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FOREWORD

The contributions of amateur astronomers to the observing of double
tars have Ьееп important. We сап cite the ехатр1е of S.W.Burnham (1838

~ 1921) who used the 1argest instruments of his time, the Reverend
т H.E.C.Espin(1858 - 1934) in Eng1and, R.Jonckheere (1889 - 1974), Ог

р. Baize and M.V.Duruy (1894 - 1984) in France. The abundance and qua1ity
оС these observers' measures аге sufficient evidence of this.

Nowadays, astronomy has made fantastic progress with 1arge ground­
based te1escopes so we тау wonder if ап amateur astronomer with his
1imited resources is sti11 аЫе to contribute efficient1y to the
observation of the Universe. The answer is YES, for two reasons: То

begin with, astronomica1 research does not be10ng exc1usive1y to the
professiona1 astronomer because the amateur astronomer сап gain access
to 1arge te1escopes. In addition, amateurs сап Ьиу powerfu1 instruments
from firms specia1ising in telescope making and with а 50-ст aperture
most of the binary stars сап Ье observed.

There remains а lack of information оп binary stars since the
publications in which measures арреаг аге not easily avai1able to
amateurs. Aitken's ооиЫе Star Catalogue was printed in 1932 and по

simi1ar publications have appeared since that time.

Опе of the merits of the Webb Society has Ьееп to establish а 1ink
between binary star astronomers а11 оуег the wor1d. Accurate
observations of orbita1 pairs аге far тоге usefu1 than accumu1ating
measurements of тапу пеаг1у motion1ess binaries.

Раи1 Couteau
Astronome Titu1aire
Observatoire de NICE,
FRANCE
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General Preface to the Handbook

N med after the Reverend T.W.Webb (1807 - 1885), an eminent amateur
amer and author of the classic Celestial Objects for Соттоп

trono -- ----
aS opes the Webb Society exists to encourage the study of double
TelesC - '. .. h__ and deep-sky obJects. It has members 1n тапу countr1es w ere
sta~s r astronomy f10urishes. It has а number of sections, еасЬ with а
a~a etuor with wide experience in the particu1ar field, the main ones
dHec d 1· Р Ь1· t·. double stars, nebu1ae and clusters an ga aX1es. u 1са 10nS
be1ng 1 t·· t· 1 d . 1 f tinc1ude а Quarter1y Journa con a1n1ng ar t1Ch essan. tSP;c1a t~a.ut~es,

k reviews and section reports that cover е ОС1е у 5 ас 1V1 1es.
~oobershiP is open to anyone whose interests are compatible.
A::1ications forms and answers to queries are avai1able from S.J.'Hynes,
8 Cormorant Cl0se, Sydney, Crewe, Cheshire, CWl lLN, England.

Webb's Celestial Objects for Common Te1escopes, first published in
1859 must have been amongst the most popular books of its kind ever
written. Running through six editions Ьу 1917, it is sti11 in print
although the text is of more historica1 than practica1 interest to the
amateur of today. Not on1y has know1edge of the Universe been
transformed tota11y Ьу modern deve10pments, but the present generation
of amateur astronomers has te1escopes and other equipment that even the
professiona1 of Webb's day wou1d have envied.

The aim of the new Webb Society Deep-Sky Observer's Handbook is to
provide а series of observer's manua1s that do justice to the equipment
that is avai1able today and to cover fie1ds that have not been
adequate1y covered Ьу other organisations of amateurs. We have
endeavoured to make these guides the best of their kind: they are
written Ьу experts, some of them professiona1 astronomers, who have had
considerable practica1 experience with the problems and p1easures of the
amateur astronomer. Тhe manua1s сап Ье used profitably Ьу the beginner
who wi11 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 ski11s.

Each Handbook v01ume is comp1ete with respect to its subject. The
reader is given ап adequate historica1 and theoretica1 basis for а

modern understanding of the physica1 r01e of the objects covered in the
wider context of the universe. Не is provided with а thorough exposition
of observing methods, including the construction and operation of
anci11ary equipment such as micrometers and simp1e spectroscopes. Each
volume contains а detailed and comprehensive catalogue of objects for
the amateur to 10cate _ and to observe with an еуе made more perceptive
Ьу the knowledge he has gained.
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When the first edition оС this v01ume was published in 1979,

S
eriou

S
double .star observing Ьу amateur astronomers was оп1у just

beginning to reV1ve Сгот а 10ng period оС neg1ect. That reviva1 was

1у initiated Ьу the Webb Society and since then, under the
large . ' 1 t

getic and аЫе d1rectorsh1p оС Robert Argy1e, оиг doub е s аг
епег .' d t

t1
'on has f1our1shed, enro111ng many keen and dedicate newcomers о

sec . Ь t'this rewarding f1e1d of о serva 10n.

ву hard work and carefu1 app1ication, this team has produced а

satisfying tota1 of micrometric measures to professiona1 standards,
together with а sound1y based series of photographic со10иг

determinations of some 200 double stars. Some resu1ts of this exce11ent
ork have appeared from time to time in the Webb Society Quarter1y

~ournal and the advent of this new edition of the first v01ume of оиг
Deep-Sky Observer's Handbook gives us the opportunity not on1y to
disseminate the materia1 тоге wide1y but a1so to incorporate the text а

тоге thorough survey of the wh01e subject under review, inc1uding new,
up-to-date information concerning technica1 equipment and observationa1
techniques.

We hope that these v01umes wi11 enable the reader to extend his
abi1ities, to exp10it his te1escope to its 1imit, and to tack1e the
cha11enging difficu1ties оС new fie1ds оС observation with confidence оС

success.

d otor's ргеСасе
~
уо1ите 1: Double Stars (2nd Edition).

xviii

With these and other improvements we аге confident that this second
edition of "Double Stars" provides the serious double star observer with
а comprehensive guide to successfu1 enterprise in this particu1ar branch
оС astronomy, and it тау we11 Ье that the work wi11 establish itse1f as
the standard work for amateurs in the fie1d for тапу years to соте.

The author, Robert Argy1e, has Ьееп а тетЬег of the Webb Society
since 1968 and Director of the Double Star Section since 1970. After
graduating he joined the staff of the Roya1 Greenwich Observatory in
1972 as night assistant оп the 98-inch Isaac Newton Te1escope at
Herstmonceux. Не gained his M.Sc. degree in 1977 and then moved to the
Galactic Astronomy department at R.G.O. Моге recent1y he has acted as
project manager for the plate and CCD cameras оп the one-metre te1escope
in the Isaac Newton Group of te1escopes оп La Ра1та, Canary Islands,
where , in October 1984, he is about to begin а two-year tour of duty as
Support Astronomer. His chief astronomical interests lie in the
determination of accurate optica1 positions, ste11ar photometry and, of
course, visua1 binary stars.

Не has observed at Izana, La Ра1та, Sutherland, Johannesburg and
Саре Town and his published papers inc1ude double star measures and the
proper motion of radio stars. In ВОЬ Argyle's case the separation
between his professiona1 work and his amateur interests is a1most
~on~existent, and for this amateur astronomy in genera1 and the Webb
OC1ety in particu1ar, have every reason to Ье gratefu1.

xix
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The Webb Society а1БО owes а considerable debt to Rid1ey Ens10w
Jr., President of Ens10w Publishers, whose expert advice and keen
enterprise have paid БО 1arge а part in presenting the resu1ts of our
work before what has turned out to Ье ап appreciative public. ТЬе

entire Deep-Sky Observer's Handbook series has indeed Ьееп а profitable
venture to а11 concerned - especia11y, we hope, to its readers.

Dr. Раи1 Couteau is опе of the wor1d's foremost practitioners in
the fie1d of Double Star Astronomy and we great1y appreciate his
generous contribution of а Foreword to this vo1ume. With him we stress
the value of amateur participation in this branch of astronomy, and we,
too, hope that тапу more enthusiastic observers will continue to add
impetus to the rewarding study of visual double stars.
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PART ONE

1. А BRIEF HISTORY OF DOUBLE STAR OBSERVING

1

The systematic observation of double stars began in earnest in the
r 1779 when William Herschel began the famous series of observations

~~~Ch finally led to his paper in Philosophical Transactions in 1803
when the existence of b~nary stars was proved beyond doubt.

previous to this, very little work had Ьееп done and it is
interesting to note that Huyghens found theta Orionis to Ье triple in
1656 (the fourth component being found in 1684) and yet it was 1755
before the two components of beta Cygni (Albireo) were discovered.
Considering that the Trapezium is the more difficult of the two, this
illustrates the neglect which double star observing suffered during the
first century and а half of the telescopic era. The first pair to Ье

discovered with а telescope was zeta Ursa Majoris (more accurately,
Mizar, the brighter of the naked еуе pair) Ьу Riccioli in Bologna in
1650. It was followed Ьу the Trapezium and оп 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 Ьу Bradley
who made ап estimate of the position angle which helped to fix the
period of revolution. The first real list of double stars appears to
have Ьееп made Ьу Christian Meyer of Mannheim using ап eight foot mural
quadrant with а 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 d~ble stars. Не assumed
that the apparent brightness of а star was directly related to its
distance. Thus, if in а pair of stars опе component appeared much
fainter than the other, it was reasonable to suppose that the fainter
star was, in reality, much more distant. Непсе Herschel intended to
measure these pairs from different points in the Earth's orbit in order
to ascertain the change in position of опе 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 а 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
~o measure numerous pairs and after а while he found that some stars had
~ndeed changed position with respect to their neighbours. However the
~ause of the change was not due to parallax, which should have shown
~tself .over а period of six months. Herschel found that in some cases
bhe m~t~on of опе star with respect to the other was not linear and in а
eaut~ful analysis сате to the conclusion that orbital motion was the
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cause. Оп June 9th 1803, his рарег entitled 'Account of the Changes
that have happened during the last Twenty-Five Years in the Relative
Situation of Double Stars; with ап Investigation of the Саизе to which
they аге owing', appeared in Philosophical Transactions. This was the
first great step forward in double star astronomy.

In addition to showing that binary stars existed, Hersche1
introduced systematic methods of observation and discovery which were
sad1y 1acking in his time. His te1escopes were Ьу far the largest that
had Ьееп used оп double stars, and his home-made micrometers were good
enough to give re1iable resu1ts оп fair1y с1озе pairs. Оп1у ап observer
with Hersche1's ski11, however, cou1d operate the a1titude and azimuth
motions of his ref1ector whi1st making micrometric measures and taking
notes. His 1ast 1ist of discoveries (145 pairs) was made before 1802
but not published unti1 1822.

In 1816, Hersche1's son John, together with Sir James South, began
to review his double stars (Hh). They remeasured virtua11y а11 of the Н

stars as we11 as producing а 1arge 1ist of new, if somewhat wide, pairs
(Sh) •

Two years previous1y, in 1814, Friedrich Georg Wi1he1m Struve, in
the poor1y-equipped observatory at Dorpat in Estonia decided to compi1e
а genera1 cata10gue of а11 known double stars. A1though he had оп1у ап

eight-foot transit circ1e and а five-foot te1escope Ьу Troughton (power
126) he Ьевап to observe the positions and occasiona11y the position
ang1;s and separations of double stars. In 1820 he published the
cata10gue of double star positions and in 1822 his "Cata10gus 795
Stellarum duplicium" appeared. Iп 1824, а refractor wi th ап object
g1ass some 9.6 inches in diameter, made Ьу Fraunhofer, was de1ivered to
Dorpat. It was mounted equatoria11y,and the driving c10ck was of such
good qua1ity that ап object wou1d remain in the centre of the fie1d at а

power of 700. The foca1 1ength of the objective was 14 feet and а

battery of 10 eyepieces supp1ied Struve with powers ranging from 86 to
1500. Не set to work immediate1y оп his great survey of the heavens
from the North Р01е to -15 dec1ination for the purpose of discovering
new double stars and of the formation of а genera1 cata10gue. 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 агс

seconds. Measurements continued unti1 1835 and in 1837 the great
"Mensurae Micrometricae ste11arum dup1icium et mu1tip1icium" was
published. Struve himse1f accounted for 2,343 of the discoveries in the
cata10gue and each pair was measured three times. His ski11 and the
qua1ity of the 9.6-inch refractor resu1ted in this Cata10gue
representing а great step forward both in the tota1 питЬег of pairs
1isted and the ассигасу of the measures obtained. Struve himse1f paid
tribute to the ехсе11епсе of his te1escope, dec1aring:- "We тау perhaps
rank this enormous instrument with the most ce1ebrated of а11

ref1ectors, viz. Hersche1's".

In 1839 the observatory at Pou1kova was established and Struve
ате its first Director. А 15-inch refractor, then the largest of its

b~cd in the wor1d, was de1ivered and the first рговгатте of work was to
k~~survey а11 of the stars in the northern>hemisphere down to magnitude
r О _ воте 17,000 in а11. This was comp1eted Ьу December 7, 1842, and
~. that time 514 new pairs had Ьееп found Ьу Otto Struve who had taken
1" r the survey from his father а month after it had commenced. Otto
~~~иye added another 33 discoveries, and the cata10gue of 547 stars ,

k own ав the Pou1kova stars was published in 1850, 106 of the origina1n .
514 being omitted for varlOUS reasons.

With the comp1etion of this work there was а 1и11 in discovery for
about 20 years. At this time severa1 ce1ebrated amateur observers were
making their пате in Eng1and and оп the main1and of Еигоре.

Admira1 Wi11iam Smyth Ьевап observing in 1830 with а 5.9-inch
refractor оп а mounting Ьу Do11and. The object g1ass Ьу Ти11еу was
considered Ьу Smyth "the finest specimen of that eminent optician's
skill". Between 1830 and 1843 he made measures of 680 pairs. His
"Сусlе оС Ce1estia1 Objects", which a1so inc1uded extensive notes оп

other deep-sky objects was published in 1844. In 1860, the "Specu1um
Hartwellianum" containing 1ater measures was published.

The Reverend W.R.Dawes began observing in 1831 at Ormskirk in
Lancashire with а 3.8-inch achromat Ьу Dol10nd. Не 1ater obtained а

6-inch Herz refractor f0110wed Ьу а 7.5-inch А1уап C1ark and ап 8.25­
inch Alvan C1ark which was set ир at Haddenham in Buckinghamshire in
1859. Final1y in 1865 ап 8-inch Cooke refractor was obtained, with
which he continued to make measures of double stars. His work, which
extended Ггот 1830 to 1868 was of а high standard, and, indeed, he was
referred to as "the eag1e-eyed" Ьу the Astronomer Ноуа1, Sir George
Airy. His cata10gue, published in 1867, is enriched Ьу the addition of
уаlиаЫе introductions, notes and 1ists of measures made Ьу other
observers.

The most уа1иаЫе work in the fie1d of double stars was done Ьу
Вагоп Егсо1е Dembowski who was опе оГ the most ce1ebrated observers. Не
Ьевап his observations in Nap1es in 1852, using а 5-inch refractor
without а driving c10ck ог а position-ang1e circ1e оп his micrometer.By
the уеаг 1859, some 2,000 sets of measures оГ high qua1ity had Ьееп
secured. Оп1у ап observer оГ consummate ski11 and the highest
dedication cou1d have produced such accurate resu1ts with such 1imited
e~uipment. In the same уеаг, he obtained а 7-inch Merz refractor with
Cl

r c1es, micrometer and а good driving c10ck, and between 1862 and 1878
~ade а further 21,000 measurements. These inc1uded а11 оГ the
h:G.W.Struve stars with the exception оГ 64 which were too difficu1t Гог
flS te1escope. Some 3,000 sets were made оГ the Pu1kovo stars and а
durther 1,700 геГег to the cata10gues оГ Burnham and others. After his
eath in 1881, Dembowski's measures were published in two fine v01umes
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in 1883-1884 and today they are regarded аз being аз va1uable аз the
"Mensurae Micrometricae" itse1f.

It сап Ье said that the second great period of discovery was
initiated оп Apri1 27, 1870 when an unknown American amateur, Sherburne
Wes1ey Burnham found his first double star. Не was а stenographer in
the U.S. Court in Chicago during the day and had Ьесоте interested in
astronomy, obtaining his first te1escope, а 3-inch refractor in 1861.
This was fo11owed Ьу а 3.75-inch equatoria1 and fina11y in 1870 he
obtained the 6-inch A1van C1ark refractor which he mounted in а

home-made observatory in the backyard of his home in Chicago. Armed
with а сору of Webb' s "Ce1estia1 Objects for Common Te1escopes" he
commenced his observations. Ву 1873 his first 1ist of 81 new pairs was
published in the Month1y Notices of the Roya1 Astronomica1 Society .. His
artic1e began with the words "It is believed that the stars enumerated
in the fo11owing 1ist have been hitherto unknown аз double stars, аз

they are not found noted in the numerous cata10gues and publications
re1ating to this subject". Burnham was possessed of remarkably keen
eyesight and зоте of his discoveries are difficu1t objects in much
bigger te1escopes. His great abi1ity and ski11 earned him the key to
virtua11y а11 of the major American observatories. Не made discoveries
with а 1arge number of te1escopes inc1uding the 36-inch refractor at
Lick, the 40-inch at Yerkes and the 26-inch at Washington. In а career
spanning 42 years he discovered 1,340 pairs, тапу of which are in rapid
orbita1 motion. Whi1st at Lick Observatory, Burnham often used to he1p
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 а survey
of а11 the stars in the Bonner Durchmusterung (В.О.) down to magnitude
9.0 and as far south as -22 dec1ination, not known to Ье double. Hussey
1eft Lick in 1905 but Aitken persisted unti1 1915 when the survey was
comp1ete apart from the area of sky between dec1ination _140 and _220,
and right ascensions 1 hour to 13 hours respective1y. Ву agreement with
the observers at the Union Observatory in South Africa, Aitken was аЫе

to extend this survey down to _18°in the 12 hours mentioned. The resu1t
was the discovery of 1,329 pairs Ьу Hussey and 3,105 pairs Ьу Aitken,
the great majority being separated Ьу 1ess than 5 arc seconds.

At this time, the most modern Genera1 Cata10gue was that of Burnham
(1906) which contained detai1s of 13,665 pairs. The great number of new
double stars discovered at the Lick and Union Observatories made it
necessary for а thorough revision of Burnham's Cata1ogue. Aitken
imposed stricter 1imits оп the magnitudes and sepa~ations invo1ved, with
the resu1t that some pairs were rejected. Aitken's Cata10gue was
fina11y published in 1932 and is known аз the A.D.S. It contains 17,180
pairs, тапу of which are binary in nature.

In Eng1and at the beginning of this century, interest in double
tars was sti11 strong. There was а ОоиЫе Star Section in the В.А.А.

~ t unfortunate1y this petered out in 1914 through 1ack of support. The
RUverend T.H.E.C.Espin had initia11y been interested in cata10guing red
: rs but from 1901 onwards he began to publish 1ists of new double

Stars' which were discovered using а 17.25-inch Ca1ver ref1ector mounted
~ aan observatory in Tow Law, County Durham. The first few pairs were
ln ua1 discoveries, but he 1ater set out to examine а11 the stars in the

Bca~ner Durchmusterung north of +30·dec1ination for uncata10gued double
о . 1stars of 10 arc second separatlon or езз.

Не added а 24-inch ref1ector 1ater and аЫу assisted Ьу W. Mi1burn
continued his observations for over 30 years. Не published a11 his
discoveries in the Month1y Notices of the R.A.S. and his 1ast pair
Ьеагз the number 2,575. Mi1burn carried оп working and eventua11y
reached а tota1 of 1,051 pairs. It is interesting to note that Espin
and Mi1burn were the on1y major observers since the Hersche1s to изе

ref1ectors.

The de1ivery of the new 28-inch refractor to Greenwich in 1893
a110wed the observers there to make numerous and уа1иаЫе measures оГ

pairs in the Burnham, Низзеу, Hough and Aitken cata10gues аз we11 аз the
c10ser Dorpat and Pu1kovo stars. The 1ists of measures сап Ье found in
"Greenwich Observations" which extend from 1893 onwards.Thechief observ­
ers were T.Lewis,H.Furner,W.Bryant,W.Bowyer and F.Dyson (1ater to Ьесоте

Astronomer Roya1) - names not unfami1iar to those acquainted with Vo1ume
II оГ "Ce1estia1 Objects Гог Соттоп Te1escopes". Lewis, in particu1ar,
was noted Гог his great зиттагу of а11 the measures оГ the Dorpat
Cata10gue pairs in his book "Measures of the Struve Double Stars". When
the 28-inch refractor was moved to Herstmonceux in 1956, work оп double
stars was continued Ьу Sir Richard Woo11ey, L.S.T.Symms, M.P.Candy and
other observers unti1 September 1970. Еаг1у in 1972, however, the
telescope was taken back to Greenwich where it is now housed in а
replica оГ the famous 'Onion' dome in which i t once resided. In 1975,
оп the 300th anniversary of the founding of the Royal Observatory at
Greenwich, the telescope was inaugurated Ьу Нег Majesty the Queen.

In the Southern Hemisphere, the serious task оГ discovering and
cataloguing double stars did not rea11y start unti1 the arrival of John
Hersche1 at the Саре оГ Good Норе in 1834. Using his father's 20-foot
reflector (with severa1 18.25-inch mirrors) and а 5-inch refractor, he
catalogued 2,102 pairs in four years, publishing the results оГ these
observations in 1847. Hersche1 continued to contribute double star
measures regu1arly to the R.A.S. and was working оп а General Catalogue
ог double stars when he died in 1871 aged 79.

1 It was not until 1896 that serious double star work in southerly
atitudes was resumed when Dr Н.Т. А. Innes joined the staff of the Royal

Observatory at the Саре оГ Good Норе. Using 7-inch and 18-inch



Mention must Ье made a1so of the work done Ьу Robert Jonckheere
over а period of more than 56 years, ending in 1962 using te1escopes in
Be1gium and France main1y. Between 1909 and 1914, Jonckheere discovered
1,319 pairs at the University of Li11e Observatory and during the first
Wor1d War continued his observations at Greenwich where he added а

further 252 pairs using the 28-inch refractor. Не 1ater continued his
work with the 80-ст refractor at Marsei11es and Ьу 1962 had discovered
3,350 pairs. Other pro1ific observers during this period were Раи1

Baize who used the instruments of the Observatory at Meudon and Wi1he1m
НаЬе who worked at Ber1in for 43 years.

refractors, he brought his total оГ discoveries to 432. In 1899 he
produced а First General Catalogue оГ Double stars containing 2,140
entries. In 1903 he Ьесате Director оГ the Meteorological Observatory
which was set ир at Johannesburg at the recommendation оГ Sir David
Gill, then Н.М. Astronomer at the Саре. 1n 1912, the Transvaa1
Observatory as it had соте to Ье known Ьесате а pure1y astronomica1
institution and in 1925 а 26.5-inch refractor was set ир оп the site.
When Dr Wi11em van den Bos joined the staff from Leiden in the same
year, а survey for new double stars, simi1ar to that conducted Ьу Aitken
and Hussey in the north, was set in motion. Dr уап den Bos carried out
the major part оГ this survey he1ped Ьу W.S.Finsen and Dr Innes (unti1
his retirement in 1927). Ву the end оГ 1931, 1nnes had found 1,613
pairs, Finsen 300 and уап den 80s more than 2,000. At the nearby
Lamont-Hussey Observatory at B1oemfontein where а 27-inch refractor had
been erected, а co-operative programme with the Union Observatory
astronomers produced another 4,712 dicoveries. The Director, Professor
R.A.Rossiter, found 1,961 pairs whi1st his two assistants M.K.Jessup and
H.F.Donner found respective1y 1,424 and 1,327 new double stars.
Rossiter carried оп a10ne after 1933 and continued his discoveries unti1
his retirement in 1952. In his fina1 year in office he produced а

"Cata1ogue of Southern Double Stars" which contains 8,065 pairs.

Тhe micrometer work has been done Ьу Dr W.D.Heintz who is a1so active at
Сегго Т01010 using the 91-ст and 100-ст ref1ectors. His measures add ир
to 2,000 per year over the 1ast few years.

7History о! Double Star Observing

Observatory оГ Nice-

Тhe te1escopes avai1able here inc1ude the 12-inch and 26-inch refractors
and the 24-inch ref1ector at Washington and the 40-inch and 61-inch
ref1ectors at F1agstaff Station in Arizona. Since 1962, the main
observers have been Wor1ey and R.L.Wa1ker who has taken а specia1
interest in visua1 pairs containing variable stars. А photographic
рговгаmmе started in 1962 has now terminated.

Since 1951, the main observer has been Couteau. Не has carried out an
xtensive examination of B.D. stars from +17°to +5з

О

апd to date has
:ade а tota1 of 2,200 discoveries. The 50-ст refractor has been used
сог near1y а11 these new pairs but the 76-ст refractor, which was put
back into service in 1969 is a1so being used Ьу More1. Mu11er has
continued his examination of BD stars between +52°and +90

o
which he

started in 1969 at the Observatory оГ Paris-Meudon.

United~ Nava1 Observatory
~

Зргои1 Observatory

The 61-ст refractor is used for both photographic and micrometric work.
Оуег the 1ast fe~ years astrometric p1ates have been taken at the rate
о! near1y 5,000 per year. Drs J.L.Hershey and S.L.Lippincott have
carried out investigations which invo1ve the orbit determination for
both visua1 doubles and stars with unseen companions, primari1y to
ca1cu1ate para11ax and mass-ratio.

History о! Double Star Observing6

At the time of writing Wor1ey, Heintz and Couteau are the principal
observers with the micrometer but the important new technique о! speck1e
interferometry which has McA1ister as its 1eading proponent, is a110wing
observations of тапу c10se visua1 pairs near periastron and has a1so
contributed substantia11y to our know1edge of spectroscopic pairs, some
of which сап now Ье direct1y reso1ved using 1arge ref1ectors.

For тапу years the Lick Double Star 1ndex (or 1.D.S.) was the main
source оп information оп visua1 double stars. 1t has now been updated
Ьу Char1es Wor1ey and the new version is known as the W.D.S. or
Washington Double Star Cata1ogue. А version оп tape was re1eased in
Apri1 1984 and contains 400,000 observations of 73,000 pairs.

Double star work is current1y being carried out at severa1
professiona1 observatories throughout the wor1d. Brief detai1s of some
of the work done at the more important stations are given be1ow:-

Observatory of Be1grade.

Observations started in 1951 under the direction of P.M.Djurkovic. 1n
1974,. а comp1ete 1ist of а11 observations to date was published Ьу
РОРОУ1С. It contains 6,527 measures of 1,641 pairs. То date more than
100 discoveries have been made principa11y Ьу re-examination of BD stars
~;_~he z~ne +34 to +44 Ьу PoPOY~C. The pr~ncipa1 observers with the
. m Ze1ss refractor are РОРОУ1С and Zu1ev1c. А photographic programme
lS p1anned.

~servatorl of Pu1kovo

~~e.PhotograPhiC programme of wide double stars is continuing with the
-lnch refractor and Carte du Cie1 Astrograph. Future work wi11

~~~centrate оп neg1ected binaries especia11y those in the north
staCUmp~1ar area, determination of trigonometric para11axes of double

rs w1th appreciable orbita1 motion, and determination о! orbits.
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Georgia State University 2. TYPES OF DOUBLE STARS

(а) Those which сап Ье detected as double at the eyepiece of the
telescope. These аге divided into two main types:

(i)~ binaries

The components of these systems аге physica11y related, rotating
around their common centre of gravity in periods ranging from less than
2 years to many centuries. Orbita1 motion resu1ts in the change of
relative position between the two stars. Astronomers measure this
change Ьу using а filar micrometer and regarding the brighter star as
fixed measuring the distance (р) and position ang1e (е) оГ the fainter
star ог comes (Fig 1). Ву p10tting f and е the comes is seen to
describe an e11iptica1 path with the primary situated in one focus.

deals specifically with the observation of
is worth summarising the severa1 different
which аге to Ье found in the heavens.

Dr H.A.McAlister has continued to саггу out observations of close visua1
pairs, spectroscopic pairs and stars with composite spectra, using the
2.1 metre and 4 metre telescopes оп Kitt Peak. The results of these
observations have appeared in а series of papers which have appeared in
the Astrophysical Journal and its supp1ements since Jan 1977. То date
some 360,000 exposures оп 35тт fi1m have Ьееп made resu1ting in 7,175
measures requiring 50 exposures рег observation оп average to give the
required signa1-to-noise ratio in the combined fringe pattern. The
sma11est res01ution which has Ьееп achieved оп the 4 metre te1escope is
0".026 in the case of ап observation of 31 Cygni.

Dr McAlister has a1so contributed papers оп individua1 systems such
as 51 Таи, phi Суи, gamma Рег and 12 Рег, where the combination of
interferometric and spectroscopic data сап yie1d extra information.

University Observatory, Torino

А program of photographic observations of wide binaries was started in
April 1976 using the 1.05 metre astrometric ref1ector. То date some
1,100 measures have been reported, principa11y Ьу Dr R.Pannunzio. А

ргоигатте of visua1 double star measurement has a1so been initiated Ьу

Dr Ferreri.

Observatory of Brere-Merate

The 23-ст refractor is being used for а series of micrometric measures
Ьу M.Scardia who is a1so active in the fie1d of orbita1 computation.

Although this Handbook
visua1 double stars, it
categories of ste11ar pairs

1800

5"

700РН

I2272

•••~--+-

No. of nig hts

• 1-2

о 2-5

• 5 or more

•

Observations made Ьу the
Webb Society DoubIe Star Section

Неiпtz(197З). О о

Fig 1. The apparent orbit оГ the double star 70 Oph.

The e11ipse is known as the apparent e11ipse because it is on1y а
projection оп the true e11ipse onto the p1ane of the sky, but Ьу
observing the size and h f th t 11' thecharact . . s аре о е apparen е lpse,

. erlstlcs, ог e1ements оГ the true e11ipse сап Ье found. The
Slze, shape and orientation in space оГ the true orbit and the period оГ
revo1uti

оп сап Ье described Ьу seven e1ements. (see Figure 2.)
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(с) The semi major-axis of the true e11ipse in seconds of arc is а.

11

consists о! those which are
either visua11y or with the

Types of Double Stars

(ii) Optica1 doubles

о! noda1 passage.

(8) The parameter 1 lS the inc1ination of the true orbit to the p1ane of
sky and ranges between О and 180 degrees. If i equa1s 90 degrees

the .nstance,the orbit wi11 Ье edge оп to us and the comes wi11 appear
for ~sci11ate in а straight 1ine a10ng the 1ine of nodes. In the case
to е the position ang1e appears to Ье increasing and i is 1ess than 90
wherrees then the motion is said to Ье direct 1 and if i is greater than 90
deg , ..
degrees then 1t lS retrograde.

The orbita1 e1ements for а pair сап 1ead to the determination of
the sum о! the masses of the individua1 stars, т I +т 1. provided that the
para11ax ~s know~. The abso1ute orbit of each star about the centre of
gravity lS requ1red before the mass ratio сап Ье found, enabling ml and
M~ to Ье ca1cu1ated. This is done Ьу measuring each star re1ative to
fixed background stars and correcting for para11ax and proper motion.

The best ехатр1е of а binary star in the northern hemisphere is
аатта 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
c10sing ир and Ьу the year 2008 they wi11 оп1у Ье 0".39 apart and hence
visible in 1arge te1escopes оп1у. In the southern sky, a1pha Centauri
is the finest binary о! а11 with the stars orbiting опсе every 79.95
years and the separation varying from 22 arc seconds to about 2 arc
seconds. At the time о! writing (1984), the pair is just beginning to
c10se in again.

In these systems, the two stars appear to Ье c10se together but
they аге in по иау linked. This is а 1ine-of-sight effect with опе star
being much further аиау than the other. The motion о! both stars wi11
Ье recti1inear and uniform if they are not gravitationa11y connected.
Зоте doubt remains in cases where there are faint, wide pairs with
1ittle motion. The proper motion and paral1ax о! such а pair, if
measurable, will decide if they are optical or binary in nature. А good
ехатрlе о! ап optical pair is delta Hercu1is (STF 3127) which has two
components о! magnitude 3.2 and 8.3. In 1821 F.G.W.Struve measured the
Position angle at 171 С .б and the separation at 27".8, whi1st the IDS
(Сог 1958) quotes figures о! 23БО апd 8".9 respective1y. А measure made
1п 1981 Ьу R.S.Waterworth shows that the position was 2б5 0 .2 and 9".07.

(Ь) The second main category о! double stars:0 close that they cannot Ье detected
nterferometer.

Types of Double Stars10

Fig. 2. The rea1 and apparent orbits of а visua1 binary (after Heintz)

(е) The nodes are the two points where the true and apparent orbits
intersect. The position ang1e of the 1ine between them is denoted
Ьу uu.It 1ies between О and 180 degrees and the acsending node is thэt
point where the comes is moving аиау from the Sun.

There are three e1ements which determine the projection о! the true
orbit onto the p1ane of the sky.

(d) The eccentricity of the true ellipse is denoted Ьу е where) of
course, О < е < 1.

(Ь) The time at which periastron passage (c10sest approach) occurs i5
denoted Ьу Т. This is a1so the point at which the motion of the соmе5

in the true orbit is а maximum.

(а) The period of revo1ution in years is Р, or sometimes the mean motion
or n = З60/Р is quoted.

(f) In the true orbit, the ang1e between the node and the
periastron, reckoned in the direction of motion,is ca11ed Jl .
of circu1ar orbits, i.e. е = О, ц; = O"so that Т then becomes

point of
In caseS

the point



Fig.З. The spectra1 shift of а spectroscopic binary.
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Fig. 4. The radia1 ve10city of the double-1ined binary a1pha Equ.

Тhe symmetrica1 nature of both ve10city сигуез indicates that the orbit
~! each star is а circ1e ог near1y sо,зпd in fact the eccentricity here
lS on1y 0.03. The amp1itude of the ve10city variation, 12.5 km/sec Гог
the А star and 15.7 km/sec for the G star, show that the masses о! the
two stars аге in the ratio о! 1.25:1.
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огта1 e1ements сап Ье obtained from the resu1ting velocity curve except
:ье orbita1 inc1ination i •

Figure 4 shows the observed ve10cities of the 1ines in the double­
lined system alpha Equ in which stars of spectra1 type А5 and G2 and
revo1ve around the common centre of gravity in 98.8 days (Stick1and,
1976).
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(i) Spectroscopic binaries

In 1889, Pickering discovered that the spectrum of Zeta Ursa
Majoris (Mizar) showed doubling at regular intervals. Ву comparing the
spectrum of the star with а laboratory spectrum, it was found that еась

component of а doubled line varied in step with the other component.
This indicated that there were in fact two stars in orbital motion about
each other. Тhe magnitude of the shift was found to Ье directly
proportiona1 to the component of the orbita1 ve10city in the direction
of the Earth, a1so known as the radia1 ve10city.

to Ье double Ьу

that о! Sirius,
and re1ative1y

When one component is approaching the Earth, the spectra1 1ines are
shifted towards the shorter wave1engths as а direct resu1t of Dopp1er's
1aw. In other words the 1ight gets bluer,and simi1ar1y when the star is
moving away from the Earth the light reddens and the spectra1 1ines are
shifted towards 10nger wave1engths. ТЬе point at which the greatest
separation of spectra1 1ines occurs corresponds to the stars mov~ng

exact1y towards and away from us respective1y, as i11ustrated in F1g.
3. When the stars аге moving at right ang1es to the 1ine of sight there

is по radia1 component of ve10city and the spectra1 1ines арреаг sing1e.
These star systems аге known as double-1ined spectroscopic binaries,and
represent pairs of stars in which the components have а simi1ar
brightness. If the difference in magnitude is greater than about 2 then
the spectrum of the fainter star wi11 not show ир, and the pair becomeS

1 · . t' 1 andа sing1e-1ined system. Instead of р ott1ng POS1 10n ang е

separation, orbit computers p10t radia1 ve10city (usual1y in ki10metr eS

рег second) against time (which сап Ье minutes, hours ог days). А11 the

А specia1 сазе occurs when i : 90 and the orbit p1ane is edge-on to
~be р1апе о! sight. Mutua1 occu1tations then оссиг and the pair is
~оwn as an ec1ipsing binary. The consequent 1ight variations serve to

~bY7 extensive information about the size and shape о! the stars and
V e~г atmospheres. It must Ье noted, however, that the pu1sating
сьаГа1аЫез such аз de1ta Cephei and RR Lyrae a1so show these

racteristics' . b1 .
Уе1 . , 1.е. vaГla е 11ght output and variable radia1

eC1?C1~Y (due to expansion and contraction processes) In genera1 the
1PS1ng Ь' . "

indicativ 1nar1~s show very distinctive radia1 ve10city curves
е оГ orb1ta1 motion, a1though some сазез о! doubt remain.

(ii) Astrometric binaries

These аге . .
Virtue о! ~pparent1y slng1e stars Wh1Ch аге deduced
whose var1able ргорег motion. ТЬе classic сазе ~s

companion was found because it has а 1arge mass



short orbita1 period (50 years). This resu1ts in а we11 -defined
periodic wobbling in the motion оГ Sirius А with respect to background
stars. The comes was confirmed visua11y Ьу А1уап G. C1ark in 18б2

after being predicted Ьу the great German astronomer F.W.Besse1 in 1844:

14 Туреа of Double Stars 15

3. OBSERVING METHOD

The observation that а star is double in а te1escope depends оп the
fo110wing faetors:

(d) The keenness о! the observer's vision.

Strict1y, however, astrometric binaries are not visua1. А gOod
ехаmр1е is the slow moving binary М1Ь 377 (a1so known as Vys 2). This
pair has а separation о! about 3 arc seconds and the position ang1e is
increasing at the rate о! about 1 degree per year. In 1947, A1den,in
attempting to measure the mass ratio оГ the two stars, found а

perturbation in the motion оГ А. Hershey (1973) found that the mass of
the invisible star was about 0.13 М and that the period was near1y 16
years. Fig. 5 shows the apparent motion оГ В about А and the
'wobbling' оГ А due to the companion а. Attempts to see а Ьу Char1es
Wor1ey with the USNO 155-сm ref1ector have fai1ed, indicating that the
difference о! magnitude between А and а is at 1east 3.5.

(а) The separation о! the components
о! the te1escope.

(Ь) The brightness о! the components.

(е) The state о! the atmosphere.

and the aperture and quality

'I'he astrometric binary BD +660 '4 А,В. (Aftervan de катр)

(Fig б(а»r = 1.22 Л /D

А11 stars, with the exception оС the Sun, are so distant that it is
1mpossible to see their rea1 disks through апу existing te1escope.
Speeia1 techniques, using instruments such as the Miche1son Ste11ar
Interferometer, have enabled measurements to Ье made оС the diameters оС

аomе о! the giant stars such as Bete1geuse, Antares and Mira. In 197б,

Code et а1, using а ste11ar intensity interferometer at Narrabri in
Austra1ia reported оп the diameters оС 32 stars brighter than magnitude
2.5.

where Л .
tel ls.the wavelength оС the starlight and D is the aperture оС the
aтa~~cope 1n inehes. Непсе it is apparent that the Airy disk becomes

er аа the diameter оС the telescope objective increases.

(а) The separation о! а double star is usua11y defined Ьу the angu1ar
separation (in seeonds оГ are) between the centres оГ the respective
A1ry disks (this wi11 Ье exp1ained 1ater).

In а good te1escope оп а night when the atmosphere is steady the
appearance оС а bright star is that оС а sma11 disk. This is not the
true disk оС the star but the so-ea11ed Airy disk formed Ьу diffraction
о! the incident star1ight in the te1escope. The diffraction is produced
Ьу the aperture through which the star1ight is passing and is modified
Ьу апу additiona1 obstruction in the 1ight path. Thus in а ref1ector,
the secondary mirror and its supports wi11 introduce additiona1
diffraction, the spider arms producing "spikes" which extend radially
from the centra1 disk. Fig б(а) shows the idea1ised image оС а star in
а "perfeet" refracting te1eseope. In 1834, Sir George Airy found а
mathematica1 re1ationship which exp1ained the distribution о! the 1ight
~nto а centra1 disk surrounded Ьу а system оС concentric rings. Airy
ound that the radius оС the first dark ring, r, was given Ьу:
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r' = 5.15 are sees!D(inehes) = 13.1 are sees!D(cm)

The Airy formu1a is sometimes used as а measure оС the reso1ution
telescope. The Ray1eigh criterion states that for а double star to

ос ~ust resolved, the separation оС the two peaks (Fig б(с» shou1d Ье
ье 1 to the radius оС the first dark ring. It сап а1зо Ье expressed
equa
ьу:

The value оС Л is in faet that оС the теап wave1ength, since it is
not monochromatie but contains the 1ight оС тапу e1ements, each emitting

t diCferent wavelengths. The va1ue оС теап wave1ength depends оп the
: ectral е1азз оС the star invo1ved and ranges from 5б50 А for а star оС
s:ectra1 с1азз АО to 57б5 А for опе оС spec~ra~ с1~зз K~. The 1arge
.ajority оС visua1 double star eomponents 11е 1П th1s reg10n.

Thus the Ray1eigh 1imit depends a1most exe1usive1y оп te1eseope
aperture and оп1у slight1y оп the wave1ength оС the incident star1ight.
It shou1d Ье noted that magnification has по effeet оп reso1ving power.
IC а star is double when зееп with а 10w power, then the components wi11
appear Curther apart when higher magnifieations are used. Т! the image
оС а с1озе double star is sing1e in the Соеа1 р1апе о! the objeetive
then the eyepiece whieh magnifies this image wi11 a1ways produce а

single image irrespective о! Соса1 1ength. ТЬе reso1ution о! ~ double
.!!!!:. &!!. depend оп1у ~ the aperture о! the objective.

(ь) In the above notes, the double star was assumed to consist о! two
equa11y bright eomponents. Although тапу double stars have fair1y
equal1y bright components, зоте о! the more interesting systems sueh аз

Zeta Нег, 85 Peg and Sirius, for instanee, are very unequa1. Sinee the
Airy disk diameter does not depend оп the brightness о! а star, it
fol1ows that the distribution о! 1ight in а faint star must Ье much 1езз

marked than in the сазе о! bright stars. Fig б(d) shows the situation
vhere а faint star is close to а bright primary. For eertain
separations the comes would Ье eoineident with the first diffraction
ring оС the primary star, if it is bright. This would reduee the
visiblity о! the сотез. А good ехатр1е о! this is the pair delta Cygni
(magnitudes 3.0 and 7.5, separation 2" .38 - 1985). Sirius presents а
slightly different problem since the separation о! the two stars сап
reaeh 11 are sees. (At present, 1985, the pair is c10sing in again and
the separation is 8.2 аге seconds). The magnitude о! Sirius В is 8.4
and it is thus 10 magnitudes or 10,000 times fainter than the bril1iant
~rimary and difficult to зее in the glare о! the great star. In order
ьОс ~ee it.the aperture should Ье at least 15-ст although it was seen Ьу
n~ ~hlera ln.1983 using а 11-ет Zeiss refractor. From Britain and the
alr ern Unlted States, the star is a1ways 10w in the sky and hence
di:a~s а difficu1t object. It is sometimes useful to use а hexagonal
ты

р

rag~ .which fits over the end о! the te1escope tube (Fig б(f».
s modlfles the diffraction pattern and produces а six-pointed star

д'
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д

*( i i )

(d) Д faint comes near

а bright primary.

(f) Hexagonal aperture which

fits over objective.

(Ь) Intensity distribution
across the star in (а).
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(g) The diffraction pattern: (i) Without hexagonal aperture.

(В) With " "

Fig б

ТЬе Airy Disk: Resolution о! bright and faint pairs.

(е) Д pair of faint stars.

(с) The Rayleigh limit,
denoted Ьу у.

(а) The 'Airy disk' ап idealized

image of а star.
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effect which "diverts" light forming the central disk into the spikes
thus reducing its size and revealing any с1озе, faint stars.(fig б(h»

Tf the diaphragm is arranged to rotate, а faint star сап Ье seen betwee~
two adjacent spikes where the sky is comparative1y dark. А regular
hexagon wi11 produce а 1ight 1озз of оп1у some 11% which corresponds to
а fraction of а magnitude.

А pair of equa11y faint stars does not conform to the Rayleigh
1imit because there is not enough 1ight avai1able for the еуе to detect
the sma11 contrast between the stars and the gap between them. (Fig
б(е». The Ray1eigh 1imit, whi1st based оп theory, does give а limiting
separation, г, which is s1ight1y 1arger than that found for te1escopes
in practice. Ап empirica1 1imit, known as Dawes' 1imit after the
Reverend W.R.Dawes who first determined it , gave the va1ue:

19Observing Hethod

attempts оп inferior nights.

d) Another variable concerned with the practica1 side of double star
( . is the keenness of the observer's vision. Tt is undoubted1y
Observ1ng

that зоте of the great observers such аз Burnham, Aitken, Dawes and
true ski were possessed of remarkably keen eyesight,and this coup1ed
DembOW 1ifetime's experience in examining ste11ar disks,enabled them to
with а Ь .

t very sта11 e10ngations and faint, с1озе companions to r1ghtdetec .
ТЬе amateur observer shou1d not Ье put off Ьу th1S know1edge.

~~:rs;uthor, who cannot c1aim to have keen eyesight,has found that Dawes
. ·t сап usua11y Ье reached оп а11 the te1escopes that he has used.

11М1 ., 1 d .d Ь' . Ь t th
Ье сопсегп Ьеге lS not w1th very с ose ап гар1 1narles u ose
~oцыe stars comfortably within reach of amateur instruments.

Observing Hethod18

г(агс sec) = 4.5б/D(iпсhеs) = 11.58/D(cm)

This was based оп the observed 1imit of res01ution Ьу а number of
observers using а range of apertures. Tt is approximately valid only
for а pair of 6th magnitude stars in а sma11 telescope and does not take
into account the cases of unequa1 ог faint pairs. Thomas Lewis and
Robert Aitken both determined extensions of the Dawes Limit to Cover
these situations. ТО quote some ехатр1ез: Lewis, using resu1ts from 31
observers with 24 different apertures, found for а pair of теап

magniudes 5.1 and 6.4 that the limit was 12.3/D(cm) агс secs whi1st
Aitken obtained 10.9/D(cm) for а pair of 6.9 and 1.1 magnitude stars.
For faint pairs, Lewis found 21.б/D(сm) агс secs for а pair of
magnitudes 8.5 and 9.1 whi1st Aitken got 15.5/D(cm) агс secs for stars
of magnitudes 8.8 and 9.0.

Having discussed some of the observing ргоЫетз raised in this
particu1ar sphere of observation, it remains to decide what type of
observation ап amateur observer сап саггу out. The fie1d сап Ье divided
into four distinct sections.

(а) Photographic

Photography of double stars is something of an unknown quantity in
amateur circ1es and is гаге1у done in the U.K. Later in the book,
E.G.Hoore has devoted а chapter to this particu1ar subject and anyone
interested in trying double star photography wi11 find it а great
challenge.

(Ь) Visua1

(с) The two previous sections consider the rather un1ike1y situation of
the atmosphere being perfect1y steady. Tn rea1ity, the images obtained
in а te1escope гаге1у, if ever, гезетЫе those shown in the previous
sections.

The primary effect which the atmosphere has оп star images is to
swell them out into disks several times 1arger than the size of the Airy
disk. Тhis is known as the seeing, and is often quoted as being the
apparent diameter of the star image in seconds of агс. Other effects
аге often observed; the image тау арреаг to vibrate randomly (known as
wandering) ог тау occasionally swe11 and contract (boi1ing). Тп

addition, near the horizon atmospheric dispersion distorts the star
images into short spectra, and it hard1y needs stating that if а c10se

ог difficult pair is being examined it should Ье done when the pair is
highest in the sky. Tt is thus useful to have а 1ist of pairs so that
the observer сап Ье prepared to take fu11 advantage of а night when the
seeing is particular1y good. Tt сап Ье а source of great satisfaction

when а c10se binary is seen for the first time after periastron haS
occurred, ог а particularly close, elusive comes is seen after тапУ

This category is main1y app1icable to sma11 te1escopes (be10w about
15-ст aperture). Tn making estimates of magnitudes and sketching fie1d
drawings а 1arge fie1d is а definite advantage. Most double star
observers wi11 have done this sort of work at one time ог another and it
15 very usefu1 for giving the observer а genera1 introduction to the
Subject. The author observed severa1 hundred pairs, making notes of
co1ours, magnitudes and estimated separations and position angles before
5tart1ng micrometric measures. А11 of these pairs were found using
Morton's Star At1as and V01 II of "Ce1estia1 Objects for Соттоп
Telescopes" Ьу Webb, together with an eyepiece а fair1y 1arge field ­
about 1 degree in this case. Several other eyepieces of higher power
were avai1able for examining the pair тоге c10sely after identification
had Ьееп made. Eyepieces shou1d cover а range of magnifications from
about 3А to 25А where А is the aperture in centimetres. As the
~elescope aperture increases, the upper magnification which the
telescope will stand gradua11y decreases and for the large refractors
Ье value drops to 20А ог less.



It is very useful to determine the diameter of each eyepiece field
{п minutes of arc. This сап Ье easily done Ьу timing the passage of ап

equatorial star across the field of view. Knowledge of eyepiece field
size helps to find faint pairs Ьу offsetting, and the position of
unidentified pairs to Ье noted for future reference. It is important
that the eyepieces Ье of good quality if the O.G. or mirror is
excellent so that the best performance сап Ье extracted from the
telescope as а whole. Good eyepieces сап last а lifetime and, of
course, сап Ье used when larger optics are acquired.
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(с) Micrometric

For those observers with apertures greater than about 15-ст the
addition of а micrometer to their equipment сап Ье considered. Filar
micrometers used to Ье difficult to acquire but {п recent years two
commercially made instruments have appeared, опе in the U.K. and опе in
the U.S.A. The addresses сап Ье found in Appendix 2. The cost is
likel у to Ье of the order of Е 200 - 300 depending оп the eyepieces
required but with care тапу years of useful service should Ье 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 а very simple alternative and is easy to
construct. It is not а substitute for the filar but will certainly Ье

very useful in helping ап observer to get started with measures, and
hopefully will persuade the serious observer that something better is
worth getting. In 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 а little extra work
it сап Ье used to measure differences in magnitude. 1t does however
need to Ье engineered properly and the biggest snag is the birefringent
prism needed to produce the artificial pair. However there is по reason
why it should cost more than ап average filar to produce since тапу of
the other optical components сап Ье bought cheaply in war surplus
stores. (See Fig. 7)

(d) Lunar occultations

Опе of the most valuable ways in which the amateur observer with а

small telescope сап help with the observation of double stars is to
observe occultations of stars Ьу the Мооп. It is not proposed to go
into апу 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 (ТОТА) {п the
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Fig 7. Comparison Image Micrometer for Reflector.

( а) Pinhole to produce initial image.
( Ь) Position Circle to measure Р.А.
( с) Wollaston Prism to produce Double Image.
(d) Prisms or Optical Flats.
( е) Supplementary Lenses.
( f) Tube to hold supplementary lenses



United States of Ameriea and the Lunar Section of the British
Astronomical Association. Again addresses are given in Appendix 2.
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4. RECORDING OBSERVATIONS

(е) Photometry

The vast majority of the double stars listed in the IDS have оп1у

approximate magnitudes. These are ass~gned Ьу the di~eoverer usua11y
and have probably not Ьееп rechecked Slnce. There lS а huge and
practica11y uncovered field awaiting а serious observer equipped with а

photoelectric photometer and а 30- to 40-ст te1eseope. There are
probably тапу more double stars with variable components waiting to Ье

discovered and f0110wed. R.L.Wa1ker has compi1ed а eata10gue of visua1
pairs with variable components.

The measurement of binaries is опе of the most faseinating and
exacting pursuits in observationa1 astronomy. There are а number of
bright pairs whose orbita1 motions are such that ehanges сап Ье detected
in periods of а year or 1ess and which are avai1able to sma1l
te1escopes. However, there are а great number of wider pairs whieh have
not Ьееп measured for some considerable time. The aequisition of а

1arger te1escope provides the observer with а corresponding increase of
observationa1 materia1 and at present even the 30-ст ref1ector is not ап

uncommon size amongst amateurs. In the U.K. and U.S.A. today there
are тапу 1arge te1escopes which are underuti1ised or even unused.
Programmes of double star measurement ~ the committed double star
observer wou1d not оп1у repay а11 the work put in Ьу the te1eseope
makers but it wou1d a1so inject va1uabledata into visua1 double star
astronomy at а time when the number of professiona1 observers is
certain1y 1ess than ten. The Webb Society Double Star Section exists to
give а11 the he1p it сап to those who want to observe double stars.

(а) hOCATION

The pairs to Ье observed тау Ье found (if по setting eircles are
available ) Ьу two main methods.

(i) Differentiation from ~~ Star

То employ this method it is necessary to know the diameter in
. utes of are of the fie1d of view of the eyepiece being used. То

m1:1uate this quantity, the telescope should Ье centred оп an equatoria1
e~ r such as delta Ori, zeta Vir ог zeta Aqr. With the telescope
:t:tionary, time the passage of the star across the centre of the fie1d
сгот edge to edge in minutes of time and then multiply Ьу 15 to get the
diameter of the field in minutes of агс.

(ii) Sweeping for ~ Pair

This is а less certain method than (i) and shou1d Ье used if the RA
and Declination co-ordinates do not correspond to the equinox of the
star atlas available.

(ь) POSITION

If а double star is found during observation and eannot Ье

identified its position in terms of RA and Dec1ination сап Ье obtained
Ьу differentiating from а known star. After 10cating it, the position
angle, separation, c010urs and magnitudes of the pair shou1d Ье

estimated. Never neg1ect а pair because it cannot Ье identified. Ву

giving as much information as possible it тау Ье possible to find it in
the Lick "Index Catalogue of Double Stars".

(е) SEPARATION

The diameter of the eyepiece fie1d is again usefu1
separation. If а high power is used then the separation
beeomes ап estimable fraction of the tota1 fie1d diameter
quite easy to make а direct estimate (in arc seconds)
separation. Observers shou1d always make estimates
wherever possible. If а micrometer is being used
measures of separation should Ье made and the mean va1ue
the seeond decima1 place if this seems rea1istic based оп
the individua1 measurements.

in estimating
of а wide pair
and it becomes
of the angular
of separation
at 1east three
eorrected to

the scatter of

Observers should determine whether the stars in а e10se pair are
sing1e, e10ngated or divided. If sing1e, the fact should Ье noted.



If С is the combined magnitude and А and В аге the magnitudes о!

the brighter and fainter components, and d is the estimated difference
in magnitude о! the two stars, then

Estimates о! magnitude should always Ье made where possible to the
nearest 0.1 magnitude. If the pair is very close then it тау Ье easier
to estimate the difference in magnitude and then with а lower power
estimate the magnitude о! the single image. From these two values the
brightness о! each star сап Ье determined.

TABLE 2

25Recording Observations

(е) COLOURS

ТаЫе 2 (Ьу Hagen) provides Сог most о! the hues which observers
аге likely to meet during examination о! double stars. If а colour
which is not in the table, such as purple ог green is found, then this
should Ье written ?ut in full in the column when the observer makes out
his report. Otherw1se the colours сап Ье converted into two numbers
which saves зрасе when the results аге entered into the card index.
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(d) BRIGHTNESS

А = с + х
Colours о! ОоиЫе Stars (after Hagen)

в = А + d

ТаЫе 1, below, gives the value о! х for а range о! values о! d and
then, since С is known, the values о! А and В сап Ье found.

TABLE 1

-3 Риге Ыие 4 Orange yellow
-2 Pale Ыие 5 Yellow orange
-1 Blue white б Риге orange
О Риге white 7 Reddish orange
1 Yellowish white 8 Orangey red
2 Pale yellow 9 Red, slight orange tint
3 Риге yellow 10 Риге red

Parameters allowing calculation ofindividual magnitudes
knowing the total magnitude and difference in magnitude.

d х d х

0.0 0.75 1.2 0.31
0.1 0.70 1.4 0.2б

0.2 О.бб 1 J} 0.22
0.3 О.БО 1.8 0.19
0.4 0.57 2.0 0.15
0.5 0.53 2.5 0.10
О.б 0.49 3.0 О.Об

0.7 0.4б 3.5 0.04
0.8 0.42 4.0 0.03
0.9 0.39 4.5 0.02
1.0 0.3б

(С) P08ITION ANGLE

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

р 270"-0----+--__900f

e.g. The pair 8ТТ 174 was observed to have а combined magnitude of
б.2 and а difference in magnitude of 1.5, thus approximately:

А = С + х and В = А + d, where С = б.2 and
d = 1.5 (whence 1 = 0.24 from ТаЫе 1

А = б.2 + 0.24 = б.44

В = 6.44 + 1.5 = 7.94

and correcting to the first decimal place gives б.4 and 7.9 аз the
estimated magnitudes о! the pair.

00
N

Fig. 8 ТЬе measurement of position angle

. .With practice, estimates о! position angle сап usually Ье made to
w1th1n 10 degrees. If а micrometer is used it will usually suffice to
~ake three independent determinations of position angle unless the pair
15 particularly difficult. Тhe mean figure should Ье quoted Сог the
~heare5t 0.1 degree and should contain апу zero-point correction (зее

apter 5).



Micrometric measurements should Ье reported for each nightly теап

оп the back оС the reporting form shown at the end оС this chapter (if
used). The date оС each nights mean should Ье reported in terms ос

0.001 year. This сап easily Ье found Ьу taking the number оС nights
from the beginning оС the year, multiplying Ьу 0.00274 and rounding up
to the nearest 0.001.
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~8 SOC1ETY~ STAR SECT10N
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CATALOGUE: (if any)
,АIК

DECL:

DECL: *
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OBSERV1NG FORM

ADS:

EQU1NOX:

EQU1NOX 2000 (Leave ' blank)

. ..

SEE1NG:

TRANSPARENCY:

MAGN1F1CAT10N(S):

M1CROMETER (if апу)

t NOTES

N MAGS (Est.):

COLOURS:

Р.А. (Est):

D1ST (Est):

Р.А. (Meas.):

D1ST (Meas.):

Мо Readings:

OBSERVER:

Scale: '1

»АТЕ:

APERТURE : (state if OG or spec):

FIELD DRAW1NG----

ТаЫе 3

(g) DRAW1NGS

The Antoniadi sca1e of seeing from 1 to V сап Ье used to describe
the steadiness of the atmosphere, i.e.:

1n order to standardise а11 fie1d drawings the fo110wing symbo1s
are suggested to represent fie1d stars and double star components:

Symbo1s for star magnitudes

1. Perfect seeing without а quiver.
11. Slight undu1ations, with moments of са1т 1asting severa1 seconds

111. Moderate seeing with 1arge tremours.
1V. Poor seeing, with constant troublesome undu1ations.

V. Very bad seeing.

1t is not considered necessary to draw fie1ds оС identica1 diameter
and it is 1eftto the observer to inc1ude features which he considers
inte~esting - for instance the proximity of а nearby double or ga1axy.
1t lS a1ways necessary to show the north-south 1ine and to inc1ude the
size оС the drawing in minutes of arc. Other data noted shou1d inc1ude
size and type of te1escope, magnification(s) emp10yed and brief notes оп

the sky conditions.

. .

. .

.- Magnitude 5 • Magnitude 8.. " б • " 9

• " 7 " 10 and be10w

А standard form for recording observations is shown оп the next
page as ап ехатр1е of how the observations might Ье 1aid out.

Magnitudes:

+ ..
5 б

•
7

•
8

•
9 10 and •

below

OTHER COMPONENTS: (give details
as above):

II Т
Ье observer shou1d indicate the

aeans оС а line, typica11y thus:
sca1e
_20'

of the fie1d drawing Ьу
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5. MICROMETERS FOR DOUBLE STAR MEASUREMENT

known and
Ьу Auzout

In this chapter it is proposed to describe the various instruments
1СЬ сап Ье used to measure the position ang1e and separation оГ visua1

wh b1e stars. It covers four basic c1asses оГ micrometer which wi11 Ье

dOu r1bed аз fo11ows:
desc

(а) fJlLAR MICROMETERS

The fi1ar micrometer, which is probably the most we11
d 1y used instrument for this purpose, was first described

~~ ~667 1n а form which has not changed radica11y to this day.

Basica11y the instrument consists оГ а spider thread stretched
rosS а frame which is itse1f mounted in а Ьох and free to move to and

~co within it. А second thread is fixed across the Ьох para11el to the
~yaыe thread and wi11 Ье referred to аз the fixed thread. It is

:1sPlaced slightly along the optica1 axis оГ the telescope to a110w free
IЮvеmепt оГ the movable thread. ТЬе frame containing the movable thread
1s contro11ed Ьу а micrometer screw оГ fine pitch usual1y graduated in
one_hundredths of а revo1ution. А second screw known аз the Ьох screw
controls the movement of the who1e Ьох, hence both threads тау Ье moved
together whi1e remaining equidistant. А third thread, а1зо fixed across
tbe ьох, is inserted perpendicu1ar to the movable and fixed threads and
18 used to теазиге position ang1e. The micrometer is genera11y аЫе to
rotate through 180 degrees in the pJ.ane perpendicu1ar to the optica1
8x1s, a1though some instruments have frames which rotate through 90
degree5. ТЬе Р.А. сап Ье read off from а circ1e graduated in interva1s
о! 1 ог 0.5 degrees, genera11y Ьу means of two verniers, and
111umination of the thread5 is obtained Ьу а 5та11 Ьи1Ь in the body of
tbe micrometer which is connected to а 10w vo1tage circuit with а

potentiometer to a110w the 1eve1 of i11umination to Ье varied.

Before а double star сап Ье measured, it is essentia1 to determine
tbe 5crew va1ue of the movable screw with great саге and ассигасу and
8150 tbe zero reading of the position circ1e Ро • If а fair1y bright
equatoria1 5tar is a110wed to drift across the fie1d оГ view with the
dr1ving c10ck stopped, then Ьу turning the position ang1e thread unti1
tbe 5tar drifts exact1y a10ng it, the ang1e оп the circ1e corresponds to
~+ 90. If the ang1e оп the circ1e is, for ехатр1е, 890.2, then 00.8
.~st Ье added to each measure of Р.А. made and this va1ue must Ье
с ecked regu1ar1y. Thus, in this case, РО corresponds to 3590.2.

ТЬеге аге two main methods Гог finding R, the screw уа1ие of the
81crometer ог movable screw.

(1) Ву measurement of the difference in dec1ination of two stars.



The P1eiades аге we11 suited for this purpose, containing stars
simi1ar magnitude and R.A. and whose dec1inations аге accurate1y know~r
Having determined Ро , the micrometer is then arranged so that the, fixed'
and тоуаЫе threads аге both horizonta1 (i.e. they тоуе in dec1lnatl'
on1y) • оп
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У1В 9 showS the position of the position ang1e thread (Р) and the

1
and fixed threads (М and F respective1y) during the measurement

.8Ь е
:: separatlon.

Hicrometers for Double Star Heasurementзо

Depending оп the micrometer the difference in dec1ination bet
suitable members is about 50 100 turns of the screw ам ~~~п
necessitates the use of stepping Ьу means of intermediate stars. T~:
measures shou1d inc1ude а reading from the north star to the south st
and back again оп severa1 separate nights. Precession, ргорег moti ar

and refraction shou1d а11 Ье taken into account. оп

(ii) Using the transit of circumpo1ar stars.

Р:).//
/ В

/ ".

м /
F

м

F

Fu11 detai1s of both these methods сап Ье found in Aitken's book
"The Binary Stars" which is essential reading for а11 оЬзегуегз.

With the circ1e ,reading РО + 90 , the star to ~e used is observed
with а 10w power Just before upper ог 10wer cu1mlnation. The тоуаЬ1

wire is p1aced just preceding the star аз it enters the fie1d, with th
e

driving c10ck stopped. Using the siderea1 timepiece, the transit tim:
of the star оп the thread is noted. The thread is advanced Опе

revo1ution (ог а suitable fraction of а revo1ution) and the transit time
is again noted. This is repeated 30 - 40 times both before and after
cu1mination.

The first measurement is that of position angle. The Р.А. thread
is turned until it арреагз to bisect the images of both stars
simu1taneously. The reading is noted оп the circle and several тоге

determinations made. (The number of readings taken here will depend оп

the difficulty of the pair being observed. For wide pairs, three angles
wi1l ргоЬаЫу suffice if the agreement appears good, whereas close pairs
wi11 benefi t from six ог тоге determinations. This argument сап a150 Ье

applied to the measurement of separation with equal, if not greater,
force since each distance measure is subject to two readings of the
тоуаЫе screw). The correction to the position angle ( 00.8 in our
case) must Ье added to the теап Р.А. at the end.

То measure separation, the micrometer is
through + 90 degrees where О is the теап Р.А.

Тhe placing of wires upon the stellar disks Ьесотез тоге difficult,
both аз the separation gets уегу large and уегу small. Iп the first
оаае the еуе cannot accommodate both wires in the зате field of view and
Ь.. to dart rapidly from опе wire to the other when making the
~ration setting. Iп the сазе of уегу close pairs, the separation of
tbe stars тау Ье сотрагаЫе with the thickness of the wires. William
ИегаоЬеl used the Airy disk as а means of estimating the separation.
~wski made some settings using the wires but his final separations
аlso included а series of estimations using the Airy disk. Herschel
a~so used to set his wires tangential to both the inner and outer edges
о еась Airy disk and then take the теап values to represent the
::Sition of the centres of each image. This cannot Ье recommended since
о е Airy disk is not always visible and the seeing disk varies depending
i: tthe cOndition of the atmosphere. John Herschel outlined two methods

Ье book Ьу Crossley, Gledhill and Wilson (1879).

(а) Set th
сгот е wires to the same apparent distance that the stars subtend
wire their image centres. This is repeated 5 ог 6 times and then the

s are placed in contact and the difference between the two positions

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

Flrstly the micrometer screw and Ьох screw аге adjusted until the
80уаЬ1е thread bisects the image of the brighter star and the fixed
thread bisects the fainter star. Тhe Ьох screw is then adjusted until
the fixed thread now bisects the brighter star А. The reading оп the
81crometer ог moуаЫе screw (R ) is noted. Keeping the fixed thread
bisecting star А, the тоуаЫе thread is adjusted until it bisects star
В, the new reading (R2) being noted. The value (R2 - R1) gives twice
the number of revolutions required to тоуе between the two components А

ud В, and knowing R, this distance сап Ье converted into seconds of
аго.

first of а11 turned

without correction.

оп the double star in question, but
is useful to estimate the m

stars and the quadrant in which the
bright.

The telescope сап now Ье turned
before апу measures аге made it
(difference in magnitude) of the two
fainter lies if they аге not equally



gives the required separation in revo1utions of the screw.

(а) The il1umination оС the threads оС the fie1d will render very
faint comes invisible.
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Fig 10. Jonckheere's micrometer. Method Сог measuring separation.

ТЬе separation оС the pair (р) depends ироп Н1, Н2 and the angle
between the fixed threads. This angle сап Ье determined Ьу rotating the
micrometer and allowing an equatoria1 star to drift a10ng each wire in
turn. Тhis procedure should Ье carried out several times with great
care. Тhe separation оС the pair is then given Ьу:

airs which аге too wide to теавиге with the crossed threads,
Fort~read, mounted оп the вате arrangement оС carriage but para11e1

.ootber . d thread сап Ье added. This has а different screw va1ue and
tbe {1хе о f01 о tto . termined ав Сог the convent10na1 1 аг т1.сготе ег.

tbiS 1! de

distance actual1y measured is severa1 times greater than the
ТЬе between the two stars which form one side оС the triang1e and

dista:~: screw constant is corresponding1y smaller - Jonckheere's va1ue
tbUS 1.078 агс seconds рег revo1ution. Another advantage is that since
"аЗ IDOvable threads аге fixed wi th respect to each other, they сап Ье

tbe о the same p1ane. The fixed plane is used to measure
stretcbed 1П

i tion angle •
рОЗ
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(Ь) Set the wires at а known distance of 1 агс second and estimate the
ratio of the distance between the disk centres and the wire centres.

То give воте idea of sca1e, modern fibres with diameters of
microns сап Ье obtained. These wi11 subtend 0.7 агс seconds in t~
foca1 p1ane of а 15-ст f/8 ref1ector and О.б агс seconds in а 30-ст f/~
ref1ector. The introduction of а Bar10w 1ens сап increase the effectiv
foca1 1ength of а te1escope Ьу ир to three times. However, the всгее

va1ue wi11 depend оп the position of the Bar10w and this must Ье fixe~
solidy otherwise теавигев wi11 not Ье re1iable.

The main advantages оС the {Наг аге its ассигасу and range оС

application, whilst its drawbacks include:

It might a1so Ье usefu1 at this point to вау something about the
materia1s which сап Ье used to make micrometer threads. The traditional
materia1 is spider thread which сотЫпев tensi1e strength, thinness and
e1asticity. The main drawbacks аге that it is difficu1t to replace
fragile and hard to acquire. Al ternatives include ny10n filament~
obtained Ьу unravel1ing denta1 f10ss Сог instance. Po1ystyrene cement
сап Ье drawn with саге to give геавопаЫу uniform fi1aments to а

diameter оС 10 microns ог 1ess. Hand-drawn glass ог quartz is found to
give filaments по thinner than 25 microns and is thus unsui table for
micrometry. Fu11 detai1s combined with an exhaustive bibliography сап

Ье found in the artic1e Ьу Darius and Thomas (1981).

(Ь) The c10seness оС the pair тау necessitate the иве of а

magnification which is too high Сог the state оС the atmosphere,
resul ting in ill-defined and .moving images, with reduced ассигасу in the
measures.

f' = (Н2 - R1)tап(Э/2)

ТЬе advantages оС this micrometer аге:

(а) Вoth fixed threads сап Ье placed in the same focal plane.

(с) The movable and fixed threads аге not parfoca1 and refocU5sing
is necessary.

Another Согт оС fi1ar micrometer is the bi-fi1ar which has. two
movable threads and two fixed threads and is used extensive1y in
cometary photography as а guiding eyepiece.

Jonckheere's skew-thread micrometer (1950) consists of two thread:
оп а movable Сгате which make ап acute angle with the axis of the scre

and а fixed thread which is oriented во ав to bisect the obtuse ang1e

formed at the intersection оС the two movable threads.

(Ь) On1y опе screw is required Сог the measurement оС separation.

(с) The screw constant сап Ье very sma11.

Two further varieties оС fi1ar micrometer will Ье mentioned here
although the first оС these тау proper1y Ье inc1uded with the graticule
instruments.

•. Durand (1981) has described the construction and operation оС а
dlcrometer in which а pair оС wires at а narrow ang1e аге laid against а
f~rk background with а third wire at right angles to the 'V' thus
te~med. They аге then photographed and reduced to fit into the

евСОРе eyepiece. Опе оС the агтв оС the 'V' is a1so graduated with
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(Ь) IMAGE МICROMETERS

Тhe two main instruments in this category are the double image and
comparison image micrometers. А third instrument, the diffraction
m1crometer wi11 Ье discussed in detai1 1ater in this chapter.

D Godil lon has proposed а micrometer which consists simply of two
,-ra11e1 wires in the eyepiece and а position angle circle.(Fig 12).

ТМ settings are shown in fig 12(а) and(b) ha~d tdhe. angle at which
rs is noted Position (Ь) сап Ье ас 1eve 1n two different

h осси· t' f th ir isеаС t tions separated Ьу Р degrees. The separa 10n о е ра
orien а ,
gi'len ьу : f = d/sin(p)

is the angu1ar separation оГ the wires. This instrument cannot
мl\ere d
Ы used for close pairs.

interesting micrometer developed Ьу Bigourdan (1895) has two
Ап ints attached to fixed and movable frames оГ the micrometer.

glas
S ~lass need1es are used to "point" at the two components оГ the

ТЫ ~:ostar and measurements are made in the same way as with the filar.
doub r а thread is stil1 needed for Р.А. measurement.Howeve ,

Опе group оГ micrometers has по moving parts. The movable and
fixed threads are rep1aced wi th а graticu1e at the Госа1 p1ane. The

ticule тау have а variety оГ forms - lozenge, circ1e, two concentric
:~;cles (ring micrometer). The re1ative co-ordinates оГ the ~wo stars
re obtained Ьу noting the instants оГ contacts as the stars dr1ft over
:ье graticule. The accuracy оГ such observations is, however, ffi~ch
1nferior to those obtained with а fi1ar micrometer. For further deta11s
а8е the article Ьу Phillips (1979а, 1979Ь) and the chapter оп

m1crometers in Sidgwick (ed. Muirden) (1979).

graduation.

10

its length and each of these 1а

<2.5

intervals along
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divisions at equal
numbered.

Fig 11. The arrangement оГ 'wires' in the 'у' micrometer.

Measurement оГ separation is made Ьу rotating the eyepiece, which 15
fi tted wi th а posi tion circle, until the two stars are bisected Ьу the
wires оГ the 'У'. The graduations сап Ье calibrated Ьу examining а

number оГ double stars оГ differing separations (see the 1ist drawn ~

Ьу Paul Muller (1949) and repeated in Раи1 Couteau' s book (1978». The
exact orientation оГ the three wires shou1d Ье determined accurate1y ~

trailing an equatoria1 star along each in turn. This will supp1y the
correction, if any, to Ье made to the micrometer after position ang~

has been measured and before the separation is attempted. If the two
stars are not exact1y at right ang1es to the vertica1 axis оГ the 'у' ~

error in the estimated separation wil1 resul t. Durand a1so experimented
with а second graduated 'wire' paralle1 to the first to give а further
range оГ measurement.

/
/

Fig 12. The para11e1 wire micrometer. Methods of use.

ТЬе most fami1iar instrument in this group is the double image
m1crometer which began 1ife in the form оГ а divided object glass known
аа а he1iometer. This arrangement, however, produced aberrations which
prevented the use оГ high powers Гог the measurement оГ c10se double
atars. As its пате suggests, it was used to measure the diameter оГ the
Sun's disk, with еасЬ ha1f оГ the objective producing а separate image
ОС the Sun. А 1ater deve10pment consisted оГ p1acing а divided 1ens
just in front оГ the eyepiece and using а norma1 objective. Ву
disPlacing one Ьа1Г оГ the 1ens with respect to the other along the axis
~C division, two images оГ а single star are obtained. Ву displacing in
ahe.oPPosite di~ection, the two images appear to merg7 and then widen
galn. When v1ewing а double star, therefore, four 1mages are produced

:~~ Ьу moving the ha1f-1ens (Ьу means оГ а micrometer screw with а
obtled head) so that certain combinations оГ the four images ~re

ained, the distance between the pair оГ stars сап Ье found, know1ng



Fig 13. Image micrometer; method of measuring separation.

The micrometer is а1З0 fitted with а graduated position angle
circ1e and the ang1e at which co-1inearity occurs corresponds to the
position ang1e - remembering to take carefu1 note of the quadrant in
which the fainter star 1ies.

1
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\ Muller prism

А movement о! 1 ст in the lamp housing is equiva1ent to а change of
separation о! 0.0794 seconds о! агс о! the artificia1 stars in the
eYepiece. The CIM is сараЫе о! measuring pairs whose distances range

Fig 14. Birefringent Prism Micrometer (after Mu11er).

тЬе comparison image micrometer (CIM) which was described Ьу

(1931) produced ап artificia1 pair о! stars. А modified
F.J.Hargreaves then introduced (Hargreaves, 1932) and this was adaptedinstrument was d
for изе оп the Greenwich 28-inch refractor Ьу C.R.Davidson ап L.S.T.
зyшmз (1938).

In this instrument, ап i11uminated pinho1e is imaged onto а

V llaston prism Ьу теапз о! а system о! biconvex 1епзез. The Wollaston
°i m (fig 14(с» then sp1its the image into two components (the о and е

pr s . f th t· d ds nгауз) which are po1arised. The separatlon о : wo 1mages ep~n о

the motion о! the prism towards or away Ггот the 1mage оГ. th: p~nho1e.

А centimetre зса1е is used to measure this movement, Wh1Ch 1З d1rect1y
proportiona1 to the separation о! the artifici~l stars.which must Ье n?w
imaged in the eyepiece in sharp Госиз, a10ngs1de the 1mages о! the pa1r
to Ье measured. This is achieved Ьу projecting the images ир the
outside о! the te1escope tube to ап e11iptica1 f1at which ref1ects them
onto а ref1ecting prism side Ьу side with the 1атр housing. They аге

reflected into the te1escope tube and Га11 ироп а зта11 object glass о!

11.25 1nches Госиз and via а quarter-si1vered сиЬе into the fie1d о! the
eyepiece in sharp Госиз. The Wo11aston prism is mounted оп а graduated
Р.А. circ1e and is free to rotate to a110w Р.А. measurements to Ье
8ade. А pair о! crossed Nico1 prisms, а1З0 rotatable, сап Ье adjusted
to make either о! the artificia1 stars аз bright or аз faint аз required
to match the pair being measured. Fina11y, а Ыие fi1ter adjusts the
colour temperature о! the 1атр'з tungsten fi1ament (2,800 К) to опе ?!
5,500 К which is the co10ur temperature о! ап average star аз зееп 1П
the 28-inch.
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This combination is nOw obtained оп the other side of "zero" and
hence the difference in the two micrometer readings equa1s D, and the
zero reading is e1iminated. Simi1ar1y in Fig 13(Ь) the tota1 shift i8
in fact 4D, this method being preferred for с10зе pairs.

the screw constant. То make а measure, the micrometer has to Ье
until а11 four images form а straight Нпе or а square. rotate~

For ехатр1е, 1et Ф and Ф represent опе pair of images
d Ь1 of t"eои е star to Ье measured and 1et е and <э represent the other ."
images. In the "zero" position of the ha1f-1ens, they coincide a~:1r ОС
sирроsе that the micrometer screw is rotated unti1 the images ~p no~
if in Fig 13. If.the distanc~s between а11 the stars are judged p~~г а8
equa1 then the Sh1ft of the m1crometer is D/2, where D is the sер .Ье
of the double. aratlo~

Later instruments such аз those used Ьу Р. Mu11er изе birefringent
or double refracting prisms, in р1асе о! the sp1it 1епз. Iп these
prisms, which actua11y consist of two prisms о! quartz or ca1cite
mounted with their crysta1 ахез perpendicu1ar (зее Fig 14), ап incident
light raY,is split ир into two rays known аз the ordinary (о) ray and
the extraordinary (е) ray. Dr Mu11er deve10ped this prism (which is now
named after him) in 1937. When the prism moves perpendicu1arly to the
optica1 axis о! the telescope, а variation in the separation of the о
and е rays is produced.

Measures о! double stars are made in а simi1ar manner to that of
the split 1епз micrometer. Опе advantage о! the Mu11er prism is that
the 1ight is po1arised,and Ьу fitting а thin po1arising sheet (which
acts аз ап апа1узег) the difference in magnitude between the twO
components сап Ье measured. According to Dr Mu11er the average теап
еггог Гог observations made in опе night is 0.04 magnitude. pairs аз
с10зе аз 0".45 have Ьееп measured in this way with the БО-сm refractof



Сгот about 4.5 аге seeonds to 1езз than 0.2 аге seeonds and it .
extreme1y еазу to use. А fi1ar mierometer whieh is а1зо fitted to t~:
28-ineh is preferred Сог Р.А. measurement.

In genera1, image mierometers have three main advantages
fi1ar mierometer:
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15 shows how the artifieia1 double star images аге projected
yig left-hand eyepiece оС а pair оС "binocu1ars". there аге three

ways in which the artificia1 double stars тау Ье produced.

theover
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(а) No fie1d i11umination is пеееззагу.

(Ь) ТЬеге is по masking оС the star images.

(е) Оп роог nights, it is easier to еотраге two pairs оС stars than to
try and bisect two moving images.

Оп the debit side, the measurement оС position ang1e tends to Ье

produee rather 1ess accurate resu1ts than with the fi1ar.

(с) ТНЕ BINOCULAR MICROMETER

This mierometer was devised Ьу M.V.Duruy in the mid-1930's. It
eonsists basiea11y оС two eyepieces, опе оС which forms the image of а

double star Сгот the te1escope, the other images ап artificia1 double
star produeed Ьу опе оС the methods described 1ater in this section.
When viewing both pairs оС stars simu1taneous1y it is possible to detect
very зта11 differences in the observed separations. Knowing the focal
1ength оС еасЬ eyepiece, the true separation оС the artifieia1 pair in
seconds оС аге сап Ье ea1cu1ated, knowing the true 1inear separation.

index.
Read angles from
these indices.

Fig 15. Method оС projecting artificia1 stars into 1eft eyepiece.

17 View оС components in
Fig 16 assembled. ТЬе white
spots аге projected into the
micrometer eyepiece.

Index.
rl\--~~'/

I \r----'-'I

\ Scale~
Fig 19 А similar method to Fig 18

with а rotating scale. А

1атр is housed inside.

Fig

1

1111111" "

• ~

Scal. of seconds of arc.

:3~ -­F1g 18 The image formed Ьу the
s1its with геаг i11umination
Согта the artificia1 star.

'11 16 Тhe separate components
оС the micrometer compass.
Тhe иррег two components
rotate about the axis.

-
System of
flats and
lenses.

------.....,--~-----~~I

1.:--------.----- -----1~
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\ I +--Main
\ '. I eyepiece.
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Source of '\
artificial star. Micrometer eyepiece.



1t is useful to have several sets of compasses having а .
Ь . ht t .. palr ог
rlg s агз, а palr of falnt stars and ап unequal pair to р

t t
· .. revent

sys ета lC errors. Ву uSlng ап optlcal system аз shown in Fig 15
s~ale could Ье increased so that 1 аге seeond could Ье represented b

the

dlstanee of several тт between the artifieial stars. у а

(О А •palr of compass:s is used ~ith а white spot representing а star
each branch. Thi~:s seen agalnst а dark background, preferably Ь оп
velvet, and the posltlon of each branch is read off from а З60 d lack
protractor. 1f the angle between the branches is ~ and the d' egree

between the two artificial stars is d, then the position angle islst~nce
Ьу (B/2) + 90 where ~ = (02 - tЭ1) and е2 and 61 аге the two glven
"~ointed at" Ьу the branc~es. The separation d is proportion:~gles
sln(~/2) and сап Ье callbrated Ьу measuring several standard . tO
plotting d against sin(~/2). When а new pair is measured а kno~~l~S and
(62 _ Э1) will yield d directly. е ge ог
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) ~ QlFFRACT10N M1CROMETER

Тhe appearance of а bright star in а small telescope is that of а
11 bri11 iant point of light. 1f а coarse diffraction grating is

..а dоуег the object glass ог mirror, then а succession of fainter
p1aces wi11 Ье seen extending 1inear1y from the star image in а

18agetion perpendicu1ar to that of the grating slits and beeoming
dl~e~er as they do so. The питЬег of sate11ite images visible depends
са ~he brightness of the star and the питЬег and width of the slits in
оп .
the gratlng.

IС two stars аге seen c10se together in the eyepiece then each star
111 Ье accompanied Ьу its own system of images. Ву rotating the

~ ating the images сап Ье arranged into certain patterns which a110w the
g~server to теазиге the distance between the two stars and to determine
~heir position ang1e. Fig.21 shows the арреагапсе of а double star with
the grating slits (а) horizonta1 and (Ь) vertiea1.

Micrometers for Double Star Measurement40

(ii) А seeond method involves eutting two thin lines whieh аге

converging in а pieee of рарег. 1f these аге il1uminated from
an~ viewed Ьу means of а perpendieu1ar thin 1ine, a1so eut from
(Flg 18) then when the рарег eontaining the eonverging 1ines is
two artifieial stars аге зееп whieh арреаг to уагу in separation.
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Fig.20 Artificia1 stars of known separation, drawn as black
stars оп а white background and photographed to produce
clear images оп а black background.

Fig.21 Арреагапее of а Double Star through а grating.

Each sate11ite image is equidistant from the other Ьу а distance
arc seconds, where:

z

р be1ng the tota1 width of the grating Ьаг and зН t and А is the теап
lIavelength . .С of the lnCldent 1ight. (1n а pair of stars where the
f~ponents аге of differing spectral type, the value of z is different
SUff.e~ch star but the difference cannot Ье detected visua11y). It is
IIlvellclently accurate, to within 1%, to determine опез own va1ue of теап

ength.

ОН) 1f а питЬег of "double stars" of varying separation аге drawn оп

рарег (Fig.20) and photographed, this сап Ье reduced and projected into
the 1efthand eyepiece in а simi1ar manner to the first two methods.

The etrors in these methods аге c10se to those inherent in the
fi1ar micrometer. The advantages аге that the who1e aperture of the
te1escope is avai1able and that по fie1d i11umination is required,making
fainter pairs accessible to the observer.

z = 206265 Л /р --- 1.



This сап Ье done in two ways:
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t = 2z/15cosD
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)st satell ite.
'" 2nd satellite.
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Ье used to determine i\

-Ial+-
8ar.~ ~

Slit.~~

-1 р 1-
(а) Grating nomenc1ature

О 0.5 а/р 1
(Ь) Dependence оп the amount of

transmitted 1ight with а/р.

F1g 23. The variation of sate11ite brightness with the bar/s1it ratio.

th T~e grating and:p05ition circ1e5'5hould Ье 50 arranged 5uch that when
е POlnter (рага11е1 to the s1its) shows а РА of 900 or 270

С the images
аге h . .orlzonta11y a11gned and hence para11e1 to the direction of drift of
;~5~~uatoria1 star with the te1escope stationary. The pairs 24 Сот (STF
гез eca~d gamma Ari (STF 180) have position ang1es of 2700 and 180~

Р tlvely and they сап а1БО Ье used to check the setting.

d1 Fig 24 shows the arrangement used Ьу John Lewis to mount the
ffraction grating onto а reflecting telescope.

Иhеп а/р = 1, the ЬаГБ disappear and there is по diffraction. When
а/р = О, по light passes through and i t was found that when а/ р = 0.5
(1.е. s1it width equa1 to bar width) the second sate11ite disappears
vh11st the third and higher are иБиа11у too faint to Ье Бееп. This
optimum value of 0.5 for а/р was adopted Ьу Duruy for his micrometer.

The number of sate11ite images сап

rating БНt and Ьаг wid th. Duruy
:ntensity of suc~ess~ve sate11ites with
are il1ustrated 1П Flg. 23.

100%

Light Primary im~e. /
flux. ..

Idea11 y, there shou1d оп1у Ье two sate11ite images visible for each
nent of the double star, making six in а11. When bright stars аге

oom~ned, тапу sate11ites are visible and the brighter опеБ are actua11y
eXam

t spectra and rectangu1ar in shape. M.V.Duruy, using а 24-inch
S~~ector found tha~ in that instrument, sate11ite images of stars
re.nter than magn1tude 3 do not show ир аБ spectra. For а б-iпсh

fa~1ector this corresponds to magnitude О and it is с1еаг that the vast
r e ority of sate11ite images in double stars wi11 арреаг circu1ar
:~ause they are too faint for the еуе to distinguish between а circ1e

and а square.

seconds of
seconds of
dес1iпаtiо л

in
in

the

where t is
time, z is
arc and D is
of the star.

•
д"•д

_t-
•
д'

ТаЫе 4. Va1ues of z for various (i\ =
о

va1ues of р 55БОА).

z" р(ст) z" р(ст)

11.47 1.0 1.91 б.О

7.б5 1.5 1.7б б.5

5.73 2.0 1.б4 7.0
4.59 2.5 1.53 7.5
3.82 3.0 1.43 8.0
3.28 3.5 1.35 8.5
2.87 4.0 1.27 9.0
2.55 4.5 1.21 9.5
2.29 5.0 1.15 10.0
2.09 5.5

Fig 22. Eyepiece wire method for determining Л .
In the саБе of P01aris where D = 89 11' 49" (for 1985.0) the tim

e
. g э

required for А' - А" to cross the wire is about бб.б seconds. I)S1Л d
stop watCh, this time сап Ье determined to wi thin about 0.2 seconds эЛ
this corresponds to а теап error of about 0.31. Thus, knowing z and р.

(Н) For а second method of determining опе'Б persona1 теап wave1ength
Л, it is песеББагу to observe а star of high dec1ination, preferably
P01aris. The procedure is to иБе а grating whose va1ue of z is fairly
1arge, (M.V.Duruy used 7 arc seconds) and to orient the grating БО that
the images are aligned Е - W in the stationary te1escope. Ап eyepiece
with а sing1e wire is rotated БО that the wire is N - S and the time, t,
between images А' and А" crossing the wire is noted (Fig.22).

(i) Ву measuring а we11 known pair whose separation and position а

are we11 defined. Such pairs are eta Cassiopeiae (STF БО) and zetan~~e
(STF 1744). Appendix 1 gives the predicted РА and separation for eYeг~

five years from 1985.0 to 2000.0 and in addition а number of other starY

whose positions аге we11 known are inc1uded. With ап accurate1y kno~

separation and knowing z, the observer сап find Л a1though та""
measures shou1d Ье made before adopting а теап figure to Ье used ~Y
1ater observations. 1n
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е = (О<::: 1 + о( 2) /2andf = 2z(coscX.l2)

Micrometers for Double Star Measurement

If lJt = о( 1 + !)(2 then р which is the distance АВ is given Ьу:

р = z(cosol./2)

j
А".

Read

?~2
,

• в"
А

•
А. 11 • .,

ReaCI А В

8IIg18OC1 .в • •,
в

А •
./1

.в'
В

(а) First setting (Ь) Second setting

(11) The method of isosceles triang1es.

In this method, the grating is successive1y rotated to give the
configurations as in Fig 26 (а) and (Ь), the criterion of setting
being that АА' = БА' and that АВ" = БВ". о(1 and о<.. 2 are read as
in the first method and р and е сап Ье obtained from:

where z is known and hence f ' the separation of the pair сап Ье

found.

11SO, е = ("'-1 + .;(2)/2 where е is the РА of the pair.

F1g 26. Configuration of images for measurement of separation using
the method of isosceles triangles. АА' = А'Б' at each setting •

Ь 1 Ап example of ап observation of the pair х! ОМа (STF 1523) is given
2~:: Ьу .kind permission of the observer John Lewis who was using а
'аl SChmldt-Саssеgrаiп at powers between х222 and х500. The grating z
r1g~: was 2.86 arc seconds corresponding to р = 4 ст and the method of

angles was used.

W1th the same grating, two different methods сап Ье used to find
the position angle and separation of а pair. It is better to make а

large number of measures of each pair, preferably using both methods.
Ву constructing several gratings each with а different value of z it is
роаа1Ые to cover а large range in separation.

vhere rI.. = oi..1 + 0(2 as in the method of right angled triangles.

maintwoare

-Grating.

,
А •

• в"

(Ь) Second setting

angle ()(2
..\

Micrometer
case.

•
в"
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•
в'

А А"....
.... 1 .... "...." ...,-.

-----!.
Read
angle ОС1

(а) First setting

The grating is turned until the angle АБА" (as shown in Fig.25(a))
is adjudged to Ье а right angle. The read ing оп the circle ,«1,
corresponding to this position is noted. Then the grating is moved
in position to give the configuration in Fig 25(Ь), and the angle
IX 2 noted.

А'
•

Locating
bolts.

Fig 24. А method of mounting а grating to а reflecting telescope.

Telescope.

AdjustabIe
vernier.
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(i) The method of right angle triangles.

То measure the separation of а pair there
configurations which сап Ье used.

Fig 25. Configuration of images for measurement of separation using
the method of right angled triangles. АБА" = 900 at each setting.
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А 5imi1ar method exist5 for the case when z is less than the
ation of the pair. It has Ьееп found Ьу Duruy that in this case

.eparo5ition ang1e5 аге better defined than the separations - when z is
the р than the separation, the opposite is'true.
,reater

The main di5advantage of the diffraction micrometer is the 10s5 of
ht 5uffered due to ob5truction Ьу the bars of the grating. When а/р

111 5 оп1у 50$ of the incident 1ight from the pair wi11 reach the
=о.; ог object gla55. Duruy ha5 ca1cu1ated that 25$ of the incident
m1Г~~ аое5 into the primary image making it 1.48 magnitudes fainter than
11~hout the grating. Of the remaining 25%, some 10$ goe5 into each of
~1 fir5t order images which аге thu5 2.48 magnitude5 fainter whi15t the
:::a1nder i5 spread among5t the image5 of higher order.

Two in5truments using the same princip1e а5 the Duruy micrometer
bave appeared previous1y. In 1896, Каг1 Schwarzchi1d had u5ed а hinged
Irating in front of the object glas5, both ha1ve5 being ti1ted with
re5pect to the 1еП5 Ьу теаП5 of а rack and pinion. Thi5 a110wed а

variable уа1ие of z but invo1ved the mea5urement of another ang1e.
Lawrence Richardson (1924,1925, 1927а,Ь and 1928) а150 described а

rectangu1ar соаГ5е grating which was ti1ted оп а pivot in front of the
object а1а55. Both of the5e device5 аге тоге e1aborate than the Duruy
m1crometer.

1983.297

1983.312

1983.282

2.57

2.56

2.58

95.9

95.8

96.0

122.38

122.75
122.00
124.00
123.50
120.00
122.00

69.13

67.25
70.00
70.50
68.50
71.00
67.50

70.63 MEAN 121.38
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0(1 vl... 2 РА Sep. Date

67.75 119.25
72.00 121 .50
71.75 123.50
68.75 119.00
72.50 123.00
71.00 122.00

Average of two night5

Fig

Another method of u5ing the grating require5 а 5ing1e wire in the
eyepiece and а position ang1e circ1e to read the orientation of the
wire. Thi5 is 5hown in Ftg 27.

In thi5 method, the va1ue of z i5 greater than the 5eparation of
the pair. The grating is oriented 50 that the 5econdary image5 lie in
РА О , i .е. N - S. The wire i5 turned 50 that the ang1e between А' and
В' and thi5 reading i5 noted together with the orientation of the
grating. Then the ang1e А"В i5 mea5ured and noted and the grating then
turned 50 that the images lie in а different known ang1e, 5ау ззо .
Again the ang1es А'В and А"В аге taken and noted, the drawing as in Fig.
27 being reproduced оп рарег at the de5k 1ater. Ву drawing it to scale,
the p05ition ang1e and 5eparation сап Ье obtained geometrica11y.

1800 The radius of the circ1e i5 z. ТМ
three points А" аге at known ang1es

which аге 5et up оп the grating
circ1e. Ву mea5uring three ang1e5

А'В and three further ang1es А"6,
cOn5truction of the diagram sho~
to а fixed sca1e will giуе the
va1ue of р and е- .

of image5, eyepiece wire method. (р < z).

Co1in Pither (1980) ha5 described the construction of ап

'1nterrupted' grating in which the ЬаГ5 пеаг the centre of the grating
аге removed to increa5e the amount of 1ight tran5mitted Ьу the grating.
Тh15 a110w5 fainter pair5 to Ье measured but at the c05t of diverting
80ге 1ight into the primary image from the higher order5 and
oonsequent1y increa5ing the difference in magnitude between them.

It оп1у remain5 here to acknow1edge the debt of the author to
Maurice Duruy for making avai1able а11 the note5 which he had acquired
during Ы5 и5е of the grating micrometer. The fact that amateurs in
Eng1and and France аге u5ing thi5 device i5 due entire1y to him.

(е) INTERFEROMETERS

d The app1ication of interferometers to the mea5urement of c10se
Houble star5 wa5 primari1y due to the work of A1bert Miche1son (1890).
е suggested that interference method5 cou1d Ье u5ed to mea5ure the
~~~tion ang1e and 5eparation of с105е pair5. However, it wa5 not unti1
Са 1that. Ander50n (1920) u5ing а 5imp1e two 5li t device, mea5ured
ре 1а wlth the Mount Wi150n 100-inch ref1ector (Fig 28).

en1arWhen observing а 5tar with two-s1it device, the image арреаГ5 а5 ап
and dged and e10ngated diffraction di5k, cros5ed Ьу а ПитЬег of bright

ark fringes. These fringes аге а re5u1t of the interference of the
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lower limit of resolution for the 100- ineh refleetor is
аге seeonds with the interferometer and 0.050 аге seeonds

When the slits аге rotated about the optieal axis in their own
the fringes disappear at eertain angles. This is beeause the

plane , of опе eomponent аге in exaet register with the dark
i ht fringes

br g f the other but they аге latera11y displaeed, and instead of the
Crin:~Sm~nimum being formed, а zig-zag pattern is зееп. This pattern
norm f иг times in опе revo1ution of the slits, forming two sets, 1800
OCcurs ~now1edge of these ang1es a110ws the position ang1e of the pair
.part. f d although опе extra reading wi11 Ье required to find into Ье оип,

vhich quadrant the eomes 1ies.

А modern app1ieation of this method was developed Ьу W.S.Finsen at
Republie Observatory at Johannesburg (1951, 1954, 1964). Не

the trueted ап eyepieee interfermeter in 1933 and 1ater produeed ап
сопз . . h.
18 oyed version. Dr F1nsen made thousands of observat10nS wi th t 1В

de~~ee attaehed to the 26.5-ineh refrae~or and was fami1iar with the
••пу fringe patterns that are РОЗЗ1Ые: Не a1so made extensive
inyestigations into the effeet of atmospher1e dispersion оп the fringes.
Тhis has the effeet of shift~ng the eentre of th~ fring~ ~attern away
сгот the eentre of the diffraet10n pattern at eerta1n pos1t10n angles.
Qther effeets whieh eomp1ieate the fringe pattern ine1ude the faet that
8tarlight а150 eontains а spread of wave1engths and апу differenee in
br1ghtness between the eomponents of the double star. Finsen found that
aeasures cou1d not Ье made effeetively if the differenee in brightness
between the stars was тоге than опе magnitude Ьесаизе the fringe pattern
Ьесаше yery indistinet. Мапу of the measures whieh Dr Finsen made with
the eyepieee interferometer are extreme1y va1uable beeause they are тоге

reliable than ordinary mierometriea1 measures for very sma11.separations
(0.1 аге seeonds and be1ow).

А new app1ieation of Miehe1son's work has proved to Ье а very
powerful too1 in the measurement of double stars with separations 1ess
ЬЬап 0.030 are seeonds.The method makes use of the faet that even in
8tellar images affeeted Ьу turbu1enee in the Earth's atmosphere there is
d1fCraetion limited information. А high1y magnified short exposure of а
br1ght star taken through а narrow band filter wi11 show а 1arge number
ot 58а11 grains in the image. ТЫз is known аз the speek1e pattern and
1t 18 due to random interferenee between the starlight in the Earth's
at.o8phere. Тhe minimum size of the speck1e grains is equal to the size:t the Airy disk for the te1eseope. If the star i~ а elose double.then
here wi11 Ье two identiea1 speek1e patterns super1mposed and sh1fted

re1at1ye to eaeh other Ьу ап amount smal1er than the Airy disk. If the
~egative оС а speck1e photograph is illuminated .with а 1aser,
nterferenee fringes wi11 Ье seen, the separation of whieh is

:roPortiona1 to the separation of the double star. Ву eombining а
Ulber оС short exposures, а better fringe pattern is obtained. The

Eyepiece.

(Ь) For а double star.

1

Position
circle.

Fig 28. The Two-Slit Interferometer.
Resultant (А+В).

,/
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Peak.

\

Fig 29. Fringes produeed Ьу а Two-S1it Interferometer.

From
primary
mirror.

(а) For а single star

1
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light from the two slits and their width depends оп the wavelength Of
the incident light.

ol.. = л /2D

If the star is а very e10se double, eaeh eomponent wi11 produee its
own set of fringes in the eyepieee (Fig.29), the separation of the two
sets depending оп the distanee between the slits D. If the va1ue of D
is ehanged, the fringe patterns wi11 move re1ative to eaeh other and if
the peaks in eaeh system eo-ineide with eaeh other the resu1t wil1 Ье а

brighter set of fringes. If, however, the peaks of опе system and the
troughs of the other аге eo-ineident, there wi11 Ье eanee11ing out о!

the two fringe systems and the fringes will disappear eomp1ete1y if the
eomponents аге equa11y bright. For the sma11est va1ue of D at whieh the
fringe visibility is а minimum:

where о( is the angu1ar separation of the two stars in аге seeonds and
Л is the effeetive wave1ength of the ineident 1ight. This value of ~

2.44 times sma1ler that that for а norma1 teleseope in whieh Dawes lim1
tapp1ies, but due to praetiea1 diffieu1ties the effeetive gain is аьои



f) PHOTOELECTRIC SCANNERS

An exce11ent review artic1e оп speck1e interferornetry Ь
у Harold

MacA1ister сап Ье found in ~~ and Te1escope (1977).

orientation of the fringes yie1ds the position ang1e. From photogr
taken оп the 200-inch ref1ector Ьу Gezari, Labeyrie and Stachnik (1~Рпз
it was found that beta Сер had а hitherto unknown cornpanion so 12)
rnagni tudes fainter at а separation of 0.25 агс seconds. Such аm:

t
б

cou1d not Ье found Ьу visua1 rneans. Other photographs in ~ ат

Te1scope for Арг 1970 show res01ution of the binary Саре11а which h ~
rnaxirnurn separation of 0.055 агс seconds. аз а
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capacity the diffraction
first instrurnent for the
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separate1y for each eyepiece.

For the arnateur with little engineering
aicrometer is strongly recornrnended аз а

8easurement of double stars.

тье double irnage, cornparison irnage and fi1ar rnicrorneters and a1so
piece interferorneter а11 have to Ье accur'ate1y engineered. There

tb8 еуе two fi1ar rnicrorneters which аге cornrnercia11y avai1able and the
,re now

es are given in Appendix 2 at the end of the book. The
,ddre~s orneter is of 1irnited app1ication since it wi11 on1y operate оп
inter e:here the А rn is 1ess than 1 and the stars аге fair1y bright.
pairs Finsen reached rnagnitude 7 with the 2б.5-iпсh at Johannesburg
I!owever , l' - t f' -1 .h re are severa1 arnateur te езсорез 1n еХ1З ence о З1rn1 ar slze,so
and ti~ wou1d not Ье beyond the capabi1ities of а deterrnined arnateur to
thSt his hand at this instrurnent. Both the Mu11er version of the double
try rnicrorneter and the cornparison irnage rnicrorneter require
imag;ringent prisrns which are expensive. Again these rnicrorneters wou1d
Ы~~ repay the trouble taken in constructing thern since they do not
~effer frorn fie1d i11urnination or broken wires. The author has found
'~ comparison irnage rnicrorneter extrernely еазу to use, but to date he
;n:ws on1y of the instrurnent оп the 28-inch refractor and no-one yet
appears to have atternpted the reflector version.

Micrometers for Double Star Measuremnt50

These consist of а s1it ог series of s1its which сап rnove 1'п the
foca1 р1апе of а te1escope. The 1ight passed Ьу the 51it is detected Ь

а photornu1tip1ier tube and the data is c011ected into 'bins' in th~
cornputer rnеrnогу which rnау Ье of the order of 10 rni11isecs 10ng. Iп this
way а profi1e of the star irnage is bui1t up and the shape of the profile
wi11 depend оп whether the star is sing1e ог double. Data about the
posi tion ang1e and separation сап Ье gained if the star irnage сап Ье

scanned at severa1 different з11 t ang1es, ei ther Ьу rotating the
instrurnent turntable or Ьу having two s1its which аге arranged at 900 to
each other (Rakos et а1, 1982). The observed profi1e is 'deconv01uted'
Ьу either Ьу dividing it Ьу the observed profi1e of а nearby kno~

sing1e star ог Ьу assurning an ana1ytica1 forrn for the profile of а

sing1e star. The corresponding profi1e is that of the two cornponents оС

the double. The position ang1e is а function of the position of the
s1its and the separation depends оп the distance between the two peaks
in the profile and the зса1е factor of the te1escope. The arnount оС

1ight under each profi1e is а1зо а direct rneasure of the brightness оС

the star and зо this apparatus сап Ье used to give apparent rnagnitudes
for each cornponent.

CONCLUSIONS

То surn up, for the benefit of the arnateur observer who wishes to
try а construct а rnicrorneter for his own use, the instrurnents described
ear1ier сап Ье divided into two distinct с1аззез.

The sirnp1est devices to rnake аге the diffraction and binocular
rnicrorneters. The forrner сап Ье rnade frorn wood ог cardboard but
a1urniniurn is to Ье preferred. It is irnportant that the grating is
constructed wi th accurate1y paralle1 Ьагз and з11 ts. Since a~l
rneasurements аге made with the position circ1e it is important that thl~
too is accurate and сап Ье easi1y read. It shou1d not Ье too зrnаll аП
а rninirnurn diameter of 30 ст is recommended. This wi11 resu1t in degree

rnarks which аге about 2.5 тт apart. This а1зо app1ies to the binocul~:
rnicrorneter and it shou1d а1зо Ье noted that with this instrurnent \е
зса1е constant is dependent upon the rnagnification and should
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б. PHOTOGRAPHY OF DOUBLE STARS

)
тНЕ PHOTOGRAPHIC PROCESS

(..-..-
Before discussing the photography оГ double stars it wou1d Ье as

1 to re_capitu1ate upon the photographic process genera11y. There
"е1 ny methods оГ writing-by-1ight, and in this respect any change оГ
.re mra or density Ьу the action оГ 1ight might Ье termed photography.
со1ои

тЬе particu1ar process that we are interested in is that which
111ses а suspension оГ si1ver ha1ides in ge1atin spread onto а

ut sparent base, either glass, (in which case the product is termed а
t~a~e) or а f1exible materia1, now usua11y ce11u1ose acetate, (in which
:.:е the product is ca11ed а fi1m).

Th1s process has deve10ped from the origina1 work оГ Fox Ta1bot,
Vho more than 100 years ago first successfu11y produced а 'negative'
p1cture w1th 11ght and shade reversed, and from wh1ch а number оГ
subsequent copies cou1d Ье taken. His process was сотр1ех and somewhat
h1t_and-m1ss, and 1t is а good thing that we have ava11able the
emu1sions, (as the suspensions оГ s11ver ha1ide are termed), that
ас1епсе has deve10ped for us.

modern emu1s1on consists оГ а very carefu11y prepared
оГ s11ver ha1ides, together with sens1tis1ng agents etc.,
а qu1te remarkably consistent qua1ity and avai1able to meet
every photographic need.

ТЬе

suspens10n
produced to
pract1cally

Ear1y emu1s10ns were on1y sensitive to the Ыие end оГ the
spectrum, hence the use оГ the c1ass1c red darkroom 1amp for the1r
process1ng. The methods were found to extend the range оГ sensitivity
1nto the ye110w and green, giv1ng 'orthochromatic' emu1s1ons, and 1ater,
v1th the a1d оГ further sensitizing dyes, panchromatic (or 'Рап')

8ateria1s were produced. These respond to the entire v1sible spectrum,
although, except in the case оГ some very specia1 fi1ms, they are sti11
_ore sensitive to Ыие 1ight. In addition, v1rtua11y а11 fi1ms respond
to &Оте degree to the u1tra-v101et.

t Modern processes .. a1so a110w us to contro1 the 'speed' оГ emu1s10nS,
hat is, whether it wi11 take а 10t or а 1itt1e 1ight to have а given

effect in а given time. Мапу systems оГ quot1ng these speeds have Ьееп
Used, those in сотmоп use now be1ng the DIN system, which is 10garithmic
:~d the ASA system which is arithmet1c. It 1а not proposed to discuss
рьеае 1п deta11; they are covered adequate1y in any book оп basic
abotograPhy. Suffice it to аау that the slowest fi1ms Ьауе а speed оГ
prout б ASA wh11st the fastest that сап Ье attained with specia1
.e:ces~ing 1а 10,000 ASA or even higher, depending оп the method used in
coaSUrlng the speed. With the comment that faster fi1ms genera11y have

rser gra1n structure, and cannot therefore reso1ve such f1ne detai1,



the discussion of the nature of emulsions will Ье left to cOnsider ~~
happens when а photographic emulsion is exposed to light. "at

Light forming : :
image of Star. I ,

• у

I I

: : +---+ Poor seeing enlarges image.
Crystals well away ---'10--+ ~-4-...tJ..,.а O_I--Silver halide crystals
from image affected. l>-4-d '<> size exaggerated.

~ Base.

If we now use а further chemica1, ca11ed а FIXER, which is сараЬ!
оГ disso1ving any undeve10ped silver halide, but which does not affe ~
meta11ic si1ver, then we тау, provided certain precautions are take~
1et our emu1sion see the 1ight оГ day and we sha11 have а permanent
record оГ out point оГ light as а dark spot оп an otherwise c1ear
background. If the point оГ light had been the image оГ а star in а
te1escope, then we wou1d now have а permanent record оГ that star.
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(1У) Fa1se reciprocity fai1ure.

. ht l'mages, and shou1d not Ье confusedТhis occurs with very br1g
1 Wh1'ch occurs with а11 images and is аv1th true reciprocity Га! ure,

tunetion оГ exposure time.

ItDSge size.

h t 1 оГ si1ver ha1ide and. ht wi11 Ье ref1ected from t е crys а s
5Оте l~g t adjacent crysta1s, which wi11 Ьесоте deve10pable. The

11 111um1na еье 1arger (many times, perhaps scores of times 1arger
..... wi11 then ) than the origina1 image, even assuming that this was
~ 'ght stars , . l'ther wander1'ng огror brl,n the first р1асе. Imperfect see1ng, е
perr.ct

1 '11 en1arge the image further.
1I0111ng , w1

1 Law ог 'Reciprocity Fai1ure' •
f ai1ure оГ the Reciproca

(111)
t rers usua11y quote the speed оГ their emulsions Гог

Msnufac u . f О 1 second In theory, if а given amount оГin the reg10nо.. . h 1Г
,Jposur

es
t 'n degree оГ deve10pabi1ity in а given t1me then а

ives а cer а1 . t' th t' and111ht g t оГ 1ight shou1d Ьауе the same effect 1n w1ce. е .1те.
thSt amou~s re1ationship fai1s Гог very 10w 1eve1s оГ 1~lum1nat10n,
10 оп. Thl must Ье used and for extreme1y short (m1cro-second)10ng exposures, . t Ье
~n . . tense 1ight In each case the emu1s10n seems оeJposures 1n уегу 1n •
.lower than expected.

Тhe micro~second exposures do not concern us, and Гог the purpose
h double star work as wi11 Ье discussed, the effect оГ 10w 1еуе1

о! a~c t' оп and the resu1 tant exposure times will not have sufficient
111um паt~ Ье appreciable. Fast films generally suffer . more from
etf.et 't fai1ure than slow fi1ms. As examp1es, materia1s w1th spe:ds
rec1

p
roc1d

Y
f 400 А3А or higher wi11 start getting 'tired' Ьу the tlme

111 the or er о . 1 Г'1 around
an ех sure оГ 3О minutes has been reached, Wh11st s ower 1 ms,
26 to~O ASA wi11 continue at their rated speed for а coup1e оГ hours or
8Оге.

Photography of Double Stars54

A~ we аге ~onsi~ering stellar phot?graphy (and stellar images
essent1ally p01nt 1mages) let us cons1der а photographic emulsio are
had previously been un-exposed to light and upon which а point of n

1
~hat

of very small dimension is allowed to fall. The silver halides 19ht
аГе .the form of уегу sma11 crysta1s, and for reasons sti11 not comp1 lп

understood, the action оГ light is to produce in them what is ca1~te1y
'latent image'. This means that if, sUbsequent to exposure the ет 1e~ а
is acted оп Ьу а suitable reducing agent, or DEVELOPER, the aг~ 51оп
crystals оГ silver ha1ide will Ье reduced to metallic silver, Whichected
the fine1y divided form i t takes, appears blaCk. ' in

Fig 30. Formation оГ photographic image оГ ste11ar disk. (3imp1ified)

3о far so good. The foregoing has necessarily been simplified and
in order to undertake ste11ar photography, (inc1uding double 5tars),
there are а number оГ other factors that have to Ье taken into
consideration. Those that have а bearing оп the matter are as fo11ows:-

(i) Film speed.

The speed
fi1m/deve10per
the faster the
time.

оГ the film, or more correct1y, the speed оГ the
combination, since these are inter-re1ated. Obvious1Y

fi1m, the fainter the star it wi11 record in а giV~

l'S as fo11ows. А bright image wi11 rapid1yBrief1y, what happens
atteet а11 the crysta1s оГ si1ver ha1ide that it fa11s upon, and
8lthough these affected crysta1s wi11 continue to ref1ect 1ight to
adjaeent crysta1s so causing the size оГ the image to expand, there сап
Ье по further action оп the centra1 crysta1s. Any light abso~be~ Ьу
them is 10st as Гаг as producing an image is concerned. Th1S lS оГ
'apeeia1 importance when the image diameters аге used to assess the
8agnitudes оГ the stars forming them. It wou1d Ье safe to say that any
atar тОге than about two magnitudes above thresho1d (i.e. .that s~ar
brightness which has just produced а ful1y dark circu1ar 1mage) w111
atart to exhibit fa1se reciprocity fai1ure.

(у) Background darkening.



The аЬоуе are the chief factors that affect the behaviour оС the
photographic emu1sion in the recording of ste11ar images, it being
assumed that these are being taken at the foca1 р1апе of the optical
system. 30 far as double stars are concerned, photography cannot Ье

considered the most accurate method of recording and measuring - the еуе

and micrometer must take first р1асе here.

Thus а 15-сm ref1ector of f/B wi11 record to а given magnitude оп

given fi1m in а given time. А 15-сm refractor of f/1б wi11 reach th:
same magnitude in the same time under the same conditions, but сап

continue for four times as 10ng before the background has darkened to
the same degree. The 1inear sca1e wi11 a1so Ье twice as 1arge, but this
wi11 Ье discussed in greater detai1 1ater in this chapter.

No sky is comp1ete1y dark, and the rate at which the. general
background wi11 affect the fi1m wi11 depend оп the foca1 rat10 of th
system. For this reason, refractors are better than ref1ector е

a1though Ьу adding а 2х Bar10w of suitable qua1ity, the situation сап ~.
remedied. 3ubject to certain minor considerations which do not affec~
the matter sufficient1y to merit inc1usion, the faintest magnitud
reached wi11 Ье а function of 1inear aperture, as in visua1 work, whils~
the degree of darkening wi11 Ье а function of foca1 ratio.

Similar1y with chemica1s. Buy these fresh and make them up
acCording to the manufacturers instructions. АЬоуе а11 е1sе, do not
::ore film and chemica1s together, something or other unp1easant is
Ь und to happen. With а bit оС 1uck, а suitable corner оС the home сап
с: found that is со01 and dry for storage. Remember that photographic
bo:~ical~ are not for consumption, 50 по deve10per or fixer in 01d gin

les 1П the 5ideboard, and keep а11 fi1m and chemica15 away from

Always buy fresh materia1, it i5 not expensive in 1engths оС 5 and
11 metres, and а1sо in 100 feet 1engths from sоте sирр1у houses. This
V111 cut your fi1m costs to 1еss than one ha1f оС the cost оС

teady-10aded cassettes and wi11 a110w уои to иsе just the amount оС fi1m
tbat is needed. !С уои have по cassettes, your dea1er wi11 Ье аЫе to
~ply for а few репсе each but make sure that they are in good
~ition and that the ve1vet 1ight traps are с1еап and free from dust.
А clean, discarded toothbrush is idea1 for this. In апу саsе, discard а
C88sette when it has Ьееп used about б times, it has repaid its cost Ьу

then. А bu1k fi1m 10ader such as that manufactured Ьу Burke and James,
~ scld under the пате оС 'Watson' is а very useful accessory for
lO8ding fi1m if you have much work to do, but is Ьу по теапs а
a8Cessity.
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h image • Оп the other hand, very s10w fi1ms wi11 give images with
ti~U11Y crisp· edges but are rare1y circu1ar due to difficu1ties in

ao~ g for the required 10ng exposures.
id1n

А good compromise is t~ иsе medium speed fi~m, such as I1ford FP4
ьаз medium fine gra1n, а good panchromat1c response, and if used

~ich fin deve10per тау Ье taken аs having а speed of 200 ASA. This is
~th Ну tacu1ar1y fast, but Hyfin deve10per gives crisp, sharp images.

t sрес . . Ь . th'no . nothing to Ье gained in terms оС f1ner gra1n у uS1ng апу 1ng
Тbis 1! If а higher speed is required, then I1ford НР4 сап Ье used,
s1ower • ocessed in Acut01-3 (for optimum speed/grain characteristics),
being prpeed (for maximum effective speed). Use these deve10pers in
Or ACU5 , . t . Th . t 1d псе with the manufacturers d1rec 10nS. e1r иsе а ower
ассог :rations for 10nger periods of deve10pment.wi11 not increase the
сопсе~'уе speed,a1though for bright stars there wi11 Ье 1еss background
.СС:

С
~ng. In this саsе, however, such а fast film is not really

dar ~~ed. In addition, the effects оС reciprocity fai1ure sеет to occur
~~~ier when the di1ute deve10per/extended processing time procedure is

to11owed.

!t might Ье аs we11 to mention that it usefu1 to Ье аЫе to 10ad
опе'з own cassettes with bu1k fi1m in short 1engths, thus a110wing the
С11т and its subsequent proces5ing to Ье matched to the subject. Beware
о! зоте оС the very cheap fi1m that is advertised, аs this is sometimes
с1пе С11т, and is very subject to chemica1 fog, which is the random
reduct10n оС si1ver ha1ide crysta1s to si1ver independent оС the effect
о! 1ight оп the emu1sion.
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(Ь) CHOICE OF MATERIAL3

It might sеет that а very fast materia1 wou1d Ье the best to О5:,
аs exposure wou1d then Ье short and the accuracy оС guiding need поt 1э;of а such а high order. In practice this is not the саsе. If а stel э
image оп а piece оС fi1m is examined under а microscope ~tage
magnification оС about х100, it wi11 Ье seen that the edge оС the 1m

The
is indeterminate, gradua11y shadi~g into the с1еаг ba?kgrOund. for~
faster the fi1m, the coarser the gra1n and the 1еss determ1nate the

Two deficiencies that occur in the photographic process are а5

f0110ws. Assuming perfect seeing, perfect guiding and perfect OptiC5.
the deve10ped images of а double star ought to Ье two circu1ar patche5
of si1ver of а size determined Ьу the optics, fi1m speed, exposure and
magnitude, and оС а spacing determined Ьу the separation of the star5
and the geometry of the optics. IJnfortunate1y, this is not 50.
First1y, there are random movements of the order of 10 - 20 micro~5 in
the ge1atin of the emu1sion during processing that cannot Ье pred1cted.
and second1y there is an effect in which the by-products of the
deve10pment оС the image have а restraining effect in their ~m~ediate

vicini ty, and this сап distort the shape and even the РОS1~lon оС
с1ове1у adjacent images, possibly part1y inhibiting the1r сиН
deve10pment. Each of these factors detracts from the usefu11ness оС а

photograph оС а double star for the purpose оС accurate measurement.
a1though with wider pairs and а 10ng Соса1 1ength, resu1ts are not far
short оС those obtainable with а fi1ar micrometer.



(с) APPARATUS AND EXPOSURE

ehildren. Whilst film is not poisonous, the sight о! а three-ye
playing уо-уо with 5 metres о! previously unexposed FP4 сап promot:r-01d
most unpredietable behaviour in the quietest astronomer. the

The range о! apparatus that might Ье used to phot ht ograp dOUbl
s ars is so wide that it would Ье impraetieable to attempt to со е
every possibility. For those who have not attempted stel1ar Photograver
before, the fo11owing table тау prove usefu1. A11 о! the data in itP?y
taken from exposures made Ьу the writer, по~ speeifiea11y for dOUbll~
star work, but it wi11 give а fair1y good ldea о! what тау Ье expecte:
from various instruments. In eaeh ease the t t k ~s ar а еп as the examp1e is
approximate1y two magnitudes above the abso1ute thresho1d оС th
exposure. ТЬе fi1m used was FP4, proeessed in Hyfin. е
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If the exact effeetive Соеа1 1ength о! the optiea1 system in use is
known, then the image sea1e тау Ье determined from the formu1a:

мЬеге f = Соеа1 1ength in тт and s = sea1e at the Соеа1 р1апе in are
aeconds per тт.

s = 206265/!

As а general guide, with а head in good adjustment, and good
ing apparatus, with smooth differentials, or frequeney eontro1 in

riv se о! variable frequeney drives, it ought to Ье possible to give
tbe C:posure in whieh the produet о! foeal 1ength in тт and the exposure
.0 e.nutes is anything ир to about 18,000 with 1itt1e guiding
10 mltion, if апу. Aeeording to the aecuraey о! setting о! the head,
correcss to the meridian and smoothness о! eontro1 о! drive, this figure
оеагп~с eourse, Ье eonsiderably exceeded, a1though it must Ье remembered
cant we аге on1y eonsidering guiding problems. Sky brightness тау we11
tha е to Ье the 1imiting faetor.
РГОУ

so far as the type о! exposure that тау Ье given, the simp1est is
expose in the foea1 p1ane, whieh wi11 reeord the double as two dark

t~rcular images оп the fi1m. If опе wishes to make some measurements,
:ьеп it is neeessary first to determine the preeise sea1e at the foea1
lane, and Сог this purpose t~e P1eiades are probably the best objeets

:0 the sky. ТЬеу are brlght, so that exposures тау Ье short, and
luiding problems are at а minimum, and their positions are known
accurately. Fai1ing this, photograph severa1 we11-known fixed doubles
(аее APpendix 1), and obtain the sea1e from the resu1tant exposures. If
'OU use а Bar10w 1ens Ье sure that уои гер1асе it in exaet1y the same
place еасЬ time. If not, уои wi11 need to take а ea1ibration exposure
о! а fixed double star at the beginning о! еасЬ night's photography.
Мeaaurement о! the exposures, either with а eompound microscope with
8,epiece micrometer, (а simp1e graticu1e is sufficient), or Ьу

projection with а 1ens о! known, good 1inearity (probably ап en1arging
18па о! the highest grade) wi11 give the separation, provided that the
c8ntres о! the images are estimated aeeurate1y. ЕаеЬ measurement shou1d
ье made severa1 times and the average taken.

Но referenee is made in this seetion to the means о! p1aeing the
С11. 1п the Соеа1 р1апе. МиеЬ has Ьееп written e1sewhere, and the
~еэdег is referred to the bibliography at the end о! this book (Sidgwiek

1952), Raekham (1959» • However, the sing1e 1ens reflex system, ог
:OQl:eother arrangement that a110ws the observer to see the image about
a~ photographed has so тиеЬ to reeommend it that it тау Ье eonsidered
V1thst an essentia1. This does not теап that good work eannot Ье done
сап ~ut зиеЬ а system, but the ease о! working теапз that mueh more work
аес е done. Suitable sing1e 1епз ref1ex bodies тау Ье obtained
lаtОПd-hаПd very reasonably, and the addition о! а suitable 1ens at а

ег date wi11 provide the observer with а genera1 purpose eamera.
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Magnitude and Image Diameters with various Apertures.
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ТаЫе S.

Objeetive and F.L. Lin. Aperture. Ехр. Mag. Diam.(II)

Te1ephoto 1ens 135тт 34 тт 2 mins. 7 45

Te1ephoto 1ens 400 тт 63 тт 2 mins. 9 21

Speeu1um 1400 тт 216 mm min. 10 7

Objeet G1ass 3200 тт 204 тт 2 mins. 11 3

The above figures are not eomp1ete1y eomparable as the observing
eonditions were not neeessari1y identiea1 оп eaeh oeeasion, but they
wi11 suffiee to indieate the resu1ts to Ье expeeted. If anything the
magnitude figures are eonservative.

The 1imiting magnitude that might Ье expeeted is dependent оп тапу

faetors, not 1eastof whieh is the sky brightness. Obvious1y the best
eombination is а 1arge aperture, 10ng foea1 1ength and aeeurate guiding.
This wi11 give а 1arge sea1e, minimise sky brightness and give aecess to
fainter stars. Unfortunate1y, to meet these requirements the aecuracy
о! guiding needed is high, and needs ап equatoria1 head that is in
aeeurate adjustment and а drive with very smooth operation and contro1•
Exeept near the zenith, ehanges in refraetion тау we11 affect the
resu1t; as the 1ast entry in the above table i11ustrates, with ап image
on1y 3 are see aeross, ап error о! on1y 1 are see wil1 produce а
deeided1y e11iptiea1 image. This effeet сап Ье minimised Ьу making
exposures as near to the meridian as possible.



Fig 32. Measurement о! position ang1e. (Double Image Method).

То get а brighter image, do not mere1y slow down the te1e5Cope
drive. Un1es5 this is perfect1y in ап Е - W direction, the re5u1t Wil~
Ье to compound the movement о! the te1escope with the diurna1 motion о

the star and give а fa1se Е - W direction.

Un1ess the exposure is very c10se to the Po1e, or the fie1d о! view
very 1arge, the resu1t wi11 Ье to a11 intents а straight 1ine which will
define the E-W direction. Make sure that the trai1 wi11 not obscure
either о! the images, as тау оссиг where the position ang1e is near 90
or 270 degrees,and a1so try to assess the effect о! the trai1s that wi1l
Ье 1eft Ьу апу other stars in the fie1d.
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CONCLUSIONS

А11 astronomica1 photography is тоге ог 1ess experimenta1, and this
~l1es more to the photography о! double stars than to any other fie1d.
~ 1s necessary to make test exposures, to determine the magnitude
~1.1ts avai1able with your equipment, the scale о! the image and the
itfect о! sky darkening. Remember that а Bar10w 1ens wi1l he1p in the
~at case with а ref1ector о! short focal ratio. If уоиг funds will run
~ 1t, and assuming that уои аге using а sing1e 1ens reflex сатега body,
the use of the 'tele-extender' о! х2 has the double advantage that it
*111 Ье а high1y corrected lens, (a1though being usua11y о! 4 e1ement
OQnstruction wi11 introduce а certain 1ight 10ss) , and that if used with
the correct adaptors to suit the eyepiece focussing mount and the camera
body, wi11 a1ways оссиру the same position,thereby providing а constant
асаlе.

1 In genera1, filters аге not о! great use in this type of work, but
ПОПе саае the use of the correct filter сап Ье invaluable. Increasing
агеаа аге being il1uminated Ьу sodium lighting and this constitutes а
::~oг factor in background darkening оп exposure~. However, except in

саае of the high pressure type of 1атр, (Wh1Ch has light of а
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·ther 5tar is sufficient1y bright for the preceding method,
Ifh~~~ng made the first exposure, and with the exposure interrupted

r d 've stopped restart the drive and make а second exposure as
h th~m r~he first 'as the fie1d wi11 a110w. А 1ine ~oini~g the sa~e

{~ the double exposure wi11 define the Е W d1~ect10n. Th15
.rs 1П. ry dependent оп having а te1escope mount1ng that сап Ье
h d 15 ve t' N S..t О d tarted precise1y and with ab501ute1y по movemen 1П -

ed аП 5 , . th' '11 .stoPP . during stopping and 5tarting, 51псе lS W1 glve а
'rect10n

:;'p1ete1Y wrong re5u1t.

With reference to guiding, it ought not to Ье nece5sary to correct
dec1ination for. exposures о! the order о! which we аге speaking.

1п 5uch correct10ns аге made continuous1y the res~lt will Ье
unless

1 apparent. The answer 1ie5 in getting the equator1a1 head into
...1пСи1 у l' . t· fl . mentr- ccurate a1ignment, and е 1т1па 1ng апу eX1ng or move
,,811у а the сатега and the guide instrument. It i5 ргеСегаЫе to make
betwee~ide in5trument adjU5table, 50 that it сап Ье offset to guide оп
~Sa~jacent bright 5tar. This сап Ье thrown out о! focus.and the
8D 1ting circu1ar image kept carefu11y quartered оп the crossw1:es о!
~su guiding eyepiece, which in this таппег о! use requ1re по
~umination. It тау Ье noted that with а guide instrument ~! 11-~т

rture а magnification о! х40 is suitable when the сатега 1П use lS
~ted with а te1ephoto 1en5 о! 400тт foca1 1ength, and о! X2~5 when
l'k1ng exposures at the prime focus о! а 21бтт specu1um о! bas1c foca1
~gth 1,400тт used in conjuction with а х2 bar10w 1ens •. S~ars down to
"'n1tude 7 are 5ufficient1y bright to Ье thrown 5uff1c1ent1y out о!

us to Ье suitable for guiding.

Trailed
images.

•
Second
exposure.

E··------+-W

E+·-----..-W

N..
I
I
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Р.а.

First
exposure.

Driven
images.
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Fig 31. Measurement о! Position Ang1e. (Trai1 method).

The type of exposure that has Ьееп discussed so far is mere1y
of the images of the two components of the double, together w"t that

1 h theimages of апу other stars in the fie1d. То determine position а
two courses аге ореп. The first is the тоге accurate if Опе o;&le.
stars is bright enough to 1eave а trai1 with the te1escope d ~he
stopped. In this case, with the driven exposure comp1eted (th rlve
having Ьееп p1aced towards the fo11owing side of the fie1d)e star
exposure is interrupted for, зау, 5 seconds, with а dark card ov;r ~he
aperture and the drive stopped. The card is then removed and the he
allowed to trail out of the fie1d. star



The use of а Ыие fi1ter a1ters the spectra1 response of the
emu1sion of course, and it is the experience of the writer, that eithet
of the fi1ters mentioned, use in conjunction with either НР4 ог FP4 fi1m
wi11 resu1t in images being recorded in а simi1ar manner to that which
wou1d obtain with а non-c010ur sensitive emu1sion as used in the еаг1у

days of photography, and the c1assic со1оиг index app1ies sufficient1y
c10se1y.

Whi1st photography cannot compete with the visua1 micrometer for
abs01ute ассигасу, it does have the advantage of providing а permanent
record of the observation. There аге а great number of double stars
suitable for the саmега, as а study of Webb's writings wi11 геуеа1. Had
Webb had the apparatus and materia1s that аге avai1able today he wou~d
have certain1y tried his hand at photographing double stars, and it lS

hoped .that the information in this chapter wi11 prompt the reader to
active work in this fie1d.

So far separation attainable has not been mentioned. With due
precaution and а sufficient foca1 1ength it shou1d Ье possible to record
photographica11y two equa1 stars in the 'two magnitude аЬоуе' thresho1d
range which аге of the order of 2 ог 3 times the Dawe's 1imit for the
aperture. The essentia1 is to use а sufficient1y 1arge sca1e to
minimise the effect of the en1argement of the image due to structure of
the emu1sion. As а 1imiting case, an ехаmр1е that сап Ье quoted is the
definite e10ngation into а pear-shaped image of а star with components
of magnitude 4 and 8 separated Ьу 70 агс seconds оп а negative in which
the sca1e was on1y 2.4mm рег degree. This exposure was made with а

quite ordinary te1ephoto 1ens of 135mт foca1 1ength and а 1inear
aperture of 34mm оп НР4 fi1m.
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6954
6422
6041
3928
3008
2937

11630
11330
10897
10218
10197

9767

9563
8898
8291
8275
7354
7126

Observations

Siminov G.
Duruy M.V.
Knipe G.
Lewis Т.

Secchi А.

Milburn W.

Hussey W.J.
Bowyer W.
Wa1ker R.L.*
Mul1er Р.*

Leavenworth F.
Innes R.T.A.

Espin Т Е Н

Struve F G
Schiaparel1i G
Holden F
Qlivier С

Dawson В Н

Observer

20678
15471
14187
13749
12070
12069

26126
24154
23883
22000
21000
20999

73940
36971
35915

>35000
>33000

26650

Observations

BRIEF BIOGRAPHIES OF DOUBLE STAR OBSERVERS7.

Deabowski Е.

Finsen ".5.
Doberek W.
Fox Р.

Вarton 5.
Jonckheere R.

Observer

.аа den Bos W Н

ВаЬе W
.an Bie5broeck G
vorley С Е*
.eintz W D*
,f.itken R G

foute J.G.E.G.
8aize Р.

Rossiter R.A.
Вurnham 5.W•
'couteau Р.*

Doolitt1e Е.

.!2bert Grant~ (1864 =1951)

R G Aitken was born in Jackson, Ca1ifornia оп December 31, 1864 and
was educated at Oak1and High Scho01. After graduati~g from ~i11iams
College in 1887 Aitken Ьесаmе an instructor in mathemat~cs at L~vermore
COllege • Betw~en 1891 and 1895 he was Professor оС Mathem~tics"at the
UniverSity of the Pacific at San Jose in Ca1ifornia. At th~s t~me ~e
Ьесате Assistant Astronomer at Lick Observatory and his e~r1iest"work ~n
the field of double star observation consisted of measur~ng, w~th the

of this Handbook а number of biographies of
t he first version t "t has been

1П 1е star observers were inc1uded. The оррог un~ у "
leading doub " 1 major figures who were 1eft out of the f~rst

n of inc1ud~ng se;er~he measurements made Ьу each observer is a1so
~:ion, А 1istof

o
Char1es Wor1ey оС the United stat~s Ma~a1

iven , courtes~n asterisk indicates that the observer is st~11 act~ve
~servatory. t the 1atest estimate оС measurements made
and the number re~~es~~es time оС writing the data for some of the 19th
(April 1984) • has not been accessed' for inc1usion in the ~DS
century obse~v~~s eems c1ear that попе оС them wi11 turn out to Ье maJor
catalOgue bu ~ h: number attributed to Burnham is an estimate on1y, and
coatributors: т Ь Otto Struve have not yet been Си11у assessed but are
ье ob5ervat~ons у

~a ехее55 ОС 10,000 •
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pinkish tinge), a1most а11 of the 1ight is contained in а уегу natt
band of the spectrum in the ye110w, (the 'D' 1ines). The uSe о"

neodymium fi1ters (a1so ca11ed didymium fi1ters), which аге opaque toOf

narrow band containing these 1ines сап e1iminate this, but such f11 t а

аге comparat1ve1y expensive and аге fair1y opaque to the rema1n:ts
1ight, necess1tating 10ng exposures. А better a1ternative is to 1ng
Ыие filter, such as the Kodak Wratten 44 ог 44А. The 1at~se ,а
preferable, since it has а better transmission ир to the cut-off pe~ ls
which is just short of the 'D' 1ines, but is usua11y а specia1 Olnt.
Нет. Both of these filters аге ауаilаЫе in Ge1atin, and Otder
inexpensive. They must Ье hand1ed careful1y and not al10wed to Ь аГе

" ~-damp ог dewed ир, but ~f they do suffer damage they аге cheap
гер1асе. Either the 44 ог 44А wi11 reject тоге than 991 of sOd,to
1ighting whi1st exposures require increasing Ьу about 1.7 for the ~~m
and around 2.2 for the somewhat denser 44. It wil1 therefore Ье se А
that there is an effective gain of not 1ess than 4 magnitudes оуег t~n
background if this is on1y due to sodium 1ighting. е



In addition to double star work he enjoyed making measures оС

cometary posit~ons and computing their orbits in addition to measuring
the sate11ites оГ Mars, Jupiter, Saturn, Uranus and Neptune.

In 1933, Dr Baize began to иsе the 30.5-ст equatoria1 in the WeS
t

Tower оГ Paris Observatory, with which'he had comp1eted 11 332 measures

Ьу 1949. From 1949 to 1971 he was аЫе to work wi th the зв-ст

equatoria1 in the East Tower and with this instrument he produced 8П
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D In 1874 Burnham was аЫе to use the 9.4-inch refractor оГ the
v:rt~~uth. Co11ege Observatory оп 10 nights whi1st spending а summer
2б~~ lon ln New Hampshire. Оп this trip he a1so observed with the great
ЫЗ n~h .refractor at Washington оп one night and then added 14 pairs to
lar g OWlng. list. From then оп, Burnham was аЫе to use тапу of the
.O-~:c Amerlcan te1escopes, cu1minating in the 36-inch at Lick and the

h at Yerkes. Apart from the period 1888 1892 when Ье was

. nal 8,878 measures.
tl0

1 addition to his observational work Dr Baize Ьаs calculated the
~ elements of sоте 200 binary stars and has published а number of

it~es in 'Annales d'Astrophysique', 'Bulletin Astronomique' of the
tiC mical Society of France and 'Journal des Observateurs'. Не Ьаs
trOnOmember оГ the Comite National Francais d'Astronomie since 1932,

Ь88П arved оп Commission 26 of the IAU in 1936.
.nd 58

burne Wesley Burnham (1838 =1921)
~

s W.Burnham was born in Thetford, Vermont оп December 12, 1838. Не

'work аs а shorthand reporter at first in New York and later with
b8ga~onfederate Army in New Or1eans. After the end of the Civil War,
th8

ing which Ье first began to take an interest in astronomy, he
dUrtinued in his profession and in 1892 Ьесате Clerk to the U.S.
;!~cuit Court, а position which he held until 1910.

ОП а visit to London in 1861 Burnham purchased а 3-inch refractor
~ich was designed more аs а terrestrial than ап astronomical telescope.

1866 Ье settled down in Chicago, his home being just а few hundred
d5 from the Dearborn Observatory which had just been supp1ied with а

18.5-inch refractor Ьу Alvan G.Clark and Sons. At this time Burnham
• changing telescopes regular1y, never being satisfied with his
rrent acquisition.

In 1869 he chanced to meet А1уап G.C1ark in Chicago and this
u1ted in the ordering of the 6-inch refractor which was to win wor1d
оwn for its owner. Не stipu1ated that "its definition shottld Ье

fect and that it shou1d do оп double stars а11 that it was possible
а te1escope оГ that aperture to do". Burnham himse1f was unable to

1ain why his interest shou1d have focussed оп double stars, but
rhaps it was because Ье had amongst his sma11 1ibrary а сору оГ Webb's
elestia1 Objects for Common Te1escopes'. Burnham began his work Ьу

king for new double stars, and found his first new pair, BU 40 оп

ril 27, 1870. When Ье had accrued а list of 81 probably new pairs Ье

t it оГГ to the Month1y Notices оГ the R.A.S. This was fo110wed а
J,ar 1ater Ьу two further 1ists, a1though at this time Burnham did not
~~e а m~crometer. Subsequent contact with the great Ita1ian observer
~bowskl resu1ted in the 1atter supp1ying measures оГ Burnham's ear1y
P8irs.

Commission 26 оГ the IAU a1ld
in 1928, Ье was e1ected Honorary
оГ Lick Observatory and five
Director at Berke1ey, where he
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Не was а1sо the first President оГ

when succeeded Ьу Ejnar Hertzsprung
President. In 1930 Ье Ьесате Director
years 1ater Emeritus Astronomer and
retired and spent his remaining уеагs.

In addition to his observational work, Aitken computed тапу Ь.

and in 1920, after the death оГ Doolittle, took over the supervl'S~r lts
th t d d В h " 1011 ОС

е ех en е urn ат card 1ndex. ТЬ1S was used in the compilat·
Ь · 10n ОС

15 great double star catalogue, the ADS, in 1932. It was in this уеаг

that Aitken was awarded the Gold Medal оГ the Roya1 Astrono'
Society. mlcal

12-inch refractor, а list of pairs selected Ь Р f Еу го еssог Е Barnard.

After the work carried out Ьу the Struves, it had generally
supposed that there were few new double stars left to Ье discovered bee~
this idea was soon dispelled Ьу Burnham who was continually add' ' but
h~s ca~alogues. Ai tken had real ised, however, that Bu~~g to
d1scover1es had not been the result of а systematic sеагсЬ аs had ham's
of the struves. Не was therefore convinced that given th those
Ь . d . t· е еХсеll

о serv1ng con 1 10ns at Lick, the great resolving power of the 36 .e~

O.G. a~d the advantage of systematic work, а large number of s -11lch
could st111 Ье discovered. It was in July 1899 that Ai tken ystems
Hussey (who arrived in January 1896) combined forces and a~d W J
~xamine а11 the stars of the B.D. down to magnitude 9.0. ~~a" to
1nclude~ those ~Г magnitude 9.1) north оГ -22 When Hussey 1 ~SS~y
1905, A1tken cont1nued alone, finishing in 1915. е t Ц

Dr Baize, after graduating аs а medica1 practitioner in 1924 has
worked аs а specia1ist pediatrician during his long career. His
astronomica1 work, a1though substantia1 even Ьу professiona1 standards,
has been entire1y amateur. Не began serious double star observing with
а 10.8 ст refractor in 1925, equipped with а micrometer оГ his own
making. Between 1925 and 1932 he made sоте 3 834 measures оГ double

stars which were published in 'Journa1 des Observ~teurs', sоте оГ them
a1so being inc1uded in Ai tken' 5 'Genera1 Cata10gue оГ Double stars' ос
1932.



Pau1 Couteau (1923 = )

officia11y оп the staff оГ Lick ObservatorY,he remained ап

observe~ f0110wing his profession during the day and at weekends amateUr
the 10ng trip out to Yerkes. making

Burnham's fundamenta1 contribution to astronomy did not во

unnoticed and in 1894 he received the G01d Meda1 оГ the Royal
Astronomica1 Society, f0110wed ten уеагз 1ater Ьу the La1ande Prize оГ

the Paris Academy оГ Sciences. Не а1зо rec-eived honorary degrees ггот

Уа1е and Northwestern Universities.
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r
ing the region between +53 to +90). ОГ the 170,000 stars in this

102,000 have Ьееп observed resu1ting in the discovery оГ 2,200
, 1984. На1Г оГ these аге separated Ьу 1ess than 1 агс second

rs ЬУ. d аге c10ser than 0.5 агс second. Мапу оГ these pairs contain
а thlr . ' . 1 d . t Ь' ht

f and а number оГ the dlscoverles lnC u е companlons о rlg
ed d"ar st uch as theta CrB and 39 Сот.

st8rs s
teau intends to continue this survey and in the next few years

cou1cu1ate the first orbits for some оГ the rapid binaries
"i11 c~ed during the course оГ the work.
disCove

1 'ат Rutter Dawes (1799 -1868)
~~-------

А qua1ified medica1 practitioner and ап Independent Congregationa1
i ter Dawes had Ьееп interested in astronomy from his youth. His

Min : co~gregation was at Ormskirk in Lancashire and here in 1830 he set
tirshiS first telescope, а 3.8-inch Dolland refractor, and in the зате
UP "аз e1ected а Fe110w оГ the Roya1 Astronomica1 Society. Never in
~ hea1th, Dawes was forced to resign his position, and in 1839 Ье
~еЮ to St John's Wood, London and took charge оГ the Observatory owned
IIJ нr Bishop near Regents Park. Не married for the second time in 1842
~ moved to Camden Lodge in Cranbrook, Kent where Ье erected ап

~aervatory containing а Merz refractor оГ 8.5 feet Госа! length and б

!ПсheS aperture. His health continued to cause him concern and Ье was
~сеЮ to move to Torquay for а time in order to recuperate. His health
~roved and {п 1850 Ье moved to Wateringbury near Maidstone and
tina11y, in 1857, to Hopefield, Haddenham, Buckinghamshire where Ье

ived (ог the remainder оГ his life.
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Не continued to observe unti1 1913 and during his 1on~ сагеег

discovered 1,274 double stars, тапу оГ which аге in orbita1 motlon, and
зоте оГ which аге amongst the binaries оГ shortest known period. It .
а tribute to Burnham's superb eyesight that зоте оГ his most diffic ~s
discoveries were first suspected with the 6-inch refractor and la~ t
confirmed with а 1arger te1escope in which they were sti11 difficu~~
objects.

Еаг1у in his сагеег, the 1ack оГ геа11у usefu1 astronom'
1 i ter ature оп double star s prompted him to make notes at lCal
opportunity оГ а11 the measures оГ the known pairs _ а task which еУегу
expanded to Ьесоте the Genera1 Cata10gue оГ Double Stars PUblishlat~r
two v01umes in 1906. This magnificent work contains а ed lnva1uabl
c011ection оГ 10,000 measures оГ the тоге neg1ected doubles аз well е

generous measures оГ the binaries known at that time. as

Couteau was Ьогп in La Roche sur Уоп in the Vendee in France. His
mother stimu1ated ап еаг1у interest in astronomy which was reinforced Ьу

the works оГ Flammarion and Father Moreux. Ву the age оГ 11 Ье had
a1ready decided that his vocation 1ау in astronomy.

Не started his astronomica1 career in earnest in 1949 at the
Astrophysica1 Institute in Paris, comp1eting а doctora1 thesis оп white
dwarfs. Andre Danjon, who was 100king Гог someone interested in visual
binaries, persuaded Couteau to go to Nice in 1951. From 1951 to 1967
observations оГ visua1 binaries were made with the 38-ст refractor
resu1 ting in 12, 000 measurements which appeared in 'Journa1 des
Observateurs'. In 1961, at the invitation оГ George van Biesbroeck ,
Couteau went to Yerkes Observatory and spent 5 months using the 40-inch
refractor and a1so the 36-inch refractor at Lick Observatory.

At this time he was а1зо аЫе to negotiate the refurbishment ог the
76-ст refractor at Nice which had Ьееп inactive since 1926. Th

e

te1escope was restored and fuHy actJve again Ьу Мау 1979. А 50-c
l!l

refractor rep1aced the 38-ст te1escope and it was with this instrumen;
that Couteau has discovered most оГ his pairs. Since 1965 he ~aг
systematica11y searched the BD stars in the zone +17 to +53 (pau1 Mul е

Тhe bulk оГ his observations are to Ье found in the 'Catalogue оГ

I1crometrical Measures оГ Double Stars' forming part оГ Vol 35 оГ the
Irвnsactions оГ the Astronomica1 Society оГ London (R.A.S.), а series оГ

~sures оС 121 pairs in Vol 8 оГ the R.A.S. Memoirs and the Ormskirk
~baervations which appear in Vol 19 оГ the R.A.S. Memoirs.

"ron~ Dembowski (1812 =1881)

Ercole Dembowski was born in Milan оп January 12th 1812. His
father, General Giovanni Dembowski сате from а поЫе Polish family and
~a9a а тетЬег of the Italian Roya1 Army founded at the beginning of the

th century Ьу Napoleon I. Orphaned at the age оГ 13, Dembowski
::ered the Autrian Navy College in Venice. After ап eventful career {п
рг ~h he distinguished himself, Dembowski retired from the Navy in 1843
ve:tably on.health grounds (Ье suffered frequent attacks оГ. gout~. Не
ast to llve at Naples and it was here that Ье met Antonlo ноыl,' ап
lnf~onomer at Capodimonte Observatory. Nobile was undoubted1y а guiding
S_lnu~nce and тау Ьауе Ьееп responsible for Dembowski's purchase оГ the
"аа

С Plossl dia1yte with which Ье commenced his double star
urements. This instrument was set up at Зап Giorgio а Cremano in



the Naples hinterland and observations commenced at the end of 1851.

Eric Doo1itt1e (1869 =1920)

Dembowski received the Go1d Meda1 of the R.A.S. in 1874 for his
double-star work which, from the beginning of his astronomical career
was ce1ebrated for its thoroughness and ассигасу.

69Biographies

friend Robert Aitken, but died оп September 21st,

Victor Duruy (1894 - 1984)ice~ --- --- - ---

'е Duruy, а qualified m1n1ng engineer of the Ecole
Maurl

C
and Schoo1 of Mines in Paris, graduated from the

rolytec~niq~~ N псу His who1e сагеег was spent working Гог the French
Universlty ап E~gineer and then as ап 1nspector of Security in Mines

ment as а .' d S th АГ'(jOvern d travel1ing abroad notably to Br1taln ап ои rlea.
h involуе ',. h' t th

~iC time he took а teaehing post 1П App11ed Мее an1CS а е
t he same .. f t ' ,l' Institute of the University of Nancy, tra1~1ng u иге m1n1ng

Мining Н later Ьесате Director of the 1nst1tute and went оп to
..ineerds·'nis~rator of three Mining Sehoo1s, retiring in 1965.
bICQlle А тl

h d t ted m eh еаг11'ег The f1'rst v1'sualHiS astronomical сагеег а s аг u •
ti ns date from 1907 and show Saturn be10w Pegasus where it was

~rva О'п 1937 and 1966 1n 1910, at the age of 16 he acquired hisreturn 1 • ., t
st te1eseope, а 3-inch refractor and the f1rst observ1ng по es we:e

Тhese reeords describe the passage of the Earth through the ta11
Мdейаllеу'S Comet оп Мау 18, 1910 and the tota1 ec1ipse оГ the Sun

ible Сгот Paris оп April 17,1912.

second main period in his еагеег started in 1934 when he
ined ап 18-ет objective. The work carried out with it ine1uded
ngs of Mars, Jupiter and Saturn as we11 as observations of doub~e

variable stars and was published in Journa1 des Observateurs. Th1S
aged Duruy to order а 1arger refractor from Andre Couder wh~eh ~as

eted in 1936. Observations with the new 27.5-ст obJect1ve
inued unti1 the war when the observatory was destroyed. Fortunate1y
lens was saved but eou1d not Ье redep10yed because of its 10ng foeal
th. 1n June 1941 Duruy went to Lyons оп business and was аЫе to
the 16.2-ет and 32.5-ст refraetors there until 1946. There fo1lowed
ng period when по observing was possible but in 1962 he set ир а

reflector in the Montlhery region пеаг Paris and а 40-сm ref1ector
added in 1964 carrying out а program оГ variable and double star
rving.

In 1966 Duruy retured to Centra1 France and а БО-сm equatoria1 was
ed to his Observatory. The double star work continued unti1 about

~6 and then reluctant1y diseontinued beeause the seeing was too роог.
~ .ajority оГ measures in the Cata10gue Seetion оГ this Handbook аге
:еае to Maurice Duruy whose diffraetion grating micrometer is current1y

lng Used Ьу amateur observers in both Britain and France.
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The son оГ а Professor of Mathematics and Astronomy at Lehigh
University Pennsy1vania, Eric Doolittle was 'Ьогп оп Ju1y 26th, 1869 io
Ontario, 1ndiana. After schoo1ing il1 Bethe1ehem, Pennsy1vania he weot
оп to attend Lehigh University, graduating as а civil engineer in 1891,
Fo110wing Ai tken and Hussey, he Ьесате instructor in mathematics at
Lehigh and the University of 1owa, and in 1894 commenced postgraduate
study at the University of Chicago. During this period of two years, he
did research оп the "Secu1ar Variations of the Orbits of the Four Inner
P1anets" which was published as а Memoir in 1912.

1n 1855 he published his first list; accurate measurements of
double and triple stars taken from F.G.W.Struve's Dorpat Catalo 1<7
Dembowski produced further revisions of the Dorpat Catalogue il1 1~~e.
1864 al1d 1866. Ву the el1d of 1858 Dembowski had move to Galla О,

) . rate(between Milan al1d Varese and 1t was here that he set ир his 7-i
Merz refractor. With this instrument he made а complete and thoron~
revision of the Dorpat Catalogue, the final results being publishugh
after his death, in Rome in 1883 in the two volumes called "Mis~'
Micrometrice di Stelle Doppie е Multip1e". 1n 1879 Dembowski moved f~~
Ga11arate to а sma11 house at Monte пеаг Lake Maggiore. His attacks o~
~out Ьесате тоге frequent and intense, and а1 though he set ир h~s
1nstruments and ап observatory he was ипаЫе to use them and died оп

January 19th 1881.

1n 1896 Doolittle returned to the University of Pennsy1vania to
Ьесоте instructor in Mathematics and in addi tion, assistant to his
father Char1es, who was Director оГ the new1y founded F10wer
Observatory. The main instrument was а fine 18-inch Brashear refractor

of 30 feet foca1 1ength. For most of the rest of his 1ife, Doolitt1:
engaged in double star measurement, and between 1901 and 1914 publiS:~
four 1arge vo1umes of measures. The first was "Measures of 900 DO~ 1:
and Multip1e Stars" fo11owed Ьу "Measures of 1,066 Double and Mu1tl~1e
Stars" in 1905, "Cata10gue and Re-measurement of the 648 Hough DO~act
Stars" in 1907 and "Measures of 1,954 Double Stars" in 1914. 1n. hed
severa1 thousand measures were made after 1914 but remained unpubllS

in Doo1itt1e's lifetime.

'опа1
1n 1913 S.W.Burnham, оп his retirement, entrusted the addit1

l' tt1e \/hO
data for ап extension of his Genera1 Cata10gue (1906) to 000 1 d;ub1e
kept methodica1 fu11 records of а11 the published measures оГ \/hich
stars. Doo1ittle did not 1ive to see the completion of the work,



Thomas Henry Espinall Compton Espin (1858 =. 1934)
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tructed an eyepiece interferometer Сог the 2б.5-iпсh refractor.
hiS instrument тоге than 13,000 examinations оС 8,117 stars

t declinations -75 and +20 were made. As а result 73 new pairs
~e~" nd 11 оС whieh have orbital periods ranging Сгот 21 years down
е2 ~~ ;еагз. In addition 6,000 measures оС pairs too close Сог the

tD ;eter were made.
.1cro

Finsen also diseovered the "splitting" оС Nova Pictoris in 1928,

stud ied
th.e rotation оС Егоз visually in 1931 and during the oppositions

1954 and 1956 took тапу fine photographs whieh were
f Mars ln

:xtensiVelY reprodueed in journals and books.

Не Ьесате Assistant Director in 1941, Director in 1957 and retired
1965 but continued to саггу out private гезеагеЬ after that time. Не

10 the author оС зоте 135 рарегз and reports including three editions
~:з а catalogue оС visual binary star orbits (the last with Charles
:Orley о! U.S.N.O. in 1970).

VUlff Dieter~ (1930 =. 1----

was his
red stars, some 3,800 оС whieh he hЗd
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ТЬе first part оС the work for which Ье Ьесате well-known
observation and cataloguing оС

listed between 1885 and 1899.

Educated at Haileybury and Exeter College, Oxford, Espin took
Orders, and from 1888 until his death was Vicar оС Tow Law in HOly
Durham. Не Ьесате interested in astronomy after seeing Coggia's COU~ty
in 1874, and at Oxford Ье was allowed to use the 13-inch De 1COtnet
telescope. а Rue

In 1900 Espin started observing double stars with а 17-ineh Cal
refleetor - the first observer to use а refleetor Сог this type of ver
sinee the Hersehels. Most оС his diseoveries were eonfined WO~k
eomparatively wide pairs (5 to 10 аге seeonds separation) and these W о
found whilst re-examining the stars оС the В. D. Catalogue. The to~r~
number оС diseoveries whieh he made, aeeord ing to his own numbering w:s
2,575.

,William Stephen Finsen (1905 =. 1979)

One observation оС а different kind was his diseovery оС Nova
Laeertae оп Dee 30, 1910.

In 1914 Espin aequired а 24-ineh Calver refleetor and Сгот that
date the 17-ineh was used Ьу W Milburn, Espin's assistant and pupil.

ОС
Finsen assisted van den Bos in the Union Observatory s~rvey and

southern double stars. Later, ,he special ised in observatl0na1 ОС
theoretical work оп double stars, but was Сог some years in cha~g~ the
the Time Department оС the Observatory. In 1933 he began tests W1t and
Anderson double star interferometer and in 1950, designed

Сгот

оп to
Heintz was Ьогп in WUrzberg in West Germany and graduated

мunich University and Munieh Teehnological University. Не went
oarry out astronomical research in Australia and West Germany.

His work .оп double stars began in 1954 and at the time оС writing
(~ril, 1984) he had accumulated тоге than 33,000 double star
t\laervations. In addition he has eomptJted тоге than 300 orbits whieh is
~vorld record, and has diseovered 250 new pairs.

In 1968 Dr Heintz was appointed РгоСеззог оС Astronomy at
tNarthmore College in Pennsylvania, U.S.A. where he is still based.
8ts publications include 120 research рарегз which reflect his interest
1n multiple systems, combined astrometric/spectroscopic and visual
~tеmз, parallaxes and тазз ratios and low тазз objects. In 1978 he
"ote 'Double Stars', а monograph covering all aspects оС double star
J8tronomy. Together with Charles Worley he is responsible Сог а new
C*ta1ogue оС visual binary orbits which is currently in ргезз.

!!!:. Frederick William Herschel (1738 =. 1822)

1111 Аз in other branches оС astronomy, in double star observation,
011iam Herschel was а magnificent pioneer. His first observations, оС
розе unequal pairs, were designed to obtain а value Сог stellar
o~~a11ax and, beginning in 1779, he soon produced а list оС 269 pairs,
Не/ 42 ОС which had previously Ьееп observed аз double. Eventually,
Pos~~hel, after making numerous accurate measurements оС distance and
dete ~on angle, was forced to the conclusion that the changes he
lIove: ed were due not to parallactic shift but to actual orbital

ent оС the pairs.

Webb and assisted Ыт wi th producing
оС 'Celestial Objeets'. After Webb's
the 5th and 6th editions оС this

Although born in Johannesburg, Finsen was оС Ieelandie descent,
being the nephew оС Niels R.Finsen winner оС the 1903 Nobel Prize ~r
Medieine and founder оС the Finsen Institute in Copenhagen.

His early years were spent in Denmark , but in 1912 he returned to
South Afriea, studying at the King Edward VII Sehool in Johannesbur~.
Finsen went оп to obtain а B.Se. at the University оС South Africa l~
1930. Further degrees оС В.Se. Honours and М. Sc. were awarded in ~93d
and 1937 Ьу the University оС the Witwatersrand and in 1951 he гесеlу

е

а D.Se. Сгот the University оС Саре Town.

Espin was very friendly with
some оС the earlier editions
death, it was Espin who published
famous handbook.



Sir John Hersche1 (1792 =. 1871)

When John Hersche1 was persuaded Ьу his father to give up his law
studies and devote himse1f to astronomy, he began his work in 1816 оп

pure1y double-star observations. His object was to re-measure some 364
о! his father' 5 discoveries in order to accrue тоге evidence in support
о! the binary orbita1 motion which had Ьееп adduced ear1ier.

This extreme1y important conc1usion was revea1ed in his Ph'
Tran. paper оГ 1803, and this date represents the rea1 beginnin ll,
double- star astronomy. It shou1d Ье remembered, too, that at the t ~ or
this evidence оГ true binary orbi ta1 motion showed that the princ' ltlle,
оГ Newtonian gravi tationa1 theory cou1d Ье extended well beyond lPles
solar system, and strong1y supported the view that this was а t the
universa1 1aw. rUly

t Thorburn Ayton Innes (1861 =. 1933)

great ambition was to зее the establishment of ап

the Southern Hemisphere Сог the discovery and measurement
double stars. His ear1y co11ege friendship with R.P. Lamont 1ed to

support о! the 1atter Сог а 24-inch refractor. The
rruptlon о! the war de1ayed the de1ivery о! the blanks Сог the
tlve but in 1923 two 27-inch blanks were obtained from Jena. In
аате уеаг Hussey journeyed to Bloemfontein to 100k Сог а suitable

Сог а new observatory. In October 1926 while in London оп his way
uth Africa to supervise the erection оГ the te1escope, he died

enly.

Although, tragica11y, he did not 1ive to зее the comp1etion о! the
~ect, the te1escope was зооп in working order under the supervision
Professor R.A.Rossiter, and it has since fu11y justified Hussey's

tations.
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иsзеу then went оп to the Le1and Stanford Junior University at
ИА1tо where he Ьесате Professor оГ Astronomy. Whi1st here he wou1d

frequent visits to Lick, and in 1896 joined the staff as
In the уеагз 1898 and 1899 he re-observed а11 оГ the

nomertars оГ Otto Struve, the resu1ts appearing in the Publications
ko:

a ~iCk Observatory, Vo1 V, 1901. This very va1u~ble work а1зо
О' th а comp1ete co11ection оГ every other measure publ1shed оГ these
~t8in~ gether with their respective references.
p8irs , о

DUring his co-operative program with Aitken he found 1,327 pairs in

Y
ears, Гог which he was awarded the La1ande Go1d Meda1 оГ the Paris

sis .loademy of SC1ences.

In 1905 he returned to Апп АгЬог to Ьесоте ~rofes~or .о! Аз~гопоmу

. ector о! the Detroit Observatory, and dur1ng th1S t1me des1gned а

~5~~~Ch ref1ector which was subsequent1y bui1t a1most e~tire1y in the
'·kShOPS о! the Univer~ity. In 1911. he bec~тe D~rector o~ ~he
~ rvatory о! the Univers1ty of La P1ata 1П Argent1na wh11st reta1n1ng

post at Апп АгЬог. Не made four trips out to Argentina, and using
11-1nch refractor there added another 323 pairs to his cata10gue оГ

соуегlез.

publishing
Не made Ге\/

observations
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After his return from the Саре, he devoted his time to
the resu1ts of his visit, which occupied him unti1 1847.
astronomica1 observations after this time but his pioneer
with South were оГ great interest in double-star astronomy.

In his double star measurements, аз in а11 his work, Will'
Hersche1 disp1ayed his genius: where equipment and instruments а la~
found them, were inadequate for the task in hand, he improved th;m s Ье
used them wi th consummate skil1; when the evidence his observati and
revea1ed was at variance with the origina1 hypothesis he accepted O~~
without question, and immediate1y drew the correct conc1usion /d
revea1ed а new and vita11y important aspect о! the heavens. n

John Hersche1 then began а frui tfu1 collaboration wi th James South
(later Sir James South) at Southwark which resu1 ted in the publication
о! а cata10gue о! 380 new pairs. For this work, Hersche1 and South were
joint1y awarded the Go1d Meda1 о! the R.A.S. in 1826.

John Hersche1's expedition to the Саре о! Good Норе (1834 1838)
was опе of the most fruitfu1 in the history о! astronomy and although in
these southern observations, double stars were on1y о! "subordinate
interest", he neverthe1ess managed to cata10gue зоте 1,202 pairs.

William Joseph Hussey (1862 -1926)

Hussey graduated at Апп АгЬог University in 1889 Between 1889 and• . nd the
1891, he was, 1ike Aitken, ап instructor in mathemat1cs, а ос

following уеаг Ьесате Assistant Director оГ the Detroi t Observatory his
the University оГ Michigan, unit1 РгоГеззог Asaph Ha11 took up
appointment аз Director.

Innes was Ьогп in Edinburgh and went to school in Dublin, but a11
astronomical work was carried out in the southern hemisphere.

t:lnning pure1y аз ап amateur, he зооп Ьесате well known in Austra1ia
'ер his discovery and measurement оГ double stars, besides gaining а
Clelutation Сог his ability in mathematica1 astronomy, inc1uding

estia1 mechanics.



Н. Т. А. 1nnes made тапу other ?ontr ibutions to astro~omy, inc1uding
the confirmation (from а reductlon of a11 known transl ts of Mercury)
that the rotation of the Earth is not constant, and that Proxima
Centauri is оиг nearest ste11ar neighbour.

In 1896 he moved to South Africa where he Ьесате secretary to .
David Gi11 at the Саре Observatory. Неге he used the 7-inch and 18 .Slt
equatoria1s for the observation of both double and variable stars a~~n~b
1899 compi1ed а "Reference Cata10gue of Southern Double Stars". ~

1n 1903 1nnes Ьесате Director of the Transvaa1 Observatory
Johannesburg: here, in add i tion to photographic work wi th the t at
6-inch and 7-inch Frank1in-Adams refractors, he made а thorough \/ln
systematic survey of the southern skies with the 26.5-iПСh refractor ~nd
the discovery of new double stars. Together with B.H.Dawson of La Pl Ог

Observatory and W. Н. van den Воs, 1nnes compi1ed and puыshe:taa

"Southern Double Star Cato1ogue" in 1927. 1n this important work, 1nn а

contributed 1,613 new pairs, van den Воs тоге than 2,000 and Finsen тo~:
than 300.
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Eventua11y, in 1962 he published his major work, the "Genera1
which contains, among other observations, по 1ess than 3,355

and mu1tip1e stars discovered Ьу him since the beginning of
in 1906.

A1thOUgh his 1ife-1ong interest 1ay in double-star observation
kheere made тапу observations of p1anetary nebu1ae, red stars and

Jonc His published рарегs amount to тоге than 40 and represent the
lIоуа

е
: n to astronomy of а 10ng and fruitfu1 life. Не died оп June

devotlo
2lJth, 1974.

~ Lewis (1856 =1927)

Lewis joined the staff of the Roya1 Observatory ear1y in 1881.
itia11y his work invo1ved the reduction of zenith distance1: ervations made with the Transit Circ1e (8.1-inch aperture, foca1

о Sgth = 11 feet 7 inches) but 1ater in 1881 Ьесате Superintendent of
~:: Time Department, а post which he occupied unti1 his retirement in

1917.
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Robert Jonckheere (1889 -1974)

Jonckheere began his 10ng career аs а double-star observer in 19~

using а 3-inch refractor. This instrument was followed Ьу а 4-inch and
5-inch, and in 1907, Ьу а 9-inch equatoria1 refractor fitted with а

micrometer. This work was carried out at а private observatory оп the
roof of а house in Roubaix but sооп Jonckheere decided that he needed
more forma1 instruction in astronomy and he took а соигsе at Strasbourg
Observatory where he used а 6-inch equatoria1. With this instrument he
discovered 40 new pairs which were inc1uded in а list he published in
the Bu11etin Astronomique·in December 1908.

Jonckheere now set about the task of setting ир а Belgian
Observatory and this was successfully established at Нет пеаг Lille ?nd
eventua11y was attached to Li11e University. Double-star observatlon

was а major program at Lille, but at the beginning of Wor1d War 1 when
the country was over-run Jonckheere took refuge in Eng1and. Here, ~e
was аЫе to иsе the 28-inch refractor at Greenwich Observatory and У

the end of 1916 he had compi1ed а cata1ogue.

1n 1919, Jonckheere was аЫе to return to Li11e Observator;o::
continue his double-star work without further interruption. 1n 19 ~y

. . t h r waS Оretired and moved to centra1 France: hlS retlremen, oweve, iO~

nomina1, for during the next 30 уеагs, he was аЫе to иsе var and
instruments at the Observatories of Marsei11es, Nice, Tou1ouse

Strasbourg.

Lewis spent severa1 уеагs observing with the Transit Circ1e, the
altazimuth (3.75-inch aperture for 1unar observations) and the Sma11

E
uatoria1. 1n 1893 he began to теаsиге double stars with the Great
atoria1, а refractor with а 12.8-inch Merz object glass of 17 foot 10

nches foca1 1ength. The new 28-inch refractor was de1ivered in the
~e year, and Lewis spent most of his observing hours using this
\elescope for double star measures.

Не concentrated оп the pairs оГ F.G.W. Struve and is most
:r.,membered for his great vo1ume "МеаБигеs of the Double Stars contained

the Мепsигае Micrometricae of F.G.\i. Struve" which was published in
:РОб. Тhis earned Ыт the La1ande prize of the Paris Academy of

iences the fol1owing year.

Не retired in September 1917 and 1ived at Wivenhoe in Еssех unti1
8 death in June 1927.

!!ul Muller (1910 _ )-----
Вогп in 1910, Pau1 Mu11er joined the Observatory of Strasbourg in

1931. His interest in double stars began after he had constructed the
dOUble image micrometer with which his пате is now associated. Не has
~8~d this micrometer оп тапу te1escopes from 1937 to the present day
tW1th the exception of the war years) inc1uding the 16, 21 and 49-ст
aedescopes at Strasbourg, the 24 and 83-ст refractors at Paris-Meudon
p~ the 50-ст refractor at Nice. 1n addition it has a1so Ьееп taken to
(9~-du-Midi (60-ст refractor) and to the great refractor at Lick
fu -<:10). Equipped with а differentia1 photometer the micrometer has

rnlshed Dr Mu11er with accurate measurements of т and differences in



Richard A1fred Rossiter (1886 =1977~

In 1969 Dr Mu11er started to survey the stars in the dec1inat.
zone +52 to +90 and this has comp1emented the survey being carried 1011

Ьу Couteau at Nice. It is now about 95% comp1ete and has yie1ded аЬoи~
680 new pairs which have а теап separation of О" .5. Ои

His tota1 of measures amount to more than 11,000 of which
were made at Strasbourg between 1937 and 1956, 1,500 at paris_M5,500
(1956 - 1974) and а further 4,500 at Nice from 1974 о eUdoll
Photometric measurements have Ьееп made оп 400 pairs whi1st c01ounwards.
Ьееп determined for about 100. rs ЬаУе
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the end of 1952, the 1ast 19 years being carried out

Тhe resu1t was 7,368 pairs of which 5,534 were discovered Ьу

а record which has not been approached since, 1et a10ne
After retirement, Rossiter moved to Pietermaritzburg

to Bloemfontein again in 1975 where Ье died оп January 26th,

ТЬе son of ап American 10ya1ist emigre, he started his career in
Ноуа1 Navy as а Ьоу. Не obtained а commission from the 10wer deck

commanded а brigantine in the Mediterranean during the Napoleonic

iral Wi11iam Henry Smyth (1788 =1865)

Smyth owes the intense interest in astronomy of his 1ater years to
8eeting with Piazzi in 1817 at Pa1ermo Observatory. His first
ronomica1 te1escope was а fine 5.9-inch refractor Ьу Ти11еу which he

up in his small observatory at Bedford in 1830. Не took а specia1
rest in double~star observation. Ву 1839 he had cata10gued тапу

estia1 objects, including some 350 double and multip1e stars, зоте of
binaries being measured аппиа11у. After this date Smyth s01d his

lpaent which was insta11ed in ап observatory belonging to а Dr.
Smlth at Hartwe11 near Ay1esbury.

~ Smyth retained access to the observatory at Hartwe11 and Ьу 1843
'о1 Шэdе measures, accurate for his day, of some 680 pairs. In the
the10wing year 1844, Smyth published his "Сус1е of Ce1estial Objects" ,
~ work for which he is genera11y remembered and for which he was
8IIo~:eд the Go1d Medal of the R.A.S. in 1845. In 1860 he published
88 ыег book, "Speculum Hartwe11ianum", which, although not as popu1ar

s "СУс1е", contains а 1arge number of double-star measures.

iter,
..,al1ed •
returning
19'11.

~ !!!.Se10 Secchi (1818 =1878)

Although best-known for his pioneer study of ste11ar spectra and
~ir classification into four types, Secchi made а significant
.-tribution to double-star work. Using the 9.6-inch Merz refractor of
~ Observatory of the C011egio Romano (where he was Director), Secchi
аегуед double stars between 1854 and 1859, publishing the results in
а "Cata10go do 1,321 Ste1le Doppie ... " of 1860. In this work, Secchi
50 attempted а statistica1 ana1ysis of the proportion of binary stars
the tota1 in F .G.W. Struve' s "Hensurae Micrometricae" and related to
degree of separation of the pairs. The Lick Index of Double Stars

DS) 1ists оп1у four pairs against Secchi.

the first
secOnd a!1d

1964 ам

1978-1988 )

on1y eXist.
1118

theremain
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Dr Mu11er has ca1cu1ated 90 orbits and in 1953 published
ephemeris cata1ogue, fo11owed Ьу а supp1ement in 1954. ТЬе

third editions were produced in conjunction with G Meyer in
1970 and the fourth cata10gue (with positions every year from
was published with Pau1 Couteau in 1979.

co1our for pairs as c10se as 0".5 and these
determinations.

One of the great practitioners of Southern Hemisphere double-star
astronomy, Rossiter was born in Oswego, New York ~tate оп December 19th,
1886. Не studied at Wes1eyan University and graduated in 1914, going оп

to teach mathematics at Genesee Wes1eyan Seminary for 5 years. At the
University of Michigan he did research in ste1lar spectroscopy and was
the first to demonstrate the existence of ste1lar rotation in the star
Beta Lyrae. The head of the Astronomy Department at that time was W.J.
Hussey who saw Rossi ter as а key figure in his scheme to set ир а

Southern observing station.

Раиl Muller has been.president of Commission 26 (Double Stars) ОГ

the I.A.U. оп two occaSlOnS; from 1952 to 1958 and again from 1976 t
1979. In 1954 Ье founded the Information Circulars of this Commissio~
and was responsible for the appearance of this bulletin three times а

year for 30 years,being succeeded in November 1983 Ьу Раиl Couteau.

In 1926 Rossiter and his family accompanied Professor and Mrs
Hussey to London en route to Вloemfontein. Tragica1ly Hussey died
unexpected1y in London, and the Rossiters continued оп to South Africa.
The task of choosing а si te and superintend ing the erection оС the
telescope now fell fu1ly оп Rossiter. With the financia1 help of the
B1oemfontein City Council the Observatory was erected, and Rossiter waS
insta1led in rent-free accommodation. Ву April 1928 the te1escope waS
ready to start work. Assistance' had arrived severa1 months previous~Y
in the shape of H.F. Donner and М.К. Jessup, both graduates ~"
electrical engineering from the University of Michigan. Ву Мау 192 ~
Rossiter with Donner and Jessup had started observing,and this progr

a



Не retired from the post оГ Director at Pou1kova in 1889 and spent
~! remaining years at St Petersburg (now Leningrad) and Kar1sruhe where

died оп January 14th, 1905.

~ Achil1e van Biesbroeck (1880 =1914)
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each of

"Mensurae
which was
ироп.

over the running of the Observatory
November 23rd, 1864 having retired to
granted him in gratitude for his
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otto struve was born оп Мау 1th 1819 at Dorpat and at the age of 18
Ь те assistant to his father in double-star work at the observatory
1:~asti11 а student at the University. After taking а degree, ~truve

with С А F Peters was appointed to the post оГ Asslstant
~:noтeг at Pou1kova. His initia1 work invo1ved the determination оГ

constant оГ precession and the proper motion оГ the solar system
сЬ eventua11y 1ed to the award оГ the Go1d Meda1 оГ the H.A.S., an
ur which was a1so given to his father and his зоп, Herman. In 1862

aucceeded his father аа Director at Pou1kova and dedicated himse1f to
le зtагs and fundamenta1 astronomy. Опе оГ his major projects was
Zone Cata10gue оГ the Astronomische Gese11schaft (A.G.). His double

r work inc1uded the discovery оГ 541 pairs with the 15-inch refractor
included amongst them de1ta Equu1ei which, with а period оГ 5.10

га, is even today surpassed in shortness оГ period Ьу on1y.2 or 3
га. Не was very interested in the effect оГ persona1 equatlon оп

servations оГ double stars and undertook а major investigation in this
eld. Не himse1f had ап unusua11y 1arge persona1 equation, but Ьу

~гoиa experiments with artificia1 double stars was аЫе to make
~iafactory corrections to his measures.

results of this great work were published in 1837 ав

Тhe Ste11arum dup1icum et multip1icum" а cata10gue
ometricae t Ь 'ld

е the foundation for тапу subsequent observers о Ul
prov

1839 Struve Ьесате Director of the newly-est~blished Pou1kova
l n

tor where the principa1 instruments were а 15-1nch refractor ~nd
~erv~nchYhe1iometer. The main programme consisted of а ?omprehenslve
,1.6-1 of Northern Hemisphere stars down to mаgюtudе 1 and а

а1 survey . t d Ь,ener . 1 rvey of equatoria1 stars. In this work he was aSS1S е у
5it10na ви

=5 зоп otto.

1852 Struve published the accurate meridia~ positions of
1~ stars in his Cata10gue and a1so тапу slng1e stars.tb8 pr1mary

111 hea1th forced him to turn
hiз зоп, otto and he died оп

~ езtаtе which the Tsar had
-..tronomica1 work.

to Wilhe1m~ (1819 =1905)
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Sir James South (1785 =1867)

His friendship ith John Hersche1 1ed to their collaboration '
re-measuring Wi11iam Hersche1's doubles, and their joint cata10gu~ ~;
380 pairs was presented to the Hoya1 Society in 1824.

South was а qualified surgeon who Ьесате interested in astr
and, after acquiring а fortune Ьу marriage, spent his whole timonolll}'
considerable витв of топеу оп his chosen hobby. Не began doubleе аПд
observations with а 5-inch refractor at his observatory in B1a~star
Street, Вorough, London. Не Ьесате а founder member оГ the new1Y_fOkman
Astronomica1 Society of London and through his influence obtained Rrm~
recognition of the Society. °Уа1

Immed iate1y after this, South moved to Рааву, near Paris where h
began а further series оГ double-star measures, but Ьу 1826 he ha:
returned to Eng1and, establishing а very we11-equipped observatory at
Campden Hill, Kensington. Here, South had ideas of making а

comprehensive double-star survey and he spent а great dea1 of топеу in
obtaining а 11.15-inch Cauchoix objective and getting it mounted Ьу

Troughton. Не вооп Ьесате dissatisfied with the te1escope and refused
to рау Troughton's bi11. Мапу 1aw-suits fo11owed, much of the trouble
being due to South' s intemperate behaviour and he abandoned his
double-star ambi tions and destroyed his equipment. The Cauchoix
objective was saved however, and eventua11y found its way to Dunsink
Observatory where it is sti11 in иае.

Friedrich Georg Wi1he1m Struve (1193 =1864)

F.G.W. Struve was опе of the greatest double-star observers, and,
after the Hersche1s, а pioneer in the fie1d. Не was born near Hamburg
in АНопа оп April 15th, 1193. In 1808 he went to the University of
Dorpat where he studied phi101ogy with his older brother Kar1. Не а150

studied mathematics and in 1811 turned his interest to astronomy,
recelvlng а doctorate two years 1ater for а thesis in which he
determined the 1atitude and 10ngitude of the Observatory at Dorpat. ~e
started measuring double stars wi th а атаll refractor and the tran51t

instrument which resu1ted in the publication in 1822 of his "Cata1ogus

195 Stellarum Duplicium".

In 1824 Struve obtained а superb te1escope, а 9.6-inch Fraunhofer

refractor, then the 1argest in the wor1d, equipped wi th ап equator~~;
mounting and driving c1ock. With this instrument he began 1

I n а litt1e
monumenta1 survey of double stars down to dec1ination -15 •

and Knorre ,over two years, struve, wi th his assistants, Preuss and mu1 tiple
comp1eted по 1ess than 10,448 measures of аоте 3,112 pairs
stars of which 2,343 were new discoveries.



During the mid-1930's van Biesbroeck took part in the engineering
work for the new 82-inch ref1ector at McDona1d Observatory and after its
completion soon showed that а good reflecting te1escope was jU5t as
effective as а refractor for double-star measures.

In 1906 he obtained а Fellowship at Heidelburg University and
continued his double-star measures with the 12-inch refractor unt"
1908, when he returned to Uccle. Like тапу European astronomers 11
Biesbroeck found life and work greatly hampered Ьу World War 1 butY~"
1915 he was fortunate in obtaining а Visiting Fe110wship at Yerk1n

Observatory and in the following year he and his family emigrated ~s
Wisconsin. о

At Yerkes he found in the famous 40-inch refractor ап idea1
instrument for the study оГ doubles that were both close and faint, and
in his first programme he re-observed most of the 1,200 or 50 doubles
which W.J. Hussey had discovered ear1ier at Lick Observatory. As might
Ье expected, тапу оГ these c10se pairs showed fair1y rapid change 5ince
Hussey's time, and van Biesbroeck was аЫе to compute reliable orbits
for тапу оГ them.
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George Erardus Gijsbertus Voute (1879 =1963)

уап Biesbroeck died оп February 23, 1914: he 1ived а 10ng and
during which his 35,915 double-star measures of the
have put him amongst the foremost double star observers

Не was а visua1 observer оГ great ski11 and cou1d make accurate
with amazing rapidity, sometimes comp1eting as тапу as twenty

an hour оГ favourable viewing conditions. Тhis great double-star
rver died оп March 30th, 1974.

In 1930 van den Bos joined the staff оГ the Union Observatory and
ained there unti1 his retirement in 1956. However he continued his
earches in а private capacity unti1 i11-hea1th forced him to stop in
• at which point he had made nearly 74,000 visua1 measures,
overed some 2,900 new pairs and computed 150 orbits. In addition to
2б.5-iпсh апд 9-inch refractors, Dr van den Bos used the 27-inch at

Lamont Hussey Observatory, the 24-inch and 14-inch at Bosscha, Java,
Зб-iпсh at Lick, the 40-inch at Yerkes and the 10.5-inch at Leiden

1 refractors) as we11 as the 3б-iпсh and 82-inch ref1ectors at the
nald Observatory in Texas.

Не realised that the future оГ double star astronomy 1ау in opening
:: the southern skies as the 1arge American te1escopes had done Гог the
1 rth. J. С. I<apteyn he1ped Ыт to obtain а post at the Саре Observatory
n South Africa where he worked main1y оп double stars and para11axes.

Voute was Ьогп in Madioen, Java оп June 7th, 1879 and was educated
Holland, graduating in civi1 engineering at De1ft. In 1908 he

arted work at Leiden Observatory having taken ап interest in astronomy
" De1ft and in his first уеаг produced а double-star orbit which was
~lished in the Month1y Notices оГ the R.A.S.

1 m Hendrik van den Bos (1896 - 1914)
~~--------

D van den Bos was Ьогп in Rotterdam оп September 25th, 1896. Не

~tracted to astronomy and in particu1ar double stars at ап еаг1у
_, аIn 1913 he commenced study at the University оГ Leiden and whilst
..е. was taught Ьу such eminent теп as Hertzsprung and de Sitter. In
~гe n den Вos received his doctorate in Physics and Mathematics Ггот
192~ ~a and in August оГ that year arrived at the Union (1ater Republic)
~! ~v;tory at Johannesburg in South Africa as а guest observer. Не
Ob-eed а major part in the systematic search Гог new доиЫе stars in the
:~ьегп Hemisphere, which continued the work оГ Aitken and Hussey at

ck.
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A1though he discovered some new doubles during his 10ng career, van
Biesbroeck concentrated his attention оп the continuing observation and
precise measurement оГ c10se doubles which were a1ready known, thus
providing re1iable data from which orbita1 e1ements cou1d Ье obtained.

In 1945, van Biesbroeck, now aged 65, officially 'retired' but in
fact he continued observing: he took part in ec1ipse expeditions to
Brazil in 1941 апд the Sudan in 1954, апд in 1964 worked wi th the large

ref1ectors оГ Kitt Peak and Steward Observatories.

Among double-star observers, George van Biesbroeck mU5t
considered as опе of the greatest. Не was ап active observer for Ье
than 10 years and the major part of his work was devoted to double тОГе
astronomy. Although he started his working life as ап engi-5tar
graduating from the University of Ghent in 1902, he 50ОП tran5ferre~e~:,
energies to astronomy, beginning as а volunteer observer at the В 15

elgianRoyal Observatory at Uccle. Using а 15-inch refractor, his
micrometer measurements of close doubles earned him . сагеГи1
recogni tion. lmmediate

Besides his outstanding double-star work he made тапу observationS

оГ cornets, minor p1anets (two оГ the former and опе оГ the 1atter be~r
his пате) and other objects. Опе оГ the interests 1inked to hl~
double-star work was the search for companions to stars оГ 1arge рг~~еп
motion. In 1944 he discovered а faint companion to BD +4 4048. ~9
Biesbroeck's Star' as it is now ca11ed, has ап abs01ute magnitude of +
and is sti11 the 1east 1uminous star known.



Char1es ~ Wor1ey (1935 = 1

His tota1 оС 26,126 measures rank him amongst the most prolific
observers оС а11 time and his concentration оп c10se and difficu1t pairs
p1aced him, according to Aitke~amongst the very front rank.

Voute made тапу measures оС double stars at Lembang, and contin
his researches in Austra1ia after the Second Wor1d War during WhiChU~d
suffered Сог а time as а Japanese prisoner-of-war. Towards the ем о;
his life he returned to H011and and he died in The Hague оп August 20th
1963.
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8. COLOUHS OF DOUBLE STAHS

In the post-te1escopic ега the most notable recorders оС colours
were Wi11iam Herschel, F.G.W.Struve and W.H.Smyth. The first two
recorded co1ours in double stars as а matter оС' course. Struve was
particularly enthusiastic and went as Саг as inventing his own system оС

chromatic designations ranging Сгот obscurissima through alba, С1ауа and
caerulea to гиЬга. His most famous epithet was olivacea subrubicunda
vhich means pinkish-green! In а recently published book, David Malin
and Раи1 Murdin (1984) have shown that the co1ours оС both Hersche1 and
Struve corre1ate with stel1ar spectra1 c1ass and thus with surface
temperature.

The abi1ity оС different eyes to see different co1ours in the same
star has 10ng Ьееп а subject Сог discussion. According to Smyth
(Siderea1 Chromatics) the ancients recognised по Ыие stars; they spoke

red ог white ones. Both Pto1emy and Seneca recorded Sirius as
o~diSh giving rise to the possibi1ity оС secu1ar variation оС со1оиг.
r h in 1694, compared the c010urs оС the stars to those оС the p1anets
Z~ ~~ifying them as Saturnine i.e. du11ish, Jovian (bright and white)
с: Hartia1 (reddish). Solar stars were part1y ye110w and part1y red,
a~i1st 1unar stars were pa1e and dim and those оС Venus were ca11ed
~box_c010ured', In the case оС double stars it is certain that contrast
1ауЗ ап important part in the apparent co1our that each component
~egisters оп the еуе. Arago considered that that the 1ight оС fainter
companions was absorbed Ьу the atmosphere оС the primary star. In other
vords the fainter star wou1d a1ways Ье redder than the brighter. Smyth
showed that this was not the case and some stars did Ьауе primary stars
vhich were redder than their secondaries.

ТЬе greatest part оС this chapter is taken ир Ьу the resu1ts оС а

~rogram Ьу Соиг American amateur astronomers: Joseph J. Kaznica, James
Т. Russell Jr, Sandra T.(Keen) Kaznica, and Bil1ie Westergard. ТЬеу
Ьауе used the 24-inch (60-ст) ref1ector оС the Mount СиЬа Observatory at
Vilmington, Delaware, U.S.A. to determine the photographic co10urs оС
200 wide pairs оС double stars.

1!!,troduct ion
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Since 1965 Dr Wor1ey has Ьееп in charge оС the data Ьазе о!

double-star observations which Ьаз now grown to а tota1 оС тоге than
400,000 observations оС 73,609 pairs. Опе оС the most significant parts
оС this project was to get а11 оС the observations Сгот the Lick Index
cata10gue, previous1y оп cards, transferred onto computer. Тhis huge
task is now a1most comp1ete, and Apri1 1984 saw the issue оС the WDS ог

Washington Double Star Cata10gue which is the зиссеззог to the IDS.

Wor1ey began double-star observations in 1954 at Lick Observatory
and whilst attending university continued until 1961. Не then joined
the staff оС the United States Nava1 Observatory where he has remained
to this day. Working most1y wi th the 26-inch C1ark refractor at
Washington, he has а1зо used the 3б-iпсh and 60-inch ref1ectors at Сегго

Т01010 Interamerican Observatory in Chi1e.

Оп returning to Java in 1919 Voute, a10ng with his wea1thy frien
К.А.Н. Bosscha and Н.А. Kerkhoven and others, set ир the Neder1and ds
Indische Sterrnkundige Vereeniging with the express intent о! settin sCh
and maintaining ап astronomica1 observatory in Java. Оп his apPoint

g
up

as Director, Voute chose а site at Lembang 10cated оп the side о! m~nt
Tangkoebuu Prahoe vo1cano at ап a1titude о! 1300 metres. А double Z .he
refractor оС 24-inch aperture was set ир main1y due to the generositelSS

Bosscha. у о!

t At the Mount СиЬа Astronomical Observatory we Ьауе been engaged in
dhe development and evo1ution оС а colour photographic technique to
etermine the co1ours оС double stars and re1ate them in а

aemi-quantitative manner to spectral class. ТЬе purpose оС the
programme is to make colour determinations оС 200 double stars commonly
observed Ьу astronomers.



Existing co1our-index systems, such as photographic magnitude
versus visua1 magnitude and the UBV photometry system, generate
numerica1 va1ues of co1our. The e1ement that is missing [гот these
co1our indices is а description of the intrinsic star co1our
recognisable in terms of human co1our perception. Stated another way,
these co1our index systems generate а питЬег and not а co1our.

There is а great deal of variability in visual reports of co1o
urs

of double stars. Since visual observations аге biased Ьу the type ог

instrument, observer, seeing conditions, brightness of the stars and
lack of colour reference. these variations аге understandable. Most f
these parameters аге related to the function of the human еуе, and bi~
is introduced simply Ьесаиве the human еуе is not well suited t S

determining star colours. The retina of the еуе is furnished with о
layer of specialised ce11s ca11ed rods and cones which аге sensitive t a

1ight. The rods аге adaptable to 10w 1ight conditions and arO

responsible for the 'averted vision' phenomenon with which a1~
astronomers аге fami1iar. However, the rods see on1y in black and
white. The cones, which perceive form and co1our, аге designed to
operate under norma1 day1ight conditions, but аге poor1y suited to
determine co1our from very bright ог уегу dim point sources under
dark-adapted conditions.

We wondered whether another co1our-index system cou1d Ье deve10ped
which wou1d re1ate intrinsic star co1our to spectra1 c1ass, а system
having тоге re1evance to the visua1 observer. Natura11y we thought of
using co1our fi1m. A1though co1our fi1m is not а perfect match [ог the
еуе, and the various dyes have different reciprocity characteris~ics, we
fe1t that Kodak Ektachrome fi1m wou1d Ье successfu1 in reproduc1ng star
co1our, especia11y if the exposure times were kep~ short. Origina11y we
experimented with Kodak Ektachrome ASA 64 f11m as we found а more
uniform grain dispersa1 and distribution of co1our using the .slower.
finer grained fi1m. We deve10ped ап exposure curve Ьу theoret1ca1 and
empirica1 methods that permits us to make а correct exposure [ог а star
of giуеп magnitude. For examp1e. а sixth magnitude star wou1d Ье

exposed [ог 5 seconds.

A11 exposures аге made at the [/16 Cassegrain focus of the 24-in~h
(61-ст) Mount СиЬа ref1ecting te1escope. This e1iminates апу chromatlc

aberrations and по filters аге used. Оп each ro11 of fi1m there i5 аП
exposure of а co1our reference chart taken in day1ight.

choice of а co1our reference chart is the MacBeth Co1orChecker ,
Оиг This chart

ап accepted standard in the photographic industry.
... d ring therepresents the interna1 standard,and var1at10nS 1П co1our u i11

deve10pment of the fi1m сап Ье ignored since the interna1 standard wThe
a1ways correspond to the master сору of the Co1orChecker. co1oUr
Co1orChecker is а 4 х 6 аггау of co1our patches. There аге 18 gth5
squares of various hues corresponding to different dominant wavel en
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series of
ISCC/NBS
systems.

ColouTS of Double StaTs

ТаЫе 6. The Munse11 Co1or System.

index Co1our Ние Va1ue/Chroma

1 Strong purplish Ыие 7.5 РВ 4/10.7
2 Moderate Ыие 4.3 РВ 4.95/5.55
3 Strong greenish Ыие 5 РВ 5/8
4 Light bluish green 2.5 BG 7/6
5 Strong ye110w green 5 GY 7.08/9.01
6 Vivid yellow 5 У 8/11 .1
7 Strong orange yellow 10 УН 7/10.5
8 Strong orange 5 УН 6/11
9 Strong red 5 Н 4/12

То determine star co1our. the interna1 standard Co1orChecker is
ojected onto а screen, and then the star images аге projected onto the

prme screen using а second projector. Опе observer positions the star
::8ges next to the co1our squares. whi1e two other observers stand c10se
to the screen and сотраге co1ours for determination.

In most cases the stars have had co1ours c1ose1y matching опе of
tbe п1пе co1our squares; strong purp1ish Ыие. moderate Ыие, strong
,reenish Ыие, light bluish green, stroilg ye110wish green. vivid
ye11ow. strong orange ye11ow, strong orange and strong red.

Опсе the stars have had their co1ours determined Ьу this procedure
they аге photgraphed а second time, оп а different night. and determined
8'81П. А fina1ised star co1our. Ьу оиг method. is dependent оп

reproducibi1ity of а determined co1our.

ТЬе stars аге described in terms of the Nationa1 Вигеаи of
St8ndards co1ours and in accordance with the fo11owing table:

We offer in ТаЫе 9 а 1ist of determined co1our versus spectra1
class as evidence that оиг technique shou1d Ье given serious
cOnsideration in describing the co1ours of stars in terms of human
colour perception.

ang1ng [гот vivid purp1ish Ыие to red. The bottom row is а

11 spaced neutra1 patches. Each square is identified Ьу ап

'tIe and Ьу its co1orimetric designation in the СIЕ and Munsell
пате co1our determinations we use the ISCC/CIE names.ror our

At the te1escope each double star requires at 1east two exposures ­
е for the primary star and опе for the secondary - except where both

:~ars аге essentia11y the same magnitude and а sing1e exposure wi11 do.

COI0UT5 of Double StaT584



Conc1usions

First о! а11 1et те зау that 1 eonsider our затр1е о! double star~
to Ье а random затр1е. They are distributed fair1y even1y throughoU

the sky. Му ehoiee was simp1y based оп "Pretty Pairs" that observ~r:
wou1d enjoy. 1 was 1imited Ьу our photographie technique о! еhооS1 П

Based оп this eorre1ation о! observed e010ur with speetra1 е1азз we
have confidenee in our teehnique deseribing star e010ur in terms оГ

human e010ur pereeption. We deve10ped this technique in order to give
the visua1 observer ап idea о! e010urs о! the double star pairs
diseussed if the еуе was eompensated for а11 о! the variables discusSed

in our origina1 artie1e. These variables render e010ur determination at
the eyepieee а haphazard guess at best.
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nine e010ur e1asses
double or mu1tip1e

be10w shows the
oeeurred in double

20.5 are зеез.

25.1 are зеез.

34.1 are зеез.

Average Separation

Colours of Double Stars

Colour Category Differenee

Zero or опе

Т"о ог three
Four or more

~.!! L·Observed e010urs о! ..l2.2. double star pairs

Colour Category Differenee Number о! Pairs Fraetion о! tota1

ззmе co10ur 101 52%
Differenee о! опе e010ur 36 18%

" two co10urs 22 11%

" three eolours 18 9%

" four eo10urs 4 2%

" five eo10urs 7 4%

" six e010urs 4 2%

" seven e010urs 3 2%

irs о! the зате magnitude wider than 3.5 are seconds and pairs оГ

qua1 magnitude wider than 6.5 are seeonds. То use our eata10gue with
ре teleseopes 1 ehose most о! the c1assie wide pairs so that the

rage separation о! the 195 double stars in the survey is 22.8 are
8V:onds. The 5 mu1tip1e stars have simi1ar separations. Most о! the
,е rs have соттоп proper motion and are usua11y referred to as
st~ativelY fixed. Оп1у 10 show orbita1 motion and а further 10 are
re "
optieal pa1rs.

We e1assified а star аз be10nging to опе о! the
hich are given оп page 45 and eaeh eomponent о! а

Wystem was examined separately. The ТаЫе given
:requeney with which various differenees in e010ur
star pairs.

ТаЫе 7 shows а high probabi1ity that а given double star wi11 have
oomponents о! the зате e010ur or very simi1ar eolours. In 52% о! the
pairs the eolours аге the зате whi1st 81% showed differenees о! two
oolour categories or 1езз. The 5 multip1e stars show similar resu1ts.
Тhe famous pairs with great e010ur contrast sueh аз A1bireo (beta Cygni)
thus appear to Ье the exeeption rather than the ru1e.

We а1зо 100ked for а eorre1ation between stars whieh appeared to
have the зате e010ur and the angu1ar separation. The average separation
о! 195 pairs is 22.8 are seconds and the resu1ts are given be1ow.

~l! ~ Distribution о! e010ur differenee with angu1ar separation.

Colours of Double Stars86

Let us examine this table in detai1. Aeross the top we find
e010urs 1isted Ьу Nationa1 Bureau о! Standards пате. Be10w eaeh the
пате we find the e010ur index number whieh simp1y enables us to С01оиг

identirythe e010ur о! а star Ьу а number. At 1eft is speetra1 1
sub-e1ass and to the right is shown the tota1 number о! stars ~ ass Ьу
sub-~1ass. Our study tota1s 406 individua1 stars eomprising 95 ~~Ub~:~h
4 tr1p1es and 1 quadrup1e star system. This table eonsists '
. d of 349
1П ividua1 stars 1eaving 57 to Ье omitted beeause а

1 'С' t· spectra1
с aSS1 1еа 10П was not avai1able and these are а11 seeondary or t
stars. ertiary

Speetra1 е1азз О and В stars we wou1d expeet to Ье bluish and our
teehnique deseribes them аз sueh. G е1азз stars are determined аз

ye110w or ye110wish and К and М stars are deseribed аз being most1y
orange. For these speetra1 е1азз stars the determined co10ur ranges
over оп1у three or four e010urs whi1e for speetra1 е1азз А and F the
determined e010urs range over five or six e010urs. This difference оГ

determined e010ur range is in agreement with that determined Ьу the UBV
e010ur system and is а1зо expeeted. We wou1d expeet that the c010urs
determined for А and F е1азз stars wou1d range from bluish through
greenish to ye110wish аз they are midway between the very hot and very
ео01 stars. Again our teehnique agrees with this premise.

Note the overa11 trend going from Ыие to red as the star
1isted from the hottest, speetra1 e1ass О to the eo01est, speetra1sc1:~e
М. We do show а rogue point for speetra1 е1азз АО to А4 showing s
star аз strong orange. This is the seeondary star о! iota Bootis wh~ne
. . 1" 1ch
1з glven аз speetra type А2 1П Robert Burnham's 'Ce1estia1 Handbook'
The 1iterature оп this star is eonfusing. It is given in the L" k
Cata10gue аз magnitude 7.5 but in the Beevar Cata10gue it is magnit~~
8.3. We have photographed this star а number о! times and hav

e

determined that the Beevar va1ue is the eorreet опе and that the е01ои;
is indeed strong orange. Burnham's referenee for the spectra1 type is
from а European souree and we have written to him for e1arification.



89

4
4
4
4
4
2
4
3

4
5
6
6
2
3

3

5
8
4
8
2
2

5
2
4
4
8
3

2
5
4
6
4
2
4
3

4
4
6
6
2
8

6

2
2
4
2
6
5

4 6
8 8
6 6

7 1
1 1
3 3
4 4
5 6
6 7
9 9

7 8

2
2
2
7
2
2

iota (STF 1268)

94 (STF 2998)

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

gamma (STF 205)
pi(STT 4 Арр)

59
STF 79
STF 2985
STF 1 Арр 1
STT 547

lambda (STT 21 Арр)

gamma (STF 180)
30 (STF 5 Арр 1)
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 Арр 1)
kappa (STF 1821)
xi (STF 1888)
STF 1850
STF 1921

1 (STF 550)
STF 396
STF 618
STF 1625
STF 1694
Piazzi III 97

ТаЫе 10. Double Star Colour Observations

Cancer

Camelopardalis

Вootes

Auriga

Aquarius

Aquila

Aries

Andromeda

constel1ation-

47

5

47

21

21

14

37

29

з8

8

5

77

2

9

Sub
Str. Class

Red Tot

3

2

2

8

14

10

4

7

7

5

11

18

Str.
Or. Str.
Yell. Or.

3

6

5

6

12

11

16

Viv.
Yell.

2

3

2

5

5

Str.
Yell.
Grn.

11

12

8

4

4

10

19

24

Lt.
Вlиe

Grn.

3

7

21

14

Str.
Grn.
Blue

Colours of Double Stars

2

2

5

7

26

11

Mod.
Вlиe

2

Str.
Purp.
Вlиe

ТаЫе 9. Summary of Mt. СиЬа star eolour determinations
and relation to speetral elass

The 5 multiple stars show а similar eorrelation.
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В1-В4

В5-В9 8

АО-М

Col.
Index Ir 1

А5-А9

F5-F9

FO-F4

G5-G9

ISCC
NBS
Name

GO-G4

Sinee eolour is ап indieation of star speetral type the analysis ог

our data shows that the eomponents of а double star system, even wide
еоттоп proper motion pairs tend to Ье similar in type. The data base
here is small and these eorrelations are based оп а quantitative
teehnique but there does appear to Ье some very specifie trends in the
data. Hopefully this information will lead to а better understanding ог

double stars.

МО-М5

КО-К4

05-09 2

ТаЫе 8 indieates that the smaller the separation of а pair the
greater the probability that the eolours will Ье the same. There ar
of eourse, some striking exeeptions to this rule. In the pair Alma~h
(gamma Andromedae) the stars are six eolour eategories apart but the
are separated Ьу only 10 are seeonds, whilst Aldebaran (alpha Tauri) thY
stars have the same eolour but the separation is 121 are seeonds. е

К5-К9



90 91
Constellation Double Star Сотр ! Сотр ~ Сотр' .f.

~~
Double Star Сотр! Сотр !! Сотр .f Сотр Q----- -----

Cancer phi 2 (STF 1223) 4 4 beta (STF 43 Арр 1) 8 1
24 (STF 1224) 4 4 16 (STF 46 Арр 1) 6 6
STF 1245 5 8 17 (STF 2586) 5 8
STF 1311 5 4 61 (STF 2758) 7 8

STF 2486 6 6
Canes Venatici alpha (STF 1692) 3 4 STF 2578 3 3

2 (STF 1622) 8 8 STF 2687 3 3
STF 1645 б 6 STT 191 Арр 8 3

Canis Major nu (HJ 239) 8 5 gamma (STF 2727) 6 4
HJ 3945 9 7 II1phinus

S 752 3 3

Cassiopeia alpha (Н 18) 7 7 nu (STF 35 Арр 1) 2 2
eta (STF БО) б 8 psi (STF 2241) б 6
35 (S 397) 2 9 omicron (STF 2420) 8 9
STF 30 2 4 40-41 (STF 2308) б б
STF 3053 7 2 STF 13б2 б 6

STF 2273 6 б
Cepheus beta (STF 280б) 2 2 STF 2348 7 2

kappa (STF 2б75) 2 5 STF 2573 4 7
xi (STF 28б3) 4 5
delta (STF 58 Арр 1) 7 3 32 (STF 470) 8 1
STF 2840 3 3 55 (STF 590) 8 3
STF 2873 б 7 STF 570 4 4
STF 2883 5 8
STF 2893 7 3 1 15 (HJ 223) 7 7
STF 2903 7 3 20 (STF 924) 5 5
STF 2947 5 5 38 (STF 982) 5 б

STF 1108 7 5
Cetus 2б (STF 84) б 7

37 (STF 3 Арр 1) 7 7 kappa (STF 2010) 7 б
бб (STF 231) б 7 rho (STF 21б1) 2 1
STF 274 2 2 95 (STF 22б4) 7 2
STF б Арр 1 б б 100 (STF 2280) 2 2

STF 20б3 3 7
Сота Berenices 2 (STF 159б) 2 4

12 (SHJ 143) 5 4 17 (STF 1295) 4 4
17 (STF 21 Арр 1) 2 4 STF 1270 7 7
24 (STF 1б57) 7 4 STF 1329 8 7
STF 1б33 4 4
STF 1б78 2 5 8 (STF 2922) 2 2
STF 1б85 4 5

Leo
alpha (STF б Арр 11) 2 8

Согопа Borealis zeta (STF 19б5) 3 1 gamma (STF 1424) 8 7
sigma (STF 2032) б б tau (STF 19 Арр 1) 8 5

б (SHJ 107) 7 5
Corvus delta (SHJ 145) 3 8 54 (STF 1487) 2 2

STF 1бб9 б б 83 (STF 1540) 7 7
88 (STF 1547) б 9
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----- Сотр ! Сотр ~ Сотр f Сотр Q
Constellation Double Star Сотр! Сотр ~ Сотр f

~~
55 (STF 46) 7 4

Leo 90 (STF 1552) 3 4 4 65 (STF 61) 4 4
STF 1552 5 6 77 (STF 90) 6 6

STF 98 3 3
Libra STF 1962 7 7

theta (STF 2637) 5 8 7
Lynx 19 (STF 1062) 4 4

p81tt8
20 (STF 1065) 4 4 delta (STF 1954) 4 4
STF 958 6 6

..,.,.n! theta (STF 2417) 4 4
STF 1009 4 4 49 (STF 2021) 6 6
STF 1282 7 7 STF 1919 6 7
STF 1369 5 5 5 STF 1931 5 7

Lyra beta (STF 39 Арр 1) 1 1 35 (STF 1466) 7 7
eta (STF 2487) 3 2
zeta (STF 38 Арр 1) 4 5 alpha (STF 2 Арр П) 8 8
STF 2372 3 3 chi (STF 528) 3 5
STF 2459 3 3 118 (STF 716) 3 4
STF 2470 3 4 STF 401 5 5
STF 2474 4 4 STF 422 7 7

STF 494 2 2
Monoceros epsilon (STF 900) 6 6 STF 548 5 4

STF 572 4 4
Ophiuchus 61 (STF 2202) 2 2 STF 645 4 5

Н VI 98 6 6
Orion delta (STF 14 Арр I) 3 3

lambda (STF 738) 2 2 iota (STF 227) 7 4
iota (STF 752) 1 1 STF 239 4 5
sigma (STF 762) 2 3 3 2
23 (STF 696) 1 3 zeta (STF 1744) 3 3
STF 627 4 4 65 (STF 1579) 2 2 4
STF 697 2 3 STF 1315 4 4
STF 747 2 3 STF 1415 4 4
STF 855 1 1 STF 1520 5 5

STF 1561 6 8
Pegasus epsilon (S 798) 8 6 STF 1603 5 5

1 (STF 1 Арр П) 7 8
3 (STF 56 Арр 1) 2 2 alpha (STF 93) 6 6
STF 2841 7 4 pi (STF 1972) 7 8
STF 2978 4 4

gamma (STF 1670) 5 5
Perseus eta (STF 307) 8 2 theta (STF 1724) 2 5

epsilon (STF 471) 3 3 17 (STF 1636) 8 8
STF 331 2 2 54 (HJ 412) 3 3
STF 336 7 4 STF 1575 7 5
STF 552 3 3 STF 1627 6 6

STF 1740 7 8
Pisces psi (STF 88) 3 3

zeta (STF 100) 6 6 STF 2769 2 3
35 (STF 12) 4 4
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PART 'IItIO

А CATALOGUi;; о:Е' DOUBLE S'l'ARS

This te1escope was situa.ted at Mont1hery, пеэr Paris (аН!tude 80
8) where Duruy reported that the seeing wаз висЬ that mеазurеs

Ье тзdе оп more than 95% of c1ear nights. .3etween 1962 and 1964,
s of distance were made using the binocu1ar micrometer which

ев а pair о! artificia1 stars, whi1st а wire in the eyepiece and а

:ted circ1e were used for the шеasurеmепt of position ang1е. .I!'rom
in 1964 to еэr1у 1965, the grating' micrometer wаз used for pairs
than 1 эrс эес, whi1st Ье1о., this separation, the binocu1ar

raeter wаз used as before.

(Ь) 1963 - 1975

Ref1ectors of 26-ст, 40-ст and 6О-ст aperture were used and
ationS were made from two different sites.

This wаз а1эо set ир at Mont1hery, the first measures being made in
1965. Again the binocu1ar micrometer ",аэ used for the gTea.t

ity of measures. In mid-1966, M.Duruy moved to Le Rouret which is
i10metres west of Nice. Mounta.ins rise to 2000 metres эоте 16
tres north of the site, and the Mediterranean is tne эате distance

aouth. ТЬе Mistra1 frequent1y reduced the seeing to 5 arc
, making the measurement of с1оэе pairs impossible.

(iii) 6О-ст ref1ector.

~Tbe 4О-ст "'аэ transferred to ап alt-azimuth mounting, and the
na1 equatoria1, a.fter reinforcement, ",аа used to carry the 60-ст.

f,UCTION
тье measures in this cata10gue were тзdе Ьу а number of observers

tai1s эrе given 1ater. ТЬе 1arge majority were made Ьу Maurice
dв and his contribution amounts to 3,499 measures of 420 systems out

~, tota1 of 5,035 mеазurеs of 685 systems. ТЬеэе теазurеs were made
01w:en 1941 and 1975 but эrе not continuous, being divided into two
.. unct periods ;
.", (а) 1941 - 1945

DUring this time the 32'5-ст Coude refractor of the Observatory of
at st. c.;enis Lava1 wаз used. ТЬе micrometer wаз а fi1ar with

constant of 7'43 эrс эесв per revo1ution.



The te1escope is housed in an observatory 10ith а divided roof 1Oh"
to the east апd 1Oest. At 1010 declinations the 60-с 1Сп ОРе
from 1 hour 10est to 2 hours eaвt, 1Ohi1st at high deC1ina~"сan Вее Objec~
are 2 hours 10est and 3 hours eas.t. 10nS the lillL1~
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st • Genis Laval
Мontlhery

i1ont1hery
Le Rouret
Herstmonceux
Herвtmonceux

Pickering
York
Sac Расl0

Lodi
Вournemouth

р - purple
а - g01d

у - уе1101О

g - green

}2'5-~n refractor
2б-сm ref1ector
4О-ст ref1ector
БО-сm ref1ector
б-iпСh refractor
28-inch refractor
25-ст ref1ector
21-ст ref1ector
4-inch refractor
11-ст refractor
3О-сrn ref1ector

0·- orange
1 - 1Нас

А Cata10gue of Double stars

тnв Right Ascension for 2000, the rnagnitudes, the origina1 rneaвures

tbS notes оп cornites 10ere taken frorn the IDS. Тhe periods of
ies and the epherneris positions for 1985.0 соrnе frorn Мu11er and

te8U (1978).

In шацу о! the 10ider pairs, the colour о! each component haв Ьееп

ted Ьу members о! the Webb Society Double Star Section. In order
_е the notes more compact, the observed· со10urs Ьауе Ьееп

1ated thus:

- vh1te Ь - blue
- grey r - red

Intensities are noted Ьу: Р - ра1е, D - deep.

А tendency to1Oards а particu1ar c010ur is indicated Ьу:
(yellowish) ЬэЬ (bluish) etc, and intermediate co1oиrв are эЬоwn

(
eoabinations о! letters frorn the table аЬоуе, viz: yw (yellow-white),
blue-whi te j.

Colours were observed Ьу the following: A.ТUcK, D.A.Allen,
~aentmartoni,tHungary), А.РаЬу, А Curran, J .E.Is1es, 1. Genner,

alker, E.R.Hancock, G.Gough, А Northcott and R.W.Argyle.

;))l М.V.DuruY
M.V.DuruY
К." .Durl1Y
M.V.Duruy
R.\i .Argy1е
R.\i.Argy1e
R.S.Waterworth
K.M.Sturdy
R.Frangetto
D.Ge11era
C.M.Pither

beside the measures of separation indicates that the pair was
ted. The number of nights оп 10nich mcaвures 1Oe~ made is denoted

"N". If two figures are sho1On, the former refers to the number о!

~еэ о! position ang1е and the 1atter to the number о! rneasures о!

..,-ration•

тne codes in the extrerne right-hand со1umn in the cata10gue refer
tbe obВerver and the te1escope used, and are ав f0110ws:реriоdз inshort

abbrevi8otions are used:

ни - W.J. Hussey
J • R. Jonckheere
КRи - А. Кruger

КUI - С.Р. Kuiper
Р - С. Piazzi Srnyth
SE - А. Secchi
SHJ - J. Hersche1/J. South
8'ГЕ' - F.G.W. Struve
STE' Арр - "(8oppendix)
STT - О. Struve
SТТ Арр tI (аррепМх)
WNC - А Winnecke

the seeing often prohibi ted the use
st~s. А р1anе para11e1 1Oindo1O 10as added

эее1ng, stars ав с1оэе as 0·20 arc эесопdэ

А Cata10gue of Double Stars

The following

А - R.G. Aitken
АС - А1уan C1ark
АСС - Alvan С. C1ark
ви - S.v/. Burnham
сои - Р. Couteau
D - Е. Dembo1Oski
DA - W.R. D801Oes
lS - Т.Н.Е.С. Espin
Н - W. Hersche1
HJ - J. Hersche1
HLD - R.S. H01den
НЫ1 - Е. Но1rnеэ

НО - G.W. Hough
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Duruy noted that
te1escope оп double
and оп nights of good
Ье rneaвured.

ТЬе rneasures rnade Ьу Argy1e 10ere obtained in t100
1970 and 1972 - 1973. Тnеэе 10ere made using:

(i) Тпе 28-inch refractor at the Roya1 Green10ich Observatory.

These measures 1Oer~ made bet10een Мау 80nd Septernber 1970. For а"
Ье10w 4 arc эесэ, tne cornparison irnage micrometer (с 1 М ) Р lrs
exc1usive1y for separation, 1Ohi1st the fi1ar 10aв used fo; '1i 10as used
of position ang1e and those separations greater than 4:rc s measures
Constant of the C.I.M. was 1mm= 0'0794 arc весв, and th80t of ~~:'fii~e
10aв 6'11 arc эесэ per rev01ution 10ith а х2 Bar10w 1еns fitted and 12.~
arc эесв per rev01ution without. '

EXPLANATORY NOT.IiS

(ii) The 6-inch Cooke refr8octor at the Roya1 Green10ich Observatory.

" Th~s instrument 10as used octwcen ~ovember 1972 80nd March 1973. А
f1.1ar ml.crometer 10ith а screw Cotlstant of 23 '70 arc эесэ per rev01ution
10as used for 8011 rneasures.
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НА 2000 DEC MAGS РА SEP DATE N OBS

0005.4 4549N 9.4,9.4 167.9 5.36 67.61 4 D3
169.3 5.80 73.59 3,1 D4

0006.2 5826N 6.4,7.5 150.8 0.51 43.68 5 D1
167.7 0.6 45.19 1 D1
177.7 0.62 45.86 6 D1

3062 0006.2 5826N 6.4,7.5 255.4 1.27 65.61 6,5 D3
260.8 1.28 67.63 3 D4
271.4 1.31 72.53 3 D4
272.0 1.40 73.54 3 D4

0011.9 2825N 8.5,8.8 round бб.О 1 D3

0012.2 5337N 7.2,8.0 round бб.О 1 D3
0014.9 0849N б.1,7.7 147.5 11. б 72.9 1 А1

149.3 11.47 81.бб 4 WS
001б.7 3б29N 8.2,8.9 213.3 0.4 44.88 1 D1

187.б 0.49 б5.бО 3 D3

0017 .5 0019N 7.9,10.2 278.3 3.75 112.90 2 D1
0018.5 2б08N 7.б,8.4 252.0 5.33 41.99 1 D1
0031.8 5432N 5.5,5.8 177.7 0.5б б5.70 б,5 D3

179.1 0.52 70.б4 3 А2

17б.2 0.55 73.б2 2 D4

0034.5 0433S 7.0,10.2 4б.8 20.12 82.95 2 KS
0035.2 3б50N 7.0,9.0 311.5 12.0 72.9 2 А1

28б.8 б2.б4 82.95 2 KS
003б.8 3343N 4.4,8.9 173 .4 3б .1 72.9 3 А1

004б.5 3057N 7.4,7.б 47.9 48.5 72.9 2 А1

48.1 4б.98 82.83 2 KS
0048.8 5750N 3.б,7.2 284.1 9.бб 43.97 2 D1

28б.1 10.00 45.92 1 D1
294. 10.22 б2.9 1 D2
297.б 11.05 54.б 2,3 D2

299.9 11.25 бб.О 3,5 D3
300.7 11.б4 73.б2 5 D4
306.3 12.28 77 .45 9,7 WS

0049.8 2743N б.3,6.3 295.0 4.42 42.09 10 D1
29б.7 4.43 б8.58 1,2 D3

297.7 4.3б 77 .95 3 GH
0050.4 5038N 8.5,9.0 225.0 0.72 б5.59 3 D3

244. 0.7 71.03 1 D4
0054.б 1912N б.1,7.2 238.7 0.42 б5.90 5 D3

238.8 0.47 б7.бб 5,4 D3
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PAIR RA 2000 DEC MAGS РА SEP DATE N RA 2000 DEC MAGS РА SEP DATE N OBS
08з

SH 20 0054.6 1912N 6.1,7.2 237.0 0.5 71.02 2 0135.7 7226N 8.5,8.6 310.1 0.62 43.99 2 D1
226.7 0.48 73.71 4

D4 308.2 0.53 73.89 4 D4
STF 73 0055.0 2338N 6.1,6.7 132.6 0.61 43.99 3

D4
0136.0 0739N 7.7,7.7 47.3 1.59 41.96 3 D1

140.0 0.57 45.88 3
D1 51.0 1.43 73.63 3 D4

200.7 0.58 65.6 4
D1

0138.9 7644N 8.8,9.0 321. 0.6 43.97 1 D1
Dз

211.9 0.74 67.48 4 0139.7 5612S 6.0,6.0 195.7 11.19 80.00 4 RF
218.5 0.58 70.69 3

Dз
0145.7 2503S 5.5,8.3 29.6 4.73 82.13 3 RF

217.5 0.80 71.01 А2
0149.2 4754N 6.5,7.0 204.9 1.97 66.0 4,3 D33

231.0 0.69 72.57 D4
0149.9 8053N 7.9,8.1 258.5 0.35 66.0 1 D31 D4229.7 0.66 73.71 6 D4 259 0.31 67.65 1,2 D3

BU 500 0055.4 3039N 8.7,8.7 303. 0.4 71.03 1 D4 0150.1 2217N 6.2,7.4 168.0 2.77 42.39 7 D1
BU 1099 0056.8 6022N 6.0,6.7 round 65.6 1 Dз 164.8 2.97 66.1 1 D3
BU 302 0058.3 2125N 6.7,8.1 124.7 0.57 42.92 2 D1 168.2 2.80 73.62 3 D4

141.8 0.65 65.64 3 Dз 166.0 3.16 77.74 3 GH
152.0 0.45 73.88 3 D4 0151.2 2439N 7.6,7.8 200.5 0.3 71.02 1 D4

STF 79 0100.0 4442N 6.0,6.8 194.3 7.93 44.62 3 О1 0151.2 6452N 7.1,9.1 37.4 36.43 81.98 2 KS
194.3 8.03 77.69 3 GH 0153.5 1918N 4.8,4.8 359.3 7.61 64.0 1,4 D2
191.4 7.62 81.60 2 WS 0.0 7.88 64.6 1,7 D2

STT 21 0103.0 4722N 6.7,8.0 172.0 0.68 65.7 3 DЗ 0.3 7.87 67.89 1,2 D3
STF 88 АВ 0105.6 2128N 5.6,5.8 159.7 30.5 72.9 2 А1 180.5 8.11 76.87 3 GH

161.0 30.0 82.16 2 RIi 359.0 7.79 81.71 3 WS
АС ,11.2 72.9 108.2 72.9 1 А1 0155.1 2847N 7.8,8.5 round 65.6 2 D3

SH 515 0109.3 4715N 4.5,6.1 150.6 0.49 65.7 7,6 DЗ round 73.63 1 D4
142.1 0.46 70.71 2 А2 0155.8 0151N 7.0,7.0 56.2 1.37 73.63 1 D4

BU 303 0109.6 2348N 7.3,7.5 289.0 0.67 67.65 2 DЗ 0156.1 3716N 5.8,6.0 298.3 196.6 73.0 2 А1

BU 235 0110.6 5101N 7.5,7.9 119.5 1.06 65.8 7 DЗ
297.4 199.44 81.84 3,2 KS

А 655 0111.3 4113N 8.5,8.9 round 65.8 1 DЗ 182 0156.4 6116N 8.1,8.1 124.3 3.67 41.97 3 D1
STF 98 0112.9 3205N 7.0,8.0 248.0 19.90 78.01 3 GH

21 АРР 0158.1 2335N 4.9,7.7 47.1 38.5 72.9 2 А1
STF 100 0113.7 0733N 5.6,6.5 63.7 23.0 72.9 2 А1 100 0159.5 6437N 5.2,9.5 310.3 42.02 81.96 2 KS

62.4 22.73 78.05 3 GH 13 0201.9 7054N 4.7,7.2 277.0 0.77 43.99 3 D1

BU 1100 0114.7 6057N 8.3,8.3 43. 0.37 65.1 4 DЗ
281.3 0.91 45.30 3 D1

40.6 0.38 67.64 1 DЗ
0202.0 0246N 4.3,5.2 294.2 2.38 63.0 3 D2

0117.8 4901N 7.1,8.3 284.5 0.45 65.63 4 DЗ
291.7 1.95 65.6 3 D3STF 102

о4
278.8 0.42 71.03 3

291.7 1.97 67.05 7,10 D3DЗBU 4 0121.3 1132N 7.4,7.9 round 65.9 2
288.4 1.82 73.58 3 D4

82.94 3 KS
STF 117АВ-С0126.0 6807N 9.4,10.0 121.2 21.64

о1 286.5 1.91 75.09 3 D4
CD 73.2 2.98 42.93 2

285.0 1.76 77 .43 8,5 WS2 KS
STF 121 0127.6 6428N 8.6,9.6 269.9 11.37 81.87 t<S 0203.5 4223N 2.3,5.0 63. 9.96 64.5 1 D2
STF 131 0131.2 6040N 7.4,10.6 143.8 14.20 82.99 2

о1 64.7 9.63 70.7 1 А2
А 816 0135.7 7226N 8.5,8.6 307.5 0.57 42.97 2

63.9 9.45 77. 3 GH
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PAIR RA 2000 ОЕС MAGS РА SEP ОАТЕ N RA 2000 ОЕС MAGS РА SEP ОАТЕ N OBS
oвs

STF 205 0203.5 4223М 2.3,5.0 63.9 9.43 81.98 5 0252.9 5300М 6.4,7.1 130.2 1.57 66.0 3 03
STT 38 " " 5.1,8.3 101.1 0.4 42.27 RW 0253.7 3820М 5.6,6.7 344.8 0.25 73.64 3 04

97. 0.4 44.02
2 D1 0258.9 2137N 7.5,7.5 246.2 0.41 65.84 5 03
1115. 0.46 65.8 4

D1 247.2 0.42 67.49 3 03
112.8 0.53 67.43 5

Dз 73.0 0.38 70.92 3 04
Dз

113.4 0.48 70.71 2 251.8 0.40 73.63 4 04
STF 222 0210.8 3903М 6.0,6.7 35.9 16.8 72.9 2

А2 0259.2 2120N 5.2,5.5 205.3 1.57 65.9 2,1 03
35.1 15.61 77.88 А1 207.6 1.52 78.04 2 GH
35. 17 .5 82.11

3 GII 0300.8 5221М 5.4,6.8 84.8 12.3 73.1 2 А11 R\ISTF 227 0212.4 3018М 5.2,6.6 73.8 3.85 41.98 87.0 13.45 78.03 5,2 WS2 Dl

74.3 3.88 66.0 1,2 Dз
0305.5 2515N 6.9,6.9 round 44.02 1 01

70.9 3.97 77.09 4 \15 0306.2 7925N 5.8,9.0 232.2 5.46 82.08 3 KS
STF 231 0212.7 0224S 5.8,7.6 235.4 16.85 78.05 5,3 115 0309.1 0728М 8.3,8.5 162.8 82.53 82.07 2 KS

232.9 15.97 82.46 2 К5 0312.0 2900S 4.0,9.5 294.7 4.11 80.10 4 RF
STF 228 0214.1 4729М 6.4,7.3 210.2 0.47 44.02 4 D1 0312.1 3712М 8.1,8.3 128.3 2.47 66.0 4 03

252.6 0.81 65.64 3 DЗ 0312.5 7133N 8.5,8.5 175.0 1.27 66.0 3 03
254.6 0.87 67.47 3 DЗ 0314.0 0044N 8.9,8.9 173.0 0.77 42.95 1 01
260.9 1.06 73.60 4 D4 153.6 0.92 67.72 2 03

STF 234 0217.4 6121N 8.5,9.4 245.5 0.73 66.59 3 DЗ 0317.5 6539М 6.9,7.5 80.7 0.42 66.0 6 03
STF 239 0217.4 2845М 7.0,8.0 212.6 13.51 78.08 3 GH 63.2 0.47 73.63 2 04

STF 249 0221.6 4435М 7.2,9.2 195.4 2.23 42.98 2 D1 0317 .7 3838М 7.7,8.5 275.0 0.5 43.04 1 01
STF 257 0225.7 6133М 7.6,8.1 17. 0.30 65.64 1 DЗ 269.1 0.74 67.01 4 03

24. 0.28 67.92 5 DЗ 265.0 0.72 73.63 2 04
230. 0.25 71.35 3 D4 0331.4 2734М 6.4,6.9 269.5 11 .1 73.1 2 А1

45.6 0.22 73.64 1 D4 267.2 11.84 77.90 3 GH

STF 271 0230.5 2515М 5.9,10.4 181.4 12.5 72.9 1 А1 269.6 10.49 79.18 1 еР

STF 274 0231.5 0104М 7.3,7.8 219.2 14.17 78.47 6,3 WS 0333.5 5846М 6.3,8.2 243.8 20.6 73.1 2 А1

STF 93 0231.6 8916М 2.1,9.1 216.4 17.8 73.2 3 А1 0334.5 2428N 6.6,6.7 46.0 0.4 43.16 1 D1
STT 42 0233.3 5218М 7.0,7.5 271.5 0.29 67.62 6 DЗ 13.8 0.50 67.06 4 D3
STF 5 АРР 0237.0 2439М 6.6,7.4 275.6 38.3 73.0 2 А1 8.2 0.62 73.64 1 D4

STF 285 0238.7 3325М 7.5,8.2 170.7 1.59 42.96 3 D1 0334.9 6002N 6.9,7.9 255.5 0.66 66.0 3 D3
163.6 1.62 73.62 2 04

255.3 1.17 73.64 1 D4
STT 43 0240.7 2638М 8.3,9.9 30.4 1.14 44.02 1 01

0335.6 3141N 7.6,7.6 43.7 0.87 42.96 2 D1
STF 299 0243.3 0314М 3.6,7.4 294.3 2.92 42.95 1 01

46.5 1• 11 67.73 201 D3
STF 296 0244.2 4913М 4.2,10.0 301.8 18.36 42.99 1 0336.1 4221N 9.0,9.4 102.1 0.37 67.73 2 D3

42.72 4 01 "22STF 305 0247.5 1922М 7.4,8.3 312.3 3.42 А1 0336.8 0О36М 6.2,8.4 259.0 6.74 43.10 3 D1
310.б 3.5б 72.95 1 37 АРР 0338.3 4449N 8.0,8.0 95.7 41.3 73.1 2 А11 еР

312.1 3.41 80.15 А1 "зо АВ 0340.5 0507М б.8,9.8 57.4 2б.3 73.1 2 А1

STF 307 0250.6 5554М 3.9,7.9 300.9 28.4 73.0 2
01 Ас " " ,10.5 300.2 36.1 73.1 2 А1

STF 314 0252.9 5300N 6.4,7.1 306.7 1.48 43.02 3 "27 0340.6 2847N 7.3,8.1 207.5 б.77 43.10 3 D1
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PAIR RA 2000 DEC MAGS РА SEP DATE RA 2000 DEC MAG3 РА SEP DATE N ОВ3

N 083
Р III 97 0342.7 5959N 6.0,8.6 35.2 55.0 73.2 572 0438.5 2656N 7.3,7.3 196.5 3.90 42.52 6 D1
3TF 452 0348.3 1109N 5.0,10.1 58.6 9.5 73.0

2
д1 193.6 . 4.24 73.16 2 А1

зтт 65 0350.4 2536N 6.0,6.3 209.6 0.70 67.39
2

д1 11 АРР 0439.2 1555N 4.8,5.2 193.9 4.24 73.16 2 А1

215. 0.6 6
Dз 58573 7.0,7.2 271.8 2.96 80.25 4 RF71.22 з683 0440.3

208.5 0.66 73.65
3 D4 3730N 8.6,8.6 46.0 1.27 43.13 5 D1
3 D4

577 0442.3

KUI 15 0351.9 0633N 6.3,6.4 35. 0.35 42.95 33.4 1.08 51 .21 5,4 D3

34. 0.42
1 D1 0443.2 5932N 7.3,7.3 327.2 0.111 42.21 4 D166.0 1

28.5 0.6 67.59 Dз 0451.2 1104М 7.8,7.8 240. oval бб.О 1 D3

38.8 0.5 73.77
3 Dз 0451.8 1339N б.8,9.8 294.8 0.92 43.13 3 D1
1

3ТТ бб 0352.1 4048N 8.0,8.5 145.2 0.80 б7.05
D4 045б.4 05103 5.б,9.2 75.8 бб.55 82.18 2 К3

3 Dз

3TF 470 0354.3 02573 5.0,б.3 347. б.7б 43.15 2 0459.3 3753N 5.1,8.1 357.5 5.б4 42.92 5 D1
349.2 6.б4 78.38

Dl 0.7 5.35 73.0 2 А1
5,2 GH348. 7.3 82.12 0500.0 2719N б.8,8.3 20б.1 20.8 73.1 2 А1

1 R\I
зтт б7 0357.2J б10бN 5.3,8.5 49.8 1.41 бб.О 0500.5 0337N б.б,7.0 2БО.3 21.7 73.0 2 А12 Dз3TF 471 0357.8 4001N 3.0,8.2 13.0 9.2б 80.96 1 R\I

2БО.2 21.б2 82.13 2 К3

3TF 479 АВ 0400.9 2313N б.9,7.8 127.4 7.б 73.1 2 д1
0502.0 0137М б.5,7.7 50.8 14.б 73.0 2 А1

АС " " ,9.0 241.4 57.8 73.1 2,1 0505.0 1948N 7.0,7.б 314.7 0.92 44.15 2 D1
д1

3ТТ 531 0407.5 3805N 7.3,9.0 7б.б 0.87 6б.0 3 DЗ
30б.8 0.97 бб.2 3 D3

3TF 495 0407.б 1509N б.0,8.8 221.0 3.59 73.1 2 д1 307.8 1.02 б7.01 3 D3
STF 4БО 0410.1 8042N 5.б,б.5 98.7 0.87 б6.0 3 DЗ 305.б 0.75 73.77 1 D4

3ТТ 77 0415.9 3142N 8.2,8.2 72.8 0.б5 43.04 1 D1 0507.4 0830М 5.9,6.7 102.9 0.90 42.8б 7 D1
3ТТ 44 АРР 0417.3 4б13N 7.2,8.б 322.1 58.3 73.2 2 А1 59.4 0.84 б4.7 4 D2
STF 511 0417.9 5847М 7.4,7.9 124.1 0.3б б7.07 3 DЗ б 1.1 0.81 б5.8 3 D3

130. 0.25 71.33 1 D4 57.б 0.8б б7.10 3 D3
3ТТ 48 АРР 0420.4 2722М 5.1,8.5 254.0 49.б 73.1 2 А1 38.7 О.бб 75.15 3 D4

3TF 528 0422.б 2538N 5.5,7.б 25.7 19.б 73.0 2 А1 0507.8 5459N 8.7,8.7 320.4 0.94 бб.94 5 D3
3ТТ 82 0422.8 1504N 7.3,9.3 20б.2 1 .18 43.10 3 D1 0509.8 2802N б.1 ,8.6 28.9 11.8 73.0 2 А1

HU 304 0423.9 0928N 5.9,5.9 211.б 0.29 б7.73 2 DЗ 0513.3 0252N 4.б,8.4 БО. 7.00 43.10 1 D1

3TF 534 0424.1 2418N б.2,8.б 289.9 29.1 73.1 2 А1 б4.0 б.73 73.1 3 А1

3TF 548 0428.9 3021Н 6.5,8.5 3б.5 14.7 73.1 2 А1 0513.4 0158Н б.9,7 • 1 49.0 0.44 б7.41 4 D3

3TF 552 0431.4 4001Н 7.0,7.2 117.9 9.15 78.90 3 GH
0514.5 08123 0.1,9.3 203.7 10.1 73.0 3 А1

115.8 10.14 82.08 3 KS
0515.5 3241Н 5.2,7.4 225.4 14.4 73.0 1 А1

3TF 550 0432.0 5355Н 5.7,б.8 307.б 10.0 73.1 2 А1
0520.7 4б58N б.7,8.7 181.б 23.2 73.0 2 А1

GH
308.1 10.21 77.91 2 0522.3 7918N 5.2,9.2 123.0 17.55 73.2 3 А1GH

3TF 559 0434.б 1801М б.9,7.0 277 .б 3.13 78.11 2 124.0 20.00 79.37 3 DG

82.10 2 KS
3TF 2 APPII0435.9 1631Н 1.1,11.3 31.5 131.25 D1 0522.8 0332N 5.0,7.1 29.5 32.0 73.0 2 А1

3ТТ 8б 0436.б 1945Н 8.2,8.2 40.б 0.4б 43.11 3
DЗ 30.0 31 .1 82.11 2 RW

24.5 0.44 б7.09
2

0523.3 082БN б.0,7.8 140.1 5.9б 73.0 3 А1

3 D'
3TF 5б7 043б.7 1929Н 8.9,9.4 330.2 2.1б 43.11 KS 0523.9 00533 б.1,7.2 1б3.2 2.б3 б7.15 2 D3
3TF 576 0438.1 13023 б.8,8.1 172.2 12.4б 82.14 2

" " 8.0,8.1 151. 0.35 б7.15 2 D3
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PAIR RA 2000 DEC MAGS РА SEP RA 2000 DEC MAGS РА SEP DATE N OBSDATE
N OI!SDA 5 0524.4 0224S 3.8,4.8 79.1 0541.1 1632М 5.6,5.8 round 65.8 3 D31.48 43.14

81.8 1.42 67.13
3

О1 0541.4 2929М 6.8,7.4 13.3 26.0 73.0 2 А1
HJ 3759 0526.0 1942S 5.8,8.6 317.4 26.50 4,з 0544.5 1503М 7.5,8.3 115.1 0.58 43.16 3 D1
НО 226 0527.1 2736N 8.6,8.6 82.13 3

Dз
120.7 0.55 65.82 1 D3252.0 0.80 65.8 Н,

257.6 0.64 67.10
2

Dз 0547.4 2929М 8.0,8.0 141.4 1.28 43.10 1 D1
4

DзSTF 716 0529.2 2509N 5.8,6.6 131.8 0.41 65.76 1 О3203.6 4.75 43.13
205.7 4.96 73.2

5
О1 0548.0 0627М 6.1,6.1 209.5 1.31 43.14 5 О1

206.8 4.76 77 .00
3 А1 214.3 1.55 73.19 3 А1

STF 728 0530.7 0556N 4.5,6.0 40.0 10 WS 0548.4 2052М 6.1,7.6 311.2 0.4 65.8 2 D30.5 45.19
50.3 1

О1 0549.1 6248М 6.5,7.6 358.7 0.86 67.08 3 D30.77 64.8 3 О2

54.8 0.77 65.8 0551.1 6545М 6.9,8.1 104.1 3.82 82.28 4 DG
58.5 0.79

4 Dз 0552.5 4008М 9.0,9.6 108.2 2.82 42.19 2 D167.8 4 О1 0557.6 4238М 9.9,10.4 350.3 1.20 67.29 2 D350.9 0.86 75.15STF 729 0531.2 0317N 5.8,7.1 3 О4 0559.7 3714М 2.7,7.2 323.6 3.15 43.11 5 D125.7 1.84 43.11 4 О1 321.7 3.19 44.15 1 D126.0 1.90 64.7 3,4 О2

STF 14 АРР 0532.0 0018S 2.5,6.6 0.0 52.2 73.1 312.8 3.60 73.19 3 А1
STF 730 0532.2 1703N 6.0,6.5 142.7

1 А1 4828S 7.0,7.4 110.8 2.57 82.13 3 RF9.71 78.90STF 718 0532.3 4924N 7.5,7.5 73.5
3 GH

7400М 7.6,8.8 round 67.2 1 D3
BU 1267 7.5 73.2 2 А10535.1 3056М 8.8,8.8 201.9 0.6 65.76 0230М 6.0,7.0 114.5 29.6 73.0 2 А1
STF 738 АВ 0535.1 0956N 2 О3

113. 28.9 82.18 1 RW3.7,5.6 43.0 4.32 43.13 5 О1

45.8 4.48 63.1 АС " " ,8.9 106.6 88.5 73.0 1 А11,9 О2
43.3 4.34 77.30 5 WS 134 0609.3 2426м 8.5,9.8 189.0 30.6 73.1 2 А1

43.8 4.38 81.33 6,3 WS 8115 0611.7 4843М 6.1,6.8 356.4 7.7 73.1 2 А1
ВС " " 5.6,11.2 184.8 28.91 24 0614.4 1754М 6.5,6.5 138.3 0.57 65.80 5,6 D382.11 3 KSSTF 747 0535.2 0601S 4.7,5.6 228. 35.4 82.12 1 RW 138. 0.55 66.78 2 D3

STF 748 СА 0535.3 0523S 5.4,6.8 311.4 13.2 73.1 2 А1 133.0 0.32 73.80 1 D4
СВ " " ,7.9 343.2 16.9 А1 0614.7 1435N 7.3,7.8 263.9 5.80 43.17 5 D173.1 2
CD " " ,6.8 61.1 А1 0614.9 2230М var,8.8 264.5 1.51 64.8 3 D213.4 73.1 2STF 752 0535.4 0555S 2.9,7.0 141 .1 11.8 73.1 2 А1 260.5 1.41 65.16 3 D3

STF 742 0536.4 2200М 7.2,7.8 267.1 3.75 42.20 5 D1 0615.6 3609М 6.8,7.8 216.2 12.0 73 .1 2 А1

STF 749 0537.2 2656М 6.4,6.5 151.3 1.12 64.6 1 D2 216.2 12.07 77.26 3 СР
HU 1240 0538.6 3030М 6.1,6.5 round 65.8 1 D3 216.4 11.22 82.95 2 KS
STF 753 " " ,8.0 268.3 1 А1 5923М 6.2,7.7 128.3 0.71 65.7 3 D312.2 73.0
SТТ 112 0539.8 3758М 7.8,8.5 61.4 0.65 43.15 3 D1 2048М 6.6,8.0 203.2 26.55 81.91 2 KS

57.5 0.80 65.8 3 D3 0703S 5.7,6.2 286.9 2.80 42.20 1 D1

56.9 0.84 67.07 3 DЗ АС " " 4.7,6.2 123.2 10.12 42.20 1 D1
STF 766 0540.3 1521N 7.0,8.2 274.2 10.1 73.1 2 А1 АВ " " 4.7,5.7 131 .1 7.01 42.20 1 D1
STF 774 0540.7 0157S 2.0,4.2 163.2 2.30 44.23 1 Dl 9211 0632.4 1747М 7.1,8.0 211.4 20.7 73.0 2 А1

161.7 73.1 3 Аl 918 0634.0 5229М 7.2,8.2 337.3 4.46 79.37 3 DG2.51
162.8 77 .37 6,4 WS

333.9 4.82 77.10 5 WS2.39
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RA 2000 DEC MAGS РА SEP DATE N OBS

PAIR RA 2000 ОЕС MAGS РА SEP DATE N QBS
0734.6 3153М 2.0,2.9 198.6 3.55 42.22 11 ,13 D1

STF 932 0634.3 1444М 8.1,8.2 319.5 2.00 43.17 3 198.3 3.41 43.19 7 D1

STF 928 0634.7 3832М 7.6,8.2 133.8 3.49 43.17 3
О, 196.6 3.30 44.25 10 D1

STT 149 0636.5 2717М 7.0,9.5 round 65.8 1
01 196.2 3.25 45.26 7 D1

STF 943 0637.3 2311М 9.7,11.0 136.4 28.47 82.15 3
0з 156.0 1.95 63.14 11 D2

STT 152 0639.5 2816М 6.0,7.8 32.6 0.80 43.15 4
KS
о, 153.5 1.97 64.76 8,7 D2

3TF 945 0640.4 4059М 7.3,8.2 295.2 0.55 66.0 5,з
150.8 1.93 65.76 10 D3

114.7 0.60 66.97 4
03 144.2 1.89 67.29 6 D3

3 533 0643.9 2508М 3.2,9.2 94.2 111.23 82.18 2
03 119.8 2.07 73.11 3 А1

3TF 946 0644.9 5927М 8.3,10.1 131. О 4.18 42.84
KS 117.5 2.0 73.77 2 D4

3 01AGC 1 0645.2 16413 -1.4,8.5 72. 10.44 65.76 3,2 03 120.2 2.01 75.15 3 D4

3TF 948 АВ 0646.3 5927М 5.3,6.2 97.7 1.65 43.15 7 106.6 2.36 77 .43 14,11 W3

95.4 1.68 45.19
01

90.7 2.82 82.30 6 W3
1 01

89.8 1.76 65.70 3 03 1.7,8.8 163.3 71.8 73.1 2 А1

АС 11 11 5.3,7.2 305.1 8.63 43.15 5.8,6.4 329.0 0.3 65.6 8,3 D37 01 0735.2 3058М
ВС 11 11 6.2,7.2 303.1 10.22 43.15 7 01

0735.9 4302М 6.5,8.1 86.9 2.23 73.1 3 А1

3ТТ 78 АРР 0646.7 4335М 5.4,8.4 33.8 34.4 73.2 2 А1 0740.1 0515Н 6.4,6.7 154.7 1.10 43.88 3 D1

3ТТ 156 0647.4 1812М 6.7,7.2 274.7 0.61 43.52 4 01 159.0 1.08 65.82 3 D3

78.8 0.58 65.79 2,3 ОЗ 0741.7 3726М 8.0,9.0 round 66.2 1 D3
78.0 0.52 67.15 4 ОЗ 0743.5 74173 7.2,7.3 121 .7 1.93 82.28 3 RF

3TF 958 0648.3 5543М 6.3,6.3 258.8 4.73 42.89 6 О1

0744.5 2424М 3.7,8.2 240.4 6.99 73.1 3 А1

256.9 5.18 77.03 4 GH 0745.5 14413 6.1,6.8 340.1 16.6 73.1 2 А1

3TF 963 0653.2 5928М 5.7,6.9 233.0 0.37 65.60 6 ОЗ 341. 17.4 82.29 1 RW

3TF 982 0654.6 1310М 4.8,7.1 149.2 6.80 73.07 3 А1 0748.5 1821М 7.9,9.6 275.4 6.3 73.0 2 А1

3TF 981 0655.5 3010М 8.9,8.9 322.5 2.53 42.19 4 01 0803.3 2616М 7.5,8.2 77.0 0.87 66.2 2 D3

137.3 2.47 66.92 5 ОЗ

0804.3 1218М 8.7,8.7 284.1 0.51 43.16 3 D1

3ТТ 159 0657.3 5825М 4.8,5.9 38.4 0.91 65.64 4 DЗ 178.6 0.37 66.2 4,3 D3

А 1575 0703.0 5403М 8.2,9.2 283.3 0.64 42.26 2 О1 186.1 0.34 67.25 4 D3

DUN 39 0703.3 5911М 6.0,7.1 85.2 1.58 82.28 4 RF 193.6 0.37 68.2 3 D3

3ТТ 81 АРР 0704.1 2034М уаг,8.0 348.4 98.7 73.0 2 А1
0805.6 2732М 6.6,7.5 350.5 3.44 42.97 8 D1

3TF 1009 0705.6 5245М 6.9,7.0 149.5 3.71 67.55 1,2 DЗ

168.7 3.50 65.8 3,2 D3

3TF 1033 0714.8 5233М 7.7,8.3 275.7 1.53 66.0 2,3 DЗ 351.0 3.37 78.15 3 GH

277 .9 1.44 67.14 3 DЗ
0809.5 3214М 7.1,8.0 32.5 2.48 44.20 3 О1

HJ 3945 0716.6 23193 4.8,6.8 53.4 26.77 82.28 4 RF 27.9 2.78 65.81 2 D3

3ТТ 170 0717.2 0919М 7.6,7.9 100.4 1.69 4з.87 3 о1
1196АВ 0812.2 5.6,6.0 76.4 0.86 42.55 5 D1

о2 1740М

91.8 1.50 64.8 2

DЗ
68.8 0.81 43.17 7 О1

91.3 1.24 67.37 3
А1

64.2 0.89 44.23 4 О1

3TF 1066 0720.2 2159М 3.5,8.5 220.0 6.06 73.15 3
А1 56.3 0.92 45.29 4 D1

3TF 1083 0725.6 2030М 7.2,8.3 44.4 6.45 73.0 2 176.6 1.06 63.10 4,2 D2
з,2 DЗ

3TF 1093 0730.3 4959М 8.8,8.8 178.4 0.8 65.8
А' 344.8 1 .14 65.81 7 D3

3TF 1108 0732.8 2253М 6.6,8.4 178.3 11 .7 73.0 2



112 113

PAIH НА 2000 ОЕС MAGS РА SEP ОАТЕ НА 2000 ОЕС MAGS РА SEP ОАТЕ N OBSN
ОВЗ

STF 1196АВ 0812.2 1740N 5.6,6.0 342.3 1.02 67.20 0854.2 3034N 6.1,6.6 318.7 1.48 43.25 5 О1

340.2 1.11 67.84
3

0з 0855.2 2816N 6.4,9.9 333.4 46.30 82.29 1 KS
335.7 1.09 68.23

3
0з " " 6.4, 200.7 280.87 82.29 1 KS4329.1 1• 1 70.94 Оз 0900.8 4148N 4.3,6.3 319.1 0.54 42.36 7 О14316.9 1.00 73.22 04 302.7 0.52 43.33 11 О14 04

313.4 1.00 73.79 139. 0.4 73.77 1 D44 04 192.4 5.12 43.30 2 D1308.2 0.92 75.15 2 0901.3 1516N 9.3,9.4
264.0 0.74 82.15 04 0901.4 3215N 5.9,8.0 136.7 4.43 73.1 2 А1

АВ - С 5.0,6.3 93.5 5.51 63.10
3 Кз 0907.5 2259N 6.9,7.3 199.5 7.75 73.1 2 А1

84.8 5.69
4 02 198.6 7.52 78.24 2 GH73.79 4 04

80.0 5.27 82.17 5 0910.4 6708N 5.0,8.2 45.4 1.77 43.26 5 D1
80.7 6.13 78.69

Ws
0914.9 5242N 8.1,8.1 84.7 17.68 73.19 3 А1

АС " " 5.6,6.3 95.2 6.38
6,з Ws

85.9 17.44 76.85 12,10 WS42.22 4 0195.9 6.28 43.37 0917 .4 2336N 7.8,8.1 27.3 6.90 82.22 2 КЗ4 0195.9 6.20 44.23 4 01 88.1 17.84 82.15 4 WS

ВС " " 6.0,6.3 98.7 5.41 42.22 4 0918.0 2835N 8.1,8.1 55.5 0.3 43.21 3 D1D1
100.5 5.43 43.57 4 D1 29.0 0.62 73.22 2 о4

100.6 5.43 44.23 4 D1 0918.5 3522N 6.4,6.7 49.1 1.77 43.27 4 D1
'HU 1123 0814.8 3630N 8.9,9.2 156.2 0.44 43.19 2 D1 49.0 1.77 63.0 4 D2
STF 1216 0821.4 0136з 6.9,7.6 242.5 0.42 65.8 1 DЗ 48.4 1.82 73.37 5 о4

264.6 0.48 67.19 2 DЗ 0918.9 3649N 3.9,6.6 228.5 2.44 63.5 2,4 D2
ЗТТ 93 АРР 0824.6 4200N 6.2,8.7 174.0 82.6 73.1 2 А1 231.0 2.56 67.02 2,5 D3
STF 1224 0826.7 2433N 7.1,7.6 48.2 5.67 42.24 4 D1 0921.0 3812N 6.6,6.8 243.0 1.18 73.39 4 D4

48.8 5.80 73.2 3 А1 0924.4 0621N 7.5,7.6 139.4 1.98 43.30 3 D1
47.9 5.59 77.30 4 DG 0928.5 0904N 5.9,6.7 151.0 0.84 43.62 7 D1

48.1 5.51 82.28 5 DG 358.5 0.53 73.23 4 D4
STF 1223 0826.8 2656N 6.3,6.3 217.3 4.98 42.24 5 D1 1.8 0.5 75.32 2 D4

217.0 5.39 73.1 3 А1 1360 0930.5 1035N 8.3,8.6 242.9 13.8 73.1 2 А1

217.2 4.91 77.82 9,7 WS 1351 0931.5 6304N 3.8,9.0 269.3 22.5 73.2 2 А1
STF 1245 0835.8 0637N 6.0,7.2 26.0 10.6 73.0 2 А1 101АРР 0931.9 0942N 5.4,8.4 76.3 36.6 73.0 2 А1

24.1 9.81 78.13 3 GH
0934.2 6747N 8.1,8.2 248.8 10.20 82.38 5 DG

27. 10.3 82.23 1 RW
0935.9 1423N 6.2,10.0 83. 41.3 82.32 1 RW

STF 1263 0844.2 4141N 8.7,9.3 23.2 85.30 82.19 2 KS
0938.1 7306N 7.2.7.2 126.4 5.19 82.38 5 DG

STF 1266 0844.4 2827N 8.8,10.0 62.8 23.80 82.29 1 KS
0941.4 3856N 7.3,8.6 295.9 3.22 42.68 5 1)1

STF 1268 0846.7 2846N 4.2,6.6 307.4 30.6 73.0 2 А1
303.3 3.15 78.32 9,7 WS

307.0 30.03 82.27 2 WS
0.53 42.28 5 D1D1 0952.5 0806з 5.8,6.2 35.STF 1273 0846.8 0625N 3.6,7.8 260.8 3.01 43.25 6

97. 0.5 73.30 1 D4А1
277 .5 3.25 73.05 3

D1 0957.1 1946N 7.7,9.6 175.2 30.7 73.1 2 А1
STF 1275 0851.5 5732N 8.4,8.4 198.5 2.05 43.28 2

1004.9 5529N 8.1,9.6 102.4 30.79 78.41 6 DGD1
А 1584 0853.1 5458N 8.2,8.2 91.0 0.72 42.28 2

1016.з 1744N 7.3,7.5 187.1 1.23 67.14 5 D3
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PAIR RA 2000 DEC MAGS РА SEP DATE RA 2000 DEC MAGS РА SEP DATE N OBSN OBS
STF 215 1016.3 1744N 7.3,7.5 184.7 1.07 71.08 1118.2 3133N 4.4,4.9 120.1 3.09 72.33 4 D4

188.8 1.37 73.31
3 04 118.7 3.02 73.23 3 D4

187.5 1.2
2 04 116.6 3.10 74.35 3 D475.3зSTF 1415 1017.9 7104N 6.7,7.3 166.7 16.8
2 04 116.9 3.02 75.31 3 D473.2

166.6 16.63
2

Аl 111.9 2.96 75.90 14 DG82.35 4 OG
STF 1424 1020.0 1951N 2.6,3.8 120.9 4.33 65.81 108.7 2.99 77.66 17,15 WS

123.7 4.42 70.40
3,4 03 104.4 3.00 79.37 6 DG2124.8 4.29 72.34 А2

100.9 2.80 81.35 5 DG3123.1 4.78 81.80
04

97.6 2.97 82.33 4 WS6 WsSTF 1426 1020.5 0626N 8.4,8.9 296.2 0.97 43.30 1118.5 3305N 3.7,10.1 147.3 7.51 73.2 3 А13 01
STF 1428 1026.0 5238N 7.9,8.4 86.8 3.16 67.31 5 1119.1 1416N 6.9,8.1 23.2 2.50 43.39 3 D1HU 879 1027.9 3643N 4.5,7.0 233.2 0.48 42.66 03

32.1 2.00 73.11 3 А16 01STF 1439 1029.4 2049N 8.9,9.4 282.6 1.77 43.29 1123.8 1032N 4.1,7.3 299.7 0.66 43.36 9 D12 01STF 1450 1035.1 0839N 5.8,8.5 156.1 2.41 73.2 3 297.9 0.62 44.39 3 D1А1STF 1457 1038.7 0544N 8.0,9.0 323.3 1.65 42.33 2 01 1124.9 6139S 8.2,9.2 237.6 5.83 81.41 5 RF

STT 228 1047.4 2235N 8.6,9.5 175.7 0.59 67.29 4 03 125 1125.5 5841N 10.1,11.6 15.5 14.78 76.44 2 DGSТТ 229 1048.1 4107N 7.4,7.8 287.6 0.75 65.93 1 03 1540 АВ1126.9 0300N 6.2,7.9 150. 27.8 82.38 1 RW
289.3 0.89 67.29 3 03 1543 1129.1 3920N 5.4,8.4 358.9 5.51 43.35 1 D1STF 1487 1055.6 2445N 4.5,6.3 109.7 6.51 43.85 2 01 358.6 5.33 73.2 3 А1
113.2 6.80 73.37 1 04 357.0 5.23 77.49 2 СР

109.8 6.29 82.38 5 ws 1130.8 4117N 7.6,8.0 225. 0.3 43.39 3 D1BU 1077 1103.7 6145N 2.0,4.8 290. 0.73 42.40 6 01 1131.8 1422N 6.4,8.4 329.2 15.2 73.2 3 А1
284.0 0.73 43.36 9 01 326.7 15.52 80.31 1 СРНО 378 1105.0 3825N 8.3,8.5 237.4 0.64 67.30 3 оз 1132.4 6105N 5.8,7.1 39.0 0.84 43.35 5 D1STF 1510 1108.0 5250N 7.6,8.9 332.6 4.89 78.40 5 OG 88.0 0.79 65.57 5 D3

STF 1517 1113.7 2008N 7.7,7.7 not seen 72.39 1 04 98. 0.89 67.02 3 D3
332.8 0.40 73.32 2 04 1134.7 1648N 6.1,7.4 207.3 3.48 67.32 5 D3STT 232 1115.1 3734N 8.6,9.1 241.2 0.57 67.30 2 ОЗ 207.3 3.21 79.35 1 СРSTF 1516 1115.5 7328N 7.7,8.2 103.2 49.6 73.2 3 А1

1136.3 2747N 6.4,6.8 131 .1 0.5е 64.0 4,1 D2STF 1523 1118.2 3133N 4.4,4.9 256.4 1.82 43.34 12 01 142. 0.43 65.67 4 D3

251.0 1.78 44.38 8 01
139.0 0.48 67.06 8 D3

245.6 1.76 45.29 3 01
149. 0.5 70.94 1 D4

144.0 2.42 63.30 5,6 02
143.0 0.61 73.32 4 D4

137.3 2.55 64.01 13,14 02
1138.8 6421N 6.8,7.8 323.1 1.67 73.37 2 D4

137.0 2.59 64.85 5,6 02
1138.9 4507N 6.4,8.5 255.8 9.76 43.37 2 D1

136.7 2.60 65.36 7 оз
252.3 9.64 73.2 3 А1

134.0 2.64 66.05 10 03
252.8 9.79 77.41 2 СР

131.4 2.71 66.95 5,8 03
4109N 8.4,10.0 256.7 1.59 42.85 2 D103 1139.0

132.6 2.76 68.25 8,6
А2 1153.7 7346N 7.1,8.4 73.8 0.50 43.42 2 D1

123.7 2.91 70.35 1
126.0 0.47 66.0 2 D3
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PAIR RA 2000 DEC MAGS РА SEP DATE
RA 2000 DEC MAGS РА SEP DATE N OBS

N OBS
А 1088 1200.5 6912М 7.8,8.5 round 66.0

1241.7 01273 3.6,3.7 307.5 4.97 63.11 7,6 D2
3TF 1596 1204.3 2128М 6.0,7.5 238.5 3.51 43.37

1
Dз

303. 4.87 64.93 1,2 D2

235.1 3.90 82.42
1

О,
305.8 4.65 65.4 3,1 D3

3TF 3123 1206.1 6842N 7.9,7.9 129.9 2 304.9 4.74 65.9 3,4 D3
0.41 43.41 Ос

3TF 1604 АВ1208.4 11513 6.9,9.4 3 305.1 4.73 66.98 4,6 D389.0 9.15 73.1 О,

2
А1

59.1 14.21 79.3з
303.5 4.59 68.36 1,2 D3

АС " " ,9.3 66.6 3 Ос
304.3 4.43 70.40 1 А2

15.55 73.1
3TF 1606 1210.8 3954N 7.3,8.0 2 А, 301.4 4.32 73.41 3 D4

311.7 0.76 42.40
313.8 0.77

4 О1 301.2 4.52 74.40 3,1 D4

292.0
43.39 4 О1 299.1 4.03 77.52 21,18 W3

0.62 66.0 4 О3

289.3 0.41 70.41
295.7 3.83 80.40 6 W3

280.4 0.66
1 А2 1245.4 1422М 6.8,8.5 178.0 34.8 73.1 2 А1

3HJ 136 1211.0 8143М 6.5,8.5
73.36 2 О4 1245.6 6059М 4.7,9.5 11 .1 27.54 81.44 5 RF74.6 69.84 72.38

3 634 1211.4 16473 7.2,8.4
4 ОС 1249.3 8324N 5.3,5.8 325.6 21.42 74.58 16 DG292.9 5.47 81.35 33TF 1608 1211.5 5326М 8.2,8.4 221.4 13.02 79.48

RF 1253.3 2115N 5.2,8.0 120.2 0.94 42.68 7 D1
4 ОС

221.6 12.44 77.45 6
117.3 1.00 44.42 1 D1

3TF 1619 1215.1 07153 8.0,8.3
ОС 1255.5 1130М 7.1,9.4 217 .4 29.2 73.1 3272.9 6.46 77.43

А1

3TF 1622 1216.1 4040N
5 ОС 1256.1 3818М 2.9,5.4 228.4 19.3 73.15.9,8.2 260.6 11.6 73.2

2 А1

3TF 1625 1216.2 8008М
2 А1 227.1 18.67 78.317.3,7.8 217.9 13.83 72.69 26 ОС

5,3 W3

3TF 1627 1218.1 03563 6.6,6.9 196.2 20.2 73.1 2
227.6 19.59 81.48 2 RW

А1

3TF 1633 1220.6 2704N 7.0,7.1 245.1 9.01 73.1 2 А1
1256.3 5405N 6.0,7.9 279.9 3.55 67.40 2 D3

3ТТ 249 1223.8 5410N 8.1,8.9 289.7 0.42 43.38 2 О1
1256.4 00573 7.2,7.6 89.2 0.73 42.39 3 D1

278.0 0.31 67.33 3 DЗ
94.1 0.72 74.37 3,2 D4

268.5 0.4 73.33 1 О4
1258.7 2728М 8.6,8.6 7.3 1.62 67.31 4 D3

3TF 1639 1224.4 2535М 6.6,7.8 329.2 1.31 67.04 5 О3
1300.6 5622М 4.9,8.5 317.2 0.93 43.38 7 D1

327.0 1.32 73.32 2 D4 1303.9 03403 7.1,7.4 206.9 0.57 43.39 3 D1

3ТТ 250 1224.4 4306М 8.4,8.7 346.4 0.43 43.38 1 Dl 198.4 0.65 73.41 4 D4

340. 0.34 67.33 4 DЗ 1310.0 1731М 5.2,5.2 194.6 0.45 43.45 3 D1

3TF 1643 1227.2 2702М 9.2,9.5 195.6 2.64 64.4 3 D2 197. 0.33 44.43 4 D1

3TF 1717 1228.4 8840М 9.4,10.8 326.1 7.80 76.63 3 DG 15.3 0.47 65.35 6 D3

3TF 1647 1230.6 0943М 8.5,8.8 232.5 1.41 4з.36 2 D1 11.3 0.60 66.0 6,4 D3

238.8 1.31 67.12 4 DЗ 17. 0.64 67.02 2 D3

241.5 1.50 81.43 2 DG 189.8 0.36 70.38 1 А2

3TF 1657 1235.1 1823М 5.2,6.7 270.7 20.3 73.2 2 А1 15.0 0.25 71.04 4 D4

274.5 19.09 78.29 2 GH 1312.0 3205М 7.2,7.7 340.7 2.19 67.09 3 D3

271.4 20.18 82.18 5 RW 341.9 2.19 70.38 1 А2

3TF 1661 1236.1 1124М 9.1,9.1 245.4 2.52 4з.з8 1 Dl 1320.7 0257М 6.7,7.4 180.0 1.12 67.42 1 D3

244.7 2.64 77 .43 2 DG 181.5 1.07 70.40 1 А2

3TF 1669 1241.3 13013 6.0,6.1 312.3 5.56 81.35 3 RF 180.6 1.18 73.40 2 D4
RF

HJ 4539 1241.5 48583 3.1,3.1 357.3 1.65 80.33 2 151.2 14.4 73.2 2 А1
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PAIH НА 2000 ОЕС MAGS РА SEP ОАТЕ
НА 2000 ОЕС MAGS РА SEP ОАТЕ N OBS

tI OBS

STF 1744 1323.9 545БN 2.4,4.0 152.8 15.53 77.35
1413.1 5520N 8.8,9.1 95.8 2.39 43.54 1 О1

151.б 14.43
2 GIi 1413.5 5147N 4.б,б.б 23б.3 13.5 73.2 1 А1

81 .б 1 7
STF 1742 1324.3 0124N 7.б,8.1 о. 1.38 73.40 Ws 235.7 13.БО 81.61 б WS

STT 2б9 1332.8 3454N 7.3,7.8 221.8 0.33
2

О4 1413.9 290БN 7.5,7.б 84.3 0.94 бб.1 б,3 ОЗ
б5.24 3,2

232.2 0.3б б7.24
Dз 91. О 0.83 б7.10 3 О3

2
Dз

23б. 0.3 70.98 2
8б.1 0.8б 70.40 1 А2

235. 0.3 73.3б
О4 1414.2 2б42N 8.9,9.5 1.5 0.50 б7. 14 б О3

1
231.7 0.3 74.40

О4 1420.3 4831N 7.9,8.0 97.0 0.б8 44.07 4 О1

1
STF 1757 1334.3 0009S 7.7,7.8 108.0 2.45 б7.42

О4 102.2 1.09 б7.09 4 О3
4

109.8 2.5б 77.81
Dз 1423.4 0827N 5.1,б.б 191.8 б.30 78.52 7 WS

8 DG

111 .8 2.38 81.44 4
1423.4 0827N 5.1,б.б 190.3 б.32 81.57 1 HW

STF 17б8 1331.5 3б17N 5.1,7.0 109.0 1.б9 б5.95
RF 1424.1 1115N 7.4,1.5 334.2 8.71 18.49 8 WS

4 Dз
110.7 1.б4 б7.2б 4 Dз

1424.1 4750N 7.б,9.1 18б.2 20.08 82.42 2 KS

103.2 1.52 70.43 " " 7.б, б4.5 91.83 82.42 2 KS
1 А2

110.4 1.10 72.4б 3 О4
1428.б 2817N 7.0,1.4 2б2.0 25.81 82.38 2 KS

STF 1770 1337.8 5042N б.8,8.3 121.3 1•б 1 б7.22 5 DЗ
1432.3 2б41N б.б,б.8 318.5 0.25 70.41 1 А2

119.0 1.31 70.42 1 А2
1438.1 5135N 7.4,7.7 77 .8 0.58 44.07 4 О1

BU б12 1339.б 1044N б.3,б.3 218. 0.38 б5.98 1 DЗ
б9.2 0.б5 74.35 2 О4

227.1 0.32 б7.30 4 DЗ
1439.б б050S 0.0,1.7 210.5 21.71 80.40 2 RF

240. 0.25 11.08 1 D4 1440.7 1б2бN 4.9,5.8 107.5 5.77 43.02 б О1

HJ 4б08 1342.3 3359S 7.5,7.б 183.0 4.42 81.БО 3 RF 104.8 5.77 бб.О 2 О3

STF 1181 134б.1 0507N 7.8,13.2 7.0 0.55 б7.31 3 DЗ
108.9 5.58 б7.01 б,8 ОЗ

STF 1185 1349.2 2б59N 7.9,8.2 118.0 1.99 42.42 7 D1 108.7 5.78 82.01 11 WS

119.7 2.05 43.4б 7 01 1441.0 5151N 1.5,8.5 47.5 1.б3 79.49 5 DG

124.2 2.13 44.54 5 D1 1441 • 1 1344N 4.4,4.8 132.2 1.08 44.57 5 О1

14б.б 3.12 б3.14 б,5 D2 129.5 1.35 70.48 5 О4

147.4 3.14 бб.1 3 D3 12б.8 1.07 70.41 3 А2

147.8 3.14 б7.15 5 03 12б.5 1.27 73.44 2 D4

151.9 3.30 70.42 1 А2 125.4 1.32 79.5б 4 DG

155.0 3.21 72.41 3 D4 1441 .4 5124N 8.0,8.0 304.5 1.8б б1.28 3 D3

153.б 3.27 73.21 3 D4 304.3 1.84 73.42 2 D4

155.8 3.31 74.28 3 D4 301.2 2.21 81.б3 5
DG

DG

157.3 3.30 18.5б 4 1445.0 2104N 2.7,5.1 338.5 2.78 б5.б 3,б
DG

D3

STF 1788 1355.0 0803S б.5,1.1 92.2 3.38 77.43 5 337.0 2.77 б1.09 2 D3
KS

STF 1795 1358.9 5307N б.8,10.0 3.5 8.12 82.35 2 332.4 2.70 73.43 4 О4

б7.3б 3 D3
STT 27б 1408.2 3б44N 8.б,9.4 203.7 0.39 D3

339.0 3.24 80.бб 8 W3

SТТ 278 1412.0 4411 N 8.4,8.б 333.8 0.32 51.28 3 D4 1445.5 4222N 7.7,8.2 55.4 0.41 43.49 5 О1

3ТТ 277 1412.4 2843N 8.3,8.5 41.7 0.41 73.44 2
01 57.2 0.49 44.54 3 О1

1
STF 1820 1413.1 5520N 8.8,9.1 95.8 2.39 43.54

4,3 04 32б. 0.3 б7.1б 5 О3

102.1 2.32 74.40 1448.5 2422N б.2,7.8 58.3 1.93 10.42 1 А2
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PAIR RA 2000 DEC MAGS РА SEP
RA 2000 DEC MAGS РА SEP DATE N OBS

DATE N QBS
BU 10б 1449.3 1409S 5.8,б.7 0.3

1512.8 1917N б.8,7.7 9.6 23.74 80.9б б WS

3TF 1890 1449.б

1.71 73.43
4843N б.1,б.8 44.1 2.90 3 1517.4 4348N 9.4,9.4 17 .б 8.5б 77.54 б DG

42.4
бб.1

б,3
О4 1518.3 2б49N 7.1,7.б 240.4 1.04 б4.4 2 D2

2.95 б7.45 Dз
3ТТ 287 1451.4 4455N 8.5,8.б 157.4 5 241.б 1.14 б5.8 1 О3

1.03 42.б8 Dз

1б4.2 1.12 б7.1б
5

О1
243.5 1.07 б7.1б 3 D3

3 Dз

3TF 1888 1451.4 1907N 4.8,б.7
244.5 1.0 71.0б 2 D4

4.7 5.б1 43.47
3.2 5.б8 44.52

11
О1

247.1 1.1б 73.50 3 D4

347.0 б.87 б4.40
7 О1 1521.1 0044N 5.5,10.1 22.3 2.98 70.41 1 А2

347.2 7.0б б4.5
2 О2 1523.2 3018N 5.б ,б.1 11.3 0.87 44.50 7 D1

342.4 7.00 бб.1
1,2 О2

119.6 0.53 64.38 2 D2

3,4 Dз

342.2 6.92 б7.22

124.2 0.6е 64.52 2 D2

341.8
4 Dз

132.2 0.54 65.27 10 D3
7.04 70.38

339.2
1 А2

144.8 0.55 6б.15 5 D3
7.30 70.51

339.4 6.93
3 О4 152.9 0.57 67.17 5 D3

336.2
72.30 25 DG 1б5.7 0.59 68.40 6 D3

7.10 73.33 3 О4

336.3 7.3б 74.42 2
183.2 0.б2 70.39 2 А2

О4
336.7 6.95 75.48 22 DG

183.3 0.63 70.48 5 D4

334.7 6.79 78.08 33 ws
190.5 0.65 71.45 3 D4

332.9 7.22 81.47 20 ws
200.0 0.59 72.38 4 D4

3ТТ 288 1453.4 1543N 6.9,7.6 17б.0
208.6 0.62 74.25 3 D4

1.55 67.16 3 О3

178.4 1.63 70.37 1 А2

213.2 0.68 74.25 3 О4

3ТI 2317 1459.4 5510N 9.7,10.7 123.6 24.38 73.57 4 DG
1524.5 3721N 7.2,7.8 23.6 2.03 63.04 6,4 D2

3HJ 191 1459.6 5352N 6.8,7.4 342.1 39.82 73.60 6 DG
20.6 2.08 70.38 2 А2

BU 348 1501.8 00083 6.0,8.3 107.3 0.39 70.51 1 А2
19.4 2.07 72.50 4 D4

3TF 1909 1503.9 4739N 5.3,6.2 251.8 2.13 43.45 16 D1
17.6 2.29 72.98 23 DG

252.4 2.05 44.48 12 D1
20.6 2.01 73.42 4 D4

253.5 2.00 45.74 5 D1
15.7 2.28 76.85 25 DG

279.5 0.83 63.30 9 D2
14.2 2.41 81.21 15 DG

283.0 0.64 65.3 13,12 DЗ
1524.6 5413N 7.5,7.6 276.1 0.44 70.51 1 А2

291.8 0.64 66.1 5,4 DЗ 1526.5 4400N 7.6,9.2 283.5 1.69 70.50 1 А2

301.0 0.5б 67.22 5 DЗ 1533.2 4149N 8.5,10.0 not seen 73.4б 5 D4

313.1 0.53 68.49 5 DЗ 1534.8 1032N 4.2,5.2 181.0 3.76 43.0 12 D1

334.2 0.50 70.48 4 D4 179.2 3.95 67.47 5 D3

335.9 0.47 70.44 3 А2 183.1 4.04 70.42 1 А2

347. 0.5 71.52 1 D4 175.9 4.05 80.71 9 \013

35б.4 0.48 72.43 5 DЦ 1536.1 3948N 7.4,7.7 121. 0.3 42.50 4 D1

1.5 О.БО 73.35 6 D4 14б.7 0.36 43.48 4 D1
D4

6.8 0.53 74.36 3
DG

156.6 0.58 44.54 5 D1

3TF 1910 1507.5 0914N 7.5,7.5 109.9 4.02 79.54 5
D1

162.5 0.55 45.73 3 D1

А 111б 1511.б 1008N 8.5,8.5 40.4 0.47 42.52 1 189.2 1.28 66.1 3 D3
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PAIR RA 2000 DEC MAGS РА SEP DATE RA 2000 DEC MAGS РА SEP DATE N OBS
N OBS

STT 298 1536.1 3948N 1.4,1.1 192.9 1• 13 61.45
1619.2 4140N 8.6,8.8 284. 0.33 61.28 4 D3

195.9 0.91
4

Dз 1623.8 6141N 5.9,1.1 354.1 0.98 61.53 3 О3
10.41

194.6 1.12 10.51
3

А2 355.6 1.02 10.41 1 А2

205.3 1.04
4 D4 351.1 1.12 13.51 3 D4

13.42STF 1963 1531.9 3006N 8.8,9.2 296.3 5.14
б D4 1628.0 2559N 1.1,8.1 202.4 0.91 13.40 2 D4

61.12 3 Dз

295.5 4.91 77.91
1628.9 1825N 1.8,1.8 209.2 0.62 43.55 5 D1

STF 19б2 1538.1 0848S 6.5,б.6 189.2 12.08 82.55
4,2 Ws 162.8 0.93 63.15 2,3 D2

STF 1965 1539.4 3638N 5.1,б.О 306.0 6.20 б1.59
5 DG 141.2 1.06 б1.20 2 D3

30б.6 6.41 77.53
5,8 Dз 141.8 0.93 10.46 3 А2

304.1
б Ws 140.5 1.20 12.52 3 D46.21 19.83 1 ws

STF 1989 1539.1 1958N 1.3,8.3 30.0 0.65 б1.28
141.6 1.0 13.41 3 D4

STF 1969 1541.4 5959Н 8.9,9.6 round
5 Dз 1631.0 0159N 3.9,6.0 239.1 0.43 42.59 4 D1

HU 580 1541 .6 1941N
66.2 1 Dз 116.6 0.99 61.155.3,5.3 251.0 0.20 10.41

2 D3
STF 1961 1542.8 2618Н 4.0,1.0

1 А2 4.1 0.81 10.38 1 А2291.0 0.60 43.51 4
BU 619 1543.1 1340Н 6.9,1.4 1.6 0.60 61.28

D1 5.2 1.23 13.34 5 D4
3 DЗ

3.6 0.53 10.41 1
1632.6 4006Н 1.1,8.3 131.3 0.88 65.3 5,4 D3

8.5 0.51
А2 135.6 0.92 61.44 3 D313.52 3 D4

STF 1988 1556.8 1228Н 1.4,8.1 255.9 2.48 18.20 1,5 ws
136.9 0.12 13.44 3 D4

STT 303 1600.9 1315Н 1.5,8.0 161.2 1.31 13.52 3 D4
1636.3 5255N 5.6,6.6 106.6 3.22 65.3 1 D3

STF 1998 АВ1604.4 1122S 4.8,5.1 40.8 0.10 44.05 1 D1
101.9 3.33 61.98 4,5 D3

0.3 1• 18 61.53 3 DЗ
105.3 3.51 18.59 5 DG

1.5 1.34 12.52 2 D4 1641.1 3136Н 3.0,6.5 33.1 0.99 64.4 1 D2

11.0 1.11 13.49 3 D4 20.3 0.10 65.3 2 D3
АС 11 11 4.8,1.2 44.1 1.50 13.54 2 D4 5.5 0.65 65.60 5,4 D3
ВС 11 11 5.1,1.2 51.0 6.15 13.54 2 D4 356. 0.56 66.2 1 D3

STF 1999 1604.4 1126S 1.4,8.1 100.4 10.92 13.53 2 D4 309.2 0.48 61.22 6,2 D3
BU 812 1601.1 1654Н 9.2,9.3 112.5 0.10 43.54 1 D1 206.1 1.2 12.41 6,1 D4
STF 2010 1608.1 1103Н 5.3,6.5 11.9 21.99 18.20 1,5 ws 195.3 1.15 13.52 5 о4

12.2 21.46 82.53 3 RW 1642.1 4112Н 8.3,8.8 311.8 0.65 61.56 2 D3
BU 120 АВ 1612.1 1921S 4.4,6.9 351.8 1.03 13.51 3 D4 1642.5 2136Н 1.3,8.8 312.5 5.88 81.60 5 DG

BU 120 CD 11 11 6.9,1.9 49.0 1.4 13.51 3 D4 1643.1 5132Н 8.4,8.4 306.2 0.38 12.56 3 D4
STF 2021 1613.3 1333Н 1.5,1.1 348.8 4.88 10.43 1 А2 1643.9 4329Н 9.1,9.1 152.3 1.21 61.56 2 D3

349.6 4.26 18.55 5 DF 144.0 1.11 13.51 2 D4
STF 2032 1614.1 3352Н 5.8,6.1 225.6 5.15 43.04 13 D1 1644.2 2331N 1.4,1.1 12.1 1.23 61.16 2 D3

229.6 6.32 63.3 7,4 D2 1645.7 3000N 9.1,10.1 145.8 14.88 82.51 3 KS

229.0 6.24 66.1 4,1 DЗ АС 11 11 ,10.4 129.5 65.18 82.51 3 KS

230.1 6.22 61.95 10 DЗ AD 11 " ,15.1 11.5 65.24 82.51 3 KS

230.8 6.35 10.50 3 А2 SТF 2106 1651.1 0925Н 1.0,8.1 189.1 0.53 13.56 2 D4
77.21 9 ws STT 315 1651 .5 0113Н 5.7,7.6 not 13.55 D4232.2 6.53 RW

seen 4

233.8 6.70 82.19 3 ЗТF 2101 1651 .9 2840N 6.1,8.2 79.6 1.20 65.9 4 D3
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PAIR RA 2000 DEC MAGS РА SEP DATE N OBs RA 2000 DEC MAGS РА SEP DATE N OBS

STF 2107 1651.9 2840М 6.7,8.2 83.7 1.08 70.57 2 А2
1730.3 0103S 5.9,6.2 164.2 0.82 63.12 3,2 D2

85.4 1.44 73.45 2 04 131.4 0.32 73.39 5 D4
STF 2118 1656.3 6502М 6.9,7.4 74.0 1.02 65.6 2 03 sТF 35 АРР 1732.2 5511М 5.0,5.0 312.5 62.03 82.86 2 KS

71.6 1.07 67.39 6 03 sТF 34 АРР 1734.6 0935М 5.8,8.5 189.2 42.22 82.70 2 RW
71.5 1.12 73.56 2 04 STF 218б 1735.9 0100М 8.4,8.4 81.8 3.07 80.69 5 DG

STT 340 1657.2 8651М 8.5,9.0 225.2 31.37 72.62 8 DG STF 2207 1737.0 б707N 8.3,8.8 119.1 0.44 б7.30 2 О3

STF 2114 1701.9 0827М б.5,7.7 183.0 1.16 70.54 2 А2
105.5 0.52 73.60 3 О4

187. 1.5 73.56 2 04 SТF 2199 1738.6 5546М 7.8,8.4 75.9 1.70 42.15 9 D1
STF 2120 1704.8 2805М 7.3,10.1 232.9 18.90 77.68 б OG 70.5 1.83 72.56 3 D4
STF 2130 1705.4 5427М 5.8,5.8 96.0 2.20 43.55 12 01 SТF 2218 1740.3 6340М 7.1,8.3 326.7 1.53 б5.б 2 D3

95.1 2.16 44.б1 5 О1 326.9 1.63 б7.28 6 D3
б9.9 2.15 б3.1 2 02 327.4 1.86 72.56 3 D4
б7.6 2.01 б5.3 3 03 1741.2 4140М 7.б,б.9 302.9 0.85 б7.35 3 D3
67.5 2.01 б5.6 3 03 301.4 0.86 72.56 2 D4
б3.4 2.10 67.20 5 03 1742.0 7210М 4.9,6.1 15.9 30.42 80.74 3 DG

63.9 2.14 68.43 5 03 1744.б 0235М 6.2,б.б 93.5 20.54 82.64 3 RW
55.6 2.10 72.32 4 04 1744.8 3108М 8.0,8.5 331.8 4.43 80.67 4 DG
5б.0 2.15 73.57 4,1 D4 1746.5 2745М 10.2,10.7 53.б 1.39 42.б2 3 01
47.9 2.50 78.59 5 OG 250.0 1.13 б7.3б 4,1 03

STF 2122 170б.9 0139S 6.3,8.5 277.8 21.13 80.75 1 RW 310. 0.5б 73.52 5 D4

STF 2135 1712.0 2114М 7.5,8.8 189.7 7.44 77.б5 6 OG 1747.2 1742N 5.8,7.8 272.9 0.64 б7.24 3 D3
KUI 79 1712.1 4544N 10.1,10.6 272.8 0.7б 67.34 4 03 1750.5 0715N 8.2,8.7 round 43.б5 1 01

231.2 1.0 73.55 3 04 181.9 0.27 73.59 2 D4
STF 2140 1714.6 1423N 3.5,5.4 111.7 4.66 43.63 2 01 1751.2 4455М 8.0,8.0 32б.8 3.48 67.33 3 D3

106.9 4.61 70.6 3 А2 1752.0 1520N б.8,7.1 5.2 0.80 43.б5 1 01

107.1 4.96 77.48 4,2 ws 358. 0.84 65.33 1 03
105.8 4.72 80.83 9 WS 355.б 0.83 67.59 2 D3

STF 3127 1715.0 2450N 3.2,8.3 265.2 9.07 81.70 1 RW 357. 1.10 73.34 2 D4
262.8 8.58 77.81 7 WS

175б.2 1820N 7.4,7.4 110.9 2.б3 80.б4 5 DG
SHJ 243 1715.3 2736S 5.3,5.3 155.2 4.5б 80.75 2 RF 1757.2 5522S 7.0,8.0 92.8 2.44 82.71 2 RF

BSO 13 1719.0 4638S 5.6,8.8 245.3 8.02 80.БО 2 RF 1759.0 3003N 7.4,8.4 278.4 19.86 81.59 5 DG
MLB 4 1719.0 3459S б.1,7.6 306.8 1.83 82.5б 3 RF 1759.3 б409N 7.5,7.8 283.0 21.0б 81.70 5 DG
STF 2161 1723.7 3708М 4.5,5.5 31б.0 4.00 67.68 4,6 03 1800.1 8000N 5.8,6.2 230.3 19.02 80.58 2 DG

318.1 4.19 80.62 9 WS 1801.5 2136N 5.1,5.2 258. б.33 б8.58 2,4 D3
STF 2164 1723.7 4716М 8.8,9.8 12.4 9.18 77 .б4 б OG

25б.0 б.09 77.66 7 WS

BU 1201 172б.3 б74бN 8.8,8.8 35б. 0.35 72.57 2 QЦ

257.4 б.41 81.65 1 RW
STF 2180 1'729.0 5053N 7.7,7.9 259.6 2.97 81.б3 5 OG

1801.6 4011N 8.6,8.б 254.0 0.73 б7.29 3 D3
НО 417 1729.3 3758N 9.3,9.3 147.7 0.37 42.66 4 01

1802.9 5625N 7.1,8.1 184.1 14.54 81.93 5 RW
KUI 82 АВ-С1729.4 2924N 9.3,9.3 302.3 49.05 82.48 2 KS

1803.0 0811S 5.3,б.0 273.7 1.93 72.БО 2 D401
STF 2173 1730.3 0103S 5.9,б.2 334.5 1.03 42.64 14

2б9.5 1.92 73.53 3 D4
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RA 2000 DEC MAGS РА SEP DATE N OBS
PAIR RA 2000 DEC MAGS РА SEP DATE N OBS 1810.2 1628М 6.4,7.5 222.9 1.10 73.60 3 D4
STF 2262 1803.0 0811S 5.3,6.0 272.2 2.08 82.27 5 1814.5 0О10М 8.5,8.8 98.3 0.94 67.37 3 D3
STF 2272 1805.4 0232М 4.3,6.3 110.7 6.60 43.68

RF 97.3 0.83 73.62 3 D46
110.7 6.37 44.60

D1 1820.7 7120М 4.4,6.1 round 65.6 1 D32 D1
87.8 3.84 63.12 9,10 D2 1824.1 5848М 4.9,7.9 352.3 3.94 81.72 3 DG
82. 3.76 64.38 1 D2 1824.9 0135S 6.8,7.0 358.6 0.75 67.63 2 D2
80.9 3.56 64.53 2,4 D2

0.7 1.0 73.60 2 D4

78.3 3.28 65.57 5,6 D3
1825.0 2723М 6.6,7.6 150.4 0.42 43.67 3 D1

78.0 3.13 66.1 3 D3
136.7 0.47 66.1 5 D3

72.0 2.87 67.34 6 D3
136.3 0.54 67.41 4 D3

70.0 2.65 68.31 10 D3
133.2 0.63 72.61 3 D4

44.4 2.59 71.58 9 DG 137.1 0.52 73.50 3 D4
40.0 2.03 72.24 4 D4 1825.3 4845М 7.9,8.1 274.0 0.38 43.78 1 D1
35.8 2.19 72.58 6 DG 265.0 0.25 73.53 2 D4
24.9 1.96 73.23 4 D4 1825.3 4845М 7.7,8.2 22.0 0.7 43.78 1 D1
25.4 2.18 73.60 5 DG

22.0 0.70 73.53 2 D4
14.7 2.26 74.66 7 DG 1827.2 0О11М 5.4,7.7 320.4 3.81 79.73 7 DG
12.4 1.90 75.27 3 D4 1831.2 1311М 8.1,9.8 168.6 16.86 77.68 4 DG
5.5 2.30 75.64 6 DG 1833.8 1744М 7.1,8.0 272.7 1.98 70.57 3 А2

356.9 2.38 76.55 5 DG 1834.0 5221М 6.2,6.2 82.1 0.29 73.63 3 D4
347.0 2.02 77.60 10 ws

" " 5.4,8.8 269.6 26.01 73.63 3 D4
339.5 2.16 78.55 13 ws 1835.5 2336М 6.4,6.7 185.7 0.53 65.8 2 D3
328.1 2.37 79.65 6 ws 195.1 0.51 67.50 4 D3
321.4 2.51 80.64 6 ws 193.7 0.56 70.57 3 А2

313.8 2.61 81.59 5 DG 197.0 0.60 72.60 1 D4
307.7 2.57 82.63 9 ws

191.7 0.53 73.45 3 D4
STF 2276 1805.7 1200М 7.0,7.4 256.3 6.63 77.76 3 GH 1835.9 1659М 6.8,7.2 167.6 1.73 70.57 3 А2

258.6 6.80 81.94 7 ws 168.0 1.47 73.63 1 D4
STT 341 1805.9 2126М 7.2,8.5 91.2 0.35 43.70 2 D1 162.4 1.88 78.70 5 DG

87. 0.41 66.5 3,2 D3 162.0 1.94 82.72 3 RF
96. 0.39 67.38 3,2 D3

1835.9 1144М 8.1,8.2 104. 0.27 73.59 2 D4
91.3 0.38 72.59 3 D4 1836.2 4115М 7.7,7.7 340.9 5.22 43.63 8 D1
95.1 0.37 7з.60 3 D4 1838.6 6708М 8.6,9.1 307.8 0.71 67.62 3 D3

HU 1186 1806.3 3824М 8.7,8.8 96.1 0.39 72.59 2 D4 1838.9 5221М 7.6,7.8 323.6 1.85 73.46 2 D4
STF 2280 1807.8 2605М 5.9,6.0 182.6 14.37 78.31 7 ws 1840.6 3138М 8.4,8.6 119. 0.45 43.78 1 D1

182. 14.99 81.87 1 RW

03
1841.3 3018М 7.4,7.9 56. 0.36 67.52 4 D3

STF 2281 1809.5 0401М 5.9,7.4 358.9 0.42 67.37 4 round 73.36 1 D4
349.6 0.32 73.60 3 D4

1842.1 3445М 6.2,8.4 82.8 24.41 82.87 2 KS
HU 674 1809.7 5024М 7.5,8.0 232.7 0.72 72.60 2 04

1843.3 5933М 9.3,9.8 160.8 16.40 45.80 1 D1
оЗ

STF 2289 1810.2 1628М 6.4,7.5 224.2 1• 15 67.59 3
А2

166.7 14.84 73.68 3 D4
224.8 1.14 70.58 3
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STF 2398 1843'.3 5933N 9.3,9.8 165.0 13.68 74.34 8 DG
1911.1 3847N 8.3,8.3 205.4 4.27 77.10 10 DG

STF 2382 1844.3 3940N 5.1,6.1 0.4 2.69 65.7 " " 8.3,9.3 69. 0.35 42.764 оз
2 D1

358.7 2.71 67.38 4 оз
round 66.0 1 D3

355.7 2.60 73.60 4 О4
102. 0.38 73.65 2 D4

357.0 2.67 78.37 9 sTF 2486 1912.1 4950N 6.6,6.8 213.5 8.57 45.18 3 D1ws

STF 2383 1844.3 3940N 5.1,5.4 98.5 2.28 65.7 2,5 оз
211.0 8.17 66.4 2,1 D3

96.0 2.31 67.38 4 оз
209.7 8.05 67.78 6 D3

97.6 2.31 70.48 3 А2
208.1 8.29 73.70 2 D4

91.5 2.36 73.60 4 О4
209.3 7.14 78.73 5 DG

90.7 2.59 78.47 8 ws 209.8 7.60 82.21 8 WS

STF 38 АРР 1844.7 3736N 4.3,5.9 148.7 43.65 82.71 3 RW
BU 139 1912.6 1651N 6.7,8.0 313.3 0.70 73.62 3 D4

STF 2375 1845.5 0530N 6.2,6.6 116.3 2.55 78.70 6 DG
зТТ 371 1915.9 2727N 7.0,7.1 338.0 0.93 65.9 6 D3

STF 2379 1846.4 0058S 6.1,7.9 121. 12.87 81.88 1 RW 156.2 0.67 73.61 2 D4
STF 39 АРР 1850.1 3322N var,8.6 148.8 46.02 82.73 3 RW

1916.2 2816N 8.4,9.7 50. 1.20 73.60 3,1 D4
STF 2420 1851.2 5922N 4.9,7.9 322.2 36.18 79.74 5 DG

1916.9 6313N 7.2,8.3 328.5 1.54 67.63 3 D3

STF 2415 1854.5 2037N 7.0,8.9 292.9 1.63 73.59 3 О4
1921.6 5223N 7.7,7.7 round 65.79 1 D3

STF 2417 1856.1 0412N 4.5,5.4 103.0 22.34 82.51 4 WS
1926.5 2719N 8.5,8.7 295.1 1.60 67.59 4 D3

STF 2421 1856.1 3346N 8.8,9.6 58.8 23.81 78.65 6 DG
1930.7 2758N 3.2,5.4 54.7 34.32 76.15 10 DG

BU 648 1857.1 3253N 5.3,7.5 288.5 0.79 42.65 5 D1 54. 34.3 82.76 3 RW
287.8 0.75 43.74 2 D1

STF 2549 АС1931.2 6319N 7.4,9.3 285.5 29.33 79.71 4 DG

274.9 44.60 AD " " ,8.0 271.0 55.000.73 4 О1 79.71 4 DG
273.3 1.02 45.70 3 D1 1936.2 3539N 9.3,9.4 215.9 1.0 43.78 1 D1

STF 2422 1857.2 2605N 8.0,8.1 80.7 0.80 73.42 4 О4
1937.3 1627N 5.7,8.0 81.8 90.32 81.69 1 кз

STF 2438 1857.5 5814N 6.8,7.4 3.5 0.87 73.43 3 О4 1939.4 2216N 7.7,8.2 89.4 0.32 43.67 6 D1
STF 2437 1901.8 1911N 8.2,8.4 42.0 0.65 43.76 2 О1 51. 0.36 65.8 5 D3

not 73.59 3 О4
Н 84 1939.5 1634N 6.6,9.0 301.2 28.22 81.67seen 2,1 KS

STF 2434 1902.7 00425 8.5,8.5 98.3 25.15 79.65 4 DG SТF 2574 1940.5 6240N 8.1,8.1 248.1 0.34 73.69 3 D4
SHJ 286 1904.9 0402S 5.5,7.2 209.6 39.07 73.71 3 D4 ЗТF 46 АРР 1941.9 5031N 6.3,6.4 314.1 39.84 82.68 3 WS

210.6 38.26 82.77 2 RW 8ТТ 380 1942.6 1149N 5.6,6.8 82.5 0.51 44.76 4 О1

STF 2456 1905.7 3831N 8.6,9.2 170.6 19.17 76.72 7 DG 8ТТ 383 1943.0 4043N 6.9,8.4 20.8 0.82 43.44 4 D1

STF 2446 1905.8 0633N 7.1,9.1 154.3 9.66 81.76 2 КЗ 1943.7 3819N 7.6,7.9 194.9 1.12 65.8 1 D3
STF 2449 1906.3 0709N 7.2,7.9 289.5 7.57 81.71 2,1 КЗ 1945.0 4507N 3.0,7.9 246.7 2.20 65.78 3,4 D3
HJ 5084 1906.4 3704З 5.0,5.1 155.8 1.70 82.56 3 RF 240.3 2.19 70.62 3 А2

STF 2455 1906.8 2210N 7.4,8.5 31.7 7.02 78.77 5 WS 1945.6 3336N 9.3,9.3 178.8 0.48 43.70 7
ос

D1
STF 2457 1907.1 2235N 7.4,8.9 201.4 9.91 78.61 3 159.4 0.47 44.62 5 D1

STF 2461 1907.4 3230N 5.0,9.1 299.0 3.75 81.69 3 ос 133.5 0.47 45.74 4 D1
STF 2474 1909.1 3436N 6.5,8.6 263. 15.80 81.80 1 RW 12.4 1.48 67.74 3 D3

D3
183.7 2.25 73.09 26 DG

А 863 1909.8 0О18З 9.4,10.7 round 66.0 D4
6.6 1.67 73.43 3 D4

STF 2481 1911.1 3847N 8.3,8.3 210.5 4.40 73.65 178.5 2.13 76.99 22 DG
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STF 2576 1945.6 3336N 9.3,9.3 177.0 1.97 79.77 2
2025.5 4005N 8.0,9.1 151.1 2.92 42.78 1 01

STF 2578 1945.7 3605N 6.4,7.2 125. 15.60 81.87
DG 2026.2 3712N 9.2,9.4 286.7 1.57 67.53 4 03

ЗТТ 386 1948.2
1 RW 2030.9 4914N 6.6,9.2 278.0 59.98 82.593710N 8.2,8.5 74.1 0.94 67.27 3

2 КЗ

STF 2603 1948.2 7016N 4.0,7.6 10.9 3.02 44.11
Dз 2031.3 4914N 5.6,10.3 326.4 59.68 82.59 2 кз

10.4
3 О1 2037.5 1416N 4.1,5.1 331. 0.55 44.72 5 013.08 65.82 3,2 О3

STF 2583 1948.7 1148N 6.1,6.9 108.3 1.43 70.64 3
336.6 0.55 45.75 5 01

ЗТТ 387 1948.7 3519N 6.9,7.9 257.5 0.43 43.21
А2 318.3 0.39 70.72 1 А210

188.5 0.6 65.8
О1 343.7 0.56 73.40 2 042

189.2 0.53 67.06
Dз SТF 2705 2037.7 3322N 7.4,8.4 264.7 3.02 43.77 3 014 О3A.G.C. 11 1948.9 1908N 5.4,6.4 147.8 0.20 70.63 Sn 533 2039.1 1005N 5.2,11.8 282.2 34.7 70.72 1 А21 А2

НО 581 1954.9 4152N 7.9,8.4 231.2 0.3 42.71 2
2039.6 4036N 6.5,6.8 185.0 0.84 64.8 2 02

STF 2597 1955.3 0644N 6.7,7.8 single
О1 6.3 0.84 65.8 2 0382. 1 КЗ

STF 2605 1955.6 5226N 4.9,7.4 179.9 3.11 67.44 4 О3
9.1 0.81 67.61 3 03

STF 2606 1958.6 3316N 7.6,8.3 139.4 0.92 67.73 4 03
9.7 0.70 70.63 3 А2

ЗТТ 395 2001.8 2456N 5.9,6.3 111 .4 0.77 42.70 4
2041.1 3219N 5.9,8.0 45.1 2.59 43.80 3 D101

120.1 0.86 64.8 2 О2
2045.0 1219N 6.9,8.7 110.7 1.17 44.00 4 D1

117.4 0.87 65.8 3 О3
2045.6 3043N 4.3,9.5 61.4 6.25 44.77 3 D1

117.0 0.85 67.27 4,3 О3
2046.2 3358N 2.6,11.6 268.9 47.3 70.72 1 А2

116.0 0.75 70.60 3 А2
2046.3 1554N 7.5,8.2 5.4 5.42 43.74 1 D1

118.7 0.87 73.43 2 О4
2046.7 1608N 4.5,5.5 269. 10.05 64.6 1,4 D2

STF 2624 2003.5 3602N 7.2,7.8 175.2 1.90 43.77 4 О1
270.0 9.75 65.8 2,4 D3

174.0 2.07 67.20 3 03 269.1 9.68 67.90 2 D3
STF 2626 2004.2 3031N 8.9,9.1 125.5 0.98 67.35 4 О3 268.0 9.10 78.71 12 WS
STF 2642 2005.5 6342N 9.6,9.6 359.8 2.20 44.05 4 О1 267.5 9.59 81.70 8 RW
STF 2652 2009.0 6205N 7.2,7.5 226.5 0.33 66.80 5,3 03 413 2047.4 3629N 4.8,6.1 34.1 0.74 45.82 3 D1

ЗТТ 400 2010.2 4357N 7.5,8.5 319.1 0.62 43.76 4 01 29.5 0.75 64.8 2 01
not seen 73.5 1 04 24.1 0.77 70.70 4 А2

S 735 2011.3 0ОО7З 7.1,8.5 208.5 55.35 82.73 2 кз 26.2 0.73 73.73 3 04
STF 2644 2012.6 0052N 6.8,7.1 206.5 3.37 82.73 4 кз 268 2047.6 4204N 7.7,8.6 213.4 0.45 42.78 1 D1
ЗТТ 403 2014.3 4206N 7.1,7.3 173.1 0.82 44.28 6 01 155 2051.1 5125N 7.3,8.0 38.6 0.79 65.76 2 D3

173. 0.6 73.42 1 04 37.2 0.91 67.20 4 D3
BUP АВ 2014.6 3648N 5.0,6.6 155.5 215.42 82.77 3 кз 144 2052.3 2008N 8.0,8.0 166.9 0.3 67.36 4 03

АС " " 5.0,10.0 22.0 215.73 82.77 2 кз 146 2053.6 3514N 8.7,8.7 50.2 0.28 67.55 6 D3
во " " 6.6,10.2 119.9 218.4 82.77 1 кз 418 2054.8 3242N 8.1,8.2 107.4 1.18 65.78 2 03

STF 2671 2018.4 5524N 6.0,7.4 336.2 3.50 65.8 2 03 286.3 1.05 67.48 3 D3

338.0 3.38 67.72 3 о3 2058.6 5028N 5.8,7.1 27.6 2.07 42.92 3 01
341.1 3.35 77.78 3 GH 24.3 1.85 67.22 4,6 03

3ТТ 406 2019.9 4522N 7.4,8.3 123.0 0.66 65.72 1 03 2737 2059.1 0418N 5.8,6.3 284.1 0.98 65.8 1,2 03
122. 0.55 67.50 4 D3 287.0 1.04 70.60 3D4 А2

113.0 0.53 7з.66 4 285.0 1.00 73.43 2 04
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STF 2737ВС 2059.1 0418М 5.3,7.1 68.5 10.06 81.89 2
Н""

2139.3 2043М 9.2,9.7 114. 0.74 67.72 2 О3
STF 2742 2102.2 0711М 7.4,7.4 220.9 2.67 43.72 1 О1 2139.5 0003S 7.3,7.8 275. 0.45 65.8 3,1 О3

216.3 2.73 67.27 3 О3 306. 0.35 67.68 5 О3
STF 2751 2102.2 5640М 6.1,7.1 171.8 1.87 65.8 3 О3 2143.9 2751М 8.8,8.8 130. 0.36 65.8 5,3 03

350.9 1.60 67.25 3 О3
124.8 0.35 66.86 3 03

STF 2744 2103.1 0132М 7.0,7.5 129.5 1.38 70.67 4 А2
108. 0.3 72.58 1 04

STF 2758 2106.3 3839М 5.6,6.3 138.6 26.69 45.77 3 О1 107. 0.37 73.63 5 04
144.2 28.58 72.96 34 DG SТF 2822 2144.1 2845М 4.7,6.1 253.9 0.62 43.74 3 01
145.0 28.67 73.72 4 О4 256.2 0.71 44.65 5 О1

145.3 28.65 77.52 22,19 WS 264.2 0.78 45.79 4 01

STF 2760 2106.8 3408М 8.0,8.8 239.0 2.01 43.85 2 О1 285.2 1.68 64.77 2,1 02
239.7 1.86 44.71 5 О1 285.5 1.75 65.75 7,5 03
240.7 1.77 45.78 5 О1 290.1 1.84 67.47 4 03
322.8 0.65е 64.68 3,2 О2 288.4 1.86 70.63 3 А2

332.5 0.64 65.70 11 О3 293.5 1.95 73.57 4 D4

343.5 0.74 66.81 2 О3 295.8 2.13 77.68 5 WS
345.7 0.58 67.56 9 О3 2144.2 0953М 2.5,8.5 313.8 144.52 81.77 2 KS
350.8 0.58 68.57 3,1 О3 SТF 2828 2149.5 0324М 9.0,10.4 138.2 32.98 81.83 2 KS

17.6 0.71 73.62 5 D4 ВС " " 10.3,10.5 39.7 4.58 81.83 2 KS
STF 2769 2110.5 2228М 6.9,7.7 300.5 18.12 81.90 1 RW 2150.2 1718М 5.5,7.5 214. 0.3 67.55 6,2 03

STF 2780 2111.8 6000М 6.0,7.0 215.7 1.23 70.68 3 А2 2151.6 6545N 7.1,7.3 145.4 1.64 67.73 3 03
Н 1 48 2113.7 6425N 7.1,7.3 250.6 0.79 67.44 2 О3 2152.0 5547М 5.5,7.3 195.7 18.39 82.90 3 RW
SТТ 432 2114.4 4109N 7.8,8.2 112.9 1.35 65.76 2 О3 2156.4 5946М 7.0,8.5 348.2 0.83 67.83 3 03

116.2 1.27 67.60 3 03 2157.3 6117N 7.7,7.7 351.6 0.38 67.74 4 03
117.9 1.33 70.67 3 А2 2158.0 0556М 7.2,7.5 55.2 11.04 81.90 2 KS

SТТ 535 2114.5 1001N 5.3,5.4 21.5 0.34 67.13 8,4 03 2203.7 6437N 4.6,6.5 274.8 7.54 73.75 3 О4

22. 0.3 73.41 2 04 275.9 7.70 77.70 2 GH
НО 286 2119.4 3815N 6.6,6.6 round 65.8 2 03 2214.5 2935N 7.6,8.1 91.3 1.37 42.90 1 01
SТТ 437 2120.8 3228N 6.9,7.6 208.9 2.06 64.8 1,3 02 2215.7 4354М 8.2,8.2 236.3 0.66 67.56 4 03

28.0 2.41 65.72 3,2 03 2220.2 2931М 9.3,9.6 288.0 0.61 67.55 4 03

27.2 2.26 70.67 3 А2
2224.1 0451S 6.6,6.6 312.9 0.47 67.61 4 03

SТТ 435 2121.4 0254М 8.1,8.6 229.8 0.51 67.70 3 03
301.8 0.33 73.80 3 04

НО 157 2123.0 3202N 9.2,9.2 24.2 3.41 45.81 1 01
2228.1 5742N 9.4,10.9 58. 3.10 65.82 1 03

24.0 3.94 65.76 2 03
195.3 1.17 66.72 3,1 03

2799 2128.9 1105N 7.5,7.5 272.3 1.66 70.59 3 А2
238.8 1.6 73.80 3 04STF

271.5 1.90 78.78 6 OG
62.2 102.22 73.80 3 0403 " " ,1 0.1

STF 2804 2133.0 2043N 7.6,8.3 347.2 3.13 67.52 2,3
oG " " ,12.5 127.7 221.60 73.80 2 04

349.9 3.12 78.82 4
2228.8 00023 4.4,4.6 284.4 2.50 43.82 1 01KS

STT 443 2137.6 0643М 9.5,9.8 348.5 8.93 82.87 3
WS 283.0 2.33 44.86 2 01

STF 56 АРР 2137.8 0637N 6.3,8.6 348.8 39.31 82.88 5 281.9 2.40 45.79 5 01
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STF 2909 2228.8 0002S 4.4,4.б 251.8 1.93 б4.71 7,12 D2
2319.1 1327S 5.5,7.5 351.3 13.1 72.9 1 А1

248.2 1.92 б5.82
350.0 12.б8 82.79 1 RW

252.0 1.97 бб.92
5,7 Dз 2320.8 2157М 8.3,9.0 83.б 3.39 41.90 2 D1

248.1 1.91 б7.47
1,б Dз 2322.8 2034М б.7,9.7 90.5 б.О 72.9 1 А1

248.0 1.93 б8.5б
б,4 Dз 2323.8 0827S 7.2,8.2 1б3.0 4.18 78.83 4 DG
3,4 Dз

23б.8 1.79 73.б2 7
SТf 3012 2327.б 1б38N 8.2,9.3 192.0 2.89 81.93 2 KS

232.9 1.9б
D4 SТf 3013 вс

tI tI 9.3,9.3 б4.4 52.8б 81.93 2 KS
78.14 11,б

STF 58 АРР 2229.2 5825N var,7.5 191.9 40.72 82.87
WS Srr 49б 2330.0 5833N 4.9,9.3 218.9 0.89 42.85 2 D1

STF 2912 2229.9 0425N 5.8,7.2 115.9 0.73
3 Ks ВО 720 2334. О 3120М б.О,б.О б2.9 0.5е б4.бО 3 D2

73.78 3
STF 2920 2234.5 0413N 8.1,9.2 142.3 14.0

D4 242.8 0.47 б5.б 3 D372.9 1 А1

144.1 13.84 82.81 2
251.б 0.б7 б7.75 4 D3

STF 2922 2235.8 3938М б.8,б.б 184.4 22.57 78.72
KS 250.1 0.50 70.71 3 А2

3 GH
18б.8 22.71 82.73 1 RW

72.0 0.4 70.9б 2 04

НО 29б 2240.8 1432М б.б,б.б round 42.78 1 D1
25б.2 0.5 72.58 1 D4

71.0 0.3б б7.11 б D3
250.б 0.45 73.52 5 D4

70.9 0.44 б8.04 2 D3
252.б О.б 73.83 1 D4

59.б 0.42 70.б4 3 А2
2337.5 442БN б.3,7.2 345.5 0.50 43.82 1 01

53.б 0.б5 72.58 1 D4
1б7.2 0.5б б5.бО 4 D3

50.3 0.45 73.59 5 D4 349.8 0.53 б7.9 2 D3

STF 2932 2241.4 3002М 9.4,9.9 282.0 21.45 81.8б 3 KS 353.4 0.45 70.бб 4 А2

STF 2934 2241.8 2125N 8.7,9.7 284.0 0.85 45.30 4 D1 2341.3 3234М 7.4,8.9 240.0 0.б2 42.93 3 D1

S 81б 2243.0 3013М 3.0,9.3 338.б 92.97 81.88 2 KS 2350.б 5412М 7.2,11.2 35.3 14.68 82.83 3 KS

SТТ 480 2246.1 5804N 8.0,9.0 116.9 30.97 82.86 2 KS 2351.6 4205М 7.7,8.0 135.7 0.49 65.6 2 D3
STF 2943 2247.7 1404S 5.8,9.0 122.4 22.65 73.79 2 D4 2351.9 3753М 7.8,7.8 83.3 5.65 77.86 3 GH
STF 2950 2251.3 6141N 6.1,7.4 288.9 1.71 67.82 4,6 D3 2359.5 3343М 6.6,6.6 289.5 1.53 65.82 1 01

291.1 1.8 73.53 2 D4 114.0 1.49 70.64 3 А2

А 632 2252.1 5744М 8.2,9.0 191.6 0.б8 42.84 3 D1 300.5 1.63 73.60 4 D4

COU 240 2256.4 2257М 7.4,7.8 289.6 0.65 67.35 10 D3
287.0 0.62 72.64 2 D4

STT 483 2259.2 1144М 6.0,7.5 257.8 0.72 42.86 3 D1

HLD 56 2259.7 4149М 9.3,9.4 108.3 0.91 43.82 2 D1

STF 2974 2305.0 3322М 8.1,8.1 164.4 2.65 42.87 8 D1

STF 2978 2307.5 3249М 6.3,7.5 146.6 8.00 78.72 3 GH

BU 385 2310.3 3228М 7.3,8.1 100. 0.б7 65.81 1 DЗ

STF 2993 2314.0 0856S 8.3,9.4 176.7 25.7 72.9 1 А1

АС tI tI ,11.4 123.2 95.6 72.9 1 А1

STF 3001 2318.5 6807М 5.0,7.6 212.6 2.88 65.84 '),4 DЗ

215.2 3.08 67.88 3 DЗ

D4
218.8 2.76 7з.61 3

D1
BU 80 2318.9 0525М 9.0,10.0 281.5 1.05 42.90 2
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~IR

11 547
S'l'f 3062*
ВО 255
ВО 1026
S'l'f 12

S'l'f 4
S'l'f 23
S'l'f 24
511 12
'l'f 39

NOTES

ADS 48. Р=З62 years (1985.0 = 5".94) 0,0

ADS 61. Р=106.8 years (1985.0 = 1".44).
ADS 147. Very в1ои1у widening. 1875, 990,0".4.
ADS 148. Р=72 years (1985.0 = 0".17)
ADS 191. З5 Рве. Fixed. у,РЬ.

ADS 221. Р=112.5 years (1985.0 = 0".5З)

ADS 241. Optieal pair. 18З6, З60
0
,12".7. Сотев 11.8 at 10З".

ADS 252. Fixed. и,РЬ.

ADS 4З4. Р=640 years (1985.0 = 0".57). Cireu1ar orbit. Ру,Ру.

ADS 475. Fixed. АВ = О2 (Distanee = 0".5).

ADS 486. Fixed. Сотев 12.8 at 25". у,РЬ.

ADS - 1879, 2900, 65".2.
ADS 51З. Pi And. (=Н V 7АВ). и,Ь. Сотев 11.4 at 55".
ADS 6З9. Change in РА and вер. 18З4, 55

О
,46".4. wsh,ry?

ADS 671. Eta Сав. Р=480 years (1985.0 = 12".2З). Widening
far sarne years yet. у,р.

ADS 68З. 65 Pse. Fixed, ерт. Ру,РЬ.

ADS 684. Р=218.6 years (1985.0 = 0".85). Comes 10.2 at 27".
ADS 746. 66 Pse. Р=З60 years (1985.0 = 0".49). Ь,и. Comes
12.8 at 151".

ADS 755. З6 And. Р=164.7 years (1985.0 = 0".67). у,у. Comes
11 at 160".
ADS 768. Closing sinee diseovery. 1878, 2890, 1".0.
ADS 784. Р=8З.4 years (1985.0 = 0".24).
ADS 805. 1876, 920, 0".8.

ADS 824. Fixed. РЬ,РЬ.

ADS 862. Р=450 years (1985.0 = 0".92). Highly inelined orbit
пои widening.
ADS 899. Psi Pse. Fixed. у,РЬ. Comes to А, 11.2 at 94".
ADS 940. Phi And. Р=З72 years (1985.0 = 0".46). у,у.

Slowly widening.

ADS 955. Little motion. 1876, 2840, 0".6.
ADS 96З. Binary? 1875, 74 , 0".5. С (9.0 at 59") forms
STT 12 Арр. Comes to С, (11.З at 8") forms STT 24. Comes
to А, 10.4 at 4З".

ADS 974. Р=197.6 years (1985.0 = 0".З1).

ADS 988. Fixed.
ADS 996. Zeta Pse. Fixed. у,РЬ. В has eomes 12.2 whieh forms
BU 1129 and is probably binary. Sing1e at times.
ADS 999. Р=75 years (uneertain). (1985.0 = 0".48).
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ADS 1752. Fixed.
ADS 1795. Fixed. bSh,b.
ADS 1833. Р=209.3 years (1985.0 0".23).
ADS 1904. Fixed. о,РЬ.

1".3.

Fixed? 1831 , 2290, 4".6.
Fixed.
A1pha For. Р=314 years (1985.0 = 4".20).
Р=617 years (1985.0 = 2".54). 1831, 146,

ADS 2294.
ADS
ADS 2402.
ADS 2390.

ADS 1938. Binary, but по orbit avai1able as yet.
ADS 1982. 30 Ari. Fixed. у,РЬ.

ADS 2004. 1832, 1780, 1".8. оу,Ь.

ADS 2034. Р=475 years (1985.0 = 1".01).
ADS 2080. Gamma Cet. 1832, 2870,2".6.

ADS 1924. Fixed.
ADS 1477. A1pha UMi. Mu1tip1e system. Visua1 companion is
physica1, 1834, 2100, 18".3. oy,bsh. Primary is а Cepheid,
spectroscopic binary and has ап invisible companion, Р=30.5

years. Comites 12.1 at 83" and 13.1 at 45".

ADS 2081. Theta Per. Р=2720 years? (1985.0 = 19".73). w,b.
ADS 2122. Р=720 years (Rabe, 1985.0 = 3".66) or 1543 years
(Нортапп, 1985.0 = 3".65). у,РЬ. Comes 12.6 at 88".
ADS 2157. Eta Per. Fixed. а,Ь. Comes 9.9 at 66".
ADS 2185. Binary. 1830, 2950, 1".5. bW,bw. Primary is itse1f
а very c10se pair (= А 2906) and probably binary.

ADS 2200. 20 Per. Р=31.б years (уап den Bos, 1985.0 = 0".18)
or 62.3 years (Оа Si1va-?inheiro, 1985.0 = 0".18). Comes· 10
at 15" forms STF 318.
ADS 2253. Р=433.5 years (Baize, 1985.0 = 0".42) or 241.9
years (Costa-Morales, 1985.0 = 0".49). Slowly ()penin~.

ADS 2257. Epsi10n Ari. Binary, 1831, 1900, 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
5", 10.8 at 102" and 12.3 at 133".

ADS 2377. Р=344.9 years (1985.0 = .1".04). Now widening.
Comes 13.2 at 27" = HJ 2172.
ADS 2416. Р=790 years (1985.0 = 1".03).
ADS 2436. Р=330 years (1985.0 = 0".43). Comes 12.7 at 80".
ADS 2446. Р=118.2 years (1985.0 = 0".85)

ADS 1144.1831,2790,13".8.
ADS 1209. Fixed. Comes 10.9 at 28".
ADS 1226. Litt1e motion. 1904, 313~, 0".4.
ADS 1254. Binary of 10ng period. w,w.
ADS 1264. Fixed.

ADS 1689. 59 And. Fixed, о,РЬ.

ADS 1697. Iota Tri. 1836, 80~, 3".8. у,РЬ.

ADS 1703. Fixed. Comes 11.5 at 173".
ADS 1709. Р=144.7 years (1985.0 = 1".07).
ADS 1737. Р=150 years (1985.0 = 0".88) now near wides

t

separation. Comes 10.9 at 83".

NOTES

О " 79) Widening.ADS 1598. 48 Cas. Р=60.44 years (1985.0 = • •
Comites 13.2 at 24" and 12.6 at 51".
ADS 1615. A1pha Psc. Р=720 years (1985.0 = 1".66)~ b,g.
ADS 1630. Gamma And. А - ВС c10sing, 1830, 62, 10, '3·rbit.y,b,b.
ВС, Р=61.1 years (1985.0 = 0".55), а very eccentrlc о

ADS 1522. Р=192.9 years (Wa1ker, 1985.0 = 0".15) or 368 years
(Couteau, 1985.0 = 0".30).
ADS 1538. Р=155 years (Pa1acios, 1985.0 = 1" .13) or 170.3 years
(Freitas-Mourao, 1985.0 = 1".33).

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

ADS 1531. Fixed. Comes 13.3 at 30". w,Pb.
ADS 1563. Lambda Ari. (= Н V 12 АВ). Fixed. у,Ь.

ADS 1571. 1901, 3100, 38" .8.

ADS Р=483.7 years (1985.0 = 11".20).
ADS 1394.1836 , 70

С
, 4".7. Comes 11.5 at 142".

ADS 1438. Probable 10ng period binary. 1836, 224 , 1".9.
w,w. Comites 8.4 at 19", 10.2 at 137".
ADS 1411. Р=165.4 years (Baize, 1985.0 = 0".52) or 390 years
(Heintz, 1985.0 = 0".47).

ADS 1457. 1 Ari. 1830, 170~, 2".57. Ру,РЬ.
ADS 1473. Direct motion. 1890, 1740, 0".4.
ADS 1459. Fixed. Comes 10.4 at 115".
ADS 1507. Gamma Ari. 1830, 360

С

, 8".63. Comes 9.6 at 18",
distance decreasing.

ADS 1040. 1833, 3090, 0".6. Four comites within 100", magS
8.5,10.6,11.2 and 13.1.
ADS 1097. Р=180 years (1985.0 = 0".42). СоmеБ 13.4 at 23"
ADS 1129. Psi Cas is mag 5.0 star at 2830, 25". Distance .
distance decreasing. Comes 14.0 at 3" to Psi is BU 1101.

BU 513*

STF 186*

STF 183

STF 182
STT 21 Арр

HJ 1100

STF 222
STF 227
STF 231
STF 228*
STF 234
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PAIR

STF 102

BU 4
STF 117 CD

STF 121
STF 131
А 816
STF 138
HU 1030

DUN 5
HJ 3461
STF 162

STT 34

STF 174
НО 311
STF 163
STF 180

STF 202*
STF 205&
SТТ 38

STF 4 Арр



Fixed. w,Pb.
Fixed. y,g.
Fixed. у,РЬ. В is А 2630 (fixed). Маи 9.5 at 130".
Binary? 1845, 3440, 0".6. w,w.
14 Ori. Р=198.9 years (1985.0 = 0".68). у,Ь.

Р=100.9 years (1985.0 = 0".23). Just past minimum
Сотев тав. 12.7 at 45".
1821, 75 , 65" .9.
Omega Aur. 1828, 3520,6".5. w,Pb.

ADS 3587.
ADS 3597.
ADS 3623.
ADS 3672.
ADS 3711.

ADS 3483.
distance.
ADS
ADS 3572.
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NOTES

ADS 4002. Eta Ori. Little motion. 1849, 870, 1".0. w,b.
Primary is аlво а spectroscopic pair, Р=9 years, resolved
Ьу speckle, dist = 0".044. Сотев 9.4 at 115".
ADS 4034. 1837,3150,28".7.
ADS 4032. Widening. 1887, 2300, 0".5. Сотев 10.5 at 25".

ADS 3962. 23 Ori. Fixed. Ру,Ь.

ADS 3978. Fixed. w,Pb.
ADS 3991. А - ВС is WNC 2. Binary, 1866, 171 с, 1".4. w,y.
ВС is аlво binary, Р=48.0 years (1985.0 = 0".12), orbit
highly inclined to the line of sight.

ADS 3689. Opening since discovery. 1830, 2810, 0".4.
ADS 3730. Fixed. Ру,РЬ. В is BU 1047 (binary).
ADS 3797. Rho Ori. Fixed. о,Ь. Сотев 11.8 at 182".
ADS 3799. Р=312 years (1985.0 = 0".47). Сотев 13 at 7".
ADS 3823. Beta Ori. Fixed. b,w. Сотев often suspected to Ье

а very close and difficult binary (BU 555).

IIADS 3321. A1pha Таи. 1832 , 750, 109". Other comites.
ADS 3329. Probably binary. 1845, 79 , 0".6.
ADS 3330. 1831, 30З , 1".4. w,w.
ADS 3355. Fixed.
ADS 3353. 1830, 210 , 3".2. у,Ь.

ADS Sigma Таи. 1836, 19з",431".2.
ADS Р=552.3 years (1985.0 = 3".02).
ADS 3390. Р=654.6 years (1985.0 = 1".09). Slowly closing. у,у.

ADS 3391. 1905, 311 , 0".5.
ADS 3475. Р=16.3 years (1985.0 = 0".21). Never wider than
0".3. Comes mag. 14 at 17".

30 Таи. Fixed. РЬ,РЬ.

Р=62.28 years (1985.0 = 0".52).
Slow retrograde motion, 1937, 2150, 0".3.
Binary? 1846, 136 , 0".5.

ADS 2628. Binary? 1878, 66
С

, 0".4.
ADS 2630. Р=153 years (More1, 1985.0 = 0".61) or 220
(Heintz, 1985.0 = 0".68). .5 years

ADS 2644. Р=2101 years? (1985.0 = 6".63). 1832, 232 , 6".2.
оу, bsh.

ADS 2582. Fixed. w,w.
ADS 2592. Fixed. у,Ь. Сотев 10.8 at 165".
ADS 2616. 7 Таи. Р=568 years (1985.0 = 0".63).
10.0 at 22". w,w. Comes

ADS 2612. Р=287.7 years (Baize, 1985.0 = 1".35) or 221 у
(van Biesbroeck, 1985.0 : 1".36). ears

NOTES

ADS 1823, 95
а

, 41".1.
ADS 2681. Fixed. у,РЬ,РЬ.

ADS 2679. Fixed. ysh,bsh.
ADS 2691. (=WEB AD). Fixed. ау,Ь. Comites 13.8 at 21" (dist.
increasing, 13 at 35" and 10.8 at 168".

ADS 2778.
ADS 2799.
ADS
ADS 2815.

ADS 2850. 32 Eri. у,Ь. Сотев 11.6 at 166".
ADS 2867. 1847, 44" , 1".9.
ADS 2888. Epsilon F'er. Fixed. Сотев 13.9 at 78".
ADS 2926. Fixed.
ADS 2995. Р=706 years (1985.0 = 1".55).

ADS 2999. Fixed. Y,Bsh.
ADS 2963. 49 Сер. Р=415 years (1985.0 = 0".74). б53 ADS 3824. 14 Aur. Fixed. w,? Comites 11 .1 at 11" and 10.4
ADS 3082. Р=200 years (1985.0 = 0".75). Comites 9.0 at at 184".
56" (forms STT 43 Арр) and 8.5 at 129". б81 ADS 3903. Fixed. у,Ь.

ADS - Fixed. б34 ADS 3864. 19 Сат. 1834, 3490, 34". Due to рт of А.

PAIR

STF 401
STF 396
STF 412

STF 400*

BU 533
А 1535

STF 422
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SТТ 37 Арр

STF 430
STF 427
Р III 97

STF 452
SТТ 65
KUI 15
SТТ 66

STF 470
STT 67
STF 471
STF 479
STT 531*

STF 495
STF 460
STT 77

SТТ 44 Арр

STF 511 ADS 3098. Р=254 years (1985.0 = 0".39).
STT 48 Арр ADS 3137. Phi Таи. (=SHJ 40). 1821, 2400, 56".8. оу,Ь.

STF 528 ADS 3161. Chi Таи. Fixed. Pb,g.
STT 82 ADS 3169. Р=255.5 years (1985.0 = 1".40). р,Ь.

HU 304 ADS 3182. 66 Таи. Р=51.6 years (1985.0 = 0".12).

STF 534 ADS 3179. 62 Таи. Fixed. ysh,b. Сотев 12.0 at 111".
STF 548 ADS 3243. Fixed. у,Ь. Сотев 10.6 at 121".
STF 552 ADS 3273. Fixed.
STF 550 ADS 3274. 1 Сат. Fixed. Ру,РЬ. Сотев 11.1 at 150".
STF 559 ADS 3297. Fixed.



STF 14 Арр. ADS 4134. De1ta Ori. Fixed. w,w. Comes 14.0 to А at 35"
forms BU 558. А is a1so а c10se visua1 pair, discovered Ьу

Heintz in 1978 (=Hz 42). Mags 3.2,3.3, separation =0".15.
А is a1so а spectroscopic binary, Р=5.7 days.

STF 730 ADS 4131. Fixed.

6 " 2" 2.Long period binary. 1871, '.'
9.2 at 131", distances iпсrеаS1пg.
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PAIR

STF 716

STF 728

STF 729

STF 718
BU 1267
STF 738
STF 747
STF 748

STF 752
STF 742

STF 749

STF 753&
BU 1240

STT 112
STF 766

STF 774

BU 1007
STF 764
STT 115

BU 560
STF 795
STT 118
STF 3115
STF 780

STF 802
А 1570
STT 545

NOTES

ADS 4068. 118 Таи. 1829, 197 О , 4".9. ysh,bsh. Comes 11.6
at 141".
ADS 4115. 32 Ori. Р=586 years (1985.0 = 0".96) but van de
Bos (1956) and Cester (1964) think motion in 1inear. w w n
ADS 4123. 33 Ori. Fixed. РЬ,Ь. Comes 13.4 at 95". ' .

ADS 4119. Fixed. Pb,w. Comes 9.2 at 119" •
ADS 4166. 1892, 2180, 0".8.
ADS 4179. Lambda Ori. Fixed. w,b. Comites 11 .1 at 29",78".
ADS 4182. Fixed.
ADS 4186. Theta Ori. The Trapezium. Fixed.

ADS 4193. Iota Ori. Fixed. bW,b. Enmeshed in nebu10sity.
ADS 4200. Р=2959 years? (1985.0 = 4".03). 1837, 2510, 3".3.
c010urs 0,0.
ADS 4208. Probable binary, 1829, 2з0, 0".7. w,w. Pair

nearby, 10.4, 10.9, 2900, 4".4.

ADS 4229. 26 Aur. АВ - С is STF 753. Fixed. w,b. АВ is
BU 1240, Р=53.2 years (1985.0 = 0".12). Comes to А,

11.5 at 33".
ADS 4243. Probably binary. 1848, 85", 0".6.
ADS 4256. Fixed. Ру,Ь.

ADS 4263. Zeta Ori. Р=1508 years? (1985.0 = 2".35). 1836,
151,2".6. Comes to А, 10.0 at 58".
ADS 4265. 126 Таи. Р=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, 2080, 0".9.
ADS 4390. Like1y 10ng period binary. 0,0.
ADS 4392. Fixed. Comes 8.6 at 76" forms STT 67 Арр.

ADS 4376. C10sing since discovery. 1831, 360, 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.
ADS 4566. Theta Aur.
Comites 10.7 at 50",

sТF 845
KUI 24
sTF 877
BU 1008

948

78 Арр

156
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NOTES

ADS -. Р=463.5 years (1985.0 = 2".51).
ADS 4603. Р=163 years (1985.0 = 0".23). C10sing since
discovery. 1843, 1910, 0".4.
ADS 4749. Fixed. w,b,w.
ADS 4744. Fixed. о,Ь. Оп п.Г. edge оГ М35.

ADS 4773. 41 Aur. 1830, 353 , 8".0. w,Pb.
ADS 1934, 137", О" .3.
ADS 4840. Fixed.
ADS 4841. Eta Gem. Р=473.7 years (1985.0 = 1".55). Primary
is ап М3 variable. 1882,301",1".0.

ADS 4849. 1828, 2170, 11".3. w,Pb. Comites 11.4 at 202" and
11 .5 at 174".
ADS 4950. 4 Lyn. Binary. 1830, 90", 0".8. Ру,Ь. Comites
12.9 at 26" and 11 J 12.9 at 100".
ADS 5080. 1822, 205", 32".7. Comes 12.4 at 78".

ADS 5107. Beta Моп. Fixed. w,w,w. Comes to А, 12.2 at 25"
forms BU 570.
ADS 5166. 20 Gem. Fixed. Ру,РЬ.

ADS 5178. 1829, 322", 4".4. Comes 10 at 137".
ADS 5197. Р=2360 years? (1985.0 = 1".75). 1830 ,
342 , 2".4).

ADS 5191. Fixed. ysh,bsh. Сотез 11.0 at 129".
ADS 5234. Р=114.8 years (1985.0 = 0".62).
ADS -.1829,155"',15".5. Сотез 14.4 at 13".
ADS 5289. 54 Aur. Fixed. у,Ь.

ADS 5296. C10sing since discovery. 1830, 249 , 1".1.
ADS 5381. Fixed.
ADS 5368. Fixed.
ADS 5423. A1pha СМа. Р=50.09 years (1985.0 = 8".18). Comes
is the brightest known white dwarf. Occasiona11y thought
double. bw,w. Соmез 14.0 at 32".

ADS 5400. 12 Lyn. Р=699 years (1985.0 = 1".69) for АВ. АС,

1831, 308 , 8".7 - litt1e change. у,РЬ,Ь. Сотез 10.5 at 170".
ADS 5425. Psi Aur. (=SHJ 75). 1823, 17 , 55".4. о,Ь.

ADS 5447. Р=1057 years? (1985.0 = 0".54).

ADS 5436. Fixed. y,rsh. Comes 11.2 at 164".
ADS 5514. 14 Lyn. Р=480 years (1985.0 = 0".44). Сотез 11.1
at 112".
ADS 5559. 38 Gem. Р=3190 years? (1985.0 = 7".04). ysh,bsh.
Сотез 10.3 at 112".



NOTES

ADS 6569. Fixed. w,b.
ADS 6623. Р=4390 years? 1985.0 = 2".77. 1829,71",1".6.
ADS 6650. Zeta Спе. АВ has Р=59.7 year5 (1985.0 = 0".66).

ADS 5570. Р=5343 years? (1985.0 = 1".62). C10sing sinee
diseovery. 1831, 149~, 3".7.
ADS 5586. 15 Lyn. 1844, 3230, 0".5. у,Ь. Comites 12.4 t
29" and 12.9 at 27". а
ADS 5704. Fixed.

ADS 6886. Fixed. у,l. Comites 10.7 at 93", 12.0 at 117"
and 8.8 at 122".
ADS - 1829 , 40 5".4. Due to proper motion оГ А.,
ADS - Fixed.
ADS 6988. Iota Спе. Fixed. о,РЬ.
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NOTES

ADS 7307. Р=219.7 years (1985.0 = 0".80). w,w. Соте5

11.4 at 143".
ADS 7352. 1831, 334 с, 1" .1. РЬ,РЬ.

ADS 7390. Omega Leo. Р=116.8 years (1985.0 = 0".46).

ADS 7251. Р=975 years (1985.0 = 17".54). 0,0.
ADS 7281. 1829, 160, 5".6.
ADS 7284. Р=34.2 years (1985.0 = 0".48). Nowat its widest.
ADS 7286. 1828, 390, 1".4. ysh,bsh.
ADS 7292. 38 Lyn. 1829, 240

С
, 2".7. Retrograde motion. w,b.

Comites 10.8 at 88", 10.7 at 178".

ADS 7139. 1830, 2100, 4".1. Widening.
ADS 7137. 66 Спе. Fixed. w,Pb. СотеБ 10.8 at 187".
ADS 7187. Fixed. ysh,w. СотеБ 12.6 at 28" forms НО 644 АС.

ADS 7203. Sigma UMa. Р=1067 years (1985.0 = 3".38).

ADS 6993. Epsi10n Нуа. АС i5 STF 1273, Р=890 Years
(1985.0 = 2".73). У,В. АВ is rapid binary, Р=15.03 years
(1985.0 = 0".23). А and В are а1БО speetroseopie binaries.
А еотеБ таи 12.5 is а1БО attaehed to the system.
ADS 7033. Fixed. СотеБ 12.6 at 40" forms HJ 2466 АС.

ADS 7054. Р=74.1 years (1985.0 = 0".16). C10sing.
ADS 7071.57 <Iota Спе). 1829, з330, 1".5. Mag 9.2 at 56".
ADS Fixed.
ADS 10 UMa. Р=21.85 years (1985.0 = 0".56). Comites
10.8 at 142", 9.8 at 127" and 10.5 at 225". Distanees
increasing due to 1arge рт of АВ.

ВС, Р=1150 years? (1985.0 5".92). у,у,РЬ. Irregu1arities
in the motion оГ С revea1 а dark eomponent С. Period оГ Се

= 17.5 years.
ADS 6681. Fixed.
ADS 6762. Р=435 years (1985.0 = 0".63). Widening slow1y.

ADS - 41 Lyn (=S 565). 1824, 1650, 73". у,РЬ.
ADS 6811. 24 Спе. (Not Upsi10n Спе аБ given in ADS and
ИеЬЬ. 1830, 370, 5".8). w,bsh. В i5 А 1746 (Р=21.82 years
1985.0 = 0".17).
ADS 6815. Phi Спе. 1829, 2120, 4".6. W,W.

at 27".
В,

ADS 1826, 760, 2".5.
ADS 5742. Zeta Gem (=SHJ 77 АС). Primary is а Cepheid
variable. у,Ь. Comites 10.5 at 87", 12.0 at 80", 12.9
ADS 5746. Widening, 1830, 159С , 2".9. РЬ,РЬ. СотеБ to
mag 11.0 at 179".

ADS 6185. 1847, 334~ 0".5. Distanee deereasing. or,or. СоmеБ
9.3 at 81".
ADS 6191. 1851, 850, 2".0. Distanee inereasing? у,Ь.

ADS 6263. Probably binary. 1829, 1320, 1".5. b5h, bsh. СоmеБ

10.6 at 44".

ADS 6117. Р=381.4 years (1985.0 = 0".76). Widening.
ADS 6160. Fixed. у,Ь.

ADS 6175. A1pha Gem. Р=511.3 years (Mu11er, 1985.0 = 2".67)
or 420.1 years (НаЬе, 1985.0 = 2".59). Castor С , 8.8 at
73" is part оГ the system. А11 three stars are speetroseopic
binaries.

ADS 5896. Fixed. у,Ь.

ADS 5951. 1837, 65", 27".2.
ADS 5958. Widening sinee diseovery. 1844, 1ззD , 1".0. Ру,Ру

ADS 5983. De1ta Gem. Р=1200 years? (1985.0 = 6".02). у,РЬ•.
ADS 6060. Мо ehange. y,g.

ADS 6276. Р=200 years (Couteau-Laques, 1985.0 = 0".51) or
180 years (Muller, 1985.0 = 0".44).
ADS 1836 , 1000, 2" .0. ()
ADS 6321. Карра Gem. Probable 10ng period binary. 1853, 233 ,
6".2. Ру,РЬ.

ADS 6348. 2 Рир. Fixed. у,l. Соте5 10.4 at 101".
ADS 6376. Fixed. у,РЬ.

ADS 6538. Fixed. w,w.
ADS 6554. Р=44.8 years (1985.0 = 0".51). СотеБ 10.5 at 4".8
is а member of the system.
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PAIR

STF 981

STT 159

А 1575

DUN 39
SТТ 81 Арр

STF 1009

STF 1033
HJ 3945
SТТ 170
STF 1066
STF 1083

STF 1093
STF 1108
STF 1110*

STT 175

STT 174
STF 1126

STT 177

HJ 3997
STT 179

STF 1138
STF 1140
STT 186
BU 581

STF 1177
STF 1187
STF 1196



STT 232 ADS 8102. Fixed.
STF 1516 ADS 8100. Optical pair due to large рт оГ А. 1832, 299 ,

9".75. Comes to А, 11.2 at 7" forms STT 539 and is
probably а physical component.

STF 1523* ADS 8119. Xi UMa. Р=59.84 years (1985.0 = 2".32). Ру,Ру.

Both stars are spectroscopic binaries.

ADS 7730. 1832, 2570, 0".6. Direct motion. Comes 9.3 at 8".
ADS 7762. 1831,84",3".8.
ADS 7780 Beta LMi. Р=37.9 years (Baize (1950), 1985.0 =
0".46) or 37.2 years (Baize (1976), 1985.0 = 0".39).

ADS 7446. Fixed.
ADS 7477. 1838, 275", 3".3.
ADS 7555. Gamma Sex. Р=75.6 years (1985.0 0".56). Comes
12.1 at 36" forms HJ 4256 АС.

ADS 7589. Fixed. py,g.

1845, 331·, 0".4. Little motion.
Р=2200 years? (1985.0 = 1".89).
1832, 3410, 7".8.
Р=4273 years? (1985.0 = 1".32).
24 Сот. Fixed. Py,bsh.

ADS 8540.
ADS 8553.
ADS 8604.
ADS 8575.
ADS 8600.
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ADS 8505. Fixed. и,и.

ADS 8519. Fixed. Ьи,Ьи.

ADS 8535. Closing since discovery, 1853, 315", 0".5.
Comes 11.2 at 13".
ADS 8539. Р=678 years (1985.0 = 1".54).

NOTES

ADS 8249. Fixed.
ADS 8250. 1831, 266с), 10".5. А has а рт оГ 0".6
annua111y. Comites 8.6 at 90", 9.5 at 121" and
12.4 at 91".
ADS 8252. 1845, 287", 0".7.

ADS 8337. Р=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 Сот. Fixed. Ру,РЬ.

ADS 8419. Р=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 _ 1910, 20, 10".5. Increase in ang1e 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. Р=86.44 years (1985.0 = 0".37).

ADS 8196. 88 Leo. 1782, 318", 14".6. и,РЬ.
ADS 8197. Р=72.9 years (1985.0 = 0".52). Widening.
ADS 8220. 90 Leo. Fixed. и,и. Comes 8.8 at 63".
ADS 8231. Highly inclined orbit. 1829, 3390, 1".2.
Comes 10.2 at 21" forms HJ 503 АС.

1604 ADS 8440. 1831, 930, 12".0 (АВ) • 1831, 97 ,58".0 (АС).

1606 ADS 8446. Р=326.8 years (1985.0 = 0".32).
136 ADS 1876, 76", 66".7.

ADS 8444. 1877, 280
u

, 6".8.
ADS 8450. 1832 , 224с), 10".6.
ADS 8477 • 1829, 2880, 7".8.
ADS 8489. 2 CVn. Fixed. о,Ь.

ADS 8494. Fixed.

1559
1561

and 11.2 at 158"
at 100".

NOTES

Nu UMa. Fixed. у,Ь.

Р=148 years? (1985.0 = 1".37). ysh,g.
Iota Leo. Р=192 years (1985.0 = 1".32).
Р=421 years (1985.0 = 5".76).

Fixed. Pb,g. Comites 12.3 at 85"
23 UMa. Fixed. y,bsh. Comes 10.5
6 Leo (=SHJ 107). Fixed. о,РЬ.

Fixed. Comes 9.0 at 30".
Fixed.

ADS 7406.
ADS 7402.
ADS 7416.
ADS 7425.
ADS 7448.

ADS 7802. 1829, 131
V

, 2".0.
ADS 7837. 49 Leo. Fixed. и,РЬ.

ADS 7864. 1829, 288~, 0".7.
ADS 7926.1851,196'·,0".5.
ADS 7929. Long period binary. 1846, 347 , 0".7.

ADS 7979. 54 Leo. 1830, 103
С

, 6".2.
ADS 8035. Alpha Uma. Р=44.66 years (1985.0 = 0".79).
ADS 8047.1891,219",0".4. Widening since discovery.
ADS 8065. 1832, 341'"', 3".9.
ADS 8094. р= 4050 years? (1985.0 = 0".42). Widening?

ADS 1831 , 960, 21".1.
ADS 7704. Р=552 years (Wierzbinski, 1985.0 = 1".41) or
444 years (Zaera, 1985.0 = 1".39). И,И.

ADS 7705. Fixed. Comes 10.6 at 150".
ADS 7724. Gamma Leo. Р=619 years (1985.0 = 4".32). 0,0.

Distant comites 9.6 and 10.0.

ADS 8123.
ADS 8128.
ADS 8148.
ADS

STF 1362
STF 1374
А.С.5

STF 1399

STF 1402
SТТ 215*

STF 1415
STF 1424

PAIR
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STF 1360
STF 1351
SТТ 101 Арр

STF 1350
Н 58

STF 1439
STF 1450
STF 1457
SТТ 228
STT 229

STF 1487
BU 1077
НО 378
STF 1510
STF 1517

STF 1426
STF 1428
HU 879

STF 1524
STF 1527*
STF 1536*
BSO 5
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PAIR

5TF 1661
5TF 1669
HJ 4539

STF 1670*

5TF 1678
HJ 4547

5TF 1694
5TF 1687

5TF 1689
5TF 1692

5TF 1695
5ТТ 256
5TF 1699
BU 1082*
BU 929

5TF 1728

5ТТ 261
5TF 1734

5TF 1744

5TF 1742
ЗТТ 269

5TF 1757*
STF 1768

5TF 1770
BU 612

HJ 4608
5TF 1781
STF 1785
STF 1788

МОТЕ5

АО5 8606. 1828, 2260, 2".6.
АО5 8627. 1828 , 2990, 5".4. Comes 10.5 at 59".
АО5 -. Gamma Сеп. Р=84.5 years (уап den Bos,
1985.0 1".52) or Р=84.6 years (Wierzbinski,
1985.0 = 1".51).

АО5 8630. Gamma Yir. Р=171.4 years (1985.0 = 3".49).
Highly eccentric orbit, closing to 0".4 in АО 2008.
и,и. Comes 12.2 at 124".
АО5 8659. 1832, 212О , 32".6. РЬ,оу.

АО5 Iota Cru. 1882, 40~, 27".1.

АО5 8682. Fixed.
АО5 8695. 35 Сот. Р=510 years (1985.0 = 1".08).
у,у. Comes 9.1 at 29", Ь.

АО5 8704.1827,198",28".7. Oy,g.
АО5 8706. Alpha СУп. Fixed. и,и.

АОЗ 8710. 1832, 289~, 3".3. Comes 10.4 at 124".
АОЗ 8708. 1848, 570, 0".7.
АО5 8721.1830,10,1".5. 5mall change in angle.
АОЗ 8739. 78 UMa. Р=115.7 years (1985.0 = 1".41).
АО5 8759. 48 Yir. 1879, 2290, 0".5. Widening.

АО5 8804. 42 Сот. Р=25.8 years (1985.0 = 0".61).
Beginning to c10se. Orbit almost edge-on to the line
of sight. Comes 10.2 at 90", closing due to рт of АВ.

АО5 8814. 1843, 359 U
, 0".6. у,РЬ.

AD5 8864. 1830, 1980, 0".7. Widening. и,и.

AD5 8891. Zeta UMa. Long period binary, 1830, 148'\
14".4. С (Alcor) has the same рт as АВ. А and В are
also spectroscopic binaries. и,и.

АО5 8890. Fixed. Ьи,Ьи.

ADS 8939. Р=54.8 years (1985.0 = 0".09).

ADS 8949. Р=334 years (1985.0 = 2".06). Mag 11.6 at 45".
АОЗ 8974.25 СУп. Р=240 years (1985.0 = 1".83).
Eccentric orbit. Comes 8.7 at 217". Ру,и.

ADS 8979. Fixed. о,Ь.

АОЗ 8987. Р=22.35 years (1985.0 = 0".31). Near
maximum distance. Comes 11.0 at 125", approaching.

АОЗ - 1848, 174 , 4".4.
АОЗ 9019. Р=312.5 years (1985.0 = 0".41).
АО5 9031. Р=155 years (1985.0 = 3".41). Ру,Ьи.

ADS 9053. 1831, 54 , 2".2. Comites mags 10.3 at 128"
and 10.9 at 157".

PAIR

STF 1795
5ТТ 276

зТТ 278

5ТТ 277

5ТF 1820

5TF 1821

5TF 1816
5TF 1817
5TF 1834

5TF 1835

5TF 1838
5TF 1843
5ТF 1850
А 570

STF 1863
Alpha Сеп*

ЗТf 1864
STF 1872
5TF 1865

5TF 1871
5TF 1877

5ТТ 285
5TF 1884

BU 106

5TF 1890
5ТТ 287
5TF 1888*

МОТЕЗ

АО5 9077. Fixed.
АОЗ 9121.1845,1960,0".6. Comes at 9".7. ID5 gives
magnitude as 10.0 and 10.8.
ДО5 9159. Р=215 years (1985.0 = 0".27).

ДО5 9158. 1845, 3340, 0".4. Comes 9.3 at 14".2 forms
STF 1812. Further comes 11.8 at 73".
АОЗ 9167. Р=810 years? (1985.0 = 2".27). Circular orbit?
1831, 47 , 2".4. о

AD5 9173. Карра Воо. 1832, 238 , 12".6. w,bsh.

о

ДО5 9174. Closing. 1831,80 , 1".9.
АОЗ 9177. Closing. 1832, 70, 1".6.
ADS 9229. Р=321 years (1985.0 = 1".28). и,и. Orbit of
high eccentricity and inclination.
АОЗ 9247. 1832, 1860, 6".1. ВС is BU 1111 (Р=39.5

years (1985.0 = 0".25).

ADS 9251. Fixed.
АОЗ 9259. Fixed. Star С at 97" not in the ID5.
ADS 9277. Fixed.
ADS 9301. Р=30.0 years (1985.0 = 0".15).

ADS 9329. 1830, 1100, 0".6.
АОЗ • Р=79.92 years (Heintz, 1985.0 = 21".32) or
Р=79.91 years (Wielen, 1985.0 = 21".20). Star С

(Proxima Centauri) is 2 v 11' аиау and is the nearest
star to the Зип.

ADS 9338. Pi Воо. 1830, 990, 5".8. и,и. Mag 10.0 at 128".
ADS 9346. 1830, 38 , 7".5. Comes 11.3 at 76".
АО5 9343. Zeta Воо. Р=123.4 years (1985.0 = 1".02).
Beginning to close. Yery eccentric orbit. Comes 10.9
at 99" is Н YI 104.

АОЗ 9350. 1829, 28з0, 1".8. Widening. и,и.
ADS 9372. Epsilon Воо. 1829, 3210, 2".6. у,Ь. Comes
12.0 at 177"
ADS 9378. Р=88.4 years (1985.0 = 0".29). Widening.
АО5 9389.1829,550, 1".7.

ADS 9396. Ми Lib. Opening. 1875, 3350, 1".4. Comites
13.9 at 25", 12.5 at 27".
ADS 9406. 39 Воо. 1830, 440, 3".7. и,и.
АОЗ 9418. Р=400 years (1985.0 = 1".08).
ADS 9413. Xi Воо. Р=151.5 years (1985.0 = 7".15). Мои

beginning to close. or, Ь. Comites 12.6 at 67" and
9.6 at 149".

143



NOTE: See back of book for page 150(a).

NOTES

ADS 9425. Р=215.4 years (1985.0 = 1".14). Beginning to
c10se. РЬ,РЬ.

ADS 1910, 1390, 13".4.

151

ADS 10347. 1831, 2800, 20".4. Fixed?
ADS 10394. АВ 1829, 166", 6".7.
ADS Р=12.98 уеагв (Baize, 1985.0 = 1".12) оГ

Р=12.98 years (Eggen, 1985.0 = 1".10). Near maximum
separation. Rare opportunity to see such а short
period pair.

ADS 10418. A1pha Нег. Р=8230 уеагв? (Нортапп, 1985.0
= 4".63) ог Р=3600 уеагв (Baize, 1985.0 = 4".65). o,g.
Соmев 11.1 at 80".

ADS 10628. Nu Dra. Fixed.
ADS 10635. Fixed. Comites 10.8 at 94", 91".
ADS 10650. Fixed.

NOTES

ADS 10597. Fixed.
ADS 10589. 1892, 151", 0".4.
ADS 10585. Mags 8,8.2 (est). АВ = А 351 (Р=60 уеагв),

1985.0 = 0".58. 1933, 286", 33".
ADS 10598. Р=46.08 уеагв (Duncombe-Ashbrook, 1985.0 =
1".00) оу Р=46.40 years (Wilson, 1985.0 = 0".97).
Orbit of high inclination.

ADS 10526. Rho Нег. 1830, 3070, 4".5. А is а speck1e
pair, distance = О" .29. Comes 13.3 at 119".
ADS 10530.1829,17",8".8.
ADS 10573. Fixed.

ADS 10424. Delta Нег. 1830, 174",25".8. Two faint
comites at 51" and 91".
ADS 10417. 36 Oph. Р=548.7 years (1985.0 = 4".67).
Star 6.7 at 700" has соттоп ргорег motion. Other
comites mags 8.2 and 13.5.

ADS 10437. 1847,2370,31".5.
ADS 10312. 1830, 1360, 1".3. РгоЬаЫе binary. у,1.

ADS 10332. 1829, 110, 7".3.
ADS 10345. Ми Dra. Р=482 уеагв (1985.0 = 1".89). Now
c10sing s10w1y. Сотев 13.8 at 13" Гогтв BU 1088 and
appears physica1.

ADS • Р=693.2 уеагв (Wieth-Knudsen, 1985.0 =
8".14) ог Р=2204 уеагв? (Wie1en, 1985.0 = 8".37).
Comites 12.5 at 42" and 14 at 47".
ADS • Р=42.18 уеагв (1985.0 = 1".92). C10sing.
Comes 9.9 at 31" Гогтв HJ 4935. See added а mag
12.8 at 14". Distances changing due to 1arge рm of АВ.

ЗТF 2180
НО 417
KUI 82 АВ-С

ЗТF 2173*

ЗТF 35 Арр
ЗТF 34 Арр

ЗТF 2186

ЗТF 2161

ВЗО 13

HLB 4

ЗТF 2164
BU 1201

5TF 2140

5ТF 2122
5TF 2135
KUI 79

SТF 3127

5HJ 243

PAIR

5ТТ 340
5TF 2114
5TF 2120
5TF 2130*

1" • 3 1 ) •
а W UMa star.

ADS 9474. Fixed.
ADS 9480. 2 Зег. 1875, 1150, 0".5.
ADS 9494. 44 Воо. Р=225.0 years (1985 О _
Opening. Very high1y inc1ined orbit. В is
ADS 9507. Fixed.

ADS 9596. 6 Зег. 1875, 1з0, 2".3.
ADS 9617. Eta СгВ. Р=41.56 years (1985.0 = 0".80). Now
opening. у,у. Comites 1.0 at 215" and 12.6 at 58".
ADS ?626. Ми Боо. Р=260.1 years (1985.0 = 2".07). Now
c10s1ng s10w1y. W,w. Ми is 108" distant, magnitude 4.5
and forms STF 28 Арр.

ADS 9628. 1900, 296", 0".2.
ADS 9639. 1845, 3280, 1".5. Comes 12.5 at 67.
ADS 9694. 1831, 410, 2".7. C10sing with 1itt1e change in РА.
ADS 9701. De1ta Ser. Р=3168 years? (1985.0 = 4".30). ysh,bsh.

ADS.9716. Р=55.88 years (1985.0 = 0".55). Now c10sing
rapld1y. W,W. Comes 7.9 at 121" is apparent1y physica1.
ADS 9727. 1829, 2910, 4".2. w,w. Comes 13.4 at 31".
ADS 9728. Fixed.
ADS 9737. Zeta СгВ. 1822, 299~, 6".2. Binary. bsh.,Pb.

A?S 9769. Pi UMi. Р=150.7 years (1985.0 = 0".60).
Hlghly eccentric orbit. Distance fixed Гог воте уеагв.

ADS 9756. Р=325 years (1985.0 = 0".51). Now opening.
1831, 43 , 1" .5.
ADS 9744. Iota Ser. Р=11.07 years (van den Bos, 1985.0
= 0".09) оу 22.14 years (van den Bos, 1985.0 = 0".08).
Components ауе equally bright making determination of
quadrant difficu1t. Comites 13.4 at 143", 12.6 at 151".

ADS 9757. Gamma СгВ. Р=91.0 уеагв (1985.0 = 0".53).
Widening. Highly inc1ined orbit.

ADS 9530. 1905, 210, 0".4.
ADS 9535. 1832, 100, 24".8.
ADS 9573. АВ 1830, 450, 5".3.
ADS 9578. Р=203 years (1985.0 = 1".46). В has а dark
companion, period = 50 years.

ЗТF 1938*

STF 1910

А 1116
STF 1919
ЗТF 1934
STF 1932

HU 149
ЗТТ 296
STF 1956
STF 1954

ЗТТ 298

SHJ 191
BU 348
STF 1909*

ЗТТ 288*

ЗТI 2317

BU 32
STF 1937
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STF 1963
STF 1962
STF 1965

STF 1989

HU 580

STF 1969

STF 1967



1)2

PAIR

STF 2207
STF 2199
STF 2218
STF 2203
STF 2241

NOTES

ADS 10690. 1832, 128 <-, 1" • 1 . РгоЬаЫе binary.
ADS 10699. 1830, 1160, 1".7. Retrograde motion.
ADS 10728. 1836, 3550, 2".5. Ang1e decreasing.
ADS 10722. 1830, 334'>, 0".7. Retrograde motion.
ADS 10759. Fixed. Comites 11.4 at 190" , 12.4 at 101" .

2289
2294*

353

NOTES

ADS 11123. Р=3040 years? (1985.0 = 1".23). W,c.
ADS 11186. Р=278 years (Luyten, 1985.0 = 1".12) ог

Р=200 years (Wi1son, 1985.0 = 1".01). Orbit оГ high
eccentricity.
ADS 11311. Phi Ога. 1856, 640, 0".6.

ADS 11005. Tau Oph. Р=280 years (1985.0 = 1".81).
у,у. Comes 9.3 at 100".
ADS 11046. 70 Oph. Р=88.1 years (1985.0 2".12).
у,р. Мапу comites.

ADS 11089.100 Нег. Fixed.
ADS 11111. 73 Oph. Р=270 years (1985.0 = 0".38).
Slow1y widening. Comes 12.6 at 68".
ADS 11128. 1904, 2790, 0".5. Retrograde motion.

ADS 10795. 1831, 311
D

, 0".8. Retrograde motion.
ADS 10828. Р=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 11593. Comes 11.4 at 90".
ADS 11632. Р=453 years (Heintz, 1985.0 = 13".82)
ог Р=294.7 years (Baize, 1985.0 = 13".19). Comes
12.8 at 200" (increasing due to рm of АВ).

. I
ADS 11635 АВ. Epsl10n Lyr. Р=1165 years? (1985.0
2".65). w,w. Linked with STF 2383.
ADS 11635 СО. Epsi1onl. Lyr. Р=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. А further 13.3
at 47" (increasing) and а 11.5 at 62".

ADS 11468. Р=184.6 years (Wilson, 1985.0 = 0".32),
Р=338.0 years (Baize, 1985.0 = 0".32) ог Р=169.5

years (Baize, 1985.0 = 0".25). Comes 8.8 at 26"
forms STF 2348.
ADS 11479. Р=210.9 years (1985.0 = 0".63). w,w.

ADS 11353. 1828, 3140, 4".0.
ADS 11418. 1829, 1770, 20".2.
ADS 11454. 1830, 2720, 2".3. Primary is HU 322, а

c10se pair in orbital motion.

ADS 11483. Р=296.2 years (Starikova, 1985.0 = 1".49)
ог 3083 years? (Норmапп, 1985.0 = 1".53).
ADS 11484. Р=256 years (1985.0 = 0".34).
ADS 11500.1830,340",5".2. Fixed.
ADS 11568. Р=137 years (1985.0 = 0".50). Mag 12.5 at 113".

ADS 11336. 1833, 60, 3".1. Five other comites.
ADS 11324. Р=240 years (1985.0 = 0".79).
ADS 11334. Р=775 years (1985.0 = 0".71). Mag 13.5 at 45".
ADS 11344. АС is STT 351, 1846, 250, 0".5, widening
slow1y. АВ is HU 66, 1898, 310

О

, 0".3 - retrograde
motion. One of the closest triples known.

ADS 11558. 1831, 3310, 2".0). Comes 10.7 at 37".
ADS 11566.1892,1160,0".4. Comites 10.7 at 40",
13.9 at 23" and 11.2 at 4" to 10.7 (increasing).
ADS 11579. Р=90 years (1985.0 = 0".14). Very
eccentric orbit. Comites 8.6 at 14", 11.9 at 23"
and 10.9 at 149".

А 1377

STF 2372
STF 2398*

STF 2382*

STF 2383*

STF 38 Арр

STT 357
STF 2351
STF 2384

STF 2368
НО 437

STT 358

STF 2367

STF 2316
STF 2330
STF 2339

STF 2323
А. С. 11
STF 2315
STT 351&
HU 66

STT 359

Fixed.
1880, 880, 2".5.
Fixed.
Fixed. Comes 12.7 at 24" and 14.7 at 19".

ADS 10905.
ADS
ADS 10955.
ADS 10985.

ADS
ADS 10993. 95 Нег. 1829, 262

u
, 6".1. Co1ours w,w but

both stars suspected оГ varying in co1our.
ADS 11001. 1830, 234~, 1".4. C1osing.
ADS 11035. 1831,220,39". Comites 8.5 at 38",
9.7 at 201" and 14.1 at 5" to the 9.7.

ADS 10750. Fixed. Comes 12.5 at 96".
ADS 10765. Fixed.
ADS 10786. ВС is А.С.7. Р=43.2 years (1985.0 = 1".53).
Nearing maximum separation. (Mu Нег). Mu Нег is
3.5 at 35" and forms STF 2220 with ВС. It has а comes
mag 11.2 at 256".

ADS 11056. Fixed. Comes 12.0 at 61".
ADS 11060. Р=20.0 years (1985.0 = 0".46). Orbit оГ

уегу high eccentricity and inc1ination. Comites 9.6
at 28", 38", 63" and 108". A1so 8.б at 136".
ADS 11071. Р=101.5 years (1985.0 = 0".33). Starting
to close.

STF 2202
STF 2213
А.С.7

STF 2215
STT 337
STF 2242
SТТ 338

STF 2245
RMK 22
STF 2259
STF 2273

STF 2308
STF 2264

STF 2267
STF 2278

STF 2262

STF 2272*

STF 2276
STT 341

HU 1186

STF 2280
STF 2281

HU 674



ADS 12962. Pi Aq1. 1829, 121", 1".5. РЬ,с. Comes
12.2 at 34".
ADS 12972. Р=156.5 years (1985.0 = 0".60).
ADS 12973. Zeta Зие. АВ is A.G.C.11, Р=22.8 years
(1985.0 = 0".22). С (8.8 at 9") forms STF 2585.

155

ADS 13196. 1832, 131
У

, 1".2.
ADS 13277.16 Vu1. 1844,79 , 0".6.
ADS 13312. 1830 ,179", 2".0. w,w. Comites 9.1 at 43"
and 11.0 at 29".
ADS 13329. Fixed.

NOTES

ADS 12296. 1832, 353: 0".5. Becoming wider.
ADS 12366. 1889,3440,0".3.
ADS 12447. Р=990 years (1985.0 = 1".90). Ec~entric orbit.
ADS 12540. Beta суи. Fixed. А double (0".4). found
Ьу speck1e interferometry. Composite spectrum.

ADS 12586. 1832 ,2910,21".1. Comes mag 12.2
at 2" to А forms BU 655. Comites 9.3 at 26" and 8.0
at 51" (distances increasing).
ADS 12667. 1842, 51", О" .9. Comes 10.1 at 25".
ADS 12693. 1782 , 82 u

, 91".9.

ADS 12889. Р=224.7 years (1985.0 = 2".19). W,w.
ADS 12893. Fixed. Four comites.
ADS 12965. 1846, 78"', 1".0.
ADS 13007. Epsi10n Dra. 1832, 3540, 2".8. Py,bsh.

ADS 12831. 1845, 27", О" .9.
ADS 12851. Fixed. w,w.
ADS 12880. De1ta Cyg. Р=827 years (1985.0 = 2".38).
bw,Pb. СотеБ 12.0 at 66".

ADS 13125. Р=25.69 years (1985.0 = 0".22). Now
c10sing rapid1y.
ADS 13104. 1826 , 92

О

, 1".9. C10sing.
ADS 13148. Psi Суи. 1831, 185", 3".3. Ру,РЬ. Comites
13.6 at 21" and 10.2 at 165".

ADS 12752. Р=342.5 years (1985.0 = 0".39).
ADS 12750. Fixed.
ADS 12803. 1832, 129<-, 1".0.
ADS 12815. 1832, 136

J

, 37".3.
ADS 12808. Chi Aq1. Fixed. Comes 12.3 at 82". A1so
10.3 at 140" forms J 1858. Nearby pair, 11.0, 11.5,
3170, 9".4. is HLМ 26.

S1F 2556
Н 84
51F 2574
5ТF 46 Арр

511 380

ADS 12037. Fixed. 2583
ADS Р=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, 331" , 3".7. Мапу comites.

ADS 11869. 1832, 106
Q

, 0".9. Long period binary.
ADS 11897. Р=259.1 years (1985.0 = 0".90).
ADS 11956.1830,81", 1".1. C10sing since discovery.

ADS 11971. 1831, 147 с, 25". б. Comes 1О •6 at 0".9
to В has c10sed in from 1".9 in 1831.
ADS 12007. 15 Aq1. 1823, 207-, 35".6. 0,1.
ADS АВ 1829, 1/~c, 29".1. Quadrant change.
ADS 12029. 1831, 154", 10".1. Mag 10.2 at 35".

ADS 1164? 1~29, 177 , 2".2. Each component is а very
c10se palr dlscovered Ьу Finsen and nicknamed Ьу him
"Tweed1edum and Tweed1edee" They hav --1_ _ • е Slml ar
posltlon ang1es 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 214".
ADS 11858. 1829, 690, 21".2.
ADS 11871. Р=61.2 years (Schrutka-Rechtenstamm 1985 О

=1".15) or Р=60.8 years (V1aicu, 1985.0 = 1".1~). No~
at its greatest separation. Comites 12.1 at 55" and
12.2 at 91".

NOTES

ADS 12101. 1830, 259
u

, 17".3.
ADS 12108. 1904 , 123", 0".4.
ADS 12145. ,-ВС is STF 2481, 1830, 234и , 3".8. ВС is
ЗЕ 2, Р=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 ЗТТ 177 Арр
A1so comites 9.5 at 29" and 12.7 at 28".
ADS 12239. 1846, 154", О" .8. w,w. Comes 8.6 at 48" (Ь).
ADS 12246. 1828, 2070, 1".1.

STF 2434

STF 2422
:3TF 2438
STF 2437

SHJ 286
STF 2456
STF 2446

STF 2375

i54

PAIR

STF 2415
STF 2417
STF 2421
BU 648*

STF 2379
STF 39 Арр

STF 2420

STF 2449
HJ 5084*
STF 2455
STF 2457
STF 2461

BU 139

STF 2474
А 863
STF 2481&
ЗЕ 2
STF 2486

ЗТТ 371
STF 2491



1)6

PAIR

STF 2642

STF 2652
STT 400
S 735

STF 2644
SТТ 403

BUP

STF 2671
SТТ 406
D 22

НО 130

S 755
S 756
BU 151

STF 2705
STT 533
STT 410
STF 2716
STF 2723

STF 2726
BU 676
STF 2725
STF 2727
SТТ 413

BU 268
BU 155

НО 144

НО 146
STT 418
STF 2741
STF 2737

NOTES

ADS 13392. 1832, 165", 2".4. Comes 12.5 at 73".
(Distance decreasing).
ADS 13449. 1832, 2800, 0".3. Long period binary.
ADS 13461. Р=86.16 years (1985.0 = 0".20).
ADS Fixed.

ADS 13506. Fixed.
ADS 13572. 1848, 17з0, 0".8. Star С, 9.0 at 11".6
forms STF 2657.
ADS • 29 Cyg. АВ fixed, АС 1887 , 2з0, 225".2,
AD 1894 , 1200, 216".5.

ADS 13692. 1831, 3410, 3".0. w,w. Comes 12.5 at 84".
ADS 13723. Р=113.5 years (1985.0 = 0".58).
ADS 13847. 1875, 1400, 2".8. Comes 13.8 at 19"
whose distance is decreasing.
ADS 13856. Fixed.

ADS • Fixed. Comes 13.5 at 21".
ADS • Fixed. .
ADS 14073. Beta Del. Р=26.65 years (1985.0 = 0".25)
near minimum separation. Comes 11.0 at 39" forms
STF 2704. A1so 13.1 at 23".

ADS 14078. Fixed. ру,рЬ. Comites 11.2 at 183", 12.9 at 5".4.
ADS 14101. Карра De1. 1852, 11 , 10".4. Rectilinear motion.
ADS 14126. 1850, 23", 0".6. bw,bw. Comes 8.6 at 69".
ADS 14158. 49 Cyg. Fixed. Ру,РЬ. Comes 11.8 at 68".
ADS 14233.1831, 86О , 1".5. Round in 1958.

ADS 14259. 1830, 57~ 6".6.
ADS 14274. Gamma Cyg. 1878, 321", 37".7. Optica1.
ADS 14270. 1829, 3580, 4".2. W,w.
ADS 14279. Gamma De1. 1830, 274 , 11".9. y,g.
ADS 14296. Lambda Cyg. Р=391.3 years (1985.0 = 0".85).
w,Pb. Comes 9.9 at 85" forms S 765.

ADS 14306. 1875, 221~ 0".4.
ADS 14370. 1876, 250, 0".6. w,b. Comites 12.0 at 14",
10.9 at 195".
ADS 14379. 1886, 168", 0".4. Rapid change.

ADS 14404. 1886, 56", 0".4.
ADS 14421. 1842, 302",0".6. W,w.
ADS 14504. 1831,36", 1".9. Ру,РЬ. Comes 10.5 at 140".
ADS 14499. Epsi10n Equ. Р=101.4 years (1985.0 = 1".03)·
Orbit very highly inc1ined. Star С is physica1, mag 7.~:
(l8ЗЗ, 78 , 10".8) - orbit hyperbolic? Mag 12.4 at 89 .

157

NOTES

ADS 14556. 2 Equ. 1831, 225", 2".6. Ру,РЬ.

ADS 14575. 1831, 3440, 1".9.
ADS 14573. 1830, 190", 1".5. w,w. Comes 12.8 at 89".
ADS 1463б. б1 Cyg. Р=653 years? (1985.0 = 29".37). у,у.

ADS 14б45. 1829,22з0,13".7. Change due to рm. Comes

9.8 at БО".

ADS 14710. Fixed.
ADS 14749. 1831, 229~ 1".1. w,w. Comes 8.7 at 121".
ADS 14783. Р=84.4 years (1985.0 = 0".57). C10sing.

о

ADS 14778.1847,130.1".2. у,Ь.

ADS 14773. De1ta Equ. Р=5.70 years (1985.0 = 0".32).
C10sing rapid1y. А high1y inclined orbit. Comes 9.5
at 60" forms STF 2777 - separating due to рm of АВ.
ADS 14859. Rapid binary, often sing1e. Period uncertain.

ADS 14889. 1845, 68", 1".4. у,РЬ. Comes 11.2 at 86".
ADS 14894. 1848, 2030, 0".6.
ADS 14928. Fixed.
ADS 15007. 1831, ззз0, 1".4. Retrograde motion. bw,bw.
Comes 9.3 at 130".

ADS 15076. 1828, 314~ 2".9. The РА in Webb is а
misprint. Burnham' s measure shou1d Ье 335.7 О. у, у.

Comes 11.6 at 97".
ADS 15144. Fixed.
ADS 15147. Fixed. Comes 13.5 at 88".

ADS 15177. Fixed.
ADS 15176. 24 Aqr. Р=48.70 years (1985.0 = 0".40).
Orbit of high eccentricity. Comes 10.9 at 36",
distance decreasing due to рm of АВ.

ADS 15267. Р=80.5 years (1985.0 = 0".37). Beginning
to c1ose.

ADS 15270. Mu~ Cyg. Р=507.5 years (1985.0 = 1".68).
ysh,bw. High1y inclined orbit. Mu I (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 82".

ADS 15348. 1829 , 142", 23".8. Comes 10.4 at 28"
and 14 .9 at 1О" •
ADS 13 Peg. Р=31.0 years (1985.0 = 0".31).
ADS 15407. 1831 , 1340, 2".4.
ADS 15405. 1832 , 194", 20".0. Mag 13.2 at 55".



NOTES

ADS 15987. De1ta Сер. Primary variable. Fixed.
Comes 13 at 20".
ADS 15988. 37 Peg. Р=140 years (1985.0 = 0".98).
Orbit оГ high inc1ination, now c10sing slow1y.

ADS 15481. Fixed. СотеБ 12.2 at 23".
ADS 15499. 1876, 1830, 0".3.
ADS 15493. Fixed.
ADS 15600. Xi Сер. Р=3800 years? (1985.0
8".04. w,b. СотеБ 12.7 at 97".

1')9

ADS 16928. 1881, 277 ", 0".5. Comes 12.3 at 23" is BU 389.

ADS 17038. Fixed.
ADS 17050. 1848, 348" , 0".4. Comes 9.0 at 121" is HJ 1911 •

ADS 17054. 1832, 89" , 4".2.

ADS 17149. Р=813.б years (Franz, 1985.0 = 1".82) or

Р=355.0 years (Heintz, 1985.0 = 1".59) . bw,bw. Comes

12.9 at 181".

ADS 16766. Fixed. STF 3013А = STF 3012В.
ADS 16795.1 Cas. 1851,337",1".5 (АВ). Multip1e
star with six other components.
ADS 16836. 72 Peg. Р=241.2 years (1985.0 = 0".51). у,у.
ADS 16877.1845,299",0".4. g,g. Comes 10.5 at 116".

ADS 16686. Fixed.
ADS 16713. 1829, 790, 5".7. у,Ь. СотеБ 9.0 at 91",
distance increasing.
ADS 16725. 1830" 273", 7".5.
ADS 16766. Fixed

NOTES

ADS 16665. Р=91.8 years (1985.0 = 0".71). Eccentric
orbit. СотНеБ 10 at 106", 9.4 at 210", 9.8 at 206".
ADS 16672. 94 Aqr. 1830, 345"', 13".4. Ру,РЬ. А is а
speck1e pair, dist. = 0".14. This is the 6.4 year
period spectroscopic binary, previous1y known.

ADS 16611. АВ fixed. ру,р. АС, 1824, 1090,158"
forms S 826 _ distance decreasing due to pтt, оГ АВ.
ADS 16б66. Omicron Сер. Р=796 years? (1985.0 = 2".87).
Ру,РЬ. Comes 12.8 at 46".

Denotes pairs which are worth fo11owing in sma11 or medium-sized
apertures ЬесаиБе оГ pronounced orbita1 motion.

Fixed.
Таи' Aqr. 1783, 110",35".6.
1832, 3190, 2".0. у,Ь. Comes 10.7 at 39".
Р=98.25 years (1985.0 = 0".74).
Discovered in 1968.

ADS 16260.
ADS 16268.
ADS 16317.
ADS 16326.
ADS

ADS 16428. 52 Peg. Р=286 years (1985.0 = 0".67).
ADS 16435. 1881, 1250,0".9.
ADS 16496. Fixed.
ADS 16519. Fixed.
ADS 16561. 1876, 136~, 0".4. Comes 9.0 at 58" forms

HJ 5532.

ADS • Fixed. Hag 11.3 at 30".
ADS 16185. Р=520 years (1985.0 = 0".95). А has а

dark companion with а period оГ 81 years.
ADS 16211. Eta Peg. Fixed? ВС is BU 1144 ВС (0".2).
Comes 14 at 63" to ВС and 16 at 5".7 to 14.

ADS 16069. Fixed. Ру,РЬ.

ADS 16095. 8 Lac. Fixed. Мапу comites.
ADS 16173. Р=20.93 years. (1985.0 = 0".13). Now
opening quick1y. у,у, Third body suspected from
period variation.

ADS 15972. Р=44.60 years (Lippincott, 1985.0 = 3".11)
or Р=44.36 years (Wie1en, 1985.0 = 3".09). Fainter
star is DO Сер, а f1are star. Suspected dark сотеБ

to А. Напу other comites in the IDS.
ADS 15971. Zeta Aqr. Р=856 years? (1985.0 = 1".60).
Perturbation of В with period 25.5 years. ysh,bsh.

ADS 15769. 1830, 1110, 1".8.
ADS 15794. 1886, 2220, 0".5.
ADS 15843. 1890, 318'\ 0".6.
ADS 15902. 51 Aqr. Р=190 years (1985.0 = 0".23) •

.Comites 10.1 at 54", 10.0 at 116" and 8.5 at 132".

STF 2881
НО 180
BU 1216
BU 172

KR 60

1')8

PAIR

STF 58 Арр

SТТ 480
STF 2943
STF 2950
А 632
COU 240

STT 483
HLD 56
STF 2974
STF 2978
BU 385

STT 458
BU 275
STF 2848
STF 2863

STF 2912

STF 2920
STF 2922
НО 296

STF 2932
STF 2934

S 816

STF 2909*
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APPENDIX 1

Pairs of kпоwп separation for calibrating micrometers.

ТЬе list of wide pairsgiven below has been prepared from photo­
araphic measures made at the United States Naval Observatory, and
pUblished in several different volumes of the Publications of the
united States Naval Observatory, (Franz et аl. ,1963; Josties et аl.,

19785. In еасЬ case the published values for separation and Р.А.

(corrected for precession to the еросЬ 2000·0) Ьауе been fitted with
а linear relationship, and the coefficients found were used to inter­
polate the positions for the epochs 1985, 1990, 1995 and 2000. ТЬе

position angles thus found Ьауе then been 'de-corrected' for precession
to give the true уаlие for the given еросЬ. In nearly аll cases the
error of fit has resulted in residuals of 0·01 arc-sec in separation
and 0·1 degrees in position angle.

Date

1985
1990
1995
2000

1985
1990
1995
2000

1985
1990
1995
2000

1985
1990
1995
2000

STF 60 STF 296

РА SEP РА SEP

310·6 12·30 304·1 19·98
313·6 12·59 304·3 20·14
316·7 12.88 304·5 20·30
319·7 13·18 304·8 20·45

STF 1561 STF 1744

РА SEP РА SEP

250·3 9·26 151·0 14·42
249-7 9·21 151·0 14·42
249·1 9·15 151·0 14·42
248·5 9·09 152 ·0 14·41

STF 2032 STF 2727

РА SEP РА SEP

233·8 6·7З 267-1 9·51
234· 7 6·83 266·9 9 ·42
235· 7 6·94 266·6 9·34
236-6 7·05 266·4 9·25

STF 27 Арр STF 39 Арр

РА SEP РА SEP

78·0 104·92 133·5 39·38
78-0 104·92 133·4 39-45
78-0 104.92 133-3 39·52
78.0 104·92 133-2 39 ·59
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А 1ist of usefu1 addresses.
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PAIR

BU 619
STF 1988
STT 303
STF 1998*

STF 1999
BU 812
STF 2010

BU 120

STF 2021

STF 2032

STT 309
STF 2054

STF 2049
STF 2052

STF 2055*

STT 313
STF 2078

STF 2084*
STF 2091

STF 2085
HU 664
D 15*
STF 2094
STF 2098

STF 2106
3ТТ 315
STF 2107
STF 2118

NOTES

ADS 9758. Fixed? w,w.
ADS 9850. 1830, 2660, 2".9.
ADS 9880. 1846, 1110, 0".6. Widening since discovery. w,w.
ADS 9909. Xi Sco. Р(АВ)=45.69 уеагз (1985.0 = 1".04). Now
closing. у,у. С also belongs to the system - 1825, 790,
6".8). bsh. STF 1999 at 281" has а зiшНаг ргорег motion
and is also associated.

ADS 9910. 1831, 1020, 10" .5. Slowly widening.
ADS 9925. 1881, 1270, О" .9. Closing.
ADS 9933. Карра Нег. 1832, 100, 31".2. Сошез mag 13.6
at 6з".

ADS 9951. Nu Sco. АВ is fixed, 1876, з0, 0".9. CD is
widening, 1846, 390, 1".1. АС is Н V 6.
ADS 9969. 49 Ser. Р=5229 уеагз? (1985.0 = 4".20). 1829,
3160, 3".2. у,Ь. Сошез 10.6 at 2з6".

ADS 9979. Sigma СгВ. Р=1000 уеагз? (1985.0 = 6".79). у,р.

Two comites 10.8 and 13.3 (the latter forming STT 538)
whose distances аге changing rapidly due to the pm оС АВ.

ADS 10006. 1846, 2360, 0".5. РгоЬаЫу binary.
ADS 10052. 1832, 7·, 0".9. Slow binary? w,w.

ADS 10070. Binary. w,w.
ADS 10075. Р=257.1 уеагз (1985.0 = 1".57). Сошез 11.1
at 143".
ADS 10087. Lambda Oph. Р=126.8 уеагз (1985.0 = 1".36).
yg,yg. Сошез 11.0 at 119".

ADS 10111. 1847, 1620, 0".8. Change mainly in angle.
ADS 10129.17 Dra. 1831, 1160,3".7. W,w. С, mag 5.6
at 90" Соrшз STT 30 Арр and has сошез 11.6 at 120".
ADS 10157. Zeta Нег. Р=34.49 уеагз (1985.0 = 1".45).
ADS 10169. 1830, 3020, 1".3. РгоЬаЫе binary.

ADS 10167. Fixed.
ADS 10189. Fixed.
ADS 10188. Р=121.1 уеагз (1985.0 = 1".08). Now closing.
ADS 10184.1831,83·,1".6. Сошез 11.0 at 25".
ADS 10201. Also S 682. ВС, РА increasing? D is
double, 271·, 5".6.

ADS 10229. Р=1080 уеагз (1985.0 = 0".58). Opening.
ADS 10230. 21 Oph. 1844, 173·, 0".9. Closing. W,w.
ADS 10235. Р=261.8 уеагз (1985.0 = 1".39). РЬ,РЬ.

ADS 10279. 20 Dra. Р=729.3 уеагз? (1985.0 = 1".32). w,w.



Webb Society Deep-Sky Observer's Handbook
The Handbook is а series of independent volumes addressed to тоге­

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, ап

explanation of practical observing methods (including the construc­
tion of such ancillary equipment as simple micrometers and spectro­
scopes), and а detailed catalog of objects for the amateur to locate
and study.

Volume 1: DоиЫе Stars, Second Edition
ISBN 0-89490-122-2 (PubIished in 1986)

Volume 2: P/anetary and Gaseous Nebu/ae
ISBN 0-89490-028-5 (PubIished in 1979)

Volume 3: Ореп and G/obu/ar C/usters
ISBN 0-89490-034-Х (PubIished in 1980)

Volume 4: Ga/axies
ISBN 0-89490-050-1 (PubIished in 1981)

Volume 5: C/usters of Ga/axies
ISBN 0-89490-066-8 (PubIished in 1982)

Volume 6: Anonymous Ga/axies
ISBN 0-89490-133-8 (PubIished in 1987)

Volume 7: The Southern Hemisphere
ISBN 0-89490-134-6 (PubIished in 1987)

Volume 1: DoubIe Stars, Second Edition

This new edition of DоиЫе Stars has Ьееп extensively revised.
AII chapters have Ьееп rewritten and, in most cases, extended.
Моге intensive coverage has Ьееп given to micrometers and micro­
metric measures. The Catalogue section has Ьееп enlarged Ьу тоге

than 1110 sets of measures. Опе hundred forty-three additional
doubIe and multiple star systems have Ьееп covered, making а new
total of 665. For 200 doubIe and multiple star systems, colors of
the components have Ьееп determined and аге now given.

The Webb Society considers this new edition to Ье а really
comprehensive handbook for the doubIe-stагobserver and is confident
that it will estabIish itself as the standard work in this field for тапу
years to соте.
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