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DELHI MUSEUM ASTRONOMICAL
INSTRUMENTS.

FYHE Director General of Archicology recently  purchased from a resident of

Delhi three astrolabes and a small brass celestinl sphere. which  have
now been placed in the Delhi Museuni. O these instruments the sphere is
inscribed  with  the maker’s name and date as follows: Div al-Din Mohamimad
ibn Mulla Qasine Moahawmad by Hafiz “Isa ibn Shailh Aldldad.  Hoandgins,
Sana 1087.

This person appears to have belonged to a family of ustrolabe nakers
of Lahore. He himself was the maker of the very accurate instruments shown
in figures 6 and 19 of my _Istronomical Obscrratories of Jai Singh. and an unele
of his. described as Muhammad Muqim ibn Tsa ibn Allahdad. Ustirlihi Huma-
yuni of Lahore. made in AL 1053 an instrument now in the possession of
Mr. Lewis Evans! and there is another of his instruments. dated AL 1070,
in the British Museum.?

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-
structed. bhear 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 inscribed in Kitic chatacters and
belongs to the thirteenth century A.D.; another belongs to the end of the
fitteenth century ; and the third. which is inscribed in Devanicari characters,
belongs to about the end of the seventeenth century. All these instruments
contain many details of astronomical and archaological interest. The work-
manship on two of the astrolabes is excellent ; while the third, although of

1 To whom I am mdebted for an excellent photograph of the instrument,

2 Number 12 ot the unpublhshed hst kindly Iint to me by Sir Hercules Read.

3 The late owner of the m-truments states that his oreat-great-grandfather  “was keenlv ieterested
in the science of the heavenlv hodies ™ and that ~somewhere in the 17th eontury 3.3, he ollecred the

astrolabes. together with an exacellent selection of astronomieal hiterature,



much cruder design than the others, is possibly one of the earliest inscribed
in Devandgarl characters.

S A. Thirteenth Century Astrolabe inscribed in Arabic (Kufic) characters.

3. This is a brass instrument 57 inches (142 ecm.) in diameter, and 2 mmn.
thick. Besides the body of the instrument, termed the wmm or mater,! it con-
sists of only the ‘ankabiit (aranea or rete) and the sighter or alhidade, and is
inscribed with Kiific characters. The ‘ankablit has 29 shazdya 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 zodiac.2 Of the 29 shaziyva
eleven have white metal bosses, and there are also four larger bosses which
serve as handles for rotating the ‘ankabiut. The venter or imner surface of the
mater 1s engraved with a projection of the celestial sphere. The rim is gra-
duated in degrees, which are numbered in groups of five up to 360, 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
half of the rim also graduated in degrees. The upper two quadrants of the
back contain a Zarqali 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 “ankabiit’—The open net-work disc, 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 medizval western scholars aranea or rete. It is essen-
tially a star map of the heavens aad always includes the ecliptic, and can be
rotated. It is reticulated in order to render the co-ordinates marked on the
disc below visible. Each shaziyva (‘splinter ) or denticulus marks the positions
of a star. generally with a considerable degree of accuracy. Right ascension
may be marked by lines joining the centre to the graduated circumference ; declina-
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.

—_——— . —— e —

! The traditional nomenclature is both Arabic and medizeval Latin. This is confusing bhut cannot
now be well avoided. Even in Chaucer’s time the mixture was in evidence.
? These names are the same as those given in paragraph 18 below.
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Star List of Astrolabe A.

I

v

[ ON THE INSTRU-

Urven Bea.

( ‘ MENT. No

Name on the instru- Modern name. Magni- | S — Long. mn

tent. ’ tude. i ; Dutt. Baily.
‘ Long .! Lat Long. Lat
| o

1. Matn Qitus - e } 1211 —20
2. Ghal . | 263 Persei. Algol 26 + ‘ —22 45 35 +22 0 s 20
3. Dabarin . L 87a ‘Tavri, Aldebaran L1 60 -3 6231 —5 15 231 391
4. “Aiyig ; 13a  Aurigewe, Capella 0-2 ’ 73 } +221 T4 43 22 42 143 221

5. Qadam al-Jauza . 193 Orionis. Rigel 3 691 ;‘ —32 6o 25 -21 18 —0 5 764

6. Maukib . . 330 Orionis, Betelgenr . 1-0 S0 } —17 sl i3 —16 45 | I R B

7. Al-Abir 90 Canis, Majoris. —16 95 | —30 w61 3030 110 815

Sirivs. }

8. Ghumai=a 10a Camnis Minoris, Pro- 0-5 106 ‘J’ —16 1oy £2 —16 0 222 845

cynn. !

0. Yad al-Dubb 9t Ursee Majoris 113 +30 114 55 +29 21 155 20
10. Zabina 650 Cancri L1201 =3 12340 —521 430 431
11. 'Unq al-Shuja’ 30a Hydre, diphard 2-2 ! 133 | —21 139 31 —22 30 131 902
12. Rijl . 330 Treee Majoris o120 ’ 30 13140 —29435 240 28
13. Qalb . . | 32a Leonis. Regulus 1‘ 13 140 14213 L0 9 213 466
14. Janah al-Ghurab 4y Corvi . . 5 1773 f —13 182 46 —I14 18 516 928
15. Al-Azal 670 Virginis, Spica .| 12| 104 | —2 19610 —2 9  2lo 307
16. Qaid . 85% TUrse Majoris § 170 “’ +55 16910 +5+¢ 9 —0 50 35
17. Al-Ramih . . a Bootis, Arcturus . ! 0-2 195 4311 196 31 +31 18 13 110
18, Fakkah . . 50 Cor. Borealis, 4l- ; 2-3 ' 210} 446 214 34 444 30 + 4 111
19. ‘Ung al-Haivah . 283 serﬁﬁiifé" $ 220 ‘ £34 22213 43415 213 264
20. Qalb al-‘Aqrab 21a  Scorpii, Antares ‘w 1.2 !! 241 ! —3 24216 —1 30 116 530
21. Al-Hawwa 227K Ophiuchi : 2:1 ; 241 +32 243 ‘0 =32 0 —Y 206 232
22, Wiaq1 3a Lyre, I'ega . { 0-1 | 276 ; +6+ 27519 =62 0 219 148
23. Al-Tair . . 1 83a  Aquile, Altair ! 09 201 | +30 204 10 +29 13 310 286
24, Ridf* . T | 338 ; +61
25. Zanab al-Jadi | 407y Capricorni 311 —2 31413 —2 30 313 620
26. K‘ab al-Faras . ?10K Pegasi . ©326) 438 33131 +3627, 5 1 332
27. Mankib 533 Pegasi, Sheat ; 350 | +31 351 37 +30 5l Co1ar 815
28. Khadib | 115 Cassiopeiz 2-4 20 +350 28 1 ‘+5{}‘ 48 © g 1 188
29. Zanab Qitus L e I 348 i —6) 1

! | i i i
* The point appears to have been broken.
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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
‘ankalfit a definite record of the date of its construction. Since, however, the
precession of the equinoxes approximates to 50-2 seconds of arc in a year,) and
since the error in reading any individual star position may amount to as much
as, sav, hall a degree, our estimate of the age of an instrument may be out
by a few vears; 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 1s convenient to compare the star positions as recorded on the instru-
ment with a record of not too distant a date: the tvpes of error on the in-
strument are likely to be similar to those of a catalogue of the period, etc.
These considerations have led to the use of Ulugh Beg's catalogue as a stand-
ard of comparison. TUlugh 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 about half a degree it is useless
for us to consider the effect of the proper motion of the stars. The average
crror 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 aceu-
racy of the instrument., and the latitudes as compared in the above table show
that the degree of accuracy 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.

. LONGITUDE.

74 43 1 43

r
—_ Magnitude. -
~ On instrument. Clugh Beg. Differences.
) “ c ’ i ° ’
2. Algol. 263 Persei . . 12:6 i 47 | 48 35 l 1 55
3 Aldebaran, 870 Tauri N 60 ; 62 31 | 2 31
4. Capeila, 130 Aurige . 0-2 t 73 | {‘
] J '
I f

! The generally accepted value is 50256—0:0002227" secorncs,
A.D. 1200,

? See the admirable edition of Ulugh Beg's Star Catalogue by Mr. E. B. Knokel, recently publist g
by the Carnegie Institution of Washington,

where T is the number of years beforg
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! LoXGITTDE,
- —_ AMagnitude. ‘ —_—
. On instrament Tlugh Bev. Difference.
—_— —_— e _—
‘} B s ’ o s
6. Betelgeux, 58¢ Orionis . . . 1-4 i 80 S1 13 : 1 13
8. Procyon, 10a Canis Minoris . . 05 106 ‘ 108 22 , 2 22
‘ !
13. Regulus, 32a Leonis . . . 1-3 | 140 . 142 13 ’ 2 13
|
15. Spica, 67¢g Virginis . . . . 12 104 : 196 10 2 10
: s
20. Antares, 2la Ncorpii S 12 241 242 16 1 16
23. Altair, 33a Aquile . . . . 0 201 S TR ) 310
1 . ‘ 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. 1289 as the approxinate
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., etc.

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

LoxcgrTror. 1 DIrrERENCE.
i e !
N ‘ \ } : i i
t b (‘
| Al { 2. - | N £ (!
Instrument. l Ptolemy. A.D. 38 1919, . AB A=l
I
_ - I _ o .
Y | ’ < ’ JI > ’ > ’
i I
Aldebaran . . 60 i 42 40 68 38 : +17 20 —8 38
[
Reagulus . . . 140 ' 122 30 148 42 L1730 —8 42
Spica ) 176 10 202 43 1720 —S 43

The averages of these differences of longitude give about 41250 and —622 years
approximately ; and the resulting dates are 584-1250 or A.D. 1308, and 1919—622
or A.D. 1287.

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 cm.) 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
special projections. The venter is blank. The ‘ankabit has 18 points, to enly 16
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of which, however, star names are attached; and it has the usual ecliptic circle
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 theleft top quadrant contains graphs of the
unequal or temporal hours; that of the right top quadrant a graphical table
of inverse sines and consines: the left bottom quadrant contains what may be
described as a cet 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.

INSTRUMENT. Urreu Bea.

Name on Instrument. Medern name. | Magnitude. T Ty
{ K Long. Lat. Long. Lat.
U N S
5 f |l [« [« < ’ c ’
] |

1. Dabaran ., . ' 87a Tauri, Aldcbaran ol 11 63 —> 623 —5 15

2. Rijl . . . 193 Orionis, Rigel L 03 70 —20 . 6925 |—3118

|

3.Yad . . . 58g Orionis, Betelgeux .| 10 82 —16 | 8113 | —16 45

4. Yamanih . . Oq Canis Majoris, Sirius . ) —16 o1 | 36 ; 96 19 | —39 30

5. Shimih . . 10q Cams Minoris, Procyon | 03 109 —14 | 10822 | —16 0

|

6. Fard . . . 30a Hydre, Alphard . } 2:2 140 —21 © 13931 | —22 30

7 Qalb , . . ' 32a Leonis, Requlus . . ! 13 142 0 | 14213 +0 9
: l f

8. A%zl . . . ' 87a Virgnis, Spica f 1-2 198 —1 l 19610 | —2 ¢

9. Ramih . . a Bootis, drcturus . ; 0-2 197 +33 | 19631 | +31 18
; | :

10. Fakkah . .. 5a Coronze Borealis, AL | 2:3 219 +47 ‘ 214 34 | +41 30
: phecca. ! § |

11. Qalb al-‘aqrab . ] 21la Searpii, Antares . - 1-2 2431 ‘ —3 242 16 —4 30

|

12. Hawwa . . b3 Ophiuchi . . .| 21 258 +35 | 25513 | 435 51

13. Wagqi . . 3a Lyre, Vega . . 01 . 280 +69 | 27819 | +62 0

14 Tar® . . . 53a Aquile, dlair . . 0-9 ; 292 +28 | 20410 | +30 O

1 L
15. e 1 . 814 +27 |
16. Kaffa. . . ... | . 349 +55

1 The names of the signs are the same as those given in paragraph 18 below.
Z At longitudes 15° and 235° on the ecliptic circle.

3 These are on the repaired part and are very badly engraved.
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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.

i LoNGITUDE.

—_ Mognitude. 7 Iitference,

Instrument. Clugh Beg. |

|

“ c ’

i ;
1. Aldebaran, s7a Tauri . . 11 G3 62 351 -0 29
7. Regulus, 32a Leonis . . 1-3 142 1+2 13 ‘ —0 13
8. Spica, 67a  Viroinis . . 1-2 193 196 1o ! ~1 30
11. Antares, 2la Scorpii . . -2 2433 242 16 -1 14

|

These stars give an average precession of 332 minutes «ffer 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:

— Magnitude. | Instrument. Ulugh Beweo | Difference,

- I |

- i-‘“_ T 7*1 o - T !

B : ! -

1
2. Rigel, 19,3 Orionis . . . 0-3 [ 70 68Y 25 ! -0 35
4, Niriug, 9@ Canis Majoris . o —16 . u7 gg 19 ' —0 41
3. Procyon, 100 Canis Minoris . 0-3 ! 109 108 22 ! -0 38
9. Arcturus, a Bootis Lo 02 | 197 196 31 { +—0 29
13. Vega, 3@ Lyre. . . . 0-1 f 250 218 19 | —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 ‘ankabit tablet. Of these projections nine are for latitudes from 0°
to 40°; one is nominally for latitude 90° and therefore gives declination circles ;
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 described in due course, but at
present formal descriptions only will be given. To facilitate this I have num-
bered the tablets in a convenient order and have distinguished the obverse
and reverse of each by the letters « and &.

1 Altair is omitted because the repa‘red portion of the ‘ankabiit, on which it les, is very inaccurate.
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I' is marked be ‘ard St (‘for latitude 90”) and is engraved with declina-
tion circles. These are concentric circles whose centre is the centre of the disc
(north pole). The circles are numbered thus from the outer tropic:

A B C

23|30‘18‘12{ 6 6.12 18'24 30(36 42.48/5¢ 60 66 72 78] (84) (90)
where A is the tropic of Capricorn, B the equator and C the pole. The readings thus
give positive and negative declinations. See figure 11.

I* is marked ‘ard istuwa s@ ‘atak IB or °zero latitude: hours 12° and
exhibits co-ordinates for zero latitude. Almucantarats for every six 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. See figure 12.

11 is marked ‘erd IH sa’atah 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 be‘ard K sa‘atali I1J-1J or ‘for latitude 20°: hours 13—13’.
Otherwise it is exactly of the same type as II*. Figure 14.

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

11" is marked ‘erd KJ sa‘ateh IJ-KH or ‘latitude 23°: hours 13—25’.°
Otherwise as the preceding. Figure 16.

IV* is marked at the top ‘ard KH sa‘atah 1J-LD or ‘latitude 257 : hours
13—34'. The azimuth lines are shown below the horizon only, otherwise it is
of the type of I and III. Figure 17.

IV®  exhibits two independent sets of almucantarats and temporal hour
lines only. At the top of the tablet is written ‘ard KH sa‘dtah IJ-MW or
“latitude 28°: hours 13-—46," and the corresponding projection is given. At the
bottom is written ‘ard L sa‘atah IJ-NW or ‘latitude 30°: hours 13-—56’. 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 1I and III

(a) is marked ‘wrd LB sa'atah ID-T or ‘latitude 32°: hours 14—¢'.°
Figure 19.

(b) is marked ‘ard LW sa‘atah [D-KZ or °latitude 36°: hours 14—27'.
Figure 20.

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

1 The Arabic letters used ac numerals are here transliterated by capital letiers. The notation is given

on plate VL
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tion is marked ‘ard M sa‘atah ID-NA or ‘latitude 40°: hours 14—51") The
other projection is marked ba‘erd SW-L or ‘for latitude 66°—30'." It is thus
a projection for the complement of the obliquity and shows celestial latitudes.
In some instrumentst! such a projection is marked as ‘the measure of the ‘an-
kabat.” Figure 21.

VI is a ‘tablet of horizons (safihak dfdgiyah).” There are the usual circles
of the tropics and the equator, the meridian line 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.2 while along the circle of Capricorn
they are numbered in the abjad notation. The groups are arranged thus:—

8 12 16 . . . 60 64 63
9 13 17 . . . 61 65 69,
10 14 18 . . . 62 66 70
11 15 19 . . . 63 67 71

The following table summarises the elements given on these tablets :—
tel o

K 1 ; |
I pl I I J oo HE IV 1w ( v v ooy owvp

|
| |

¥ﬂ‘—-———i-*w, —_—

i

15 | 200 o | o230 | 25 |28 30°

Latitude. 90° 0° 32> | 36> [ 40°] 661>  Hori-
| | Mecca. . | 3 ‘ Zons.
- T T T T - T T T N A T
‘ \ ] !
!
Longest § Hours . 12 13 | 13 13 13 13 1313 14 14 1t
Aay.(a) L Minutes. o 5|1 21 ;25 3t 46}5 6 27 a1

C. Hindu Astrolabe.

9. The Hindu astrolabe (figures 5 and 6) is 7 inches or 17-2 em. in diameter
and -3 inches thick. It is of the same type as B but is inscribed in Devana-
garl characters. Besides the ‘ankabiit it contains two discs with the usual
projections, but, apparently, it was made for three such discs. The Venter is
blank except for four names that appear to have been engraved there as memo-
randa. The ‘ankabat 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 1s 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 onlv 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. (om-
pared with A and B the \vorknnnshlp of this instrument is extremely crude.

! r'g, hﬂure 8 shows such a projection which is mserl‘bed S‘afzhah mizan al- rznlabut or ¢ ablot of the
measure of the ‘unkabiit.” This particular tablet belongs ta the Jaipur * B’ astrolabe xhown in figures
6 and 8 of my Astronomiral Observaivries of Jai Singh.

* This is the only tablet on which numerical symbols are employed. In all other cases the ubjad
notation is used,

{a) For the connexion hetween the longest day and latitude see my Hindu .lstronomy §64.
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Star List of Astrolabe C,

, j INSTRUMENT. . Urven BEG.
Name on instrument. ‘ Modern name. ;AiLO - 7"*5 o

| | ng. | Lat. | Long. Lat.

I ! S ! 57%"‘ P
: ° l O o .

1. Samudrapaksha . . . | 785 Ceti . . . . “ 336 ! —I11 ] 333 35 ’——-10 30
2 Manushyasicsha . . . | 263 Persel. dlgol . . . 5+ 0 423 1 48 55 122 0
3. Rohini . . . .|8ix Tawi dMebarar . .| 6T} —5 | 62 31 —3 I3
4. Manu...... (broken) . el e | ; l
5. Mithuna......dadakshina . : 193 Orionis, Rigel .o 7| —30}, 69 25 —31 18
6. Hasta . . . . o 82 { —-11 "
7. Mithuna . . . sl e 98 ’ —11
8, Ardri Lubdhaka . - 92 Canis Majoris Sirius . 97 I —39 96 19 —39 30
9. Lubdhakabamdhu . . 10« Canis Minoris, Procyon . i 110} é —15 108 22 --16 0
10. Maghi . . . .| 32« Leonis. Regulus f 43 1 01 12 13 40 9
11. TUttara Phalguni . L j 151 2418
12, Viakha . . . . | 150 1 18 .
13. Matrimamdala . . e ! 180 ; +20 .
14, Chitra . . .. ?67a Virginis, Spica . 1 201 | —11 . 196 10 —2 9
15. Svati . . . i « Bootis, Arcturus . ; 207 f +301 196 31 -+31 18
16. Dhanuh koti . . e 245 ‘; — 31
17. Abhijit . . . . 34 Lyre, Vega . . . 280 | 61 278 10 462 0
18. Sravanah . . . . | 532 Aquile, Altair . . 206 ‘ =29 294 10 | +29 15
19. Kakumdapuchha . . 250« Cygni, Dench . 333 ’ +60 328 46 430 42
20. Agvanabha . . . 2la Andromed:w . . . 7 f +26 6 28 +25 21
22. Pirvabhadrapada . . .. 3 i +16 ; {

10. Of these names 11 are names of nakshatras and their positions agree
generally with the usual identifications ;! but Haste 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 Danuh-koti, ‘ the end
or tip of the bow,” appears to be used appropriately. Semudrapaksha, < 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 a name for Cauda
Draconis, but here it marks Sirius ‘the star in the mouth of the dog’; Lub.
dhaka is the hunter in the Rohinl myth? and Lubdhaka-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

1 See my Hindu Astronomy, Appendix II 2 Jb., Appendix I.
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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 Asvanabhe indicates some connexion with
a celestial horse and is the principal star! in Pegasus.

Besides these star names are certain names written on the ‘ankabfit that are not
connected with any pointer. Near Rohini is written Shapmukha, *having six
mouths,” perhaps for Krittika (the Pleiades); on the extreme edge (long. 160°-
170°) 1is inscribed ‘Rakaskaidha,” * the crow’s shoulder,” possibly for one of the
stars of the constellation Corvus; and on the ecliptic, near Capricornus, is (/)
Dhanuhsaragum 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 . . . . . . 0
Adane . . . . . . . 11
Tilamge . . . . . . . N9
Devagirau . . . . . . 20-34

These appear to be memoranda of certain latitudes, riz., Lanka 0. Aden 11.
Tilafiga ?19. Devagirl (the modern Daulatibad, the Tagara of Ptolemy) 20" 34’
Lanka is the place of origin of the Hindu geographical co-ordinates. and is “in
Cevlon *: the latitude of Daulatibdd is approximately 19 57" N. and there 1s
little doubt as to the identification; the latitude of Aden is 12° 47" N. and
the identification 1is 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
Karnah 13 Avantikayim
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 DMuslim 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 inscribed—
Palamsah 37 Paramadinarh =~ 36 24
Chhaya 9
Karnah 15

1 Now named a Andromed;—
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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—
Palamséah 23 Paramadinath 33 50
Chhaya 5 6 Amadavad
Karnah 13 3
or, ‘Latitude 23, longest day 33 (ghatis) 50 (palas) Shadow 35-6, hypoienuse
13-3, Ahmedabad. Otherwise it is hike I".
II* is a tablet of horizons (similar to figure 22), but without any graduation
numbers.
The most interesting features of these badly drawn tablets are the names
of the towns and the methods of expressing their latitudes («) by degrees, (b)
by longest dayvs. (¢) by the shadow of a vertical gnomon. The first two me-
thods are general but the third is peculiar. The vertical gnomon is supposed
to be 12 units. or 720 minutes Jong; and its noon-day shadow at the equi-
noxes is 12 tang, while the hypotenuse formed by the shadow and gnomon
1s 12 cos¢p. 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. i .\'inqﬂ.
- { | S
° ‘ H M N
I Ujjain . . . . . ... 22 I 13 20 0 0 513385
.. L. 37 ; 14 33 36 1 915 -600
Ii*. Ahmedabad . . . . . . . . 23 ' 13 32 0 ; 306,783 - 391

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 Tjjain is 23° 10’ 6" and that of Ahmedabad 1s
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 plane of projection; but occasionally one of the equi-
noctial points is the centre of vision and the soltitial colure (i.e., 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 () the point 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 is thus polar stereographic, in which circles of the
sphere usually 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 ns 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 then A;A, may represent the diameter
of a circle of altitude, and its trace aja, that of an almucantarat. The altitude
is measured by OA,A1=0AA,=a, and if VO produced cut AjA, in (' then
VCA,=¢ is the latitude. The poles Z and Z’ of the circles of altitude are termed
the zenith and nadir.

We have Oalzr.tanal\'O:r.tan(p;;a. and Oa,=r.tana,VO=
J—— 2
r.tanlg[);_——“éf—a: rcot géta

When ¢=90"—w, (=63} degrees approximately), then A;A, is parallel
to the ecliptic, i.e., it is a diameter of a circle of celestial latitude; and when
=90 degrees, AA, is 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
90;_¢ and Oz=r.cot 90:35; and when ¢=90"—w, Oz'=r tan C5:1'.(-208)

P

nearly, and Oz:r.cot;’:r.(si-SOS) nearly ; and when ¢=90 degrees, 0z'=0

and Oz=os. When a=0° the almucantarat becomes the horizon and Oa,=

¢

rtan ¢/2 and Oa,=r.cot 5

Azimuths, Celestial Longitude and right Ascension.

15. The great circles which pass through the zenmith 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 ot
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"—0; 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 eOay 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°—24,VO=($-a)+ 99° and s0d,=90°—2a,VO=(¢p+a)—90°.
This gives a geometrical construction for the almucantar, of which a,a, is a diameter.
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But in practice it is perhaps more convenient to calculate the radius ot
each circle (r') and its distance (Oc) from the centre of projection, O. We have

( . . .
Oa, = r.tan‘éig—_a, Oa, = r‘cot(ﬁ;—a, where 1 is the radius of the equator, and

r'=(0a,+0a, )/2; and Oc=r—0a;=0a,—1". The following table gives certain
values for 1’ and Oc for the particular cases when the almucantarats become
circles of latitude and declination. (for r=100).

q=—30° | —20° —10° 0° £10° | =207 30° f ERTI R
| . . ‘
; —_— ———
(Oc=036 , 6020 36| 43 364 |  BLG 200 234 236
=90"—w |
lr=2176 ' 1632, 1324| 1000 902 | 756 610 190 98
|
& =907, Oc=o r=173-2 \ 1428 1192 | 1000 839! 700 57T 466 364
t I

|
16. The ‘ankabiit and tablets of the ordinarv astrolabe such as B and C
are all constructed on the basis of polar projections as described above:; but
the obverse of A (figure 7) is a general projection so constructed as to avoid
the necessitv for special tablets for each latitude.

One such general projection,
attributed to Ibrahim b. Jahja al-Naqqas, known as al-Zarqall (Arzachel), is

described in my dstronomical Observatories of Jai Singh'; 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 as a general
polar projection. From one point of view it 1s connected with the tablet of horizons.

In figure 27 let VAN’ represent a sphere and let V be the centre of vision of the
projection. The plane of projection aoa’ 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 aoa’ and
this is exactly the same as that on the obverse of astrolabe A (figure 7). Three
sets of circles are projected riz.. (1) small circles at right angles to the equator
and parallel to the plane of the solstitial colure: in figure 27 one such circle
is lettered b; by; (i) parallels of declination which are small circles parallel to
the plane of the equator and concentric with the pole, e.g., b, 8b" and a a a’;
(iil) 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 aaa’ and a Ba’. The uses of (i) and (iii) are fairly
obvious, but at present I cannot indicate definitely the use of (i). Similarh:,
although it is not difficult to reconstruct the projection shown in the upper half of the
reverse of A (figure 2). I 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; (ii)
the whole day and night was divided into 24 equal, or equinoctial, or clock
hours. This latter is the time division now practically followed in most coun-

1P. 27 & Figs. 20 & 2.
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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.g., 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-mayhiib, *the west. eq., 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 equator and tropics 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 tropic of Capricorn (DEF in tig. 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 237, there are thirteen equal divisions on
the tropic of Capricorn with a remaining part corresponding to 25 minutes—
since the longest day is 13 hours 25 minutes ; and the portion of the tropie of {ancer
below the horizon is divided into ten equal parts with a remaining part equivalent
to 35 minutes—since the shortest dav 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 explams how this was used. The hour circles ARO. BO,
CO, etc., cut the arc EA at intervals of 15 degrees and all pass through the centre
O. 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.

It 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 SOQ 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=6¢. We then have
PS=r/2cosf, OQ=2PScosz, OR=r.cosz,, from which, since 0Q=O0R, we get

cosz==cos 0. cosz;=cos 0. cos (p—35)

=cos 0. cos ¢. cos §+cos #. sin ¢. sin 8 (1)

But we should have

cosz=cosh. cos ¢. cos 8-+sing sin § (i)
and (i) is not strictly true. But, if § =4, the difference between (i) and (i1) Is ~in ¢
sin §(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.?

1 This reversal is a matter of convenience only, since the upper portion of the tablet is gener

ally fully
occupied with almucantars and azimuth lines,

2 See DELAMBRE Astronomie du moyen age, p. 243 scy.
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D. Celestial Sphere, dated A.H. 1087.

18. The brass sphere is 6'5 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—
‘amala ahqar al’ibad Dia al-Din Muhammad ibn dMulla Qasim
Muhammad ibn Hafiz; ‘Isa ibn Shaikh Allahdad, Humayini ;
sana 10872
The stand is gradunated horizontally only. The four cardinal points are
marked, and from the east and west points graduations for every two degrees
run rigcht and left; and these are numbered in the abjad notationin 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
is now missing. At the north and south of the horizontal circle 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 named. 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 i1s graduated and numbered from six to ninety.
The names of the signs are—

al— Hamal—ARIES.
al-Thanr—TAURTs.

| al-Mizin—LiBRA.

{ al-* dqrab—Scorpro.
al-Jauzd—GEMINT. ! al-Qrus—SAGITTARIUS.
al-Saratan—CANCER. Ij
al-Asad—LEo. |
al-Sunbulah—\ 1RGO, i

al-Jadi—CAPRICORNTUS.
al-Dali—AQUARIUS.
al- Hiat—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
calculations made in paragraphs 5 and 7 above the age of the instrument was
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 227 years, and the result-

ing date 1s 14374-227=A.D. 1664 as compared with 1676-1677 given in
the inscription.

1 “The work of the humblest of men, Dia al-Din, etc.” This is inscribed on the sphere itself around
the south pole.
2 The lower support is broken and the sphere has been patched in three places. One of these inlaid

patches is 2 c.an. by 1'5 qm., another is 1-2 c.m. square, and the third is a small circle of 2 mm. dia-
meter.
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ON SPHERE.

Urrer Bec.

Name on sphere. Modern name. [ T ] %(;.ilin
Long. I Lat. Long. | Lat. v

‘ |

N

1. Janih al-Faras? . . ‘] 88y Pegasi . . . . 3% I +13 i 122 12 24 314
2, Sarat al-Faras f ) Peg.=21a And., Alpheratz 11 +26 ! 6 28 |4-25 21 313
3. 433 Andromedew, Mirach 27 g +25 : 23 13 |+-25 26 341
4. Akbr al-Nahar. . " 6 Eridani 10 | =55 | 1540 —53 45| 802

5. Masaf r1-Nahar . . ... 2 =35
6. Sadr al-Qitus 89n Ceti 29 4 —291 } 26 43 —28 31 719
7. Mugadam al-Sharatin 5'y Arietis, Mesartim 29 ‘ +61 } 26 13 | +6 36 360
8 . : 63 Arietis. Skeratan . 30 +7% 'w 27 7| 47 31 361
9. Kaf al-Khadib . ! 115 Cassiope, Chaph . 30y +50% ! 23 1 |+50 48 188
10. Fam al-Qitus . ;,86‘)’ Ceti . . . . 36 ; —I12 ‘ 3210 |—I12 18 711
11. ...... al-Thuraiya, sahabl . " 7K Persei . . . 30 410 36 19 |40 O 190
12. Ras al-Ghil | 263 Persei, .llgol . . . 31 4193 ' 855 +22 0 201
13. Tali . . . . : 34y Eridani . . . 30 —34} | 16 40 —33 15 778
14. al-Durd‘i . 35y Cephei . . . . 36 +631 55 31 [4-64 30 276
15. Mirfaq al-Thuraiya . . :330. Persei . . . 5 429 | 3519|429 21 196

16. ! 56  —50
17. ‘Ain al Thanr . , 87a Tauri, dideharan 66 “ —5F 6231 ] —313 391
18. Rijl al-Jauza, isri . . 193 Orionis, Rigel 72 —30 i 69 23 i—31 18 764
19. Mankib al-Jauza, isri . f 24y Orionis . . . . 75 —16 73 34 ‘—17 15 733
20. Haqa'h, sahabi . 1 39\ Orionis . . . . 79 —131 76 31 —13 30 731
21. ‘Aiyiq . . . ‘ 13a Aurige, Capells . 79 +231 7443 '122 42 221
22, al-Jadi ! 1o Crsze min. 81 - 64 30 19 1—{—66 27 1
23. Mankib al-Jauzd, yumni , { 38a Orionis . . . . 83 —16 , 81 13 —16 45 732
24. Rijl al-Jauza, yumni 53k Orionis . . . . 84 —31} ‘ 18 40 —33 21 7768
25, Mankib al-‘annaz’ . . | 348 Aurige, Mankalinan . 83 +211 | 83 32 i—%—21 30 222
26. al-Suhail . . ., @ Argus, Canopus . 9% —75 | 9551 —75 0 839

27. 99 4231 | \’

28. Shi‘ri Yamanih 9a Can. maj., Sirius . 99 —40 96 19 !’——3.) 30 815
29. Ras Tawam, al-mugadam . | 66a Geminorum . . 106} L9 102 43 ! +9 3¢ 121
30. ShiTi Shamih . 10 Can. min., Procyon . 110 —19 108 22 “J——l(i 0 845

1 For the meanings of the Arabic names see

the annexed glossary,
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Name on ~phere.

Modern name.

(X “THIRE.

Lot
31. Tarafat al-Sofinah 11€ Arygus 121
32, Malaf, sahabi . 4le Cancri. Pre pe 1221
33. Ras al-Asad 244 Leonis 137
34. Anwar al-Farqadin 5 Ursa: min, 126
35. Y oo " 133
36. Qalb al-Asad 320 Leonis. Regnlus 1451
37. Fard al-Shuja’ 30 Hydre . . 141
330 ( S00 Urse maj, i3]
39. ;483 . s 133
40, 61y 146
41. Y al-Banat al-Nash j 698 s 148
42, | T7€ s 15¢
43 70L , 162
Yy L8 ., 173
45. ‘Unq al-Shuja’ 30V Hydrwe . 1
46. Zahr al-Asad 630 Leonis 136
47. Sa‘id al-Asad 15 Com. Ber. 170
48. Sarfah 04,3 Leonis 172
49. Qiidat al-Batih 70 Crateris 168
50. Jandh al-Ghurab 4y Corvi 156
51. Minqar al-Ghurab la Corvi 188
52, Mufrad al-Ramih 87 Bootis 196
53. Simak al-Ramih 16a  Bootis, Arcturvs 202
54, Simak al-‘Azal 87a Virgims, Spica 200
55 Ras al-‘awid . 7490 Bootis 202
56. | 208
57. 211
58 9a Libre . . 220
59. Kaffa . 295
60. ‘Unq al-Haiya . .- 27A Serpentis 228
61. Miza Fakkah . 3a Coronx Bor., Alphkecca 219

Lat.

— 221
18
— 14

--46

Urteu Bee, !

— eI Xo. 1
Lemg. " Lat. Buly.
. i—_ - |-
. T

.

19 16 —42 42 346
119 46 " -1 0 446
133 25 ;—12 21 161
12525 =73 0 6
133 35 73 9 7
4213 —0 9 166
139 31 —22 30 002
127 25 —19 24 24
131 37 —45 9 25
142 31 —47 15 27
143 25 —51 30 26
150 31 +5¢4 9 33
158 4 =56 12 3
169 10 -3+ O 33
48 10 —26 0 7003
1533 28 ~14 9 178
166 4 28 12 191
163 49 +12 0 185

182 46 —14 18 923
18413 —22 0 923
191 43 298 0 107
196 31 31 18 110
19610 —2 9 507
f
217 52 ! +0 45 ‘ 526
221 98 |+ 26 39 | 268
214 34 | |44 30 [’ 111




19

(X SPHERE, ULrir Bre
Name on sphere. Modern name. S T T ‘}}:'}I\'}l
Lony.  Lat. Tong, Lat. ’
: - ¢ o, FR
62. Ras al-Nabu 5 Lup 228 —3bL 225 25 —3h 3 956G
653. 237 -E57 r’
_ U S N

64, Rijl Qantiurus . a Centan 241 —42 ‘}233 1 —-41 1o 966
63 3 Dracons 244 Do 1 530 16
66. Ras Tmnin 833t Herculs 235 631 232 55 L6915 137
67. Ris al-Jathi tta  Hercuhs, Ras Uy thi 250 -38Y 247 35 %79 119
63, Qalb al-"Aqrab Pl Scorpu nfares 245 —4] 24216 —4 30 530
69, 357 Oph ucle 253 L0230 37 —6 45 243
70. Ras al-Mijmarah { are 253 =36 23031 —34 0 g
71. Ras al-Hawwa 23 Ophichi 260 -37 255 13 —35 31 RER
72, Shaulah 134 Neorpil . 26510 —13 235 35 —13 33 362
73, o Are 260 —221 237 2] —22 40 983
74. 274 —17!
75, "Aln al-Rami, sahabi Y Sauittari 2781 —1 275 T —0 4> 37
6. Nasr Waqi 3o Lyrae, Vega 282 4621 278 19 62 o 148
77. Rakbah al-Rami a Sagittarii . . 282 —14 278 43 —13 36 Y0
18, 17¢ Aquile . . 200 436 242 31 =36 15 7202
79. B Ragittarii . . 204 . —23
80. Nasr Tair 520 Aquile, Alair 208 433 20110 2015 2%
81. Mingar al-Dajijah 217m Cyoni . . 302 459 305 16 £33+ 30 2160
82. Zanab al-Hit ~ K Pise. Aust.=  Gruis . 313 —23 310 25 :—2:} 15 1013
83. 310 1258 5
84. Zanab al-Jadi . Y Capricorni . 319 —3 314 13 —2 30 620
83. Fam al-kIGt a  Pise. Aust. Fomalhaut 325 —22
86. Fam al-Faras 8€  Pegasi . 328 424 32428 22 ¢ 329
37. Zanab al-Dajajah @ Cyeni 333 465 332 10 164 21 174
88, Xiq <ikib al-mih 760 Aquarii. . 335 —71 33155 —N18 613
89, iMatn al-Faras . 4@ Pecasi . 349 19 34355 +19 0 ‘ 316
90. Batn al-Hot . SK  Piscium 349 -4 345 16 -4 0 | 676
91. Mankib al-Faras 333 DPegasi . . 354 +30 0 331 37 =30 51 313
9. 8t Ceti 357 | —11 353 35 —10 30 729
93 Zanab al-Qitus 163 Ceti . 338 1 —21 35523 —21 0 730







al-«Abar

akr .
‘anaz .
sankabiit

anwar .
<aqrab
card

asad .

‘awa .,
cazal .
banat , .
batiyya
batn .,
dabaran
dajajah
dalwa ,
dubb .
dura:at
fakkah

fam .

farqad ,

faras

fard .
ghul
ghumasia
ghurab
haiyat ,
hamal .
hag‘at

hawwa,

GLOSSARY

Sirius.

“eve’; ‘ain al-ram3, v Sagittarii; ‘ain al-thawr, a Tauri or Aldebaran.

‘goat’; a Aurige, Capella or Alhaiot.

“last’ ; akhir al-nakar, 6 Eridani.

“goat’; mankib al ‘anndz, B8 Aurige.

“spider’; the star tablet of an astrolabe; aranea, alhancabuth ; see also
shubalah.

* brighter * ; anwar al-Farqadin, 5 Urse Min.

“scorpion’ ; al-‘agrab, the sign Scorpio ; qulb al-‘agrab, a Scorpii or Autares.

‘latitude * ; ‘ard istuwd, zero latitude.

‘lion” ; al-asad, the sign Leo ; galb al-asad, o Leonis or Regulus; ras al-
asad, p Leonis.

13th manzil, r@s al-‘cwa, 2 8 Bootis.

‘unarmed ’ ; al-‘azal. @ Virginis or Spica.

‘ daughters’ ; al-banat al-na‘sh, Ursa major.

‘small cask’; ga‘idat al-batih. a Crateris.

“interior ’; batn al-hat, x Piscium.

“the {th manzil (a, 6, y, 8, € Tauri); a Tauri or Aldebaran.

“fowl”; Cvgnus; mingur al-dajijah, ? v Cygni j zanab al-da jajuh, @ Cygni,

“jar’; al-dalw, the sign Aquarius.

“bear’ ; yud al-dubb, ¢ Urse Majoris,

‘euirass’ 5 al-dura3, © +y Cephei.

*bowl’; al-fakkah, a Coronz Bor. or Alphecea.

‘mouth *; fam al-faras, e Pegasi ; fam al-hit, a Pisc. aust. or Fomalhaug
fam al-Qitus, y Ceti,

“ealf ' ; du. farqadan, 5 and v Urse min. ; anwar al-farqadin, 3 Urse mia.

‘horse’ ; fam al-faras, € Pegasi ; Janah al-faras, y Pegasi: sarat al-furas,
o Andromede ; the wedge that fastens the parts of an astrolahe
together.

“alone’; fard al-shuja, a Hvdre or Alphard.

“demon ’; 7ds al-ghwl, 5 Persei or Algol.

Procyon or a Canis minoris.

“erow” s jundh al-ghurab, y Corvi or Alghorab ; mingar «l-ghurab, a Corvi.

“serpent ”; ‘wnq al-haiyah, f Serpentis.

‘ram ¢ al-hamal, the sign Aries.

three stars in the head of Orion ; here X Orionis,

“snake charmer’ : ras al hawwn, a Ophiuchi.



hut

‘idadah

isri

iadi

janah

ianubi .
jathi .,

al-Jauza

ka<b
Kaff
khadib

al-maghrib

ma

masjaf .

mankib

manzil

al-mashriq

matn

mijmarah

mingar
mirfaq
mizan

mufrad

mugaddam

mugantar

muri

al-nahar

nassh
nasr
gadam
qa<idat
qalb

Qantaurus

qaus
Qitus

qutb

rami

.

.
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“tish 1 al-hit the sign Piscest fam al-hat Fomalhau- or a Pise. aust. winab
al-kiat, k Pise. Aust,

‘post " alhidade, sighter.

“left ~ide "; see p and y Orionis.

“goat T al-jadl, the sign Capricornus; also a Ursee minoris; zaneb al-
Jali. y Capricorni,

Swing T jundh al-furas y Pegasi : jundh al-ghurd@), y Corvi or Alghorab.

“south.”

Hercules (as the kneeling one) : yds o/-jath?. a Herculis.

the sign Gemini ; the constellation Ovion 5 wenkib al-jund. g and y Orionis ;
r(l al-janz@, 3 and « Oronis.

“aukle bone ": ka‘h al-furus, /' Kk Pegasi.

“hand ;A f al-Lhadib. p Cassiopei.

“died red ', " bloody " kdff -Lhad7h 3 Cassiopels.

* the west.

“water ' ~xdg sdkib al-mi. & \quarii,

“manger ;€ Caneri or Prwesepe.

“shoulder " mankih al-furas. 3 Pegasi @ maniedd ol-j 1uzd o Crionis ; nankib
al-*ayndz. 3 Aurtue.

“station of the moon ’: pl. wmand:il.

“the east.”

“back ’; matn qitus, 7 {Ceti.

“censer ' Ara; ras al-mijmarak, { Are.

“a beak i wmingiar al-ghurab. a Corvi mingdr al-dujijoh, *

“elbow’ ; mirfaq al-thuraiya. a Persel.

“balance " «l-wmizan. the sign Libra; w7:a fulbul. a Cor. Bor.

“alone "o mfrad al-rimih. 1 Bootis.

“preceding " muguddam al-sharatin, y Arietis: cas  tawim al-mugiddan w
Geminorum.

“resting on arches " ; mugantarat ‘bridges’ ; circles of altitude.

index.

“the stream ' ; Eridanus : akhr al-pahar (Ultima fuvii), 6 Eridani; wmasa
al-nahar.?

“bier " : al-bandt al-na'shin. Ursa major.

“eagle’ t nasr al-tair. o Aquilee s pusr al-waqi®, o Lyre.

“foot 7 qadwin al-juuzd, 3 Orionis,

“foundation ’ ; q@idat al-batih. a Crateris (Quee in basi Crateris est).

“heart ’: qalb a'-uqrab. a Scorpii or Antaves; qulb al-uswl. a Leonis or
Regulus.

Kévravpos

“bow *; «al-gaus. the sign Sacittarius.

Kijros : fam al-gitus.y Ceti: ady al-qitus, m Ceti: zunab al-qius, 3 Ceti.

pole” = qutb janibi, south pole: qutb shamall, north pole.

“archer " : ‘ain al-rami, v Sagittarii (Que in oculo est); rakbat al-ramz, a

Sagittarii.



rijl .

rukbat
sasat
sabus
sadr

safa ‘ih
safinah

sahabi .

sasid .
sakib .
saq .
sarf
saratan
sham .,
shamal
sharatin
shaulah
shaziyya
shi‘ra
shubakah
shuja¢

simak .,

suhail .
al-supnbulah

surrah
al-tair .
tali .
taraf .
tawam
thaur .
al-thuraiya
tinnin .
umm .
ung .
usturlab

waqis .

.

.

. C - . . .
lance beaver "5 simal al-rdm/h. a Bootis or Aretwvus: worfrid al-pduih.

1 Bootis.

“head "1 ras al-usad. p Leonis « s al-"aiwd. 7 8 Bootis. ;7s al-yhial. 3 Per~el

or AL‘LIOI Lords (47»,)}77‘7/7. a IIC‘I‘L‘HMS Lords 1/[—,\‘«(])//] a Lul)i : 1S Tt /IZ-

mugeddam. a Geminorum : p@s «d-linwea a Ophiuchi,

‘oot "1 il al-junzd. 3 or k Orvienis : yijl quntanrns o Centaurd :

labe A »/jl=1t Ursa maj.
fknee " yukbat wl-r@mi. a Sagittaui,
“hours.”
“beast of prev’: Lupus: rds al-sabu. o Lupi.
“breast "1 osadr al-gitus, 7 7 Cetr,
“plates "1 (sing. safiha) tablets of an astrolabe : saphiz.

“shin* ¢ turafut al-safinal. € Argus.

Ol dstlo-

“eloudy " mebulous o ol-thiraiya. sah@hi. x Persev: “wiu al-iimd sulyab,

v Sagittaril ; haqiah sahabi. X Ovionis : wlif sulidhi € Cancrt or Pracsepie,

“wrist' 5 se‘id al-asad. 15 Com. Ber.

“one who pours out ’: al-sa/l/b. the sign Aquarius. Nee i,
“leg’ : <aq sakib al-mah. 8 Aquarii,

2 ved’ : <arful. 5 Leonis,

“erab ”; al-saratian, the sign Caneer.

‘Svvia 1 shoera shanil e Can. min. or Proevon,

‘ north.”

the 1st manzil (3, y Avietis) ; worgaddam «d-sha, atTn. v Aretis,
“sting of a seorpion’; A Scorpil.

“small splinter’ : pl. shazdyo, star pointers on ‘wnlalit,
Sivias : shi‘ra shandh. Procyon : <hifr o yamanih. Sirius.

“ net  : the star dise of an astrolabe : 1ete.

“courageous 1 Mydra: furd al-shuji. a Hydre : “uiy al-shoja, v Hydpa

. e . L . )
above " o simdak wl-‘uzal, a Virginis ov Spica ; simdk ol-ridnoh. a Bootie oy

Arcturus.
Canopus,
the sign Vireo,
“navel "1 surrah al-faras. 8 Pegasi or a And.
“the flier " : a Aquile or Altair.
“following = applied to 3 Arietis and y Eridani.
1

side ™« tarafat al-safivak. € Argus.

. e - .
a twin o oras fowd@in ol-muqeddam. a Geminorm,

< T, . . .- M
bull "2 al-thawur. the sign Taurus : “ain al-thaur. a Towri or Aldlebaran

the Pleiades : al-thuraiyid. x Pervsei : inirfaq al-thuiaiyi. a Persei,

“dragon” : ras t'unin, 7« Herculis.

“mother’ : the hody of an astrolabe ; mater.

“necs " ung al-shujr. O Hydvae @ fuing al-haiya. ) Serpentis,
“astrolabe.

“falling " ; wasr al-wagr. a Tivia or Vega.,
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yad . ‘hand ’; yad al-dubb, , Urse maj. ; yad al-jauzd, @ Orionis.

yamani . ‘of Yemen’; Shi‘ri yamanih, Sirius,

yumni , . ‘right hand’ ; see @ and « Orionis.

zabana . ‘sting of an insect’; the 16th manzil; o Cancri.

Zanab . . “tail”; zanab al-dajdjah, a Cygni; zanab al-jadi, y Capricorni ; zanab gifus.
? B Ceti.

zahr . . ‘back’; zakr al-asad, 8 Leonis.

SGPI—314.=215 B, of E.~21-2-21—550,



Alhidade . .
Almucantarats .,
Ankabit | .
Aranea of astrolabe
Astrolabe

Astronomical Observatories of Jai Singh

Azimuths

Avanti See Ujjain
British Museum
Daulatabad .
Dia-al-Din Muhammad
Evans L.

Hour lines

Kuobel E. B.

Kitfic characters

] f Celestial .
Latitude : Terreslial

Mater of astrolabe
Muhammad Mugim
Precession
Projections
Ptolemy

Read, Sir A.

Rete of astrolabe
Safihah afaqiyah
Shabakah

Shaziya

Signs of Zodiac
Sphere, astronomical
Star lists . .
Tablet of Horizons
Tablets of Astrolabe
Ujjain

Ulugh Beg

Umm of astrolabe
Venter of astrolabe
al-Zarqali

Zarqali projection
Zodiac, signs of
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Fig. 1. ASTROLABE A—OBVERSE.
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; Fig. 18, IV® LATITUDES 28 & 350 .
Fig. 17. IV LATITUDE 25"

Fiz. 19, V* LATITUDE 82", Fig. 20. V' LATITUDE 36

Fig. 21, VI* LATITUDEs 40 & 66 20,

Fig. 22, V1" Horizoss.

TABLETS OF ASTROLABE D,

Protoenct el T onTed ar tiee (M Gosnt b sarves of T Cale atey






PrLsic V.

.

t

X
=
3
AN
; N
. ’ .W )
. , — N
7, \
/,ﬁ
n\ ,/_
‘
e e
- I
/ / |
, \\\
¥ E oy .
< & .
) qH.,// /
~
\\\ \
- . \\MA
/
3
i =

Frs

.)7

Fie






Abjad Notation-Kific.

a=1 | b=2 | j=3 | d=4 | h=3 Jiw=s r=T =8 t=y
‘ ’ !

S PR U R ja (7))~ (&)

i=10 | k=20 | 1=30 | m=40 | n=50 | s=go | ‘=70 ?f=80 ;zzs»o

L b R T R ‘\o:w

q =100 | r=200 | sh =300

2y

Abjad Notation- Naskhi.

Prarte VI

M T =5 y = ji = l =8 ‘ t=9
a=1 l[ b=2 ji=3 d=+4 h=5 w=0 i Z=7 ‘! h "b
\ - d ) ¥ 2 s 1T
| 5 o =70 | 1=80 | s=90
i=10 | k=20 | 1=30 | m=40 | n=50 | s=60 . =70 | -
e J Y, S E <@ 1 W
< f | - = f ?
! ‘ { N , o
q=100 r=200 | sh=300| t=400 1 th=000 wk_h:GOO ‘ (1_h=:00 E .d.:bUO ./"_.JUU
— P : . ‘f ’, ‘ B
0 . o " % > | J J dg
i i |
gh=1000
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