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FOREWORD

The contributions of amateur astronomers to the observing of double
stars have been important. We can cite the example of S.W.Burnham (1838
_ 1921) who used the largest instruments of his time, the Reverend
T H.E.C.Espin(1858 - 1934) in England, R.Jonckheere (1889 - 1974), Dr
P:Baize and M.V.Duruy (1894 - 1984) in France. The abundance and quality
of these observers' measures are sufficient evidence of this.

Nowadays, astronomy has made fantastic progress with large ground-
pased telescopes so we may wonder if an amateur astronomer with his
limited resources is still able to contribute efficiently to the
observation of the Universe, The answer is YES, for two reasons: To
begin with, astronomical research does not belong exclusively to the
professional astronomer because the amateur astronomer can gain access
to large telescopes. In addition, amateurs can buy powerful instruments
from firms specialising in telescope making and with a 50-cm aperture
most of the binary stars can be observed.

There remains a lack of information on binary stars since the
publications in which measures appear are not easily available to
amateurs. Aitken's Double Star Catalogue was printed in 1932 and no
similar publications have appeared since that time,

One of the merits of the Webb Society has been to establish a 1link
between binary star astronomers all over the world. Accurate
observations of orbital pairs are far more useful than accumulating
measurements of many nearly motionless binaries.

Paul Couteau
Astronome Titulaire
Observatoire de NICE,
FRANCE
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General Preface to the Handbook

Named after the Reverend T.W.Webb (1807 - 1885), an'eminent amateur
nomer and author of the classic Celestial Objects for Common
i opes, the Webb Society exists to encourage the study of double
Telese and’ deep-sky objects. It has members in many countries where
i r astronomy flourishes. It has a number of sections, each with a
aTatz:or with wide experience in the particular field, the main ones
. double stars, nebulae and clusters and galaxies. Publications
?ﬁ:;ﬁde a Quarterly Journal containing articles and special features,
;ook reviews and section reports that cover the Society's activi?ies.
Membership is open to anyone whose inteiests are compatible,
Applications forms and answers to queries are available from S.J.Hynes,

8 Cormorant Close, Sydney, Crewe, Cheshire, CWl 1LN, England.

Webb's Celestial Objects for Common Telescopes, first published in
1859, must have been amongst the most popular books of its kind ever
written. Running through six editions by 1917, it 1is still in print
although the text is of more historical than practical interest to the
amateur of today. Not only has knowledge of the Universe been
transformed totally by modern developments, but the present generation
of amateur astronomers has telescopes and other equipment that even the
professional of Webb's day would have envied.

The aim of the new Webb Society Deep-Sky Observer's Handbook is to
provide a series of observer's manuals that do justice to the equipment
that is available today and to cover fields that have not been
adequately covered by other organisations of amateurs. We have
endeavoured to make these guides the best of their kind: they are
written by experts, some of them professional astronomers, who have had
considerable practical experience with the problems and pleasures of the
amateur astronomer. The manuals can be used profitably by the beginner
who will find much to stimulate his enthusiasm and imagination. However,
they are designed primarily for the more experienced amateur who seeks
greater scope for the exercise of his skills.

Each Handbook volume is complete with respect to its subject. The
reader is given an adequate historical and theoretical basis for a
m9dern understanding of the physical role of the objects covered in the
wider context of the universe. He is provided with a thorough exposition
of observing methods, including the construction and operation of
ancillary equipment such as micrometers and simple spectroscopes. Each
Volume contains a detailed and comprehensive catalogue of objects for
the amateur to locate - and to observe with an eye made more perceptive
by the knowledge he has gained.
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We hope that these volumes will enable the

abilities, to exploit his telescope

success,

xviii

extend his
to its limit, and to tackle the

challenging difficulties of new fields of observation with confidence of yolume 1:

Rior!s preface

Double Stars (2nd Edition).

when the first edition of this volume was published in 1979,
rious double star observing by amateur astronomers was only just

8¢ inning to revive from a long period of neglect. That revival was
beglely initiated by the Webb Society and since then, wunder the
i d able directorship of Robert Argyle, our double star

tic an :
ez:;g:n has flourished, enrolling many keen and dedicated newcomers to
s

this rewarding field of observation.

By hard work and careful application, this team ?as produced a
satisfying total of micrometric measures to profe551onallstandards,
together with a soundly based series of photograpblc colour
determinations of some 200 double stars. Some results of‘thls excellent
work have appeared from time to time in the Webb Society Quarterly
Journal and the advent of this new edition of the first volume of our
Deep-SKY Observer's Handbook gives us the opportunity not only to
disseminate the material more widely but also to incorporate the text a
more thorough survey of the whole subject under review, including new,
up-to-date information concerning technical equipment and observational

techniques.

With these and other improvements we are confident that this second
edition of "Double Stars" provides the serious double star observer with
a comprehensive guide to successful enterprise in this particular branch
of astronomy, and it may well be that the work will establish itself as
the standard work for amateurs in the field for many years to come.

The author, Robert Argyle, has been a member of the Webb Society
since 1968 and Director of the Double Star Section since 1970. After
graduating he joined the staff of the Royal Greenwich Observatory in
1972 as night assistant on the 98-inch Isaac Newton Telescope at
Herstmonceux. He gained his M.Sc. degree in 1977 and then moved to the
Galactic Astronomy department at R.G.0. More recently he has acted as

~ project manager for the plate and CCD cameras on the one-metre telescope

in the Isaac Newton Group of telescopes on La Palma, Canary Islands,
where , in October 1984, he is about to begin a two-year tour of duty as
Support Astronomer. His chief astronomical interests 1lie in the
determination of accurate optical positions, stellar photometry and, of
course, visual binary stars.

He has observed at Izana, La Palma, Sutherland, Johannesburg and
Cape Town and his published papers include double star measures and the
Proper motion of radio stars. In Bob Argyle's case the separation
between his professional work and his amateur interests is almost
nOnTexistent, and for this amateur astronomy in general and the Webb
Society in particular, have every reason to be grateful.
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The Webb Society also owes a considerable debt to Ridley Enslow
Jr., President of Enslow Publishers, whose expert advice and keen
enterprise have paid so large a part in presenting the results of our
work before what has turned out to be an appreciative public. The
entire Deep-Sky Observer's Handbook series has indeed been a profitable
venture to all concerned - especially, we hope, to its readers.

Dr. Paul Couteau is one of the world's foremost practitioners in
the field of Double Star Astronomy and we greatly appreciate his
generous contribution of a Foreword to this volume. With him we stress
the value of amateur participation in this branch of astronomy, and we,
too, hope that many more enthusiastic observers will continue to add
impetus to the rewarding study of visual double stars.

PART ONE



PART ONE 1

1. A BRIEF HISTORY OF DOUBLE STAR OBSERVING

The systematic observation of double stars began in earnest in the
ear 1779 when William Herschel began the famous series of observations
which finally led to his paper in Philosophical Transactions in 1803
when the existence of binary stars was proved beyond doubt.

Previous to this, very 1little work had been done and it is
interesting to note that Huyghens found theta Orionis to be triple in
1656 (the fourth component being found in 16§u) apd yet it was 1755
pefore the two components of beta Cygni (Albireo) were discovered.
Considering that the Trapezium is the more difficult of the two, this
jllustrates the neglect which double star observing suffered during the
first century and a half of the telescopic era. The first pair to be
discovered with a telescope was zeta Ursa Majoris (more accurately,
Mizar, the brighter of the naked eye pair) by Riccioli in Bologna in
1650. It was followed by the Trapezium and on Feb 8, 1665 Robert Hooke
dicovered gamma Arietis whilst following Comet Hevelius. In the
southern hemisphere alpha Crucis was found in 1685 and alpha Centauri in
1689. Two important binaries gamma Virginis and Castor, were found in
the years 1718 and 1719 respectively, the latter being found by Bradley
who made an estimate of the position angle which helped to fix the
period of revolution, The first real list of double stars appears to
have been made by Christian Meyer of Mannheim using an eight foot mural
quadrant with a power of between 60 and 80. His catalogue, published in
1781, included gamma Andromedae, zeta Cancri, alpha Herculis and beta
Cygni.

In 1779 Herschel set out to investigate stellar parallax using
accurate measurements of close, very unequal doyble stars. He assumed
that the apparent brightness of a star was directly related to its
distance, Thus, if in a pair of stars one component appeared much
fainter than the other, it was reasonable to suppose that the fainter
star was, in reality, much more distant. Hence Herschel intended to

measure these pairs from different points in the Earth's orbit in order
"~ to ascertain the change in position of one with respect to the other,
the motion being due to the parallax of the brighter star. In order to
find suitable pairs, he began searching with his 7-foot telescope and
Soon published a list of 269 pairs, 42 of which were already known.
(Apparently Meyer had already tried to ascertain the motion between
unequal pairs but Herschel considered that his (Meyer's) instruments
Were inadequate to show the close pairs required). Herschel continued
FO Meéasure numerous pairs and after a while he found that some stars had
1ndeed changed position with respect to their neighbours. However the
cause of the change was not due to parallax, which should have shown
itself over a4 period of six months. Herschel found that in some cases
the motion of one star with respect to the other was not linear and in a
beautiryl analysis came to the conclusion that orbital motion was the
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cause. On June 9th 1803, his paper entitled ‘'Account of the Changes
that have happened during the last Twenty-Five Years in the Relative
Situation of Double Stars; with an Investigation of the Cause to which
they are owing', appeared in Philosophical Transactions. This was the
first great step forward in double star astronomy.

In addition to showing that binary stars existed, Herschel
introduced systematic methods of observation and discovery which were
sadly lacking in his time., His telescopes were by far the largest that
had been used on double stars, and his home-made micrometers were good
enough to give reliable results on fairly close pairs. Only an observer
with Herschel's skill, however, could operate the altitude and azimuth
motions of his reflector whilst making micrometric measures and taking
notes. His last 1list of discoveries (145 pairs) was made before 1802
but not published until 1822,

In 1816, Herschel's son John, together with Sir James South, began
to review his double stars (Hh). They remeasured virtually all of the H
stars as well as producing a large list of new, if somewhat wide, pairs
(Sh).

Two years previously, in 1814, Friedrich Georg Wilhelm Struve, in
the poorly-equipped observatory at Dorpat in Estonia decided to compile
a general catalogue of all known double stars. Although he had only an
eight-foot transit circle and a five-foot telescope by Troughton (power
126), he began to observe the positions and occasionally the position
angles and separations of double stars. In 1820 he published the
catalogue of double star positions and in 1822 his "Catalogus 795
Stellarum duplicium" appeared. In 1824, a refractor with an object
glass some 9.6 inches in diameter, made by Fraunhofer, was delivered to
Dorpat. It was mounted equatorially, and the driving clock was of such
good quality that an object would remain in the centre of the field at a
power of 700, The focal 1length of the objective was 14 feet and a
battery of 10 eyepieces supplied Struve with powers ranging from 86 to
1500. He set to work immediately on his great survey of the heavens
from the North Pole to =15 declination for the purpose of discovering
new double stars and of the formation of a general catalogue. Between
1825 February 11th and 1827 February 11th he examined 120,000 stars and
found 3,112 double stars whose distance apart did not exceed 32 arc
seconds. Measurements continued wuntil 1835 and in 1837 the great
"Mensurae Micrometricae stellarum duplicium et multiplicium" was
published. Struve himself accounted for 2,343 of the discoveries in the
catalogue and each pair was measured three times. His skill and the
quality of the 9.6-inch refractor resulted in this Catalogue
representing a great step forward both in the total number of pairs
listed and the accuracy of the measures obtained. Struve himself paid
tribute to the excellence of his telescope, declaring:- "We may perhaps
rank this enormous instrument with the most celebrated of all
reflectors, viz. Herschel's",
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In 1839 the observatory at Poulkova was established and Struve
pecame its first Director. A 15-inch refractor, then the largest of its
kind in the world, was delivered and the first programme of work was to
re-survey all of the stars in the northern hemisphere down to magnitude

.0 - some 17,000 in all. This was completed by December 7, 1842, and
in that time 514 new pairs had been found by Otto Struve who had taken
over the survey from his father a month after it had commenced. Otto
struve added another 33 discoveries, and the catalogue of 547 stars ,
known as the Poulkova stars was published in 1850, 106 of the original
514 being omitted for various reasons.

with the completion of this work there was a lull in discovery for
about 20 years. At this time several celebrated amateur observers were
making their name in England and on the mainland of Europe.

Admiral William Smyth began observing in 1830 with a 5.9-inch
refractor on a mounting by Dolland. The object glass by Tulley was
considered by Smyth "the finest specimen of that eminent optician's
skill". Between 1830 and 1843 he made measures of 680 pairs. His
ncycle of Celestial Objects", which also included extensive notes on
other deep-sky objects was published in 1844, 1In 1860, the "Speculum
Hartwellianum" containing later measures was published,

The Reverend W.R.Dawes began observing in 1831 at Ormskirk in
Lancashire with a 3.8-inch achromat by Dollond. He later obtained a
6-inch Merz refractor followed by a 7.5-inch Alvan Clark and an 8.25-
inch Alvan Clark which was set up at Haddenham in Buckinghamshire in
1859. Finally in 1865 an 8-inch Cooke refractor was obtained, with
which he continued to make measures of double stars. His work, which
extended from 1830 to 1868 was of a high standard, and, indeed, he was
referred to as "the eagle-eyed" by the Astronomer Royal, Sir George
Airy. His catalogue, published in 1867, is enriched by the addition of
valuable introductions, notes and 1lists of measures made by other
observers,

The most valuable work in the field of double stars was done by
Baron Ercole Dembowski who was one of the most celebrated observers. He
began his observations in Naples in 1852, using a 5-inch refractor
:;zhout a driving clock or a position-angle circle on his micrometer. By
secu:::r 1859, some 2,000 sets of measures of high quality had been
dedicat: Only an observer of consummate skill and the highest
s melzn could have produced such accurate results with such limited
eirege n . In the same year, he obtained a 7-inch Merz refractor with
“ iy S, micrometer and a good driving clock, and between 1862 and 1878
Fit u S: further 2?,000 measurements, These included all of the

is. éelruve stars with the exception of 64 which were too difficult for
k., ?scope. Some 3,000 sets were made of the Pulkovo stars and a
B . »700 refer to the catalogues of Burnham and others. After his

in 1881, Dembowski's measures were published in two fine volumes
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in 1883-1884 and today they are regarded as being as valuable as the
"Mensurae Micrometricae" itself.

It can be said that the second great period of discovery was
initiated on April 27, 1870 when an unknown American amateur, Sherburne
Wesley Burnham found his first double star. He was a stenographer in
the . U.S. Court in Chicago during the day and had become interested in
astronomy, obtaining his first telescope, a 3-inch refractor in 1861,
This was followed by a 3.75-inch equatorial and finally in 1870 he
obtained the 6-inch Alvan Clark refractor which he mounted in g
home-made observatory in the backyard of his home in Chicago. Armed
with a copy of Webb's "Celestial Objects for Common Telescopes" he
commenced his observations. By 1873 his first list of 81 new pairs was
published in the Monthly Notices of the Royal Astronomical Society. . His
article began with the words "It is believed that the stars enumerated
in the following list have been hitherto unknown as double stars, as
they are not found noted in the numerous catalogues and publications
relating to this subject". Burnham was possessed of remarkably keen
eyesight and some of his discoveries are difficult objects in much
bigger telescopes. His great ability and skill earned him the key to
virtually all of the major American observatories. He made discoveries
with a large number of telescopes including the 36-inch refractor at
Lick, the U40-inch at Yerkes and the 26-inch at Washington. 1In a career
spanning 42 years he discovered 1,340 pairs, many of which are in rapid
orbital motion. Whilst at Lick Observatory, Burnham often used to help
and encourage younger observers. One of the most notable to benefit
from his advice was Robert Grant Aitken who arrived at Lick in June

1895.

In 1899 Aitken and Professor W.J.Hussey initiated at Lick a survey
of all the stars in the Bonner Durchmusterung (B.D.) down to magnitude
9.0 and as far south as -22 declination, not known to be double. Hussey
left Lick in 1905 but Aitken persisted until 1915 when the survey was
complete apart from the area of sky between declination -14° and -22° ,
and right ascensions 1 hour to 13 hours respectively. By agreement with
the observers at the Union Observatory in South Africa, Aitken was able
to extend this survey down to -18°in the 12 hours mentioned. The result
was the discovery of 1,329 pairs by Hussey and 3,105 pairs by Aitken,
the great majority being separated by less than 5 arc seconds.

At this time, the most modern General Catalogue was that of Burnham
(1906) which contained details of 13,665 pairs. The great number of new
double stars discovered at the Lick and Union Observatories made it
necessary for a thorough revision of Burnham's Catalogue. Aitken
imposed stricter limits on the magnitudes and separations involved, with
the result that some pairs were rejected. Aitken's Catalogue was
finally published in 1932 and is known as the A.D.S. It contains 17,180
pairs, many of which are binary in nature,
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In England at the beginning of this century, interest in double
stars was still strong. There was a Double Star Section in the B.A.A.
but unfortunately this petered out in 1914 through lack of support. The
Reverend T.H.E.C.Espin had initially been interested in cataloguing red
stars, but from 1901 onwards he began to publish 1lists of new double
stars which were discovered using a 17.25-inch Calver reflector mounted
in an observatory in Tow Law, County Durham. The first few pairs were
casual discoveries, but he later set out to examine all the stars in the
Bonner purchmusterung north of +30 declination for uncatalogued double
stars of 10 arc second separation or less.

He added a 24-inch reflector later and ably assisted by W. Milburn
continued his observations for over 30 years. He published all his
discoveries in the Monthly Notices of the R.A.S. and his last pair
pbears the number 2,575, Milburn carried on working and eventually
reached a total of 1,051 pairs. It is interesting to note that Espin
and Milburn were the only major observers since the Herschels to use
reflectors.

The delivery of the new 28-inch refractor to Greenwich in 1893
allowed the observers there to make numerous and valuable measures of
pairs in the Burnham, Hussey, Hough and Aitken catalogues as well as the
closer Dorpat and Pulkovo stars. The lists of measures can be found in
"Greenwich Observations" which extend from 1893 onwards.The chief observ-
ers were T.Lewis,H.Furner,W.Bryant,W.Bowyer and F.Dyson (later to become
Astronomer Royal) - names not unfamiliar to those acquainted with Volume
II of "Celestial Objects for Common Telescopes". Lewis, in particular,
was noted for his great summary of all the measures of the Dorpat
Catalogue pairs in his book "Measures of the Struve Double Stars". When
the 28-inch refractor was moved to Herstmonceux in 1956, work on double
stars was continued by Sir Richard Woolley, L.S.T.Symms, M.P.Candy and
other observers until September 1970. Early in 1972, however, the
telescope was taken back to Greenwich where it is now housed in a
replica of the famous 'Onion' dome in which it once resided. In 1975,
on the 300th anniversary of the founding of the Royal Observatory at
Greenwich, the telescope was inaugurated by Her Majesty the Queen.

In the Southern Hemisphere, the serious task of discovering and
cataloguing double stars did not really start until the arrival of John
E:;ichel at tbe Cape of Good Hope in 1834. Using his father's 20-foot
cata(lector (with s?vergl 18.25-inch mirrors) and a 5-inch refractor, he
Obsergg:?d 2,192 pairs in four years, publishing the results of these
measur:Slons in 1847, Herschel continued to contribute double star
B dOUbleregularly to the‘R.A:S. and was working on a General Catalogue

stars when he died in 1871 aged 79.

1atitIt Was not until 1896 that serious double star work in southerly
ObserUdeS Wwas resumed when Dr R.T.A.Innes joined the staff of the Royal
Vatory at the Cape of Good Hope. Using 7-inch and 18-inch
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refractors, he brought his total of discoveries to 432. In 1899 he
produced a First General Catalogue of Double Stars containing 2,140
entries. In 1903 he became Director of the Meteorological Observatory
which was set up at Johannesburg at the recommendation of Sir David
Gill, then H.M. Astronomer at the Cape. In 1912, the Transvaal
Observatory as it had come to be known became a purely astronomical
institution and in 1925 a 26.5-inch refractor was set up on the site,
When Dr Willem van den Bos joined the staff from Leiden in the same
year, a survey for new double stars, similar to that conducted by Aitken
and Hussey in the north, was set in motion. Dr van den Bos carried out
the major part of this survey helped by W.S.Finsen and Dr Innes (unti}
his retirement in 1927). By the end of 1931, 1Innes had found 1,613
pairs, Finsen 300 and van den Bos more than 2,000. At the nearby
Lamont-Hussey Observatory at Bloemfontein where a 27-inch refractor had
been erected, a co-operative programme with the Union Observatory
astronomers produced another 4,712 dicoveries. The Director, Professor
R.A.Rossiter, found 1,961 pairs whilst his two assistants M.K.Jessup and
H.F.Donner found respectively 1,424 and 1,327 new double stars,
Rossiter carried on alone after 1933 and continued his discoveries until
his retirement in 1952, 1In his final year in office he produced a
"Catalogue of Southern Double Stars" which contains 8,065 pairs.

Mention must be made also of the work done by Robert Jonckheere
over a period of more than 56 years, ending in 1962 using telescopes in
Belgium and France mainly., Between 1909 and 1914, Jonckheere discovered
1,319 pairs at the University of Lille Observatory and during the first
World War continued his observations at Greenwich where he added a
further 252 pairs using the 28-inch refractor. He later continued his
work with the 80-cm refractor at Marseilles and by 1962 had discovered
3,350 pairs. Other prolific observers during this period were Paul
Baize who used the instruments of the Observatory at Meudon and Wilhelm
Rabe who worked at Berlin for 43 years.

At the time of writing Worley, Heintz and Couteau are the principal
observers with the micrometer but the important new technique of speckle
interferometry which has McAlister as its leading proponent, is allowing
observations of many close visual pairs near periastron and has also
contributed substantially to our knowledge of spectroscopic pairs, some
of which can now be directly resolved using large reflectors.

For many years the Lick Double Star Index (or I.D.S.) was the main
source on information on visual double stars. It has now been updated
by Charles Worley and the new version is known as the W.D.S. or
Washington Double Star Catalogue. A version on tape was released in
April 1984 and contains 400,000 observations of 73,000 pairs.

Double star work is currently being carried out at several
professional observatories throughout the world. Brief details of some
of the work done at the more important stations are given below:-
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gggsﬁ!éﬁﬂﬁ! of Nice

since 1951, the mai? observer has been Couteau. He has carried out an
extensive examination of B.D. stars from +17 to +53 and to date has
made 2 total of 2,200 discoveries. The 50-cm refractor has been used
for nearly all these new pairs but the 76-cm refractor, which was put
pack into service in 1969 is also being wused by Morgl. Mu}ler has
continued his examination of BD stars between +52 and +90 which he
started in 1969 at the Observatory of Paris-Meudon.

united States Naval Observatory
Unitec

The telescopes available here include the 12-inch and 26-inch refractors
and the 2U4-inch reflector at Washington and the 40-inch and 61-inch
reflectors at Flagstaff Station in Arizona. Since 1962, the main
observers have been Worley and R.L.Walker who has taken a special
interest in visual pairs containing variable stars. A photographic
programme started in 1962 has now terminated.

Sproul Observatory

The 61-cm refractor is used for both photographic and micrometric work.
Over the last few years astrometric plates have been taken at the rate
of nearly 5,000 per year, Drs J.L.Hershey and S.L.Lippincott have
carried out investigations which involve the orbit determination for
both visual doubles and stars with unseen companions, primarily to
calculate parallax and mass-ratio.

The micrometer work has been done by Dr W.D.Heintz who is also active at
Cerro Tololo using the 91-cm and 100-cm reflectors. His measures add up
to 2,000 per year over the last few years.

Observatory of Belgrade.

Observations started in 1951 under the direction of P.M.Djurkovic. In
197“._ a complete 1list of all observations to date was published by
P°POV}0. It contains 6,527 measures of 1,641 pairs. To date more than
lgotdlscoveries have been made principally by re-examination of BD stars

he zone +34 to +44 by Popovic., The principal observers with the

E m Zelss refr actor are Popovic and Zulevic hoto ra (¢ rogramme
2 e

Observatorz of Pulkovo

ThfisgﬁtOSFaphic programme of wide double stars is continuing with the
°°ncentrazefr30tor and Cartg dg Ciel Astrograph. Future work will
°ircumpol € on neglected. b1gar1es especially those in the north
0 wit:r areat determ}natlon of trigonometric parallaxes of double
appreciable orbital motion, and determination of orbits.
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Georgia State University

Dr H.A.McAlister has continued to carry out observations of close visual
pairs, spectroscopic pairs and stars with composite spectra, using the
2.1 metre and 4 metre telescopes on Kitt Peak. The results of these
observations have appeared in a series of papers which have appeared in
the Astrophysical Journal and its supplements since Jan 1977. To date
some 360,000 exposures on 35mm film have been made resulting in 7,175
measures requiring 50 exposures per observation on average to give the
required signal-to-noise ratio in the combined fringe pattern. The
smallest resolution which has been achieved on the 4 metre telescope is
0",026 in the case of an observation of 31 Cygni.

Dr McAlister has also contributed papers on individual systems such
as 51 Tau, phi Cyg, gamma Per and 12 Per, where the combination of
interferometric and spectroscopic data can yield extra information.

University Observatory, Torino

A program of photographic observations of wide binaries was started in
April 1976 wusing the 1.05 metre astrometric reflector. To date some
1,100 measures have been reported, principally by Dr R.Pannunzio. A
programme of visual double star measurement has also been initiated by
Dr Ferreri.

Observatory of Brere-Merate

The 23-cm refractor is being used for a series of micrometric measures
by M.Scardia who is also active in the field of orbital computation.

2. TYPES OF DOUBLE STARS

Although this Handbook deals specifically with the observation of
visual double stars, it is worth summarising the several different
categories of stellar pairs which are to be found in the heavens.

(a) Those which can be detected as double at the eyepiece of the
telescope. These are divided into two main types:

(i) Visual binaries

The components of these systems are physically related, rotating
around their common centre of gravity in periods ranging from less than
2 years to many centuries., Orbital motion results in the change of
relative position between the two stars. Astronomers measure this
change by using a filar micrometer and regarding the brighter star as
fixed measuring the distance (p) and position angle (8) of the fainter
star or comes (Fig 1). By plotting p and 6 the comes is seen to
describe an elliptical path with the primary situated in one focus.

o

180 No. of nights
F5"
e 1-—2
70 OPH L
o s
2272 i
L 4 5 or more
A
270% +——90°
5
a Observations made by the
Webb Society Double Star Section

Heintz(1973).  0°
Fig 1. The apparent orbit of the double star 70 Oph.

projez:? ellipse is known as tbe apparent ellipse because it is only a

Observizon on the true ellipse onto the plane of the sky, but by

Oharactef' tbe size and shape of the apparent ellipse, the

e Shalstlcs, or elgmen?s of the true ellipse can be found. The

'EVOiutioge and orlentaylon in space of the true orbit and the period of
can be described by seven elements. (see Figure 2.)
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(a) The period of revolution in years is P, or sometimes the mean motion
or n = 360/P is quoted.

(b) The time at which periastron passage (closest approach) occurs ig
denoted by T. This is also the point at which the motion of the comes
in the true orbit is a maximum.

(c) The semi major-axis of the true ellipse in seconds of arc is a.

(d) The eccentricity of the true ellipse is denoted by e where) of
course, 0 < e < 1.

to
Earth line of
nodes

plane of croit

plane of
projection

Fig. 2. The real and apparent orbits of a visual binary (after Heintz)

There are three elements which determine the projection of the true
orbit onto the plane of the sky.

(e) The nodes are the two points where the true and apparent orbits
intersect. The position angle of the 1line between them is denoted
by W.It lies between 0 and 180 degrees and the acsending node is that
point where the comes is moving away from the Sun.

(f) In the true orbit, the angle between the node and the point of
periastron, reckoned in the direction of motion,is called 4 . 1In ca§35
of circular orbits, i,e. e =0, W = 0°so that T then becomes the pOlnt
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* of nodal passage.

(g) The parameter i is the inclination of the true orbit to the plane of
t:e sky and ranges between 0 and 180 degrees. If i equals 90 degrees
for instance,the orbit will be edge on to us and the comes will appear
o oscillate in a straight line along the line of nodes. 1In the case
e position angle appears to be increasing and i is less than 90
then the motion is said to be direct,and if i is greater than 90
then it is retrograde.

where th
degrees Py
degrees

The orbital elements for a pair can lead to the determination of
um of the masses of the individual stars, m| +m) provided that the

the s :
parallax is known. The absolute orbit of each star about the centre of
gravity is required before the mass ratio can be found, enabling m,; and

m, to be calculated., This is done by measuring each star relative to
fixed pbackground stars and correcting for parallax and proper motion.

The best example of a binary star in the northern hemisphere is
gamma Virginis (Struve 1670). Its two components, of magnitudes 3.6 and
3.7 rotate about each other in 172 years. At the moment they are
closing up and by the year 2008 they will only be 0".39 apart and hence
visible in large telescopes only. 1In the southern sky, alpha Centauri
is the finest binary of all with the stars orbiting once every 79.95
years and the separation varying from 22 arc seconds to about 2 arc
seconds., At the time of writing (1984), the pair is just beginning to

~ close in again.

(ii) Optical doubles

E In these systems, the two stars appear to be close together but
they are in no way linked. This is a line-of-sight effect with one star
being much further away than the other. The motion of both stars will
be rectilinear and uniform if they are not gravitationally connected.
Some doubt remains in cases where there are faint, wide pairs with
little motion. The proper motion and parallax of such a pair, if
Feasurable, will decide if they are optical or binary in nature. A good
€xample of an optical pair is delta Herculis (STF 3127) which has two
components of magnitude 3.2 and 8.3. In 1821 F.G.W.Struve measured the
Position angle at 171¢ .6 and the separation at 27".8, whilst the IDS
(for 1958) quotes figures of 236°and 8".9 respectively. A measure made
in 1981 by R.S.Waterworth shows that the position was 265°.2 and 9".07.

(b) The second main category of double stars consists of those which are

:0 close that they cannot be detected either visually or with the
nterferometer,
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(i) Spectroscopic binaries

In 1889, Pickering discovered that the spectrum of Zeta Ursa
Majoris (Mizar) showed doubling at regular intervals. By comparing the
spectrum of the star with a laboratory spectrum, it was found that eacp
component of a doubled 1line varied in step with the other component,
This indicated that there were in fact two stars in orbital motion aboyt

each other, The magnitude of the shift was found to be directly
proportional to the component of the orbital velocity in the directiop
of the Earth, also known as the radial velocity.
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Fig.3. The spectral shift of a spectroscopic binary.

When one component is approaching the Earth, the spectral lines are
shifted towards the shorter wavelengths as a direct result of Doppler's
law. In other words the light gets bluer, and similarly when the star is
moving away from the Earth the light reddens and the spectral lines are
shifted towards longer wavelengths., The point at which the greatest
separation of spectral 1lines occurs corresponds to the stars moving
exactly towards and away from us respectively, as illustrated in Fig.
3., When the stars are moving at right angles to the line of sight theré
is no radial component of velocity and the spectral lines appear single.
These star systems are known as double-lined spectroscopic binaries,a"d

represent pairs of stars in which the components have a similar
brightness. If the difference in magnitude is greater than about 2 then
the spectrum of the fainter star will not show up, and the pair becomes
a single-lined system. Instead of plotting position angle and
separation, orbit computers plot radial velocity (usually in kilometzg:
All

per second) against time (which can be minutes, hours or days).

On
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normal elements can be obtained from the resulting velocity curve except
the orbital inclination i .

Figure 4 shows the observed velocities of the lines in the double-
1ined system alpha Equ in which stars of spectral type A5 and G2 and
revolve around the common centre of gravity in 98.8 days (Stickland,
1976) .

-0
T
E
=
iy

G —20
9
)
>

—-40 L S L

0.0 05 1.0
: . ) Phase
Fig. 4. The radial velocity of the double-lined binary alpha Equ.

The symmetrical nature of both velocity curves indicates that the orbit
of each star is a circle or nearly 50,and in fact the eccentricity here
1s only 0.03. The amplitude of the velocity variation, 12.5 km/sec for
the A star and 15.7 km/sec for the G star, show that the masses of the
two stars are in the ratio of 1.25:1.

1S A1:::c1a; ca§e occurs when i = 90 and the orbit plane is edge-on to
knownpas o .51ght. y Mutual occultations then occur and the pair is
e ext:n gcllp§1ng blngry. The consequent light variations serve to
i nNsive information about the size and shape of the stars and
val’.iablesospheres. It must be noted, however, that the pulsating
characterist§uch as deltg Cephei and RR Lyrae also show these
VEIOQity (dIOS, i.e, .varlable light output and variable radial
GCIipsing bge t9 expansion and contraction processes). 1In general, the
f0dicats 1nar1gs show‘ very distinctive radial velocity curves
€ of orbital motion, although some cases of doubt remain,

(ii) Astrometric binaries

Thes :
Virty € are apparently single stars which are deduced to be double by

€8 of i i
whose cOm!.’an\'lanable proper motion, The classic case is that of Sirius,
lon was found because it has a large mass and relatively
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short orbital period (50 years). This results in a well -defineq
periodic wobbling in the motion of Sirius A with respect to backgroung
stars. The comes was confirmed visually by Alvan G. Clark in 1862,
after being predicted by the great German astronomer F.W.Bessel in 184y

Strictly, however, astrometric binaries are not visual, A gooqd
example is the slow moving binary Mlb 377 (also known as Vys 2). Thig
pair has a separation of about 3 arc seconds and the position angle jg
increasing at the rate of about 1 degree per year. 1In 1947, Alden’in
attempting to measure the mass ratio of the two stars, found 4
perturbation in the motion of A. Hershey (1973) found that the mass of
the invisible star was about 0.13 M and that the period was nearly 1
years, Fig. 5 shows the apparent motion of B about A and the
'wobbling' of A due to the companion a. Attempts to see a by Charleg
Worley with the USNO 155-cm reflector have failed, indicating that the
difference of magnitude between A and a is at least 3.5.

0 +50 +100 microns

Fig. 5 Tne astrometric binary BD +66° 34 A,B. (After van de Kamp)
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3. OBSERVING METHOD

The observation that a star is double in a telescope depends on the
following factors:

(a) The separation of the components and the aperture and quality
of the telescope.

(b) The brightness of the components.
(¢) The state of the atmosphere.
(d) The keenness of the observer's vision.

(a) The separation of a double star is usually defined by the angular
separation (in seconds of arc) between the centres of the respective
Airy disks (this will be explained later).

All stars, with the exception of the Sun, are so distant that it is
impossible to see their real disks through any existing telescope.
Special techniques, using instruments such as the Michelson Stellar
Interferometer, have enabled measurements to be made of the diameters of
some of the giant stars such as Betelgeuse, Antares and Mira. In 1976,
Code et al, using a stellar intensity interferometer at Narrabri in
Australia reported on the diameters of 32 stars brighter than magnitude
235,

In a good telescope on a night when the atmosphere is steady the
appearance of a bright star is that of a small disk. This is not the
true disk of the star but the so-called Airy disk formed by diffraction
of the incident starlight in the telescope. The diffraction is produced
by the aperture through which the starlight is passing and is modified
by any additional obstruction in the light path. Thus in a reflector,
the secondary mirror and its supports will introduce additional
d1ffraction, the spider arms producing "spikes" which extend radially
from the central disk. Fig 6(a) shows the idealised image of a star in
a‘ "perfect" refracting telescope. In 1834, Sir George Airy found a
@athematical relationship which explained the distribution of the 1light
;nto a8 central disk surrounded by a system of concentric rings. Airy

ound that the radius of the first dark ring, r, was given by:
r=1.22 A/D (Fig 6(a))
::;::cA iS.the'wavelength of the starlight and D is the aperture of the
SMalle:pe in inches. Hence it is apparent that the Airy disk becomes
as the diameter of the telescope objective increases.
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| 0 ! . The Airy formula is sometimes used as a measure of the resolution
T : _+ 2 telescope. The Rayleigh criterion states that for a double star to
ﬁ? | ! : just resolved, the separation of the two peaks (Fig 6(c)) should be
> [ : be the radius of the first dark ring. It can also be expressed
| / : equal to
o / : by:
”"m"“ -------- s A | ¢! = 5.15 arc secs/D(inches) = 13.1 arc secs/D(cm)
Zz :
(a) The 'Airy disk'an idealized (b) Intensity distribution The value of A is in fact that of the mean wavelength, since it is

image of a star. across the star in(a). not monochromatic but contains the light of many elements, each emitting

¢ different wavelengths. The value of mean wavelength depends on the
T g ctral class of the star involved and ranges from 5650 A for a star of
— :::ctral class A0 to 5765 A for one of spectral class K5, The large

majority of visual double star components lie in this region.
Thus the Rayleigh limit depends almost exclusively on telescope
aperture and only slightly on the wavelength of the incident starlight.
1t should be noted that magnification has no effect on resolving power.
If a star is double when seen with a low power, then the components will
(c) The Rayleigh limit (d) A faint comes near appear further apart when higher magnifications are used. If the image
denoted by ¥ a bright primary. of a close double star is single in the focal.plane of the objective
| then the eyepiece which magnifies this image will always produce a
T single image irrespective of focal length. The resolution of a double
]

star will depend only on the aperture of the objective.

(b) In the above notes, the double star was assumed to consist of two
equally bright components. Although many double stars have fairly
equally bright components, some of the more interesting systems such as
Zeta Her, 85 Peg and Sirius, for instance, are very unequal. Since the
Airy disk diameter does not depend on the brightness of a star, it
SE e follows that the distribution of light in a faint star must be much less
marked than in the case of bright stars. Fig 6(d) shows the situation
where a faint star is close to a bright primary,. For certain
fits over objective. Separations the comes would be coincident with the first diffraction

ring of the primary star, if it is bright. This would reduce the

Visiblity of the comes. A good example of this is the pair delta Cygni

(magnitudes 3.0 and 7.5, separation 2".38 - 1985). Sirius presents a

slightly different problem since the separation of the two stars can

réach 11 arc secs. (At present, 1985, the pair is closing in again and

* the s‘_Epar‘at'.ion is 8.2 arc seconds). The magnitude of Sirius B is 8.4
an? it is thus 10 magnitudes or 10,000 times fainter than the brilliant

(i) (") Primary and difficult to see in the glare of the great star, In order

Doceiie it the aperture should be at least 15-cm although it was seen by
: . 2 ; . era in ; & 5 Seai t
(9) The diftraction pattern: (i) Without hexagonal aperturs. B s o e [t siusya iow in the sky and henes
o) : a o ’
(") With " " 5 :azs a difficult object. It is sometimes useful to use a hexagonal
Fig 6 Th PAragm which fits over the end of the telescope tube (Fig 6(f)).

S modifije : s SRR
The Airy Disk: Resolution of bright and faint pairs. S the diffraction pattern and produces a six-pointed star

-~ ~ ——
o ~ -

i i ars.
(e) Pipaitvonataim. sies (f) Hexagonal aperture which
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effect which "diverts" 1light forming the central disk into the spikeg
thus reducing its size and revealing any close, faint stars.(fig 6(h)),
If the diaphragm is arranged to rotate, a faint star can be seen betweep
two adjacent spikes where the sky 1is comparatively dark. A regular
hexagon will produce a light loss of only some 17% which corresponds tgq
a fraction of a magnitude.

A pair of equally faint stars does not conform to the Rayleigp
limit because there is not enough light available for the eye to detect
the small contrast between the stars and the gap between them, (Fig
6(e)). The Rayleigh limit, whilst based on theory, does give a limiting
separation, r, which is slightly larger than that found for telescopes
in practice, An empirical 1limit, known as Dawes' limit after the
Reverend W.R.Dawes who first determined it , gave the value:

r(arc sec) = 4.56/D(inches) = 11.58/D(cm)

This was based on the observed limit of resolution by a number of
observers using a range of apertures. It is approximately valid only
for a pair of 6th magnitude stars in a small telescope and does not take
into account the cases of unequal or faint pairs. Thomas Lewis and
Robert Aitken both determined extensions of the Dawes Limit to cover
these situations. To quote some examples: Lewis, using results from 31
observers with 24 different apertures, found for a pair of mean
magniudes 5.7 and 6.4 that the limit was 12.3/D(em) arc secs whilst
Aitken obtained 10.9/D(cm) for a pair of 6.9 and 7.1 magnitude stars,
For faint pairs, Lewis found 21.5/D(em) arc secs for a pair of
magnitudes 8.5 and 9.1 whilst Aitken got 15.5/D(cm) arc secs for stars
of magnitudes 8.8 and 9.0.

(c) The two previous sections consider the rather unlikely situation of
the atmosphere being perfectly steady. 1In reality, the images obtained
in a telescope rarely, if ever, resemble those shown in the previous
sections,

The primary effect which the atmosphere has on star images is to
swell them out into disks several times larger than the size of the Airy
disk. This is known as the seeing, and is often quoted as being the
apparent diameter of the star image in seconds of arc. Other effects
are often observed; the image may appear to vibrate randomly (known aS
wandering) or may occasionally swell and contract (boiling). In
addition, near the horizon atmospheric dispersion distorts the star
images into short spectra, and it hardly needs stating that if a clos€
or difficult pair is being examined it should be done when the pair 15
highest in the sky. It is thus useful to have a list of pairs so that
the observer can be prepared to take full advantage of a night when the
seeing 1is particularly good. It can be a source of great satisfactiol
when a close binary is seen for the first time after periastron has
occurred, or a particularly close, elusive comes is seen after many

~ attempt
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s on inferior nights.

d) Another variable concerned with the practical side of double star
ing 1is the keenness of the observer's vision. It is undoubtedly
hat some of the great observers such as Burnham, Aitken, Dawes and
mbowski were possessed of remarkably keen eyesight,and this coupled
Deth a lifetime's experience in examining stellar diskssenabled them to
:2tect very small elongations and faint, close companions to bright
stars. The amateur observer should not be put 9ff by this knowledge.
The author, who cannot claim to have keen eyesight,has found that Dawes
1imit can usually be reached on all the telescopes that he has used.
The concern here is not with very close and rapid binaries but those
double stars comfortably within reach of amateur instruments.

observ
true ©

Having discussed some of the observing problems raised in this
particular sphere of observation, it remains to decide what type of
observation an amateur observer can carry out. The field can be divided
into four distinct sections.

(a) Photographic

Photography of double stars is something of an unknown quantity in

~ amateur circles and is rarely done in the U.K., Later in the book,

E.G.Moore has devoted a chapter to this particular subject and anyone
interested in trying double star photography will find it a great
challenge.

(b) Visual

. This category is mainly applicable to small telescopes (below about
15-cm aperture). In making estimates of magnitudes and sketching field
drawings a large field is a definite advantage. Most double star
observers will have done this sort of work at one time or another and it
1s very useful for giving the observer a general introduction to the
Subject. The author observed several hundred pairs, making notes of
colours, magnitudes and estimated separations and position angles before
starting micrometric measures. All of these pairs were found using
Norton's Star Atlas and Vol II of "Celestial Objects for Common
Telescopes™ by Webb, together with an eyepiece a fairly large field -
about 1 degree in this case. Several other eyepieces of higher power
Were available for examining the pair more closely after identification
had been made. Eyepieces should cover a range of magnifications from
:::“t 30 to 25A where A is the aperture in centimetres. As the
tel:sc'-’Pe aPerture increases, the upper magnification which the
th Scope will stand gradually decreases and for the large refractors
€ Value drops to 20A or less.
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It is very useful to determine the diameter of each eyepiece fielqd
in minutes of arc. This can be easily done by timing the passage of an
equatorial star across the field of view. Knowledge of eyepiece fielq
size helps to find faint pairs by offsetting, and the position of
unidentified pairs to be noted for future reference. It is important
that the eyepieces be of good quality if the 0.G. or mirror ig
excellent so that the best performance can be extracted from the
telescope as a whole, Good eyepieces can 1last a lifetime and, of
course, can be used when larger optics are acquired.

(c) Micrometric

For those observers with apertures greater than about 15-cm the
addition of a micrometer to their equipment can be considered. Filar
micrometers used to be difficult to acquire but in recent vyears two
commercially made instruments have appeared, one in the U.K. and one in
the U.S.A. The addresses can be found in Appendix 2, The cost is
likely to be of the order of £200 - 300 depending on the eyepieces
required but with care many years of useful service should be obtained,
Those who are members of the British Astronomical Association should
enquire about the loan of instruments from the Curator of Instruments or
the Director of the Deep-Sky Section, the addresses of whom are given in
Appendix 2.

Whilst filars are very useful they are not necessary in order to
make measures of brighter pairs. The diffraction micrometer (described
at length in Chapter 5) is a very simple alternative and 1is easy to
construct. It 1is not a substitute for the filar but will certainly be
very useful in helping an observer to get started with measures, and
hopefully will persuade the serious observer that something better is
worth getting. 1In the opinion of the author, the best instrument is the
comparison image micrometer (see Chapter 5). It is more accurate than
the filar for measuring separations, it doesn't have webs that need
replacing and doesn't need field illumination. With a little extra work
it can be used to measure differences in magnitude. It does however
need to be engineered properly and the biggest snag is the birefringent
prism needed to produce the artificial pair. However there is no reason
why it should cost more than an average filar to produce since many of
the other optical components can be bought cheaply in war surplus

stores. (See Fig. 7)

(d) Lunar occultations

One of the most valuable ways in which the amateur observer with a
small telescope can help with the observation of double stars is to
observe occultations of stars by the Moon., It is not proposed to g0
into any detail about this here but the interested reader is referred to
two organisations which have specialised in lunar occultations, These
are the International Occultation Timing Association (IOTA) in the

Observing Method

Fig 7. Comparison Image Micrometer for Reflector.

(a)
(b)
(e)
(d)
(e)
(f)

Pinhole to produce initial image.
Position Circle to measure P.A.
Wollaston Prism to produce Double Image.
Prisms or Optical Flats.

Supplementary Lenses.

Tube to hold supplementary lenses
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United States of America and the Lunar Section of the British
Astronomical Association. Again addresses are given in Appendix 2.

(e) Photometry

The vast majority of the double stars listed in the IDS have only
approximate magnitudes. These are assigned by the discoverer usually
and have probably not been rechecked since. There is a huge ang
practically uncovered field awaiting a serious observer equipped with a
photoelectric photometer and a 30- to U40-cm telescope. There are
probably many more double stars with variable components waiting to be
discovered and followed. R.L.Walker has compiled a catalogue of visual
pairs with variable components.

The measurement of binaries is one of the most fascinating ang
exacting pursuits in observational astronomy. There are a number of
bright pairs whose orbital motions are such that changes can be detected
in periods of a year or 1less and which are available to small
telescopes. However, there are a great number of wider pairs which have
not been measured for some considerable time. The acquisition of a
larger telescope provides the observer with a corresponding increase of
observational material and at present even the 30-cm reflector is not an
uncommon size amongst amateurs. In the U.K. and U.S.A. today there
are many large telescopes which are underutilised or even unused,
Programmes of double star measurement by the committed double star
observer would not only repay all the work put in by the telescope
makers but it would also inject valuable data into visual double star
astronomy at a time when the number of professional observers is
certainly less than ten. The Webb Society Double Star Section exists to
give all the help it can to those who want to observe double stars.
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4, RECORDING OBSERVATIONS

(a) LOCATION

The pairs to be observed may be found (if no setting circles are
avai]_able) by two main methods.

(i) pifferentiation from a Known Star

To employ this method it is necessary to know the .diameter in
jnutes of arc of the field of view of the eyepiece being used. To
mvaluate this quantity, the telescope should be centred on an equatorial
:tar such as delta Ori, zeta Vir or zeta Aqr. With the telesgope
stationary, time the passage of the star across the centre of the field
from edge to edge in minutes of time and then multiply by 15 to get the
diameter of the field in minutes of arc.

(ii) Sweeping for a Pair

This is a less certain method than (i) and should be used if the RA
and Declination co-ordinates do not correspond to the equinox of the

star atlas available.
(b) POSITION

If a double star is found during observation and cannot be
identified its position in terms of RA and Declination can be obtained
by differentiating from a known star., After locating it, the position
angle, separation, colours and magnitudes of the pair should be
estimated. Never neglect a pair because it cannot be identified,. By
giving as much information as possible it may be possible to find it in
the Lick "Index Catalogue of Double Stars".

(c) SEPARATION

The diameter of the eyepiece field is again useful in estimating
Seéparation, If a high power is used then the separation of a wide pair
becomes an estimable fraction of the total field diameter and it becomes
Qquite easy to make a direct estimate (in arc seconds) of the angular
Separation., Observers should always make estimates of separation
wherever possible, If a micrometer 1is being used at least three
Mmeasures of separation should be made and the mean value corrected to
the §econd decimal place if this seems realistic based on the scatter of
the individual measurements.

. _Observers should determine whether the stars in a close pair are
Single, elongated or divided. If single, the fact should be noted.
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(d) BRIGHTNESS

Estimates of magnitude should always be made where possible to the
nearest 0.1 magnitude, If the pair is very close then it may be easier
to estimate the difference in magnitude and then with a 1lower power
estimate the magnitude of the single image. From these two values the
brightness of each star can be determined.

If C is the combined magnitude and A and B are the magnitudes of
the brighter and fainter components, and d is the estimated difference
in magnitude of the two stars, then :

Az C+ %
B=A+d

Table 1, below, gives the value of x for a range of values of d and
then, since C is known, the values of A and B can be found.

TABLE 1

Parameters allowing calculation of individual magnitudes
knowing the total magnitude and difference in magnitude.
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e.g. The pair STT 174 was observed to have a combined magnitude of
6.2 and a difference in magnitude of 1.5, thus approximately:

A=C+x and B=A+d, where C = 6,2 and
d = 1.5 (whence 1 = 0.24 from Table 1

A=6.2+ 0,24 = 6.u44

B=6.44 + 1,5 = 7.94

and correcting to the first decimal place gives 6.4 and 7.9 as the
estimated magnitudes of the pair.

Recording Observations 25

(e) COLOURS

Table 2 (by Hagen) provides for most of the hues which observers
are likely to meet during examination of double stars. If a colour
which is not in the table, such as purple or green is found, then this
should be written out in full in the column when the observer makes out
his report. Otherwise the colours can be converted into two numbers
which saves space when the results are entered into the card index.

TABLE 2

Colours of Double Stars (after Hagen)

-3 Pure blue 4 Orange yellow
-2 Pale blue 5 Yellow orange
-1 Blue white 6 Pure orange
0 Pure white 7 Reddish orange
1 Yellowish white 8 Orangey red
2 Pale yellow 9 Red, slight orange tint
3 Pure yellow 10 Pure red

(f) POSITION ANGLE

This is estimated by allowing the pair to drift across the field
and estimating the angle between a line joining the stars and the
direction of drift. The position angle always lies in the direction
from the brighter to the fainter star, Fig 8 shows the arrangement in
an astronomical (inverting) telescope.

S
180°

P 270° 90°f

00
N
Fig. 8 The measurement of position angle

HithiWith practice, estimates of position angle can usually be made to
< o :h 10 ‘degrees. If a micrometer is used it will usually suffice to
s rge independent determinations of position angle unless the pair

Partlcularly difficult. The mean figure should be quoted for the

Nearest 0.1 de : . [
Ehapter o gree and should contain any =zero-point correction (see
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Micrometric measurements should be reported for each nightly mean JCIETY DOUBLE STAR SECTION OBSERVING FORM
on the back of the reporting form shown at the end of this chapter (if (i

used). The date of each night's mean should be reported in terms of CATALOGUE: (if any) ADS:
0.001 year. This can easily be found by taking the number of nightgs
from the beginning of the year, multiplying by 0.00274 and rounding up DECL: EQUINOX:
to the nearest 0.001.
DECL: * EQUINOX 2000 (Leave * blank)
(g) DRAWINGS
OBSERVER:
It is not considered necessary to draw fields of identical diameter
and it 1is 1left to the observer to include features which he considers (state if 0OG or spec): MAGNIFICATION(S):

interesting - for instance the proximity of a nearby double or galaxy,
It 1is always necessary to show the north-south line and to include the
size of the drawing in minutes of arc. Other data noted should include
size and type of telescope, magnification(s) employed and brief notes on
the sky conditions.

MICROMETER (if any)

The Antoniadi scale of seeing from I to V can be used to describe

the steadiness of the atmosphere, i.e.: NG ‘t’ . NOTES
I. Perfect seeing without a quiver. N . MAGS (Est.):
II. Slight undulations, with moments of calm lasting several seconds .
III. Moderate seeing with large tremours. A COLOURS:
IV. Poor seeing, with constant troublesome undulations. .
V. Very bad seeing. 5 P.A. (Est):
In order to standardise all field drawings the following symbols . DIST (Est):
are suggested to represent field stars and double star components: .
s P.A. (Meas.):
Table 3 s
5 DIST (Meas.):
Symbols for star magnitudes .
d No Readings:
4 Magnitude 5 e Magnitude 8
4 OTHER COMPONENTS: (give details
A " 6 . " 9 i as above):
it g 7 J i 10 and below .
e o . . :
A standard form for recording observations is shown on the next 7 8 9 10.and . &
page as an example of how the observations might be laid out. below .

e R R R R I R I RO AU B R S I L B AL L

bserver should indicate the scale of the field drawing by
> of a line, typically thus: |_ 20'_ |
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5. MICROMETERS FOR DOUBLE STAR MEASUREMENT

this chapter it is proposed to describe the various instruments
an be used to measure the position angle and separation of visual
e stars. It covers four basic classes of micrometer which will be
ped as follows:

n
i

The filar micrometer, which is probably the most well known and
used instrument for this purpose, was first described by Auzout
67 in a form which has not changed radically to this day.

Basically the instrument consists of a spider thread stretched
a frame which is itself mounted in a box and free to move to and
thin it. A second thread is fixed across the box parallel to the
> thread and will be referred to as the fixed thread. It is
ced slightly along the optical axis of the telescope to allow free
t of the movable thread. The frame containing the movable thread
rolled by a micrometer screw of fine pitch usually graduated in
dredths of a revolution., A second screw known as the box screw
y1s the movement of the whole box, hence both threads may be moved
r while remaining equidistant. A third thread, also fixed across
is inserted perpendicular to the movable and fixed threads and
d to measure position angle. The micrometer is generally able to
through 180 degrees in the plane perpendicular to the optical
although some instruments have frames which rotate through 90
., The P.A. can be read off from a circle graduated in intervals
- or 0.5 degrees, generally by means of two verniers, and
nation of the threads is obtained by a small bulb in the body of
iicrometer which 1is connected to a 1low voltage circuit with a
Liometer to allow the level of illumination to be varied.

re a double star can be measured, it is essential to determine
W value of the movable screw with great care and accuracy and
zero reading of the position circle P, . If a fairly bright
ial star is allowed to drift across the field of view with the
clock stopped, then by turning the position angle thread until
r drifts exactly along it, the angle on the circle corresponds to
, If the angle on the circle is, for example, 89°.2, then 0°.8
€ added to each measure of P.A. made and this value must be
regularly., Thus, in this case, P, corresponds to 359°.2.

‘fi€re are two main methods for finding R, the screw value of the
ter or movable screw.
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The Pleiades are well suited for this purpose, containing starg
similar magnitude and R.A. and whose declinations are accurately kno
Having determined P,, the micrometer is then arranged so that the

and movable threads are both horizontal (i.e.
only).

g fixeq
they move in deCIi“ation

Depending on the micrometer the difference in declination betye
suitable members is about 50 - 100 turns of the screw and th%
necessitates the use of stepping by means of intermediate stars, -

measures should include a reading from the north star to the sout
and back again on several separate nights. Precession, proper
and refraction should all be taken into account.

h stap
mot icn

(ii) Using the transit of circumpolar stars.

With the circle reading P, + 90 , the star to be used is observyeg
with a 1low power just before upper or lower culmination. The movable
wire is placed just preceding the star as it enters the field, with the
driving clock stopped. Using the sidereal timepiece, the transit time
of the star on the thread is noted. The thread is advanced one
revolution (or a suitable fraction of a revolution) and the transit time
is again noted. This is repeated 30 - 40 times both before and aftep
culmination,

Full details of both these methods can be found in Aitken's book
"The Binary Stars" which is essential reading for all observers.

The telescope can now be turned on the double star in question, but
before any measures are made it is useful to estimate the m
(difference in magnitude) of the two stars and the quadrant in which the
fainter lies if they are not equally bright.

The first measurement is that of position angle.
is turned until it appears to bisect the images of both stars
simultaneously, The reading is noted on the circle and several more
determinations made. (The number of readings taken here will depend on
the difficulty of the pair being observed. For wide pairs, three angles
will probably suffice if the agreement appears good, whereas close pairs
will benefit from six or more determinations. This argument can also bé
applied to the measurement of separation with equal, if not greater,
force since each distance measure is subject to two readings of the

The P.A.  thread

movable screw). The correction to the position angle ( 0°.8 in ouf
case) must be added to the mean P.A. at the end.
To measure separation, the micrometer is first of all turned

through + 90 degrees where 0 is the mean P.A. without correction.
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9 shows the position of the position angle thread (P) and the
and fixed threads (M and F respectively) during the measurement

‘ration .

/

Fig 9. Filar micrometer. Arrangement of threads for
measurement of separation.

rstly the micrometer screw and box screw are adjusted until the
thread bisects the image of the brighter star and the fixed
‘bisects the fainter star. The box screw is then adjusted until
xed thread now bisects the brighter star A, The reading on the
er or movable screw (R ) is noted. Keeping the fixed thread
g star A, the movable thread is adjusted until it bisects star
new reading (R2) being noted. The value (R2 - R1) gives twice
mber of revolutions required to move between the two components A
, and knowing R, this distance can be converted into seconds of

e placing of wires upon the stellar disks becomes more difficult,
the separation gets very large and very small, In the first
eye cannot accommodate both wires in the same field of view and
) dart rapidly from one wire to the other when making the
tion setting. In the case of very close pairs, the separation of
tars may be comparable with the thickness of the wires. William
used the Airy disk as a means of estimating the separation.
Ki made some settings using the wires but his final separations
luded a series of estimations using the Airy disk. Herschel
used to set his wires tangential to both the inner and outer edges
Airy disk and then take the mean values to represent the
N of the centres of each image. This cannot be recommended since
4 disk is not always visible and the seeing disk varies depending

'€ condition of the atmosphere. John Herschel outlined two methods
“€ book by Crossley, Gledhill and Wilson (1879).

€t the wires to the same apparent distance that the stars subtend
their image centres. This is repeated 5 or 6 times and then the
are placed in contact and the difference between the two positions
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gives the required separation in revolutions of the screw. pairs which are too wide to measure with the crossed threads,

thread, mounted on the same arrangement of carriage but parallel
jxed thread can be added. This has a different screw value and

(b) Set the wires at a known distance of 1 arc second and estimate
fdetermined as for the conventional filar micrometer.

ratio of the distance between the disk centres and the wire centres, the
To give some idea of scale, modern fibres with diameters of

i 1ly measured is several times greater than the
microns can be obtained. These will subtend 0.7 arc seconds ip e distance actually

3 the etween the two stars which form one side of the triangle and
Longt plage. ot a.15-em f/g vefizcyar lage 00 ats s?conds 18 8 30-cn £/g sZrew constant is correspondingly smaller - Jonckheere's value
reflector. The introduction of a Barlow 1en§ can increase the eff‘ectiVe g arc seconds per revolution. Another advantage is that since
focal length of a telescope by up to three times, However, the Serey le threads are fixed with respect to each other, they can be

value will depend on the position of the Barlow and this must be

solidy otherwise measures will not be reliable, in the same plane, The fixed plane 1is used to measure

angle. ~

fi){ed

It might also be useful at this point to say something about the
materials which can be used to make micrometer threads. The traditionn
material is spider thread which combines tensile strength, thinness and
elasticity. The main drawbacks are that it is difficult to replace
fragile and hard to acquire. Alternatives include nylon filament;
obtained by wunravelling dental floss for instance. Polystyrene cement
can be drawn with care to give reasonably uniform filaments to 4
diameter of 10 microns or less. Hand-drawn glass or quartz is found to
give filaments no thinner than 25 microns and 1is thus wunsuitable for
micrometry. Full details combined with an exhaustive bibliography can
be found in the article by Darius and Thomas (1981).

e
bl ol ]

i R4 R2
donckheere's micrometer. Method for measuring separation.

separation of the pair (p) depends upon R1, R2 and the angle
the fixed threads. This angle can be determined by rotating the
and allowing an equatorial star to drift along each wire in
is procedure should be carried out several times with great
> separation of the pair is then given by:

The main advantages of the filar are its accuracy and range of
application, whilst its drawbacks include:

(a) The illumination of the threads of the field will render very
faint comes invisible.

(b) The closeness of the pair may necessitate the use of a e R1)tan(8/2)
magnification which is too high for the state of the atmosphere,
resulting in ill-defined and .moving images, with reduced accuracy in the
measures,

‘{
@
“advantages of this micrometer are:

Both fixed threads can be placed in the same focal plane.

(c) The movable and fixed threads are not parfocal and refocussing

3 Only one screw is required for the measurement of separation.
is necessary.

he 1l
Another form of filar micrometer is the bi-filar which has. tW The screw constant can be very sma

movable threads and two fixed threads and is wused extensively in

A g ) further varieties of filar micrometer will be mentioned here
cometary photography as a guiding eyepiece.

~ the first of these may properly be included with the graticule
nts,

Jonckheere's skew-thread micrometer (1950) consists of two thread:

on a movable frame which make an acute angle with the axis of the scr;

and a fixed thread which is oriented so as to bisect the obtuse ané

formed at the intersection of the two movable threads.

and (1981) has described the construction and operation of a
in which a pair of wires at a narrow angle are laid against a
round with a third wire at right angles to the 'V' thus
They are then photographed and reduced to fit into the
€yepiece, One of the arms of the 'V' is also graduated with
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J‘Godillon has proposed a micrometer which consists simply of two

divigtons Laglisquallirigtenvalaiiiahong’ iaes chanehb oddeeeh fof these 1 wires in the eyepiece and a position angle circle.(Fig 12).

numbered. 1

s e settings are shown in fig 12(a) and (b) and the angle at which

occurs is noted. Position (b) can be achieved in two different
cations, separated by p degrees. The separation of the pair is
b .

Y p = d/sin(p)
d is the angular separation of the wires. This instrument cannot
4 for close pairs.

interesting micrometer developed by Bigourdan (1895) has two
points attached to fixed and movable frames of the micrometer.
glass needles are used to "point" at the two components of the
» star and measurements are made in the same way as with the filar,
; a thread is still needed for P.A. measurement,

0
Double graduatiop,

ihag i Tos  arvandatant o fiful vea Tyt bhE [TV imeetometer group of micrometers has no moving parts. The movable and

 threads are replaced with a graticule at the focal plane. The
le may have a variety of forms - lozenge, circle, two concentric
(ring micrometer). The relative co-ordinates of the two stars
ained by noting the instants of contacts as the stars drift over
aticule. The accuracy of such observations is, however, much
to those obtained with a filar micrometer. For further details
he article by Phillips (1979a, 1979b) and the chapter on
ters in Sidgwick (ed. Muirden) (1979).

Measurement of separation is made by rotating the -eyepiece, which is
fitted with a position circle, until the two stars are bisected by the
wires of the 'V', The graduations can be calibrated by examining
number of double stars of differing separations (see the list drawn y
by Paul Muller (1949) and repeated in Paul Couteau's book (1978)). The
exact orientation of the three wires should be determined accurately by
trailing an equatorial star along each in turn., This will supply the
correction, if any, to be made to the micrometer after position angle
has been measured and before the separation is attempted. If the two
stars are not exactly at right angles to the vertical axis of the 'V' an
error in the estimated separation will result. Durand also experimented
with a second graduated 'wire' parallel to the first to give a further
range of measurement,

MICROMETERS

e two main instruments in this category are the double image and
son image micrometers. A third instrument, the diffraction
er will be discussed in detail later in this chapter.

most familiar instrument in this group is the double image
which began life in the form of a divided object glass known
iometer, This arrangement, however, produced aberrations which
ed the use of high powers for the measurement of close double
As its name suggests, it was used to measure the diameter of the
.Sk, with each half of the objective producing a separate image
Sun. A later development consisted of placing a divided lens
N front of the eyepiece and using a normal objective. By
Ng one half of the lens with respect to the other along the axis
lsion, two images of a single star are obtained. By displacing in
site direction, the two images appear to merge and then widen
When viewing a double star, therefore, four images are produced
Moving the half-lens (by means of a micrometer screw with a
head) so that certain combinations of the four images are
d, the distance between the pair of stars can be found, knowing

Fig 12. The parallel wire micrometer. Methods of use.
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the screw constant. To make a measure, the micrometer has to be rotag
until all four images form a straight line or a square, i
For example, let D and o represent one pair of images of

double star to be measured and let G and e represent the other pair he
images. 1In the "zero" position of the half-lens, they coincide,ang nor
Suppose that the micrometer screw is rotated until the images appear ¢
if in Fig 13. 1If the distances between all the stars are judged to SS
equal then the shift of the micrometer is D/2, where D is the Separatj

of the double. °
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Fig 13. Image micrometer; method of measuring separation,

This combination is now obtained on the other side of "gzeron and
hence the difference in the two micrometer readings equals D, and the
zero reading is eliminated, Similarly in Fig 13(b) the total shift is
in fact 4D, this method being preferred for close pairs.

The micrometer is also fitted with a graduated position angle
circle and the angle at which co-linearity occurs corresponds to the
position angle - remembering to take careful note of the quadrant in
which the fainter star lies,

Later instruments such as those used by P. Muller use birefringent
or double refracting prisms, in place of the split lens. 1In these
prisms, which actually consist of two prisms of quartz or calcite
mounted with their crystal axes perpendicular (see Fig 14), an incident
light ray is split up into two rays known as the ordinary (o) ray and
the extraordinary (e) ray. Dr Muller developed this prism (which is now
named after him) in 1937. When the prism moves perpendicularly to the
optical axis of the telescope, a variation in the separation of the 0
and e rays is produced.

Measures of double stars are made in a similar manner to that of
the split 1lens micrometer. oOne advantage of the Muller prism is that
the light is polarised,and by fitting a thin polarising sheet (which
acts as an analyser) the difference in magnitude between the tWO
components can be measured. According to Dr Muller the average meal
error for observations made in one night is 0,04 magnitude. Pairs 35
close as 0".U5 have been measured in this way with the 60-cm refractor
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ic du-Midi Observatory.
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\____  Muller prism prism

Fig 14. Birefringent Prism Micrometer (after Muller).

i i i ich was described by

arison image micrometer (CIM) wblc :
Hngrzgggs (1931) produced an artificial pair of st?rs. A modified
ggiériment was then introduced (Hargreaves, 1932) and this was adapted

for use on the Greenwich 28-inch refractor by C.R.Davidson and L.S.T.
for

symms (1938).

| i instrument an illuminated pinhole is imaged onto a
Hbllaizo:hlgri;:sby mean; of a system of.biconvex lenses. The WOllaszon
b;ism (fig 14(c)) then splits the image }nto two compon?nts (the o :n e
}ﬁjs) which are polarised. The separation of thg two images dep?nhslon
%he motion of the prism towards or away from the image of. thg p?n ole.
centimetre scale is used to measure this movement, wh}ch is directly
proportional to the separation of the artificigl stars.whlch must be n9w
imaged in the eyepiece in sharp focus, alon551qe the 1mages of the pair
to be measured., This is achieved by projecting the. images up the
bhtside of the telescope tube to an elliptical flat whl?h reflects them
onto a reflecting prism side by side with the lamp hou51ng: They are
reflected into the telescope tube and fall upon a small obJe?t glass of
11.25 inches focus and via a quarter-silvered cube into the field of the
eyepiece in sharp focus. The Wollaston prism is mounted on a graduated
P.A. circle and is free to rotate to allow P.A. measurements @o be
made, A pair of crossed Nicol prisms, also rotatable, can be ad3u§ted
to make either of the artificial stars as bright or as faint as_requlred
£0 match the pair being measured. Finally, a blue filter adjusts the
colour temperature of the lamp's tungsten filament (2,800 K) to one 9f
2,500 K which is the colour temperature of an average star as seen in
the 28-inch,

A movement of 1 cm in the lamp housing is equival?n§ to a cha9ge of
separatiOH of 0,0794 seconds of arc of the artificial stars in the
eyepiece. The CIM is capable of measuring pairs whose distances range
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from about 4.5 arc seconds to 1less than 0.2 arc seconds and jt
extremely easy to use. A filar micrometer which is also fitted to t
28-inch is preferred for P.A. measurement,

15 shows how the artificial double star images are projected
e left-hand eyepiece of a pair of "binoculars". there are three
1t ways in which the artificial double stars may be produced.

is
he

In general, image micrometers have three main advantages over th
filar micrometer: 5

White spots.

B
! \
~ \ o
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ixed index.
Read angles from
< these indices.
\
\

\
A}
\

(a) No field illumination is necessary.
(b) There is no masking of the star images.

(¢) On poor nights, it is easier to compare two pairs of stars thap e
try and bisect two moving images.

On the debit side, the measurement of position angle tends to be
produce rather less accurate results than with the filar.

(c) THE BINOCULAR MICROMETER

This micrometer was devised by M.V.Duruy in the mid-1930's, 1t
consists basically of two eyepieces, one of which forms the image of 3
double star from the telescope, the other images an artificial double
star produced by one of the methods described later in this section,
When viewing both pairs of stars simultaneously it is possible to detect
very small differences in the observed separations. Knowing the focal
length of each eyepiece, the true separation of the artificial pair in
seconds of arc can be calculated, knowing the true linear separation,

Telescope tube wall.

e separate components Fig 17 View of components in
e el —a the micrometer compass. Fig 16 assembled. The white
e upper two components spots are projected into the
te about the axis. micrometer eyepiece,

= AR e
: ale /of seconds of arc. I:/\dex. !\
[ |
System of b T T
flats and 1 . — jat
lenses. ! <+—Main ‘ Esmaray)
d eyepiece- - | TSR |
P > | o el
Source of '
artificial star. Micrometer eyepiece. 7 Scalo./'
The image formed by the Fig 19 A similar method to Fig 18
Slits with rear illumination with a rotating scale, A
Fig 15. Method of projecting artificial stars into left eyepiece. forms the artificial star. lamp is housed inside.
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DIFFRACTION MICROMETER
DIFFRAL - e
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(i) A pair of compasses is used with a white spot representing a stap
each branch. This is seen against a dark background, preferably by
velvet, and the position of each branch is read off from a 360 de
protractor, If the angle between the branches is A and the dist
between the two artificial stars is d, then the position angle is givy

by (B/2) + 90 where f = (02 - ©1) and B2 and O1 are the two anglen
"pointed at" by the branches. The separation d 1is proportional :s
sin(p/2) and can be calibrated by measuring several standard pairs a

plotting d against sin(B/2). When a new pair is measured a knowledge .
(2 - ©1) will yield d directly. o

on
ack
8ree
anee

appearance of a bright star in a small telescope %s that .of .a
 prilliant point of 1light. If a coarse diffragtlon grat1pg is
over the object glass or mirror, then a succession of falgter
“4ill be seen extending linearly from the star image in a
n perpendicular to that of the grating slits a?d becoming
. as they do so. The number of satellite images visible erenQS
prightness of the star and the number and width of the slits in

ating.

two stars are seen close together in the eyepiece then each star
 be accompanied by its own system of images. By rotating the
the images can be arranged into certain patterns which allow the
to measure the distance between the two stars and to determine
sition angle. Fig.21 shows the appearance of a double star with
jng slits (a) horizontal and (b) vertical.

It is useful to have several sets of compasses having a pair of
bright stars, a pair of faint stars and an unequal pair to Prevent
systematic errors., By using an optical system as shown in Fig 15 the
scale could be increased so that 1 arc second could be represented by ,
distance of several mm between the artificial stars.

(ii) A second method involves cutting two thin lines which are slowly

converging in a piece of paper. If these are illuminated from behing L]
and viewed by means of a perpendicular thin line, also cut from paper
(Fig 18) then when the paper containing the converging lines is moved, 5 iy
two artificial stars are seen which appear to vary in separation. W % ®
60cm .1 ®
2nd satellite.
DA 0 ‘ 1st satellite.
. : ®
i T RN NGOG NG e Ve Primary image.
------ g )
40cm ——»20mm > PY ® ° .
....... .
sirlie e ® i . ® [} ® .
a0 @ () (]
L]
bl Grating horizontal (b) Grating vertical

 Fig. i through rating.
Fig.20 Artificial stars of known separation, drawn as black R 22 o ance of a Double Star qE &

stars on a white background and photographed to produce

i : . s iat
clear imsges. on. a black backgreund! satellite image is equidistant from the other by a distance z

ds, where:

(iii) If a number of "double stars" of varying separation are drawn.O"
paper (Fig.20) and photographed, this can be reduced and projected into
the lefthand eyepiece in a similar manner to the first two methods.

z = 206265 /p bl

he total width of the grating bar and slit and A is the mean
h of the incident 1light. (In a pair of stars where the
S are of differing spectral type, the value of z is different
h star but the difference cannot be detected visually). It is
tly accurate, to within 1%, to determine ones own value of mean

The errors in these methods are close to those inherent in the
filar micrometer. The advantages are that the whole aperture of the
telescope is available and that no field illumination is required,mak”u
fainter pairs accessible to the observer.
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This can be done in two ways: 1 can be used to determine A N

(i) By measuring a well known pair whose separation and position eally, there should only be two satellite images visible for each

are well defined. Such pairs are eta Cassiopeiae (STF 60) and Zet:nﬁle nt of the dou?le star, @aging six in allt When bright stars are
(STF 1744). Appendix 1 gives the predicted PA and separation for eVe:fa X m::: szzgllizzza::ﬂ;ﬁﬁe :ggpzhe :r;ggzizyon::i:;eaagﬁuiiig
spec . B y -

five years from 1985.0 to 2000.0 and in addition a number of other sta

whose positions are well known are included. With an accurately kn;m
separation and knowing 2z, the observer can find A although m;m
measures should be made before adopting a mean figure to be useq .
later observations. in

ctor found that in that instrument, satellite images of stars
than magnitude 3 do not show up as spectra. For a 6-inch
.tor this corresponds to magnitude 0 and it is clear that the vast
ity of satellite images 1in double stars will appear circular
they are too faint for the eye to distinguish between a circle

Table 4. Values of z for various values of p (A= 5560Z), 3 square.
z" p(em) z" p(cm) e number of satellite images can be controlled by means of the
slit and bar width. Duruy has studied the variation of
11.47 ) 1.91 6.0 ty of successive satellites with the ratio a/p and the results
T.65 1.5 1.76 6.5 ustrated in Fig. 23. ol
5.73 2.0 1.64 7.0 %+
4.59 255 1553 7.5
ggg gg 1;; gg -—-b'aIO— Light Primary image.
. S 5 4 i
2.87 4.0 1.27 9.0 L \ .
2.55 4.5 1,21 9.5 “\ 1st satellite.
2.29 5.0 1.15 10.0 \  2nd satellite,
2.09 5.5 N
0

(ii) For a second method of determining ones personal mean wavelength “"l p I"— o 0.5 a/p 1 ;

, it is necessary to observe a star of high declination, preferably rating nomenclature (b) Dependence on ‘the amount of
Polaris. The procedure is to use a grating whose value of z is fairly transmitted light with a/p.
large, (M.V.Duruy used 7 arc seconds) and to orient the grating so that
the images are aligned E - W in the stationary telescope. An eyepiece
with a single wire is rotated so that the wire is N - S and the time, &,
between images A' and A" crossing the wire is noted (Fig.22).

The variation of satellite brightness with the bar/slit ratio.

a/p = 1, the bars disappear and there is no diffraction. When
, no light passes through and it was found that when a/p = 0.5
it width equal to bar width) the second satellite disappears
- the third and higher are usually too faint to be seen. This
| value of 0.5 for a/p was adopted by Duruy for his micrometer.

t = 2z/15cosD
—t—
where t is in seconds Of
time, Z 1S in seconds of
arc and D is the declination
of the star.

grating and:position circles:should be so arranged such that when
ter (parallel to the slits) shows a PA of 90° or 270° the images
zontally aligned and hence parallel to the direction of drift of
orial star with the telescope stationary. The pairs 24 Com (STF
gamma Ari (STF 180) have position angles of 270° and 180°
ively and they can also be used to check the setting.

) o
A’ A A’

Fig 22. Eyepiece wire method for determining A .

24 shows the arrangement used by John Lewis to mount the

In the case of Polaris where D = 89 11' 49" (for 1985.0) the v i ; :
on grating onto a reflecting telescope.

ing @
required for A' - A" to cross the wire is about 66.6 seconds. Usmgnd
stop watch, this time can be determined to within about 0.2 seconds a0
this corresponds to a mean error of about 0.3%. Thus, knowing 2 an
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Micrometer
scale.

Telescope.

|
Adjustable
vernier.

Micrometer
case.

Locating
bolts.

Fig 24. A method of mounting a grating to a reflecting telescope.

To measure the separation of a pair there are two main
configurations which can be used.
(i) The method of right angle triangles.

The grating is turned until the angle ABA" (as shown in Fig.25(a))

is adjudged to be a right angle.
corresponding to this position is noted. Then the grating is moved
give the configuration in Fig 25(b), and the angle

in position to
oL 2 noted. ;
Ae
U /
. A " 8
o, A AQ
R /\5'. S8
o / V\‘ \>
B . Read (Y‘ B
\B. g/ angle o, A
Read ”
angle o4 *B

(a) First setting (b) Second setting

Fig 25. Configuration of images for measurement of separation usiné
the method of right angled triangles. ABA" = 90° at each setting.

The reading on the circle,l,
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£ & = X1 + X2 then P which is the distance AB is given by:

F)

ere z is known and hence F , the separation of the pair can be
d.

z(cos X/2)

0, B = (ot1 + X2)/2 where O is the PA of the pair.

'ne method of isosceles triangles.

this method, the grating is successively rotated to give the
gurations as in Fig 26 (a) and (b), the criterion of setting
that AA' = BA' and that AB" = BB", &1 and X2 are read as
the first method and P and © can be obtained from:

B = (1 + X2)/2

P = 2z(cosX/2) and

- {1 + X2 as in the method of right angled triangles.
the same grating, two different methods can be used to find

ion angle and separation of a pair. It is better to make a
ber of measures of each pair, preferably using both methods.

" Read
Ae
angle OC 1
.BII 2 :
A
A® " o ™
A B'
( N ° ®
Ae e B
B”
eB’

a) First setting (b) Second setting
Configuration of images for measurement of separation using
ethod of isosceles triangles. AA' = A'B' at each setting.

ample of an observation of the pair xi UMa (STF 1523) is given
kind permission of the observer John Lewis who was using a
midt-Cassegrain at powers between x222 and x500. The grating z
S 2.86 arc seconds corresponding to p = 4 cm and the method of
les was used.
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X 1 A 2 PA Sep. Date

67.75 119.25

72.00 121.50

TS 123.50

68.75 119.00

T72.50 123.00

71.00 122.00

70.63 MEAN 121.38 96.0 2.58 1983.282

6T.25 122.75

70.00 122.00

70.50 124,00

68.50 123.50

71.00 120.00

67.50 122.00

69.13 122.38 95.8 2.56 1983.312
Average of two nights 95.9 2.5T 1983.297

Another method of using the grating requires a single wire in the
eyepiece and a position angle circle to read the orientation of the
wire. This is shown in Fig 27.

In this method, the value of z is greater than the separation of
the pair, The grating is oriented so that the secondary images lie in
PAO, i.e. N - S. The wire is turned so that the angle between A' and
B' and this reading is noted together with the orientation of the
grating. Then the angle A"B is measured and noted and the grating then
turned so that the images 1lie in a different known angle, say 330 .
Again the angles A'B and A"B are taken and noted, the drawing as in Fig.
27 being reproduced on paper at the desk later. By drawing it to scale,
the position angle and separation can be obtained geometrically.

is z. [The
known angles
the grating
three angles
angles A"Bs

diagram show!
will give

The radius of the circle
three points A" are at
which are set up on
circle, By measuring
A'B and three further
construction of the
to a fixed scale
value of P and 6 .

330° ),

OO
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similar method exists for the case when 2z is less than the
.ation of the pair. It has been found by Duruy that in this case
osition angles are better defined than the separations - when z is
er than the separation, the opposite is true.

The main disadvantage of the diffraction micrometer is the loss of

suffered due to obstruction by the bars of the grating. When a/p
“5 only 50% of the incident light from the pair will reach the
2 or object glass. Duruy has calculated that 25% of the incident
goes into the primary image making it 1.48 magnitudes fainter than
out the grating. Of the remaining 25%, some 10% goes into each of
‘pirst order images which are thus 2.48 magnitudes fainter whilst the
nder is spread amongst the images of higher order.

o instruments using the same principle as the Duruy micrometer
appeared previously. In 1896, Karl Schwarzchild had used a hinged

s in front of the object glass, both halves being tilted with
to the 1lens by means of a rack and pinion. This allowed a
e value of z but involved the measurement of another angle.
e Richardson (1924,1925,1927a,b and 1928) also described a
ngular coarse grating which was tilted on a pivot in front of the
glass, Both of these devices are more elaborate than the Duruy

in Pither (1980) has described the construction of an
upted' grating in which the bars near the centre of the grating

oved to increase the amount of light transmitted by the grating.
llows fainter pairs to be measured but at the cost of diverting
ght into the primary image from the higher orders and

ently increasing the difference in magnitude between them,

only remains here to acknowledge the debt of the author to
~ Duruy for making available all the notes which he had acquired
1s use of the grating micrometer., The fact that amateurs in
d and France are using this device is due entirely to him,

ERFEROMETERS

€ application of interferometers to the measurement of close

stars was primarily due to the work of Albert Michelson (1890).

ested that interference methods could be used to measure the

N angle and separation of close pairs. However, it was not until

3 t.Anderson (1920) using a simple two slit device, measured

’ 4 With the Mount Wilson 100-inch reflector (Fig 28).

A

I“he“ Observing a star with two-slit device, the image appears as an

.arﬁ fa9d elongated diffraction disk, crossed by a number of bright
i ringes, These fringes are a result of the interference of the
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light from the two slits and their width depends on the wavelengty
the incident light. o8

Position
circle.
\~;\_~’~“~ I ]
From -1 ——————— = =’:: =~ e\.:‘_;‘
rimar ¥ -\0 Fg 4
gﬁrror.y 1) l b Eyepiece.
by e
Fig 28. The Two-Slit Interferometer.
Resultant (A+B).
Peak.

| \ Trough. |
B ol

(a) For a single star

(b) For a double star.

Fig 29. Fringes produced by a Two-Slit Interferometer.

If the star is a very close double, each component will produce its
own set of fringes in the eyepiece (Fig.29), the separation of the two
sets depending on the distance between the slits D. If the value of D
is changed, the fringe patterns will move relative to each other and if
the peaks in each system co-incide with each other the result will be a
brighter set of fringes. If, however, the peaks of one system and the
troughs of the other are co-incident, there will be cancelling out of
the two fringe systems and the fringes will disappear completely if the
components are equally bright. For the smallest value of D at which the
fringe visibility is a minimum:

ol = )\/20

where K is the angular separation of the two stars in arc seconds and

is the effective wavelength of the incident light., This value Of,
2,44 times smaller that that for a normal telescope in which Dawes 1imit
applies, but due to practical difficulties the effective gain is about
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the lower limit of resolution for the 100- inch reflector is
arc seconds with the interferometer and 0.050 arc seconds

en the slits are rotated about the optical axis in their own
the fringes disappear at certain angles. This is because the
fringes of one component are in exact register with the dark

s of the other but they are laterally displaced, and instead of the
minimum being formed, a zig-zag pattern is seen, This pattern
. four times in one revolution of the slits, forming two sets, 180°
Knowledge of these angles allows the position angle of the pair
found, although one extra reading will be required to find in
uyadrant the comes lies.

modern application of this method was developed by W.S.Finsen at
bublic Observatory at Johannesburg (1951, 1954, 1964). He
.ucted an eyepiece interfermeter in 1933 and later produced an
red version. Dr Finsen made thousands of observations with this
attached to the 26.5-inch refractor and was familiar with the
inge patterns that are possible, He also made extensive
gations into the effect of atmospheric dispersion on the fringes.
as the effect of shifting the centre of the fringe pattern away
centre of the diffraction pattern at certain position angles.
ffects which complicate the fringe pattern include the fact that
ht also contains a spread of wavelengths and any difference in
ess between the components of the double star. Finsen found that
s could not be made effectively if the difference in brightness
the stars was more than one magnitude because the fringe pattern
ry indistinct. Many of the measures which Dr Finsen made with
piece interferometer are extremely valuable because they are more
e than ordinary micrometrical measures for very small separations
rc seconds and below) .

new application of Michelson's work has proved to be a very
1 tool in the measurement of double stars with separations less
030 arc seconds.The method makes use of the fact that even in
images affected by turbulence in the Earth's atmosphere there is
tion limited information. A highly magnified short exposure of a
star taken through a narrow band filter will show a large number
L grains in the image. This is known as the speckle pattern and
due to random interference between the starlight in the Earth's
€re, The minimum size of the speckle grains is equal to the size
Airy disk for the telescope. If the star is a close double then
Will be two identical speckle patterns superimposed and shifted
V&  to each other by an amount smaller than the Airy disk. If the

speckle photograph is illuminated with a laser,
fringes will be seen, the separation of which is
ional to the separation of the double star. By combining a
of short exposures, a better fringe pattern is obtained. The
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orientation of the fringes yields the position angle. From photogp
taken on the 200-inch reflector by Gezari, Labeyrie and Stachnik (1972
it was found that beta Cep had a hitherto unknown companion Some )
magnitudes fainter at a separation of 0.25 arc seconds. Such a st6
could not be found by visual means. Other photographs in gy a
Telscope for Apr 1970 show resolution of the binary Capella which ha?ﬂ
maximum separation of 0.055 arc seconds. g

a ed separately for each eyepiece.
Phg
double image, comparison image and filar micrometers and also
jece interferometer all have to be accurately engineered. There
two filar micrometers which are commercially available and the
ses are given in Appendix 2 at the end. of the book. The
erometer is of limited application since it will only .operatg on
where the Am is 1less than 1 and the stars are fairly bright.
r, Finsen reached magnitude 7 with the 26.5-inch at Johanngsburg
e;e are several amateur telescopes in existence of similar size,so
+ would not be beyond the capabilities of a determined amateur to
hand at this instrument. Both the Muller version of the double
micrometer and the comparison image micrometer require
gent prisms which are expensive. Again these micrometers would
epay the trouble taken in constructing them since they do not
~ from field illumination or broken wires. The author has found
mparison image micrometer extremely easy to use, but to date he
only of the instrument on the 28-inch refractor and no-one yet
s to have attempted the reflector version.

An excellent review article on speckle interferometry by Haro)
MacAlister can be found in Sky and Telescope (1977). :

f) PHOTOELECTRIC SCANNERS

These consist of a slit or series of slits which can move in the
focal plane of a telescope. The light passed by the slit is detecteq by
a photomultiplier tube and the data is collected into 'bins' ip the
computer memory which may be of the order of 10 millisecs long., 1In this
way a profile of the star image is built up and the shape of the profile
will depend on whether the star is single or double. Data about the
position angle and separation can be gained if the star image can be
scanned at several different slit angles, either by rotating the
instrument turntable or by having two slits which are arranged at 90° g
each other (Rakos et al, 1982). The observed profile is 'deconvoluted!
by either by dividing it by the observed profile of a nearby known
single star or by assuming an analytical form for the profile of a
single star. The corresponding profile is that of the two components of
the double, The position angle is a function of the position of the
slits and the separation depends on the distance between the two peaks
in the profile and the scale factor of the telescope. The amount of
light under each profile is also a direct measure of the brightness of
the star and so this apparatus can be used to give apparent magnitudes
for each component,

r the amateur with little engineering capacity the diffraction
er 1is strongly recommended as a first instrument for the
nt of double stars.

CONCLUSIONS

To sum up, for the benefit of the amateur observer who wishes.to
try a construct a micrometer for his own use, the instruments described
earlier can be divided into two distinct classes.

The simplest devices to make are the diffraction and binocular
micrometers, The former can be made from wood or cardboard bﬁ
aluminium is to be preferred. It 1is important that the grating is
constructed with accurately parallel bars and slits. Since 2
measurements are made with the position circle it is important that this
too is accurate and can be easily read. It should not be too small a7
a minimum diameter of 30 cm is recommended, This will result in degre:
marks which are about 2.5 mm apart. This also applies to the pinoculd
micrometer and it should also be noted that with this instrument
scale constant is dependent wupon the magnification and shou
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6. PHOTOGRAPHY OF DOUBLE STARS

PHOTOGRAPHIC PROCESS

Before discussing the photography of double stars it would be as
to re-capitulate upon the photographic process generally. There
ny methods of writing-by-light, and in this respect any change of
ur or density by the action of light might be termed photography.

kit The particular process that we are interested in 1is that which
ses a suspension of silver halides 1in gelatin spread onto a
parent base, either glass, (in which case the product is termed a
), or a flexible material, now usually cellulose acetate, (in which
the product is called a film),

This process has developed from the original work of Fox Talbot,
.~ more than 100 years ago first successfully produced a 'negative'
with light and shade reversed, and from which a number of
quent copies could be taken. His process was complex and somewhat
"-miss, and it is a good thing that we have available the
ns, (as the suspensions of silver halide are termed), that
ce has developed for us.

" The modern emulsion consists of a very carefully prepared
nsion of silver halides, together with sensitising agents etec.,
ced to a quite remarkably consistent quality and available to meet
ally every photographic need.

‘Early emulsions were only sensitive to the blue end of the

'um, hence the use of the classic red darkroom lamp for their
ing. The methods were found to extend the range of sensitivity
e yellow and green, giving 'orthochromatic' emulsions, and later,
he aid of further sensitizing dyes, panchromatic (or 'Pan')
i?ls were produced. These respond to the entire visible spectrum,

h, except in the case of some very special films, they are still
Sensitive to blue light. 1In addition, virtually all films respond
ne degree to the ultra-violet.

dern processes also allow us to control the 'speed' of emulsions,
S, whether it will take a lot or a little light to have a given
1n a given time. Many systems of quoting these speeds have been
hose in common use now being the DIN system, which is logarithmic
the Asp system which is arithmetic. It is not proposed to discuss
¢ in detail; they are covered adequately in any book on basic
Ography, Suffice it to say that the slowest films have a speed of
t § ASA whilst the fastest that can be attained with special
SSing is 10,000 ASA or even higher, depending on the method used in
ring the speed., With the comment that faster films generally have
€r grain structure, and cannot therefore resolve such fine detail,



54 Photography of Double Stars

the discussion of the nature of emulsions will be left
happens when a photographic emulsion is exposed to light

As we are considering stellar photography (and stellar imageg

to consiqep Whay
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1ight will be reflected from the crystals of silver halide and
(=

j i ill become developable. The
minate adjacent crystals, which wil - b

n consider a rger i erhaps scores o imes
had \ photograph 1 then be larger, (many t_:1mes! P P .f t. :
S ially point images) let us ider hot graphic emulsion tare lt stars), than the original image, ?ven as§um1ng that :215 was
a previously been un-exposed to light and upon which a point hat gh i ’ . i

of very small dimension is allowed to fall
the form of very small crystals, and for reasons
understood, the
'latent image'.

is acted on by
crystals of silver
the finely divided

still not

action of light is to produce in them what i
This means that if, subsequent to exposure th
a suitable reducing agent, or DEVELOPER, th
halide will be reduced to metallic silver
form it takes, appears black.

S calleq

’ Which,

If we now use a further chemical, called a FIXER, which is
of dissolving any undeveloped silver halide, but which does not
metallic silver, then we may, provided certain precautions
let our emulsion see the light of day and we shall have
record of out point of light as a dark spot on an
background, If the point

telescope, then we would now have a permanent record of that star,

Light forming
image of Star.

Crystals well away
from image affected. é

! [

' 1

| U

v v

[
I - .

1 | $—>Poor seeing enlarges image.

O_«--i-ﬂ“a oe—3—Silver halide crystals
&e-d ~ size exaggerated.

Base. 3

Fig 30. Formation of photographic image of stellar disk. (Simplified)

So far so good. The foregoing has necessarily been simplified and
in order to undertake stellar photography, (including double sta{sh
there are a number of other factors that have to be taken 1nf°
consideration, Those that have a bearing on the matter are as follows:i-

(i) Film speed.

The speed of the film, or more correctly, the speed Of t?;
film/developer combination, since these are inter-related. ObVlO‘fserl
the faster the film, the fainter the star it will record in a g1V
time,

]
- The silver halides gryoit
Completeln

e emulsi0n
e affected

in

Capable
affeet
are taken'
a Dpermanent
otherwise clegp
of light had been the image of a star in a3

i Imperfect
] the first plac?.
i:ill enlarge the image further.

ailure of the Reciprocal Law or 'Reciprocity Failure'.

[ the speed of their emulsions for
ufactuz:rsr::gzilzf g??t:econd. gn theory, if a giyen amount of
i ﬁtain degree of developability in a given time th§n half
Ly c; light should have the same effect in twice_the §1me.and
.h:: r:1ationship fails for very 1low 1levels of 1}1um1nat10:;
i osures must be used, and for extremely shor? (micro-secon

4 ;:pvery intense light. In each case the emulsion seems to be

an expected.

i - ures do not concern us, and for the purpose
”ngggizezzgg 32$§sas will be discussed, the effect of 1ow_1§ve1
tion and the resultant exposure times will not have suff:e;:g;
to be appreciable, Fast films generally sgffer ‘2zr o
gity failure than slow films. As examplesz ma?eflalf wi thsptime
order of 400 ASA or higher will start ggttlng t1red' by eround
> re of 30 minutes has been reached, whilst slower fllmz,h a hd
SA will continue at their rated speed for a couple of hours

se reciprocity failure,

‘ s occurs with very bright images, and shguld no? be co:fgse:
Vue reciprocity failure, which occurs with all images and is
of exposure time,

xiefly, what happens is as follows. @ bright imgge will raplgzg
all the crystals of silver halide that it falls u?oné ¥
these affected crystals will continue to reflect 1ligh o
crystals so causing the size of the image to.expand, there czn
further action on the central crystals. Any light absorbeq ¥
lost as far as producing an image is concerned. This 1st§
l importance when the image diameters are used to assess e
€S of the stars forming them. It would be saf? to say that any
re than about two magnitudes above threshold .(1.e. .that SF;;
Y0ess which has just produced a fully dark circular image) wi
to exhibit false reciprocity failure.

Ckground darkening.
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No sky is completely dark, and the rate at which the gene?al
background will affect the film will depend on the focal ratio of t
system, For this reason, refractors are better than reflectOrse
although by adding a 2x Barlow of suitable quality, the situation can b'
remedied. Subject to certain minor considerations which do not affece
the matter sufficiently to merit inclusion, the faintest magnitUdt
reached will be a function of linear aperture, as in visual work, Whils:
the degree of darkening will be a function of focal ratio.

Thus a 15-cm reflector of f/8 will record to a given magnitude on
given film in a given time. A 15-cm refractor of f/16 will reach the
same magnitude in the same time wunder the same conditions, but can
continue for four times as long before the background has darkeneq to
the same degree. The linear scale will also be twice as large, but this
will be discussed in greater detail later in this chapter.

The above are the chief factors that affect the behaviour
photographic emulsion in the recording of
assumed that these are being taken at the focal plane of the optical
system, So far as double stars are concerned, photography cannot be
considered the most accurate method of recording and measuring - the eye
and micrometer must take first place here,

of the
stellar images, it being

Two deficiencies that occur in the photographic process are as
follows. Assuming perfect seeing, perfect guiding and perfect optics,
the developed images of a double star ought to be two circular patches
of silver of a size determined by the opties, film speed, exposure and
magnitude, and of a spacing determined by the separation of the stars
and the geometry of the optiecs. Unfortunately, this is not so.
Firstly, there are random movements of the order of 10 - 20 microns in
the gelatin of the emulsion during processing that cannot be predicted,
and secondly there is an effect in which the by-products of the
development of the image have a restraining effect in their immediate
vicinity, and this can distort the shape and even the position of
closely adjacent images, possibly partly inhibiting their full
development. Each of these factors detracts from the usefullness of 2
photograph of a double star for the purpose of accurate measurement,
although with wider pairs and a long focal length, results are not far
short of those obtainable with a filar micrometer.

(b) CHOICE OF MATERIALS

to use

It might seem that a very fast material would be the best

as exposure would then be short and the accuracy of guiding need n0t1::
of a such a high order. In practice this is not the case, If a stet
a

image on a piece of film is examined under a microscopée
magnification of about x100, it will be seen that the edge of the
is indeterminate, gradually shading into the clear background.
faster the film, the coarser the grain and the less determinate the

imagé

form
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image. On the other hand, very slow films will give images with
fully crisp edges but are rarely circular due to difficulties in
for the required long exposures.
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A good compromise is to use medium speed film, such as TIlford FP4
has medium fine grain, a good panchromatic response, and if used
Hyfin developer may be taken as having a speed of 200 ASA. This is
‘spectacularly fast, but Hyfin developer gives crisp, sharp images.
is nothing to be gained in terms of finer grain by using anything
If a higher speed is required, then Ilford HP4 can be used,
;rocessed in Acutol-S (for optimum speed/grain characteristiecs),
" pcuspeed, (for maximum effective speed). Use these developers in
dance with the manufacturers directions. Their use at lower
ntrations for longer periods of development will not increase the
jve speed,although for bright stars there will be less background
ning. In this case, however, such a fast film is not really
ed., In addition, the effects of reciprocity failure seem to occur
when the dilute developer/extended processing time procedure is

ved.

might be as well to mention that it useful to be able to 1load
own cassettes with bulk film in short lengths, thus allowing the
1d its subsequent processing to be matched to the subject. Beware
ne of the very cheap film that is advertised, as this is sometimes
film, and is very subject to chemical fog, which is the random
ion of silver halide crystals to silver independent of the effect
1t on the emulsion.

ays buy fresh material, it is not expensive in lengths of 5 and
tres, and also in 100 feet lengths from some supply houses. This
t your film costs to 1less than one half of the cost of

baded cassettes and will allow you to use just the amount of film
5 needed. If you have no cassettes, your dealer will be able to

for a few pence each but make sure that they are in good
tion and that the velvet light traps are clean and free from dust.
discarded toothbrush is ideal for this. In any case, discard a
) when it has been used about 6 times, it has repaid its cost by
j‘A bulk film loader such as that manufactured by Burke and James,
d under the name of 'Watson' is a very useful accessory for

ht film if you have much work to do, but 1is by no means a
ty.

ilarly with chemicals. Buy these fresh and make them up
ing to the manufacturers instructions. Above all else, do not

rfilm and chemicals together, something or other unpleasant is
- to happen, With a bit of luck, a suitable corner of the home can
und that is cool and dry for storage. Remember that photographic
cals are not for consumption, so no developer or fixer in old gin
€S in the sideboard, and keep all film and chemicals away from
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chil?ren. Whilst film is not poisonous, the sight of a three-yeap
playing yo-yo with 5 metres of previously unexposed FP4 can promote -
most unpredictable behaviour in the quietest astronomer.

14
the

(c) APPARATUS AND EXPOSURE

The range of apparatus that might be used to photograph
stars is so wide that it would be impracticable to attempt to
every possibility. For those who have not attempted stellar photq
before, the following table may prove useful, All of the data in
taken from exposures made by the writer, not specifically for do
star work, but it will give a fairly good idea of what may be expeﬁzle
from various instruments. In each case the star taken as the example g

doub),
cOVer
8raphy
it g

approximately two magnitudes above the absolute threshold of th
exposure, The film used was FP4, processed in Hyfin. %
Table 5.

Magnitude and Image Diameters with various Apertures,

Objective and F.L. Lin., Aperture. Exp. Mag. Diam.(")
Telephoto lens 135mm 34 mm 2 mins, i 45
Telephoto lens 400 mm 63 mm 2 mins. 9 21
Speculum 1400 mm 216 mm 1 min, 10 7
Object Glass 3200 mm 204 mm 2 mins, 11 3

The above figures are not completely comparable, as the observing
conditions were not necessarily identical on each occasion, but they
will suffice to indicate the results to be expected. If anything the
magnitude figures are conservative,

The limiting magnitude that might be expected is dependent on many
factors, not 1least of which is the sky brightness. Obviously the best
combination is a large aperture, long focal length and accurate guiding.
This will give a large scale, minimise sky brightness and give access t0
fainter stars. Unfortunately, to meet these requirements the accuracy
of guiding needed is high, and needs an equatorial head that is if
accurate adjustment and a drive with very smooth operation and control.
Except near the zenith, changes in refraction may well affect the
result; as the last entry in the above table illustrates, with an imagé
only 3 arc sec across, an error of only 1 arc sec will produc‘?a
decidedly elliptical image, This effect can be minimised by making
exposures as near to the meridian as possible.
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; %5 a general guide, with a head in good adjustment, and good
hS apparatus, with smooth differentials, or frequency control.in
ése of variable frequency drives, it ought to be possible to give

osure in which the product of focal length in mm and the exp9sgre
inutes 1is anything up to about 18,000 with }ittle guiding
ction, if any. According to the accuracy of sett}ng of Fhe ?ead,
ness to the meridian and smoothness of control of drive, this figure
of course, be considerably exceeded, although it @ust be remembered
. we are only considering guiding problems. Sky brightness may well
e to be the limiting factor.

~ go far as the type of exposure that may be given, the simplest is
xpose in the focal plane, which will record the double as two dark
cular images on the film. If one wishes to make some measurements,
. it is necessary first to determine the precise scale at the focal

.~ and for this purpose the Pleiades are probably the best objects
'e sky. They are bright, so that exposures may be short, and
g problems are at a minimum, and their positions are known
ﬁtely. Failing this, photograph several well-known fixed doubles
Appendix 1), and obtain the scale from the resultant exposures. If
use a Barlow lens be sure that you replace it in exactly the same
“each time. If not, you will need to take a calibration exposure
fixed double star at the beginning of each night's photography.
ment of the exposures, either with a compound microscope with
ece micrometer, (a simple graticule is sufficient), or by
ction with a lens of known, good linearity (probably an enlarging
of the highest grade) will give the separation, provided that the
of the images are estimated accurately. Each measurement should
le several times and the average taken.

the exact effective focal length of the optical system in use is
, then the image scale may be determined from the formula:

s = 206265/f

f  = focal length in mm and s = scale at the focal plane in arc

No reference is made in this section to the means of placing the
n the focal plane., Much has been written elsewhere, and the
is referred to the bibliography at the end of this book (Sidgwick
), Rackham (1959)). However, the single lens reflex system, or
Other arrangement that allows the observer to see the image about
Photographed has so much to recommend it that it may be considered
an essential. This does not mean that good work cannot be done
h t such a system, but the ease of working means that much more work
be done, Suitable single 1lens reflex bodies may be obtained

~hand very reasonably, and the addition of a suitable lens at a
T date will provide the observer with a general purpose camera.
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The type of exposure that has been discussed so far is merel
?f the images of the two components of the double, together wgt fat
images of any other stars in the field. To determine position "8
two courses are open. The first is the more accurate if one N
stars is bright enough to 1leave a trail with the telescope °f th
stopped. In this case, with the driven exposure completed, (th %
having been placed towards the following side of the fi'eld)e
exposure 1is interrupted for, say, 5 seconds, with a dark card ovér

aperture and the drive stopped. The card is then removed and the
allowed to trail out of the field,

an

iVe
Star

the
Star

N
’
Driven
images.
9 Trailed
images_
[os R e e T R Sl
E¢——m»Ww
Fig 31. Measurement of Position Angle. (Trail method).

Unless the exposure is very close to the Pole, or the field of viey
very large, the result will be to all intents a straight line which will
define the E-W direction. Make sure that the trail will not obscure
either of the images, as may occur where the position angle is near 90
or 270 degrees,and also try to assess the effect of the trails that will
be left by any other stars in the field.

N
3
|
: @
First Second
exposure. exposure.

Fig 32. Measurement of position angle. (Double Image Method).

To get a brighter image, do not merely slow down the teleSC?Pe
drive. Unless this is perfectly in an E - W direction, the result wil
be to compound the movement of the telescope with the diurnal motion ©
the star and give a false E - W direction.
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neither star is sufficiently bright for the preceding method,
! . paving made the first exposure, and with the exposure interrupted
he drive stopped, restart the drive and make a secqnq gxposure as
kbm first as the field will allow. A line 901n19g the sa@e
in the double exposure will define the E - W direction. This

js very dependent on having a telescope mounting that can be
éd and started precisely, and with absolutely no movement in N - S
ction during stopping and starting, since this will give a

etely wrong result.
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ith reference to guiding, it ought not to be necessary to correct
clination for exposures of the order of which we are speaking.
such corrections are made continuously the result will be
y apparent. The answer lies in getting the equatorial head into
accurate alignment, and eliminating any flexing or movement
the camera and the guide instrument. It is preferable to make

jide instrument adjustable, so that it can be offset to guide on
écent bright star. This can be thrown out of focus and the
“g circular image kept carefully quartered on the crosswires of
iding eyepiece, which in this manner of use require no
tion. It may be noted that with a guide instrument of 11-cm

e a magnification of x40 is suitable when the camera in use is
with a telephoto lens of 400mm focal length, and of x225 when
 exposures at the prime focus of a 216mm speculum of basic focal
,400mm used in conjuction with a x2 barlow lens. Stars down to
ude 7 are sufficiently bright to be thrown sufficiently out of
be suitable for guiding.

(CLUSTONS

- astronomical photography is more
more to the photography of double
cessary to make test exposures,
available with your equipment,
f sky darkening. Remember that a Barlow lens will help in the
e with a reflector of short focal ratio. If your funds will run
nd assuming that you are using a single lens reflex camera body,
of the 'tele-extender' of x2 has the double advantage that it
a highly corrected lens, (although being usually of U4 element
uction will introduce a certain light loss), and that if used with
‘eéct adaptors to suit the eyepiece focussing mount and the camera
i1l always occupy the same position, thereby providing a constant

or less experimental, and this
stars than to any other field.
to determine the magnitude
the scale of the image and the

~In geéneral, filters are not of great use in this type of work, but
' Case the use of the correct filter can be invaluable. Increasing
® @re being illuminated by sodium lighting and this constitutes a
factor in background darkening on exposures. However, except in
S€ of the high pressure type of 1lamp, (which has 1light of a
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pinkish tinge), almost all of the light is contained in a very
n

band of the spectrum in the yellow, (the 'D' 1lines) The
> Use

neodymi i A ; 3
ymium filters (also called didymium filters), which are opaque of

narrow band containing these 1i imi i

are comparatively espensivemesdcan e11MI?ate e i Al T :

sl an are fairly opaque to the rep i

o 'f‘l ssitating long exposures. A better alternative is to a‘"“m
ue i ter,. suc? as the Kodak Wratten 44 or 44A, The 1 -

prgfera?le,.51nce it has a better transmission up to the.cut f atts is

which is just short of the 'D' lines, but is usually a S;chalpomt

item. Both of these filters are i i order
i 0 available in Gelatin dee
inexpensive, They must be handled carefully and not alloweé tand b
damp or dewed up, but if they do suffer damage they are 5 become

replace. Either the U4 or A44A will reject more than 99% z?ezgd.
iun

lighting whilst exposures require increasing by abo

and around 2.2 for the somewhat denser ui. yIt w¥;11£1er£?;r e
that there is an effective gain of not less than 4 magnitudes e
background if this is only due to sodium lighting. e

The use of a blue filter alters the spectral

emu151on. of course, and it is the experience gf the "rgzzgon::atof.the
of the filters mentioned, use in conjunction with either HP& or szlt?er
will resu}t in images being recorded in a similar manner to that f}lm
would obtain with a non-colour sensitive emulsion as used in the ::i;:

days of photograph i ; -
oL P graphy, and the classic colour index applies sufficiently

So far separation attainable has not been menti i
precaution and a sufficient focal length it should be ;Z::géle zgttecgu:
photograp?ically two equal stars in the 'two magnitude above' thresho;d
range which are of the order of 2 or 3 times the Dawe's limit for the
a?ertgre. The essential is to use a sufficiently large scale to
minimise ‘bhe effect of the enlargement of the image due to structure of
the.ewulslon. As a limiting case, an example that can be quoted is the
deflnltg elongation into a pear-shaped image of a star with components
:;emagnliude 4 and 8 separated by 70 arc seconds on a negative in which
e cc)?deizna:;ste;:;zmi.Hr{lr:nsperfdegree. This exposure was made with a
aperture of 34mm on HPY4 film, 3 Pl =

Whilst photography cannot compete with the visual micrometer for
absolute accuracy, it does have the advantage of providing a permaneﬂt
re?ord of the observation. There are a great number of double stars
suitable for the camera, as a study of Webb's writings will reveal. Had
Webb had th? apparatus and materials that are available today he would
::;Zd tﬁ:ta;:lY_ ;riedthis hand at photographing double stars, and it 1%

. e information i i i 2
PR e e g in this chapter will prompt the reader b

ar PQH‘

the first
double

n.cour‘t'.esy of Charles

tory. An
number represents
1984) .

e but it seems

ess of 10,000.

Observations

Bos W H 73940

3 36971
esbroeck G 35915
§E E* >35000
W D* 33000
R G 26650
.G.E.G. 26126
24154

R.A. 23883
S.W. 22000
 P.* 21000
le E. 20999
20678

15471

14187

; 13749
S, 12070
ere R. 12069

€. Between 1891 and

of including several major :
A A 1list of the measurements made by each observer 1S also

s observers has not been
clear that none of them will turn out to be major

tors. The number attributed to Burnham is an estimate only, and
arvations by Otto Struve have not yet been fully assessed but are
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7. BRIEF BIOGRAPHIES OF DOUBLE STAR OBSERVERS

version of this Handbook a number of biographies of
star observers were included. The opportunity has been

figures who were left out of the first

Worley of the United States Naval

asterisk indicates that the observer is still active
the latest estimate of measurements made
At the time of writing’the data for some of the 19th

accessed for inclusion in the WDS

Observer Observations
Espin T E H 11630
Struve F G 11330
Schiaparelli G 10897
Holden F 10218
Olivier C 10197
Dawson B H 9767
Hussey W.J. 9563
Bowyer W. 8898
Walker R.L.* 8291
Muller P.* 8275
Leavenworth F. 7354
Innes R.T.A. 7126
Siminov G. 6954
Duruy M.V. 6422
Knipe G. 6041
Lewis T. 3928
Secchi A. 3008
Milburn W. 2937

 Grant Aitken (1864 - 1951)

R G Aitken was born in Jackson, California on December 31, 1864 and
qugated at Oakland High School. After graduating from Williams
ge in 1887, Aitken became an instructor in mathematics at Livermore

1895 he was Professor of Mathematics at the
San Jose in California. At this time he

e Assistant Astronomer at Lick Observatory and his earliest work in
ield of double star observation consisted of measuring, with the
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12-inch refractor, a list of pairs selected by Professor E E Barnarg 12l 8,878 measures.

addition to his observational work Dr Baize has calculated the
elements of some 200 binary stars and has published a number of
tAnnales d'Astrophysique', 'Bulletin Astronomique' of the
mical Society of France and 'Journal des Observateur;'. He has
member of the Comite National Francais d'Astronomie since 1932,
on Commission 26 of the IAU in 1936.

After the work carried out by the Struves, it had general)l
supposed that there were few new double stars left to be discoverzd Sen
this idea was soon dispelled by Burnham who was continually addipg Ut
his  catalogues. Aitken had realised, however, that Burng
discoveries had not been the result of a systematic search as hag nham%

of the Struves, He was therefore convinced that given the exeef?°s°
ent

observing conditions at Lick, the great resolving power of the 36
0.G. and the advantage of systematic work, a large number of - S rne Wesley Burnham (1838 - 1921)
could still be discovered. It was in July 1899 that Aitken Ystens

: g and
Hussey (who arrived in January 1896) combined forces and begag £
0

examine all the stars of the B.D. down to magnitude 9.0, (Hu
included those of magnitude 9.1) north of -22 . When Hussey 1ef:s?y
1905, Aitken continued alone, finishing in 1915. =

. .Burnham was born in Thetford, Vermont on December 12, 1838. He
work as a shorthand reporter at first in New York and later with
federate Army in New Orleans. After the end of the Civil War,
which he first began to take an interest in astronomy, he
ed in his profession and in 1892 became Clerk to the U.S.

In addition to his observational work, Aitken computed many orbijtg ' Court, a position which he held until 1910.

and in 1920, after the death of Doolittle, took over the supervision
the extended Burnham card index. This was used in the compilation °§
his great double star catalogue, the ADS, in 1932, It was in this ye:r
that Aitken was awarded the Gold Medal of the Royal Astronomical
Society.

a3 visit to London in 1861 Burnham purchased a 3-inch refractor
jas designed more as a terrestrial than an astronomical telescope.
’3he settled down in Chicago, his home being just a few hundred
from the Dearborn Observatory which had just been supplied with a
‘Seinch refractor by Alvan G.Clark and Sons. At this time Burnham
nging telescopes regularly, never being satisfied with his

He was also the first President of Commissidn 26 of the IAU and
. acquisition.

when succeeded by Ejnar Hertzsprung in 1928, he was elected Honorary
President., 1In 1930 he became Director of Lick Observatory and five
years later Emeritus Astronomer and Director at Berkeley, where he
retired and spent his remaining years.

1869 he chanced to meet Alvan G.Clark in Chicago and this
in the ordering of the 6-inch refractor which was to win world
or its owner. He stipulated that "its definition should be
> and that it should do on double stars all that it was possible
slescope of that aperture to do". Burnham himself was unable to
why his interest should have focussed on double stars, but
it was because he had amongst his small library a copy of Webb's
l Objects for Common Telescopes'. Burnham began his work by
for new double stars, and found his first new pair, BU 40 on
27, 1870. When he had accrued a list of 81 probably new pairs he
off to the Monthly Notices of the R.A.S. This was followed a
later by two further lists, although at this time Burnham did not
‘micrometer. Subsequent contact with the great Italian observer
1 resulted in the latter supplying measures of Burnham's early

In addition to double star work he enjoyed making measures of
cometary positions and computing their orbits in addition to measuring
the satellites of Mars, Jupiter, Saturn, Uranus and Neptune,

Paul Baize (1901 = D

Dr Baize, after graduating as a medical practitioner in 1924 has
worked as a specialist pediatrician during his 1long career. His
astronomical work, although substantial even by professional standards,
has been entirely amateur. He began serious double star observing with
a 10.8 cm refractor in 1925, equipped with a micrometer of his OWl
making, Between 1925 and 1932 he made some 3,834 measures of double
stars which were published in 'Journal des Observateurs', some of thel
also being included in Aitken's 'General Catalogue of Double Stafs'°f
1932.

1874 Burnham was able to use the 9.4-inch refractor of the
:th College Observatory on 10 nights whilst spending a summer
N in New Hampshire. On this trip he also observed with the great
=l refractor at Washington on one night and then added 14 pairs to
TOwing 1ist, From then on, Burnham was able to use many of the
_ American telescopes, culminating in the 36-inch at Lick and the
at Yerkes. Apart from the period 1888 - 1892 when he was

In 1933, Dr Baize began to use the 30.5-cm equatorial in the Wes®
Tower of Paris Observatory, with which he had completed 11,332 measurﬁ
by 1949. From 1949 to 1971 he was able to work with the 38
equatorial in the East Tower and with this instrument he produced ]
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officially on the staff of Lick Observatory, he remained an
observer, following his profession during the day and at weekends
the long trip out to Yerkes.

aMateUr
making

Early in his career, the 1lack of really useful astrongp
literature on double stars prompted him to make notes at
opportunity of all the measures of the known pairs - a task which
expanded to become the General Catalogue of Double Stars publish
two volumes in 1906, This magnificent work contains 3
collection of 10,000 measures of the more neglected doubles as
generous measures of the binaries known at that time,

ieal
every
later
ed j
Valuable

well as

He continued to observe until 1913 and during his 1long caree
discovered 1,274 double stars, many of which are in orbital motion, an;
some of which are amongst the binaries of shortest known period, It
a tribute to Burnham's superb eyesight that some of his most difficult
discoveries were first suspected with the 6-inch refractor and latep

confirmed with a 1larger telescope in which they were still difficult
objects.

Burnham's fundamental contribution to astronomy did not go
unnoticed and in 1894 he received the Gold Medal of the Royal
Astronomical Society, followed ten years later by the Lalande Prize of

the Paris Academy of Sciences.
Yale and Northwestern Universities.

He also received honorary degrees fron

Paul Couteau (1923 - DN

Couteau was born in La Roche sur Yon in the Vendee in France, His
mother stimulated an early interest in astronomy which was reinforced by

the works of Flammarion and Father Moreux. By the age of 11 he had
already decided that his vocation lay in astronomy.
He started his astronomical career in earnest in 1949 at the

Astrophysical Institute in Paris, completing a doctoral thesis on white
dwarfs. Andre Danjon, who was looking for someone interested in visual
binaries, persuaded Couteau to go to Nice in 1951. From 1951 to 1967
observations of visual binaries were made with the 38-cm refractor
resulting in 12,000 measurements which appeared in 'Journal des
Observateurs'. In 1961, at the invitation of George van Biesbroeck
Couteau went to Yerkes Observatory and spent 5 months using the 40-inch
refractor and also the 36-inch refractor at Lick Observatory.

At this time he was also able to negotiate the refurbishment of the
76-cm refractor at Nice which had been inactive since 1926. e
telescope was restored and fully active again by May 1979. A 50“T
refractor replaced the 38-cm telescope and it was with this instrumﬂ;
that Couteau has discovered most of his pairs. Since 1965 he hi
systematically searched the BD stars in the zone +17 to +53 (Paul Mulle
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the region between +53 to +90 ). Of the 170,000 stars in this

102,000 have been observed resulting in the discovery of 2,200
i 1984. Half of these are separated by less than 1 ?rc seco?d
;g:ird are closer than 0.5 arc second. Many of these pairs con?aln
érfS and a number of the discoveries include companions to bright

such as theta CrB and 39 Com.

“ uteau intends to continue this survey and in the next few years
Zalculate the first orbits for some of the rapid binaries
ered during the course of the work.

n Rutter Dawes (1799 -1868)
Rutter

qualified medical practitioner and an Independent Congregational
er, Dawes had been interested in astronomy from his youth. His
5°ngregation was at Ormskirk in Lancashire and here in 1830 he set
first telescope, a 3.8-inch Dolland refractor, and in the same
elected a Fellow of the Royal Astronomical Society. Never in
héalth, Dawes was forced to resign his position, and in 1839 he
to St John's Wood, London and took charge of the Observatory owned
‘Bishop near Regents Park., He married for the second time in 1842
ed to Camden Lodge in Cranbrook, Kent where he erected an
atory containing a Merz refractor of 8.5 feet focal length and 6

perture. His health continued to cause him concern and he was
o move to Torquay for a time in order to recuperate. His health
and in 1850 he moved to Wateringbury near Maidstone and

Yy in 1857, to Hopefield, Haddenham, Buckinghamshire where he

or the remainder of his life.

bulk of his observations are to be found in the 'Catalogue of
ical Measures of Double Stars' forming part of Vol 35 of the
ions of the Astronomical Society of London (R.A.S.), a series of
of 121 pairs in Vol 8 of the R.A.S. Memoirs and the Ormskirk

ions which appear in Vol 19 of the R.,A.S. Memoirs.
cole Dembowski (1812 - 1881)
f }cole Dembowski was born in Milan on January 12th 1812, His

General Giovanni Dembowski came from a noble Polish family and
ember of the Italian Royal Army founded at the beginning of the
ntury by Napoleon I. Orphaned at the age of 13, Dembowski
the Autrian Navy College in Venice. After an eventful career in
he distinguished himself, Dembowski retired from the Navy in 1843
¥ on health grounds (he suffered frequent attacks of gout). He
7t° live at Naples and it was here that he met Antonio Nobile, an
onomer at Capodimonte Observatory. Nobile was undoubtedly a guiding
Uence ang may have been responsible for Dembowski's purchase of the
"1 Plossl dialyte with which he commenced his double star
‘Fements, This instrument was set up at San Giorgio a Cremano in
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the Naples hinterland and observations commenced at the end of 185, ed on by his friend Robert Aitken, but died on September 21st,

In 1855 he published his first list; accurate measurements of
double and triple stars taken from F.G.W.Struve's Dorpat Cataj 27
Dembowski produced further revisions of the Dorpat Catalogue in 0&“-
1864 and 1866. By the end of 1858 Dembowski had move to Ga1116°,
(between Milan and Varese) and it was here that he set up his 7aTate
Merz refractor. With this instrument he made a complete and tho;“mh
revision of the Dorpat Catalogue, the final results being PUblisSMh
after his death, in Rome in 1883 in the two volumes called "Mi .
Micrometrice di Stelle Doppie e Multiple". 1In 1879 Dembowski moved ?ﬂe
Gallarate to a small house at Monte near Lake Maggiore. His attaekrom
gout became more frequent and intense, and although he set up ift
instruments and an observatory he was unable to use them and diedis
January 19th 1881, A

(1894 - 1984)
yictor Duruy 9=

yrice Duruy, a qualified mining engineer of "y the | iEcole
nique and School of Mines in Paris, graduated from the
ty of Nancy. His whole career was spent working for the French
t as an Engineer and then as an Inspector of Security in Mines
volved travelling abroad, notably to Britain and South Africa.
same time he took a teaching post in Applied Mechanics at the
mstitute of the University of Nancy, training future mining
y He 1later became Director of the Institute and went on to
iministrator of three Mining Schools, retiring in 1965.

1is astronomical career had started much earlier., The first visual
jons date from 1907 and show Saturn below Pegasus where it was
n in 1937 and 1966. In 1910, at the age of 16 he acquired his
.elescope, a 3-inch refractor and the first observing notes were
ese records describe the passage of the Earth through the tail
y's Comet on May 18, 1910 and the total eclipse of the Sun
rom Paris on April 17, 1912,

Dembowski received the Gold Medal of the R.A.S. in 1874 for hi
double-star work which, from the beginning of his astronomical Carm;
was celebrated for its thoroughness and accuracy.

Eric Doolittle (1869 - 1920)

The son of a Professor of Mathematics and Astronomy at Lehigh
University Pennsylvania, Eric Doolittle was born on July 26th, 1869 in
Ontario, Indiana. After schooling in Bethelehem, Pennsylvania he went
on to attend Lehigh University, graduating as a civil engineer in 1891,
Following Aitken and Hussey, he became instructor in mathematics at
Lehigh and the University of Iowa, and in 1894 commenced postgraduate
study at the University of Chicago. During this period of two years, he
did research on the "Secular Variations of the Orbits of the Four Inner
Planets" which was published as a Memoir in 1912,

e second main period in his career started in 1934 when he
an 18-cm objective, The work carried out with it included
of Mars, Jupiter and Saturn as well as observations of double
able stars and was published in Journal des Observateurs. This
d Duruy to order a larger refractor from Andre Couder which was
in 1936. Observations with the new 27.5-cm objective
until the war when the observatory was destroyed. Fortunately
was saved but could not be redeployed because of its long focal
In June 1941 Duruy went to Lyons on business and was able to
-]6.2-cm and 32.5-cm refractors there until 1946. There followed
riod when no observing was possible but in 1962 he set up a
lector in the Montlhery region near Paris and a 40-cm reflector
in 1964 carrying out a program of variable and double star

In 1896 Doolittle returned to the University of Pennsylvania t0
become instructor in Mathematics and in addition, assistant to hiS
father Charles, who was Director of the newly founded  Flower
Observatory. The main instrument was a fine 18-inch Brashear refractor
of 30 feet focal length. For most of the rest of his 1life, Doolittle
engaged in double star measurement, and between 1901 and 1914 publiSMﬂ
four large volumes of measures. The first was "Measures of 900 D°?bu
and Multiple Stars" followed by "Measures of 1,066 Double and Multiple
Stars" in 1905, "Catalogue and Re-measurement of the 648 Hough Dmml:
Stars" in 1907 and "Measures of 1,954 Double Stars" in 1914. I“}%;
several thousand measures were made after 1914 but remained unpubllsh
in Doolittle's lifetime,

66 Duruy retured to Central France and a 60-cm equatorial was
his Observatory. The double star work continued until about
| then reluctantly discontinued because the seeing was too poor.
rity of measures in the Catalogue Section of this Handbook are
rice Duruy whose diffraction grating micrometer 1is currently
by amateur observers in both Britain and France,

s+ional
In 1913 S.W.Burnham, on his retirement, entrusted the additior

data for an extension of his General Catalogue (1906) to D°°1itt1ea£19
kept methodical full records of all the published measures of d%ﬁch
stars. Doolittle did not live to see the completion of the work, "
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Thomas Henry Espinall Compton Espin (1858 - 1934)

Educated at Haileybury and Exeter College, Oxford, Espin took

Orders, and from 1888 wuntil his death was Vicar of Tow Law in C°H°h
Durham. He became interested in astronomy after seeing Coggia's c“"w
in 1874, and at Oxford he was allowed to use the 13-inch De ] onet,
telescope. 2 Rug

The first part of the work for which he became well-known Was s
observation and cataloguing of red stars, some 3,800 of which he is
listed between 1885 and 1899. hag

In 1900 Espin started observing double stars with a 17-inch Calve
reflector - the first observer to use a reflector for this ¢
since the Herschels, Most of his discoveries were confineq t
comparatively wide pairs (5 to 10 arc seconds separation) and these wﬂ:
found whilst re-examining the stars of the B.D. Catalogue. The tota)
number of discoveries which he made, according to his own numbering Was
2,575.

One observation of a different kind was his
Lacertae on Dec 30, 1910.

discovery of Nova

Espin was very friendly with Webb and assisted him with producing

some of the earlier editions of 'Celestial Objects'. After Webb's
death, it was Espin who published the 5th and 6th editions of this
famous handbook.

In 1914 Espin acquired a 2i4-inch Calver reflector and from that

date the 17-inch was used by W Milburn, Espin's assistant and pupil.

William Stephen Finsen (1905 - 1979)

Although born in Johannesburg, Finsen was of Icelandic descent,
being the nephew of Niels R.Finsen winner of the 1903 Nobel Prize for
Medicine and founder of the Finsen Institute in Copenhagen.

His early years were spent in Denmark , but in 1912 he returned 0
South Africa, studying at the King Edward VII School in Johannesburé:
Finsen went on to obtain a B.Sc. at the University of South Africa i
1930. Further degrees of B.Sc. Honours and M.Sc. were awarded in!93
and 1937 by the University of the Witwatersrand and in 1951 he receive
a D.Sc. from the University of Cape Town.

Finsen assisted van den Bos in the Union Observatory survey :g
southern double stars. Later, he specialised in observationala
theoretical work on double stars, but was for some years in Chafge the
the Time Department of the Observatory. In 1933 he began tests with 4
Anderson double star interferometer and in 1950, designed

type of yop
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for the 26.5-inch refractor.
examinations of 8,117 stars

"ted an eyepiece interferometer
s instrument more than 13,000
declinations -75 and +20 were made. As a result 73 new pairs
11 of which have orbital periods ranging from 21 years down

65 years. In addition 6,000 measures of pairs too close for the
eter were made.

‘Finsen also discovered the "splitting" of Nova Pictoris in 1928,
ed the rotation of Eros visually in 1931 and during the oppositions
rs in 1954 and 1956 took many fine photographs which were

ively reproduced in journals and books.

. pecame Assistant Director in 1941, Director in 1957 and retired
5 but continued to carry out private research after that time., He
e author of some 135 papers and reports including three editions
" catalogue of visual binary star orbits (the last with Charles
' of U.S.N.0. in 1970).

pieter Heintz (1930 )

intz was born in Wiirzberg in West Germany and graduated from
. University and Munich Technological University. He went on to
out astronomical research in Australia and West Germany.

work on double stars began in 1954 and at the time of writing

1984) he had accumulated more than 33,000 double star
ons, In addition he has computed more than 300 orbits which is
record, and has discovered 250 new pairs.

1968 Dr Heintz was appointed Professor of Astronomy at
e College in Pennsylvania, U.S.A. where he is still based.
cations include 120 research papers which reflect his interest
ple systems, combined astrometric/spectroscopic and visual
1S, parallaxes and mass ratios and low mass objects. In 1978 he
'Double Stars', a monograph covering all aspects of double star
my. Together with Charles Worley he is responsible for a new
gue of visual binary orbits which is currently in press.

3

rick William Herschel (1738 - 1822)

in other branches of astronomy, in double star observation,
Herschel was a magnificent pioneer. His first observations, of
Unequal pairs, were designed to obtain a value for stellar
Lax and, beginning in 1779, he soon produced a list of 269 pairs,
2 of which had previously been observed as double. Eventually,
€l, after making numerous accurate measurements of distance and
o angle, was forced to the conclusion that the changes he
not to parallactic shift but to actual orbital
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ey then went on to the Leland Stanford Junior University at
o where he became Professor of Astronomy. Whilst here he would
equent visits to Lick, and in 1896 joined the staff as
or. In the years 1898 and 1899 he re-observed all of the
a stars of Otto Struve, the results appearing in the Publications

Lick Observatory, Vol V, 1901. This very valuable work also
.ns a complete collection of every other measure published of these
together with their respective references.

This extremely important conclusion was revealed in hig Ph
Tran, paper of 1803, and this date represents the real beGi"ninilv
double- star astronomy. It should be remembered, too, that at the t?‘#
this evidence of true binary orbital motion showed that the Prinej eg
of Newtonian gravitational theory could be extended well beyong Pleg
solar system, and strongly supported the view that this wags at he
universal law. Tuly

In his double star measurements, as in all his work, Willy
Herschel displayed his genius: where equipment and instruments,aslal
found them, were inadequate for the task in hand, he improved them he
used them with consummate skill; when the evidence his observatio
revealed was at variance with the original hypothesis he accepteq -
without question, and immediately drew the correct -conclusig .
revealed a new and vitally important aspect of the heavens,

ring his co-operative program with Aitken he found 1,327 pairs in
ars, for which he was awarded the Lalande Gold Medal of the Paris
of Sciences.

1905 he returned to Ann Arbor to become Professor of Astronomy
ector of the Detroit Observatory, and during this time designed a
reflector which was subsequently built almost entirely in the
s of the University. In 1911 he became Director of the
ory of the University of La Plata in Argentina whilst retaining
at Ann Arbor. He made four trips out to Argentina, and using
ch refractor there added another 323 pairs to his catalogue of

2ries.

n ang

Sir John Herschel (1792 - 1871)

When John Herschel was persuaded by his father to give up his lay
studies and devote himself to astronomy, he began his work in 1816 oy
purely double-star observations. His object was to re-measure some 3py
of his father's discoveries in order to accrue more evidence in support

5 v s ey's great ambition was to see the establishment of an
of the binary orbital motion which had been adduced earlier,

y in the Southern Hemisphere for the discovery and measurement
stars. His early college friendship with R.P. Lamont led to
ncial support of the 1latter for a 24-inch refractor, The
ion of the war delayed the delivery of the blanks for the
. but in 1923 two 27-inch blanks were obtained from Jena. 1In
year Hussey journeyed to Bloemfontein to look for a suitable
a new observatory. 1In October 1926 while in London on his way
Africa to supervise the erection of the telescope, he died

John Herschel then began a fruitful collaboration with James South
(later Sir James South) at Southwark which resulted in the publication
of a catalogue of 380 new pairs. For this work, Herschel and South were
jointly awarded the Gold Medal of the R.A.S. in 1826.

John Herschel's expedition to the Cape of Good Hope (1834 - 1838)
was one of the most fruitful in the history of astronomy and although in
these southern observations, double stars were only of "subordinate

interest", he nevertheless managed to catalogue some 1,202 pairs. ough, tragically, he did not live to see the completion of the

lthe telescope was soon in working order under the supervision
sor R.A.Rossiter, and it has since fully justified Hussey's
ons,

After his return from the Cape, he devoted his time to publishing
the results of his visit, which occupied him until 1847. He made few
astronomical observations after this time but his pioneer observations

with South were of great interest in double-star astronomy. orburn Ayton Innes (1861 - 1933)

William Joseph Hussey (1862 -1926) S was born in Edinburgh and went to school in Dublin, but all

onomical work was carried out in the southern hemisphere.
purely as an amateur, he soon became well known in Australia
’discovery and measurement of double stars, besides gaining a
N for his ability in mathematical astronomy, including
mechanics,

Hussey graduated at Ann Arbor University in 1889. Between 1889 and
1891, he was, like Aitken, an instructor in mathematics, an of
following year became Assistant Director of the Detroit observatory nis
the University of Michigan, unitl Professor Asaph Hall took UpP
appointment as Director.
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In 1896 he moved to South Africa where he became secretary to
David Gill at the Cape Observatory. Here he used the 7-inch ang 18~'Sh
equatorials for the observation of both double and variable starg an;h?h
1899 compiled a "Reference Catalogue of Southern Double Stars", 1n

In 1903 Innes became Director of the Transvaal Observatey
Johannesburg: here, 1in addition to photographic work with the t?t
6-inch and 7-inch Franklin-Adams refractors, he made a Wi

thorough an
systematic survey of the southern skies with the 26.5-inch refrae 3

the discovery of new double stars. Together with B.H.Dawson of B
Observatory and W.H. van den Bos, Innes compiled and publ
"Southern Double Star Catologue™ in 1927. 1In this important work,
contributed 1,613 new pairs, van den Bos more than 2,000 and Finsep
than 300.

tor fop
a Plata

Innes
More

R.T.A. Innes made many other contributions to astronomy, inclyq
the confirmation (from a reduction of all known transits of Merqy
that the rotation of the Earth 1is not constant,
Centauri is our nearest stellar neighbour.

ing
ry)
and that Proxima

Robert Jonckheere (1889 -1974)

Jonckheere began his long career as a double-star observer in 1905
using a 3-inch refractor. This instrument was followed by a UY-inch and
5-inch, and in 1907, by a 9-inch equatorial refractor fitted with a
micrometer, This work was carried out at a private observatory on the
roof of a house in Roubaix but soon Jonckheere decided that he needed
more formal instruction in astronomy and he took a course at Strasbourg
Observatory where he used a 6-inch equatorial. With this instrument he
discovered U40 new pairs which were included in a list he published in
the Bulletin Astronomique in December 1908.

Jonckheere now set about the task of setting up a Belgian
Observatory and this was successfully established at Hem near Lille?ﬂd
eventually was attached to Lille University. Double-star observation

was a major program at Lille, but at the beginning of World War I when
the country was over-run Jonckheere took refuge in England. Here, ge
to use the 28-inch refractor at Greenwich Observatory and BY

was able
the end of 1916 he had compiled a catalogue.

In 1919, Jonckheere was able to return to Lille Observatory ;g
continue his double-star work without further interruption. In 1930 y
retired and moved to central France: his retirement, however, was ?:m
nominal, for during the next 30 years, he was able to use varlﬂ
instruments at the Observatories of Marseilles, Nice, Toulousé
Strasbourg.

isheq a
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gventually, in 1962 he published his major work, the "General
gue" which contains, among other observations, no less than 3,355
puble and multiple stars discovered by him since the beginning of
areer in 1906.

Although his life-long interest 1lay in double-star observation
ere made many observations of planetary nebulae, red stars and
His published papers amount to more than 40 and represent the
jon to astronomy of a 1long and fruitful life. He died on June

1974 .
1as Lewis (1856 - 1927)

Lewis joined the staff of the Royal Observatory
ally his work involved the reduction of zenith distance
ations made with the Transit Circle (8.1-inch aperture, focal

= 11 feet 7 inches) but later in 1881 became Superintendent of
‘ime Department, a post which he occupied until his retirement in

early in 1881.

awis spent several years observing with the Transit Circle, the
uth (3.75-inch aperture for lunar observations) and the Small
orial. In 1893 he began to measure double stars with the Great
al, a refractor with a 12.8-inch Merz object glass of 17 foot 10
focal length. The new 28-inch refractor was delivered in the
year, and Lewis spent most of his observing hours using this
pe for double star measures.

concentrated on the pairs of F.G.W. Struve and is most
ed for his great volume "Measures of the Double Stars contained
e Mensurae Micrometricae of F.G.W. Struve" which was published in
- This earned him the Lalande prize of the Paris Academy of
the following year.

retired in September 1917 and lived at Wivenhoe in
h in June 1927.

Essex until

[~

rn in 1910, Paul Muller joined the Observatory of Strasbourg in
- His interest in double stars began after he had constructed the
_lwage micrometer with which his name is now associated. He has
' this micrometer on many telescopes from 1937 to the present day
€ exception of the war years) including the 16, 21 and U9-cm
PeS at Strasbourg, the 24 and 83-cm refractors at Paris-Meudon
?0—cm refractor at Nice. 1In addition it has also been taken to
U=Midi (60-cm refractor) and to the great refractor at Lick
sh. Equipped with a differential photometer the micrometer has

ed Dr Muller with accurate measurements of m and differences in
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colour for pairs as close as 0".5 and these
determinations,

remain the

only existing

His total of measures amount to more than 11,000
were made at Strasbourg between 1937 and 1956, 1,500 at Paris_Mz’SOO
(1956 - 1974) and a further 4,500 at Nice from 1974 onwaudon
Photometric measurements have been made on 400 pairs whilst colours ;ds.
been determined for about 100, ave

of which

Dr Muller has calculated 90 orbits and in 1953 published the
ephemeris catalogue, followed by a supplement in 1954, The second
third editions were produced in conjunction with G Meyer in 1964 e
1970 and the fourth catalogue (with positions every year from 1978-1gggd
was published with Paul Couteau in 1979. )

firsg

In 1969 Dr Muller started to survey the stars in the declinatio
zone +52 to +90 and this has complemented the survey being carrieq ou:
by Couteau at Nice., It is now about 95% complete and has yielded aboyt
680 new pairs which have a mean separation of 0".5.

Paul Muller has been President of Commission 26 (Double

Stars) of

the I.A.U. on two occasions; from 1952 to 1958 and again from 1976 tq
1979. 1In 1954 he founded the Information Circulars of this Commission
and was responsible for the appearance of this bulletin three times a

year for 30 years,being succeeded in November 1983 by Paul Couteau.

Richard Alfred Rossiter (1886 - 1977)

One of the great practitioners of Southern Hemisphere double-star
astronomy, Rossiter was born in Oswego, New York State on December 19th,
1886. He studied at Wesleyan University and graduated in 1914, going on
to teach mathematics at Genesee Wesleyan Seminary for 5 years. At the
University of Michigan he did research in stellar spectroscopy and was

the first to demonstrate the existence of stellar rotation in the star
Beta Lyrae. The head of the Astronomy Department at that time was W.d.
Hussey who saw Rossiter as a key figure in his scheme to set up 3

Southern observing station.

In 1926 Rossiter and his family accompanied Professor and Qrs
Hussey to London en route to Bloemfontein. Tragically Hussey qled
unexpectedly in London, and the Rossiters continued on to South Africa.
The task of choosing a site and superintending the erection of the
telescope now fell fully on Rossiter. With the financial help of thi
Bloemfontein City Council the Observatory was erected, and Rossiter wa
installed in rent-free accommodation, By April 1928 the telescope "?y
ready to start work. Assistance' had arrived several months preleU?

in
in the shape of H.F. Donner and M.K. Jessup, both graduate?9281
electrical engineering from the University of Michigan. By May pran
Rossiter with Donner and Jessup had started observing,and this Pr°
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sntinued until the end of 1952, the last 19 years being carried out
<siter alone.

e result was 7,368 pairs of which 5,534 were discovered by
er, a record which has not been approached since, let alone
ed. After retirement, Rossiter moved to Pietermaritzburg
ing to Bloemfontein again in 1975 where he died on January 26th,

Angelo Secchi (1818 - 1878)

1though best-known for his pioneer study of stellar spectra and
classification into four types, Secchi made a significant
ution to double-star work. Using the 9.6-inch Merz refractor of
servatory of the Collegio Romano (where he was Director), Secchi
ed double stars between 1854 and 1859, publishing the results in
catalogo do 1,321 Stelle Doppie..." of 1860. In this work, Secchi
yttempted a statistical analysis of the proportion of binary stars
total in F.G.W. Struve's "Mensurae Micrometricae" and related to

ree of separation of the pairs. The Lick Index of Double Stars
‘@s ts only four pairs against Secchi.

illiam Henry Smyth (1788 - 1865)

son of an American loyalist emigre, he started his career in
yal Navy as a boy. He obtained a commission from the lower deck
nded a brigantine in the Mediterranean during the Napoleonic

h owes the intense interest in astronomy of his later years to
ing with Piazzi in 1817 at Palermo Observatory. His first
cal telescope was a fine 5.9-inch refractor by Tulley which he
in his small observatory at Bedford in 1830. He took a special
in double-star observation. By 1839 he had catalogued many
objects, including some 350 double and multiple stars, some of
aries being measured annually. After this date Smyth sold his
nt which was installed in an observatory belonging to a Dr.
th at Hartwell near Aylesbury.

h retained access to the observatory at Hartwell and by 1843
deé measures, accurate for his day, of some 680 pairs. In the
year 1844, Smyth published his "Cycle of Celestial Objects",
k for which he 1is generally remembered and for which he was
lthe Gold Medal of the R.A.S. 1in 1845, In 1860 he published
/ book, "Speculum Hartwellianum", which, although not as popular
Cycle", contains a large number of double-star measures.
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Sir James South (1785 - 1867)
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South was a qualified surgeon who became interested in
and, after acquiring a fortune by marriage, spent his whole
considerable sums of money on his chosen hobby. He began douyh
observations with a 5-inch refractor at his observatory in Ble—star
Street, Borough, London. He became a founder member of the newl 2cknan
Astronomical Society of London and through his influence obtainz;form
recognition of the Society. Royal

aStFOn

(o)
time o f

His friendship ith John Herschel 1led to their collaboratj
re-measuring William Herschel's doubles, and their joint catal
380 pairs was presented to the Royal Society in 1824,

Onigs
Ogue of

Immediately after this, South moved to Passy, near Paris where
began a further series of double-star measures, but by 1826 he
returned to England, establishing a very well-equipped observatory
Campden Hill, Kensington. Here, South had ideas of makingat
comprehensive double-star survey and he spent a great deal of money ia
obtaining a 11.75-inch Cauchoix objective and getting it mounteq bn
Troughton, He soon became dissatisfied with the telescope and reﬁmeg
to pay Troughton's bill, Many law-suits followed, much of the trouble
being due to South's intemperate behaviour - and he abandoned his
double-star ambitions and destroyed his equipment. The Cauchoiy
objective was saved however, and eventually found its way to Dunsink
Observatory where it is still in use.

haq

Friedrich Georg Wilhelm Struve (1793 - 1864)

F.G.W. Struve was one of the greatest double-star observers, and,
after the Herschels, a pioneer in the field. He was born near Hamburg
in Altona on April 15th, 1793. In 1808 he went to the University of
Dorpat where he studied philology with his older brother Karl. He also
studied mathematics and in 1811 turned his interest to astronomy,
receiving a doctorate two years 1later for a thesis in which he
determined the latitude and longitude of the Observatory at Dorpat. He
started measuring double stars with a small refractor and the transit
instrument which resulted in the publication in 1822 of his "Ccatalogus
795 Stellarum Duplicium",

In 1824 Struve obtained a superb telescope, a 9.6-inch Fraunhofer
uatorl?l

refractor, then the largest in the world, equipped with an €q

mounting and driving clock. With this instrument he began his
monumental survey of double stars down to declination -15 . In @ 16678
over two years, Struve, with his assistants, Preuss and K;:;;;;

completed no less than 10,448 measures of some 3,112 pairs and mu
stars of which 2,343 were new discoveries.
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'-e results of this great work were published in 1837 as "Mensurae
ricae Stellarum duplicum et multiplicum" a catalogue which was
e the foundation for many subsequent observers to build upon.

1839 Struve became Director of the newly-established Poulkova
yatory where the principal instruments were a 15-inch refractor §nd
—inch heliometer. The main programme consisted of a comprehensive
al survey of Northern Hemisphere stars down to magnitude 7 and a
ional survey of equatorial stars. 1In this work he was assisted by

on Otto.

 {n 1852 Struve published the accurate meridian positions of each of
imary stars in his Catalogue and also many single stars.

. 11 health forced him to turn over the running of the Observatory
s son, Otto and he died on November 23rd, 1864 having retired to
te which the Tsar had granted him in gratitude for his

omical work.

lhelm Struve (1819 - 1905)

o Struve was born on May 7th 1819 at Dorpat and at the age of 18
ame assistant to his father in double-star work at the observatory
still a student at the University. After taking a degree, Struve
‘with C A F Peters was appointed to the post of Assistant
omer at Poulkova, His initial work involved the determination of
stant of precession and the proper motion of the solar system
eventually led to the award of the Gold Medal of the R.A.S., an
' which was also given to his father and his son, Herman. In 1862
ceeded his father as Director at Poulkova and dedicated himself to
stars and fundamental astronomy. One of his major projects was
e Catalogue of the Astronomische Gesellschaft (A.G.). His double
k included the discovery of 5U7 pairs with the 15-inch refractor
cluded amongst them delta Equulei which, with a period of 5.70
is even today surpassed in shortness of period by only 2 or 3
He was very interested in the effect of personal equation on
ions of double stars and undertook a major investigation in this
He himself had an unusually large personal equation, but by
experiments with artificial double stars was able to make
tory corrections to his measures.

retired from the post of Director at Poulkova in 1889 and spent
aining years at St Petersburg (now Leningrad) and Karlsruhe where
on January 14th, 1905.

S Achille van Biesbroeck (1880 - 1974)
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Among double-star observers, George van Biesbroeck must
considered as one of the greatest. He was an active observer fo
than 70 years and the major part of his work was devoted to doubl
astronomy. Although he started his working 1life as
graduating from the University of Ghent in 1902, he soon tra
energies

' Morg
e-st
L
an englnEQp

ity nsferreq his
to astronomy, beginning as a volunteer observer at the 8

B N
Royal Observatory at Uccle. Using a 15-inch refractor, his cgiglan
micrometer measurements of <close doubles earned him immed?fu
recognition. late

In 1906 he obtained a Fellowship
continued his double-star measures
1908, when he returned to Uccle.
Biesbroeck found 1life

at Heidelburg Universit
with the 12-inch refractor
Like many European astronomers
and work greatly hampered by World War I Qut

Y ang
untiy
Van

1915 he was fortunate in obtaining a Visiting Fellowship at Yerk:n
Observatory and in the following year he and his family emigrateq ts
Wisconsin, 9

At Yerkes he found in the famous M40-inch refractor an ideg

instrument for the study of doubles that were both close and faint, apg
in his first programme he re-observed most of the 1,200 or so doubles
which W.J. Hussey had discovered earlier at Lick Observatory. As might
be expected, many of these close pairs showed fairly rapid change since
Hussey's time, and van Biesbroeck was able to compute reliable orbits
for many of them,

During the mid-1930's van Biesbroeck took part in the engineering
work for the new 82-inch reflector at McDonald Observatory and after its
completion soon showed that a good reflecting telescope was just as
effective as a refractor for double-star measures.

Although he discovered some new doubles during his long career, van
Biesbroeck concentrated his attention on the continuing observation and
precise measurement of close doubles which were already known, thus
providing reliable data from which orbital elements could be obtained.

In 1945, van Biesbroeck, now aged 65, officially 'retired’ but in
fact he continued observing: he took part in eclipse expeditions £o
Brazil in 1947 and the Sudan in 1954, and in 1964 worked with the large€
reflectors of Kitt Peak and Steward Observatories.

Besides his outstanding double-star work he made many observations
of comets, minor planets (two of the former and one of the latter bear
his name) and other objects. One of the interests linked 1O his
double-star work was the search for companions to stars of large proper
motion. In 1944 he discovered a faint companion to BD +4 4048. 19
Biesbroeck's Star' as it is now called, has an absolute magnitude of +
and is still the least luminous star known,
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Qan Biesbroeck died on February 23, 1974: he 1lived a 1long and
' il 1ife during which his 35,915 double-star measures of the
t quality have put him amongst the foremost double star observers

time.

Hendrik van den Bos (1896 - 1974)
pRnan T van ioen tos e )

r. van den Bos was born in Rotterdam on September 25th, 1896. He
ttracted to astronomy and in particular double stars at an early
In 1913 he commenced study at the University of Leiden and whilst
was taught by such eminent men as Hertzsprung and de Sitter. 1In
van den Bos received his doctorate in Physics and Mathematics from

and in August of that year arrived at the Union (later Republic)
atory at Johannesburg in South Africa as a guest observer, He
a2 major part in the systematic search for new double stars in the
rn Hemisphere, which continued the work of Aitken and Hussey at

n 1930 van den Bos joined the staff of the Union Observatory and
ed there until his retirement in 1956. However he continued his
es in a private capacity until ill-health forced him to stop in
at which point he had made nearly 74,000 visual measures,
ered some 2,900 new pairs and computed 150 orbits. 1In addition to
}.5-inch and 9-inch refractors, Dr van den Bos used the 27-inch at
nt Hussey Observatory, the 24-inch and 14-inch at Bosscha, Java,
inch at Lick, the 40-inch at Yerkes and the 10.5-inch at Leiden

efractors) as well as the 36-inch and 82-inch reflectors at the
Observatory in Texas.
was a visual observer of great skill and could make accurate

with amazing rapidity, sometimes completing as many as twenty
ur of favourable viewing conditions. This great double-star
* died on March 30th, 1974.

rge Erardus Gijsbertus Voute (1879 - 1963)

Voute was born in Madioen, Java on June Tth, 1879 and was educated
lland, graduating in civil engineering at Delft. 1In 1908 he
'd work at Leiden Observatory having taken an interest in astronomy
Lft and in his first year produced a double-star orbit which was
iShed in the Monthly Notices of the R.A.S.

i€ realised that the future of double star astronomy lay in opening
€ southern skies as the large American telescopes had done for the
 J.C.Kapteyn helped him to obtain a post at the Cape Observatory
“th Africa where he worked mainly on double stars and parallaxes.
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8. COLOURS OF DOUBLE STARS
On returning to Java in 1919 Voute, along with his wealthy frie
K.A.R. Bosscha and R.A. Kerkhoven and others, set up the Nederlands N nistory
Indische Sterrnkundige Vereeniging with the express intent of setting ch
and maintaining an astronomical observatory in Java. On his appointpe
as Director, Voute chose a site at Lembang located on the side of t:t
Tangkoebuu Prahoe volcano at an altitude of 1300 metres. A double Zeie
refractor of 24-inch aperture was set up mainly due to the generosity 2:
Bosscha.

The ability of different eyes to see different colours in the same
. has long been a subject for discussion. According to Smyth
ereal Chromatics) the ancients recognised no blue stars; they spoke
red or white ones. Both Ptolemy and Seneca recorded Sirius as
ish giving rise to the possibility of secular variation of colour.
in 1694, compared the colours of the stars to those of the planets
sifying them as Saturnine i.e. dullish, Jovian (bright and white)
Martial (reddish). Solar stars were partly yellow and partly red,
st lunar stars were pale and dim and those of Venus were called
coloured'. In the case of double stars it is certain that contrast
an important part in the apparent colour that each component
sters on the eye. Arago considered that that the light of fainter
yanions was absorbed by the atmosphere of the primary star. 1In other
s the fainter star would always be redder than the brighter. Smyth
d that this was not the case and some stars did have primary stars
were redder than their secondaries,

Voute made many measures of double stars at Lembang, and °°“tinueq
his researches in Australia after the Second World War during which pe
suffered for a time as a Japanese prisoner-of-war. Towards the epq
his 1life he returned to Holland and he died in The Hague on August 20tk
1963.

His total of 26,126 measures rank him amongst the most prolifie

observers of all time and his concentration on close and difficult pairg
placed him, according to Aitken, amongst the very front rank,

Charles E Worley (1935 - )

In the post-telescopic era the most notable recorders of colours
William Herschel, F.G.W.Struve and W.H.Smyth. The first two
ded colours in double stars as a matter of course. Struve was
larly enthusiastic and went as far as inventing his own system of
atic designations ranging from obscurissima through alba, flava and
lea to rubra, His most famous epithet was olivacea subrubicunda
“means pinkish-green! 1In a recently published book, David Malin
" Paul Murdin (1984) have shown that the colours of both Herschel and
e correlate with stellar spectral class and thus with surface
rature.

Worley began double-star observations in 1954 at Lick Observatory
and whilst attending university continued until 1961. He then joined
the staff of the United States Naval Observatory where he has remained
to this day. Working mostly with the 26-inch Clark refractor at
Washington, he has also used the 36-inch and 60-inch reflectors at Cerro
Tololo Interamerican Observatory in Chile,

Since 1965 Dr Worley has been in charge of the data base of
double-star observations which has now grown to a total of more than
400,000 observations of 73,609 pairs. One of the most significant parts
of this project was to get all of the observations from the Lick Index
catalogue, previously on cards, transferred onto computer. This huge
task is now almost complete, and April 1984 saw the issue of the WDS or
Washington Double Star Catalogue which is the successor to the IDS.

e greatest part of this chapter is taken up by the results of a
by four American amateur astronomers: Joseph J. Kaznica, James
ssell Jr, Sandra T.(Keen) Kaznica, and Billie Westergard. They
used the 24-inch (60-cm) reflector of the Mount Cuba Observatory at
ington, Delaware, U.S.A. to determine the photographic colours of
€ pairs of double stars.

duction

- At the Mount Cuba Astronomical Observatory we have been engaged in
deVelopment and evolution of a colour photographic technique to

ne the colours of double stars and relate them in a
Quantitative manner to spectral class. The purpose of the
amme jis to make colour determinations of 200 double stars commonly
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There is a great deal of variability in visual reports of
of double stars, Since visual observations are biased by the type o
instrument, observer, seeing conditions, brightness of the stars anq
lack of colour reference, these variations are understandable, Most of
these parameters are related to the function of the human eye, and bi
is introduced simply because the human eye 1is not well Suiteq to
determining star colours. The retina of the eye 1is furnished wity
layer of specialised cells called rods and cones which are sensitive to
light. The rods are adaptable to 1low 1light conditions ang are
responsible for the 'averted vision' phenomenon with which all
astronomers are familiar. However, the rods see only in black and
white. The cones, which perceive form and colour, are designeq to
operate under normal daylight conditions, but are poorly suiteq to
determine colour from very bright or very dim point sources under
dark-adapted conditions.

colours

Existing colour-index
versus visual magnitude

systems, such as photographic magnityge

and the UBV photometry system, generate
numerical values of colour. The element that 1is missing from these
colour indices is a description of the intrinsic star coloyr
recognisable in terms of human colour perception. Stated another way,
these colour index systems generate a number and not a colour,

We wondered whether another colour-index system could be developed
which would relate intrinsic star colour to spectral class, a system
having more relevance to the visual observer. Naturally we thought of
using colour film. Although colour film is not a perfect match for the
eye, and the various dyes have different reciprocity characteristics, we
felt that Kodak Ektachrome film would be successful in reproducing star
colour, especially if the exposure times were kept short. Originally we
experimented with Kodak Ektachrome ASA 64 film as we found a more
uniform grain dispersal and distribution of colour using the slower,
finer grained film. We developed an exposure curve by theoretical and
empirical methods that permits us to make a correct exposure for a star
of given magnitude, For example, a sixth magnitude star would be
exposed for 5 seconds.

All exposures are made at the f/16 Cassegrain focus of the Zu-iHQh
(61-cm) Mount Cuba reflecting telescope. This eliminates any chromatic
aberrations and no filters are used. On each roll of film there 1is an
exposure of a colour reference chart taken in daylight.

Our choice of a colour reference chart is the MacBeth ColorCheCkeré
an accepted standard in the photographic industry. Thi§ char
represents the internal standard, and variations in colour during
development of the film can be ignored since the internal standard Wi
always correspond to the master copy of the ColorChecker. Lour
ColorChecker is a U4 x 6 array of colour patches. There are 18 co £hs
squares of various hues corresponding to different dominant waveleng
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ing from vivid purplish blue to red. The bottom row is a series of
11 spaced neutral patches. Each square is identified by an ISCC/NBS
e and by its colorimetric designation in the CIE and Munsell systems.
.~ our colour determinations we use the ISCC/CIE names.

At the telescope each double star requires at least two exposures -
for the primary star and one for the secondary - except where both
ars are essentially the same magnitude and a single exposure will do,

To determine star colour, the internal standard ColorChecker is
srojected onto a screen, and then the star images are projected onto the
.me screen using a second projector. One observer positions the star
es next to the colour squares, while two other observers stand close
the screen and compare colours for determination,

In most cases the stars have had colours closely matching one of
nine colour squares; strong purplish blue, moderate blue, strong

sh blue, 1light bluish green, strong yellowish green, vivid
ow, strong orange yellow, strong orange and strong red.
Once the stars have had their colours determined by this procedure

‘are photgraphed a second time, on a different night, and determined

n, A finalised star colour, by our method, is dependent on
oducibility of a determined colour,
he stars are described in terms of the National Bureau of

rds colours and in accordance with the following table:

Table 6. The Munsell Color System,

index Colour Hue Value/Chroma

1 Strong purplish blue 15 PB 4/710.7

2 Moderate blue 4.3 PB 4.95/5.55

3 Strong greenish blue 5 PB 5/8

4 Light bluish green 2.5 BG 7/6

5 Strong yellow green 5 GY 7.08/9.01

6 Vivid yellow 5e 8/11.1

1f Strong orange yellow 10 YR 7/10.5

8 Strong orange 5 YR 6/11

9 Strong red 5 R 4712
We offer in Table 9 a list of determined colour versus spectral
: as evidence that our technique should be given serious
ideration in describing the colours of stars in terms of human

' perception.
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Let us examine this table in detail. Across the top we fing t
colours 1listed by National Bureau of Standards name. Below each ¢g) he
name we find the colour index number which simply enables us to ident9ur
the colour of a star by a number, At left is spectral classlr
sub-class and to the right is shown the total number of stars ip b
sub-class. Our study totals 406 individual stars comprising 95 doubiaeh
4 triples and 1 quadruple star system. This table consists of oo
individual stars leaving 57 to be omitted because a 5pe°t3ug
classification was not available and these are all secondary or tert'ral
stars. e

Note the overall trend going from blue to red as the stars gap
listed from the hottest, spectral class O to the coolest, spectral elase
M. We do show a rogue point for spectral class A0 to Al showing 3
star as strong orange. This is the secondary star of iota Bootis
is given as spectral type A2 in Robert Burnham's 'Celestial Handbook!
The 1literature on this star is confusing., It is given in the Licﬁ
Catalogue as magnitude 7.5 but in the Becvar Catalogue it is magnitude
8.3 We have photographed this star a number of times and have
determined that the Becvar value is the correct one and that the coloyp
is indeed strong orange. Burnham's reference for the spectral type is
from a European source and we have written to him for clarification,

One
which

Spectral class O and B stars we would expect to be bluish and our

technique describes them as such. G class stars are determined as
yellow or yellowish and K and M stars are described as being mostly
orange. For these spectral class stars the determined colour ranges

over only three or four colours while for spectral class A and F the
determined colours range over five or six colours. This difference of
determined colour range is in agreement with that determined by the UBV
colour system and is also expected. We would expect that the colours
determined for A and F class stars would range from bluish through
greenish to yellowish as they are midway between the very hot and very
cool stars. Again our technique agrees with this premise.

Based on this correlation of observed colour with spectral class we
have confidence in our technique describing star colour in terms'of
human colour perception. We developed this technique in order to E}Ve
the visual observer an idea of colours of the double star pairs
discussed if the eye was compensated for all of the variables discussed
in our original article. These variables render colour determination at
the eyepiece a haphazard guess at best.

Conclusions

First of all let me say that I consider our sample of double Star:
to be a random sample, They are distributed fairly evenly thfoughous
the sky. My choice was simply based on "Pretty Pairs" that Observgrg
would enjoy. I was limited by our photographic technique of choosif
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seconds and pairs of
To use our catalogue with
wide pairs so that the

s of the same magnitude wider than 3.5 arc
qual magnitude wider than 6.5 arc seconds.
1 telescopes I chose most of the classic

-age separation of the 195 double stars in the survey is 22.8 arc
onds. The 5 multiple stars have similar separations. Most of the
rs have common proper motion and are usually referred to as
atively fixed. Only 10 show orbital motion and a further 10 are

ieal pair‘s .

We classified a star as belonging to one of the nine colour classes
ch are given on page 45 and each component of a double or multiple
tem was examined separately, The Table given below shows the
quency with which various differences in colour occurred in double

pairs.

le 7.0bserved colours of 195 double star pairs

our Category Difference Number of Pairs Fraction of total

colour 101 52%
erence of one colour 36 18%
" two colours 22 1%
" three colours 18 9%
" four colours 4 2%
" five colours 7 ug
n six colours 4 2%
L seven colours 3 2%

Table 7 shows a high probability that a given double star will have
onents of the same colour or very similar colours. In 52% of the
rs the colours are the same whilst 81% showed differences of two
ur categories or less, The 5 multiple stars show similar results,
famous pairs with great colour contrast such as Albireo (beta Cygni)
appear to be the exception rather than the rule.

We also looked for a correlation between stars which appeared to
the same colour and the angular separation. The average separation
5 pairs is 22.8 arc seconds and the results are given below.

8. Distribution of colour difference with angular separation.

r Category Difference Average Separation
20.5 arc secs.
25.1 arc secs.
34,1 arc secs.
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The 5 multiple stars show a similar correlation.

Table 8 indicates that the smaller the separation of a pair th
greater the probability that the colours will be the same. There ar %
of course, some striking exceptions to this rule. In the pair
(gamma Andromedae) the stars are six colour categories apart bu
are separated by only 10 arc seconds, whilst Aldebaran (alpha Taur
stars have the same colour but the separation is 121 arc seconds.

Almacy
F they
1) the

Since colour is an indication of star spectral type the analysig of
our data shows that the components of a double star system, even wide
common proper motion pairs tend to be similar in type. The data base
here is small and these correlations are based on a quantitatjye
technique but there does appear to be some very specific trends inp the
data, Hopefully this information will lead to a better understanding of
double stars.

Table 9. Summary of Mt. Cuba star colour determinations
and relation to spectral class

ISCC i Shd UM b IERE - str., Sub
NBS Purp. Mod. Grn. Blue Yell, Viv, Or, Str. Str. Class
Name Blue Blue Blue Grn, Grn. Yell, Yell, Or. Red Tot
Col.

Index Ir 1 2 3 4 5 6 74 8 9
05-09 2 2 1 5
B1-BY 1 5 @ 1 14
BS-B9 B i o T y 37
AO-AY 217 251" oy 24 3 1 7
A5-A9 7 1 8 2 3 21
FO-FY4 1 1 $94 ap3d 12 L
F5-F9 1 10, .M 16 7 2 u7
GO-GY 5 1 5 &
G5-G9 2 6 1 10 29
KO-KH B0 hamty ' 4 1
K5-K9 y 3 1 8

MO-M5 1 2 2 2

Double Star

gamma (STF 205)
pi(STT 4 App)
59

STF 79

STF 2985

STF 1 App I
STT 547

94 (STF 2998)

5 (STF 2379)
15 (HJ 598)
STF 2449

lambda (STT 21 App)
gamma (STF 180)

30 (STF 5 App I)

33 (STF 289)

STF 326

STF 394

14 (STF 653)
26 (STF 753)
41 (STF 845)
STF 698
STF 718
STF 764
STF 872
STF 933

pi (STF 1864)

iota (STF 26 App I)
kappa (STF 1821)

xi (STF 1888)

STF 1850

STF 1921

1 (STF 550)
STF 396

STF 618

STF 1625

STF 1694
Piazzi III 97

iota (STF 1268)

Table 10. Double Star Colour Observations
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Constellation

Double Star

Cancer

Canes Venatici

Canis Major

Cassiopeia

Cepheus

Cetus

Coma Berenices

Corona Borealis

Corvus

phi 2 (STF 1223)
24 (STF 1224)
STF 1245

STE 13711

alpha (STF 1692)
2 (STF 1622)
STF 1645

nu (HJ 239)
HJ 3945

alpha (H 18)
eta (STF 60)
35 (S 397)
STF 30

STF 3053

beta (STF 2806)
kappa (STF 2675)

xi (STF 2863)

delta (STF 58 App I)
STF 2840

STF 2873

STF 2883

STF 2893

STF 2903

STF 2947

26 (STF 84)

37 (STF 3 App I)
66 (STF 231)
STF 274

STF 6 App I

2 (STF 1596)

12 (SHJ 143)

17 (STF 21 App I)
24 (STF 1657)

STF 1633

STF 1678

STF 1685

zeta (STF 1965)
sigma (STF 2032)

delta (SHJ 145)
STF 1669
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Double Star

beta (STF 43 App I)
16 (STF 46 App I)
17 (STF 2586)

61 (STF 2758)

STF 2486

STF 2578

STF 2687

STT 191 App

gamma (STF 2727)
S1T752

nu (STF 35 App I)
psi (STF 2241)
omicron (STF 2420)
40-41 (STF 2308)
STF 1362

STF 2273

STF 2348

STF 2573

32 (STF 470)
55 (STF 590)
STF 570

15 (HJ 223)
20 (STF 924)
38 (STF 982)
STF 1108

kappa (STF 2010)
rho (STF 2161)
95 (STF 2264)
100 (STF 2280)
STF 2063

17 (STF 1295)
STF 1270
STF 1329

8 (STF 2922)

alpha (STF 6 App II)
gamma (STF 1424)

tau (STF 19 App I)

6 (SHJ 107)

54 (STF 1487)

83 (STF 1540)

88 (STF 1547)
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Constellation Double Star

Leo 90 (STF 1552)
STF 1552

Libra STF 1962

Lynx 19 (STF 1062)
20 (STF 1065)
STF 958
STF 1009
STF 1282
STF 1369

Lyra beta (STF 39 App I)
eta (STF 2487)
zeta (STF 38 App I)
STF 2372
STF 2459
STF 2470
STF 2474

Monoceros epsilon (STF 900)

Ophiuchus 61 (STF 2202)

Orion delta (STF 14 App I)
lambda (STF 738)
iota (STF 752)
sigma (STF 762)
23 (STF 696)
STF 627
STF 697
STF T47
STF 855

Pegasus epsilon (S 798)
1 (STF 1 App II)
3 (STF 56 App I)
STF 2841
STF 2978

Perseus eta (STF 307)
epsilon (STF 471)
STF 331
STF 336
STF 552

Pisces psi (STF 88)

zeta (STF 100)
35 (STF 12)
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Double Star

55 (STF 46)
65 (STE 61)
77 (STF 90)
STF 98

theta (STF 2637)

delta (STF 1954)
theta (STF 2417)
49 (STF 2021)
STF 1919

STF 1931

35 (STF 1466)

alpha (STF 2 App II)
chi (STF 528)

118 (STF 716)

STF 401

STF 422

STF 494

STF 548

STF 572

STF 645

H VI 98

iota (STF 227)
STF 239

zeta (STF 1744)
65 (STF 1579)
STF 1315

STF 1415

STF 1520

STF 1561

STF 1603

alpha (STF 93)
pi (STF 1972)

gamma (STF 1670)
theta (STF 1724)
17 (STF 1636)

54 (HJ 412)

STF 1575

STF 1627

STF 1740

STF 2769

93
Comp A Comp B Comp C Comp D
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PART TWO

A CATALOGUE OF DOUBLE STARS

measures in this catalogue were made by a number of observers
1s are given later. The large majority were made by Maurice
d his contribution amounts to 3,499 measures of 420 systems out
tal of 5,035 measures of 685 systems. These measures were made
1941 and 1975 but are not continuous, being divided into two
periods;

1941 - 1945

ng this time the 32-5-cm Coudé refractor of the Observatory of
St. Genis Laval was used. The micrometer was a filar with
sonstant of 7<43 arc secs per revolution.

1963 - 1975
ectors of 26-cm, 40-cm and 60-cm aperture were used and
ns were made from two different sites.

—cm reflector.

telescope was situated at Montlhery, near Paris (altitude 80

here Duruy reported that +the seeing was such that measures
ade on more than 95% of clear nights. Between 1962 and 1964,
- of distance were made using the binocular micrometer which
pair of artificial stars, whilst a wire in the eyepiece and a
circle were used for the measurement of position angle. From
964 to early 1965, the grating micrometer was used for  pairs
1 arc sec, whilst below this separation, the binocular
was used as before.

40-cm reflector.

was also set up at Montlhery, the first measures being made in
355. Again the binocular micrometer was used for the great
measures. In mid-1966, M.Duruy moved to Le Rouret which is
tres west of Nice. Mountains rise to 2000 metres some 16
nortn of the site, and the Mediterranean is tne same distance
South. The Mistral frequently reduced the seeing to 5 arc
making the measurement of close pairs impossible.

60-cm reflector.

40-cm was transferred to an alt-azimuth mounting, and the
€quatorial, after reinforcement, was used to carry tne 60-cm.
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Rignt Ascension for 2000, the magnitudes, the original measures
notes on comites were taken from the IDS. The periods of
s and the ephemeris positions for 1985.0 come from Muller and

(1978)-

ne" beside the measures of separation indicates that the pair was
d. The number of nights on wnich measures were made is denoted
1f two figures are shown, the former refers to +the number of
of position angle and the latter to the number of measures of

The telescope is noused in an observatory with a divided ro
to the east and west. At low declinations the 60-cm c
from 1 hour west to 2 hours east, whilst at high declinatio
are 2 hours west and 3 hours east.

of which
an see obg?l‘
ns the ]_im:z

Duruy noted that the Seeing often pronibited the use of
telescope on double stars. a plane parallel window was added (i)n I;he
10

and on nights of good seeing, stars as close as 020 arc se
be measured, } v Coulg

codes in the extreme right-hand column in the catalogue refer

The measures made b, btai i
made by Argyle were obtained in two short observer and the telescope used, and are as follows:

1970 and 1972 - 1973. These were made using: Periods j,

tdls ; ‘ N fracto St. Genis Laval
(i) Tne 28-inch refractor at tae Royal Greenwich Observatory, gz.zmczeﬁeﬁor o Montlhery
Montlhe:
Thgse measures were made between May and Septemoer 1970. For Pairg gg:cc:: ;zﬁ::z; 114.: Rour:{
below .4 arc secs, the comparison image micrometer (€M was ugeq 6-inch refractor Herstmonceux
exclusn.rely for separation, whilst tne filar was used for all measureg 28-inch refractor Herstmonceux
of position angle and those separations greater than 4 arc secs, The 25-cm reflector Pickering
constant of the C.I.M. was lmm = 0:0794 arc secs, and that of the filay 21-cm reflector ‘ York
was 6+11 arc secs per revolution with a x2 Barlow lens fitted, and 1216 4-inch refractor Sao Paolo
arc secs per revolution without. ' 11 cm refractor Lodi
30-cm reflector Bournemouth

(ii) The 6-inch Cooke refractor at the Royal Greenwich Observatory,

: of the wider pairs, the colour of each component has been
ated by members of the Webb Society Double Star Section. In order
the notes more compact, the observed colours have been
ted thus:

ite b - blue o--orange y - yellow p - purple

r - red 1 - lilac g - green a - gold

This instrument was used vetween »ovember 1972 and March 1973, A
filar micrometer with a screw constant of 2370 arc secs per revolution
was used for all measures.

EXPLANATORY NOTES

The following abbreviations are used:

A - R.G, Aitken HU - W.J. Hussey ntensities are noted by: P - pale, I - deep.

AC - Alvan Clark = R. 3 .

AGC - Alvan G. Clark ;RU ¥ i .gsclecgeere tendency towards a particular colour is indicated by:

B o 8 e KUI - G.p Klé.fi - Llowish) bsh (bluish) etc, and intermediate colours are shown
Cou - P. éouteau E A C. f’iazzfeSmyth nations of letters from the table above, viz: yw (yellow-white),
D - E. Dembowski SE - A. Secchi ite).

DA - W.R, Dawes SHJ - J. Herschel/J. South

ours were ooserved by tne following: A.Tuck, D.,A.Allen,

BS - T.H,E.C. Espin STF - F,G.W. Struve i .

H - W. Herschel STF App - n (appendiX) artoni, (Hungary), A.Fahy, A Curran, J.E,Isles, I. Genner,
HJ - J. Herschel STT — 0. Struve » E.R.Hancock, G.Gough, A Northcott and R.W.Argyle.

HID - E.S. Holden STT App " (appendix)

HIM - E. Holmes WNC - A Winnecke

HO - G.W. Hough
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,sures
RA 2000 DEC MAGS PA SEP DATE N OBS
0005 .4 4549N 9.4,9.4 167.9 5.36 67.61 4 D3
169.3 5.80 73591 3,1 D4
0006.2 5826N 6:l,7./5 150.8 0.51 43.68 5 D1
167 a1, 0.6 45.19 1 D1
10T T 0.62 K586 V161 D]
0006.2 5826N 6.4,7.5 255.4 1227 65.61 6,5 D3
260.8 1.28 67.63 3 Du
271.4 1431 72.53 3 D4
272.0 1.40 73.54 3 D4
0011.9 2825N 8.5,8.8 round 66.0 ) D3
0012.2 5337N 7.2,8.0 round 66.0 1 D3
0014.9 0849N 6 Vi T - TSV L TT26 72.9 A
149.3 11,47 81660 | L EWS
0016.7 3629N 8.2,8.9 213.3 0.4 44,88 1 D1
187.6 0.49 65.60 3 D3
0017.5 0019N 7.9,10.2 278.3 el 42.90 2 D1
0018.5 2608N 7.6,8.4 252.0 5.33 41.99 1 D1
0031.8 5432N 55 9a0 VBT ST 0.56 65.70 6,5 D3
179.1 0.52 TOS6E a3 AR
176.2 0..55 73.62 2 D4
0034.5 0433s T%0; 102 46.8 20.12 82.95 2 KS
0035.2 3650N 7.0,9.0 311.5 12.0 72.9 2 A1l
286.8 62.64 82.95 " 2" KS
0036.8 3343N R T P e T e o 72.9 3 A
0046.5 3057N ool Tiab 47.9 u48.5 72.9 25
48.1 46.98 82.83 2 KS
0048.8 5750N 3.6,7.2 284 .1 9.66 43,97 2 D1
286.1 10.00 45.92 1 D1
294, 10.22 62.9 1 D2

297.6  11.05  64.6 2,3 D2

2999 ¥l dices 66.0: 3,5 D3
300.7 11.64 73562 5 DU
306.3 12.28 T77.45 9,7 WS
0049.8 2T43N 6.3,6.3 295.0 4,42 2 SGoM 0/ F D]
296.7 4.43 68.58 1,2 D3

297.7 4.36 TR I5R S GH
0050.4 5038N 8559011 225.0 0.72 6559 1 1317 D3
24y, 0.7 =08 P S
0054.6 1912N 6.0, T2 12387 0.42 65.90/§" 5.1 D3
238.8 0.47 67.66 5,4 D3




RA 2000 DEC

10z

PAIR

STT 20 0054.6
STE 93 0055.0
BU 500 0055.4
BU 1099 0056.8
BU 302 0058.3
STF 79 0100.0
STT 21 0103.0
STF 88 AB 0105.6

AC

STT 515 0109.3
BU 303 0109.6
BU 235 0110.6
A 655 0111.3
STF 98 0112.9
STF 100 0113.7
BU 1100 0114.7
STF 102 0117.8
BU 4 0121.3
STF 117AB-C0126.0
. CD

STF 121 0127.6
STF 131 0131.2
A 816 0135.7

1912N

2338N

3039N
6022N
2125N

Uyu2N

u722N
2128N

4T715N
2348N
5101N
4113N
3205N
0733N
6057N
4901N
1132N
6807N
6428N

6040N
T226N

MAGS
6. 1572

61815627

8.3,8.3
ekl 5 B/e3
T7.4,7.9

9.4,10.0

9.6
10.6
8.6

o 3 o

PA SEP
2370 0.5
226.7 0.48
132.6 0.61
140.0 057
200.7 0.58
211.9 0.74
218.5 0.58
217.5 0.80
2310 0.69
229.7 0.66
303. 0.4

round

124.7 0.57
141.8 0.65
152.0 0.45
194.3 7.93
194 .3 8.03
191.4 7.62
172.0 0.68
159.7 30.5

161.0 30.0

72.9 08.2
150.6 0.49
142.1 0.46
289.0 0.67
119.5 1.06

round
2u8.0 19.90

637 23.0
62.4 22.73

43, 0.37
40.6 0.38
284.5 0.45
278.8 0.42

round
121.2 21.64

73.2 2.98
269.9 1137
143.8 14,20
307.5 0.57

Eww s

N - W w =

P 0158,

RA 2000 DEC

0135.7
0136.0
0138.9
0139.7
0145.7

0149.2
0149.9

0150.1

0151.2

0151.2
0153.5

0155.1
0155.8
0156.1
0156.

0159.
0201.

WUl = &=

0202.0

0203.5

T226N
0739N
T64UN
56128
25035

UT54N
8053N

2217N

2U39N

6452N
1918N

284N
0151N
3716N

6116N
2335N
6437N
TOS54N

0246N

4223N

MAGS
8.5,8.6
TTsT.T
8.8,9.0

2.3,5.0

PA SEP
310.1 0.62
308.2 0.53

47.3 1.59

51:.0 1.43
321. 0.6
195.7 11.19

29.6 4,73
204.9 1.97
258.5 0.35
259 0.31
168.0 21T
164.8 2.97
168.2 2.80
166.0 3.16
200.5 0.3

37.4 36.43
359.3 7.61

0.0 7.88
053 T8

180.5 8.11

359.0 T7.79
round
round

56.2 1537
298.3 196.6
297.4 199.44
124.3 3.67

47.1 38.5
310.3 42.02
277.0 0.77
281.3 0.91
294 .2 2.38
291.7 1.95
291.7 1.97
288.4 1.82
286.5 191
285.0 1.76

63. 9.96

64.7 9.63

63.9 9.45

DATE

43.99
73.89
41.96
73.63
43.97

80.00
82.13
66.0
66.0
67.65

42.39
66.1

73.62
T7.74
71.02

81.98
64.0
64.6
67.89
76.87

81.71
65.6
73.63
73.63
73.0

81.84
41,97
72.9

81.96
43.99

45.30
63.0
65.6
67.05
73.58

75.09
T7.43
64.5
70.7
T7.

_wWww =N

4,3

152

—_wWww -

A.Ad
We - = N
N~ =

N = =W

8

WM NDWe

7

We WWW
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OBS

D1
D4
D1
D4
D1

RF
RF
D3
D3
D3

D1
D3
D4
GH
D4

KS

D2
D3
GH

WS
D3
D4
D4
A1

KS
D1

KS
D1

D1
D2
D3

10 D3

D4
D4
D2

A2
GH
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PAIR

STF
STT

STF

STE

STF

STF

STF
STF

STF
STF

STF
STT
STF
STF
STF

STF
STF

205
38

222

227

231

228

234
239

249
257

271
274
93
42
5 APP

285
43

299
296
305

307
314

RA 2000 DEC

0203.5
"

0210.8

0212.4

0212.7

0214.1

0217.4
0217.4

0221.6
0225.7

0230.5
0231.5
0231.6
0233.3
0237.0

0238.7
0240.7
0243.3
0244.2
0247.5

0250.6
0252.9

4223N
"

3903N

3018N

02248

4729N

6121N
2845N

Lu35N
6133N

2515N
0104N
8916N
5218N
2U439N

3325N
2638N
0314N
4913N
1922N

5554N
5300N

6.0,6.7

52 56/.6

58850

6.4,7.3

PA

63.9
101.1

97,
115.
112.8

113.4
35.9
35.1
35.
73.8

T4.3
70.9

210.2

w
&5
o
e s
O = W

306.7

DATE

81.98
42,27
4y 02
65.8
67.43

70.71
72.9

T7.88
82.11
41.98

66.0
77.09
78.05
82.46
4y .02

65.64
67 .47
73.60
66.59
78.08

42.98
65.64
67.92
T1.35
73.64

72.9
78.47
73.2
67.62
73.0

42,96
73.62
44,02
42.95
42.99

42,72
72.95
80.15
73.0

43,02

6

—_ WUl - N ww Eww

N W= —

_ - W

W N ===
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RA 2000 DEC

0252.9
0253.7
0258.9

0259.2

0300.8

0305.5
0306.2
0309.1
0312.0
0312.1

0312.5
0314.0

- 0317.5

. 0317.7

0331.4

~ 0333.5

0334.5

0334.9

0335.6
0336.1

0336.8
0338.3

B 0340.5
n

0340.6

5300N
3820N
2137N

2120N
5221N
2515N
T925N
0728N
29008
3712N

T133N
O0UYUN

6539N

3838N

2734N

5846N
2428N

6002N
3141N
4221N

0036N
444N
0507N

"

284TN

MAGS

U o
e s
Ul o &=
o~
i
[€; IR

5.2,5.5
5.4,6.8

PA SEP
130.2 151
344 .8 0.25
246 .2 0.41
247.2 0.42

13120 0.38
2518 0.40
205.3 35T
207.6 1s52

84.8 12.3

87.0 13.45

round
232.2 5.46
162.8 82.53
294.7 4.11
128.3 2.47
11550 1527
173.0 0.77
153.6 0.92

80.7 0.42

63.2 0.47
275.0 0.5
269.1 0.74
265.0 QL2
269.5 11
267.2 11.84
269.6 10.49
243.8 20.6

46.0 0.4

13.8 0.50

8.2 0.62
2555 0.66
255.3 g/

43,7 0.87

46.5 Azl
102.1 0:37
259.0 6.74

95.7 41.3

57.4 26.3
300.2 36.1
2075 66T

DATE

66.0

73.64
65.84
67.49
70.92

73.63
65.9
78.04
73.1
78.03

4y .02
82.08
82.07
80.10
66.0

66.0
42,95
b2
66.0
73.63

43.04
67.01
73763
73.1

T7.90

79.18
73.1

43,16
67.06
73.64

66.0

73.64
42,96
67.73
67.73

43.10
73.1
73,1
73.1
43.10

5
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e I S I WM &= - NN - W EEDNDW = - NN = wWwutww

NN - W

w NN W
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D3
D4
D3
D3
D4

D4
D3
GH
A1
WS

D1
KS

RF
D3

D3
D1
D3
D3
D4

D1
D3
DY
A1
GH

Cp
A1
D1
D3
D4

D3
D4
D1
D3
D3

D1
A1

A1
D1
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PAIR RA 2000 DEC MAGS PA SEP DATE N ._ RA 2000 DEC MAGS PA SEP DATE
B&_
P III 97 ©0342.7  5959N = 6.0,8.6  35.2 55.0 73.2 ' 0438.5  2656N  7.3,7.3 196.5  3.90  42.52
STF #52 110348.3 | 1109 | 15.0,10.1 /58,61 9.5 ' 730 W 19367 a0 o 7aTe
STT 65 0350.4 2536N 6.0,6.3 209.6 0.70 67.39 ¢ 0439.2 1555N 4.8,5.2 193.9 y.2y 7316
215, 0.6 71.22 4 oui0.3  5857S  7.0,7.2 271.8  2.96  80.25
208.5 0.66  73.65 g5 o442.3  3730N  8.6,8.6 46,0  1.27  43.13
KUI 15 08519 N0 0633NE.| 6.3, 6.0 1 a5, 0.35 42,95 4 e 0B e
3y, 0.42 ' 6.0 o N R (6 B R B S TR Iy
28.5 0.6 67.59 o451.2 110N 7.8,7.8 240, oval  66.0
38.81 0.5 73.77 ? o451.8  1339N  6.8,9.8 294.8 0,92 43,13
STT 66 0352.1  4O48N  8.0,8.5 145.2  0.80 67,05 g3 ous6.4 0510  5.6,9.2  75.8 66.55  82.18
STE U70 | 10354.3 | 02878 | 5.0,6,3.1 387, 6.76 ' 43,15 8 0459.3  3753N  5.1,8.1 357.5  5.64 42,92
339.2 6.64  78.38 55 .7 . 5.35 1 T3.0
348, i3 82.12 1 0500.0 2719  6.8,8.3 206.1 20.8 T3
STT 67 0357.2.4 6106M  5.3,8.5 49.8 . 1.41 66,0 W Be00.5 | 033N 6.6.7.0 260.3  21.7 73.0
STF 471 ' 1035T.8 . 40O 103.0,8.2  \13.00  9.26 ' 80.qcnE 26008 o163 | | 8043
STF 479 AB 0400.9  2313N  6.9,7.8 127.4 7.6 73.1 o 8000 0137TM . 6.5,7.7  50.8 14.6 730
ac M " 9.0, il ey 73.1 oM 0505.0  1948N  7.0,7.6 314.7  0.92  u4.15
STT 531  0O7.5 | 3805N  7.3,9.0 | 76.6  0.87 = 66.0 W= 306.8  0.97  66.2
STF 495  0407.6  1509N  6.0,8.8 221.0 3.59  73.1 2 307.8 11,02 | L B7L01
STF 460  0410.1  BOM2N  5.6,6.5  98.7 0.87  66.0 3 305,670 %078 1 a8y
STT 77 0415.9 ' U3T2N) . 8,2,8.2. ' 72.8 0,65 u3.0iNE. 0507.4  0830N  5.9,6.7 102.9  0.90 42,86
STT W4 APPONTT.3 0 UG1AN). U 7.2,8.6  1322.1 58.3 73.2 B 59.4  0.84 64,7
STF 511 OM17.9 | S84TN  7.4,7.9 124.1  0.36  67.07 W&l 61.1 .81 658
130. 0.25  71.33008 e7,6 0.6 (Brin
STT 48 APP O420.4  2722N  5.1,8.5 254.0 49.6 73.1. 2 38.7 0.66  75.15
SIF 528 iouz2.6 /v 2538M . F 55,106 i25uT 19,6 73.0 . Beo7.s  sus9N 8.7,8.7 3204 0.94  66.94
STT 82 0N22.8 | AS0MN'  7.3,9.3  206.2 | 1.18  43.1008 0509.8  2802N  6.1,8.6  28.9 11.8 73.0
HU 304 0423.9 ' 0928N . '5.9,5'9  211.6 ~ 0.29  67.730 §813.3 052N 4.6,8.4 60, 7.00 143,10
STF 534  ol2h.1  2W18N  6.2,8.6 289.9 29.1 73.1 gL LBATS | I R
STF 548  0428.9  3021N  6.5,8.5  36.5 14.7 73.1 fE.0 01588 6.9,7.1 19,0 0.8%  67.41
STF/552 ' 'ON31.4 ' HOOIN  7.0,7.2 117.9  9.15  78.90 85 08125 . 0.1,9.3  203.7 0.1 73.0
115.8  10.14% 82,0808 0i5.5  32mn 5.2,7.4  225.4 AW 73.0
STF 550  0432.0  5355N  5.7,6.8  307.6 10.0 73.1 g 0520.7  4658N  6.7,8.7 181.6 23.2 73.0
308.1 110,21 71.9188 B 02 . 7918% 5.2,9.2  123.0 (17.55 | 73.2
STF/859 |0 DBSN. 6 | 1801N s 6.900.00 0 o600 3:13 | g8l 124,0 20.00  79.37
STF2 WPPIIONRS.9 '\ 163N L1,49.31 131,50 431,25 82, 100N U00.8 03328 5.0,7.1 29.5 32.0 73.0
STT 86 0436.6  1945N  8.2,8.2  140.6  0.146 u3-1; g 30.06'V 311 82.11
24,5 0.44 67.0 0523.3 0826N Bl DTSl i Te 5.96 73.0
STE 567 | ous6.7 | ‘19zoN . (I8Ud,90n) 330,21 2,16  M3.10 g B 5 00533 6.1,7.2 163.2 @ 2.63 . BT.18
STF 576 |/ o438.1 17 3028 168 8. 1 ar2iel ez ue 2.1 " " 8.0,8.1 151. 0.35 67.15

Wwmn = Ww Ew-=nnwum www &= - Www NN nN NNV DW= = (2 B~ \O N\ S o))

NN WD N



108
PAIR
DA 5

HJ 3759
HO 226

STF 716

STF 728

STF 729

STF 14 APP 0532.0

STF 730
STE 718
BU 1267
STF 738

STF 747

STF 748

STF 752
STF 742

STF T49
HU 1240
STF 753
STT 112

STF 766
STF 774

RA 2000 DEC

02248
19423
2736N

2509N

0556N

0317N

0018S
1703N
492uN
3056N
0956N

06018

05238
"

05558
2200N

2656N
3030N

3758N

1521N
01573

5.8,6.6

4.5,6.0

DATE

43,1y

w = owwm

2000 DEC

1632N
2929N
1503N

2929N

0627N

2052N
6248N

6545N
4008N
4238N
3714N

4828S
TUOON
0230N

2426N
4843N
1754N

1435N
2230N

3609N

DATE

65.8
73.0
43,16
65.82
43.10

65.76
43.14
73.19
65.8

67.08

82.28
42.19
67.29
43,11
44,15

Ti3+i19
82.13
67.2
73.0
82.18

73.0
73.1
73.1
65.80
66.78

73.80
43.17
64.8
65.16
731

=26
82.95
65.7

81.91
42.20

42,20
42,20
73.0

79.37
77.10

=

= =W w

= Ul NN E wnnwu =

—_N-=WwWw

NN =

wl
(o)}

NDWww Ul = N

= MNDwnw

Uw N = =
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0BS

D3
A1
D1
D3
D1

D3

A1
D3
D3

DG
D1
D3
D1
D1

A1
RF
D3
A1
RW

A1
A1
A1
D3
D3

D4
D1
D2
D3
A1

CP
KS
D3

D1
D1
D1
A1

WS
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PAIR

STF 932
STF 928
STT 149
STF 943
STT 152

STF 945
S 533

STF 946
AGC 1

STF 948 AB

STT 78 APP

STT 156

STF 958

STF 963
STF 982
STF 981

STT 159
A 1575
DUN 39

STT 81 APP
STF 1009

STF 1033

HJ 3945
STT 170

STF 1066
STF 1083
STF 1093
STF 1108

RA 2000 DEC

0634.3 144N
0634.7 3832N
0636.5 27T17N
0637.3 2311N
0639.5 2816N

0640.4 4059N
0643.9 2508N
o644.9 5927N
0645,2 16413

0646.3 5927N

" "
n "

0646.7 4335N
0647 .4 1812N

0648.3 5543N

0653.2 5928N
0654.6 1310N
0655.5 3010N

0657.3 5825N
0703.0 5403N
0703.3 5911N
0704 .1 2034N
0705.6 52U45N

0714.8 5233N

0716.6 23198
Ofif-2 0919N

0720.2 2159N
0725.6 2030N
0730.3 4959N
0732.8 2253N

oo = Ul o U
e o o . .
o W el e
o O =V

o« o
O

e o o
&= cow

PA SEP
319.5 2.00
133.8 3.49

round
136.4 28.47

32.6 0.80
295.2 0.55
114.7 0.60

gu2 111,23
131.0 4.18
12, 10.4Y4
Ol 1.65
95.4 1.68
89.8 1.76
305.1 8.63

303.1 10.22

33.8 34.4
274.7 0.61
78.8 0.58
78.0 0.52
258.8 b.73
256.9 5.18
233.0 0.37
149.2 6.80
322.5 2.53
137.3 2.u7
38.4 0.91
283.3 0.64
85.2 1.58
348.4  98.7
149.5 3 57
2757 153
277.9 1.44
53RN NE26:TT
100.4 1.69
91.8 1.50
9153

152
220.0 6.0
4y y 6.4
178.4 0.8
ideead W g

DATE

43,17
43.17
65.8

82.15
43,15

66.0

66.97
82.18
42,84
65.76

43,15
45.19
65.70
13,15
43.15

73.2

43,52
65.79
6715
42,89

77.03
65.60

73.0

DWW =W .- N ENE U E=w o=

= DWW

RA 2000 DEC

0734.6 3153N

0735.2 3058N

0735.9 4302N
0740.1 0515N

0741.7 3726N
0743.5 TH1TS

o7u44.5 2U2UN
0745.5 14418

0748.5 1821N
0803.3 2616N

0804.3 1218N

0805.6 2732N

 0809.5  3214N

0812.2 1T4ON

MAGS

2eDy2R9

7.1,8.0
5.6,6.0

W Www W
S R

onN DWW w o ooo
. . . T T o

.« .
o= Fwu
(o e-Ne - le)

o oo
« o e
O O ™
N O =

1.06
1.14

111
DATE N OBS
42.22 11,13 D1
43.19 D1
1y, 25 D1
45,26 D1
63.14 D2
64.76 D2
65.76 D3
67.29 D3
73.11 A1
73.77 D4
7515 DY
77.43 WS
82.30 WS
73.1 A1
65.6 D3
73.1 A1
43.88 D1
65.82 D3
66.2 D3
82.28 RF
73.1 A1
3.1 A1
82.29 RW
73.0 A1
66.2 D3
43.16 D1
66.2 D3
67.25 D3
68.2 D3
42,97 D1
658" 3i2 B3
T8 150 3 4 GH
44,20 3 DI
65.81 2 D3
§2.55 5 DA
A7 1D
44,23 4 DI
45.29 4 DI
63.10 4,2 D2
65.81 7 D3
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PAIR RA 2000 DEC MAGS PA SEP DATE N 0&# RA 2000 DEC MAGS PA SEP DATE N O0BS
STF 1196AB 0812.2 1T40N 5.6,6.0 gzg.g 1.?$ 67.20 3 ": 0854.2 3034N 621,66 " 113187 1.48 U3 a5y 15N Di
: . 67.84 ‘ 0855.2 2816N 6.4,9.9 333.4 46.30 s T
335.7 ' 1.09 ' 68.23 3 " " 6.4, 200.711280.87 ' 82.29/ | 1 KS
329.1 o 70.94% 0900.8 4148N 35608 I3 1915 0.54 LS on RETPNED )
316.9 1.00 131522 N 302.7 0.52 B ERI R
318,48 11,00 73,70 8 139. 0.4 (st R Bl
308.2 0.92 75.15 a 0901.3 1516N 9.3,9.4  192.4 51,12 H3U30 2D
PSS 264.0 0.74 82115 0901.4 3215N 59,1801 1367 4,43 1351 2y
" . 5.0:6.3 | '03.5 | 5,51 63.10 4 Blan.5 | 22598  6.9,7.3 199.5 T.75 73.1 2]
84.8 5.69 73.79 S 198.6 oo 1828 .12 1 GH

80.0 5,27 g3 qruNe 0910.4  6708N  5.0,8.2  U45.14 g Ty R
o X 80.7  6.13  78.69 6,3 0914.9  52u2N  8.1,8.1 Bl S e gl RT3 0 3 S A
1 5.6,6.3 95.2 6.38 42,22 85.9  17.44 76.85 12,10 WS
gg.g g.zs 43.37 0917.4  2336N  7.8,8.1 oraal B RGN S iligo ko Sl oI 1S
i .20 - i o3 SN 8801 hria s e R e Ry d i ISRy S
BC ¥ i 6.0,6.3 98.7  5.41 142, 00 N 0918.0 2835N  8.1,8.1 55.5 0.3 ISR AR D ¢
188-2 5.43 43,57 4 29.0 0.62 73.22 2 D4
! 5430 1 Ll oz 0918.5 3522N  6.4,6.7  49.1 TTad e ke A
HU 1123 0814.8  3630N 8.9,9:2 156.2 0.4 . u3.1q NS i 49.0 1R 6340 4 D2
STF 1216 | 0821.4 101363 ' 6.9,7.6  282.5 (0.42 - 65.8 484 15821 IRt TS D
264.6  0.48  67.19 2 Bato | U3649N | 3.9,6.6. 228.5 2.4y | 3.5 2.4 D2
ggg ?3 2pp 0824.6  4200N 62, 8. T T AL .0 11118216 73.1 23140/ iod5e B RaTERa EolciiD3
24 0826.7  2433N T 15706 U8.2 ' 5.67 - 42 oI NER 0921.0  3812N  6.6,6.8 243.0 13180 N 73 .39 e LDl
33-3 2.88 73.2 3 0924 .4 0621N 7.5,7.6  139.4 1.98 e e e by
/ .5 77.30 §9°8'5  '0904N . 5.9,6.7 151.0 ' 0.84  43.62 7 DI
48,1 5.51 82.28 5 358.5, 101,53 | 73k23 e Dl
STF 1223 0826.8 2656N 6.3,6.3 217.3 4.9 42,24 95 1iiig 0.5 75.32 DI puit
glg-g 3-3? ;3.;2 937 0930.5 1035N gl linlle oo g iRl 73.1 Gl ]
; : : : 0931.5  6304N 3u8lg 0 N2bg. g ool 5 Tl e
SIF 1245 [0835.8 ' 063TN i 6.0,7.2 | 26,0 ' 10.6 73,0, S 0931.9  0942N  5.4,8.4  76.3 36.6 Feiat Viakvtigy
2u.1 9.81 78.13 0934.2 6TUTN St sroli e olRl g0 82.38 5 DG
2T 10.3 82.23 1 0935. 1423N 6.2:10.0 83. 41, 82.32 1 RW
STF 1263 0844.2 141N 8.7,9.3 23.2 85.30 82.19 2 0938 : 2 ; i : :
38.1 TEDAN S T ey 5.9 0 1ig2 (3811 5. DG
STF 1266 0844 .4 2827N 8.8,10.0 62.8 23,80 82.29 1 094
Sl B 3856N C17.3,8.6 295.9 3.22 .. B2.68 . '5. Di
0846.7  2846N  4.2,6.6 307.4 30.6 73.0 2 3033 e ticSE RS g osiglrativs
307.0 /30,03  82.27 NN 0952. 0806S 8,6.2 0. 2.2 D1
STF 1273  0846.8 0625N 3.6,7.8 260.8 3.01 43,25 g ? Ghana 3?: 0.23 73:32 ? D
20055, 3.25 73.05 0 1 u 0
ST 176 i0001.5. JBTSON (B tie | ignls 205 | 43,200 B 223:322 \oli gl ami 6
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PAIR

STE 215

STF 1415

STF 1424

STF 1426

STF 1428
HU 879

STF 1439
STF 1450
STF 1457

STT 228
STT 229

STF 1487

BU 1077

HO 378
STF 1510

STF 1517
STT 232

STF 1516
STEs 1523

RA 2000 DEC

1016.3

1017.9

1020.0

1020.5

1026.0
1027.9
1029.4
1035.1
1038.7

1047 .4
1048.1

1055.6

1103.7

1105.0
1108.0

1113.7
1515551

1115.5
1118.2

1744N

T104N

1951N

0626N

5238N
3643N
2049N
0839N
0544N

2235N
107N

2445N

6145N

3825N
5250N

2008N
3734N

T328N
3133N

MAGS

T7.3,7.5

B3 T8

2.6,3.8

PA SEP
184.7 1.07
188.8 eI
187.5 12
166.7 16.8
166.6 16.63
120.9 4.33
1287 4,42
124.8 4,29
123.1 4.78
296.2 0.97

86.8 3.16
23312 0.48
282.6 ASTa
156.1 2.41
323.3 165
175 0.59
287.6 0.75
289.3 0.89
109.7 6151
113.2 6.80
109.8 6.29
290, 0.73
284.0 0.73
237 .4 0.64
332.6 4.89

not seen
332.8 0.40
241.2 0.57
103.2 49.6
256.4 1.82
251.0 1.78
245.6 1.76
144.0 2.42
137.3 255
137.0 2.59
136.7 2.60
134.0 2.64
131.4 2.71
132.6 2.76

123.7 2.91

DATE

71.08
18331
75.33
{32

82.35

65.81
70.40
T2.34
81.80
43,30

67.31
42,66
43.29
3.2

U233

67.29
65.93
67.29
43.85
1331

82.38
42,140
43.36
67.30
78.40

72.39
73.32
67.30
73.2

433y

4y, 38
45.29
63.30
64.01
64.85

65.36
66.05
66.95
68.25
70.35

nNw N oy

=N WwW = =

1118.2

1118.5
1119.1
1123.8
1124.9

1125.5

) AB1126.9

1129.1

1130.8
1131.8

1132.4

1134.7

1136.3

1138.8
1138.9

i1139.0
1153.7

RA 2000 DEC

3133N

3305N
1416N
1032N
61393
58U41N

0300N
3920N

U11TN
1422N

6105N

1648N

2TUTN

6421N
U507N

4109N
T346N

1

MAGS

4.4,4.9

BT 1O
6.9,8.1
b.1,7.3
8.2,9.2

0.1,11.6
6.2,7.9
5.4,8.4

611, T oY

6.4,6.8

PA

120.1
W8T
11656
116.9
111.9

108.7
104.4
100.9

97.6
147.3

23102
32.1
2991,
297.9
237.6

1556
150.
358.9
358.6
357.0

225

329.2

326.7
39.0
88.0

98.
207.3
207.3
131.1
142,

139.0
149,

143.0
3234
25518

252.3
252.8
256.7

73.8
126.0

SEP

3.09
302
3.10
302

2.99

DATE

725133
73.23
74.35
7531
75.90

77.66
9.3
8i11.35
82.33
73.2

43.39
T ]
43.36
4y .39
81.41

T6.u44
82.38
43.35
352

77.49

43.39
73:2

80.31
43.35
65.57

67.02
67 .32
79.35
64.0
65.67

67.06
70.94
73132
T3.37
U3.37

73.2
T77.41
42,85
43,42
66.0

1

Fuwww &=

17,15

NN &= - o e UIW UTUl = wWw DW= =N Ul w o ww w = Ul oy

NN W

15
OBS

D4
D4
D4
DY
DG

WS
DG
DG
WS
A1

D1
A1
D1
D1
RF

DG
RW
D1
A1
CP

D1
A1
cp
D1
D3

D3
D3
CP
D2
D3

D3
DY
DY
D4
D1

A1
CP
D1
D1
D3
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PATR RA 2000 DEC MaGs A o bATE RA 2000 DEC MAGS PA SEP DATE N OBS
OBy
A 1088 1200.5  6912N  7.8,8.5 round o0 B et L 3g BT 0 s ke IT L BB TY T8 D2
STF 1596  1204.3 2128N  6.0,7.5 238.5 3.51 43.37 : 382.8 3'2; 22'33 ;’? 33
235 1) 13,901 ao s ! : [ :
ST 3123 (i2ne. 1\ eauaN (.9, r i | HBgTe I ol 1 Sis L i R R i
STF 1604 AB1208.4 11518 6.9,9.4 89.0 9.15 730 g it i i 7 -
303.5  4.59  68.36 1,2 D3
b ! Sl o 304.3 443 70.M0 1 A2
kot Gl S TR e S Bon il anas ) ad o igh i
STF 160 1210.8 3954N T3, 8.0 S Al 0.76 b2.40 2012 4.52 74,50 3,1 DU
313.8  0.77  43.39 ; ) ) i
Soh o iR il 3 299.1 4,03  77.52 21,18 WS
295.7 (11383 /80,00 |60 WS
ggg-a 8-2; 70,47 S 1245.4 422N 6.8,8.5 178.0 34.8 i AR T
St 136 MasiAln deiiey  vals gt TRl SR 73.36 1245.6  6059N  4.7,9.5  11.1 27.54  81.44 5 RF
s 631 Toin ttshgs | akala.n Vadele | alar | Ls 1249.3  B32UN  5.3,5.8 325.6 21.42  74.58 16 DG
STF 1608  1211.5  5326N  8.2,8.4 221.4 13.02  7o.83 1 e e T e Al AR
ves 3l 4y ing | e el i e i
221.6 ' 12,88 e S
. 1130N .1,9.4 217 .4 29.2 il A1
STF 1619 '1215,1 07158 .18.0,8.3 . 272.9 ''(6.46 | 77 u3N 1222 ; 33?3N Z 9'2 4 222 y 13 3 ;g (N el
STF 1622 | 1216.1  4OMON = '5.9,8.2' 260.6 11.6  73.2 & i T g laBeT sl islal e
STE 1625 . 1216.2 .| 8008N . 7.3,7.8 .217.9 = 13.83  72.69/58 527.6  19.59  81.48 2 RW
STE 1627 “M218.1 (103568 Ui 16.6,6.9) 196,21 20,2 73.1 S par ] i
ST e om0yl 8 oo | 1264 o057S 76 B2 o3 W29 3 o1
STT 249 1223.8 5410N Bl 8L 9289 T 0.42 u3.38 2 i Wi 941 0.72 74.37 3,2 DA
s a ol B oeav . jsle.ls 0 7l 1ie2 L 6Ta1 4 D3
STF 1639 12244  2535N  6.6,7.8 329.2  1.31  67.04 5 e e L e e
B 5o o3n0s  7.1,7.% 206.9 0,57 43,39 3 DY
Lilais by 2l a3 T , 198.4  0.65  73.41 4 DA
e i gﬁg'” 8'?3 2?'%2 ; B0 73N e 5.2,5.2 194,60 0,45 U3 8503 " DI
STF 1643 1227.2  2702N  9.2,9.5 195.6  2.64 644 3 e S
STF 1717 1228.4  884ON  9.4,10.8 326.1  7.80  76.63 3 2=l e 2 :
SIF 1647 1230.6 093N 8.5,8.8 2325 141 43.36 2 L e Gl
.2 . . .
Bl L 189.8  0.36  70.38 1 A2
SIF 1657 235, 1 1 M1823N | i6la 607 0.7 283 | -73lol ! 150/ ioueste Ll ) ol
2.5 {19.09 © 78.29E B0 3205N ) 7.2,7.70340.7 219 1.67.08 3 D3
L e o e kT o R TR e
2uu.7 2.6 77.“3 2 181.5 1.07 70.40 1 A2
STFI 1669 1213 11904 0 16, 0,601 1 312,38 s 56 T 81,350 18061170 s 18 AESTER0L, 2 1A
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PAIR
STF 1744

STF 1742
STT 269

STF 1757

STF 1768

STF 1770

BU 612

HJ 4608
STF 1781
STF 1785

STF 1788
STFATIS

STT 276
STT 278
STT 277
STF 1820

RA 2000 DEC

1323.9

1324.3
1332.8

1334.3

1337.5

1337.8
1339.6

1342.3
1346.1
1349.2

1355.0
1358.9

1408.2
1412.0
14124
1413.1

5456N

0124N
3454N

0009S

3617N

5042N

1044N

33598
0507N
2659N

0803s
5307N

3644N
4411N
28U43N
5520N

MAGS

2.4,4.0

~

. .
w o

=
PN

T.7,7.8

5411510

PA

152.8
1516
0.
221.8
232.2

236.
235.
2311
108.0
109.8

191.8
109.0
10T
103 .2
110.4

1213
119.0
218.

SEP

15.53
14,43
1.38
0.33
0.36

(05
0.
0.
2
23

Ul Ewww

5
6

2.38
1.69
1.64
%52
1.70

1.61
1.31
0.38
0.32
0.25

b.u2
0.55
1.99
2.05
5012

3.12
3.14
3.14
3.30
3.27

2
331
3.30
3.38
8.12

n

N WU EwWwWw w = 01w Ul ww - = e w = === QO &= - = O

.- A NDW W

5

D3

TRERE 2%

22222

RA 2000 DEC

1413.1
1413.5

1413.9

1414,2
1420.3

1423.4
1423.4
1424 .1
1424 .7
n
1428.6

1432.3
1438.1

1439.6
1440.7

1441.0
14411

14414

14450

1445 .5

14485

5520N
S147N

2906N

2642N
4831N

0827N
0827N
1115N
4750N
n
2817N

2641N
5135N

60503
1626N

5757N
1344N

5124N

2704N

4222N

2U22N

8.0,8.0

2:755+1

ToT+8.2

6.2,T.8

190.3
334.2
186.2

64.5
262.0

318.5
77.8
69.2

210.5

1075

104.8
108.9
108.7

47.5
13252

129.5
126.8
126.5
125.4
304.5

304.3
301.2
338.5
337.0
332.4

339.0
55.4
5 <2

326.
58.3

DATE

43,54
73.2
81.61
66.1
67.10

70.40
67.14
44,07
67.09
78.52

31,57
78.49
82.42
82.42
82.38

70.41
4y, o7
T4.35
80.40
43.02

66.0

67.01
82.01
79.49
4y.57

70.48
70.41
T3.44
79.56
67.28

73.42
81.63
65.6

67.09
73.43

80.66
43,49
4y 54
67.16
70.42

N

6,3

~N = EFEO0 = We OV=

N NN o=

Ul N

3,6

=N

- Ulw Ul ©
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OBS

D1
A1
WS
D3
D3

A2
D3
D1
D3
WS

RW
WS
KS
KS
KS

A2
D1
D4
RF
D1

D3
D3
Ws
DG
D1

D4
A2
D4
DG
D3

D4
DG
D3
D3
D4

WS
D1
D1
D3
A2
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PAIR RA 2000 DEC MAGS PA SER DATE RA 2000 DEC MAGS PA SEP DATE N OBS
BU 106 1449,3 14098 508567 033 | 1512.8 1917N Bl 8l 9.6 23.74 80.96 6 WS
STF 1890  1449.6  4843N  6.1,6.8 44,1 i 73.43 B 5 | h3u8n 19.8,9.%  17.60 B.56 | TT.54 6 DG
I PN o L B 052 | 26uoN  7.1,7.6 2404 1,08 ehn 2 D2
STT 287 WST.H MASSN  B.5,8.6  157.4  1.03 4y es 241.6  1.14  65.8 1 D3
164.2  1.12 67.16 U5 LihaNoT ! 674630 B3
STF 1888  1451.4  1907N  4.8,6.7 4.7 5.61 43,47 gﬁg-? 1-?6 g;-gg g gﬁ
o2 = . . %
3u$.o 2 33 23°52 1521.1 004NN 5.5,10.1 22.3 2,98 7041 1 A2
347.2 7206 6u'g° 1523.2 3018N 5.6,6.1 1.8 0.87 IS T D]
3U2, 4. 7,00 . B6u} 119.6  0.53  64.338 2 D2
U212 b 124.2  0.6e 64,52 2 D2
18 7.0n ?Z'ig 1322 ¢ 08l - BB 2T 01 D3
339.2  7.30  70.51 1l 8110455 [1/66,45 " 1845 (D3
339.4  6.93  72.30 15210 Wil 05T WL GvaAT B6p1 93
336.2  7.10  73.33 165.7 0.59  68.40 6 D3
6. 5 183,20+ 70,62 W i70,49: 12 VA2
ggs.; Z_SS $2'3§ 183,31 1nles ) izo ng s, oY
334.7  6.79  78.08 190.5 | L1 H0265 | AL Taus T (L300 DY
332.9  7.22  81.47 200.0 0.59 72.38 4 D4
X 208106/ 7 0562 TAE 252 A8 TDY

STT 288 1453.4 1543N 60T BN 417610 <55 67.16

213.2 0.68 TUL25RE 35 1GDA

178.4 1.6 X
: 0.0 ~ 1524.5 3721N MeRe T8 23.6 2,03 63.04 6,4 D2

SR 23047 1459.4 5510N 9Ty 10,7 123.6 = 24,38 73551

SHJ 191 1459.6 5352N 6.8,7.4 342, 1 39.82 73.60 20.6 2.08 70.38 2 A2
BU 348 1501.8 00085  6.0,8.3 107.3  0.39  70.51 1900 12 0T IR UBRATILE B, i)
STF 1909 1503.9 4739N 5.3,6.2 251.8 oid2 43.45 17..6 2.29 72.98 23 DG

20.6 2.01 F3au2n et DI
15.7 2.28 T6%850) 254 ¥DG
14,2 2.1 8215 DG
a6y 2T 6L 0.44 7051 v
9.2 283.5 1.69 TOR50 S lnin2

252.4 2.05 44,48
253.5 2.00 45,74
279.5 0.83 63.30
283.0 0.64 65.3

- 1524.6 5M13N 7.
291.8 0.64 66.1 7

1526.5 4400N

301.0 0.56 67.22 1533.2 4 149N 8.5,10.0 not seen 73.46 5 DU

313.1  0.53  68.49 s 1032N 4, !W,2,542° 181,010 3.76 | #3.0 ‘120 DI

334.2 0.50 70.48 179.2 3.95 67 .47 5 D3

335U9! pLiy  JoEs 183.1 poon' i gesugl fags (K2

347, 0.5 71.52 175.9  4.05 80.7T1 9 WS

4 1536.1 3948N TU4,7.7 121, 0.3 4o 50¢ (-l DA

T Z§.3§ 146.7  0.36  43.48 4 DI

6.8 0.53 74,36 156.6 058 44,54 5 DI

STF ‘1910 1, 1507.5 . 0914N . (.7.5,7.5 ' 109.9 ' #.02  79.54 162.5 10LR5N NSS4 oD
A 1116 1511.6  1008N  8.5,8.5  40.4  0.47  42.52 189, 21" I\ 281 PHGEL TR | DY
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PAIR RA 2000 DEC
STT 298 1536..1 3948N
STF 1963 . '1537.9 3006N
STF 1962  1538.7 0848s
STF 1965 1539.4 3638N
STF 1989  1539.7 T958N
STF 1969  1541.4 5959N
HU 580 1541.6 1941N
STF 1967 1542.8 2618N
BU 619 1543.1 1340N
STF 1988  1556.8 1228N
STT 303 1600.9 1315N
STF 1998 AB1604.4 11228
AC n "
BC " "
STF 1999  1604.4 11268
BU 812 1607.1 1654N
STF 2010 1608.1 1703N
BU 120 AB 1612.1 1927s
BU 120 CD " "
STF 2021 1613.3 1333N
STF 2032 1614.7 3352N

MAGS

TH,7.7

DATE

67.45
70.41
7051
73.42
67.12

77.97
82.55
67.59
153
79.83

67.28
66.2

70.41
4350
67.28

70.41
73.52
78.20
T3.52
4y 05

67.53
72.52
73.49
73.54
73:51

73.53
43.54
78.20
82.53
73.51

73.51
70.43
78.55
43,04
63.3

66.1

67.95
70.50
7121
82.19

Q=

- =

RA 2000 DEC

4140N
6141N

2559N

1825N

0159N

4006N

5255N

3136N

4112N
2136N

5132N
4329N

2331N
3000N

PA SEP
284, 0.33
354.1 0.98
355.6 1.02
35T 292
202.4 0.97
209.2 0.62
162.8 0.93
147.2 1.06
147.8 0.93
140.5 1.20
141.6 150
239.1 0.43
176.6 0.99

4.1 0.87
5y 123

1373 0.88
135.6 0.92
136.9 0.72
106.6 3.22
107.9 3.33
105.3 385l

33T 0.99

20/o3 0.70

555 0.65
356, 0.56
309.2 0.48
206.7 1.2

19523 115
311.8 0.65
312.5 5.88
306.2 0.38
1523 121
144.0 1kl

1257 1223
145.8 14.88
129.:5"  Hl665LT 8

1.5 5ibb 21
189.7 0.53

not seen

79.6 1.20

DATE

67.28
67 .53
70.41
7351
73.40

43.55
63.15
67.20
70.46
12452

T3.47
42.59
67.15
70.38
73.34

6553
67.ul
73.44
65.3
67.98

78.59
64 .4
65.3
65.60
66.2

67.22
T2 47
73.52
67.56
81.60

72.56
67.56
13:51
67.16
82.51

82.51
82.51
73.56
3155
65.9
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N OBS

nNDw—=w =

2,3

WwnNe U

V=N =W

5,4

- W w

=
-
U

&=

(%))
—_- N =W

o O
- N

wn N NDwWw I N Ule -

EEMNDWW

D3
D3
A2
D4
D4

D1
D2
D3
A2
D4

DY
D1
D3
A2
DY

D3
D3
DY
D3
D3

DG
D2
D3
D3
D3

D3
DY
D4
D3
DG

D4
D3
D4
D3
KS

KS
KS
D4
D4
D3
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PAIR
STF 2107

STF 2118

STT 340
STF 2114

STF 2120
STF 2130

STE 2122

STF 2135
KUI 79

STF 2140

STRE 3127
SHJ 243
BSO 13
MLB 4
STF 2161
STF 2164
BU 1201

STF 2180
HO 417

RA 2000 DEC

1651.9

1656.3

1657.2
1701.9

1704.8
1705.4

1706.9

1712.0
17122

1714.6

1715.0
17553
1719.0
1719.0
1723.7
1723.7
1126%3

1729.0
1729.3

KUI 82 AB-C1729.4

STF 2173

1730.3

2840N

6502N

8651N
0827N

2805N
S5427N

0139s

2114N
USUUN

1423N

2450N
27363

4638s
34598
3708N

U716N

6746N
5053N
3758N
2924N
0103S

6.3,8.5

7255848
10151016

3.5,5.U4

PA SEP
83T 1.08
85.4 1.44
4.0 1.02
71.6 1207
15 112
2250250 311317
183.0 1.16
875 s
2329581618590
96.0 2.20
951 2.16
69.9 2915
67.6 2.01
67.5 2.01
63.4 25110
63.9 2.14
55.6 2,10
56.0 2115
47.9 2.50
2788 21513
189.7 T.44
272.8 0.76
231.2 1.0
(T 4.66
106.9 4.61
107.1 4,96
105.8 e
265.2 9.07
262.8 8.58
155.2 4.56
245.3 8.02
306.8 1.83
316.0 4.00
318.1 4.19
12.4 9.18
356. 0.35
259.6 297
7.7 0.37
302.3 17 49,05
334.5 1503

DATE

70.57
73.45
65.6

67.39
73.56

72.62
70.54
73.56
77.68
3355

44,61
631
65.3
65.6
67.20

68.43
1232
325
78.59
80.75

77.65
67.34
73:55
43,63
70.6

T7.48
80.83
81.70
Tl -8
80.75

80.60
82.56
67.68
80.62
77.64

7251
81.63
42.66
82.48
42,64

i

I

=53

DO - W N NN — O wnNw = o — Ul &= Ul UTww v

=ENDEUN

2

RA 2000 DEC

1730.3
1732.2
1734.6
1735.9
1737.0
1738.6

1740.3

1741.2
1742.0

17446
1744.8
1746.5

1747.2
{1150,5

4751.2
1752.0

1756.2
1757.2

1759.0
1759.3
1800.1
1801.5

1801.6
1802.9
1803.0

0103s
5511N
0935N
0100N
6707N
55U46N

6340N

4140N
T210N

0235N
3108N
2TU5N

1T42N
0T715N

UUS5N
1520N

1820N
55228

3003N
6409N
8000N
2136N

4011N
5625N
08118

PA SEP
164.2 0.82
131.4 0.32
312.5 62.03
189.2 42,22

81.8 30T
119.1 0.4y
105.5 0,52

1529 170

7055 1.83
326.7 53
326.9 1.63
327.4 1.86
302.9 0.85
301.4 0.86

15.9 30.42

93.5 20.54
331.8 4,43

53.6 1.39
250.0 1513
310. 0.56
272.9 0.64

round

181.9 0.27
326.8 3.48

52 0.80
358. 0.84
355.6 0.83
357« 110
110.9 2.63

92.8 2.44
278.4 19.86
283.0 21.06
230.3 19.02
258. 6.33
256.0 6.09
257 .4 6.41
254.0 01573
184.1 14,54
2036 1.93
269.5 1.92

DATE

63.12
73.39
82.86
82.70
80.69

67.30
73.60
42,15
256
65.6

67.28
72.56
67.35
{255
80.74

82.64
80.67
42,62
67.36
73.52

67.24
43.65
73.59
67..33
43.65

65.33
67.59
73.34
80.64
82.71

81.59
81.70
80.58
68.58
77.66

81.65
67.29
81.93
72.60
3,53

3
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D2
D4
KS
RW
DG

D3
DY
D1
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D3

D3
D4
D3
D4
DG

RW
DG
D1
D3
D4

D3
D1
D4
D3
D1

D3
D3
D4
DG
RF
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PAIR

STF 2262
STF 2272

STF 2276

STT 341

HU 1186
STF 2280
STF 2281

HU 674
STF 2289

RA 2000 DEC

1803.0
1805.4

1805.7

1805.9

1806.3
1807.8
1809.5

1809.7
1810.2

08118
0232N

1200N

2126N

3824N
2605N

0401N

502UN
1628N

MAGS

=
. e
w w
- .

o O
. .
w o

05Tl

7.2,8.5

PA

2722
109k T
110. T
87.8
82.

80.9

70.0

DATE

82.27
43.68
44 .60
63.12
64.38

64.53
65.57
66.1

67.34
68.31

1158
72.24
72558
73.23
73.60

T4 .66
7527,
75.64
76255
77.60

78.55
79.65
80.64
81.59
82.63

77.76
81.94
13,70
66.5

67.38

72.59
73.60
7259
78.31
81.87

67.37
73.60
72.60
67.59
70.58

=

w w
.- e DWW

ouviIovw Ul &= O &= W0

O U1y Oy W

- 1N W w

wWwwnhw =

RA 2000 DEC

1810.2
1814.5

1820.7
1824.1

1824.9

1825.0

1825.3

1825.3

1827.2
1831.2
1833.8
1834.0

n

1835.5

1835.9

1835.9
1836.2
1838.6
1838.9
1840.6

1841.3

1842.1
1843.3

1628N
0010N

T120N
5848N

0135S

2723N

48U5N

48U5N

0011N
1311N
TTHUN
5221N

n

2336N

1659N

1144N
4115N
6708N
5221N
3138N

3018N

3445N
5933N

MAGS

[ocle))

. .
Ul =
©
. .

. -
~ O
g

= =
. . e
o<} O =

(o))

6.6,7.

61857

0~ 0~ ©

o *
EO0OO0N =
. % e w -
00N \WO N @
R T e S

~3
.
=
-
s}

O
o o
w N
O
o o

.
N O oo

DY
~ o

[oae o IV

.
O

@ =

PA SEP
222.9 1.10
98.3 0.94
973 0.83
round
352.3 3.94
358.6 Q.75
0.7 1.0
150.4 0.42
136.7 0.47
136.3 0.54
1332 0.63
1311 0.52
274.0 0.38
265.0 0525
22.0 0.7
22.0 070
320.4 .81
168.6 16.86
272.7 1.98
82.1 0.29
269.6 26.01
185.7 0.53
195.1 G151
193.7 0.56
197.0 0.60
1. T 0.53
167.6 1573
168.0 1.47
162.4 1.88
162.0 1.94
104, 027
340.9 5.22
307.8 0514
323.6 1.85
199 0.45
56. 0.36
round
82.8 24,41
160.8 16.40
166.7 14,84

DATE

73.60
67 .37
73+62
65.6
8ilisif2

67.63
73.60
43.67
66.1

67.41

72.61
73.50
43.78
73.53
43.78

73.53
79.73
77.68
70.57
73.63

73.63
65.8

67.50
1057
72.60

73.45
70.57
73.63
78.70
82.72

73.59
43,63
67.62
T3.46
43.78

67.52
73.36
82.87
45.80
73.68
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D4
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PAIR

STF
STF

STF

STF
STF
STF
STF
STF

STF
STF

2398
2382

2383

38 APP
2375
2379
39 APP
2420

2415
2u17
2421

BU 648

STF
STF
STF

STF

SHJ

STF

STF
STF

2422
2438
2437

243y
286
2u56

2446
214149

HJ 5084

STF
STF

STF

2455
2457

2461

STF 2474

A 863
STF 2481

RA 2000 DEC

1843.3
1844 .3

1844.3

1844,7
1845.5
1846.4
1850.1
1851.2

1854.5
1856.1
1856.1
1857.1

1857.2
1857.5
1901.8

1902.7
1904.9

1905.7

1905.8
1906.3
1906.4
1906.8
1907.1

1907.4
1909.1

1909.8
1911.1

5933N
3940N

3940N

3736N
0530N
0058s
3322N
5922N

2037N
O412N
3346N
3253N

541,54

PA SEP
165.0 13.68
0.4 2.69
358.7 2.71
355.7 2.60
357.0 26T
98.5 2.28
96.0 231
97.6 2.31
91.5 2.36
90.7 2.59
148.7 43,65
116.3 2,55
12%, 12.87

148.8  46.02
322021 136518

292.9 1163
103.0 22.34
58.8 23.81
288.5 0.79
287.8 Qi 75
274.9 0.73
213.3 1.02
80.7 0.80
355 0.87
42.0 0.65
not seen
98.3 125,15

154 .3 9.66
289.5 BT
155.8 10
3 o7 7.02
201.4 9.91
299.0 355
263. 15.80
round

210.5 4.40

2

Uy =W

nNDwWEWE

1911..1
"

o201

RA 2000 DEC

3847N
n

4950N

1651N
2727N

2816N
6313N

5223N
2T19N
2758N

6319N

3539N
1627N
2216N

1634N
6240N
5031N
1149N
LOou3N

3819N
4507N

3336N

~
.

w o 3
§ & O @

U1 O 0 O ~ U1 WO
e o o o o

w
. .

PA

205.4
69.

102.
218:5

211.0
209.7
208.1
209.3
209.8

213.3
338.0
156.2
50.
328.5

295.1
SHNT
51

285.5

271.0

215.9
81.8
89.4
5l

301.2
248.1
314.1
82L5
20.8

194.9
246.7
240.3
178.8
159.4

133.5
12.4
183.7
6.6
1785

SEP

4,27
0.35
round
0.38
8.57

81T
8.05
8.29
T.14
7.60

round
1.60
34,32
34.3
29.33

55.00
1.0

90.32
0.32
0.36

28.22
0.34
39.84
0.51
0.82

412
2.20
2.19
0.48
0.47

0.47
1.48
2:25
1.67
213

DATE

-0
42.76
66.0

73265
45.18

66.4

67.78
73.70
78.73
82.21

73.62
65.9

73.61
73.60
67.63

65.79
67.59
76.15
82.76
79.71

79.71
43.78
81.69
43.67
65.8

81.67
73.69
82.68
44,76
43,44

65.8
65.78
70.62
43.70
4y .62

45.74
67.74
73.09
73.43
76.99
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0BS

DG
D1
D3
D4
D1

D3
D3
D4
DG
WS

D4
D3
DY
DY
D3

D3
D3
DG
RW
DG

DG
D1
KS
D1
D3

KS
D4
WS
D1
D1

D3
D3
A2
D1
D1

D1
D3
DG
DY
DG
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PAIR

STF 2576
STF 2578
STT 386

STF 2603

STF 2583
STT 387

AZGICo T

HO 581
STF 2597
STF 2605
STF 2606
STT 395

STF 2624

STF 2626
STF 2642
STF 2652

STT 400

S 735
STF 2644
STT 403

BUP AB
AC
BD

STF 2671

STT 406

RA 2000 DEC

1945.6
1945.7
1948.2
1948.2

1948.7
1948.7

1948.9

1954.9
1955.3
1955.6
1958.6
2001.8

2003.5

2004.2
2005.5
2009.0

2010.2

2011.3
2012.6
2014.3

2014.6

2018.4

2019.9

3336N
3605N
3710N
TO16N

1148N
3519N
1908N
4152N
0644N
5226N

3316N
2456N

3602N
3031N
6342N
6205N
4357N
0007s

0052N
4206N

3648N
"

5524N

4522N

7.4,8.3

PA SEP
T <0 1297
125. 15.60

4.1 0.94

10.9 3302

10.4 3.08
108.3 1.43
257.5 0.43
188.5 0.6
189.2 0.53
147.8 0.20
281.2 033

single

179.9 34
139.4 0.92
111.4 0.77
120.1 0.86
117.4 0.87
T ste) 0.85
116.0 0575
1987 07,87
1752 1.90
174.0 2.07
125.5 0.98
359.8 2 o220
226.5 0.33
319:4 0.62

not seen

208.5 55%:35
206.5 33T
1731 0.82
473 0.6
155.5 215.42

220 215.73
119.9 218.4
336.2 350
338.0 3.38
341.1 3335
123.0 0.66
122. 04%55
113.0 0.53

DATE

79.77
81.87
67.27
Y 11
65.82

70.64
43,21
65.8

67.06
70.63

42,71
82.

67.u44
6if T3
42.70

64.8
65.8
bl 2T
70.60
7343

43.77
67.20
67.35
44,05
66.80

43.76
735
82.73
82.73
4y, 28

73.42
82.77
82.77
2.1l
65.8

67.72
77.78
65.72
67.50
73.66

=
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N = NDWw =

= Ea,2WwWww
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RA 2000 DEC

202555
2026.2
2030.9
2031.3
2037.5

2037.7
2039.1

2039.6

2041.1

2045.0
2045.6
2046.2
2046.3
2046.7

2047.4

2047.6
2051.1

2052.3
2053.6
2054.8
2058.6

2059.1

4005N
3712N
4914N
494N
1416N

3322N
1005N

4036N

3219N

1219N
3043N
3358N
1554N
1608N

3629N

4204N
5125N

2008N
3514N
3242N
5028N

0418N

4.8,6.1

5.8,T.1

58563

PA

DATE

42,78
67.53
82.59
82.59
uy,72

45.75
T0.72
73.40
U3.77
T0T2

64.8
65.8
67.61
70.63
43.80

44.00
uy,77
70.72
43.74
64.6

65.8

67.90
7871
81.70
45,82

64.8

70.70
73.73
42,78
65.76

67.20
67.36
67.55
65.78
67.48

42,92
67.22
65.8

70.60
73.43

1,4

2,4

_ aw =

=W =, NN ==

wwwmn N
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0BS

D1
D3
KS
KS
D1

D1
A2
D4
D1

D2
D3
D3
A2
D1

D1
D1
A2
D1
D2

D3
D3
WS
RW
D1

D1
A2
D4
D1
D3

D3
D3
D3
D3
D3

D1
D3

A2
D4
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PAIR

STE
STF

STF

STF
STF

STF

STF
STF

HI
ST

STT

HO 2
STT

STT
HO 1

STF

STF

ST

RA 2000 DEC

2737BC 2059.1

2742

2751

2744
2758

2760

2769
2780

48
432

535

86
437

435
57

2799

2804

4u3

2102.2

2102.2

210325
2106.3

2106.8

2110.5
2111.8

21857
21144

2114.5

2119.4
2120.8

2121.4
2123.0

2128.9

2133.0

2137.6

STF 56 APP 2137.8

0418N
0711N

5640N

0132N
3839N

3408N

2228N
6000N

6425N
4109N

1001N

3815N
3228N

0254N
3202N

1105N

2043N

0643N
0637N

=

.0,8.8

PA SEP
68.5 10.06
220.9 2.67
216.3 2
1728 1587
350.9 1.60
129.5 1.38
138.6 26.69
144,.2 28.58
145.0 28.67
145.3 28.65
239.0 2201
239.7 1.86
240.7 ST
322.8 0.65e
332.5 0.64
343.5 0.74
345.7 0.58
350.8 0.58
1766 071
300.5 18.12
215.7 1.23
250.6 0.79
112.9 1.35
116.2 die 27
13729 11833
21.5 0.34
22. 0.3
round
208.9 2.06
28.0 2.1
272 2.26
229.8 0.51
24,2 3.1
24,0 3.94
272.3 1.66
2711.5 1.90
347.2 3.13
349.9 3.12
348.5 8.93
348.8 39.31

DATE

81.89
372
67.27
65.8

67.25

70.67
U5 T
72.96
(872
.52

43.85
hy4 .71
45,78
64.68
65.70

66.81
67.56
68.57
73.62
81.90

70.68
67.ul
65.76
67.60
70.67

67.13
73.41
65.8
64.8
65.72

70.67
67.70
45.81
65.76
70.59

78.78
67.52
78.82
82.87
82.88

22,19

wWwwmn D w

8,4

o e« NN
N W

w —

W - Www

2,3

VMW =-. O

RA 2000 DEC

2139.3
2139.5

2143.9

21441

21442

2150.2

2151.6
2152.0
2156.4
2157 .3
2158.0

2203.7
2214.5
2215.7T
2220.2
2224 .1

2228.1

2043N
0003s

2751N

2845N

0953N
0324N
"

1718N
65U45N
55U4T7N
5946N
6117N
0556N
6437N
2935N
4354N
2931N
04518

5742N

4.7,6.1

PA SEP
114, 0.74
275. 0.45
306. 0.35
130. 0.36
124.8 0.35
108. 0.3
107. 0.37
253.9 0.62
256.2 0.71
264.2 0.78
28522 1.68
285.5 175
290.1 1.84
288.4 1.86
293.5 11595
295.8 2.13
313.8 144,52
138.2  32.98

39.7 4,58
214, 0.3
145.4 1.64
195.7 | | 18.39
348.2 0.83
351.6 0.38

552 1n04
274.8 7.5U
275.9 7.70

91.3 1.37
236.3 0.66
288.0 0.61
312.9 0.47
301.8 0.33

58. 3.10
195.3 djeilil
238.8 1.6

62.2 102.22
127 Tee2 160
284 .4 2.50
283.0 2.33
281.9 2.40

DATE

67.72
65.8
67.68
65.8
66.86

72.58
73.63
43.74
4y.65
15.79

64.77
65.75
67.47
70.63
73.57

77.68
81.77
81.83
81.83
67.55

6773
82.90
67.83
67.74
81.90

73.75
T77.70
42,90
67.56
67.55

67.61
73.80
65.82
66.72
73.80

73.80
73.80
43,82
4y, 86
45.79

N

3,1
5
5,3
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0BS

D3
D3
D3
D3
D3

D4
D4
D1
D1
D1

D2
D3
D3
A2
DY

WS
KS
KS
KS
D3

D3
RW
D3
D3
KS

DY
GH
D1
D3
D3

D3
D4
D3
D3
D4

D4
DY
D1
D1
D1
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PAIR

STF 2909

STF 58 APP
STF 2912
STF 2920

STF 2922

HO 296

STF 2932

STF 2934
S 816
STT 480
STF 2943
STF 2950

A 632
COU 240

STT 483

HLD 56
STF 2974
STF 2978
BU 385
STF 2993

AC
STF 3001

BU 80

RA 2000 DEC

2228.8

2229.2
2229.9
22305

2235.8

2240.8

2241.4

2241.8
2243.0
2246 .1
2247.7
2251.3

22521
2256 .4

2259.2

2259.7
2305.0
2307.5
2310.3
2314.0

2318.5

2318.9

0002s

5825N
0425N
0413N

3938N
1432N

3002N

2125N
3013N
5804N
1404s
6141N

5TUUN
225TN

1144N

4149N
3322N
3249N
3228N
08563

6807N

0525N

MAGS PA SEP
4.4,4.6 251.8 1.93
248.2 .92
252.0 1,97
2u8.1 1.91
248.0 1593
236.8 1.79
232.9 1.96
var,7.5 191.9  140.72
5% Biyille2 115.9 0.73
8.159.2 142.3 14.0
144 .1 13.84
6.856.6 184 .4 2265
18658822207
6.6,6.6 round
Tie 0 0.36
70.9 0.4y
59.6 0.42
53.6 0.65
50e3 0.45
9.4,9.9 282.0 21.45
8.7,9.7 284.0 0.85
R50L 9531338 I6V 8 19200
81059408 F16291° 73097
5.8,9.0 122.4 22.65
6L 1Tl 288.9 1.1
291.1 1.8
8.2,9.0 191.6 0.68
7.4,7.8  289.6 0.65
287.0 0.62
6,.0,7.5 257.8 0.72
9.3,95% " 108.3 0.91
8hils Bt 164 .4 2.65
653515 146.6 8.00
T i35 8L 100, 0.67
8.3,9.4 1T6LT 25l
ST 235D 95.6
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) Notes

NOTES

ADS 48. P=362 years (1985.0 = 5".94) o,0
ADS 61. P=106.8 years (1985.0 = 1".4l4),

ADS 147. Very slowly widening. 1875, 99°,0".4.
ADS 148. P=72 years (1985.0 = 0".17)

ADS 191. 35 Psc. Fixed. y,Pb.

ADS 221. P=112.5 years (1985.0 = 0".53)

ADS 241, Optical pair. 1836, 360°,12".7. Comes 11.8 at 103",
ADS 252, Fixed. w,Pb.

ADS 434, P=640 years (1985.0 = 0".57). Circular orbit. Py,Py.
ADS 475. Fixed. AB = D2 (Distance = 0".5).

ADS 486. Fixed. Comes 12.8 at 25", y,Pb.

ADS ="', 1879, 290%,.65".2,

ADS 513. Pi And. (=H V 7AB). w,b. Comes 11.4 at 55".

ADS 639. Change in PA and sep. 1834, 55°,46".4, wsh,ry?
ADS 671. Eta Cas. P=U480 years (1985.0 = 12".23). Widening
for some years yet. y,p.

ADS 683. 65 Psc, Fixed, cpm. Py,Pb,

ADS 684, P=218.6 years (1985.0 = 0".85). Comes 10.2 at 27".
ADS T46. 66 Psc, P=360 years (1985.0 = 0".49). b,w. Comes
2.8 at 151",

ADS 755. 36 And. P=164.7 years (1985.0 = 0".67). y,y. Comes
{ilat 160",

ADS 768. Closing since discovery. 1878, 2890, A

ADS 784, P=83.4 years (1985.0 = 0".24).

DS 805, 1876, 92°%,, 0™.8.

ADS 824, Fixed. Pb,Pb.

ADS 862. P=U450 years (1985.0 = 0".92). Highly inclined orbit
now widening.

ADS 899. Psi Psc. Fixed. y,Pb. Comes to A, 11.2 at 9",

ADS 940, Phi And. P=372 years (1985.0 = O".46). y,y.

Slowly widening.

ADS 955. Little motion. 1876, 284°, 0".6.

ADS 963. Binary? 1875, 74 , 0".5. C (9.0 at 59") forms
STT 12 App. Comes to C, (11.3 at 8") forms STT 24, Comes
to A, 10.4 at 43",

ADS 974, P=197.6 years (1985.0 = 0".31).

ADS 988. Fixed.

ADS 996. Zeta Psc, Fixed. y,Pb. B has comes 12.2 which forms
BU 1129 and is probably binary. Single at times.

ADS 999. P=75 years (uncertain). (1985.0 = 0".48).
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PAIR
STE 102

BU 4
STF 117 CD

STF 121
STF 131
A 816

STF 138
HU 1030

DUN 5
HJ 3461
STF 162

STT 34

STF 174
HO 311

STF 163
STF 180

STF 183

STF 186%

STF 4 App

STF 182
STT 21 App
HJ 1100

BU 513%

STF 202%
STF 205&
STT 38

STr' 222
STF 227
STE 231
STF 228%
STF 234

NOTES

ADS 1040. 1833, 309¢, O".6. Four comites within 100", m
8.5,10.6,11.2 and 13.1. *
ADS 1097. P=180 years (1985.0 = 0".42). Comes 13.4 at 23n
ADS 1129. Psi Cas is mag 5.0 star at 283°, 25", Distance
distance decreasing. Comes 14.0 at 3" to Psi is By 1101

ADS 1144, 1831, 279°, 13".8.

ADS 1209. Fixed. Comes 10,9 at 28",

ADS 1226, Little motion. 1904, 313¢, 0".4,
ADS 1254, Binary of long period. w,w.

ADS 1264, Fixed.

ADS - ., PzU483.7 years (1985.0 = 11".20).

ADS 1394, 1836 , 70¢, 4",7. Comes 11.5 at 142",
ADS 1438. Probable long period binary. 1836, 224
w,w. Comites 8.4 at 19", 10.2 at 137".

ADS 1411. P=165.4 years (Baize, 1985.0 = 0".52) or 390 years
(Heintz, 1985.0 = 0".47).

y 1MIOR

ADS 1457, 1 Ari, 1830, 170°, 2".57. Py,Pb.

ADS 1473. Direct motion. 1890, 174¢, O".4,

ADS 1459, Fixed. Comes 10.4 at 115",

ADS 1507. Gamma Ari. 1830, 360°, 8".63. Comes 9.6 at 18",
distance decreasing.

ADS 1522, P=192.9 years (Walker, 1985.0 = 0".15) or 368 years
(Couteau, 1985.0 = 0".30).

ADS 1538. P=155 years (Palacios, 1985.0 = 1".13) or 170.3 Yeafi‘

(Freitas-Mourao, 1985.0 = 1".33).

ADS 1534, 56 And. Comes 11.2 at 18" to A, and comes 9.4 at
204" to B.

ADS 1531. Fixed. Comes 13.3 at 30". w,Pb.

ADS 1563. Lambda Ari. (= H V 12 AB). Fixed. y,b.

ADS 1571. 1901, 310°, 38".8.

ADS 1598. 48 Cas. P=60.4l4 years (1985.0 = 0".79). Widening.
Comites 13.2 at 24" and 12.6 at 51",

ADS 1615. Alpha Psc. P=720 years (1985.0 = 1".66). b,8-
ADS 1630. Gamma And. A - BC closing, 1830, 62, 10".3.
BC, P=61.1 years (1985.0 = 0".55), a very eccentric O

ADS 1689. 59 And, Fixed, o,Pb.

ADS 1697. Iota Tri. 1836, 80", 3".8. y,Pb.

ADS 1703. Fixed. Comes 11.5 at 173".

ADS 1709. P=144,7 years (1985.0 = 1".07). .
ADS 1737. P=150 years (1985.0 = 0".88) now near wides
separation. Comes 10.9 at 83".

rbit.y,00
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NOTES

ADS 1752. Fixed.

ADS 1795. Fixed. bsh,b.

ADS 1833. P=209.3 years (1985.0 = 0".23).
ADS 1904, Fixed. o,Pb.

ADS 1924, Fixed.

ADS 1477. Alpha UMi, Multiple system. Visual companion is
physical, 1834, 210°, 18".3. oy,bsh. Primary is a Cepheid,
spectroscopic binary and has an invisible companion, P=30.5
years. Comites 12.1 at 83" and 13.1 at 45",

ADS 1938. Binary, but no orbit available as yet.
ADS 1982. 30 Ari. Fixed. y,Pb.

ADS 2004. 1832, 178°, 1".8. oy,b.

ADS 2034, P=475 years (1985.0 = 1".01).

ADS 2080. Gamma Cet. 1832, 287°¢, 2".6.

ADS 2081. Theta Per. P=2720 years? (1985.0 = 19".73). w,b.
ADS 2122. P=720 years (Rabe, 1985.0 = 3".66) or 1543 years
(Hopmann, 1985.0 = 3".65). y,Pb. Comes 12.6 at 88",

ADS 2157. Eta Per., Fixed. a,b. Comes 9.9 at 66",

ADS 2185. Binary. 1830, 295°, 1".5. bw,bw. Primary is itself
a very close pair (= A 2906) and probably binary.

ADS 2200. 20 Per. P=31.6 years (van den Bos, 1985.0 = 0".18)
or 62,3 years (Da Silva-Pinheiro, 1985.0 = 0".18). Comes 10
at 15" forms STF 318.

ADS 2253. P=433.5 years (Baize, 1985.0 = 0".42) or 241.9
years (Costa-Morales, 1985.0 = 0".49). Slowly opening.

ADS 2257. Epsilon Ari. Binary, 1831, 190, 0".58. w,w.
Comes 12,7 at 146".

ADS 2270. Fixed. bw,b.

ADS 2336. 52 Ari. Binary? 1832, 264°, 0".7. Comites 10.8 at

5it 10.87at 102" and 12.380at '133'%.

ADS 2294, Fixed? 1831 , 229¢, u".6.

ADS - . Fixed.

ADS 2402, Alpha For. P=314 years (1985.0 = 4",20).

ADS 2390. P=617 years (1985.0 = 2".54). 1831, 146, 1".3.

ADS 2377. P=344.9 years (1985.0 = .1".04)., Now widening.
Comes 13.2 at 27" = HJ 2172.

ADS 2416, P=790 years (1985.0 = 1".03).
ADS 2436. P=330 years (1985.0 = 0".43). Comes 12.7 at 80".
ADS 2u46, P=118.2 years (1985.0 = 0".85)
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PAIR

STF 401
STF 396
STF 412

STF L400%

BU 533
A 1535

STF 422

STT 37 App
STF 430
STF 427
P EIT 97

STF 452
STT 65
KUI 15
STT 66

STF 470
STT 67
STF 471
STF 479
STT 531*

STF 495
STF 460
STT 77

STT 44 App

STELHITH
STT 48 App
STF 528
STT 82

HU 304

STF 534
STF 548
STHE552
STF 550
STF 559

NOTES

ADS 2582, Fixed. w,w.
ADS 2592. Fixed. y,b. Comes 10.8 at 16505

ADS 2616. 7 Tau. P=568 years (1985.0 = 0".63)
10.0 at 22m,

ADS 2612. P=287.7 years (Baize, 1985.0 =
(van Biesbroeck, 1985.0 = 1'".36).

ADS 2628. Binary? 1878, 66°, 0".4,

ADS 2630. P=153 years (Morel, 1985.0 = 0".61) or 229 5y
s €ars

(Heintz, 1985.0 = 0".68).

ADS 2644, P=2101 years? (1985.0 = 6".63). 1832, 232 , gn 3

0oy,

ADS

bsh.

1823, 95°, u1n.1,

ADS 2681. Fixed. y,Pb,Pb.

ADS 2679. Fixed. ysh,bsh.

ADS 2691. (=WEB AD). Fixed. ay,b. Comites 13.8 at 21"
increasing, 13 at 35" and 10.8 at 168".

ADS
ADS
ADS
ADS

ADS
ADS
ADS
ADS
ADS

ADS
ADS
ADS
56"
ADS

ADS
ADS
ADS
ADS
ADS

ADS
ADS
ADS
ADS
ADS

2778.
2799,

2815:

2850,
2867,
2888.
2926.
2995.

2999.
2963.
3082.

30 Tau, Fixed. Pb,Pb.

P=62,28 years (1985.0 = 0".52).

Slow retrograde motion, 1937, 215°, 0ne3e
Binary? 1846, 136 , 0".5.

32 Erd. ¥,b. Comes 11.6/at 166",

18T, UHC, A".9,

Epsilon Per, Fixed. Comes 13.9 at 78".
Fixed.

P=706 years (1985.0 = 1".55).

Fixed. Y;Bsh.
49 Cep. P=415 years (1985.0 = 0".74).
P=200 years (1985.0 = 0".75). Comites 9.0 at

(forms STT 43 App) and 8.5 at 129",

3098.
31317,
3161%
3169.
3182.

3179.
3243
3273.
3274,
3297.

Fixed,

P=254 years (1985.0 = 0".39).

Phi Tau. (=SHJ 40). 1821, 2u40°, 56".8. oy,b.
Chi Tau., Fixed. Pb,g.

P=255.5 years (1985.0 = 1".40). p,b.

66 Tau. P=51.6 years (1985.0 = 0".12).

62 Tau. Fixed. ysh,b, Comes 12.0 at 111".
Fixed, y,b& Comes 10.6. at 121".

Fixed,.

1 Cam. Fixed, Py,Pb, Comes 11.1 at 150".
Fixed,.

« W,W. Comeg

1"-
35) or 224 Vears
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NOTES

2 App IIADS 3321. Alpha Tau. 1832 , 75°, 109". Other comites.

ADS 3329. Probably binary. 1845, 79 , 0".6.
ADS 3330. 1831, 303", 1" 4. w.w.

ADS 3355. Fixed.

ADS 3353. 1830, 210 , 3".2. y,b.

ADS - Sigma Tau. 1836, 1939, 431".2.

ADS - . P=552.3 years (1985.0 = 3".02).

ADS 3390. P=654.6 years (1985.0 1".09). Slowly closing. y,y.
ADSH3391 051905, 311", 0.5,

ADS 3475. P=16.3 years (1985.0 = 0".21). Never wider than
0".3. Comes mag. l4 at 17".

ADS 3483. P=100.9 years (1985.0 = 0",23). Just past minimum
distance, Comes mag. 12.7 at 45",

ADS =i 1821, (51, 65" .9,

ADS 3572. Omega Aur. 1828, 352°, 6".5. w,Pb.

ADS 3587. Fixed., w,Pb.

ADS 3597. Fixed. y,g.

ADS 3623. Fixed. y,Pb. B is A 2630 (fixed). Mag 9.5 at 130".
ADS 3672. Binary? 1845, 344°, O".6. w,w.

ADS 3711. 14 Ori. P=198.9 years (1985.0 = 0".68). y,b.

ADS 3689. Opening since discovery. 1830, 2810, Or i,

ADS 3730. Fixed. Py,Pb. B is BU 1047 (binary).

ADS 3797. Rho Ori., Fixed. o,b. Comes 11.8 at 182",

ADS 3799. P=312 years (1985.0 = 0".47). Comes 13 at 7".

ADS 3823. Beta Ori, Fixed., b,w. Comes often suspected to be
a very close and difficult binary (BU 555).

ADS 3824, 14 Aur, Fixed. w,? Comites 11.1 at 11" and 10.4
at 184",

ADS 3903. Fixed. y,b. i

ADS 3864. 19 Cam. 1834, 349 , 34", Due to pm of A.

ADS 3962, 23 Ori. Fixed. Py,b.

ADS 3978, Fixed. w,Pb, S

ADS 3991, A - BC is WNC 2. Binary, 1866, 171, 1".4. w,y.
BC is also binary, P=48.0 years (1985.0 = 0".12), orbit
highly inclined to the line of sight.

ADS 4002, Eta Ori. Little motion. 1849, 87°, 1".0. w,b.
Primary is also a spectroscopic pair, P=9 years, resolved
by speckle, dist = O".044, Comes 9.4 at 115",

ADS 4034, 1837, 315°, 28".7.

ADS 4032. Widening. 1887, 230°, 0".5. Comes 10.5 at 25".
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STF 716
STF 728
STF 729

STF 14 App.

STF 730

STF 718
BU 1267
STF 738
STF TuU7
STF Tu48

STF 752
STF T42

STF 749

STF 753&
BU 1240

STT 12
STF 766

STF 774

BU 1007
STF 764
STT 115

BU 560

STF 795
STT 118
STF 3115
STF 780

STF 802
A 1570
STT 545

NOTES

ADS 4068. 118 Tau. 1829, 197°, 4".9, ysh,bsh. Comes 1086
at 141m, .
ADS 4115, 32 Ori. P=586 years (1985.0 = 0".96) but van de
Bos (1956) and Cester (1964) think motion in linear, w,y 3
ADS 4123. 33 Ori. Fixed. Pb,b. Comes 13.4 at g5, o
ADS 4134, Delta Ori. Fixed, w,w. Comes 14.0 to A at 35n
forms BU 558. A is also a close visual pair, discovereq b
Heintz in 1978 (=Hz 42). Mags 3.2,3.3, separation =0t 5
A is also a spectroscopic binary, P=5.7 days. {
ADS 4131. Fixed,.

ADS 4119, Fixed. Pb,w. Comes 9.2 at 119",

ADS 4166. 1892, 218°%, 0".8.

ADS 4179. Lambda Ori. Fixed. w,b. Comites 11.1 at 29",78"n,
ADS 4182. Fixed.

ADS 4186. Theta Ori, The Trapezium, Fixed.

ADS 4193. Iota Ori. Fixed. bw,b. Enmeshed in nebulosity,

ADS 4200, P=2959 years? (1985.0 = 4".03). 1837, 251°, 3" 3,

colours o,o0. .
ADS 4208. Probable binary, 1829, 23°, 0".7. W,W. Pair
nearby, 10.4, 10.9, 290°, 4" 4,

ADS 4229, 26 Aur. AB - C is STF 753. Fixed. w,b, AB is
BU 1240, P=53.2 years (1985.0 = 0".12). Comes to A,
11.5 at 33",

ADS 42143, Probably binary. 1848, 85°, 0".6.

ADS 4256. Fixed. Py,b.

ADS 4263. Zeta Ori. P=1508 years? (1985.0 = 2".35). 1836,
151 , 2".6. Comes to A, 10.0 at 58".

ADS 4265. 126 Tau. P=78.45 years (1985.0 = 0".12).

ADS 4262. Fixed. w,b.

ADS 4323, 1847, 123°, 0".8. Comes 11.0 at 93".

ADS 4371. 1877, 208°, 0".9.

ADS 4390. Likely long period binary. o,0.

ADS 14392, Fixed. Comes 8.6 at 76" forms STT 67 App.
ADS 4376, Closing since discovery., 1831, 36°, 1".7.
ADS 4405. Fixed. Comites 10.0 at 13" and 13.4

at 20" (distances increasing).

ADS 4456, Fixed. w,w. Comes 10.6 at 192".

ADS 4531. Fixed. 6 )
ADS U4566. Theta Aur. Long period binary. 1871, 6 » ? oo
Comites 10.7 at 50", 9.2 at 131", distances increasing.
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200510

ADS - . P=463.5 years (1985.0 =
= 0".23). Closing since

ADS 4603. P=163 years (1985.0
discovery. 1843, 191°, 0O".4.
ADS 4749, Fixed. w,b,w.

ADS 4744, Fixed. o,b. On n.f. edge of M35,

ADS 4773. 41 Aur. 1830, 353 , 8".0. w,Pb.

ADS - 193U 1372, O 3.

ADS 4840. Fixed.

ADS 4841, Eta Gem. P=473.7 years (1985.0 = 1".55). Primary
is an M3 variable. 1882, 301Y, 1".0.

ADS 4849. 1828, 217°, 11".3. w,Pb. Comites 11.4 at 202" and
11.5 at 174",

ADS 4950. 4 Lyn. Binary. 1830, 90“, 0".8. Py,b. Comites
12.9 at 26" and 11,12.9 at 100",

ADS 5080. 1822, 205%, 32".7. Comes 12.4 at 78",

ADS 5107. Beta Mon, Fixed. w,w,w. Comes to A, 12.2 at 25"
forms BU 570.

ADS 5166, 20 Gem, Fixed. Py,Pb.

ADS 5178. 1829, 322°, u". .4, Comes 10 at 137".

ADS 5197, P=2360 years? (1985.0 = 1".75). 1830 ,

BA2E OB,

ADS 5191. Fixed. ysh,bsh. Comes 11.0 at 129",
ADS 5234, P=114.8 years (1985.0 = 0".62).

ADS = 18295 55 asis HiCome sTUL U Fat i
ADS 5289. 54 Aur. Fixed. y,b.

ADS 5296. Closing since discovery. 1830, 249 , 1".1.

ADS 5381. Fixed,

ADS 5368. Fixed.

ADS 5423. Alpha CMa. P=50.09 years (1985.0 = 8".18). Comes
is the brightest known white dwarf. Occasionally thought
double. bw,w. Comes 14.0 at 32".

ADS 5400. 12 Lyn. P=699 years (1985.0 = 1".69) for AB. AC,
1831, 308 , 8".7 - little change. y,Pb,b. Comes 10.5 at 170",
ADS 5U25. Psi  Aur. (=SHJ 75). 1823,747 , 55%.4. 0,b.

ADS 5447, P=1057 years? (1985.0 = 0".,54),

ADS 5436, Fixed. y,rsh. Comes 11.2 at 164",

ADS 5514, 14 Lyn, P=480 years (1985.0 = 0".44), Comes 11.1
aky 112%,

ADS 5559. 38 Gem. P=3190 years? (1985.0 = 7".04). ysh,bsh,.
Comes 10.3 at 112",
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PAIR
STF 981
STT 159
A 1575

DUN 39
STT 81 App

STF 1009

STF 1033
HJ 3945
STT 170
STF 1066
STF 1083

STF
STF
STF

1093
1108
1110%

STT 175

STT
STF

174
1126

SIEEG AT

HJ 3997
STT 179

STF 1138
STF 1140
STT 186
BU 581

STF 1177
STF 1187
STF 1196

NOTES

ADS 5570. P=5343 years? (1985.0 = 1".62). Closing since
discovery. 1831, 149%, 3".7,

ADS 5586. 15 Lyn. 1844, 323°, 0".5. y,b. Comites 12,4 at

29" and 12.9 at 27", 1216
ADS 5704, Fixed,

o 93 App
ADS, = .1826, 76 7, 2%.5, 1224
ADS 5742. Zeta Gem (=SHJ 77 AC). Primary is a Cepheid

variable. y,b. Comites 10.5 at 87", 12.0 at 80", 12.9 at

ADS 5746. Widening, 1830, 159, 2".9. Pb,Pb. Comes to B, °T%

mag 11.0 at 179",

1245
ADS 5896. Fixed. y,b.
ADS 5951, 1837, 65%, 27".2. 1263
ADS 5958, Widening since discovery. 1844, 133°, 170, py.p 1266
ADS 5983. Delta Gem. P=1200 years? (1985.0 = 6".02). y.pp " 1268
ADS 6060. No change. y,g. -

1273*%
ADS 6117. P=381.4 years (1985.0 = 0".76). Widening,
ADS 6160. Fixed. y,b,
ADS 6175. Alpha Gem. P=511,3 years (Muller, 1985.0 = 2" ,67)

or M?O.1 years (Rabe, 1985.0 = 2".59). Castor C , 8.8 at
73" is part of the system., All three stars are spectroscopic
binaries.

ADS 6185. 1847, 334, O".5. Distance decreasing. or,or. Comes
9.3kt 8n.

ADS 6191. 1851, 85°, 2".0. Distance increasing? y,b.

ADS 6263. Probably binary. 1829, 132°, 1".5, bsh,bsh. Comes
10.6 at 44".

1300
ADS 6276. P=200 years (Couteau-Laques, 1985.0 = 0".51) or 298
180 years (Muller, 1985.0 = O".4l). B
ADS - . 1836 , 100°, 2".0. - 1306%
ADS 6321. Kappa Gem. Probable long period binary. 1853, 233 »

6i1e2. i Py ,Pb.

ADS 6348. 2 Pup. Fixed. y,1. Comes 10.4 at 101".
ADS 6376. Fixed. y,Pb,

ADS 6538. Fixed. w,w.

ADS 6554. P=44.8 years (1985.0
is a member of the system.

0".51). Comes 10.5 at 4".8

ADS 6569. Fixed. w,b.
ADS 6623. P=4390 years? 1985.0 2".77. 1829, 710’ 1.6,
ADS 6650. Zeta Cnc. AB has P=59.7 years (1985.0 = 0".66)-
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BC, P=1150 years? (1985.0 = 5".92). y,y,Pb. Irregularities
in the motion of C reveal a dark component C. Period of Cc
= 17.5 years.

ADS 6681. Fixed.

ADS 6762. P=435 years (1985.0 = 0".63). Widening slowly.

ADS - . 41 Lyn (=S 565). 1824, 165", 73". y,Pb,

ADS 6811. 24 Cnc. (Not Upsilon Cnc as given in ADS and
Webb. 1830, 37°, 5".8). w,bsh. B is A 1746 (P=21.82 years
1985.0,= 00 . 17) .

ADS 6815. Phi Cnc. 1829, 212°% 4".6. w,w.

ADS 6886. Fixed. y,l. Comites 10.7 at 93", 12.0 at 117"
and 8.8 at 122", 6

ADS - . 1829 , 47, 5".4, Due to proper motion of A.

ADS - . Fixed.

ADS 6988. Iota Cnc. Fixed. o,Pb.

ADS 6993. Epsilon Hya. AC is STF 1273, P=z890 Years

(1985.0 = 2".73). y,g. AB is rapid binary, P=15.03 years
(1985.0 = 0".23). A and B are also spectroscopic binaries.

A comes mag 12.5 is also attached to the system,
ADS T7033. Fixed. Comes 12.6 at 40" forms HJ 2466 AC.

P=74,1 years (1985.0 = 0".16). Closing.
57 (Iota Cnc). 1829, 333°%, 1".5. Mag 9.2 at 56".

ADS 7054,
ADS T7071.
ADS - . Fixed.

ADS 10 UMa. P=21.85 years (1985.0 = 0".56). Comites
10.8 at 142", 9.8 at 127" and 10.5 at 225". Distances

increasing due to large pm of AB.

ADS 7139. 1830, 210°, 4".1, Widening.

ADS 7137. 66 Cnc, Fixed. w,Pb, Comes 10.8 at 187".

ADS 7187. Fixed. ysh,w. Comes 12.6 at 28" forms HO 644 AC.
ADS 7203. Sigma UMa. P=1067 years (1985.0 = 3".38).

ADS 7251. P=975 years (1985.0 = 17".54). o,o0.

ADS 7281. 1829, 16%, 5".6.

ADS 7284, P=34.2 years (1985.0 = 0".48). Now at its widest.
ADS 7286. 1828, 39°, 1".4, ysh,bsh.

ADS 7292. 38 Lyn. 1829, 240°, 2".7. Retrograde motion. w,b.

Comites '10u8Vat 88N, NIOLT ‘at "E78l".

ADS 7307. P=219.7 years (1985.0 = 0".80). w,w. Comes
11.4 at 143",
ADS 7352. 1831, 334°, 1".1. Pb,Pb.

ADS 7390. Omega Leo. P=116.8 years (1985.0 = 0".46).
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STF 1360
STE 1351
STT 101 App
STF 1350

H 58

STF 1362
STF 1374
ASC5

STF 1399

STF 1402
STT 215%

STF 1415
STF 1424

STF 1426
STF 1428
HU 879

STF 1439
STF 1450
STF 1457
STT 228
STT 229

STF 1487
BU 1077
HO 378
STF 1510
STF 1517

STT 232
STF 1516

ST 16523%

STF 1524
STF 1527*
STE 1536*
BSO 5

NOTES

ADS 7402. 23 UMa. Fixed. y,bsh. Comes 10.5 at 100",
ADS T416. 6 Leo (=SHJ 107). Fixed. o,Pb.

ADS 7425, Fixed. Comes 9.0 at 30",

ADS 7448, Fixed.

ADS T7406. Fixed. Pb,g. Comites 12.3 at 85" and 11.2 at 158

ADS 7446, Fixed.

ADS T477. 1838, 275°, 3".3.

ADS 7555. Gamma Sex. P=75.6 years (1985.0 = 0".56). Comes
12.1 at 36" forms HJ 4256 AC,

ADS 7589. Fixed. Py,g.

ADSiEE = 1831 i O 6R e e 2

ADS 7704, P=552 years (Wierzbinski, 1985.0 = 1" . 41) or
44y years (Zaera, 1985.0 = 1".39). w,w.

ADS 7705. Fixed. Comes 10.6 at 150".

ADS 7724. Gamma Leo. P=619 years (1985.0 = 4".32). o,o0.
Distant comites 9.6 and 10.0.

ADS 7730. 1832, 257°, 0".6. Direct motion. Comes 9.3 at 8",
ADS 7762. 1831, 84°, 3" .8,

ADS 7780 Beta LMi., P=37.9 years (Baize (1950), 1985.0 =
0".46) or 37.2 years (Baize (1976), 1985.0 = 0".39).

ADS 7802. 1829, 131¥, 2".0.

ADS 7837. 49 Leo. Fixed. w,Pb.

ADS 7864, 1829, 288“, 0".7.

ADS 7926. 1851, 196“, 0O".5.

ADS 7929. Long period binary. 1846, 347 , 0".7.

ADS 7979. 54 Leo. 1830, 103°, 6".2.

ADS 8035. Alpha Uma, P=44.66 years (1985.0 = 0".79).
ADS 8047. 1891, 219, 0".4. Widening since discovery.
ADS 8065. 1832, 3417, 3".9.

ADS 8094, P= 4050 years? (1985.0 = 0".42). Widening?

ADS 8102, Fixed,

ADS 8100. Optical pair due to large pm of A. 1832, 299 ,
9" ,75. Comes to A, 11.2 at 7" forms STT 539 and is
probably a physical component.

ADS 8119. Xi UMa. P=59.84 years (1985.0 = 2".32). Py,Py.
Both stars are spectroscopic binaries.

ADS 8123. Nu UMa,. Fixed. y,b.

ADS 8128, P=148 years? (1985.0 = 1".37). ysh,g.
ADS 8148, Iota Leo. P=192 years (1985.0 = 1".32).
ADS - . P=421 years (1985.0 = 5".76).
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NOTES

ADS - . 1910, 2°, 10".5. Increase in angle and distance.
ADS 8175. 57 UMa. 1831, 11%, 5".4, w,r? Comites 11.6

at 217", 7.8 at 346" and two to 7.8, 10.2 at 98" and

10.3 at 129",

ADS 8189. P=86.44 years (1985.0 = 0".37).

ADS 8196. 88 Leo. 1782, 318°, 14".6. w,Pb.

ADS 8197. P=72.9 years (1985.0 = 0".52). Widening.
ADS 8220. 90 Leo. Fixed. w,w. Comes 8.8 at 63".
ADS 8231. Highly inclined orbit. 1829, 3398 2,
Comes 10.2 at 21" forms HJ 503 AC.

ADS 8249, Fixed.

ADS 8250. 1831, 266“, 10".5. A has a pm of 0".6
annuallly. Comites 8.6 at 90", 9.5 at 121" and
2l ats 9qm.

ADS 8252. 1845, 287°, O".T.

ADS 8337. P=77.15 years (1985.0 = 0".21). Closing.
Comites 14.0 at 5".6 and 13.3 at 27".

ADS 8387. Direct motion. 1905 , 223°, 0".3.

ADS 8406, 2 Com, Fixed. Py,Pb.

ADS 8419. P=115.5 years (1985.0 = 0".18). Opening.
Comes 15.6 at 3" is probably physical. Comes 8.0 at

26" is double (0".2).

ADS 8440, 1831, 93¢, 12".0 (AB). 1831, 97 , 58".0 (AC).
ADS 8446, P=326.8 years (1985.0 = 0".32).
ADSE 1876, LTS 66Y T

ADS 8u44, 1877, 2807, 6".8.
ADS 8450. 1832 , 224°, 10".6.
ADS 8477. 1829, 288°, T".8.
ADS 8489, 2 CVn, Fixed., o,b.
ADS 8494, Fixed,

ADS 8505. Fixed. w,W.

ADS 8519. Fixed. bw,bw.

ADS 8535. Closing since discovery, 1853, 315°, 0".5.
Comes 11.2 at 13",

ADS 8539. P=678 years (1985.0 = 1".54).

ADS 8540. 1845, 331, 0".4, Little motion.
ADS 8553. P=2200 years? (1985.0 = 1".89).

ADS 8604. 1832, 341°, 7".8.

ADS 8575. P=4273 years? (1985.0 = 1".32).

ADS 8600. 24 Com, Fixed. Py,bsh.
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STF 1661

STF 1669
HJ 4539

STF 1670%
STF 1678
HJ 4547

STF
STF

1694
1687

STF
STE

1689
1692

STF 1695
STT 256
STF 1699
BU 1082%
BU 929

STF 1728
STT 261
STF 1734

STF 1744

STF 1742
STT 269

STF
STF

1iG5T%
1768

STF 1770
BU 612

HJ 4608
STF 1781
STF 1785
STF 1788

NOTES

ADS 8606. 1828, 226°, 2".6.

ADS 8627. 1828 , 299°, 5" L4, Comes 10.5 at 59», 1795
ADS - . Gamma Cen. P=84.5 years (van den Bos, 276
1985.0 = 1".52) or P=84.6 years (Wierzbinski,
1985.0 = 1".51). 278
ADS 8630. Gamma Vir. P=171.4 years (1985.0 = 3BRGY 277
Highly eccentric orbit, closing to 0".4 in AD 2008.
w,Ww. Comes 12,2 at 124", 1820
ADS 8659. 1832, 212°, 32".6. Pb,oy.
ADS - . Tota Cru. 1882, 40%, 27" 1. 1821
ADS 8682. Fixed, 1816
ADS 8695. 35 Com. P=510 years (1985.0 = 1",08). | 1817
y,¥. Comes 9,1 at 29", b. o 1834
ADS 8704. 1827, 198°, 28".7. Dy,sg. i
ADS 8706. Alpha CVn. Fixed. w,w. i 1835
ADS 8710. 1832, 289°, 3".3. Comes 10.4 at 124", i
ADS 8708. 1848, 57°, O".7. _ STF 1838
ADS 8721, 1830, 1°, 1".5. Small change in angle, . STF 1843
ADS 8739. 78 UMa., P=115.7 years (1985.0 = LR TR - STF 1850
ADS 8759. U8 Vir. 1879, 229°, 0".5. Widening, A 570
ADS 8804, 42 Com, P=25.8 years (1985.0 = 0".61). STF 1863
Beginning to close. Orbit almost edge-on to the line ~ Alpha Cen*
of sight. Comes 10.2 at 90", closing due to pm of AB. 8
ADS 8814, 1843, 359, 0".6. y,Pb.
ADS 8864. 1830, 198°, 0".7. Widening. w,w.
ADS 8891. Zeta UMa. Long period binary, 1830, 148°, 1864
" .4, C (Alcor) has the same pm as AB. A and B are 1872
also spectroscopic binaries. w,w. 1865
ADS 8890. Fixed. bw,bw.
ADS 8939. P=54.8 years (1985.0 = 0".09).
ADS 8949, P=334 years (1985.0 = 2".06). Mag 11.6 at U5". 1871
ADS 8974. 25 CVn. P=240 years (1985.0 = 1".83). 1877
Eccentric orbit. Comes 8.7 at 217". Py,w. g
ADS 8979. Fixed. o,b. §5TT 285
ADS 8987. P=22.35 years (1985.0 = 0".31). Near $ 1884
maximum distance. Comes 11.0 at 125", approaching. !

‘BU 106
ADS =1 . 1BME, 175 W K, d
ADS 9019. P=312.5 years (1985.0 = O".41). - STF 1890
ADS 9031. P=155 years (1985.0 = 3".41). Py,bw. 'HSTT 287
ADS 9053. 1831, 54 , 2",2. Comites mags '10.3 at 128" :hSTF 1888%

and 10.9 at 157". !

143

NOTES

ADS 9077. Fixed. v
ADS 9121, 1845, 196°, o".6. Comes at 9".7. IDS gives

magnitude as 10.0 and 10.8.
ADS 9159. P=215 years (1985.0 = 0".27).

1845, 334°, O".4. Comes 9.3 at 14".2 forms
Further comes 11.8 at 73".

ADS 9167. P=810 years? (1985.0 = 2",27). Circular orbit?
1830, AT L, 2
ADS 9173. Kappa

ADS 9158.
STE 1812,

Boo. 1832, 238°, 12".6. w,bsh.

ADS 9174. Closing. 1831, 80°, 1".9.

ADS 9177. Closing. 1832, 7°, 1".6.

ADS 9229. P=321 years (1985.0 = 1".28). w,w. Orbit of
high eccentricity and inclination.

ADS 9247, 1832, 186°, 6".1. BC is BU 1111 (P=39.5

years (1985.0 = 0".25).

ADS 9251. Fixed.

ADS 9259. Fixed. Star C at 97" not in the IDS.

ADS 9277. Fixed.

ADS 9301, P=30.0 years (1985.0 = 0".15).

ADS 9329. 1830, 110°, 0".6.

ADS - . P=79.92 years (Heintz, 1985.0 = 21".32) or

P=79.91 years (Wielen, 1985.0 = 21",20). Star C
(Proxima Centauri) is 2% 11' away and is the nearest
star to the Sun.

Pi Boo. 1830, 99°, 5".8. w,w. Mag 10.0 at 128",
ADS 9346. 1830, 38 , 7".5. Comes 11.3 at 76".

ADS 9343, Zeta Boo. P=123.4 years (1985.0 = 1".02).
Beginning to close. Very eccentric orbit. Comes 10.9

at 99" is H VI 104.

ADS 9338.

ADS 9350. 1829, 283°, 1".8. Widening. w,w.
ADS 9372. Epsilon Boo. 1829, 321°, 2".6. y,b. Comes
12,0 at' 177"

ADS 9378. P=88.4 years (1985.0 = 0".29). Widening.
ADS 9389. 1829, 55°, 1".7.

ADS 9396. Mu Lib. Opening. 1875, 335°, 1".4. Comites
13.9. at 25", 12.5 at 27". 2

ADS 9406. 39 Boo. 1830, 44, 3".7. w,w.

ADS 9418, P=400 years (1985.0 = 1".08).

ADS 9413, Xi Boo. P=151.5 years (1985.0 = 7".15). Now
beginning to close. or, b. Comites 12.6 at 67" and
9.6 at 149".
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STT 288*
STI 2317
SHJ 191
BU 348
STF 1909*%
STF 1910
A 1116
STF 1919

STF 1934
STF 1932

BU 32
STF 1937

STF 1938%

HU 149

STT 296
STF 1956
STF 1954
STT 298

STF 1963
STF 1962
STF 1965
STF 1989
STF 1969

HU 580

STF 1967

NOTES

ADS 9425, P=215.4 years (1985.0 = 1", 14 inni
aine. Hhine .14) . Beginning to

ADS - . 1910, 139°, 13".4,

ADS 9474, Fixed.

ADS 9480. 2 Ser. 1875, 115°, o".s5,

ADS 9494, U4 Boo. P=225.0 years (1985.0 = 10,319
Opening. Very highly inclined orbit, B is a W UM.

ADS 9507. Fixed. 2

ADS 9530. 1905, 21°, o".u4,

ADS 9535, 1832, 10°, 24", 8,

ADS 9573. AB 1830, u45°, 5" 3,

ADS 9578. P=203 years (1985.0 = 1".U46). B has a dark
companion, period = 50 years.

ADS 9596. 6 Ser. 1875, 13°, 2".3,

ADS ?617. Eta CrB. P=41,56 years (1985.0 = 0".80). Now
opening. y,y. Comites 1.0 at 215" and 12.6 at 58",
ADS 9626. Mu Boo. P=260.1 years (1985.0 = 2".07). Now

closing slowly. w,w. Mu is 108" distant, magnitude 4.5
and forms STF 28 App.

ADS 9628. 1900, 296°, o".2.

ADS 9639. 1845, 328°, 1".5, Comes 12.5 at 67.

ADS 9694. 1831, 41°, 2" .7, Closing with little change in PA.
ADS 9701. Delta Ser. P=3168 years? (1985.0 = 4 ,30). ysh,bsh.

ADS.9716. P=55.88 years (1985.0 = 0".55). Now closing
rapidly. w,w. Comes 7.9 at 121" is apparently physical.
ADS 9727. 1829, 291°, 4".2, w,w. Comes 13.4 at 31",

ADS 9728. Fixed.

ADS 9737. Zeta CrB. 1822, 299°, 6".2. Binary. bsh,Pb.

ADS 9769. Pi UMi. P=150.7 years (1985.0 = 0".60).

Highly eccentric orbit. Distance fixed for some years.
ADS 9756. P=325 years (1985.0 = 0".51). Now opening.
1831, 43 , 1.5,

ADS 9744, Iota Ser. P=11.07 years (van den Bos, 1985.0

= 0".09) or 22.14 years (van den Bos, 1985.0 = 0".08).
Components are equally bright making determination of
quadrant difficult. Comites 13.4 at 143", 12.6 at 151".

ADS 9757. Gamma CrB. P=91.0 years (1985.0 = 0".53).
Widening, Highly inclined orbit,

NOTE: See back of book for page 150(a).

NOTES

340 ADS 10437. 1847, 237°, 31".5.
2114 ADS 10312. 1830, 136%, 1".3. Probable binary. y,1.

2120 ADS 10332 11829,4 T1®, T™". 3.
2130%  ADS 10345. Mu Dra. P=482 years (1985.0 = 1".89). Now

closing slowly. Comes 13.8 at 13" forms BU 1088 and
appears physical.

2122 ADS 10347. 1831, 280°, 20".4, Fixed?

2135 ADS 10394, AB 1829, 166°%, 6".7.

79 ADS - . P=12.98 years (Baize, 1985.0 = 1",12) of
P=12.98 years (Eggen, 1985.0 = 1".10). Near maximum
separation. Rare opportunity to see such a short

period pair.

2140 ADS 10418. Alpha Her. P=8230 years? (Hopmann, 1985.0
= 4" ,63) or P=3600 years (Baize, 1985.0 = 4".65)., o0,g8.
Comes 11.1 at 80".

3127 ADS 10424, Delta Her, 1830, 17“0, 25".8. Two faint
comites at 51" and 91",

243 ADS 10417. 36 Oph. P=548.7 years (1985.0 = 4".67).
Star 6.7 at 700" has common proper motion, Other
comites mags 8.2 and 13.5.

13 ADS - ., P=693.2 years (Wieth-Knudsen, 1985.0 =
8".14) or P=2204 years? (Wielen, 1985.0 = 8".37).
Comites 12.5 at 42" and 14 at 47",

i B 4 ADS - . P=42,18 years (1985.0 = 1".92). Closing.

Comes 9.9 at 31" forms HJ 4935. See added a mag J
12.8 at 14". Distances changing due to large pm of AB.

2161 ADS 10526. Rho Her. 1830, 307°, 4".5. A is a speckle
pair, distance = 0".29. Comes 13.3 at 119".

2164 ADS 10530. 1829, 17°, 8".8.

U 1201 ADS 10573. Fixed.

ADS 10597. Fixed.
417 ADS 10589. 1892, 151°, O".4.

KUI 82 AB-C ADS 10585. Mags 8,8.2 (est). AB = A 351 (P=60 years),

1985.0 = 0".58. 1933, 286°, 33".
2173*%  ADS 10598. P=46.08 years (Duncombe-Ashbrook, 1985.0 =

1".00) or P=46.40 years (Wilson, 1985.0 = 0".97).
Orbit of high inclination.

STF 35 App ADS 10628. Nu Dra. Fixed,
STF 34 App ADS 10635. Fixed. Comites 10.8 at 94", 91",

2186 ADS 10650. Fixed.

151
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STF 2207
STF 2199
STF 2218
STF 2203
STF 2241

STF 2202
STF 2213
A.C.7

STF 2215
STTASST
STF 2242
STT 338

STF 2245
RMK 22

STF 2259
STF 2273

STF 2308
STF 2264

STF 2267
STF 2278
STF 2262
STE 2272%

STF 2276
STT 341

HU 1186

STF 2280

STF 2281

HU 674

NOTES

ADS 10690. 1832, 128°, 1".1. Probable binary.

ADS 10699. 1830, 116“, 1".7. Retrograde motion.

ADS 10728. 1836, 355°, 2".5. Angle decreasing,

ADS 10722. 1830, 334°, 0".7. Retrograde motion.

ADS 10759. Fixed. Comites 11.4 at 190", 12.4 at 101",

ADS 10750. Fixed. Comes 12.5 at 96".
ADS 10765. Fixed.

ADS 10786. BC is A.C.7. P=43.2 years (1985.0 = 1 5308

Nearing maximum separation. (Mu Her). Mu Her is
3.5 at 35" and forms STF 2220 with BC. It has a comes
mag 11,2 at 256'".

ADS 10795. 1831, 311%, 0".8. Retrograde motion.
ADS 10828. P=500 years (1985.0 = 0".30).

ADS 10849. Fixed.

ADS 10850. 1845, 44°, 0".7. Slow binary. w,w.
Comites 12.9 at 28" and 9.9 at 95",

ADS 10905. Fixed.

ADS - ., 1880, 88°, 2".5,

ADS 10955. Fixed.

ADS 10985. Fixed. Comes 12.7 at 24" and 14,7 at 19",

ADS

ADS 10993. 95 Her. 1829, 262, 6".1. Colours w,w but
both stars suspected of varying in colour.

ADS 11001. 1830, 234“, 1".4, Closing.

ADS 11035. 1831, 22°, 39". Comites 8.5 at 38",

9.7 at 201 iand 14 4 at '5' Eolithe 9.7 5

ADS 11005. Tau Oph. P=280 years (1985.0
y,y. Comes 9.3 at 100",

ADS 11046, 70 Oph. P=88.1 years (1985.0
y,p. Many comites,

ST

20,4208

"

ADS 11056. Fixed. Comes 12.0 at 61".

ADS 11060. P=20.0 years (1985.0 = O",46). Orbit of
very high eccentricity and inclination. Comites 9.6
at 28", 38", 63" and 108". Also 8.6 at 136",

ADS 11071. P=101.5 years (1985.0 = 0".33). Starting
to close.

ADS 11089. 100 Her. Fixed.

ADS 11111. 73 Oph. P=270 years (1985.0 = 0".38).
Slowly widening. Comes 12.6 at 68",

ADS 11128. 1904, 279¢, 0".5. Retrograde motion.

PAIR

STE 2289
STF 2294%*
STT 353
STF 2323

A.C.11
STE 2315

| STT 3514
~ HU 66

STF 2316

~ STF 2351
| STF 2384

- STF 2368

NOTES

ADS 11123. P=3040 years? (1985.0 = 1".23). w,c.

ADS 11186. P=278 years (Luyten, 1985.0 = 1".12) or
P=200 years (Wilson, 1985.0 = 1".,01). Orbit of high
eccentricity.

ADS 11311. Phi Dra. 1856, 64°, 0".6.

ADS 11336. 1833, 6°, 3".1. Five other comites.

ADS 11324, P=240 years (1985.0 QS9N

ADS 11334, P=775 years (1985.0 O®i71) . Mag 13:5 at
ADS 11344, AC is STT 351, 1846, 25°, 0".5, widening
slowly. AB is HU 66, 1898, 310°, 0".3 - retrograde
motion. One of the closest triples known.

ADSEIR53 518285 4l SN0

ADS 114182 11829, ‘177, 20725

ADS 11454, 1830, 272°, 2".3. Primary is HU 322, a
close pair in orbital motion.

ADS 11468. P=184,.6 years (Wilson, 1985.0 = 0".32),
P=338.0 years (Baize, 1985.0 = 0".32) or P=169.5
years (Baize, 1985.0 = 0".25). Comes 8.8 at 26"
forms STF 2348.

ADS 11479. P=210.9 years (1985.0 = 0".63). w,w.

ADS 11483. P=296.2 years (Starikova, 1985.0 = 1".49)
or 3083 years? (Hopmann, 1985.0 = 1".53).

ADS 11484, P=256 years (1985.0 = 0".34).

ADS 11500. 1830, 340%, 5".2. Fixed.

ADS 11568. P=137 years (1985.0 = 0".50). Mag 12.5 at

ADS 11558. 1831, 331°, 2".0). Comes 10.7 at 37".
ADS 11566. 1892, 116°, 0".4. Comites 10.7 at 40",
13.9 at 23" and 11.2 at 4" to 10.7 (increasing).
ADS 11579. P=90 years (1985.0 = 0".14). Very
eccentric orbit., Comites 8.6 at 14", 11.9 at 23"
and 10.9 at 149".

ADS 11593. Comes 11.4 at 90",

ADS 11632. P=453 years (Heintz, 1985.0 = 13".82)
or P=294,7 years (Baize, 1985.0 = 13".19). Comes
12.8 at 200" (increasing due to pm of AB).

ADS 11635 AB. Epsilonl Lyr. P=1165 years? (1985.0 =
2" ,65). w,w. Linked with STF 2383.

ADS 11635 CD. Epsilon® Lyr. P=565 years? (1985.0 =
2".36). Several comites to each pair.

ADS 11639. Zeta Lyr. Fixed. Comes 15.8 at 25"
(distance decreasing) forms BU 968. A further 13.3
at 47" (increasing) and a 11.5 at 62'".

15",

1S
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STF 2375

STF 2379
STF 39 App
STF 2420

STF 2415
STF 2417
STF 2421
BU 648%

STF 2422
STF 2438
STF 2437

STF 2434

SHJ 286
STF 2456
STF 2446

STF 2449
HJ 5084%
STF 2455
STF 2457
STF 2461

STF 2474
A 863

STF 2481&
SE 2

STF 2486

BU 139

STT 371
STF 2491

NOTES

ADS 11640. 1829, 177 , 2".2. Each component is a very
close pair discovered by Finsen and nicknamed by him
"Tweedledum and Tweedledee", They have similar
position angles and separations (~0".15). Both are
showing orbital motion.

ADS 11667. Fixed. Comes 11.3 at 26",
ADS 11745, Beta Lyr. Fixed.
ADS 11779. 1833, 346°, 30".3. Comes 11 at 150",

ADS 11816. 1831, 299°, 2".0,

ADS 11853. Theta Ser. 1830, 104 , 21".6. Mag 7.9 at 214n,
ADS 11858. 1829, 69¢, 21", 2,

ADS 11871. P=61.2 years (Schrutka-Rechtenstamm, 1985.0
=1".15) or P=60.8 years (Vlaicu, 1985.0 = 1".16). Now

at its greatest separation. Comites 12.1 at 55" and
12.20at 917

ADS 11869. 1832, 106“, 0".9. Long period binary.
ADS 11897. P=259.1 years (1985.0 = 0".90).
ADS 11956. 1830, 81¢, 1".1, Closing since discovery,

ADS 11971. 1831, 147", 25" .6. Comes 10.6 at 0".9
to B has closed in from 1".9 in 1831.

ADS 12007. 15 Aql. 1823, 207¢, 35".6. (o)1 55

ADS - . AB 1829, 14“, 29".1. Quadrant change.
ADS 12029. 1831, 154°, 10".1. Mag 10.2 at 35",

ADS 12037. Fixed,

ADS - . P=120.4 years (1985.0 = 1".35).

ADS 12050. 1828, 144%, 4" .9, Comes 11.9 at 94",
ADS 12053. Fixed.

ADS 12061. 17 Lyr. 1830, 3313 S Many comites.

ADS 12101. 1830, 259, 17".3.

ADS 12108. 1904 , 123% 5 o b,

ADS 12145. A-BC is STF 2481, 1830, 234°, 3".8, BC is
SE 2, P=63.1 years (1985.0 = 0".54),

ADS 12169. 1832, 225°, 10".5. ysh,ysh, Comites 13.3
at 25" (decreasing) and 11.4 at 180" (increasing) .

ADS 12160. Fixed. Comes 7.9 at 113" forms STT 177 App
Also comites 9.5 at 29" and 12.7 at 281

ADS 12239. 1846, 154%, 0".8. w,w. Comes 8.6 at 48" (b).
ADS 12246. 1828, 207°, 1".1.
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NOTES

ADS 12296. 1832, 353, O".5. Becoming wider.

ADS 12366. 1889, 34u4°, 0".3. J /
ADS 12447, P=996 year; (1985.0 = 1".90). Eccentric orbit.
ADS 12540. Beta Cyg. Fixed. A double (0".4). found

by speckle interferometry. Composite spectrum.

ADS 12586. 1832 , 291°, 21".1. Comes mag 12.2

at 2" to A forms BU 655. Comites 9.3 at 26" and 8.0
at 51" (distances increasing).

ADS 12667. 1842, 51°, 0".9. Comes 10.1 at 25".

ADS 12693. 1782 , 829, 91".9.

ADS 12752. P=342.5 years (1985.0 = 0".39).

ADS 12750. Fixed. 5

ADS 12803, 1832, 129, 1".0.

ADS 12815, 1832, 136, . 37™.3.

ADS 12808. Chi Aql. Fixed. Comes 12.3 at 82", Also
10.3 at 140" forms J 1858. Nearby pair, 11.0, 11.5,
317°, 9".4. is HIM 26.

ADS 12831, 1885 a7 okt JQ;

ADS 12851. Fixed. w,w.

ADS 12880. Delta Cyg. P=827 years (1985.0 = 2".38).
bw,Pb. Comes 12.0 at 66".

ADS 12889. P=224,7 years (1985.0 = 2".19). w,w.
ADS 12893, Fixed. Four comites.

ADSE 129655 18465 782 T L0,

ADS 13007. Epsilon Dra. 1832, 354°, 2".8. Py,bsh.

ADS 12962. Pi Aql. 1829, 1217, 1".5. Pb,c. Comes
12.2 at 34",

ADS 12972. P=156.5 years (1985.0 = 0".60).

ADS 12973. Zeta Sge. AB is A.G.C.11, P=22.8 years
(1985.0 = 0".22). C (8.8 at 9") forms STF 2585.

ADS 13125. P=25.69 years (1985.0 = 0".22). Now
closing rapidly. . ;

ADS 13104, 1826 , 92°, 1".9. Closing. ;
ADS 13148. Psi Cyg. 1831, 185°, 3".3. Py,Pb. Comites
13.6 at 21" and 10.2 at 165".

ADS 13196. 1832, 1317, 1".2.

ADS 13277. 16 Vul. 1844, 79 , O".6.

ADS 13312. 1830 ,179°, 2".0. w,w. Comites 9.1 at 43"
and "11.0-;at,:29".

ADS 13329. Fixed.
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STF 2642

STF 2652
STT 400
S 735

STF 2644
STT 403

BUP

STF 2671
STT 406
D 22

HO 130

S 155
S 756
BU 151

STF
STT
STT
STF
STF

2705
533
410
2716
2723

STF 2726
BU 676

STF 2725
STE 2727
STT 413

BU 268
BU 155

HO 144

HO 146

STT 418
STF 2741
STEHE27 3T

NOTES

ADS 13392. 1832, 165°, 2".4. Comes 12.5 at 73",
(Distance decreasing).

ADS 13449, 1832, 280°, 0".3. Long period binary, 2751

ADS 13461, P=86.16 years (1985.0 = 0".20). 2744

ADS - . Fixed. TF 2758%
ADS 13506. Fixed. 2760

ADS 13572. 1848, 173°, 0".8. Star C, 9.0 at 11".6

forms STF 2657.

ADS - . 29 Cyg. AB fixed, AC 1887 , 23°, 225" 2,
AD 1894 , 120°, 216".5.

ADS 13692. 1831, 341°, 3".0. w,w. Comes 12.5 at 8yn,
ADS 13723. P=113.5 years (1985.0 = 0".58).

ADS 13847. 1875, 140°, 2".8. Comes 13.8 at 19"
whose distance is decreasing.

ADS 13856. Fixed.

ADS - . Fixed, Comes 13.5 at 21".

ADS - . Fixed. e

ADS 14073. Beta Del. P=26.65 years (1985.0 = 0",25)
near minimum separation, Comes 11.0 at 39" forms
STF 2704. Also 13.1 at 23".

ADS 14078. Fixed. py,pb. Comites 11.2 at 183", 12.9 at 5".4, 2804
ADS 14101. Kappa Del. 1852, 11 , 10".4, Rectilinear motion.

ADS 14126. 1850, 23“, 0".6. bw,bw. Comes 8.6 at 69".

ADS 14158. 49 Cyg. Fixed. Py,Pb. Comes 11.8 at 68". 443
ADS 14233. 1831, 86“, 1".5. Round in 1958. 56 App
ADS 14259. 1830, 57, 6".6. 445
ADS 14274, Gamma Cyg. 1878, 321°, 37".7. Optical. 1212
ADS 14270. 1829, 3589, u4".2. w,w.

ADS 14279. Gamma Del. 1830, 274 , 11".9. vy,8.

ADS 14296. Lambda Cyg. P=391.3 years (1985.0 = 0".85). 10 166

w,Pb. Comes 9.9 at 85" forms S 765.

ADS 14306. 1875, 2219 0".4,

ADS 14370. 1876, 25°, 0".6. w,b. Comites 12.0 at 14",
10.9 at 195",

ADS 14379. 1886, 168“, 0".4. Rapid change.
ADS
ADS

14404, 1886, 56°, O".4.

14421, 1842, 302¢,0".6. w,w.

ADS 14504, 1831, 36%, 1".9. Py,Pb, Comes 10.5 at 1HO".
ADS 14499, Epsilon Equ. P=101.4 years (1985.0 = 1".,03).
Orbit very highly inclined. Star C is physical, mag 7-1:
(1833, 78 , 10".8) - orbit hyperbolic?. Mag 12.4 at 894E

NOTES

14556, 2 Equ. 1831, 225°%, 21,6l Py,PD.

14575, 1831, 344°, 1".9.
14573. 1830, 190°, 1".5. w,w. Comes 12.8 at 89".

ADS
ADS
ADS

ADS 14636. 61 Cyg. P=653 years? (1985.0 = 290, 3T) s Vs Y-
ADS 14645, 1829, 223°, 13".7. Change due to pm. Comes

g 48 at 60%.

ADS 14710, Fixed. :

ADS 14749. 1831, 229, 1".1. w,w. Comes 8.7 at 120%.

ADS 14783. P=84.4 years (1985.0 = 0".57). Closing.

ADS 14778. 1847, 13051".2. y,b.

ADS 14773. Delta Equ. P=5.70 years (1985.0 = on.32).

A highly inclined orbit. Comes 9.5
2777 - separating due to pm of AB.
binary, often single. Period uncertain.

Closing rapidly.
at 60" forms STF
ADS 14859. Rapid

68°, 1".4, y,Pb, Comes 11.2 at 86".
203°, 0".6.

ADS
ADS

14889.
14894,
ADS 14928, Fixed.

ADS 15007. 1831, 333°%, 1".4. Retrograde motion. bw,bw.
Comes 9.3 at 130".

1845,
1848,

ADS 15076. 1828, 314, 2".9. The PA in Webb is a
misprint. Burnham's measure should be 335.7°. y,y.
Comes 11.6 at 97".

ADS 15144, Fixed.

ADS 15147. Fixed. Comes 13.5 at 88".

ADS 15177. Fixed.

ADS 15176. 24 Aqr. P=u48.70 years (1985.0 = 0".u40).
Orbit of high eccentricity. Comes 10.9 at 36",
distance decreasing due to pm of AB.

ADS 15267. P=80.5 years (1985.0 = 0".37). Beginning
to close.

ADS 15270. Mu’ Cyg. P=507.5 years (1985.0 = 1".68).
ysh,bw. Highly inclined orbit. Mu! (mag 6.9) is at 196"
distance is decreasing. Comes 13.3 to Mu forms ES 521
ADS 15268. Epsilon Peg. Fixed. Comes 11,3 at; 82y,

15348. 1829 , 142°, 23".8. Comes 10.4 at 28"
14.9 at 10",

ADS - . 13 Peg. P=31.0 years (1985.0 = o".31).
ADS 15407. 1831 , 134°, 2".u,

ADS 15405. 1832 , 194°, 20".0. Mag 13.2 at 55".

ADS
and

157
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STT 458
BU 275

STF 2848
STF 2863

STF 2881
HO 180
BU 1216
BU 172

KR 60

STF 2909%

STF 58 App

STF 2912

STF 2920
STF 2922
HO 296

STF 2932
STF 2934

S 816

STT 480
STF 2943
STF 2950
A 632

Cou 240

STT 483
HLD 56
STF 2974
STF 2978
BU 385

NOTES

ADS 15481. Fixed. Comes 12,2 at 23",

ADS 15499. 1876, 183°, 0".3.

ADS 15493. Fixed.

ADS 15600, Xi Cep. P=3800 years? (1985.0 =
8".04, w,b, Comes 12.7 at 97".

ADS 15769. 1830, 111°, 1".8.

ADS 15794. 1886, 222°, 0".5.

ADS 15843, 1890, 318°, 0".6.

ADS 15902. 51 Agr. P=190 years (1985.0 = 0".23).
Comites 10.1 at 54", 10.0 at 116" and 8.5 at 132",

ADS 15972. P=44.60 years (Lippincott, 1985.0 = 3", 11)
or P=Ul 36 years (Wielen, 1985.0 = 3".,09). Fainter
star is DO Cep, a flare star, Suspected dark comes
to A. Many other comites in the IDS.

ADS 15971. Zeta Aqr. P=856 years? (1985.0 = 1".60).
Perturbation of B with period 25.5 years. ysh,bsh.

ADS 15987. Delta Cep. Primary variable., Fixed.
Comes 13 at 20",

ADS 15988. 37 Peg. P=140 years (1985.0 = 0".98).
Orbit of high inclination, now closing slowly.

ADS 16069. Fixed. Py,Pb.

ADS 16095. 8 Lac. Fixed. Many comites.

ADS 16173. P=20.93 years. (1985.0 = 0",13). Now
opening quickly. y,y, Third body suspected from
period variation.

ADS = . Fixed. Mag 11.3 at 30",

ADS 16185. P=520 years (1985.0 = 0".95). A has a
dark companion with a period of 81 years.

ADS 16211. Eta Peg., Fixed? BC is BU 1144 BC (0".2).
Comes 14 at 63" to BC and 16 at 5".7 to 14.

ADS 16260, Fixed. i

ADS 16268. Tau' Aqr. 1783, 110 , 35".6.

ADS 16317. 1832, 319°, 2".0. y,b. Comes 10.7 at 39".
ADS 16326. P=98.25 years (1985.0 = 0".74).

ADS - . Discovered in 1968,

ADS 16428, 52 Peg. P=286 years (1985.0 = 0".67).
ADS 16435. 1881, 125°, 0".9.

ADS 16496. Fixed.

ADS 16519, Fixed.

ADS 16561. 1876, 136°, 0".4. Comes 9.0 at 58" forms

HJ 55327

55
NOTES

ADS 16611. AB fixed. Py,p. AC, 1824, 1090, 158"

forms S 826 - distance decreasing due to pm of AB.

ADS 16666. Omicron Cep. P=796 years? (1985.0 = 28T
Py,Pb. Comes 12.8 at ue".

ADS 16665. P=91.8 years (1985.0 = o".71). Eccentric
orbit. Comites 10 at 106", 9.4 at 210", 9.8 at ?06".
ADS 16672. 94 Aqr. 1830, 345°, 13".4, Py,Pb. A is a
speckle pair, dist. = 0".14. This is the 6.4 year
period spectroscopic binary, previously known.

ADS 16686. Fixed.

ADS 16713. 1829, 79°, 5".7. y,b. Comes 9.0 at 91",
distance increasing.

ADS 16725. 1830, 273°%, T".5.

ADS 16766. Fixed

ADS 16766. Fixed. STF 30134 = STF 3012B.

ADS 16795. 1 Cas. 1851 , 337%, 1".5 (AB). Multiple

star with six other components.

ADS 16836. T2 Peg. P=241.2 years (1985.0 = o".51). ¥,Y.
ADS 16877. 1845, 299“, O".u4. g,g. Comes 10.5 at 116",

1881, 277°% 0".5. Comes 12.3 at 23" is BU 389.

ADS 16928.

ADS 17038. Fixed. )

ADS 17050. 1848, 3u8°, o".,4. Comes 9.0 at 121" is HJ 1911.
ADS 17054. 1832, 89°, 4".2.

ADS 17149, P=813.6 years (Franz, 1985.0 = 1".82) or

P=355.0 years (Heintz, 1985.0 = 1".59). bw,bw. Comes
12.9 at, 181"
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APPENDIX 1

Pairs of known separation for calibrating micrometers.

- The list of wide pairsgiven below has been prepared from photo-
raphic measures made at the United States Naval Observatory, and
jblished in several different volumes of the Publications of the

978) . In each case the published values for separation and P.A.
%orrected for precession to the epoch 2000+0) have been fitted with
Vlinear relationship, and the coefficients found were used to inter-
'ﬁlate the positions for the epochs 1985, 1990, 1995 and 2000. The
osition angles thus found have then been 'de-corrected' for precession
 give the true value for the given epoch. In nearly all cases the
yror of fit has resulted in residuals of 0¢01 arc-sec in separation
;nd 0+1 degrees in position angle.

STF 60 STF 296
Date PA SEP PA SEP
1985 3106 12+30 304-1 1998
1990 3136 1259 3043 2014
1995 3167 12.88 304+5 20-30
2000 3197 1318 304-8 2045
STF 1561 STF 1744
PA SEP PA SEP
1985 2503 9426 1510 1442
1990 24947 921 151-0 14442
1995 249-1 915 151-0 14242
2000 2485 9+09 1520 1441
STF 2032 STF 2727
PA SEP PA SEP
1985 2338 673 267-1 951
1990 2347 683 266°9 942
1995 2357 694 2666 934
2000 236°6 705 2664 925
STF 27 App STF 39 App
PA SEP PA SEP
1985 780 10492 1335 3938
1990 780 10492 1334 3945
1995 7840 104.92 1333 3952

2000 78.0 104+92 133-2 3959
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APPENDIX 2

A list of useful addresses.

The Webb Society.

President: Kenneth Glyn Jones, Wild Rose, C
hurch Road,
Windsor, Berks, oL4 4SF , England WInkfleld

virector,louble Star Section: R.W.Argyle, c/o KGO (Private

Apartado 368, Santa Cruz de la Pal
Sk ISIands ma, Tenerife,

mail)

Secretary: S.J.Hynes, 8 Cormorant Close,
CWl 1LN, England.

Secretary, N. America: R.J.Morales, 1440 3. Marmora, Tucson
Arizona 85713, USA. .

Publications Officer: C,M.Pither, 12 Southill koad, Charminster,
Bournemouth, BH12 5DJ, England.

Sydney, Crewe, Cheshire,

British Astronomical Association. (Deep-Sky Section)

Director, John Lewis, 13 Mill Close, Denmead, Portsmouth,
Hants PO7 6PE, England.

Societe Astronomique de France. (Louble Star Section)

Secretary: Pierre Durand, 34 Avenue lMarcel Sembat, 18000
Bourges, France,

TLunar Qccultations.

United Kingdom: G.W.Amery, (BAA Lunar Section) 183 Church Road,
BEarley, Reading, RG6 1HN, England.

I0TA/ES, c/o H-J. Bode, Bartold-Knaust Str.8, 3000
Hanover 91, German Federal Republic.

IOTA, P.0O. Box 3392, Columbus, Ohio

Europe:

United States of America:
43210, USA.

Suppliers of Filar Micrometers.

United Kingdom: L.D.Reynolds, 54 Woolsbridge Road, St. Leonards,
Ringwood, Hants., England.

United States of America: Ron Darbinian, Route 3, Box 335-D,
Arroyo Grande, California, 93420, USA.

A New Catalogue of Visual Double Star Orbits.

This catalogue, which supersedes that of Finsen and Worley (197giége
e Co

has been compiled by Dr. W.D. Heinz of Swarthmor
and Dr. C.E. Worley of the U.S. Naval Observatory:
contains orbits published to 1982.5. Copies can be
obtained by writing to:

an

The Director, U.S. Naval Observatory,
34th and Massachusetts Ave, N.W.
Washington, DC 20390, U.S.A.
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BU 619

STF
STT
STF

STF

1988
303
1998#%

1999

BU 812

STF

BU 1

STF

STF

STT

STF

STF
STF

STF

STT

STF

STF
STF

STF

2010

20

2021

2032

309

2054

2049
2052

2055%
313
2078

2084 #
2091

2085

HU 664
Din5*®

STF
STF

STF
STT
STF
STF

2094
2098

2106
315

2107
2118

NOTES

ADS 9758. Fixed? w,w.

ADS 9850. 1830, 266°, 2".9.

ADS 9880. 1846, 111°, O".6. Widening since discovery. w,w
ADS 9909. Xi Sco. P(AB)=45.69 years (1985.0 = 1".04). Now
closing. y,y. C also belongs to the system - 1825, 787,
6".8). bsh. STF 1999 at 281" has a similar proper motion
and is also associated.

ADS 9910. 1831, 102°, 10".5. Slowly widening.

ADS 9925. 1881, 127°, 0".9. Closing.

ADS 9933. Kappa Her. 1832, 10°, 31".2. Comes mag 13.6
at 63",

ADS 9951. Nu Sco. AB is fixed, 1876, 3°, 0".9. CD is
widening, 1846, 39°, 1".1. AC is H V 6.

ADS 9969. 49 Ser. P=5229 years? (1985.0 = 4".20). 1829,
316°, 3".2. y,b. Comes 10.6 at 236".

ADS 9979. Sigma CrB. P=1000 years? (1985.0 = 6".79). y,p.
Two comites 10.8 and 13.3 (the latter forming STT 538)
whose distances are changing rapidly due to the pm of AB.
ADS 10006. 1846, 236°, O".5. Probably binary.

ADS 10052. 1832, 7°, 0".9. Slow binary? w,w.

ADS 10070. Binary. w,w.

ADS 10075. P=257.1 years (1985.0 = 1".57). Comes 11.1
at 143",

ADS 10087. Lambda Oph. P=126.8 years (1985.0 = 1".36).
yg,yg. Comes 11.0 at 119",

ADS 10111. 1847, 162°, 0".8. Change mainly in angle.
ADS 10129. 17 Dra. 1831, 116°, 3".7. w,w. C, mag 5.6
at 90" forms STT 30 App and has comes 11.6 at 120".
ADS 10157. Zeta Her. P=34.U49 years (1985.0 = 1".45).
ADS 10169. 1830, 302°, 1".3. Probable binary.

ADS 10167. Fixed.

ADS 10189. Fixed.

ADS 10188. P=121.1 years (1985.0 = 1".08). Now closing.
ADS 10184, 1831, 83°, 1".6. Comes 11.0 at 25".

ADS 10201. Also S 682. BC, PA increasing? D is

double, 271°, 5".6.

ADS 10229. P=1080 years (1985.0 = 0".58). Opening.
ADS 10230. 21 Oph. 1844, 173°, 0".9. Closing. w,W.
ADS 10235. P=261.8 years (1985.0 = 1".39). Pb,Pb.
ADS 10279. 20 Dra. P=729.3 years? (1985.0 = 1",32). W,W.
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The Handbook is a series of independent volumes addressed to more-
serious amateur astronomers. Each volume is complete and self-
contained with respect to the subject it covers, presenting present-
day knowledge about the class of objects under consideration, an
explanation of practical observing methods (including the construc-
tion of such ancillary equipment as simple micrometers and spectro-
scopes), and a detailed catalog of objects for the amateur to locate
and study.
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than 1110 sets of measures. One hundred forty-three additional
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total of 665. For 200 double and multiple star systems, colors of
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that it will establish itself as the standard work in this field for many
years to come.
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