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DELHI MUSEUM ASTRONOMICAL
INSTRUMENTS.

HE Director General of Archwology recently purchased from a resident of

Delhi three astrolabes and a small brass celestial sphere, which have

now been placed in the Delhi Museum. Of these instruments the sphere is

inscribed with the maker's name and date as follows: Dia al-Din  Mulammad

ibn Mulla Qasim Muhammad ibn Hifiz ‘ITsi ibn Shaikh Allahdad, Humdyind,
Sana 1087.

This person appears to have belonged to a family of astrolabe makers
of Lahore. He himself was the maker of the very accurate instruments shown
in figures 6 and 19 of my Astronomical Observatories of Jai Singh, and an uncle
of his, described as Muhammad Muqim ibn ‘Tsa ibn Allahdad, Ustirlabi Huma-
yini of Lahore, made in A.H. 1053 an instrument now in the possession of
Mr. Lewis Evans!® and there is another of his instruments, dated A.H. 1070,
in the British Musegm.®

2. None of the three Delhi astrolabes bears either the maker's name or
any date, but, as will be shown below, such instruments, when accurately con-
stracted, bear clear evidence, based upon the precession of the equinoxes, of
the period of construction. The known history of the instruments,® the date
on the small sphere which accompanies them (approximately A.D. 1676), and
their general design are other factors bearing on the period of their construe-
tion. The oldest of these Delli astrolabes is inseribed in Kific characters and
belongs to the thirteenth century A.D.; another belongs to the end of the
fifteenth century; and the third, which is inscribed in Devaniigari characters,
belongs to about the end of the seventeenth century. All these instruments
contain many details of astronomical and archzological interest. The work-
manship on two of the astrolabes is excellent; while the third, although of

iTo whom I am indebted for an excellent photogmph of the instroment,

! Number 12 of the unpoblished lisy kindly lent to me by Bir Hercules Read.

! The late owner of the instruments states that his groat-groat-grandfather “was  keenly  intorestoed
in the science of the hesvenly bodies® and that ‘somewhers i the 17th comtury AL he eolleoted the
nstrolabes, togother with an excellent selection of sstronomieal literature.’
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much cruder design than the others, is possibly one of the earliest inseribed
in Devanigari characters.

so W A, Thirteenth Century Astrolabe inscribed in Arabic (Kific) characters,

3. This is a brass instrument 57 inches (142 em.) in diameter, and 2 mm.
thick. Besides the body of the instrument, termed the wmm or mater,! it con-
sists of only the ‘amkabiit (aranea or rete) and the sighter or alhidade, and is
inscribed with Kiific characters. The ‘ankabiit has 20 shagaya or star points
each inscribed with the name of a star, and the ecliptic circle graduated and
inscribed with the twelve names of the signs of the zodiae? OFf the 20 shaziya
eleven have white metal bosses, and there are also four larger bosses which
serve as handles for rotating the ‘ankabiit. The venter or inner surface of the
mater is engraved with a projection of the celestial sphere. The rim is gra-
duated in degrees, which are numbered in groups of five up to 860, starting
from the top or south point and proceeding through the west point on the
right, the north and east in order. The back of the instrument has the upper
hali of the rim also graduated in degrees. The upper two quadrants of the
back contain a Zargali projection of a portion of the sphere; the lower left
quadrant contains a graphic table of sines: and the edge of the lower right
quadrant is inscribed with a shadow scale. The alhidade or sighter has two
fixed sighting pieces, each with two sighting holes, The alhidade appears to
have been made later than the rest of the instrument and is not graduated.
The workmanship is excellent throughout except for some apparent mistakes
in numbering the graduations; but the metal has become slightly pitted in parts.
The instrument was made about A.D. 1280. Such is a description of the in-
strument in bare outline, which requires amplification in certain directions.

4. The ‘ankabit.’—The open net-work dise, examples of which are shown in figures
1. 3,5 and 10, is by the Muslims appropriately termed * ankabiit * (" spider ’) or sha-
bakah (*net’) and by medieval western scholars aranea or rele, 1t is essen-
tially a star map of the heavens und always includes the ecliptic, and can be
rotated. It is reticulated in order to render the co-ordinates marked on the
dise below visible. Each shaziyya (*splinter”) or denticulus marks the positions
of & star, generally with a considerable degree of aceuracy. Right ascension
may be marked by lines joining the centre to the graduated circumference : decling-
tion circles are sometimes given as in figures 7 and 11; the graduations on the
ecliptic circle give longitudes, and a special disc containing projections of circles
of latitude and longitude is sometimes provided (Figure 8).

The names and positions of the stars on instrument A are given below,
together with their modern names where there is no doubt about the identi-
fication, and also the positions according to Ulugh Beg., The names are ex-
plained in the annexed glossary.

1 The traditional nomenclature is both Arabie and medimval Latin This is oconfusing hat esunot
now be well avoided, Kmhﬁnnuﬁ’lﬁmthemimmmem
Tﬂmmmmmumﬁﬁmhwphlﬂhhm
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Star List of Astrolabe A,
- T:w?mm | Urvon Bea. | ! N
Name D::mﬂ': instr- Modern name, Df:g:? I ;_ ' lﬁ:'&?‘ &1.?‘
| Long. Lat ; Long, Lat. |
. o | H] ] a ¥ & r
L Matn Qitus . ... 12} | —20 '
2 Ghal ., Ima Persel, Algol 96| 47 | 422 | 4655422 0| 155 ‘ 201
8. Daburin . . | 87a ‘Tauei, Aldebaran . | @60 | —5 | e2m | —5i5| 281 | am
4 'Aigllq . . |13 Aurige, Caopells . 02 78 | 4223 443 22240 143 | 221
5. Qudnm al-Jouza . | 198 Orionis, Rigel' . 03 )| —32 | 602 —Si 18|05 ?ﬁ*
6. Monkib . . | B8a Orionis, Betelgeiix . 140 80 | —17 | S1 18 —1645| 113| 732
7. AlSABGr . . | Ba Canis, Majorls, —I-6 9 | —39 | pGo10 —39 30 119 | 815
Siriis,
B. Ubumaish . . : 10a Cnnis Minorls, 5| 108 | —I16 | L0s 2 —16 o | 20 | 845
L3 |
f. Yod ul.Dubb . | 00 UmseMajoris .| .. s | +30 14ss+ee | 18 | 20
10. Zabind . . | 65G Caneri 2 s 1205 | —6 | 12540 —521 | 480 451
: 11. ‘Unq ab-Shujs' . | 30a Hydes, Alphard . 22| 138 | —a | 130 31 —22 80 | 131 po2
12 Rijl . . .|3& Une Majoris .| .. 120 30 | 131 40 |+29 45 :Hni 28
13. Qalb . . . | 3% Leowis, Regulva . 18 w0 | L. | 4213 40 9| 213 446
4. Janih ol-Ghurdb | 4y Corvi . . .| .. 1778 | —13 | 182 46 —14 18 510 | 038
16, Al-A%al . | | 07@ Viginls, Spica . 2| 1 -2 | ID6 10 | —2 9| 210 507
16. Qiid . . . |85 Ume Majoris .| ... 170 | 455 100 10 54 9| —00| 35
17. AlRamih . .| @ Boitis, Arcturus . 02| 105 | 431 19 31 !+:u 18, 13| 1o
18, Fakkah . .| 5& Cor. Borealis, Al 23| 210§ | +46 |44 44030 | 4 4| 11
19, "Unq al-Haiyah . | 283 sqm et | () 220 | 434 (2213 43415| 213 oM
20, Qalb al“Aqeab . | 21@ Scorpii, Anfares . 12| e | —3 |M1e:—4m 116 850
21. ALHawwd . . 127K Ophinchi . . 21| 244 | 432 24340 432 0| D0 | 232
2 WigT . .| 3@ Lyre, Fega. . O1| 276 | 464 27810 +62 0| 219 148
2 ALTEr . . #3e Aquile Alair . en | 201 | +30 |m 10 42015 | 310 258
24 Ridt*, . s | s | e |
25. Zauab al-Jadi . | 40y Copricomi . .| .., s1y | —2 |s413|—230| 313 62
26 K'ab al-Farna . V10K Pegnsi, ., | .. 326} | +38 |:m N |+8697| 5 1| 382
27, Mankib . . | 535 Pegasi, Sheat .| .. 360 | +31 | 951 97 |+3051 | 137 | 35
2 Khadib . .| 118 Casiopeim ., 24 20 | +80 |28 1 |1G048| 8 1|88

® The point sppesrs to have been broken
B2
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The Age of Astrolabe A,

5. In consequence of the precession of the equinoxes the positions of the
stars relative to the line of equinoxes (AB in figure 10) varies in the different
instruments according to the period for which they are constructed. Thus, if
an astrolabe is accurately made, it contains in its star map engraved on the
‘ankabiit a definite record of the date of its construction. Since, however, the
precession of the equinoxes approximates to 50-2 seconds of are in a vear.! and
since the error in reading any individual star position may amount to as much
as, say, half a degree, our estimate of the age of an instrument may be out
by a few years; but, within reasonable limits, the estimate is reliable. Not all
the stars are of equal value for this purpose of comparison. The better known
stars were presumably the more correctly located, and for the purpose of com-
parison those not very far from the ecliptic are perhaps the more suitable,
Also it is convenient to compare the star positions as recorded on the instru-
ment with a record of not too distant a date: the types of error on the in-
strument are likely to be similar to those of a catalogue of the period, ete.
These considerations have led to the use of Ulugh Beg's catalogue as a stand-
ard of comparison. Ulugh Beg's records are not perfectly accurate but we now
know the amount of*inaccuracy in each case® and the catalogue gives longi-
tudes, which are much more convenient for comparison than the right ascensions
and declinations given in modern catalogues,

Since the instrument error may amount to sbout half a degree it is useless
for us to consider the effect of the proper motion of the stars. The average
error in longitude of Ulugh Beg’s records is about —12 minutes, and thus would
make but little appreciable difference to our estimate. Since latitude does not
vary with precession the latitudes on the instrument* and those given in Ulugh
Beg's catalogue should be nearly the same. We thus have a criterion of accu-
racy of the instrument, and the latitudes as compared in the above table show
that the degree of aceuracy claimed for the instrument is in no way exaggerated.

The following list gives the longitude of each of the identified stars on the
instrument whose distance from the ecliptic is not more than 30 degrees, and it

shows the difference in longitude between the record on the instrument and
that of Ulugh Beg.

Losniru o,
— Magnitude, ' =
On instrument, Ulugh Beg, | Differences,
— P S| TR
| L] & ¥ [ L]
2. Algol, 203 Persei : 126 47 48 55 1 65
3. Aldebaran, 870 Twuri ¥ 1-1 6 6z a1 2 n
4. Capells, 132 Auriga - 02 73 74 43 1 43

! The gonemlly accepted valus is 50-256—0000222T seoondls, where I' is the pumber of years befory
AD, 100

'ﬂwthnl&mimhkﬁlﬁﬁmufﬂhghﬂag’iﬂhr&hhgm Mr. B. B. Enobel, rocentl bilih,
hrthn{hnmg'mlmjtutiunniwuhhpm. g SR .



I Loxomrone.
* = Magnitude. —
On instrument | Ulugh Beg. Difference,
1 i . | i
6. Betclgeux, 58a Oronis . . . 14 s.n 8l 13 1 13
8. Procyon, 10q Conis Minors . .| 05 106 108 29 2 922
13. Begulus, 32a Leonis . . . 13 140 142 13 2 13
15. Spica, 67a Virginis . . . | 1-2 104 196 10 2 10
20. Antares, 2la Scorpii D 1-2 241 242 16 1 16
3. Altair, 530 Aquile . al o9 | 201 204 10 3 10
i

The average difference in longitude is approximately —2° 3', which corres-
ponds very nearly to —148 years, Ulugh Beg's catalogue was constructed in
A.D. 1437 and the rough process followed gives A.D. 1280 as the approximate
date of the instrument. The method of calculation is, however, open to cri-
ticism. All the stars selected have not the same values for purpose of com-
parison. If, for example, we had excluded all stars of less than the first magni-
tude, the resulting date would have been A.D. 1270, in spite of the positive
precession shown by number 5 (8 Orionis). Also we might, with justification,
have taken the ‘mode’ instead of the ‘average’ of the differences: we have
neglected the proper motions, Ulugh Beg's errors, ete., ete.

The following table gives a comparison of three of the best known stars at
greater intervals :—

Loxarrvne. Dirrznesce,
== A B. C .
Instrument. | Ptolemy, A.D. 58 19019, A—B, A--C,
Aldebaran . . (i1} 42 40 G4 38 +17 20 —8 38
Bomgalus . - . 140 122 30 148 42 +17 30 —58 4=
Bpiea . . - | 194 176 40 208 43 +17 20 —8 43

The averages of these differences of longitude give about 41250 and —622 years
approximately ; and the resulting dates are 5841250 or A.D. 1308, and 1919—622
or A.D. 1287.

l‘ﬁ'“ﬂ mi iy : ! -

f(o B. Astrolabe inscribed in Arabic (Naskhi) characters, circa A.D. 1500.

6. This is a plane astrolabe of the ordinary type, made in brass gilt. Its
-diameter is 3-75 inches (=95 em.) and it is -3 inches or 7 mm. thick, and is
inscribed in naskhi characters. It contains, besides the ‘ankabiit, six plates, in-
scribed on both sides with sex-partite projections for certain latitudes, and other
gpecial projections. The venter is blank. The ‘ankabiit has 18 points, to only 16
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of which, however, star names are attached i and it has the usual ecliptic cirele
inscribed with the names of the signs of the zodiac! and graduated. The ‘an-
kabiit has been broken in two?® and rather clumsily repaired : the left top part
is the more modern and is slovenly engraved. The obverse rim of the mater
is graduated in degrees and is numbered in groups of five up to 360, starting
from the top and proceeding clock-wise. The reverse is beautifully engraved :
the edge is graduated in degrees, each quadrant being numbered separately
from 5 to 90. The inner space of the loft top quadrant contains graphs of the
unequal or temporal hours: that of the right top quadrant s graphical table
of inverse sines and consines: the left bottom quadrant contains what may be
described as a set of polar co-ordinates ; the remaining quadrant shows square
and circular shadow scales. The alhidade or sighter has two fixed sighting
pieces with single sighting holes. The workmanship, except for the repaired
portion of the ‘ankabiit. is excellent throughout, and the gilding has helped
to preserve the engraving,

Star List of Astrolabe B,
| IxsTRiMpsy, | Urran Heq,
Name on Instrument, Modern name. Magnitude. [~ | — I
Long Lat. Long Lat
L Dabarin . | 87a Teuri, Aldebaran . 11 63 ! —5 | easr | 515
2 Rijl . ., 108 Orionis, Rigs . . 0-3 70 —a0 | 6025 |31 18
8 Yad . . ., |58y Orionls, Belelpenr . 1:0 82 Il —16 | R113 | —16 45
4 Yamiolh . .| 9a CanisMajoris, Sivius . | —1.6 07 ( —86 | 9619 | —30 30
5. Shimhy + | 10a Canis Minoris, Procyon 05 10 —14 10822 (—p o
6. Fard . . . 30a Hydee Alphard . . 22 140 | —21 | 13031 | —2290
T Qalb , . « | 32a Leonis, Regulus . - 13 142 0 142 13 40 @
8 Awl., . . |6a Vignis, Spica . . 1-2 108 —1 | we10 | —o g
. Rimib . .| o Bootis, drcturus | 02 107 +33 | 10831 | 431 18
10. Fakksh . .| Ba Corone Borealis, Ji‘-} 23 219 4T | 243 | sag 30
; phecca.
1. Qalb at'aqrab . | 2la Searpii, Antares , 12 243} —3 | 24216 | —4 3
12. Haww& . | | 65q Ophiuchi , . v 21 268 | 435 | 2513 | <3m
13. Waqi* . +  da Lyre, Feo - : 01 280 LG9 | 218 18 | o2 @
HOTRY . L e Al Al . 00 | 202 +28 | 20410 [ 430 o
i), =t | - ‘ 414 +27
16 Kafla, |, . T | MU | 455 3

lhnnmu[thu.dgumlhnmuuumgimmhwlﬂhhn
* At longitudes 15° and 255° on the
'Thm:mmﬁnmpﬂmdmuﬂmmyhdbmﬁd.
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7. By the same process as in paragraph 5, from the following elements, we
obtain an approximate date for astrolabe B.

| Losanmne,
—_— Mugnitude, | ~ | Difference.
Instrument, Ulugh Beg.
= - -p - —
|
| e
1. Aldebaran, 87a Taurd - " 141 a3 4z 31 +0 20
|
7. Begnlus, 32a Leonia : . 1-3 142 | 142 13 —0 13
8. Spiea, 87a Virginis . - 1:2 108 106 10 +1 &0
11, Antares, 21@ Seorpli . . 12 243} 242 16 +1 14

These stars give an average precession of 4-53'2 minutes after the time of
Ulugh Beg’s catalogue (A.D. 1437) or approximately A.D. 1500, Or, as before,
taking only those stars that are of not less than the first magnitude! we have:

—— | Mignitude, Instrument, Ulugh Beg. Difference,
o | a ] =1 # J a2 F
2, Bigel, 193 Orionia . . | -3 70 69 25 -+0 35
4, dirins, Pa Cands Majoris . . —18 w7 o 10 -+ 41
5. Prooyon, 10& Canis Minoris . 5 109 108 22 +0 38
0. Arcturua, a Bootis *ia ] 02 1937 196 3l +0 20
13. Vegn, 3a Lyra . . - ; | 01 280 I8 10 +1 41

The average precession is here very nearly 49 minutes which gives A.D. 1495 as
the approximate date of the instrument.

The Tablets of Astrolabe B.

8. There are six brass gilt tablets, each 3-2 inches (81 em.) in diameter
and about a millimetre thick. Each tablet is engraved on both sides with pro-
jections of co-ordinates and other elements that can be used in conjunction
with the ‘ankabiit tablet, Of these projections nine are for latitudes from 0°
to 40°; one is nominally for latitude 90° and therefore gives declination cireles :
one is nominally for latitude 66° 30° and therefore gives celestial latitudes :
and one is for horizons from 8° to 71°. On two of the surfaces double projec-
tions are given, thus making fourteen different projections in all,

The theory and use of these projections will be descrihed in due course, but at
present formal descriptions only will be given. To facilitate this 1 have num-
bered the tablets in a convenient order and have distinguished the obverse
and reverse of each by the letters a and b.

’Altnh'flan:ittndbmumtharupn&uipwﬁmdthn‘mknﬁﬁhmiﬁhhitﬂu.hvnymm
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I" is marked ba ‘ard S' (' for latitude 80™') and is engraved with declina-
tion circles. These are concentric circles whose centre is the centre of the dise
(north pole). The circles are numbered thus from the outer tropic:

A B : C
23{3n'15|12[ 6 ﬂ|12'13‘24|3ﬂ]36|42[4s[54|ﬁo 66 72 78| (84) | (90)

where A is the trapic of Capricorn, B the equator and C the pole. The readings thus
give positive and negative declinations. See figure 11.

1* is marked ‘ard istuwa  s@ ‘dtah IB or ‘ zero latitude: hours 12’ and
exhibits co-ordinates for zero latitude. Almucantarats for every gix degrees and
azimuth circles for every fifteen degrees, and the 12 unequal or temporal hour
lines are drawn and numbered. The two tropics (A and C) and the equator
(B) are shown. BSee figure 12.

11* is marked ‘ard IH sddtah IJ-H or ‘latitude 18: hours 13-5." Besides
the almucantarats, azimuths and temporal hour lines, there are also the equal
hour lines (dotted); and the horizon is marked on the right al-maghrib (* the
west '), and on the left al-mashrig (" the east’). Figure 13.

11" is marked ba'ard K sa'dalah IJ-IJ or *for latitude 20°: hours 13—13'"
Otherwise 1t is exactly of the same type as I Figure 14.

HI* is marked ‘ard KA-M sa‘atah IJ-KA or ' latitude 21° 40': hours
13—21. (Note that 21° 40" N. was the generally accepted latitude of Mecca.)
Figure 15.

I11* is marked ‘ard KJ sa‘dtah IJ-KH or °latitude 23°: hours 13—25°.°
Otherwise as the preceding. Figure 16.

1V* is marked at the top ‘ard KH sa‘atah IJ-LD or ' latitude 25°: hours
13—384". The azimuth lines are shown below the horizon only, otherwise it is
of the type of Il and IIL. Figure 17.

IV* exhibits two independent sets of almucantarats and temporal hour
lines only. At the top of the tablet is written ‘ard KH sd‘dtah LI-MW or
‘ latitude 28°: hours 13—46," and the corresponding projection is given. At the
bottom is written ‘ard L sa‘dtal IJ-NW or *latitude 30°: hours 13—58." The
east and the west are marked twice over, being reversed for the second pro-
jection. See Figure 18.

V. Tablet V is divided into two parts along the meridian line, This per-
mits the use of either of the projections with one of the special tablets, The
actual projections are of the same type as II and III

(a) is marked ‘ard LB sa‘dtah ID-W or *latitude 32°: hours 14—g'.
Figure 19.

() is marked ‘ard LW sa‘dtah ID-KZ ov °latitude 36°: hours 14—27°.
Figure 20.

VI*. The obverse of this tablet is superficially of the same type as IV®
i.c., there are two separate projections on the one surface. The upper projec-

3 The Arabic letters used ss pumerals are here transliterated by caspital lotiers. The notation i@ given
on plate VI,
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tion is marked ‘ard M sa'dtah ID-NA or *latitude 40°: hours 14—51"" The
other projection is marked ba'ard SW-L or ‘for latitude 66°—30"" It is thus
a projection for the complement of the obliquity and shows celestial latitudes.
In some instruments' such a projection is marked as ‘the measure of the ‘an-
kabiit." Figure 21.

VI" is a “tablet of horizons (safikak afagiyah).’ There are the usual circles
of the tropics and the equator, the meridian Iine and the east and west line,
and there are four groups of horizon lines, each drawn for a separate latitude,
and each group consisting of 16 horizons. (Figure 22) Along the diameters of the
disc these lines are numbered in Arabic numerals,? while along the circle of Capricorn
they are numbered in the abjad notation. The groups are arranged thus:—

8 12 16 . X . B0 4 B8
9 13 17 . . . 61 65 69 |
10 14 18 . ’ . B2 G 0
11 15 19 . . . 63 67 7l
The following table summarises the elements given on these tablets:—

| 1 I“’ u-‘ | e tmil e | v vr v | Ve | v
Latitade. | 00 u’f w0 | 200 | 10 g o3 | 25° |o8°|80°| 3z | 36° |40°| 664° | Hoi-
L | | Meoea. ol (e S ] Q] ==
n | |
Hours . |12 13 | 13 13 [ 13 | 13 (13|13 14 | 14 |14 :
day.a) Himm.i | o 5 | 13 21 | 25 | 34 |86 | 6 | 27 | m
! ! |

(e o, i"t o'y I? €. Hindu Astrolabe.

9. The Hindu astrolabe (figures 5 and 6) is 7 inches or 172 em. in diameter
and -3 inches thick. It is of the same type as B but is inscribed in Devani-
garl characters. Besides the ‘ankabiit it contains two discs with the usual
projections, but, apparently, it was made for three such dises. The Venter is
blank except for four names that appear to have been engraved there as memo-
randa. The ‘ankabiit has 37 points of which 21 only have star names at-
tached, and one point is broken. The ecliptic circle is roughly graduated and
is inscribed with the names of the 12 signs. The obverse edge is graduated
in degrees which are numbered in groups of three starting from the east point
on the left and proceeding counter-clockwise. The back has omly the upper
edges graduated, the bottom edge being blank. The upper left quadrant con-
tains a rough sine table; the right quadrant is marked only with equi-distant con-
centric quarter circles; and the lower half contains the square shadow scale,
The alhidade has fixed sighting pieces each carrying two sighting holes, Com-
pared with A and B the workmanship of this instrument is extremely crude.

! K.y, figure § shows such a projection which is inseribed Sajihah mizin al-‘ankabit or * tablet of the

measure of the ‘ankabit.’ This perticular tablet belongs to the Jaipar ‘B’ nstrolabe shown in figures
6 and 8 of my Astrowomical Observatories of Jai Singh,

‘Thhithamigubhtmtldnhnumﬁmlthuhmmp!nm In all other cases the objod
notation is used,

{a) For the connexion between the longest day and Istitude see my Hindu Astronomy §64,
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Star List of Astrolabe C.

IRSTHUMEST, ' Troan Bea,
Nams on instrument, Modern nama. P |
Long, Lat. Long. Lat,
L a & L L3 -] r_F
1. Samudrapaksha . - « | 185 Ceti s g : . 356 -—11 53 65 | —10 30
2. Manushynsirsha . . .| 288 Persei, Algal . ' il 54 423 48 55 | 422 @
L Rohini . . . |87z Touri Aldebaran . . o7} —5 62 31| —&5 15
4. Mam...... (broken) . e T e - - o |
3. Mithuna......dadakshipa . | 1983 Orionds, Rigel . . i —ang 80 25 | —31 18
i, Hoata i . . =L e a2 —11
7. Mithuna . . . . a8 iy e |
8. Ardri Lubdhals 7 « | Dz Canis Majoriz Sirfua o a7 j —30 8 10 | —20 30
0. Lubdhaksbamdha . ., | 10« Canis Minoris, Procyon 110} —15 | 108 22 | —18 0
10. Maghia . . . « | 32= Leonis, Regulus . . 143 —0y 142 13| 40 9
11. Uttars Phalguni e T gt L : 151 1418
e L 150 | 448 |
13. Mitrimabdala . g A MR ) B 180 +230 | wir
14 ChitR . . ., ., |67a Virgiis, Spica . . 201 —11.| 196 10 —2 9
INEVBE— - 3 . .| ‘e Bookis dviures’ . . 207 804 | 196 31| 431 18
16, Dhanub koti . . gl L e 245 +3l |
17. Abhijit . . . « | da Lyrm, Vege . . g 280 +81 . 278 10| 482 0
18 Sravapab . . . . | B3z Aquile, Alleir . . 204 +20 | 204 10| +20 15
10, Kakwidapuehba . . %50a Cygni, Dened o 233 +60 | 328 46| 430 49
20. Aévanibha L . . | 2la Andromeds . o - 7 +24 6 28| +2% N
22 Pirvabhadrapada . . e o il 3 -+16

10. Of these names 11 are names of nakshatras and their positions agree
generally with the usual identifications ;! but Hasta does not refer to the nak-
shatra of that name and here possibly indicates a hand of Orion. Mithuna
is the name of the sign Gemini and Mithuna...dakshina refers to Rigel as south
of that sign. Dhanus is also the name of a “sign’ and Danulb-koti, ‘the end
or tip of the bow,’ appears to beused appropriately. Samudrapaksha, * marked
with a fin," is possibly « Ceti; ManushyaSirsha, “a human skull * is equivalent to
Ulugh Beg’s ‘ demon’s head’; Ardrd Lubdhaka is said to be s name for Cauda
Draconis, but here it marks Sirius ‘the star in the mouth of the dog®; TLub.
dhaka is the hunter in the Rohini myth® and Lubdhake-bandhu is the hunter's
relation, and is applied to Procyon. Matrimandala is evidently meant to indi-
cate the circle of latitude of Virgo, on which the star lies. Kakumdapuchha

! See my Hindu Astronomy, Appendix 11, * Ib, Appendix L.
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possibly is meant as an equivalent of Cauda Cygni, but it is marked on the
‘ankabiit by a bird's beak. The term Afvanabla indicates some connexion with
a celestial horse and is the principal star! in Pegasus.

Besides these star names are certain names written on the ‘ankabiit that are not
connected with any pointer. Near Rohini is written Shanmukha, * having six
mouths,” perhaps for Krittiki (the Pleiades); on the extreme edge (long. 160°-
170°) is inscribed ‘Kakaskasmdha,’ © the crow's shoulder,’ possibly for ome of the
stars of the constellation Corvus; and on the ecliptic, near Capricornus, is (1)
Dhanub$aragum which possibly is to indicate the Muri or pointer at the top
of the ecliptic circle,

Some other names are engraved on the venter but appear to have no direct
connexion with any part of the astrolabe: they are—

Lamkayam . v . - . . 0
Adane . . . ‘ . . 11
Tilamge . . - ‘ ’ ; . 19
Devagirau . 3 : : . 20-34

These appear to be memoranda of certain latitudes, viz., Lanka 0, Aden 11,
Tilafiga ?19. Devagiri (the modern Daulatibad, the Tagara of Ptolemy) 20° 34'.
Lanki is the place of origin of the Hindu geographical co-ordinates, and is ‘in
Ceylon’; the latitude of Daulatibad is approximately 19° 57° N. and there is
little doubt as to the identification; the latitude of Aden is 12° 47" N. and
the identification is possible ; Tilamga is doubtful.

11. It would be futile to attempt to determine the age of such a crudely
constructed instrument as this by means of precession. The average of the
differences in longitude would have no value since the probable error is so
great. But on general grounds we may suggest the end of the seventeenth or
beginning of the eighteenth century as about the period of its construction.

The Tablets of Atrolabe C.
12. Astrolabe C has two tablets only, although from the depth of the rim it is
conjectured that the instrument was made for three. I* is inscribed—
22 Chhaya 5 Paramadinam 33 30
Kamah 13 Avaritikayim
which means ‘ (Latitude) 22, Shadow 5. Hypotenuse 13, Longest day 33 (ghatis)
30 (palas), At Avanti (Ujjain).” Almucantarats for every three degrees are
drawn and numbered. The unequal or temporal hour lines are drawn and also
the equal hour lines, the latter, as in the Muslim instruments, being dotted.
For the hour lines is only one set of numbers. The equal hour lines, of which
only 12 are shown on this surface, are badly drawn. Apparently an attempt
was made to count the equal hours both from sunrise and sunset! No azi-
muths are given.
I" is imscribed—
Paldmsah 37 Paramadinarh 36 24
Chhaya 9
Karmnalh 15

I Now named a Andromede. 5
o
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which may be read latitude 37°, longest day 36 (ghatis) 30 (palas), shadow 9,
hypotenuse 15" On this surface the equal hour lines are drawn in the normal
fashion but not very accurately. Otherwise the tablet is the same as I* No
town is mentioned and the latitude is well outside India.

II* is marked— .
Palaméah 23 Paramadinarh 33 50
Chhaya 5 6 Amadavad
Karnah 13 3

or, ‘" Latitude 23, longest day 33 (ghatis) 50 (palas) Shadow 3-6, hypotenuse
18-3, Ahmedabad. Otherwise it is like T :

IT" is a tablet of horizons (similar to figure 22), but without any graduation
numbers.

The most mteresting features of these badly drawn tablets are the names
of the towns and the methods of expressing their latitudes (a) by degrees, (b)
by longest days, (¢) by the shadow of a vertical gnomon. The first two me-
thods are genmeral but the third is peculiar, The vertical gnomon is supposed
to be 12 units, or 720 minutes long; and its noon-day shadow at the equi-
noxes is 12 tang, while the hypotenuse formed by the shadow and gnomon
s 12cosd, where ¢ is the latitude. The days are expressed in ghatis and
palas, of which 60 ghatis=1 day of 24 hours and 60 palas=1 ghati,

We thus have—

Place, - Latitude. Longest day. Bingh.
. H M R |
I~ Ujjain . . 3 A . 3 - - 2 = 13 2% 0 5i13=-385
I, 7 14 43 %6 0/15— 600
IT*, Ahmedabad | - . . * g . - bLe 12 32 0 S8 TR =411

For these latitudes the longest days are, to the nearest minute, 13" 23"
14* 37", and 13 27" ; and the values of sin ¢ are approximately -375,
*588, -391. The actual latitude of Ujjain is 23° 10" 6" and that of Ahmedabad is
given as 23° 2’ N,

The Projections.

13. The mathematical principle on which the tablets, including the rete or
‘ankabiit, are constructed is indicated by the term °stereographical projection.’
A pole of the heavens is usually taken as the centre of vision and the plane
of the equator as the plame of projection ; but occasionally one of the equi-
noctial points is the centre of vision and the soltitial colure (i, the great
circle passing through the soltitial points and the poles of the equator) is the
plane of projection, -

In the ordinary plane astrolabe (like B and C) the pomt of vision (V in
figures 23 and 24) is usually a pole of the equator and the projection is made
on the plane of the equator of which ns in figures 23 and 24 is a trace. The
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type of projection employed iz thus polar stereographic, in which circles of the
sphere usunally are circles on the projection, and angles on the sphere are
represented by the same angles on the projection.

Let VA;A, be a great circle on the sphere through the point of vision V, and
let ng lie in the plane of projection. Let A;A; be the diameter of a small circle
on the surface of the sphere. The projection of this circle on ns will be a circle
whose diameter is a,a,.

Almucantarats, Celestial Latitude and Declination.

14. If ns represent the equator them A;A, may represent the diameter
of a cirele of altitude. and its trace a;a,; that of an almucantarat. The altitude
i8 measured by OAA;=0AA,=a, and if VO produced cut AjA, in C then
VCA,=¢ is the latitude. The poles Z and Z’ of the circles of altitude are termed
the zenith and nadir.

We have ﬂal=r.tam1\"ﬂ=r.mn?'

180°—dt-a $+a
MT 7 2 .

When ¢=90°—w, (=631 degrees approximately), then AA, is parallel
to the ecliptic, i.e., it is a diameter of a circle of celestinl latitude ; and when
¢=90 degrees, \jA, 1s parallel to the equator and is a diameter of a circle
of declination. Also if z and z' are the traces of Z and Z' we have Oz'=r.tan

ﬂﬁﬂ—j and Oz=r.cot —Equ" and when ¢=90"—w, Oz'=r tan ;: r.(-208)

2 and Oa,=r.tana,VO=

r.t = Ico

nearly, and Dz=r.mtg=r.{4-sﬂﬁj nearly ; and when ¢=90 degrees, Oz'=0
and Oz=s. When a=0° the almucantarat becomes the horizon and Oa, =
rtan ¢/2 and Oa,=r.cot g

Azimuths, Celestial Longitude and right Ascension.

15. The great circles which pass through the zemith and nadir and cut
the horizon at right angles are called vertical circles. They mark off on the
horizon horizontal angles or azimuths and may therefore be called azimuth
circles, Their projections are circles passing through the zenith and nadir and
also through the appropriate graduations on the horizon. The projections of
these graduations are found by joining the corresponding graduations on the
equator to the zenith; and the centres of the projected azimuth circles all lie
on the line bisecting at right angles the straight line joining the zenith and
nadir. Circles of celestial longitude are particular cases of azimuth circles for
$=90"—w; and circles of declination, which in the projection are straight
lines, are also particular cases for $=90".

Figure 25 shows the plane of projection, which is here in the plane of the
equator. Since Oe=0V and the angles eOa; and VOa; are both right angles, we
have the angles Oea; and OVa; equal, and also the angles Oea, and OVa, equal, and
the angle s0d;—90°—2a,VO=(d-a)+ 90° and s0d,=90°—2a,VO=(p+a)—00".
This gives a geometrical construction for the almucantar, of which a,a. is a diameter.

21894
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But in practice it is perhaps more convenient to calculate the radius of
each circle (r') and its distance (Oc) from the centre of projection, 0. We have

Oa; = r.tand";“, Oa, = r.cut'ﬁ—;*f, where r is the radius of the equator, and

'=(0a,40a, )/2: and Oe=r"—0a,=0as—r. The following table gives certain
values for v and Oec for the particular cases when the almucantarats become
circles of latitude and declination, (for r=100).

a=—d3" | —20° | —mw* LU [ 20" + 30" 40" | 5o

T

( Oe=050 nn-s! 536 | 434 364 316 2B00| 254| gug
oy = 0 — g0 I

lv=2176 | 1602 | 1304 1000 02| 756 610 | 480 esg

B=90°, Oc=o f=1732 | 12s HeZ| 1000 80| WO 57 | we| ey

16. The ‘ankabiit and tablets of the ordinary astrolabe such ae B and ©
are all constructed on the basis of polar projections as deseribed above ; but
the obverse of A (figure 7) is a general projection so constructed a8 to avoid
the necessity for special tablets for each latitude. One such general projection,
attributed to Ibrikim b. Jahji al-Naqqas, known as al-Zarqali (Arzachel), is
described in my Astronomical Observatories of Jai Singl: but the projection on
A differs from that inasmuch as it is made for use with an ordinary polar
projection ‘ankabiit. The obverse of A may therefore be described s g general
polar projection. From one point of view it is connected with the tablet of horizons,

In figure 27 let VAA’ represent a sphere and let V be the centre of vision of the
projection. The plane of projection aca’ is parallel to AA* which is at right: angles
to VO. If AA’ represent the equator then V and o are the poles of the equator,

A portion of the projection of the sphere is shown below the line aon’ and
this is exactly the same ag that on the obverse of astrolabe A (figure 7). Three
sets of circles are projected wiz., (i) small circles at right angles to the equator
and parallel to the plane of the solstitial colure : in figure 27 one sush circle
is lettered b, by (ii) parallels of declination which are small circles parallel to
the plane of the equator and concentric with the pole, eg., b, b and a aa':
(i) great circles passing through the equinoxes, which under certain conditions
may be regarded as horizons, and one of which may be regarded as the ecliptic :
examples in figure 27 are a aa’ and a Ba". The uses of (i) and (1ii)
obvious, but at present 1 cannot indicate d&ﬁnitcly the use of (i). Siuu'lnrly,
although it 1s not difficult to reconstruct the projection shown in the upper half of the
reverse of A (figure 2), 1 do not, at present, understand exactly how it was utilised,

The Hour Lines.

17. The division of the day was two-fold : (i) the time from sunrise to
sunset was divided into twelve equal parts, called temporal or unequal hours,
since they change in length from day to day and vary with the latitude ; (i)
the whole day and night was divided into 94 equal, or equinoctial, or clock
hours. This latter is the time division now practically followed in most conn-

P ZaFgsoas ¥

are fairly
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tries, but there is still divergence as to the starting point: some reckon from
midnight (civil time in most countries), some from midday (until quite recently
western astronomers), some from sunrise (e.q., the Muslims and Hindus).

The astrolabe makers generally reckoned from sunrise, and. as their hour
lines are generally (but not always) drawn below the horizon, the initial point
is that point of the horizon marked al-maghrib, *the west,” e.g., in figures 13,
14, 19, ete. (D to G in figure 16, according to the time of the year).!

On the astrolabe the unequal or temporal hour lines are circles passing
through points on the equatorand tropies so as to divide that portion of each
that is below the horizon into twelve equal parts. The circles of the equal
hours divide the whole of the equator into twenty-four equal parts, and the
portion of the tropie of Capricorn (DEF in fig. 16) below the horizon into parts
corresponding to the longest day, and the similar portion of the tropic of Cancer
(GKL in fig. 16) into parts corresponding to the shortest day. Thus, in figure
16 which shows a tablet for latitude 23°, there are thirteen equal divisions on
the tropic of Capricorn with a remaining part corresponding to 25 minutes—
since the longest day iz 13 hours 25 minutes ; and the portion of the tropic of Cancer
below the horizon is divided into ten equal parts with a remaining part equivalent
to 35 minutes—since the shortest day for latitude 23° is 10 hours 35 minutes.

On the reverse of astrolabe B (figure 4) the left top quadrant is occupied
by a graphical representation of the unequal or temporal hours. The diagram
shown as figure 26 explains how this was unsed. The hour circles ARO, BO,
CO, ete., cut the arc EA at intervals of 15 degrees and all pass through the centre
0. The midday hour line is ARO and each of the other lines corresponds to a
certain number of hours before or after noon but are numbered as from sunrise.

If AOR is the noonday zenith distance of the sun and i AOQ is the
zenith distance of the sun at any instant, then Q, the point of intersection of
the altitude line and the arc passing through the point of intersection of the midday
hour circle and the noonday altitude line, indicates approximately the temporal
hour. (Q here lies nearly midway between the hour lines DO and CO, i.e., within
the 3rd morning hour space counting from sunrise, or the 10th, in the afternoon.)

In figure 26 the arc PQO is such that PS=80, and if the angle S0Q were
a multiple of 15 degrees then PQO would be a temporal hour line. Let the
angle ROA=z, the angle QOA=z, and the angle POA==#. We then have
PS=r/2c0sf, 0Q=2PScosz, OR=r.cosz,, from whicl, since 0Q=0R, we got

cosz=cos 0. cosz,—cos 6. cos (¢—3)

=co8 f. cos ¢. cos §+cos O sin . sin S (i)

But we should have

cosz=cosh. cos . cos 8-fsing sin § (i)
and (i) is not strictly true. But, if # =4, the difference between (i) and (i1) is sin ¢
gin §(cosh—1), which disappears when ¢=0. Formula (i) and the construction on
the astrolabe to which it corresponds is, therefore, only applicable to low latitudes.®

! This reversal iz a matter of convenience only, since the upper portion of the tablet is genernlly fully
oceupied with almoeantars and agimuth lines :
t See DELAMBRE Astronomie du moyen age, p. 243 seq,
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D. Celestial Sphere, dated A.H. 1087,

18, The brass sphere is 65 c.m. in diameter and is supported in a stand
as shown in figure 9. It was made in A.D. 1676/7 and is inscribed thus—
‘amald ahgar al'ibad Did al-Din Muhammad ibn Mulla Qasim
Muhammad bn Hafiz “Isi ibn Shaikh Allahdad, Humayini ;
sana 10871
The stand is graduated horizontally only. The four cardingl points are
marked, and from the east and west points graduations for every two degrees
run right and left; and these are numbered in the abjad notation in groups of
six up to 90 degrees. The detachable vertical circle lies north and south, and
the sphere was pivoted to it through the equatorial poles ; but the axis or pivot
1s now missing. At the north and south of the harizontal eircle are grooves
in which the pivots could also fit. The detachable vertical circle is not grad-
uated and has the appearance of being of later make than the sphere itself.2
On the sphere are inscribed the positions of 92 stars of which all but eleven
are mamed. Also the circles of longitude for each 30 degrees and the ecliptic
and equator are given. The ecliptic is marked with the usual signs, and each
sign is graduated and the graduations are numbered from six to thirty ; while

each quadrant of the equator is graduated and numbered from six to ninety.,
The names of the signs are—

al—Hamal—Arigs, al-Mizan—Linga.
al-Thaur—Tavrvs, al-*Aqrab—Scoreio,
al-Jauzd —GemixNg. al-Qaus—SAGTTTARIUS.
al-Saratan—CancER. al-Jadi—Carricoryus.
al-Asad—Lzo. al-Daliw—Aquarivs.
al-Sunbulah—V 1reo. al- Hiit—PiscEs,

The position of each star is indicated by a dot enclosed in a small circle,
thus: @ ; and in most cases the names are quite clearly engraved. The names
of the stars with their positions on the sphere are given below: and, in the
cases of the stars that can be identified, these positions are compared with
those given by Ulugh Beg.

In order to test the accuracy of the sphere and also as a check on the
caleulations made in paragraphs 5 and 7 above the age of the instrument wag
recalculated by utilising the same nine Stars as were employed in paragraph 5.
From Ulugh Beg's time (A.D.1437) the average precession of these stars is
approximately +-3° 9', which corresponds to about 297 years, and the result-
ing date is 14374-227—A.D. 1664, as compared with 1676-1677 given in
the inscription.

U The work of the humblest of men, DHE al-Din, ete” This j inscribod on the sphero  itwelf araund
the south pole.

‘mlurarmﬁmthhnkmmﬂmm}mmpmmwmpm One of these (nlaid



17

Ox sPAERE Uwvea Bro.
Name on sphere. Modern name. lg:* d;f
Long. | Lat. | Long. | Lat
- ; e -
1. Janih al-Farss® . . [ 88y Pegasi . . ., 5| +13 1221224 | 314
2. Sarat al-Faras e | O Pep=2a And., Alpheratz| 11 | +26 | 628 [+3521 313
& ol e 438 Andromedm, Mirach . o7 | 425 | 2313 |+2526 | 44
4. Akhr nl-Nahar .« +| O Eridani o U 10 | —55 | 1540 53 45 802
6. Musif r1-Nahar . . v | =55
6 BadralQitus . . . |(80p Coti . . . . 29 | —20} | 2043 28 &1 719
7. Mugadam ol-Sharsfin . | Gy Arietis, Mesartim . . 29 404 | 2013 | 4636 | 380
B. s 63 Arietin, Sheraton . . 30 +7Th | 20 7| 47 @ 361
0, Kaf alKhadib. . .| 113 Casiopsw, Cheph . . 30} | +50} | 23 1 [+50 48 185
10, Fam al-Qifus , . . {80y caiY, L L o 6 | —i2 | 20l-21B| ™M
IL .onbThursiyn, sabdbi o | 7¢ Pemsei . . . . 50 | 440 | 3819 (440 0| 190
12. Ras al-Gh@il . . . |288 Pewsei, Aljol ., . . 51 | +10} | 4835 |+22 0| 201
13. Tall . . . . | B4y Eridani . . . 50 —34) 406 40 —33 15 778
14 alDurdt, ., . . [35y Cephei. . . .| 56 | 4633| 5531 46430 78
16, Miring al-Thuraiya . . [33a Persei . . . . 5 | 4% | 519 |+2 2 | 106
16, 56 | —50 |
17. 'Ain al Thaur . . . | 8Ta Twuri, Aldeberan . . 86 | —s}| 623 |[—515| a3m
I8 Rijl al-Jawed, b . . | 108 Oriomis, Bigd . .| 72 | —90 | 6025 '—31 18| 7o4
19, Maokib al-Jouzi, sfi . |24y Oronis. . . B | —16 | T3 !—1: 15| 793
20. Hage'h, sabibi . . | 89K Oeionis. . . . 7 | —18§| a3 | ™
21. ‘Aiyag . « .« |18a Auvrige, Capella . 70 4280 | T4 43 [+22 42 291
22 aldadi . . . i laTmemin . . . 84 | 484 | 8010 |+m 27 1
23. Mankib al-Jausi, yumni . | 88a Orionis . . . . 85 | —18 | 8113 |—-1e. 45| 782
24 Rijl al-Jausd, yumni . (53% Oflonis . . . 84 | —314| T840 —332 | 1708
25. Mankib al-'sunfie” ., | | 348 Aodge;, Mankalinan B8 +413 | 83 52 |+31 30 209
24. al-Suhsil . e @ Argus, Cunopus . 5 98 | —75 | U986 —75 0 880
275, 90 +23]
28, Bhi'ri Yaminth . . | Da Can. maj, Siriws . = i —i0 08 10 —30 30 1 1
20. Ris Tawiim, al-magadam . | 60a Geminoram . ;- . 1064 40 | 102 43 | 49 564 421
30. Bhi'd ShAmih . . . |10 Cenmin, Procyom ., .| 100 | —I10 | 10822 |—10 0| 845

! For the meanings of the Arabic names see the anneved glossary,
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| Ox srompx. | Urven Beo.
Name on sphere, Modern name. | ' El;:;.l:
| Long. Lat, | Tung. | Lat,
i ' s RS e A
3l. TarsfutolSefinsh . . | 11€ Arguan . 121 | —42 N9 16 l—4242| 848
32 Ma'laf, sabib . . .| dle Caneri, Privsepe 1224 + 1946 [ 41 0f ue
33 Rils al-Asad . . . 24 Loomis . . | 19 | —12 (133 %5 ]—tﬂ | 461
34. Anwar al-Fargudin . . | 8 Urse min. |12 | 471} | 125 25 (478 © 0
35, ek gl ™ .| 188 | 493 | 13355 |75 0 7
5. Qulb akAsad . . . |32 Leonis, Regulus | 145} |+t 1213 0 0| 460
37. Ford al-Bhnja* < +|30 Hydme. . 41 | 22 | 130 31 —22 50 2
85.) 'I 500 Ui maf. ! 131 | 48 | 19725 lcdpod| 2
30, LT L T 133 | +44 (19137 [445 0 25
40. Im-y S | 146 | 448 | 142 31 [+47 18 27
41. Lul-Banit al-Na'sh . J &8 5 o 148 | 450 | 14325 |+31 30 26
42 ool B =L | 158 | 453 | 13081 |454 9 e}
a3, ST s 162 | L35 | 166 4 456 12 H
'y T ) o | 402} | 16010 456 0 35
oo et = = ) RS
45. ‘Ung abShujn’ v . 800 Hyde . 61 | —25 | 14810 /—20 o! 10s
46, Zahr al-Assd .  , . 888 ILcomis . . 156 | +13) | 15328 [+14 9 475
47. Bo'id al-Asad . . |15 Com Ber . 10 +27) 166 4 |28 12 an
48, Sarfab . . . . |M3 Leomis , a7 | 4aig 10340 402 0| 485
40, Qatidat al-Batili . . | 7a Crateris . 168 | —22 | 163 55 —99 42 008 1018
. i 40 . I
50. Jaailh al-Ghurah = | i Vy Cori . . 188 | —15 15246 1418 | 03
51. Mingis al-Ghurkd . . | la Comi (88 | —23 |1pa1s—22 0| o5
52. Mufrad al-Ramib . . 8y Bootis . 196 | +28 | 101 43 428 0 107
8. Simik al-Ramih . . | 16a Bootis, Arcturus 202 | 432 19631 (+3118| 110
54. Simik al-'Azal . . | B7& Virginis, Spica 200 | —13/10610 —2 0 07
65. Risal'awé . . . 408 Boots ., | 23 | +53} |
5a. ' 208 | 93
57, ! 211 | —4s
58, ba Libew , 220 +} |27 02 | +045 | B2
69 Eaffa . - : 225 <+11 |
60. ‘Unq al-Haiya. . ., | 274 Serpentis . g98 +26 | 224 28 +20 00 268
61, Mza Fakkah . RG] Sa Coronm Bor., Alpherea 210 l +45 Iﬂ[l 4430 11
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. Ox sreERR. | Urvow BEc.
Name on sphere. Modern name. ! == : ‘E:.ul;'n
Long. | Lat Taong, Lat,
i T O " N
62, RasalSaba* . ., .| A Lapi . . . 208 | —a0} 22525 a0 3| 0o
63, o7 +-57 I | ‘
L Lo
64, Rijl Qantanrus .| @ Centau : | 24 | —48 238 1 — m[ i
85, i3 Draconis ~ - 244 FT0] | 243 l! T.I:IUI 4
6. Rés Tinnin® . . . 85t Horeulis . . .| 255 ‘ +68) | 252 55 [+00 15 | 137
67. Raa al-Jathi . . 4a  Heroulis, Ras Alyethi 250 +38L | 247 55 [+37 O 19
65, Qalb al-'Agrab . 2l Seorpii A nkires 5 A5 | —4 | 242 16 | —4 30 Aa0
o, 45m Ophioek ' i ’ 253 + ) | 250 37 | +06 40 243
70. Rés alMijmaresh . . L Ame . ., 253 | —36 (23031 -3 o oM
71. Riz al-Hawwn . « | Do Uphinchi . 3 H 260 +37 |- 255 13 |43531 =12
7. Shoolsh : . . . |3 Boorpif. . . .| 20 | —13 |ossas |—y8ss| s
T3 o Are . f . 2001 —220 (957 21 |—22 40 053
| N B |
[ 8 . 274 | -—173
75. *Ain al-Rimi, sahibi Y Sagittarii | S|+l |26 7 045 | oT
70, Nowr Wigi'® . . .| 3a Lyew, Ve . .| 282 | o2 27810 463 0| 148
77. Rakbah al-REmi . . | a Sagittarii . ., om0 2 | 1 36| 500
78, | 17¢ Aquile . . . 200 | 430 | 282 31 48615 | 1200
70, B Bagittari . . .| 204 | —o8
S0, Nasr Tair - ala Aquile, Alair . 208 | +28 | 204 10 [4+20 15| 298
| ! L et
81. Mingar al-Dajijah CM%m ey . . . .| sex | w0 | 30518 +54 30 | 160
82. Zanab al-Hat . . . * K Pise Aust.= Gruis 33 | —23 | 3025|2315 108
83, ; 310 428
$4. Zanab al-dadi . . . 40y Capricomi . | 319 | —3 [s413|—230| e
83, Fam al-Hat . : . I a Piso. Aust. Fomalfioud 325 —32
i— ! — B
$6. FamaalFaras . . .| B€ Pegasi . . ., .| s | 494 I:m 2 |422 0| 320
87, Zannh al-Dajajab . & Cygnic . . R ] +65. | 332 10 |464 9 17
86, Saq sikib abmih . . (760 Aquemi. . . .| 35 | —73 lmussl-si8| e
80, Matn sl-Faras . . . | #48 Pegasi . . . .| s 19 M5 55 410 0 i 1}
00, Batn al.Hot . . . ] 8K Piseinm e T S s +4 |35 18 J +4 0 676
01, Mankib sl-Faras . 530 Pegmsi . . . .| 34 | 430 |35 37 |+30 @ 315
ga. 8 Ceti . . , .| 87 | —u |3s365 103 7%
03, Zanab abQims . . ‘ 163 Ceti . . . .| 958 | —a;1 35528 |—=1 ol 730







al-Abdr
min
‘alyiiq
akr
‘anar .
*ankabiit

anwar ,
saqrab
sard

‘awa
iazal .
banat . |
batiyya
dabaran
dajijah
dalwa .
dubb
durd-at
fakkah

fargad .

fard .
ghil .
ghumasia
ghurib

haiyat .
hamal ,
hag‘at

hawwa,
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GLOSSARY

Sirius.

“eye’; ‘ain al-rimi, v Sagittarii ; ‘ain al-thaur, a Tanri or Aldebaran.

“goat'; a Aurige, Capella or Alhaiot,

*last ' ; @khir al-nahar, 8 Eridani.

*goat " ; mankib ol ‘anndz, B Aurige.

“spider” ; the star tablet of an astrolabe; aranes, alhancabuth; sw also
shubalkah.

* hrighter * ; anwar al-Farqadin, 8 Urse Min.

* scorpion’ ; al-‘agrab, the sign Scorpio ; galb al-‘agrab, a Seorpii or Autares,

*latitude * ; ‘ard istuied, zero latitude.

*lion ' ; al-asad, the sign Leo ; galb al-asad, a Leonis or Regulus; rds al-
asad, p Leonis.

13th manzil, ris al-‘awd, # & Bootis.

*unarmed ' ; al-‘azal, @ Virginis or Spica.

* daughters * ; al-bandt al-na‘sh, Ursa major.

*small cagk’; gd‘idat al-bagih, a Crateris.

'inteﬁur'; bafn al-hit, « Piscium,

* the 4th manzil (a, #, 3, 8, € Tauri); a Tauri or Aldebaran.

*fowl"; Cygnus; minger al-dajijoh, ? n Cygmi ; sanab al-dajijeh, @ Cygmi,

“jar’; al-dalw, the sign Aquarius.

*hear " ; yad al-dubb, . Urse Majoris,

‘cuirass’ ; al-dwrd’s, 1 3 Cephei.

“bowl” ; al-fakkah, @ Coronm Bor. or Alphecca.

“mouth * ; fam al-faras, € Pegasi ; fam al-hiit, a Pise. sust. or Fomalhaut
fam al-Qitus, y Ceti.

“ealf”’ ; du. fargadan, B and y Urse min. ; anwar al-farqodin, 5 Use mia,

“horse’ ; fam al-faras, € Pegasi ; Jandh al-faras, y Pegasi; saral ul-faras,
a Andromedss ; the wedge that fastens the parts of an astrolabe
together.

“alone’; fard al-shuja’, @ Hydre or Alphard.

*demon ' ; ris al-ghil, 8 Persei or Algol.

Prooyon or a Canis minoris.

“orow ' ; jandh al-ghurab, y Corvi or Alghorab ; mingdr al-ghurdb, a Corvi.

" serpent "} ‘ung al-haiyah, B Serpentis,

‘ram '} al-hamal, the sign Aries,

three stars in the head of Orion : here A Orionis,

*snnke charmer ' ; ras al hawwa, @ Ophiuchi.



bus v 0N

idadah
1sri
jadi

janah .
janubi .
jathi

al-Jauza

kab

kaff

khadib
al-maghrib |,
ma

mia:jai .
mankib

manzil
al-mashriq .
matn o
mijmarah
mingir
mirfag
mizin .
mufrad
mugaddam |,

mugantar
muri .
aj-nahar .

nassh .
nasr .
qadam
gavidat
galb

Jantaurus
qaus

Qitus .

qu!h

rAmi . 5
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*fish " ; al-hit the sipn Pisces; fom al-hit Fomalhau: or a Pisc, aust. wanab
al-hiit, k Piso. Auat,

" post " ; alhidade, sighter.

" left cide ' ; see p and y Orionis.

‘goat " ; aljadi, the sign Cupricornus; also a Ursm ininoris; saneb al-
Jjads, y Capricorni,

"wing " ; jandh al-faras y Pegosi ; jandh al-ghurdh, ¢ Corvi or Alghorab,

“south.’

Hercules (as the kneeling one) ; ris al-j@hi, a Herculis,

the sign Gemini ; the coustellation Orion ; mankib al-jausd, o and y Orionia ;
rijl al-jouzd, B and x Orionis.

‘ankle bone *; ka'b al-faras, 7 x Pegasi.

“hand * ;5 kaff al-khadib, p Cassiopeis.

“died red *, “bloody ' ; kaff al-bhadih 8 Cassiopeims,

* the west."

‘water ' ; sig sdkib al-md. 8 Aquarii,

‘manger* ;€ Canori or Prassepe.

“shoulder " mankib al-faras, 3 Pegasi ; mankib al-jowsd a Orionis ; mankib
al-‘anndz, 3 Aurige.

“station of the moon '; pl. mandzil,

*the east.'

"back”; matn gitus, 7 L Ceti.

‘eenser ' ; Ara; ras al-migmarak, { Are.

" beak " mingdr al-ghurib, a Corvi ; mingir al-dajijah, ?

! albow " mirfag al-thuraiya. a Peraei.

‘balanee * ; al-mizan, the sign Libra ; wiza faklah, a Cor, Bor.

“alone " ; mufrad al-rimih, 7 Bootis.

*preceding " mugaddam  al-sharafin, y Arietis; ridis  tawdm al-muguddam  w
Geninornm.

" resting on arches " ; muganfarat * bridges ' ; cireles of altitude.

index.

“the stream ' ; Eridanus ; akhr el-nahor (Ultima fluvii), @ Eridani; masd
al-nakar,?

“bier  ; ol-bandt al-na‘shin, Ursa major,

“eagle ' nasr al-fdir, a Aquile ; nasr al-wdgi’, a Lyre,

“foot ’ ; qudam al-jauzd, B Orionis.

" foundation ' : gaiat al-bafih, a Crateria (Quse in basi Crateris est).

“heart " ; qgalb ul-‘agrab, a Scorpii or Antares; galb al-asmd, a Leonis or
Regulus,

Kévravpos

"bow ' ; al-gaus, the sign Sagittarius,

Kijros ; fam al-gitusy Ceti: adr al-gitus, & Ceti ; zanab al-gius, 8 Cati.

“pole ' queh janald, south pole; québ shamali, north pole,

‘archer ' ; ‘atn al-rimi, v Sagittarii (Qua in oculo est); rakbat al-rami, a

Sagittarii.



”

#

riamih ,

ras

rijl

rukbat
sisit
sabu:
sadr
safi 'ih
safinah
sahabi .

sasid

sakib

saq . .
sari

saratiin
sham
shamil .
sharatin .
shaulah
shaziyya
shira
shubakah
shuja: .
simak .

suhail | .
al-sunbulah |
surrah
al-tdir .

tali

taraf
tawam
thaur .
al-thuraiva .
tinmin .
umm

lﬂuq
usturldb

waqic .
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*lange benrer’; simal al-rimih, a Bootis or Arcturus; mufrid al-ramih,
1 Boaotis,

“head ' ; ras al-asad, p Leonis ; rdsal-‘awd, ? 8 Bootis, ris al-ghil, 3 Persei
or Algol; rds al-jithi, @ Hereulis ; ris al-sabu’, a Lupi; rds tawidm al-
mugaddam. o Geminorum ; ris al-hawws a Ophincki,

“foot " rigl algausa, B or x Orionis ; rijl ganénrus a Centauri ; on astro-
Iabe A rijl=t Urse maj.

“knee " ; rukbat al-ranii, a Sagittarii.

* hours.’

*beast of prey ' Lupus; rds al-sabu’, a Lupi,

‘ breast " ; gadr al-gitus, ¥ = Ceti.

‘ plates " ; (sing. gafiha) tablets of an astrolabe; saphie.

*ghip” ; farafal al-safinah, € Arous,

‘cloudy 5 nebulous ; al-thuraiya, sahabi, x Persei ; ‘ain al-rami saliali,

v Bagittarii ; hag'ok sahdbi, X Orionis ; ma'lif suhahi € Cangri or Prmsepe,
wrist” ; sa‘id al-wsad, 156 Com. Ber,

‘one who pours out ' ; al-sikih, the sign Aquarius,  See yiag.

“leg’ ; saq s@kib al-mdh, 8 Aquarii.

¥ rad ’ ; parfak, G Leonis,

“erab ' ; al-sarafan, the sign Cancer.

*Byria"; shi‘ra shamih a Can, min. or Prooyon,

* north.’ _

the 1st manzil (3, y Arietis) ; mugaddam al-sharatin, v Arietis.

*sting of & soorpion”; A Seorpii,

“gmall splinter”; pl. shazdye, star pointers on ‘anlabit.

Sirius ; shi'ra shdmih, Procyon ; shi'r- yamdnih, Sirius,

‘ net’ ; the star dise of an astrolabe ; Tete.

“eourageous’ ; Hydr ; fard al-shwjd, a Hydee ; ‘ung al-thuji’, ¢ Hydre,

‘above " ; simdk al-'azal, @ Virginis or Spica ; simak al-rimih, a Bootis ar
Arcturus,

Canopus.

the sign Virgo.

*navel " ; surrah al-faras, & Pegasi or a And.

‘the flier’: a Aquile or Altair.

“following * ; applied to @ Arietis and y Eridani,

“side’ ; farafat al-safinal, € Argus.

‘o twin'; ris fawam al-mugaddam, a Geminortm,

“bull® ; al-thaur, the sign Taurus ; ‘ein al-thaur, a Tauri or Aldebaran

the Pleiades ; al-thuraiya, x Persei ; mirfag al-thuraiyi, @ Porsei,

*dragon " ; ras Hinnin, 7 1« Herculis,

*mother’ ; the body of an astrolabe ; mater.

“nee's” | *ung al-shuja', ¥ Hydrw ; “ung al-haiya, X Serpentis.

* astrolabe.

“fulling " ; nasr al-waq’, a Lyt or Vega.
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yad ., ., ‘hand’; yad al-dubb, ; Urse maj. ; yad al-jouzd, @ Orionis,

yamanis . ‘of Yemen'; Shi'ri yamanih, Birius,

yumni, . °‘right hand’;see a and x Orionis.

zabina . ‘sting of an insect’; the 16th manzil ; a Caneri.

zanab . . ‘tail’; sanob al:dajijah, a Cygni; zanab al-jadi, y Capricorni ; zanab gifus,
i B Ceti.

zahr . . ‘back'; zahr al-asad, & Leonis.

BGPI—FI—25 I, of E~—31-2-91—350,
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Fig. 1. AsTHOLARE A—OBRVERSE. Fig. 2. ASTROLABE A—HEVERRE.
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Fig, 6.  AsTROLARE C—HEVERSE
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Fig. 11, I* DECLINATIONS. Fig, 12 I' Lammume 0%,

Fig. 18. II* Lamitube 16, Fig- 14, 1" Laterting 3,
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Fig. 16. [III* LaTirobor 217 40' (Mucoa). Fig. 16. II1" LatiTune 287
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: Fig. 18. IV* LaTiTUuneEs 38" & 30
Fig. 17. IV* LaTiTUuDE 257,

Fig. 20, V' LATITUDE #6°.

Fig. 19. V* LoTiTune 8%°.

Fig. 21. VI' LATITUDES 40° & 66" H0',
Fig. 22. VI® Homgoxs,

TABLETE OF ASTROLARE H, |
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Abjad Notation-Kiifie,
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Prate VI

Abjad Notation-Naskhi.
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l - d > | ¥ 3 C
i=10 | k=20 | 1=30 | m=40 | n=>50 =70 | {=80 o
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