difference is of little significance (even the 10% point of the variance
ratio F9,11 is 2.27), but as an average for the whole set of 57 Redman stars that are
not identifed here as velocity variables it is very significant. The most likely reason
for the difference lies in the systematically longer integration times employed at
Cambridge, where a lower limit of three minutes has usually been honoured; at OHP
the integration times were normally not much more than one minute. The photoncounting rates are high enough to give good precision in one minute as far as the
S/N ratio in the traces is concerned, but it seems likely that ‘seeing noise’ often
takes longer than that to die down to a corresponding level.
It is emphasized that the tabulated uncertainties are those of the individual observations, not the mean velocities; the means from each of the three instruments are
smaller by the square root of the number of seasons, i.e. by a factor of three or
so—scarcely as much as 0.1 km s−1 in the cases of the two Coravels. There ought,
therefore, rarely to be discrepancies much greater than 0.2 km s−1 between the means
for the same star from the two instruments.
Even a rather casual study of Table 3 identifies a few quantities that are far larger
than they ‘ought’ to be statistically. First, the discrepancies between the two Coravels
of the observations of two stars, HD 3699 and HD 18391, at 0.97 and 0.57 km s−1 ,
are quite uncharacteristically large, and the r.m.s. deviations for both instruments
are also too great to be ascribed to observational error. The two stars are considered
to exhibit radial-velocity instabilities that are probably not related to duplicity. Two
other unacceptable discrepancies are those of HD 209523 (0.77 km s−1 ) and HD
21465 (0.84 km s−1 ). The former is believed to be a newly recognized spectroscopic
binary, which has avoided discovery for 45 years simply because its radial velocity
∗ Where there was more than one observation in either or both of the first two seasons of the project
(Griffin 1970), or very occasionally in others, the first observation in the season has been adopted
here, any additional ones being ignored.
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Table 3. Mean velocities and r.m.s. spreads of the individual measurements
(km s−1 ) from each of the instruments.
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Table 3. (Continued)..

has varied so slowly and so little, except on one occasion when up till now it has
been feared that a mistake (perhaps of identification of the star) had been made. The
situation regarding HD 21465 remains ambiguous.
The mean of the standard errors of the velocities obtained with the original spectrometer (column ‘r.m.s 1’ in Table 3) for all the stars on the programme apart from
the four mentioned in the previous paragraph, is 0.77 ± 0.02 km s−1 . That is somewhat larger than the 0.64 ± 0.11 km s−1 determined for the 1969 season alone in
the early paper on the Redman K stars (Griffin 1970), but not significantly so. The
reason for any possible difference should probably be sought in season-to-season
variations in the radial velocities of the reference stars (λ Lyr and HR 152; the variability of the latter was actually documented by McClure et al. (1985)), rather than
any reprehensible relaxation of observational technique.

2.1 HD 3699 and HD 18391
HD 3699, as noted above, is an interloper in the ‘Redman K star’ programme; it
would not quite have qualified in Redman’s sight because, although its HD type
of K2 would be acceptable, its apparent photo-visual magnitude of 7m .57 would
have placed it too faint by 0m .07 for selection. Hipparcos, however, found its mean
magnitude to be 7m .26, though variable over a range of about 0m .15. On that basis
the star was gazetted by Kazarovets et al. (1999) with the variable-star designation
V753 Cas, with a proposed type of ‘LB’ (“slow irregular variables of late spectral
types K, M, C and S”—from the Introduction to the fourth edition of the GCVS
(Kholopov et al. 1985)). Although the plot of the Hipparcos magnitudes against time
looks capricious, and the Hipparcos authors themselves did not suggest a period,
Koen & Eyer (2002) reckoned that they could identify a periodicity of 5.109 days.
We would not be surprised if that period proves to be spurious, since the Hipparcos
photometry came in batches each lasting only about a day but separated by intervals
of typically a month or so, so for the purpose of looking for periods well within
the gap between the batch length and the inter-batch interval they are very badly
distributed; the mere ‘window function’ might give rise to all manner of apparent
periodicities that do not really exist in the photometric data.
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Both Hipparcos and Simbad quote the spectral type of HD 3699 as K5 III, but we
have not been able to discover the source of that classification. Hipparcos notes the
source merely as “X : miscellaneous”, while Simbad has no indication of its source
at all. The parallax given by Hipparcos is actually negative, and the revised reduction
(van Leeuwen 2007) still gives a value of less than 1 arc-millisecond, indicating a distance of more than 1 kpc and a very high luminosity. At HD 3699’s Galactic latitude
of only −3◦ , a distant object is likely to be greatly dimmed by interstellar absorption, further raising its implied luminosity, as well as making the star appear a lot
redder than it really is. The type of M2 proposed by Neckel (1958) was derived from
an infrared objective-prism spectrum of extremely low dispersion (1700 Å mm−1 )
on the coarse-grained I–N emulsion. It was thought to show a trace of the λ7054-Å
TiO band. Although TiO bands are normally the prerogative of M-type stars, they
appear already in the K types in objects of very high luminosity. Moreover, published
examples (Nassau & van Albada 1949) of sample spectra taken with the same instrumentation of bright stars of types K4 and M2, with the luminosities of normal giants,
cogently demonstrate how little there is to distinguish between those types at that
dispersion. Less open to criticism should be an early classification by Keenan (1940)
from a slit spectrogram with a dispersion of 110 Å mm−1 at Hγ , taken at the Yerkes
40-inch refractor. The result does not inspire confidence, however, because the high
luminosity was not recognized: the type was given just as ‘M1:’, with merely an
ellipsis (. . .) where the luminosity class should have been printed. Although, therefore, uncertainties remain as to the exact character of HD 3699, it can hardly be
doubted that its very high luminosity and known photometric variability fully excuse
the minor ‘jitter’ observed in its radial velocity, which we identify as being intrinsic
to the star.
HD 18391 is another exceptionally luminous star, with very broad spectral lines:
expressed as a rotational velocity (although probably the width is mainly due to some
form of ‘turbulence’), the width corresponds to a v sin i of about 26 km s−1 and
appears to be somewhat variable. The apparent radial velocity has an extreme range
of about 10 km s−1 . The variation may be the result of Cepheid-like changes of radius
and/or of the mass motions in very large atmospheric cells, as have been suggested
for Betelgeuse (e.g. Freytag, Steffen & Dorch 2002). Having long been known as a
star of extraordinary luminosity, HD 18391 has a rich literature. Photometric variability, albeit of a disappointingly small amplitude in relation to the radial-velocity
instability, was documented by Hipparcos, although the star has never been granted
a variable-star identity. Its type was classified both by Morgan (Nassau & Morgan
1952) and by Bidelman (1957) as G0 Ia, of which type it was even designated an
MK standard (Johnson & Morgan 1953). Much later, however, Keenan re-classified
it as G5 Ia–Iab (Keenan & Pitts 1980, Keenan & McNeil 1989, Keenan & Barnbaum 1999). Despite such demotion, an absolute magnitude as bright as −7m .76 has
recently been proposed by Turner et al. (2009).

2.2 HD 206523 and HD 21465
It has been mentioned in §1 above that HD 206523 gave one very discordant velocity in one of the early seasons (1973). If the observer had been aware of the conflict at the time, he would immediately have re-observed the star, but at that epoch a
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large backlog (years!) had built up of the observations’ reductions, which in the case
of the original spectrometer involved the reading of a paper chart by hand and eye
and then doing some arithmetic. In ensuing years nothing remarkable seemed to be
happening to the star. Now, however, a plot of the whole ensemble of the measurements against time shows a clear variation, and the discordant measure constitutes
an entirely plausible indication of a nodal passage in a very eccentric orbit—a phase,
indeed, that promises to recur only a few years into the future from the time of writing of this paper. Figure 2 shows an effort to fit a Keplerian velocity curve to the
observations ‘by eye’; the computer readily accepts the underlying elements as a
starting point and will ‘optimize’ them in a least-squares sense, but (as often happens
in a very eccentric orbit with inadequate phase coverage) the ill-conditioned solution
runs away to very high and probably illusory eccentricities and amplitudes. Notwithstanding the preponderance in Fig. 2, among the early observations, of negative
residuals—which cannot be perceptibly improved by any computed optimization—
it is considered that the suggested velocity curve does accord perfectly satisfactory
justice to the observations. Whether the measured 1973 velocity is near to being the
actual minimum value is impossible to divine at present; the velocity amplitude in the
computed optimization is 9 ± 34 km s−1 , which is hardly prescriptive. The orbital
elements that correspond to the velocity curve drawn in Fig. 2 are P = 16000 days,
T = MJD 58000, γ = +2.2 km s−1 , K = 4 km s−1 , e = 0.87, and ω = 215◦ .

Figure 2. The observed radial velocities of HD 206523 plotted as a function of phase in the
proposed orbit, with the velocity curve corresponding to the possible orbital elements drawn
through them. The observations just cover one complete cycle, starting and finishing at phases
a little above .8. The early ones, from the original spectrometer in Cambridge, are plotted
with open circles; then come measurements from OHP (filled circles), and finally those from
the Cambridge Coravel (filled squares). The form of the suggested orbit is obviously heavily
dependent on the single low point, which for a long time was thought probably to be a mistake,
but which now looks quite plausible in the light of the recent, possibly accelerating, decline in
velocity.
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Figure 3. Radial velocities of HD 21465, plotted directly against time. The coding of the
symbols is the same as in Fig. 2.

A plot of the radial velocities of HD 21465 against time (Fig. 3) gives the impression that those obtained at OHP are about 1 km s−1 higher than those obtained
with either of the Cambridge instruments. There is no clear evidence of change
among the observations taken with any one of the three spectrometers individually. No offset anything like so large appears between the different instruments
(after the application of the systematic corrections discussed in §1, of course) in
any other cases. It can hardly be doubted, therefore, that in general the three subsets do constitute a reasonably homogeneous totality, but in this case they seem to
demonstrate a slow and gentle maximum in the radial-velocity curve of a singlelined binary. A computer-optimized effort to make the best of a data set whose
precision is, in truth, inadequate to the task is shown here as Fig. 4. It is seen that
observations made with the two Cambridge instruments are construed there as representing successive orbital cycles in which they occupy very similar ranges of phase.
The orbital elements that correspond to it are P = 11000 days, T = MJD 51000,
γ = −5.4 km s−1 , K = 0.65 km s−1 , e = 0.3, and ω = 60◦ . No great confidence can
be felt, however, that the orbital solution plotted there is, even in principle, approximately the correct one. Indeed there is reason (to be found at the end of §2.3 below)
to worry that the discordance of the OHP velocities may not be real and the star
therefore might not even be binary at all. To be on the safe side, the authors have not
counted it as one in this paper.
2.3 Final catalogue of stars, with mean velocities
The final ‘grand mean velocities’ are listed in Table 4, with basic data concerning
the stars. The means have been computed from the individual velocities (usually
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Figure 4. Possible orbit for HD 21465. The coding of the symbols is the same as before.

numbering 30 and spanning an interval of a little over 44 years), with the observations from both Coravel instruments being assigned unit weight and those
from the original spectrometer being weighted 1/10, the first season being further
down-weighted by a factor of four.
The photometry quoted in Table 4 is inevitably of uneven quality; where no
ground-based photometry is available, Tycho magnitudes have been adopted. For
some stars, MK types have been offered by different authors, not necessarily in
mutual agreement; in such cases we have made a subjective choice, exercised mainly
in the directions of preferring slit spectra to objective-prism ones and favouring
authors such as Morgan and Keenan who set up the system in the first place and paid
careful attention to matters of classification over long periods of time. The parallaxes are taken from the re-reduction of the Hipparcos data by van Leeuwen (2007),
and the absolute magnitudes follow from them and from the apparent V magnitudes.
(Interstellar absorption, which is not expected to be large for most of the Redman
stars, is neglected. Athough all the stars are at low Galactic latitudes they are quite
‘nearby’ on the scale of the Galaxy—their distances are mostly much less than a
tenth of the distance from here to the Galactic Centre, and in angular terms none of
them is nearer than about 50◦ to that direction.) It will be noticed that only two of
the stars are nearer than 100 pc and therefore (having V ∼ 7m ) have absolute magnitudes fainter than about +2m ; that testifies to Redman’s success in weeding out most
of the dwarfs that might otherwise have contaminated his sample.
Among the 86 objects that constitute the sample of Redman stars with which this
paper is concerned, up till now 61 have not been recognized as binaries. Table 4
gives not only the radial velocities of the 61 stars, but also the projected rotational
velocities, v sin i. They are obtained as a by-product of the radial-velocity observations, and are in principle derived from the width of the cross-correlation dip. The

Redman K Stars
Table 4. Magnitudes, colour indices, spectral types, parallaxes, luminosities, and radial
and rotational velocities for the stars in this paper. Asterisks refer to Notes overleaf.
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Notes to Table 4
HD 177830 Very large literature since the discovery (Vogt et al. 2000) of a planet. We
regret that the velocity amplitude of about 30 m s−1 is below the noise in our
measurements.
HD 190404 The only main-sequence star in this programme. Very large literature.
HD 191571 θ Sge C.
HD 194241 Type given as ‘K1- III-IIb Ba0.3:’ in The Perkins Catalog of Revised MK
Types for the Cooler Stars (Keenan & Pitts 1989). Those authors explain,
“. . . for . . . spectra that show “peculiarities” due to differences in chemical
composition . . . abundance indices . . . have been added. These indices run
usually from 1 to 5, with decimal fractions (normally 0.5) indicating the
marginal spectra in which the peculiarity is just detectable.” Thus it would
seem that ‘Ba0.3:’ must be marginal indeed.
HD 200206 Listed as a ‘carbon star’ (R- or N-type), no. 476, by Nassau & Blanco (1957).
HD 206312 Noted as a spectroscopic binary by de Medeiros & Mayor (1999), apparently
on the basis of two mutually consonant radial velocities.
HD 209637 Listed as a ‘carbon star’ (R- or N-type), no. 669, by Nassau & Blanco (1957).
HD 3681 “The bands of CH and CN are abnormally strong for the spectral type.”
(Bidelman 1957).
HD 6147 Koen & Eyer (2002) reckoned to see photometric variations with a frequency
of 11.12679 cycles day−1 in the Hipparcos ‘epoch photometry’. Their largescale trawl for previously undiscovered variable stars through the whole
mass of Hipparcos photometry resulted in a lot of new variables whose
period-distribution has an enormous maximum in the immediate vicinity of
the rotational frequency of the satellite, 11.25 cycles day−1 . We have little hesitation in regarding most such periods, including that of HD 6147, as
spurious.
HD 11658 Simbad describes this object, in its main heading, as ‘Peculiar Star’. That is
because it was asserted, in the second paper recorded by Simbad, by MacConnell, Frye & Upgren (1972) (the original ‘Redman K Star’ paper (Griffin
1970) being the first) as a barium star, in a listing of ‘certain Ba II stars’ that
is credited to ‘Bidelman, W. P., unpublished’ (a number of interesting spectra noted from objective-prism plates). Since then the star has accumulated
an extensive literature, almost all of it related to barium stars; Simbad lists
no fewer than 14 papers that have the word ‘barium’ in their titles and refer
to HD 11658. That star, however, is not a barium star, as was demonstrated
from slit spectra in an early paper, not retrieved by Simbad, by Yamashita &
Norimoto (1981), who reported, “None of [the] peculiarities characteristic
to barium stars could be found in our spectra.” The only subsequent author
who has appeared to accept that categorical disenfranchisement is McClure
(1983).
HD 27293 Koen & Eyer (2002) reckoned to see photometric variations with a frequency
of 0.00306 cycles day−1 and an amplitude of 0m .02 in the Hipparcos ‘epoch
photometry’. Certainly the magnitude of the star is unstable, but the distribution in time of the epoch photometry is so inappropriate to the determination
of frequencies of that order that we are inclined to regard Koen & Eyer’s
result as merely a mathematical artifice that is unlikely to have any predictive
power.
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method of derivation differs profoundly between OHP and Cambridge. In the former, the dips are approximated by Gaussians, whose half-widths are interpreted in
terms of v sin i according to empirical relationships which differ slightly for stars
of different luminosity classes (de Medeiros & Mayor 1999, §2.3), because spectral
lines in supergiants tend to be widened by additional factors, often referred to as ‘turbulence’.) The Cambridge traces are modelled by the summation of dips from a set
of elements into which the stellar disc is conceptually divided, to each of which is
assigned a brightness according to a conventional limb-darkening law and a velocity
that depends on its projected distance from a specific diameter of the disc (taken to
be the rotational axis). The basic dip profile attributed to each element separately is
adopted from the observed profiles seen from many stars, all of which have dips at
the sharply-bounded minimum of the spread of widths and are assumed to come from
objects with negligible projected rotational velocities. The v sin i attributed to the
star is adjusted in successive trials, in steps of half a km s−1 , to obtain the best match
to the observed dip profile. Higher precision is considered illusory in the absence
of any consideration of other line-broadening processes, an omission that may also
cause the rotational velocities of high-luminosity stars to be over-estimated. In actual
practice, for small rotational velocities the dip profiles are nearly Gaussian and the
two very different procedures then usually lead to quite accordant results, which are
recorded in Table 4 in the form of subjectively weighted averages. Following the
Cambridge principle they are given only to a precision of half a km s−1 , a half being
represented by the ‘pip’, thus: • .
There is only one case of significant discordance, HD 21465, in which the Cambridge v sin i is 6• km s−1 whereas the OHP one is that no answer can be given
because the dip is ‘too narrow’. Actually the Gaussian width of the OHP dips shows
that the dip is appreciably broadened, so the actual observational results are probably similar, but the high luminosity of the star leads the OHP system to interpret the
excess width as not being attributable to rotation. It is a little disconcerting that such
a problem should arise in connection with the rotational velocity of that particular
star, because it is the discordance of the OHP radial velocity that has led to the idea
in §2.2 above that it is a binary star. There is no obvious reason why the unusual
treatment by OHP of the width of the dip should affect the radial velocity derived
from it. However, the idiosyncrasies of the empirical corrections made at OHP—and
indeed here at Cambridge—to the raw velocities, coupled with the extreme colour
index of HD 21465, do arouse misgivings. The (B − V ) of HD 21465, 2m .00, is the
largest of all the stars discussed here; the two next-largest values belong to HD 3699
and HD 18391, the very stars that were rejected above on grounds of velocity
‘jitter’. Moreover, the extreme redness of HD 21465 necessitates extrapolation of
the velocity-correction algorithm plotted in Fig. 1 into a régime in which it may not
apply.

3. Binary and multiple stars in the sample
It has been noted in §1 that spectroscopic orbits have already been published for
18 of the Redman stars, and six more appear in Paper XIX (Griffin 2012; adjacent
to the present one). Bibliographical references to the orbits are given in Table 5.
Also, HD 9354 (another star discussed in Paper XIX) certainly varies in velocity in a
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Table 5. Spectroscopic binaries among the Redman K stars.

manner that can be understood only as motion in an orbit; and one additional binary,
and possibly a second, has just now been identified, as described in the sections
immediately above. The total number of objects certainly known to be involved in
spectroscopic-binary systems is therefore 26, out of the total of 86 stars—an incidence of 30%. That is more than double the 13.7% incidence found by Famaey
et al. (2005) (and quoted to 1/10%) from a much less thorough radial-velocity investigation of K giants. Although in this paper we can identify only spectroscopic
binaries systematically, in the course of the observations we have casually noticed
visual companions to several of the stars, and in at any rate two cases radial-velocity
measurements of the companions strongly support the hypothesis of actual physical
association. In some other instances, even where such measurements are not possible (through excessive angular proximity and/or faintness, or lack of spectroscopic
correlation), appeal to statistics suggests that few stars would have such bright companions so close to them just by chance. The actual incidence of multiplicity in this
sample of stars, when the evidence is not restricted to one particular observational
method, is clearly considerably greater than our 30%.
The orbital periods of the Redman binaries are generally longer than those of any
other sample of spectroscopic systems. The difference that the introduction (Griffin
1967) of cross-correlation radial-velocity measurement has made to the distribution
of known orbital periods has been graphically illustrated in the successive synopses
that have been published (most recently Griffin 2008) after every fiftieth paper in the
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series of orbit papers in The Observatory. There, the period distribution of the Observatory papers has been compared with that of the 204 orbits that were tolerably well
documented for late-type stars (F5 onwards) in the Seventh Catalogue of the Orbital
Elements of Spectroscopic Binary Systems (Batten, Fletcher & Mann 1978). That
Catalogue has been taken to represent the situation concerning all known orbits at a
time shortly after the Observatory series of orbit papers began, before the period distribution was much affected by the flood of new orbits arising from cross-correlation
spectroscopy. It was very clear from the outset that the historical period distribution
was tremendously skewed by observational selection towards orbits of short periods. Not only were the corresponding amplitudes large (Kepler (1619)’s Third Law
shows that K ∝ P −1/3 ), facilitating orbit determinations from radial-velocity observations of indifferent accuracy, but short periods allowed orbits to be determined
agreeably quickly. Indeed, many astronomers seemed to be unaware of the existence
of spectroscopic binaries whose periods were other than short. For example, there
was published as recently as 1977, in the section on binary-star orbits in the sixth
edition of Smart (1977)’s classical work, the statement, “The orbital periods of spectroscopic binaries are generally several days only, and as observations may be carried
on over several months, or even years, the orbital periods can be found with great
accuracy.” Smart evidently did not foresee spectroscopic binaries being followed for
a lifetime and still not being seen round a single cycle! Be that as it may, we illustrate the period distribution of the binaries among the Redman stars in histogram
fashion in ‘bins’ half a logarithmic unit wide in Fig. 5, where it is compared with the
corresponding distribution for the 204 orbits from the Seventh Catalogue. The total
absence of very short periods among the Redman stars may be attributed to Redman’s deliberate observational selection that discriminated against dwarf stars, but
that does not affect the distribution for log P > 2 (with P in days).
In Fig. 6 we plot the eccentricities of the Redman binaries against the logarithms
of their periods. The general form of this diagram has become familiar in recent
years, but no satisfactory explanation of it has to our knowledge been advanced. The
circularity of orbits of short period—up to to 100 days or so in the cases of giant
stars—is well understood in terms of tidal dissipation, but the continuing rise in mean
Catalogue systems
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Figure 5. Histograms showing the period distributions of two sets of spectroscopic-binary
orbits, sorted into bins a half-‘dex’ (half a logarithmic unit) wide. The 26 orbits in the present
‘Redman K Star’ investigation are compared with all the tolerably well determined orbits for
late-type stars (204 in number) that were known and listed in the catalogue by Batten, Fletcher
& Mann (1978).
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Figure 6. Relationship between the orbital eccentricities and the periods for the binaries in
the Redman sample.

eccentricities right up to the longest periods, far beyond those at which tidal effects
should have any significant effect, remains unexplained.
4. Visual companions to some of the Redman stars
The observer’s innate curiosity motivated him on occasion to try to measure the
radial velocities of other stars seen in the same telescopic fields as some of the
Redman stars. Particularly of interest were instances where the accompanying stars
might be true physical companions to the Redman primaries. The companions that
were observed are listed in Table 6 against the HD numbers of their respective primaries. The visual magnitude (eyepiece estimate to half a magnitude if no actual
measurement can be found) and the angular distance and position angle (usually
measured approximately on an Aladin picture brought up by Vizier) with respect to
the primary are given, and then any name or identity that is known to have been
attributed to the object. There follow the number of radial-velocity observations,
their mean result, and finally notes. In the radial-velocity column, ‘NR’ indicates
‘no result’, meaning that no cross-correlation dip was apparent in the radial-velocity
traces. (That is usually an indication that the star is of too early a type for its spectrum
to correlate significantly with the Coravel’s spectral mask, which represents a typeK2 spectrum). The individual radial-velocity measurements are set out in Table 7.
The ‘original Cambridge’ velocities have been reduced by 0.4 km s−1 , and the Cambridge Coravel ones corrected according to the line drawn in Fig. 1 above where
the stars’ colour indices were known; in other cases the recent Cambridge velocities
have been corrected by −1 km s−1 .
The companions to HD 189751 and HD 21488 are evidently physical; that is
attested by the similarities of the proper motions as well as the radial velocities. The
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Table 6. Identities, magnitudes, colour indices, spectral types, positions with respect to the
primary, numbers of observations and radial velocities of the companions to the Redman K
stars in this paper.

companion of HD 191394, though too close to its primary for certain radial-velocity
measurement, is surely a physical one. In three cases, companion stars have proved
to be binaries. One of them (HD 181602, only one minute of arc from the Redman
star HD 181601 and of almost identical magnitude, though relatively blue) was soon
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Table 7. Radial-velocity measurements of companions to Redman K stars.
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found to have a short period (209 days) and its orbit was published long ago (Griffin
1982a); it is not physically related to HD 181601. Two others, those of HD 193054
and HD 206312, have shown velocity variations on long time-scales, and preliminary orbits are presented below. At first sight the radial velocity seems to make
it probable that the HD 193054 companion is physical, but the difference between
the γ -velocity derived below and the radial velocity of the primary is larger than it
‘ought’ to be, and the relative astrometric motion appears to rule out any connection
between the stars. The companion to HD 206312 is certainly optical: the two objects
have proper motions in diametrically opposed directions, and the radial velocities are
very different.

4.1 HD 193054 B
HD 193054 B, at 29 , 115◦ , is such an obvious companion to the neighbouring
Redman star that it was noted already by Struve (1837) and features in the successive catalogues of visual double stars by Burnham (1906) and Aitken (1932) as
BDS 10074 B and ADS 13616a B, respectively. At V ∼ 9m .7 it was just bright
enough to be observed with the original radial-velocity spectrometer, although it
gave quite a poor cross-correlation dip, shallow and rather wide. The two measurements made with the original instrument were mutually discordant, and when the star
was re-observed at OHP and at Palomar it was found to be double-lined, although
the two dips were heavily blended together. The system has remained under observation; 18 observations have been made of it at OHP, 25 with the Cambridge Coravel,
and one with the instrument at the 200-inch coudé.
There is a great deal of difficulty in determining the radial velocities of doublelined systems whose cross-correlation dips are always blended, offering the observer
no opportunity to see properly the profiles of the individual dips. That is particularly
true in cases like the present one, in which it is fairly evident that the two stars have
non-negligible projected rotational velocities. The best that can be done is to adopt
dip profiles that are judged from some of the best traces and to reduce the whole
ensemble of observations with the corresponding dip parameters uniformly imposed.
Unfortunately that is possible now only for the traces obtained with the Cambridge
Coravel. Ten of the 18 OHP traces are so closely blended that no attempt was ever
made to ‘split’ them, and they were reduced as single-lined; the other eight were
split, but the profiles that were adopted are far from what are now believed to be
the true ones, and so, therefore, are the velocities derived from them. Although the
actual data still exist and could still be made to give useful velocities, it is no longer
possible to obtain fresh reductions of them; they reside in a data base in Geneva to
which the authors have no access. The computers and software that used to reduce
Palomar observations are obsolete, and our one Palomar trace has been reduced only
as single-lined. All the useful radial velocities are set out in Table 8, which omits
the eight OHP observations (plotted, nevertheless, in Fig. 8) whose double-lined
reductions are seriously erroneous.
The orbit of HD 193054 B thus largely depends upon the observations made with
the Cambridge Coravel, which cover less than half the proposed orbital period but
fortunately include the periastron passage and both nodes. Figure 7 illustrates a (particularly well integrated) radial-velocity trace taken right at the node of the orbit
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Table 8. Radial-velocity observations of HD 193054 B.

when the velocities of the two components were as different as they can ever be.
The dip profiles are attributed projected rotational velocities of 7 and 16 km s−1 ,
with a ratio of equivalent widths (areas) of 4 to 3. The dip areas and the colour index
agree in indicating that the binary consists of a pair of F-type dwarfs of not-verydissimilar types. In view of the rapid change, statistically, of rotational velocities
with type along the F-dwarf sequence, we would have liked to assign the larger area
(that must correspond with the brighter star) to the wider dip, but that is not what the
observations seem to suggest.

Figure 7. Radial-velocity trace of HD 193054 B, obtained with the Cambridge Coravel on
2010 September 2. The dotted lines indicate the profiles of the two individual dips of which
the blend is deemed to be constituted.
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Figure 8. The observed radial velocities of HD 193054 B plotted as a function of phase in the
proposed orbit, with the velocity curves corresponding to the proposed orbital elements drawn
through them. The only observations that were actually utilized in the solution of the orbit were
those obtained from the Cambridge Coravel; they are plotted as squares, filled for the primary
and open for the secondary. In radial-velocity traces, the secondary component gives dips that
are considerably shallower and wider than those of the primary, and its velocities needed to
be weighted only 1/8 relatively to the primary’s. Other open symbols plot radial-velocity measurements that were reduced as if they were single-lined. The two large circles represent the
early Cambridge measures of 1980 and 1983, which appear to straddle a periastron passage;
they are largely responsible for defining the orbital period. The star symbol refers to a singlelined reduction of a trace obtained with the Palomar 200-inch telescope. The series of open
diamonds at phases .3 to .6 plots unresolved OHP observations which nicely corroborate the
passage of the orbital velocity curves through the γ -velocity. The plusses and crosses indicate
double-lined reductions of earlier OHP observations. Those reductions were performed with
the imposition of very erroneous fixed dip profiles, and the points have been zero-weighted in
the solution of the orbit; they should be ignored here, except as attesting to the gradual closing
together of the velocities of the two components during the time interval concerned.

In the solution of the orbit, which is illustrated in Fig. 8, the velocities stemming from the wide weak dip of the secondary star have needed to be weighted
1/8 in comparison with those from the primary. Although the measurements that are
actually utilized in the calculation of the orbit leave a very large gap in phase coverage, the result is well supported qualitatively by observations that could not be
entered explicitly into the solution. Single-lined reductions naturally yield velocities
that are intermediate between those of the individual components, but are weighted
towards the narrower and deeper dip given by the primary. By great good fortune
the two early Cambridge velocities appear to span the periastron passage previous
to the one that was witnessed in 2008/9, and permit the otherwise indeterminate
orbital period to be estimated at 9300 days (25.4 years) with an uncertainty that is
probably less than one year. That period has therefore been imposed on the solution of the orbit. Moreover, the succession of single-lined OHP velocities falls just
where it ought to do, crossing the γ -velocity at the very time that the orbit indicates
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that the components should have identical velocities. The orbital elements are as
follows:
P = 9300 days (fixed)
γ = −50.85 ± 0.17 km s−1
K 1 = 7.86 ± 0.19 km s−1
K 2 = 8.2 ± 0.4 km s−1
q = 1.05 ± 0.06 (= m 1 /m 2 )
e = 344 ± 0.027
ω = 296 ± 3 degrees

T1 = MJD 54904 ± 55
a1 sin i = 906 ± 24 Gm
a2 sin i = 947 ± 50 Gm
f (m 1 ) = 0.344 ± 0.027 M
f (m 2 ) = 0.39 ± 0.06 M
m 1 sin3 i = 1.50 ± 0.19 M
m 2 sin3 i = 1.44 ± 0.12 M

R.m.s. residual (unit weight) = 0.53 km s−1
Owing to the very poor phase coverage of the orbit and to the fixing of the
dip parameters and the period, the formal standard errors given above for the various elements are without doubt considerably smaller than the true uncertainties.
The adoption of different dip profiles, which might suit the observed radial-velocity
traces almost as well as those upon which the velocities used here are actually based,
could materially affect the deduced radial-velocity amplitudes.
The ratio of dip areas suggests a difference of nearly 0m .4 between the two components, corresponding to about two spectral sub-types; the mass ratio given by the
orbit, though not at all accurate, agrees very well with that conclusion. Judged by
the colour index (for which we are indebted to Tycho), the types of the components
would be expected to be about F8 V and G0 V. The orbital elements, however, give
minimum masses that would be more appropriate to types F3 and F5, although with
uncertainties that would go a good way towards reconciling them with the types
deduced from the colour index. We cannot resolve the remaining discrepancy here,
but we can be certain that the inclination must be high enough that sin i ∼ 1.
The γ -velocity of HD 193054 B is tantalisingly similar to the (apparently constant) radial velocity of the visual primary. It would be a coincidence indeed if the
velocities were so close to one another just by chance, but on the other hand the
difference, formally of 2.72 ± 0.20 km s−1 , seems too large for the components of
the visual binary really to constitute a physical multiple system. A pair of mid-F
main-sequence stars should have a combined absolute magnitude of about +2m .7,
putting the distance modulus of HD 193054 B at just seven magnitudes and giving
a spectroscopic parallax of 0 .004—obligingly similar to that of the visual primary,
for which the revised Hipparcos parallax (van Leeuwen 2007) is 4.37 ± 0.59 arcmilliseconds*. At a distance, then, of about 230 pc, the 29 angular separation
corresponds to a projected linear distance of about 6700 AU. The total mass of the

*The companion is also a Hipparcos star in its own right. In the original publication of the Hipparcos results, its parallax was given as about 4 ± 6 milliseconds; in the revision (van Leeuwen 2007)
it is 16.0 ± 2.3. The discordance between the two values, both derived from exactly the same data,
does not engender undue confidence in either of them. Moreover, the later one, which might be
presumed (and is claimed) to be more accurate, implies a distance modulus of just four magnitudes
and therefore an absolute magnitude of 5m .7 for a binary system that must surely be composed of
two F stars. We are obliged to reject it.
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three stars in the putative multiple system might be √
about 5 M . The orbital velocity in a circular orbit may be expressed as V ∼ 30 m/a, where all the quantities
are in Solar-System units, 30 being the approximate orbital velocity of the Earth in
km s−1 , m in solar masses and a in AU. Applied
√ to HD 193054, the equation yields
V ∼ 0.8 km s−1 ; an increase by a factor of 2, to about 1.1 km s−1 , is possible at
periastron in a very eccentric orbit. That is still much smaller than the observed discrepancy in the velocities. The discrepancy might even be exacerbated if we recalled
the likelihood that the apparent radial velocities of F-type main-sequence stars are
affected (e.g. Gunn et al. 1988, Fig. 1) by a convective blue-shift that outweighs the
gravitational redshift (Griffin 1982b, Table 5).
We should also be concerned about the rate of change of the relative sky positions of HD 193054 and its visual companion. Hipparcos shows the proper motion
of the primary star to be small, and that of the secondary to be very uncertain and not
significantly non-zero. The new reduction by van Leeuwen (2007) attributes to the
secondary a significant motion in RA that is of opposite sign to that of the primary.
Unfortunately the companion does not feature in Tycho 2. The Washington DoubleStar Catalogue, however, has relative positions measured visually by experts with
filar micrometers, from which it appears that the principal relative motion is in distance rather than position angle and has amounted to somewhat more than one second
of arc, or say 300 AU, in 137 years. That is a rate, therefore, of some 2 AU/year
or 10 km s−1 —a rate that is certainly fatal to the hypothesis of physical association
between the components of the visual system.
One observation was made at OHP, on 1995 June 7.10, of the faint star at about
26 , 229◦ from HD 193054; it gave a result of −50.7 ± 0.7 km s−1 , practically identical with that of the F-dwarf pair although it is hard to believe that it can truly be
associated with it. An effort to observe the star a little over a minute of arc north
(79 , 4◦ ) of HD 193054 failed—not surprisingly, since we can now see from Tycho 2
that the object is too blue for measurement with the radial-velocity spectrometer.

4.2 HD 206312 B
HD 206312 has an obvious companion about 58 distant in position angle 284◦ . The
companion has its own entry in the Bonner Durchmusterung catalogue (Argelander
1862), as +48◦ 3456 (HD 206312 itself being +48◦ 3457). Moreover, Espin (1910),
who had a penchant for cataloguing wide double stars, listed the system as his
no. 825; the companion of interest here is called Es 825 C, a closer and considerably
fainter companion being designated component B. The characteristics of the system
were transcribed into Aitken (1932)’s great double-star catalogue as ADS 15201,
so the star discussed here is ADS 15201 C. Tycho 2 has provided the photometry
V = 9m .54, (B − V ) = 1m .46. The colour index, taken in conjunction with the good
deep dips seen in radial-velocity traces, suggests a spectral type near to K4 III,
although a higher luminosity cannot be ruled out.
The companion was not too faint to be observed with the original radial-velocity
spectrometer at Cambridge, and two meaurements were made with that instrument. They were significantly discordant with one another. For more than a decade,
subsequent measures with other spectrometers agreed with the later of the two Cambridge velocities; after some years the reading and reduction of the earlier one were
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Table 9. Radial-velocity observations of HD 206132 B.

checked, but no mistake could be found. Eventually, after a lapse of 18 years, an
analogous velocity was measured, and since then the star has been followed reasonably systematically. The 50 available measurements are set out in Table 9; they

Figure 9. The observed radial velocities of HD 206312 B plotted as a function of phase, with
the velocity curve corresponding to the proposed orbital elements drawn through them. The
coding of the symbols is the same as in Fig. 2, but here there are also single observations from
the DAO (filled triangle) and Palomar (filled star).
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consist, in addition to the two made with the original spectrometer, of 36 obtained
with the Cambridge Coravel, 10 from OHP, and one each from the instrument made
by Griffin & Gunn (1974) for the coudé focus of the Palomar Observatory 200-inch
reflector and the one (Fletcher et al. 1982) at the DAO 48-inch coudé. The various
sources have been given equal weights in the solution of the orbit, apart from the
original spectrometer, which has been weighted 1/10. The data are not well distributed
in phase, because systematic observational coverage has not been maintained for a
complete cycle, whose length is almost 20 years, although the overall time base is
over 31 years so the general character of the orbit is quite securely determined. The
orbit is plotted in Fig. 9 and its elements appear in the informal table below.
P = 7205 ± 207 days
γ = −36.65 ± 0.14 km s−1
K = 3.75 ± 0.38 km s−1
e = 0.46 ± 0.06
ω = 305 ± 5 degrees

(T )6 = MJD 50055 ± 123
a1 sin i = 330 ± 37 Gm
f (m) = 0.028 ± 0.009 M
R.m.s. residual (unit weight) = 0.39 km s−1

The mass function is small and does not require the secondary to have a mass
much greater than 0.5 M if that of the primary is taken as being near 2 M , so it
is not surprising that no evidence has been noticed of the companion star in radialvelocity traces.
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