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Abstract. The ‘Redman K stars’ project, described more particularly in
the paper immediately following this one, involved the repeated measurement on a quasi-annual basis of the radial velocities of a group of 86
seventh-magnitude late-type stars over an interval of 45 years. Certain of
the stars proved to vary in velocity and were then transferred to a different observing programme, in which they were measured more frequently
with a view to determining their orbits. Orbits have already been published for 18 of the stars. Presented here (and summarized in Table 9) are
the results on six more; all are single-lined. One of them (HD 191046, a
star which has a literature coverage about ten times as rich as that of any of
the others, probably on account of its high space velocity which includes
a γ -velocity of nearly −100 km s−1 ) has a good orbit with a period of
about 8000 days (22 years). Five others (HD 3345, 15728, 20509, 188058
and 191084) have orbits that are perfectly secure in principle, but their
periods range between 40 and perhaps 70 years, and (particularly in some
cases) their radial velocities have not been observed well enough for long
enough to establish either the periods or the orbits very accurately. One
star, HD 9354, has exhibited a monotonic variation of velocity throughout
the duration of the observing programme; it is possible to draw a Keplerian velocity curve that does justice to the measurements, but it cannot be
expected to have much predictive power.
Key words. Stars: late-type—stars: radial velocities—spectroscopic
binaries—orbits.
0. Preamble
The ‘Redman K stars’ are a lot of seventh-magnitude K stars whose radial velocities
were first observed by Redman (1930, 1932) at the Dominion Astrophysical Observatory. Within a few months of the inauguration (in 1966 February, at the Cambridge
36-inch telescope) (Griffin 1967) of the measurement of radial velocities by crosscorrelation, a sample of 80-odd of those stars was measured by that technique. Three
years later the measurements of those stars were repeated, and the results were written up in a paper (Griffin 1970) that was retrospectively identified as no. III in the
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same series as this present paper (the 1967 paper was no. I). A further round of
observations of the same set of stars has been made in most seasons ever since.
It was only to be expected that the sample of stars would include a number of
spectroscopic binaries. Nine were identified with more or less confidence in the 1970
paper, and continued measurements not only confirmed the variability of their velocities but allowed orbits to be published for them. Bibliographical references to the
orbits are given in Paper XX (Griffin & Stroe 2012, printed immediately following
this one). At the same time, the continuing observations of the other stars resulted
from time to time in additional stars being recognized as velocity variables. It is by
no means clear that that process has even now run to completion. There is no way of
knowing how much longer completion would take, and the author has felt that it is
best to write the work up now while he is still in a position to do so.
Once a star on the Redman programme was definitely recognized as a binary, it
was observed at intervals that seemed to be appropriate to the determination of its
orbit, rather than at the quasi-annual intervals of the underlying programme. To avoid
biassing any of the statistics, no transfer of any star to the spectroscopic-binary programme was made until the fact of velocity variability appeared to be unambiguously
established. The transfer was not made, therefore, on the basis of a single discordance
but only when an apparent change was reinforced by at least one more confirmatory
measure. From the point of view of the overall programme, that represented prudent
conservatism, but for the documentation of the orbits of certain of the binaries the
built-in delay, typically of a year or two, in responding to a change could mean that
significant orbital phases were missed. For the binaries discussed here, which with
one exception have orbital periods at least of the order of a working lifetime, no individual observer could hope to make good any gaps in phase coverage by awaiting
recurrence of the missing phases in an ensuing orbital cycle.
Orbits have already been presented for a further nine Redman binaries, in addition
to the nine identified in the writer’s first paper on the Redman stars (Griffin 1970). As
indicated above, it has transpired that stars can remain with sensibly constant velocities for durations near to—and it would not be a surprise if there were a need to add
‘and even exceeding’—the 45-year overall duration of the investigation, and then can
show significant changes. Two stars discussed here (HD 3345 and HD 20509) were
not recognized as binaries until after the turn of the century, when they had already
been under observation for more than 35 years; two more (HD 206523 and—with
some doubt—HD 21465) were recognized only when the results of the whole programme were being prepared for publication by Griffin & Stroe (2012) (Paper XX).
Publication of the results of the principal programme makes it desirable to include
information on all the remaining spectroscopic binaries that have been identified in
the sample, notwithstanding that their orbits may not have been determined as well
as most of those that are already in print. The two that were not discovered until now
are treated in Paper XX, but there are six other stars, in addition to the 18 already
published for members of the Redman sample, for which orbits can now be given.
Five of the six orbits presented here have periods that appear to be in the range
of about 40–70 years, and their quality is impaired because they have not been
seen round a full cycle yet and/or the early observations were not sufficiently frequent and/or accurate. (Inevitably, the original photoelectric spectrometer did not
produce data of quite the quality of some of its successors’.) Only one of the stars
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Table 1. Basic data for the seven stars.

(HD 191046) has a fully satisfactory orbit. One additional star (HD 9354) has shown
a continuous decline of its radial velocity over the whole interval of observation, and
it is a bit of a risk to say anything yet about its orbit except that it must have a period
in excess of 45 years—although, that said, the risk has been taken in §3.7 below.
1. The seven spectroscopic binaries treated here
Table 1 gives basic data for the seven stars. First the magnitude and colour index are
given; there seem to be no ground-based data except for HD 191046, so for the other
stars it has been necessary to fall back on the Tycho magnitudes (those in Table 1 are
as reported by Simbad). Then the celestial coordinates of the stars are presented and
given substance by a note of the constellations within which they respectively fall.
The spectral types follow; where conflicting types have been published, a subjective
choice has been made, and where there are no MK classifications the type given by
Redman (1930, 1932) himself has been listed. Finally there are the parallaxes, from
the re-reduction by van Leeuwen (2007) of the Hipparcos data, and the corresponding absolute V magnitude (qualified by a colon where the 1-σ uncertainty arising
from the standard deviation of the parallax amounts to half a magnitude or more).
2. Radial velocities
The radial velocities of the seven stars were measured in exactly the same way as
those (described in the immediately following Paper XX) of the Redman K stars in
general. That means that, in general, observations made before 1986 were obtained
with the original prototype cross-correlation spectrometer in Cambridge (Griffin
1967), those between 1986 and 1998 with the Haute-Provence (OHP) Coravel
(Baranne, Mayor & Poncet 1979), and those made from 1999 onwards with the
Cambridge Coravel. In Tables 2–8, in which the measurements are listed, exceptions
to those sources are flagged. Exceptions occurred in the continuing use of the original spectrometer until 1991 (but they arise only in respect of those stars whose binary
nature had been recognized by then), in the temporary availability of the Cambridge
Coravel for a time in 1996/7, and the occasional use of the spectrometer (Fletcher
et al. 1982) at the coudé focus of the 48-inch reflector at the Dominion Astrophysical
Observatory, Victoria, B.C. (DAO) and the one at the 200-inch telescope (Griffin &
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Gunn 1974). Systematic corrections to the velocities have been applied in the manner set out in Paper XX, §1.1. Similarly, the weightings used in Paper XX (original
Cambridge spectrometer 1/10, with the first season further down-weighted by a factor of four), OHP Coravel 1, Cambridge Coravel 1), are also adopted here except
where different weights are mentioned; DAO measurements have been adjusted by
−0.8 km s−1 and weighted 1/2.
There do not appear to be any additional radial velocities available in the literature to assist the present investigation, although in view of the long periods of the
orbits of all the stars concerned it would be very useful if accurate data were available from long ago. Simbad typically records the velocities published by Redman
(1930, 1932) and in Paper III by Griffin (1970), together with the listing of Redman’s
observation(s) in the Radial Velocity Catalogue (Wilson 1953) (sometimes in duplicate), and in some cases a comparatively recent paper that reports the existence of
velocities (doubtless the ones made by the present writer and already included in
Tables 2–8) in the data base of OHP radial velocities. The Simbad bibliographies for
the stars report other publications with radial velocities that somehow failed to find
their way into the ‘measurements’ sections, but they consist only of additional catalogues that report the measures already published, or in one or two cases additional
papers containing velocities that are not of a quality to contribute usefully here.
3. Orbits and discussion
3.1 HD 3345
After remaining sensibly constant—certainly without a change greater than
1 km s−1 — for about 35 years, the radial velocity of HD 3345 began to decline in
the new century, and in seven years it had fallen by 6 km s−1 . The observations are
listed in Table 2, with the phases and residuals that correspond to the adopted orbital
parameters. The descending (minimum-velocity) node was passed early in 2009, a
few months after the periastron passage. At the time of writing, the velocity has risen
about 2 km s−1 from the minimum, and the form of the orbit is very clear. It is, however, evident that the observations do not by any means cover a complete cycle, and
Table 2. Radial-velocity observations of HD 3345.
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the long interval when there was very little change makes the length of the orbital
period almost indeterminate. The computed period is excessively sensitive to the
exact values of the early, not very accurate, radial velocities. With the systematic correction to the ‘original Cambridge’ observations set at −0.4 km s−1 , as determined in
Paper XX, the period is found to be about 29 000 ± 11 000 days, but with the offset
of −0.8 km s−1 that has often been suggested in other investigations it comes out at
about 21 100 ± 2400 days. The truth is that the only reasonably definite conclusion
is that the period has a lower limit near 20 000 days. Here, it has been fixed conservatively at 21 000 days. The orbital elements of HD 3345, and of the other stars treated
in this paper, are collected together in Table 9. Attention is drawn to the fact that fixing the period causes the computed standard errors of some of the other elements to
be optimistic, and it has a direct effect on the actual values of e and a1 sin i as well.
The half-width of the velocity minimum is virtually unaffected by any change in the
derived or imposed orbital period, but expressed as a fraction of the period it is obviously inversely proportional to the adopted period. The quantity (1−e) will therefore
be affected in roughly that same way; and a1 sin i will evidently increase directly as
the period. The orbit that is computed on the basis of a fixed period of 21 000 days is
illustrated in Fig. 1, where the filled symbols are seen to give a good representation
of the whole of the descending branch of the velocity curve and the beginning of the
recovery from minimum, but the separation of the parts of the orbit plotted between
phases .1 and .6 is quite uncertain and could be stretched out to almost any length
without violating any of the data.

Figure 1. The observed radial velocities of HD 3345 plotted as a function of phase, with
the velocity curve corresponding to the adopted orbital elements drawn through them. Measurements made with the prototype Cambridge spectrometer are plotted with open circles.
Filled circles and squares indicate observations made with the Coravel spectrometers at
Haute-Provence and Cambridge, respectively.
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The mass function of 0.04 M sets a lower limit of about 0.65 M to the mass of
the companion star if the primary is deemed to have a mass of 2 M . It corresponds
to a main-sequence star with a type of about K5, so there could be a Δm of up
to some seven magnitudes between the components, although the difference could
be a lot less if the orbital inclination were far from 90◦ . The value of a1 sin i—the
semi-major axis of the orbit of the primary star around the centre of gravity of the
binary—is over 5 AU, so if the secondary is near the minimum mass the semi-axis of
the relative orbit could be about 20 AU, which at the ∼250-pc distance of the system
could subtend an angle of approximately 0.08. Resolution by optical interferometry
would therefore be more likely to be thwarted by a large Δm than by too close
a separation, but until the secondary is actually detected the actual difference of
magnitude and the separation must remain unkown.
3.2 HD 15728
The velocity of HD 15728 remained apparently constant only for about 26 years
before it showed a distinct change, which seems very fortunately (though contrary to
the usual ‘rule’) to have been followed up immediately and thereby to have allowed
a better coverage of the relatively sudden decline of velocity than would otherwise
have been the case; the absence of an observation or two in the following year,
1993, is however as regrettable as it is inexplicable. Once again the orbital period
is very uncertain and is at the mercy of the exact offset adopted for the ‘original
Cambridge’ measurements. With the offset fixed at −0.4 km s−1 the period is about
29 000 ± 7000 days, whereas with the more usually adopted offset of −0.8 km s−1
it is ‘only’ 23 800 ± 3600 days. In the solution presented here, in Fig. 2 and Table 9,
it has been fixed at 25 000 days. The journal of observations, with the phases and
residuals, appears in Table 3.

Figure 2. As Fig. 1, but for HD 15728.
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Table 3. Radial-velocity observations of HD 15728.

Within their uncertainties both the mass function and the a1 sin i value for
HD 15728 are the same as for HD 3345, so the discussion already made for the latter
can serve as well for HD 15728, except that since the latter star is probably less luminous than HD 3345 by about one magnitude the maximum value of Δm is about six
magnitudes rather than seven, and the larger parallax of HD 15728 implies that the
20-AU maximum value for the semi-major axis of the relative orbit would subtend
about 0.11 if seen normal to the line of sight (an unlikely prospect, with ω not very
far from 90◦ ).
Conspicuous in the telescopic field of HD 15728 is an 8m white star nearly 2
south; it is HD 15743, whose HD type is F2. No fewer than five attempts were made
to measure its radial velocity, without result; it ought not to be quite too early in
spectral type to measure with the radial-velocity spectrometers, so the most likely
reason for their failure is that the star has substantial rotation.
3.3 HD 20509
HD 20509 is another star whose velocity variability was not recognized for more
than 30 years, although with hindsight it might have been spotted a few years earlier than was actually the case. When the velocity did change, it did so by about
10 km s−1 !—descending to a sharp minimum in a very eccentric orbit which appears
to be quite well determined. The data are set out in Table 4. In this instance, a change
in the blanket offset applied to the ‘original Cambridge’ observations changes the
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Table 4. Radial-velocity observations of HD 20509.

computed period by less than 1%, so the solution of the orbit is run with all parameters ‘free’. The formal uncertainty of the 43-year period is appreciably less than
one year, and the observations actually extend over slightly more than the whole 43
years. The poor phase distribution of the observations, however, especially of the
more reliable ones, suggests that the formal standard errors of the elements should
not be accepted too literally. The orbit is plotted in Fig. 3.

Figure 3. As Fig. 1, but for HD 20509.
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Just like the two stars already discussed above, HD 20509 has an a1 sin i value of
about 5 AU. This time, however, the mass function is rather larger, demanding a
minimum mass of 0.8 M for the unseen companion star, corresponding to a mainsequence object of type K0 with an absolute magnitude of about +6, if a mass of
2 M is attributed to the primary. The maximum value of the semi-major axis of the
relative orbit would be about 18 AU, but the apastron separation in the very eccentric
orbit could be as much as 31 AU, which would subtend about 0.11 if seen normal
to the line of sight at the (not very certain) distance of the star. Projection factors
arising from the known longitude of periastron and the unknown inclination will act
to reduce somewhat the actual maximum angular separation that could be seen in
the sky.
3.4 HD 188058
By great misfortune, the variation in the radial velocity of HD 188058 was recognized only after an unsually long gap of four years in the observations, by which time
more than half the rising branch of the velocity curve had been traversed. The change
was duly confirmed a year later, and since the orbital eccentricity is not very high
there was still time to document carefully the part of the orbit around the ascending
node. At the time of writing we are halfway down the subsequent decline and are
Table 5. Radial-velocity observations of HD 188058.
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just reaching the phase at which the observations started about 44 years ago, as will
be seen from Table 5 and Fig. 4. The two measurements in the initial observing season are particularly discordant with one another, but that has been largely recognized
by the low weighting that has been universally attributed to that season in this paper
and the adjacent Paper XX. The zero-point of the radial velocities measured with
the original Cambridge spectrometer in 1987–91 has been adjusted by −0.8 km s−1
rather than the −0.4 km s−1 used for the earlier ones, in the light of the discussions
offered in §3.5 immediately below here and (in more detail) in Paper XX, §1.1.
Once again the a1 sin i value is near to 5 AU and the mass function indicates a
minimum mass of about 0.7 M for the secondary if the primary is supposed to be
near 2 M . That would correspond to a late-K main-sequence star, with an absolute
magnitude about seven magnitudes fainter than the primary, and again the maximum
angular subtense of the semi-major axis of the relative orbit would be about 0.08.
The apastron separation would be somewhat greater, near 0.11, owing to the eccentricity of the orbit. In this case the longitude of periastron is such that the major axis
of the orbit is likely to be seen considerably fore-shortened, lying as it does only
29 ± 6 degrees from the line of sight (in the worst case, with i ∼ 90◦ ).
There is a 10 1/2m star nearly 1 south of HD 188058; it has the Tycho designation 2152−5699−1, and was found by Tycho to have V = 10m .52, B − V = 0m .57.
Although such a colour index would suggest that there should be no difficulty in
measuring the star’s radial velocity with the spectrometers, three separate efforts at
OHP resulted in failure. The image of the star looks blue in the thumbnail colour
picture that appears with the Simbad bibliography.

Figure 4. As Fig. 1, but for HD 188058. In addition to the previously identified sources of
velocities, here there are two measurements from the Dominion Astrophysical Observatory,
plotted as filled triangles.
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3.5 HD 191046
HD 191046 differs from most of the other stars in this programme by being a member of a stellar population with low metal abundances and high space motions. The
space motion is in fact dominated by the radial velocity of nearly −100 km s−1 .
No doubt on account of its motion, the star has featured in many investigations in
the literature. Photometric and spectroscopic abundance estimates have given results
near [Fe/H] = −0.5. Eggen (e.g., 1971) several times asserted that the star was a
member of his ‘Arcturus group’. Keenan initially classified HD 191046 as ‘G9 III+’
(Keenan & Keller 1953), but he soon (Greenstein & Keenan 1958) pointed out that
the violet CN bands were very weak, and went out of his way to mention that fact
in his comprehensive paper on spectral classification (Keenan 1963) in Volume 3 of
Kuiper & Middlehurst’s ‘Stars & Stellar Systems’ compendium. Meanwhile Griffin
& Redman (1960) had verified quasi-objectively the weakness of CN in the star. It
was not surprising to find in Keenan’s 1980 revision of MK types (Keenan & Pitts
1980) the classification of HD 191046 as ‘K0− III CN −1’; what was surprising
was that from 1985 (Keenan & Yorka 1985) onwards he dropped the ‘CN −1’ in
favour of ‘Fe −1.5’, and later dropped the minus after the K0 III type, so his final
classification (Keenan & McNeil 1989) reads ‘K0 III Fe−1.5’. Classifications by
others have exhibited very substantial discrepancies; in particular, two from HauteProvence are K0 V (Duflot et al. 1958) and K0 II (Fehrenbach 1974, a paper that
also credits HD 191046 with a right ascension in excess of 29 hours). There are
two papers (Valdes et al. 2004 and Sanchez-Blazquez et al. 2006) that announce the
accessibility by computer of spectra of HD 191046 at resolutions of about 1 and
2.3 Å, respectively.
The radial velocities of HD 191046 are listed in Table 6. The variability of the
velocity was recognized after only about 12 years, while the observations were still
being made exclusively with the original spectrometer. The orbital period of about
8000 days (22 years) is much shorter than any of the others proposed in this paper,
and the star has in fact been seen round two orbital cycles, so the orbit is quite well
determined. That is particularly the case because the last half-cycle, since the observations have once again been made in Cambridge, has been covered more densely
and systematically and happens to have included the relatively sharp ascending node
as well as the periastron passage and the whole descending branch of the velocity
curve. The orbit is illustrated in Fig. 5.
A clue to the possible reason why the zero-point offset between the ‘original
Cambridge’ and the OHP velocities appears in Paper XX to be 0.4 km s−1 , whereas
a value of 0.8 km s−1 has often been noted previously, is to be found among the early
Cambridge velocities in this orbit. Those in Paper XX refer solely to the epoch before
1983, and are compared with OHP measurements made in 1986–98. In the case of
HD 191046, the Cambridge measures continued after 1983 and were interleaved with
OHP observations right up until the time that the original spectrometer was decommissioned in 1991 (when it went straight to the Science Museum in London). There
were 18 Cambridge measures after the first OHP one, as well as 21 before it. It is
found that the velocity residuals are significantly reduced if the 18 later measures are
accorded a zero-point correction of −0.8 km s−1 , although −0.4 km s−1 still suits
the earlier ones (though −0.5 would be better). The possible reality of the change,
and possible reasons for it, are discusssed in Paper XX, §1.1.
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Table 6. Radial-velocity observations of HD 191046.

Paper XX also remarks on the generally superior residuals of the velocities from
the Cambrige Coravel in comparison with those from the OHP one, Usually the
difference is not sufficiently marked to be significant in the case of any one star,
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Figure 5. As before, but for HD 191046.

but for HD 191046 it is quite distinct, and for that reason the weighting of the OHP
velocities has been reduced to 1/2.
The mass function does not require the companion to HD 191046 to have a mass
greater than 0.5 M if the mass of the primary is taken as 2 M . It could be as far
down the main sequence as M0, almost ten magnitudes fainter than the primary. The
maximum possible separation of the stars would be about 11 AU, which at the (not
very accurately determined) distance of the system could subtend up to about 0.03
if it were seen normal to the line of sight.
On 2002 June 24.04 a nearby star, subsequently identified as HDE 227710, was
observed at Cambridge and its radial velocity was measured at −23.0 km s−1 . Its
HDE type is G5, and Tycho has provided the photometry V = 10m .04, (B − V ) =
0m .98.

3.6 HD 191084
Velocity variability was recognized in HD 191084, for which the data are presented
in Table 7, after the second OHP observation, in 1987, whereupon the star was transferred to the spectroscopic-binary programme and observed at intervals of about four
months. That seemed at the time a sensible frequency for an object that had changed
velocity by about 3 km s−1 in the first 22 years that it had been followed, but it did
not cut the mustard with a system that suddenly shot through a periastron passage
that resulted in its traversing the whole rising branch of the velocity curve in scarcely
more than half a year. That part of the orbit will be observable in detail only when
it recurs in about 2032, with a present uncertainty of some four years—and, even
then, only if periastron occurs at a favourable time of year. The system has just about
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Table 7. Radial-velocity observations of HD 191084.

been seen round the complete orbital cycle, whose period is 44 years with an uncertainty of about 10% that arises owing to the slowness of the change in velocity over
most of the cycle, as may be understood from the plot in Fig. 6. In conformity with
the evidence discussed in connection with HD 191046 above, the observations made
with the original Cambridge spectrometer in 1988–91 have had a zero-point correction of −0.8 km s−1 applied, although the earlier ones have been corrected only by
−0.4 km s−1 ; the difference does not in fact create any improvement in the present
case, but the interval concerned is one of relatively rapid change in the velocity of
the star and the result cannot be regarded as diagnostic. In the case of HD 191084, as
in that of HD 191046, the residuals of the OHP measurements are sufficiently larger
than the Cambridge ones to merit half-weighting the OHP observations.
HD 191084 gives a very noticeably widened dip in radial-velocity traces, corresponding to a mean v sin i of 9.5 km s−1 according both to the OHP and to the
Cambridge Coravel observations. The widths repeat very well from one observation to another—the r.m.s. spread of the Cambridge values is only 0.6 km s−1 , even
though the individual values are quantized in 1/2-km s−1 steps (the OHP rotational
velocities are not available individually).
The mass function is the smallest of all among the binary stars discussed here, and
does not require the companion star to be more massive than 0.35 M (about M3 V)
for a 2-M primary.
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Figure 6. As before, but for HD 191084.

3.7 HD 9354
This is a star that is demonstrated to vary in velocity, but no proper orbit can yet
be presented. Decisions as to the variability have caused problems for the observer.
There appeared to be a substantial decline in the velocity over the first four measures (cf. Table 8), although their precision—particularly that of the first one of
all—caused hesitation in acceptance of the decline as real. It was decided then that
if, in the following round of observations of the Redman stars, a further decline was
Table 8. Radial-velocity observations of HD 9354.
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recorded, then the star would be treated as a binary. That duly happened—the 1975
velocity was considerable lower than any of the previous ones. The star was then
observed several times a year, but to the observer’s chagrin the 1975 point remained
the lowest of all even after another 20 years had elapsed—so it was reluctantly concluded that a mistake must have been made, and the star was restored to the normal
Redman programme with its quasi-annual frequency of observation.
It is now clear that the mistake was made, not in transferring the star out of
the Redman programme but in transferring it back!—an overview of the whole set
of observations (Fig. 7) demonstrates quite clearly the history of steady decline in
the radial velocity. There is some indication, however, that the decline may now
have levelled out. It is easy to fit ‘by eye’ an ‘orbit’ that does perfect justice to
the data points and whose period is not very much longer than the total duration
of the existing observations (its elements are P = 19 000 days, T = MJD 57 000,
γ = −11 km s−1 , K = 2.6 km s−1 , e = 0.6, and ω = 290◦ ), but it may not be unique
even in principle and is only too likely to prove to lack predictive power. In particular, although the general form of the velocity curve may well be near the truth, the
prospective periastron passage could be delayed by many years.
The velocity curve corresponding to the putative orbital elements has been plotted
in Fig. 7, which is produced as if it were truly an orbit diagram like the others; it is,
however, better regarded as merely plotting the velocity data directly against time.
The computer readily accepts the specified elements, albeit on the basis of fixing
the period at 19 000 days, as the starting point for its usual iterative improvements,

Figure 7. Radial velocities of HD 9354, plotted as if for an orbit, but in fact the Figure shows
them plotted directly against time since they do not cover even one full cycle. The velocity
curve has been drawn as nearly as possible through the trend of the points ‘by eye’, to indicate
the sort of orbit with which the observations might be consonant. There is one Palomar (Griffin
& Gunn 1974) measurement in this plot, denoted by a filled star.
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Table 9. Orbital elements for the six ‘Redman K Stars’.

but (as so typically happens with ill-conditioned solutions) the solution runs away
towards improbably extreme values, of eccentricity in this case. From the sequence
of ‘improvements’ it is evident that a misguided effort is being made by the computer
to minimize the residual of the very first observation, notwithstanding that that data
point is of such low weight that little improvement can really be made by reducing its
residual, even to nothing. In fact, the unlikely end result of the computer’s activities
enables it, through the use of five extra degrees of freedom, to reduce the weighted
sum of the squares of the residuals only from 5.35 to 5.27 (km s−1 )2 , about equivalent
to the amount contributed on average by just one point out of the 74 and therefore
very far from being significant even according to formal statistics.

4. Orbital elements
This section consists simply of the table (Table 9) of orbital elements for the six
binaries for which orbits can be computed. There are two lines for each star; the first
gives the elements themselves, the second the standard errors, with the digits aligned
and the leading ones (and sometimes the decimal point, where appropriate) omitted
to improve the legibility of the Table.
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