P87 7WHRAS... 437 "2 AK!

PAPERS.

I. The Chronology of Star Catalogues. By E. B. KnoBeL, Esq.

—_——

Tre History of Star Catalogues is a branch of Astronomy on which English
literature appears to be very deficient. I have therefore reduced the
following researches into a form available for reference, in the hope that they
might to some extent fill up the gap that exists, and give more complete
information on this department of Sidereal Astronomy.

The Table of 530 Star Catalogues which is appended, I have endea-
voured to make exhaustive of the labours of Astronomers in this direction.
I cannot suppose it to be perfect; but the omissions will, I trust, be found few
and unimportant. ’

No Catalogue is inserted in the Table, with very few exceptions, which
has mnot been personally examined. The exceptions consist entirely of
Ancient and Oriental Catalogues either untranslated or which are not to be
found in our Public Libraries; these are marked with an asterisk.

Following the Table of Catalogues of the Positions of Stars will be found
a List of 29 Catalogues of Proper Motions of Stars.

The Memoir which follows, consists mainly of notes on some of the less
well-known Catalogues ; the No. of the paragraph is that under which the
particular Catalogue is referred to in the Table.

1. The earliest observations of Stars, undertaken for the purpose of
identifying their relative positions, appear to have been made by Eupoxus,
a disciple of PraTo, about the period B.c. 368 to 352. He is said to have
introduced Astronomy into Greece from Egypt. His observations were
recorded by ARATUs, from whom we derive all our information of them.
Riccrorr® gives the N.P.D. of 25 Stars, and Tycro BrRAHE | the N.P.D. of

* Astronomice Reformate, tom. i. p. 204.
+ Historia Ceelestis, tom. i. p. vii.
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2 Mr. KnoBer, The Chronology of Star Catalogues.

47 Stars determined by Euboxus, extracted from the Astronomical Poem of
ARrATUS, B.C. 281.

2. The next Catalogue of Stars (by which we understand, properly
speaking, a list of stars, showing their relative positions with respect to some
known or assumed great circle) was made by AristiLLus and TiMocHARIS
about B.c. 300. All we know of these Astronomers we derive from
ProLemy’s Almagest, enough to show us how valuable their observations
proved to their successors. Moxrucra says*: * They appear to have been
the first Astronomers to determine the position of fixed stars with respect to
the Zodiac, marking their positions by longitude and latitude, and if we can
judge from a considerable number of their observations noticed by
ProLEMY, they were the first to entertain the idea of forming a Catalogue
of Stars.”” They did not confine themselves to the Zodiac, as may be seen
in ProLemy. The Almagestt contains the Declinations of 18 Stars observed
by them for the Epoch B.c. 283. They observed for 26 years from B.c. 295,
the date of their tirst known observation.

~ For more than 100 years we have no record of observations for deter-
mining the position of stars. ARATUS, to whom we owe our knowledge of
the observations of Eupoxus, was probably not an Astronomer at all.}

3. Hipparcuus, B.C. 160 to 125, was the most celebrated Astronomer
among the Greeks. The sudden apparition of anew star§ induced him, as a
similar phenomenon did Tycmo BRARE many centuries later, to-enumerate
the visible stars, so as to know whether they appeared and disappeared. He
is said to have constructed his Catalogue by the method of alineations,|
indicating those that are in the same apparent straight line. Our know-
ledge of it is derived mainly from ProrEmY, but there appears to be a doubt
how it was originally formed. It is saidq] he first used Right Ascensions
and Declinations for the positions of stars, which he afterwards abandoned
in favour of longitudes and latitudes. HumBorpT says:** «In HippArcHUS’
Commentary all positions are referred to the Equator by Right Ascension

* Histoire des Mathématiques, vol. 1. p. 217.

+ Pronemy, Almagest (Halma), vol. ii. p. 16.

t CaussiN, Notices et Butraits des MSS., vol. xii. p. 239.
§ Privy, bk. ii. ch. xxiv.

|| DraPER, Religion and Science, p. 29.

€ Penny Cycl., vol. ii. p. 531.
** (osmos. Phy. Description of Heavens, p. 92.
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and Declination.” MonTUCLA conjectures® that ¢ HreparcrUs described the
Constellations with their stars on a solid globe, and that he placed this
sphere in the school of Alexandria ; for ProLEMY, desiring to prove that the
relative position of the stars had not changed since HippArcHUS, requests
that they may be compared with the positions on the solid globe of that
Astronomer.”

The Catalogue of HippArRcHUs is suppoged to have contained the
positions of 1080 stars for the Epoch B.c. 128. Acmmres Tartius (A.D.
400) in his work, designated by Peraviust under the title 4d Arati Phee-
nomena qui liber falso Eratostheni tribuitur, says: ¢ Stellas omnes HrppARCHUS
asserit esse 1080 que nimirum constellationes apparentes efficiunt.”

4. MENELAUS, at the period A.D. 97, according to M. J. J. SEpmror,]
constructed a Catalogue of Stars from that of Hrpparcmus, and ProrLEMY
founded his Catalogue upon that of MENELAUS. DELAMBRE says:§ ¢ STADIUS
appears to have thought that MENELAUS made a Catalogue at Rome 99 years
after 5.c.—¢ Post natum Christum uti ex Ptolemaeo colligitur annos 99 stellas
fixas observavit.’”| This fact is not mentioned by Mr. Barmy in his
Preface to Pzoremy’s Catalogue¥[; indeed, he there remarks: ‘* After the
death of HipPARCHUS . . . . no successor arose worthy of the name of an
Astronomer till the time of Proremy.” But the statement of SEpirror is
based probably upon a passage in the Preface to the Description of the
Stars, by the Persian Astronomer ABp-ArL-Rammany Arn-Stri.  Professor
SCHIELLERUP’S translation of this work has been recently published at St.
Petersburg, from which I extract the following paragraph. AL-SOFI writes
in his Preface :—**

“ Quant aux lieux des étoiles par rapport aux signes du Zodiaque, j’al
trouvé que PTOLEMEE s’est appuyé sur les observations de MENELAUS, faites
I'an 845 de NABONASSAR, et qu'il a marqué dans son livre les positions des
étoiles fixes pour la premiere année d’ANTONIN, c'est a dire l'an 886 de
NaBonassar. L'intervalle entre I'observation de MEnirLavs et 1'époque de

* Histoire des Mathématiques, vol. i. p. 264.
t Uranologion, p. 262. VI
T Traité des Instruments Astronomiques des Arabes, p. 4.
§ Hist. de U Astronomie, Moy. Age, p. 443.
|| Staprus, Tabule Bergenses, Colonie Agrippine 1560, p. 187.
[ Memotirs Royal Astronomical Society, vol. xiii. .
*¥ Ar-Strr (ScmseLLERUP), Description des Etoiles Fixes, St. Pétersbourg, 1874, p, 42.
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ProLeMEE est donc de quarante et un ans.” Further on he says:—‘ Si nous
en retranchons 25, 'addition faite par PToLEMEE & chaque étoile,” &c.

On this point DELAMBRE remarks :* ¢ We do not see, either in StApIUS
or PToLEMY, that the Catalogue of ProLEMY was that of MiLLzUs or MENE-
LAUS, reduced by the addition of 25" to all the longitudes. Riccrus, who tells
us this story, took it from an Arabian author that I have not been able to
identify.”

There can be little doubt that the Arabian author cited by Riccrus, and
unknown to DELAMBRE was ABD-AL-RABMAN AL-SOFL

The following passage in ALBaTEGNIUS (De Scientia Stellarum, Norim-
berg, 1537, p- 79) bears upon this question:—

¢ Ipsarum autem loca secundum longum et latum in Proremzr libro
anno primo regis ANTONINI, qui est annus 886 a rege NABUCHODONOSOR
invenimus in una illarum observationum per quas PToLEMZEUS opeartus (sic)
est fuit observatio MENELAL qua usus est anno 842 & NABUCHODONOSOR
rege.”

The Epoch of MENELAUS is here given three years earlier than by Ax-
StrFr.  But the general accuracy of ALBATEGNIUS, or AL-BATTANI, is severely
questioned by Ar-SOFI, who says:T “ When ArL-BATTANI wishes to make us
believe that he knows the mansions of the Moon and the stars according to
the method of the Arabs, and occupies himself with matters foreign to his
subject, he only displays his ignorance.”

We are subsequently told by AL-Str1, that the Epoch of his Catalogue
is the year 1276 of ALEXANDER (which corresponds to the beginning of the
year A.D. 964 ), and that this was 866 years after the observation of MexE-
1Aavs. The year 886 of NABoNASSAR began July 20, A.n. 138. The Epoch,
therefore, of PToLEMY, according to AL-SOFI, is A.D. 138. LarLanpe] gives
the first year of ANTONINUS as the 885th of NaBoNAssAR = July 20, A.D. 137;
but the researches of Lersius and DELAMBRE seem to have definitely settled
the correct Epoch of ProLEMY’s Catalogue to be A.D. 138.

5. Bopr, in his Beobachtung und Beschreibung der Gestirne, has investi-
gated the question of the Epoch of ProLemy’s Catalogue of Stars, and, on

* Hist. de U Ast. Moy. Age, p. 449.
+ AL-SOr1 (SCHIELLERUP), p. 37.
1 Mémoires de U Academie des Sciences, Paris, 1766, p. 466.
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the assumption that it was reduced from HipparcmUs with an erroneous
Precessional Constant, he assigned the year A.p. 63 as the more correct
Epoch of the Longitudes in the Almagest.

After the perio'd of ProLEMY a long gap of six centuries ensued, during
which we have no record of Astronomical Observations at all, with the
exception of a few unimportant ones by Trrus, of Athens, o.n. 500.*

Our knowledge of Arabian Astronomy, which began to rise in the
latter part of the 8th Century, is by no means so complete as it should be.
Several libraries in Europe are remarkably rich in Arabic and Persian MSS.
which are still untranslated. In the year 1684, Dr. EpWarRD BERNARD, the
Savilian Professor at Oxford, wrote as follows, in a letter published in the
Philosophical Transactions for that year:—f

“ The Astronomy of the Orientals is interesting to us for many reasons:
for the serenity of the regions where they observed ; the size and accuracy
of their instruments, such as we can hardly credit; the multitude of
observers and chroniclers, ten times greater than among the Greeks and
Latins ; and for the number of princes who aided Astronomy with their
protection and munificence. One cannot describe adequately in a letter all
that the Arabian Astronomers found to reform in ProrEMY, and their
labours for that purpose: the pains they took to measure time by
clepsydras of water, by immense sundials, and—what is more surprising—
by pendulum vibrations ; likewise the industry and exactness they displayed
in conducting such delicate investigations.”

In this communication Dr. BERNARD called attention to the richness of
the University of Oxfordf in Arabic and Persian MSS. on Astronomy
and gave extracts from eleven Oriental Star Catalogues in that collection.
From that time it does not appear that more than three of the works quoted
have been translated to the improvement of our knowledge of Oriental
Astronomy.

6. ALBATEGNIUS, or AL-BATTANI, was the earliest Arabian Astronomer
of eminence. He observed from A.n. 877 to 918, and to him we owe the
Sabeian Tables, containing a Catalogue of Stars for the Epoch a.p. 879. A

* Penny Cycl., vol. ii. p. 532.

+ Phil. Trams., 1684, p. 567.

t Merton College is said to possess 40 MSS. (not 400 MSS., as given by Monructa, Hist.
des Mathém., vol. i. p. 369).
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second edition of his Tables gives the longitudes of stars for the Epock A.D.
o11.¥ The book, De Scientia Stellarum, of AL-BATTANI was translated by
REecromoNTANUS, from an Arabic work entitled Zig Sabi (Sabeian Tables),
but it does not include the Catalogue of Stars.

8. Axri ABour CassiMm made a Catalogue of Stars, but our knowledge
of it is confined to Dr. BERNARD's extract from the Oxford MSS., giving the
places of 20 stars for the Epoch A.p. 938. I have been unable to separate
the identity of this Astronomer from ‘IBN Ar-AALAM,” who comes next
but one in the Table. Isx Junis speaks of “ ABouL CAssiM BEN AMADJOUR "
as an Astronomer who lived about his time, and who published some
Astronomical Tables;+ and Casmrif mentions a Geometer and Arith-
metician of Antioch named “ABUL-CAsSsEM Ari BEN AHMAD,” who died
A.D. 986. Possibly one of these may be the Astronomer quoted by the
Savilian Professor.

There is considerable difficulty in identifying Oriental names, which is
much increased by the want of a uniform system of orthography in trans-
lating them.

9. The splendid work of Professor SCHIJELLERUP, to which reference
has already been made, makes us well acquainted with the Catalogue of
ABp-Ar-Ranman Ar-St¢r1.§ This book, entitled Description of the Fized
Stars, contains a Catalogue of Stars based upon Proremy, the longitudes
of the Almagest being increased by a fixed quantity of 12°42’, to bring
them up to the Epoch A.p. 964; but all the stars were carefully re-examined
by the author, and the magnitudes determined with much greater precision.
SCHIJELLERUP says: ‘‘ AL-SOFI has given us a description of the starry
heavens superior to his model, which for nine centuries had been without
rival, and that the equal of it is only to be found in the Uranometria
Nova of ArGELANDER.| He remarks also that AL-SOFI gives us ProLEMY’s
Catalogue more perfect than we had ever possessed it before.

In his own preface, ScsELLERUPY| discusses and in a great measure dis-

* Caussiy, Notices et Eatraits des MSS. de lo. Bibliothéque du Rot, vol. vii.

t StpiLrot, Prolegoménes des Tables Astronomiques d’ Oloug Beg, 1847, p. xlii.

1 Casiry, Bibliotheca Arabico-Hispana Bscurialensis, vol. 1. p. 411.

§ A translation of Ar-SOrr’s Preface is given by CAvussiN in Notices ef Entraits des MSS.,
vol. xii. In the same volume, at p. 239, CAUSSIN states that CazwiNr's Book on the Con-
stellations is merely an extract from Ar-SOFI.

|| Description des Etoiles Fines, p. 4.

a1 Ibid., p. 25.
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proves, from internal evidence in AL-SfIFI, the assertion that has been made
so repeatedly, on the authority of PToLEmY, that Sirius formerly shone as
a Red Star, whereas at the present day it is unquestionably free from any
ruddy colour. He does not think it probable that the old copies of the
Almagest described Sirius as *“ Red,” for in comparing AL-SOrFr's designation
of stars in his Catalogue with those given by Proremy, a perfect accordance
is found, which must have originally existed between the oldest Arabic
translations of the Almagest and the original Greek. Moreover the ancient
Red colour of Sirius becomes more than suspicious, inasmuch as we do not
find in AxL-SOFI, in speaking of Sirius, any Arabic translation of the word
dmaxiptog, which is used in the later editions of ProLeMy.

HumBoLpT remarks:* ¢ Perhaps SEpirror, or other philologists con-
versant with Arabian and Persian Astronomy, may succeed in discovering in
the intervals from Er-Barrtast and Er-FERGANTI to ABDURRAHMAN SOUFI and
EBN Junis, and from Esx Junis to Nassik Eppiy and UrnueH BrigH, some
evidence respecting the colour of Sirius at that time. Er-Fercant does not
include Sirius in the Red Stars he mentions. If Sirius had then ceased to be
a Red Star it would seem strange that Er-Frrcant, who follows ProLemy
throughout, should not have pointed out the change of colour in a star of
such note.”

ScHJELLERUP remarks that Ar-BaTTani, who was well acquainted with
all the Arabic translations of the Almagest, mentions only five Red Stars,
whilst the Greek Almagest gives six.

The following abstract of a passage in Le GENTIL'S memoir, “ Remarques
sur les Etoiles Nébuleuses,’} is interesting to us as bearing on the Catalogue
under consideration. Speaking of the discovery of the Nebula in
Andromeda, by Smion Marius, Dec. 15, 1612, he says, *“ BULLIALDUS re-
marks that M. pe THoU brought from Holland a MS. on a skin of parch-
ment, containing a Catalogue of Fixed Stars, with figures of the Constellations.
A recent note written on the MS. remarked that to reduce the Catalogue to
the time of ArpHONSUS it would be necessary to add 6° to the longitudes.
The Nebula in Andromeda was marked in both the Catalogue and the

* Cosmos. Physical Description of Heavens, p. 113.
t Mémoires de U Académie des Sciences, 1759, pp. 456-459.
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figures. The figures of the Constellations gave three representations of
Andromeda; the first a single figure of a woman, the second a figure of a
woman with two fish attached to her girdle,and the third showing the woman
with one fish on one foot, and the other fish on the other. Comparing the longi-
tudes of stars in the Catalogue with the longitudes of those stars in his time,
Burniatpus found that the Epoch of the Catalogue must have been
about A.D. 995 or 985, whence it is easy to conclude that the Nebula in
Andromeda was seen long before SmioN Marius. Neither BuLnrarpus
nor LE GENTIL make any surmise as to the author of this Catalogue.

Now ArL-Sorrs Catalogue is interesting as containing figures of the
Constellations, and ScHJELLERUP calls especial attention to the fact that it
mentions the Nebula in Andromeda.  AL-SOFT represents the Constellation
Andromeda by three figures ; the first a single figure of a woman, the second
a woman with two fish attached to her girdle, and the third a woman with a
fish across her feet—almost identical with the description by Burriarous of
the Holland MS.

Le GeNTIL’S notice of the passage in BULLIALDUS seems to have escaped
the attention of ScHJELLERUP, SEDILLOT, and other Oriental scholars; but
there can be no doubt, first from the Catalogue containing the Nebula in
Andromeda ; secondly the peculiar representations of the Constellation
Andromeda, and thirdly the Epoch of it—the longitudes being about A.D.
964—that M. pE Trou’s MS. wasa copy (we are not told in what language)
of AL SUFI

10. IBN Ar-Aaram, mentioned by Casmri* under the name “ ALt BEN
Arnassan ABur-CAsseEM Armna, vulgo EBN Larnam,” was a renowned Astro-
nomer, who constructed some Astronomical Tables, of which SEpiLrLor says
we possess only the Title.f His Catalogue of Stars is, however, quoted by Dr.
BERNARD from an Oxford MS., and given for the Epoch A.p. 980. InN ArL-
AaraM determined the amount of Precession with particular care, and stated
it to be 51”4 annually, and he was much praised by his successor, IBN JunIs,
for the exactness of his observations, which he made with instruments of
his own construction.

11. IeN Junis, one of the most celebrated Arabian Astronomers,

* Bibliotheca Arabico-Hispana Escurialensis, vol. i. p. 411.
t Prolegoménes des Tables Astronomiques d-Oloug Beg, 1847, p. xlii.
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constructed some Tables from original observations during the reign of the
Caliph Hakem, A.D. 996 to 1021, hence called ‘The Hakemite Tables.”
They contain a Catalogue of Stars which we gather from Dr. BEr¥ARD were
reduced to the Epoch A.p. 996. In 1804 M. CaussiN examined the Leyden
MS. of Iex Junis. The Hakemite Tables consisted altogether of 81 chap-
ters, of which only 22 are to be found in the Leyden MS. Caussiy trans-
lated in extenso chapters 4, 5, and 6,* which treat of * Eclipses,” ¢ Con-
junctions of the Planets,” and “ Motions of the Planets,” and gave the titles
only of the remaining chapters, published in vol. 7 of the Notices et
Extraits des MSS. de la Bibliothéque du Roi. The remaining chapters of
these Tables were subsequently translated by SEprLLoT, who submitted his
MS. to DELAMBRE to use in his History of Astronomy, but I cannot ascertain
whether SEDILLOT’s translation was ever published. The value attached to
these Tables was proved by later Astronomers, Nassik Eppiv and Urwvee
Bercu having derived their Tables from them.f Larrace also used them in
his discussion of the Obliquity of the Ecliptic and the greater Inequalities of
Jupiter and Saturn.

The date of the last observation in them is Nov. 7, A.v. 1007.%

13. ARZACHEL, we are told, was a Spanish Moor who lived A.p. 1080,
and was the author of the “ Toledo Tables” (Zabule Toletanc).

T have examined four MSS. of the 13th and 14th centuries, which purport
to be copies of the Tabule Toletance—three of them at the British
Museum, and the remaining one in the Library of the Royal Astronomical
Society. From DrraMBrE’s description, they agree with the two MSS. of
these Tables which he examined in the Paris ¢ Bibliothéque du Roi.”

They contain a Catalogue of 35 Stars (obviously reduced from ProLemy,
the latitudes being identical), giving Longitudes, Latitudes, Declinations, and
Right Ascensions for the Epoch “ Ann. Arabum 577 = Anno Christi 1181,
mens. 4. die. 5,” this date being given in all the MSS.

* Notices et Futraits des MSS., vol. vil. p. 238. The statement in the Encyclopedia
Britannica, 9th ed., art. “ Astronomy,” p. 751, leads one erroneously to suppose that Caussin
translated the whole of the Hakemite Tables.

t StpiLror, Prolegoménes, 1853.

1 It is doubtful whether an original copy of all these Tables is in existence. The chapters
of which the Leyden MS. was deficient, were translated by Sfpirror from an abstract of the
Tables attributed to IsN ScmATiR, who flourished nearly soo years later, and may therefore
possibly be copied from his Damascus Tables.

Roy. AsTtroN. Soc. Vor. XLIII. c
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If ArzacHEL be really the author of these Tables, and lived A.p. 1080,
it is very singular the Epoch of the Catalogue should be 100 years later.
This fact alone would seem to throw some doubt on the authorship, though
the MSS. generally agree in adopting the title Canones Arzachelis. M.
L. A. SEprLror says,* “Quant & ARZACHEL, on lui attribue & tort les Tables
Toledanes.” He gives ne authority for this statement, but the fact I have
mentioned with regard to the Epoch supports his opinion.

On the other hand, we have the Alfonsine Tables, constructed at Toledo,
and containing ProLemy’s Catalogue reduced to A.p. 1252, the longitudes of
which are 2° 1’ more than those of the Toledo Tables of Epoch 113r.
This would give an annual Precession of 1037, which is quite out of the
question.  But i investigating the Alfonsine Tables, I find the longitudes
of the Almagest have been increased by a fixed annual Precessional Constant
of 55”3, which is likewise the identical quantity employed by the Persian
Astronomer Ar-Sorr in reducing Proremy’s Catalogue to his Epoch A.v.
064.

Adopting this Constant for ArzacHRL’sS Catalogue, we arrive at the
Epoch A, 1121 for the longitudes given in the Tabulewe Toletance, and
the difference then of 2° 1’ between these longitudes and those of the
Alfonsine Tables is exactly what it should be on this hypothesis ; ex. gr.

ALDEBARAN.
Long. ProLeMY, Long. Tabule Long. Alfonsine
Epoch 137. Toletance, Tables, Epoch 1252.
1° 12° 40 ©* 27° 47 * 29° 48
Difference Long. ProreMy and Tabule Toletance = 15° 7 + 5573 = 984
Difference Long. Tabule Toletane and Alfonsine Tables = 2°1' -+ 55”3 = 131
Difference Epoch ProLEmMY, 137, and Alfonsine Tables, 1252 =IIIj§

.. Epoch Tabule Toletance = 137 + 984 = A.D. 11271.

Therefore, from the examination of these MSS, we are led to the conclu-
sion that the Epoch of Arzacuer’s Toledo Tables is Anno Arabum 514 =
Anno Christi 1121, and, consequently, it is probable they were constructed
by him; and further, as far as this evidence goes, SEDILLOT is in error.

* Matériaus pour servir & UHistoire comparée des Sciences Mathématiques chez les Grecs et
les Orientaue, Paris, 1845, p. 78.
+ This Epoch would seem to be that generally adopted for Proremy’s Catalogue up to the

commencement of the present century.
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2. Burriatpus, at the end of his Astronomia Philolaica, gives a
Catalogue of the Longitudes and Latitudes of 25 Stars for the Epoch A.p.
1115, translated by a Greek physician named GroreE CmrYsococca, from
some Persian Tables.* The places are from Proremy, reduced to the Epoch
given.

These Tables appear to have been anonymous, for neither CHrYSOCOCCA,
Tycao BrAHE, nor BuLLIALDUS mention the author’s nanme, who was also
unknown to DELAMBRE. SEDILLOT givest “CoTHB-EDDIN ScHIRAZI” as * the
anonymous Persian author of Carysococca,” but does not mention his
authority. I There would seem to be some doubt on this point, for we find
in D’Herseror § a disciple of NAssir-EppiN named ¢ Cotas-Eppiy Manmoup
Scurraz1,” who wrote many books—among others, one on the Astronomy of the
Sphere—who died 4p 1311, or nearly 200 years after the Epoch of Crryso-
cocca’s author. The British Museum possesses at least four Astronomical
MSS. by “Kure-Ar-Din Ar-SHirazr,” who died in the year 710 of the
Hegira, A.p. 1311. SHERBURNE says || CurysococcA lived about A.p. 1240.

14. Nassir-EppiN Ar-Tust began to build the Observatory at Meragha
A.D. 1259, where he constructed the Ilkhanic Tables, which were published
A.D. 1270. His Tables are divided into four books, the last of which treats
of the Fixed Stars, and gives a Catalogue of the Longitudes and Latitudes of
certain Stars. Dr. BERNARD in the paper previously cited, gives a brief
extract from the MSS. of Nassir-Eppin’s Tables at Oxford, reduced to the
Epoch A.p. 1233. The Observatory was built about A.b. 1259, and the Tables
were published in A.p. 1270; consequently, as the observations were made
between those periods, it is difficult to understand how the Epoch of the
Catalogue can be of a prior date, A.D. 1233. M. JourpaiN’s Memoir on the
Observatory at Meragha does not; throw any light on this point.

* DrraMBRE gives this Catalogue in his Histoire de I’ Astronomie Moy. Age, but two of the
latitudes differ from Byriiarpus. See, further on, riote to Star 3, Asouvr. Huassan’s Catalogue

of 240 Stars.

+ Prolegoménes des Tables Astronomiques &’ Oloug Beg, Paris, 1853, p. 289.

1 “In 1645, Bullialdus published at Paris, from a MS. in the Bibliothéque du Roi, an
extract from the Tables of €HRYSOCOCCA as a production of Persian astromomy. He was far
from suspecting that these Tables were those of Hpy Juxis, construeted at Cairo in rooo, and
reduced to the meridian of Tovin in 1079 to serve for a new Persian Calendar of Gemal-Eddin
Melik-Schah.” SgépitLor, Matérious, p. 8o.

§ Bibliothéque Orientale, Paris, 1697, p. 788.

|| The Sphere of Marcus Manilius, with Annotations, by H. SHERBUENE, London, 1675, p. 32.
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12 Mr. KnoBEL, The Chronology of Star Catalogues.

17. Asp-Ar-JaLn Ar-Syazr made a Catalogue of Stars for the Epoch
A.D. 1261, as we know from Dr. BERNARD’S extracts ; but he does not appear
to have been well known as an Astronomer, and his works have remained
untranslated.

18. Of Apour HuassaN, whose proper name is “ ABour, Huassan Awrr
of Morocco,” we possess a very valuable Treatise on the Astronomical Instru-
ments of the Arabs, which has been most ably translated by M. J. J.
SEDILLOT. This work contains three Catalogues of Stars possessing a good
deal of interest.

The first is a Catalogue of the Longitudes and Latitudes of 240 Stars
reduced to the Epoch of the beginning of the Hegira, July 15, A.p. 622. The
second gives the Declinations of 180 Stars, and the third the Co-ascendants
of 210 Stars, both for the Epoch A.p. 1282. Unfortunately the author gives
us no idea how these Catalogues were made ; moreover, there is considerable
doubt as to the period when ABouL Huassan published them. ' SgEprrror
says:* “If he did so in 1282, it is strange he makes no mention of the
Alfonsine Tables, which appeared in 1252. He gives the obliquity of the
Ecliptic as 23° 36" for the year 680 Hegira, A.p. 1282; but in another passage
he says positively that in his time the obliquity was only 23° 35.” This
difference, 1" = 53 Arabic years, would tell us that he wrote about 627 Hegira
= A.D. 1230. F

SEDILLOT gives merely a translation of these Catalogues without note or
comment, and says that he was unable to identify the stars by comparison
with a modern atlas, This work I have endeavoured to supply, and from
careful examination and comparison of the Catalogues, have identified every
star contained therein, -

The first Catalogue of the Longitudes and Latitudes of 240 Stars con-
tains all the stars in the other two. There is no doubt that the places have
been simply reduced from Proremy to the Epoch of the beginning of the
Hegira. DELAMBRE, in speaking of it, remarks:} *It has seemed to us too
inexact to be reproduced; the most ordinary errors are more than one degree.
It contains some southern stars which are not to be found in ProrEmY.”

* Traité des Instruments Astronomiques des Arabes, Paris, 1834, p. 13.

t A convenient rule for converting years of the Hegira to the Christian Era, is to multiply
the year of the Hegira by 0'970203 and add 622°54; the result gives the year and fraction of
the vear Anno Domini (Old Style).

1 Histoire de U Astronomie, Moy. Age, p. 187.
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Neither of these statements can I confirm. Every star I have identified in
ProLEmy, either in AL-SOFI or BAmLy's compiled edition in the 13th vol. of
the Memowrs of the Royal Astronomical Society.

This Catalogue contains several errors which are very interesting and
instructive, as tending to throw light upon discrepancies and mistakes which
have been discovered in ancient Catalogues. I have therefore incorporated
the Catalogue with this paper, appending to each star the common designa-
tion of BayEr or FramsTEED, and subjoining notes of the errors 1 have
detected.

It is by no means improbable that one who wrote so valuable a treatise
on Astronomical Instruments and Calculations, should have made original
observations, and consequently it is possible the Catalogue of the Declina-
tions of 180 Stars may have been constructed from observations. In order
to show the amount of accuracy it possesses, I have compared ABour Hmas-
sAN’s Declinations of 36 Principal Stars with the Greenwich 7-year Catalogue
reduced to the Epoch 1282.

Star. AB;?J?lilgiItAig;lAN. GIP e;—??:f%:t. Difference.
o o /

a Hydree ... — 3 31 — 5 43 + 2 12
a Aquarii — 3 46 — 3 41 - 5
a Orionis + 6 6 + 6 59 — 53
a Canis Minoris + 6 40 + 6 49 - 9
a Aquile + 6 46 + 7 12 — 26
a Virginis ... — 6 48 — 7 19 + 31
3 Orionis - 9 42 -9 17 — 25
a Pegasi +11 17 +11 24 - 7
a Libre —12 1Ij —12 52 + 37
a Ophiuchi ... +13 13 +13 20 - 7
a Capricorni —14 20 —14 31 + 11
a Tauri . +14 53 +14 47 + 6
v Arietis ... +715 35 +15 38 — 3
a Leonis ... +15 36 +15 20 + 16
a Canis Majoris ... —15 38 —15 58 + 20
a Herculis ... +15 54 +15 27 + 27
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14 Mr. KnoBEL, The Chronology of Star Catalogues.
Star. Declination Declination Difference
ABouL HHASSAN. Gr. 7-year Cat. :
o o 1 o s
B3 Leonis ... +18 4o +18 34 + 6
a Arietis ... +19 33 +19 355 - 22
v Leonis ... +23 36 +23 21 + 15
a Bootis ... +23 48 +23 3 + 45
« Andromedas +25 4 +24 57 +
B Cygni ... +26 48 +26 39 +
B Tauri ... +27 13 +27 40 - 27
3 Geminorum +29 o +29 28 — 28
a Coronze ... +29 52 +29 19 + 33
a Geminorum +32 355 +23 8 - 13
« Piscis Australis ... . —35% 31 —33 =20 — 2 II
a Lyre +38 27 438 18 + 9
v Andromede +38 32 +38 44 — 12
12 Canum Venaticorum ... +42 16 +42 16 o
a Cygni ... +42 44 +42 51 — 7
a Aurigee ... +44 25 +44 53 — 28
a Persei ... +46 34 +47 1 - 24
a Cassiopeie +52 13 +52 33 — 20
a Urse Majoris ... +65 35 +65 33 + 2
B Urse Minoris ... +77 2 +77 6 - 4

As Asour Huassan’s second Catalogue is the earliest extensive Catalogue
of Declinations, so the third is the most ancient Catalogue of Right Ascensions,
or Co-ascendants of Stars—the Right Ascensions being reckoned from the
Solstitial Colure, the First Point of Capricornus.

Nos. 22 and 24 we know of only from the extracts given by Dr. Ber-
NARD in the Phil. Trans. 1684. I have altogether failed in obtaining further
knowledge of these Catalogues. ‘

23. GASSENDI gives, in a letter at the end of vol. 4 of his works, a Cata-
logue of 47 Stars from the Arnaldin Codex for the Epoch 1364. The
latitudes are taken from PTOLEMY.

* Vide Note to Star No. 30, Asour. Huassar’s Catalogue of 240 Stars.
t Opera Ommia, Lugduni 1658, tom. iv. p. 534 ; also in Riccioli : Astronomice Reformatee,

tom. i. p. 216.
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25, Urveu Beicu was the greatest of the Oriental Astronomers, and is
therefore the best known to us, His Catalogue of Stars was based npon that
of ABD-AL-RasMaN Ar-S6F1 (they both contain the same 1018 stars and one
duplicate), but there is no doubt it was the result of new and original
observations.

Urver BEeica remarks, in the Preface to his Tables:* “ We have re-
observed all the stars already determined, with the exception of 27 which are
not visible at the latitude of Samarecand—namely, the seven in Ara, eight in
Navis (Nos. 36 to 41, 44 and 45), eleven in Centaurus (Nos. 27 to the end),
and one (No. 10) in Lupus; and we have taken these 27 stars from the
book of ABBERRAHMAN SoUFI, bearing in mind the difference of Epoch of his
Catalogue and ours,

“ Besides these, there are eight stars mentioned by ABDERRAHMAN SOUFI
in his book, as being given by ProrLemy, but which ABpErRRAHMAN did not
see, and which, in spite of all our researches, we have failed to discover. On
this account we have not given these stars in the present Catalogue. These
stars of Pronemy are the 14th of the Herdsman (4uriga), the 11th of the
Wolf, and the six external stars of the Southern Fish,

“ We have given in our Catalogue the places of stars for the commence-
ment of the year 841 of the Hegira, so that for any future time we can
ascertain the places of any stars on the supposition that they advance one
degree in seventy solar years.”

Urver Bereh, like Nassir Eppiy and Corras-Eppin ScHirazi, adopted
the Precessional Constant as determined by IBN-Arp-AArvam, viz. 5174, His
Tables were based upon the Hakemite Tables of Isw Juwis, and were pre-
pared mainly by his Astronomers, AL Cusgr and Azt BEN GAIAT.{

The question has been discussed whether Unven Beien wrote his works
in Turkish, Arabic, or Persian. SEDILLOT says ‘“no mention has ever
been made of a copy of the Tables in Oriental Turkish. We possess two
copies in Arabic which present no table differences, and are evidently the
work of two translators unknown to each other. On the other hand, the
Persian MS8. show a perfect accordance,”—which induces SEDPILLOT to believe
they were written originally in that language.f

26. Cardinal Nicmoras,of Cusa, was an original observer, and made a
Catalogue of the Longitudes and Latitudes of Stars from his own observations.

* L. A. SépiuLor, Prolegoménes des Tables Astronomiques d'Oloug Beg, Paris, 1853, p. 198.
t SEpiLvor, Prolegoménes, 1853, p. 289.
t Ibid., 1847, p. exxxvil.
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16 Mr. KxoBEL, The Chronology of Star Catalogues.

Rrccrola® gives an extract from this Catalogue reduced to the Epoch A.p.
1440.

27. Ara Eppwy IBN Smarir published a Catalogue of Stars for the
Epoch A.p: 1480, in his “ Damascus Tables,” which were derived from those
of IBN JunIs.

29. MouaMMED BEN ABOU-BEKRE AL-Tizint is known from TroMAs
Hypr having given a Catalogue of 300 Stars by him in his translation’
of ULuen BEr6H. A curious error has in consequence crept into the works
of HumsoLpT and AraGo. It is therein stated : “ ULuam Brien’s Catalogue
eontained at first only 1019 positions eof stars reduced to the year A.p. 1437.
A later commentary furnishes 3oo additional stars observed by ABu-Brkr:
ArrizIN in 1533.” F

This Catalogue is printed at the end of Hype’s Commentary on UrLuch
Brich, and gives the Right Ascensions and Declinations of 302 Stars for the
Epoch 1534, all of which are to be found in Urven Brrer’s Catalogue of
1org Stars. Therefore it is certainly neither additional to, nor a commentary
ort UrucH BrieH. The Right Ascénsions are reckoned from the First Point
of Cupricornus, the Solstitial Colure, as we find in most of the ancient Cata-
logues giving this Co-ordinate. ~We have no information how the Catalogue
was formed. To test its accuracy I have compared the Declinations of
20 stars with the Greenwich 12-year Catalogue reduced to the Epoch 1534.

Dycltion oD mtion, | Diftronc.
a Aquarii — 2z 21 — 2 36 —15
a Canis Minoris + 6 3 + 6 26 —21
a Aquilee + 7 24 + 7 37 —13
a Virginis ... - 8 29 - 8 44 —15
B Orionis ... — 9 13 — 8 43 +30
a Ophiuchi ... +13 ¢ +12 53 +16
a Leonis ... e | +14 8 +14 15 -7
a Tauri +15 43 +15 35 + 8

* Astronomice Reformatee, tom. 1. p. 217. The work cited by Riccrort is, we presume, the
following one, mentioned in the Catalogue of the Poulkova Library : ¢ Cusa (v8) N., Opera,
2 vol. fol. (sine loco et amno).—ILiber anno 1480 anterior habendus est.” The British Museum
contains the more recent Basil edition of 1565. On which, see Appendiz.

1 This date is a mistake. The Epoch given by HybEk is “ pro fine anni Hegirse purissimee
940, i. Chr. 1533” (?). The year 940 Hegira began July 23, A.D. 1533, and ended July 12,
A.D. 1534, consequently the Epoch of the Catalogue is A.D. 1534.
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s Dudiatin | Dedioron | Ditce
o ’ o ' /

a Canis Majoris ... —15 50 —16 4 —14

v Arietis ... +17 2 +17 1 + 1

3 Leonis ... +17 55 +17 11 +44

a Arietis ... +21 9 +21 15 — 6

a Bodtis ... +22 14 +21 36 +38

B Cygni ... +27 31 +26 58 +33

B Tauri ... +27 43 +28 14 —31

a Lyre +38 37 +38 20 +17

a Cygni ... +43 50 +43 37 +13

a Aurigee ... +45 o +45 32 —32

n Urse Majoris ... +51 29 +51 38 -9

3 Ursee Minoris ... +76 o +76 4 — 4

AYEEN AxBERY, who lived A.D. 1556—1615, has left no Catalogue of
Stars, but gives a list of 221 stars which are to be found in the 28 Lunar
Mansions. He has given the following estimate of the apparent diameters of
stars :—

Diameter.
1st Magnitude 7'
2nd ’ 6
3rd ’ 5
4th » 4
sth ’ 3
6th ” 2/
7th ” . 14

It is curious he should have classified the visible stars into seven mag-
nitudes, which was not suggested by any preceding Astronomer.

33. WiLian THE 47H, Landgrave of Hesse, was the founder of an
Observatory, and constructed a Catalogue of Stars from original observations,
of which we possess only a portion. ~The Catalogue known as that of the
Landgrave of Hesse consists of 368 stars, and was published by FLamsTEED
in the 3rd volume of the Historia Celestis, and by HEvELIUS in his Pro-
domus Astronomice.  But we learn* that during the French occupation of

% Histoire de I’ Académie, 1761, p. 130.

Roy. AstroN. Soc. Vor. XLIII. D
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18 Mr. KvoBeL, The Chronology of Star Catalogues.

Cassel, the Duke of Laval, at the request of the Abbé de LACAILLE, searched
the Library of the Palace, and made a copy of the MS. observations of the
Landgrave WiLriam which were deposited there. LACAILLE, in his report on
these MSS., says that most of the observations made by WiLLIAM THE 4TH and
his assistants, CHRISTOPHER ROTHMANN, Astronomer, and Justus Byreius,
Mechanic, were devoted to making an exact Catalogue of the Principal Stars
visible in his latitude. He succeeded in determining the longitudes, lati-
tudes, and magnitudes of more than goo stars, all observed directly and
by different methods. ~The MSS. were found to contain not only this Cata-
logue, but likewise the observations themselves, with the details of his
methods and the description of his instruments.

In the second volume of Tycumo BrauE's Historia Ceelestis we have
a Catalogue of 1,034 Stars, constructed from the Hessian observations and
reduced to the Epoch 1594.  This was made at a period when the Tychonic -
observations were interrupted, upon which Tycmo remarks: ‘ Eum hiatum
ut expleremus suffectse sunt Tichonicis observationes Hassiacz, et Catalogus
fixarum ab Illustrissimo GumieLmo Hassiee Langravio pulcherrimo supra
fidem ordine eruditis vigiliis opera RorEMANNI Mathematici aut si mavis Tusti
(Justi) Burgii paratus atque digestus.”

47. In 1632 Pumnie LansBerc published his 7abule Motuum Ceelestium
perpetuce; Middelburgi Zelandi, 1632. At page 102 is given a Catalogue
of the Longitudes, Latitudes, and Right Ascensions of 25 Stars, said to be
determined from his own observations, and reduced to the beginning of the
Christian era, A.D. I.

On comparing LaNsBERG’S latitudes of stars with the three Catalogues
of Proremy, Uruen Brieh, and Tycro BramE, they do not prove to be
identical with either of them ; but they approximate to PToLEMY more nearly
than to the others. Comparing the differences in longitude of 14 pairs of
stars, nine are identical with or very closely approximate to Tycmo’s.
LansBERG assumes the Right Ascension of y Arietis at the Epoch A.p. 1 to
be o° o, and longitude, Aries 4° 25 ; then, strangely enough, he makes
differences of the Right Ascensions of Stars equal to their differences of

~ longitude.

The Catalogue is probably correctly stated to be original, though we
have no information how it was constructed.®

48. The Catalogue known as that of JAcoB BartscH, consists of 136
southern stars, reduced by a seaman named PETER THEODORE, from the

* DELAMBRE omits all notice of LANSBERG in his History of Astronomy.
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observations of certain navigators made at various ports in the Southern
Hemisphere. It is interesting to us as being the earliest Catalogue of
Southern Stars, and also as having led to the formation of certain Southern
Constellations now generally accepted. The places are of course only roughly
approximate, and the incorrectness of it was so great as to induce Epmunp
Harrey to go out to St. Helena and make the accurate Catalogue which
bears his name, and which has been fully described by Mr. BAmLy in his
edition of it.

61. Father NoEeL's Catalogue of 225 Southern Stars was made during
the Jesuit College expedition to China and the Indies at the latter part of the
17th century. It was in order of date, the third Catalogue of Southern
Stars made, but the places are very inaccurate.

The preceding Catalogue, No. 60, was probably constructed by some
members of the same expedition.

71. Riccrorr’s General Catalogue® of 1,450 Stars for the Epoch 1701
(“ad annum Christi completum 1700”) consists of stars arranged according
to Constellations and subdivided into four classes.

The 1st class contains 110 stars observed by Ricciort and GrimaLDI,
and includes the Pleiades observed by Vincexrtio Murus and MicHAEL
LANGRENUS.

The 2nd class consists of 958 stars from the Rudolphine Tables.

The 3rd class consists of 246 stars observed by HipparcHUS and
Proremy, but not by Riccrorr or Tycwo.

The 4th class contains 136 stars in Southern Constellations observed
only by certain navigators (Barrscr’s Catalogue).

85. The Catalogue of JoaNNEs JacoBus MARINONIUS consists of the
Right Ascensions of 218 stars arranged in the form of Differences of R.A. by
Transit from eight fundamental stars, with their observed altitudes above the
horizon of Vienna.

From a Arietis to a Aurigs 19 Stars
a Aurige to a Canis Majoris... 22
a Canis Majoris to a Leonis ... 23,
a Leonis to a Bootis 3L
a Bodtis to a Scorpii 30 ,,
a Scorpii to a Lyree 22,
a Lyree to a Piscis Australis... 44
a Piscis Australis to a Arietis 27,

* Astronomice Reformatee, Bononise, 1665, tom. 1. p. 265.
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108. LacawLe’s Catalogue of 515 Zodiacal Stars is a fragment of a
larger Catalogue of 8oo Stars which he had intended making, but was pre-
vented by death from carrying out. The observations were made in 1760
and 1761, and were reduced by M. Barwry to the Epoch 1765.

355. SANTINI'S Zone Catalogue for 1840 consists of stars to the gth
magnitude, in zones of 2° between the parallels 4+11° and —11° of Declina-
tion. The following are the numbers of stars in each zone :—

=] ] o o
Zone —1 to 4+ 1 = 246 Stars Zone —1 to — 3 = 438 Stars
+1 to 4+ 3 = 286 ”» -3 to — 5 = 49 ’”
+3 to + 5 = 271 -5 to — 7 = 454
+5 to +7 = 274 =7 to —9 = 414
+7 to + 9 = 312 —9 to —11 = 7503 ,,
+9 to 411 = 325 ,

The other Catalogues are briefly explained in the notes appended to
them.

The Table of Star Catalogues has eight columns:—

1. The number of the Catalogue in order of Epoch.

2. The name of the Catalogue, which in almost all cases is the name of
the Astronomer who constructed it.

3. The date of publication (printed).

4. The number of stars in the Catalogue.

5. Brief information as to the magnitudes or special peculiarities of the
stars.

6. Particulars of the positions of stars and the co-ordinates given in
each Catalogue, whether Longitudes, Latitudes, Right Ascensions, Declina-
tions, or Special Zones.

7. The Epoch, which is the basis of the arrangement adopted.

8. Notes on the Catalogues, with references to the works in which they
are to be found.

London, January 1876.
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Mr. KxoBEr, The Chronology of Star Catalogues.
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