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The Astrolabe by Bulhomal and Pir Bakhsh of
1841 ce: A Unique Testimonial to an Intercultural
Collaboration

Sreeramula Rajeswara Sarma and Mubashir Ul-Haq Abbasi
Diisseldorf and Islamabad

1 INTRODUCTION

THE ASTROLABE

THE TERM “ASTROLABE” denotes primarily the planispheric northern astrolabe; it

is planispheric because it is a two-dimensional representation of the heavens
in relation to the earth; it is northern because it contains pointers only to those
stars which are situated to the north of the Tropic of Capricorn. Other variations
such as the spherical astrolabes, linear astrolabes, north-south astrolabes are the-
oretical curiosities and have no practical relevance."

The astrolabe consists of a heavy circular plate with an upraised rim, called
“mater.” In the recess inside the rim are stacked a series of plates made for dif-
ferent latitudes; at the top of these plates rests a perforated disc called “rete”,
which contains stereographic projections of the ecliptic and of the positions of
some prominent stars. The front part of the rim is divided in degrees of arc,
so also the rim of the back of the mater. All these plates are perforated at the
centre. A pin is inserted in this central hole and made fast with a wedge in the
front. At the centre of the back is pivoted the alidade, which carries sighting
plates at each end. For observation, the astrolabe needs to be suspended in a
vertical plane. Therefore, a triangular suspension bracket is affixed to the top of
the mater. To the upper tip of this suspension bracket is attached a shackle and
to it a ring. With this ensemble several functions can be performed.

Before using the astrolabe, the astronomer places the appropriate latitude
plate beneath the rete; for example, if the user is in Lahore, he places that side

1 The literature on the astrolabe is vast. The 1968; Gibbs and Saliba 1984; Morrison 2007 .
best introductions can be found in Hartner
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of plate which is calibrated for the latitude of Lahore, roughly 32°. Then, mov-
ing the alidade along the rim of the back, he measures the altitude of the sun
if it is daytime, or the altitude of a prominent fixed star if it is night. When the
rete is adjusted to the sun’s or to the star’s altitude, then the rete and the plate
below it together simulate the starry heavens upon the observer’s locality for
that particular moment. Then one can read off the time in equal hours or in un-
equal hours; one can also find the rising and setting times of the sun and stars,
their times of meridian transit, and so on. One can also identify the four pivots,
namely the ascendant, the lower mid-heavens, the descendant, and the culmin-
ation, with which the horoscope is cast. The astrolabe can also be used as an
analogue computer for solving trigonometric problems. It can also be employed
in land surveys for measuring the heights or depths of objects and for estimating
distances.

The astrolabe was invented in Greece, but its origins are obscure. Stereo-
graphic projection, which is an essential feature of the astrolabe, was said to have
been developed by Hipparchus of Nicaea around 150 Bce. John Philoponus of Al-
exandia wrote a treatise on the astrolabe in the sixth century cg; it is the earliest
extant work on this instrument.> But no actual astrolabe produced in Greece is
extant. Then in the seventh century Bishop Severus Sabokt composed a treatise
on the astrolabe in the Syriac language, which is also extant.>

It is through such Syriac writings that the astrolabe was introduced to the
Islamic world where it attained its fullest development. Muslims adopted it en-
thusiastically, especially because it helped them determine the times of prayers
including the time for morning and night prayers (‘Ishi’ c<lixc and Fajr y=9) when
the sun is below the horizon, and also the direction of the gibla, towards which
they faced for offering their prayers.

Several learned scholars like al-Khwarizmi and al-Farghani composed treat-
ises in Arabic in the ninth century. The production of astrolabes also went hand
in hand. The earliest dated astrolabe was made by Muhammad ibn “Abdullah
Nasttilus in 315 AH (926—27 cE). Itis preserved in the Islamic Archaeological Mu-
seum at Kuwait.* It is somewhat plain, but sophisticated design and ornament-
ation can be seen in an astrolabe fashioned by Hamid ibn Khidr al-Khujandi in
374 AH (984-85 cE).5 In the Islamic world, the astrolabe maker was not merely
a metal worker; he was a scholar with a thorough knowledge of spherical trigo-
nometry; he designed the astrolabe and also fabricated it himself. Therefore he
bore the soubriquet Asturlabi ((»3)awol).

In the subsequent centuries, astrolabe production spread to different regions
including the Muslim Spain. It is from this Muslim Spain that the science of the

2 Gunther 1932: 61-81. 4 King 1995:76-83.
3 Gunther 1932: 82-103. 5 King 2004: 503-517.
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212 THE ASTROLABE BY BULHOMAL AND PIR BAKHSH

astrolabe was transmitted to the Christian Europe through the Latin translations
of Arabic texts. In Europe also many manuals were composed, and a large num-
ber of astrolabes produced until the advent of the telescope in the seventeenth
century:.

Moreover, the Arabic astrolabe left its impact on the technical vocabulary
of our times. A large number of terms that reached Europe through the astro-
labe still survive in many European languages; thus for example “zenith” (from
ol samt al-ris), “nadir” (from ks nazir) and “azimuth” (from Couwwll
al-sumt) are derived from the Arabic. In an article, imaginatively titled “Arabic
in the Sky,” Lebling states that some 210 stars in the sky carry names that are
derived from the Arabic,® such as “Aldeberan” (from ,gillcyuc “Ayn al- Thawr,
o Tauri), “Algol” (from Je&lwly Ra’s al Ghiil, B Persei), “Altair” (from yuill
ol al-Nasr al-Td'ir, o Aquilla), “Betelgeuse” (from _iodlljoxlls yad al-Jawza’
al-Yumnad, « Orionis), “Caph” (from >l aS Kaff al-Khadib, B Cassiopeiae),
“Deneb” (from dxl=sllu3 Dhanab al-Dajajah, a Cygni) and so on.

THE ASTROLABE IN INDIA

Astrolabe may have been introduced into India by the great polymath Abt al-
Rayhan Muhammad ibn Ahmad al-Birtini during his stay in the north-western
India in the early eleventh century. He claims to have composed a book on
the astrolabe in Sanskrit verse.” No such book has survived, but it is entirely
possible that al-Birtini may have shown the astrolabe and explained its func-
tions to his Hindu or Jain interlocutors. In the second half of the fourteenth
century, Sultan Firtiz Shah Tughluq (r.1351-1388) promoted the production of
astrolabes at his court in Delhi and sponsored manuals on the construction and
use of the astrolabe both in Persian and in Sanskrit.® But the astrolabes produced
at his court have not survived. Of the manuals on the astrolabe, some extracts
from the Persian manual can be found in the Persian chronicle Sirat-i Firiiz Shaht
(o1l 39249 aym) of 1370.

But the Sanskrit manual did survive. It was composed by a Jain monk Ma-
hendra Siiri in 1370. He was so impressed by the versatile functions of the as-
trolabe that he called it Yantraraja (a>1) 1)i50), “the king of [astronomical | instru-
ments” in Sanskrit. That is also the title of his manual. Since that time, astrolabe
came to be called Yantraraja in Sanskrit. Mahendra Siiri’s pupil Malayendu Stiri
wrote a commentary on his teacher’s work around 1378.° Mahendra Stiri’s Yan-
traraja was very popular, for there exist about a hundred manuscript copies of

6 Lebling 2010: 25; see also Kunitzsch and 9 Sarma 2021, see the Appendix D1: “The
Smart 1986. Yantraraja of Mahendra Siiri with Malay-
7 Sachau 1910:vol 1, 137. endu Siiri's commentary, some extracts
8 Sarma 2000: 142. with English translation.”
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this work. Moreover, in the subsequent centuries, at least sixteen other Sanskrit
manuals were composed on the astrolabe by different scholars.'® Together with
the Sanskrit manuals, astrolabes also must have been produced with Sanskrit
labels and Devanagari numerals.

Since then the study and production of astrolabe followed two distinct tradi-
tions. Muslims studied the Arabic and Persian manuals and produced astrolabes
with Arabic and Persian labels and numerals. Because they were produced in
the Persianate culture of India, they are called Indo-Persian astrolabes. Hindus
and Jains studied Sanskrit manuals and produced Sanskrit astrolabes. The earli-
est dated Indo-Persian astrolabe was produced in 1567-68 and earliest surviving
Sanskrit astrolabe is dated 1605.

THE FAMILY OF ASTROLABE-MAKERS OF LAHORE

Sometime in the sixteenth century an astrolabe maker named Allahdad set
up workshop at Lahore with the patronage of the second Mughal emperor
Humaytin. In memory of this royal patronage, Allahdad’s descendants describe
themselves as the descendants of Ustad Allahdad Asturlabi Lahiir1 Humayani.
In this Lahore workshop Allahdad and his descendants produced astrolabes
and celestial globes. The astrolabes were richly decorated with a large number
of star pointers. Some of the astrolabes were too large for actual observation;
these were meant as presentation pieces for high nobility at the Mughal court.
In particular, the astrolabes fashioned by Muhammad Muqim (fl. 1621-1659)
and his nephew Diya  al-Din Muhammad (fl. 1637-1680) display meticulous
precision in geometrical projections, fine workmanship in metal and a high
degree of artistic excellence. Besides the common planispheric northern astro-
labes, Diya  al-Din also created at least one North-South astrolabe and a huge
Zarqali universal astrolabe.

In the case of celestial globes, they followed a special technique. Outside In-
dia, celestial globes were first made as two separate hemispheres and then joined
together. The Lahore instrument makers, on the other hand, cast the globes as
single pieces by the lost wax process. Here also Diya” al-Din Muhammad ex-
celled in the rendition of beautiful constellation figures which he engraved on
his globes.

In spite of their close association with Mughal nobility, none of these Lahore
instrument makers are mentioned in any contemporary Mughal chronicles. The
history of this family had to be reconstructed from the extant specimens of their
work. This was done by the first author (i.e., Sreeramula Rajeswara Sarma) in A
Descriptive Catalogue of Indian Astronomical Instruments. This catalogue lists 105

10 Sarma 1999.
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214 THE ASTROLABE BY BULHOMAL AND PIR BAKHSH

astrolabes'' and thirty-six celestial globes,'* that were produced by the various
members of the Lahore family between the years 1567 and 1691 and that are now
preserved in various museums and private collections. Many others may have
been lost. Thereafter the production ceased in the Lahore workshop, probably
because of the decline of the Mughal authority, lack of patronage and disturbed
political conditions. In the eighteenth century, no Indo-Persian astrolabe or ce-
lestial globe was produced either at Lahore or anywhere else in the subcontinent,
nor was any Sanskrit astrolabe.

LALAH BULHOMAL LAHORI

Then towards the middle of the nineteenth century, when the European telescope
was making the traditional naked-eye instruments redundant, the two traditions
of Indo-Persian instruments and Sanskrit instruments came together in the work
of a remarkable person by name Lalah Bulhomal Lahori who was associated with
the court of the Sikh rulers of the Kapurthala State. It was mentioned above
that no member of the Lahore family of instrument-makers is mentioned in any
contemporary chronicle; the same is the case with Bulhomal in the nineteenth
century. The first author of this paper put together the diverse instruments made
by Bulhomal'? and concluded that,

Bulhomal was the true and the last representative of both the tradi-
tions of Indo-Persian and Sanskrit astronomical instruments. ...Bul-
homal produced well-crafted astrolabes and celestial globes with in-
scriptions and legends either in Arabic-Persian or in Sanskrit. He
also fashioned Dhruvabhrama-yantras and Turiya-yantras of Sanskrit
tradition. His oeuvre consists of about twenty-eight instruments of
excellent workmanship belonging to eleven different varieties. ...In
1839 itself he produced at least four instruments of three different
types. At this rate of production, he may have produced between
1839 and 1851 many more instruments than the twenty-eight which
are known to us. No instrument-maker in India is known to have
produced as many varieties of instruments as Bulhomal did, that too
with labels in three different languages.'4

Bulhomal also crafted the unusual North-South astrolabes. The details of these
twenty-eight instruments are shown in Table 1.

11 Sarma 2021: section A. 2021:1713-1716 et passim.
12 Sarma 2021: section F. 14 Sarma 2015: 260.
13 See Sarma 2015, see also Sarma
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Table 1: Astronomical instruments signed by or attributable to Lalah Bulhomal Lahori.

S.No. Category

Year of manufac- Signed or attrib- Present location

ture utable
Astrolabes
1 Indo-Persian 1841 signed Lahore
2 Indo-Persian 1849 signed London
3 Indo-Persian n.d. attributable Dublin
4 Indo-Persian n.d. attributable not known
5 Sanskrit n.d. attributable Rampur, India
6 Sanskrit n.d. attributable Srinagar
7 Sanskrit n.d. attributable Oxford
8 Indo-Persian North-South 1851 signed not known
9 Indo-Persian North-South  n.d. signed not known
10 Sanskrit n.d. attributable Srinagar
11 Sanskrit n.d. attributable Srinagar
Celestial globes
12 Indo-Persian 1842 signed London
13 Indo-Persian 1842 signed Karachi
14 Indo-Persian n.d. attributable Illinois, USA
15 Indo-Persian n.d. attributable London
16 Indo-Persian n.d. attributable Delhi
17 Indo-Persian n.d. attributable Srinagar
18 Indo-Persian n.d. attributable not known
19 Sanskrit 1839 signed London
20 Sanskrit n.d. attributable New York
21 English n.d. attributable London
Dhruvabhrama-yantra
22 1839—40 signed New York
23 n.d. attributable London
Horary Quadrant
24 n.d. signed Oxford
Jyotihsatta
25 1839 signed London
26 1839 signed New Delhi
27 n.d. attributable New York
Un-named instrument
28 n.d. attributable New York
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216 THE ASTROLABE BY BULHOMAL AND PIR BAKHSH

Figure 1: Front view of the Astrolabe (photo by Mubashir Ul-Haq Abbasi).
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2 THE ASTROLABE BY BULHOMAL AND PIR BAKHSH

AMONG THE TWENTY-EIGHT INSTRUMENTS LISTED ABOVE, there is one astrolabe which
was designed by Bulhomal but was fabricated by Pir Bakhsh. It is preserved
today in the Lahore Museum."> In 1984, Dr Saif ur Rahman Dar, the then Director
of the Lahore Museum, published a description of this astrolabe.'® Later, when
the first author (i.e., Sreeramula Rajeswara Sarma) was compiling A Descriptive
Catalogue of Indian Astronomical Instruments, the second author (Mubashir Ul-
Haq Abbasi) provided photographs and details of this astrolabe and of other
instruments from the museums in Pakistan. Sarma included a brief description
of this astrolabe in his catalogue.”” Now we two jointly offer a comprehensive
description of this unique astrolabe in the following pages.

It is unique in many respects. First, Bulhomal’s other Indo-Persian and
Sanskrit astrolabes are small devices measuring about 150mm in diameter,
whereas this one is a massive piece measuring 235 mm in diameter, 305 mm in
height, 20 mm in thickness and weighing 7 kg. Second, at 20 mm, the present
astrolabe is unusually thick. The large space provided by this thickness was
used for engraving a very long inscription in two lines, with letters shown in
relief against a hatched background. While the inscription here was engraved
by Pir Bakhsh, Bulhomal himself attempted the same technique eight years
later. In his Indo-Persian astrolabe that he dedicated to Sir Henry Elliot, the
dedication was likewise engraved on the thick edge, with letters in relief against
a hatched background.”® In fact, these are the only two cases where engraving
was done on the thick edge of an astrolabe. The contents of this long inscription
are also unique as will be shown below (pp. 242, ff.). Furthermore, the members
of the Lahore Family, especially Muhammad Mugim and his nephew Diya’
al-Din Muhammad filled the retes of their astrolabes with a large number
of star-pointers to show off their expertise. Bulhomal, quite pragmatically,
included just twelve star-pointers in some astrolabes and only seven in some
others, because these are adequate for actual observation. In contrast, the rete
of the present astrolabe has as many as twenty-six star-pointers. Bulhomal used
Arabic-Persian numerals in his other Indo-Persian astrolabes; but in the present
astrolabe Abjad notation is employed in most places. Moreover, the back of the
present astrolabe displays an entirely new feature, namely a graph showing
angles and their cotangents engraved inside the shadow squares (see tables
10-13 on pages 241—242 below).

The astrolabe is richly decorated. The thick edge of the kursi is ornamented
with floral motifs (see Figure 2). In the rete, the two slender rings representing

15 #MM 1649. 17 Sarma 2021:item Bo24.
16 Dar 1994:165-198. 18 Sarma 2021: fig. Bo21.4.
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218 THE ASTROLABE BY BULHOMAL AND PIR BAKHSH

Figure 2: Decorated edge of the Throne (photo by Mubashir Ul-Haq Abbasi).

the Tropic of Capricorn and the Celestial Equator are filled with a pleasing dec-
orative pattern (see Figure 6). The main inscriptions on both sides of the kurst
and on the thick circular edge are engraved in elegant Nasta'liq calligraphy.

COMPONENTS OF THE ASTROLABE

THE MATER

The main body of this astrolabe consists of a heavy circular plate with an up-
raised rim on one side. This heavy plate is called “Mater” (Latin for “mother”,

translated from Arabic Pi ‘umm); it is called “mater” because it holds the other
parts inside the rim. The suspensory bracket, the rim and the mater appear to
have been cast as one piece. The limb (n>g wajah), which is the front side of the
rim, is divided in single degrees, and groups of 6° are numbered in the Abjad
notation from 6° to 360°, starting at the south point at the top and proceeding
clockwise.

THE SUSPENSORY APPARATUS

The suspensory apparatus generally consists of a triangular bracket (_w)S kursi,
“throne”), a swivel (og)c ‘urwah) and a large ring (~8l> halga). It is very unusual
that in the present case a 275 mm long roller-chain is attached to the swivel in-
stead of a ring. It is not known whether this chain is original or was added later
on. The triangular bracket is called kursi (throne) because on some of the early
Islamic astrolabes the “throne verse” (ayat al-kursi, Qur’an, Surah 2:255) was en-
graved which reads: “His throne extends over the heavens and the earth”). But
on this throne another verse from the Qur’an is engraved.

The throne is solid without any perforations. It is very wide at the base; the
profiles are made up of ogees (i.e., S-shaped forms) at the base and at the top
with two lobes in the middle. The thick edge is richly decorated with floral mo-
tifs.

The front and the back carry inscriptions where the letters are shown in relief.
The front is engraved with the first few words from a verse from the Qur’an

HISTORY OF SCIENCE IN SOUTH ASIA 11 (2023) 210-249
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Figure 4: Back of the Throne (photo by Mubashir Ul-Haq Abbasi).

219

(verse no. 59 of Sura @leidl al In“am) with two names of Allah added on either

side:

hie> |y ol |y
9% 3l Loley 3 sl milao oxic g
i by g ol
va Hafiz ya Hafiz
wa “indahu miftah al ghaib 1a ya“alamuha illa hu
ya Nasir ya Nasir
O Protector, O Preserver,
With Him are the keys of the unseen [that] no one knows but [He]

O Helper, O Supporter.
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220 THE ASTROLABE BY BULHOMAL AND PIR BAKHSH

On the back of the throne are engraved three lines of inscriptions; the letters are
shown in relief and the empty spaces are filled with floral ornamentation. The
uppermost line bears the name of the astrolabe maker thus:

GHR3 Lidy Hw Jec
¢amal Pir Bakhsh Lahort

Work of Pir Bakhsh Lahori.

The two lines immediately below contain a Persian couplet which describes the
astrolabe as a device to show the events on the Earth and in the Heavens:

S olai 1)y Casuan aS S
S oylsaw! s J s 4S5
kasay keh mushaf-i tura nazzarah kunad
zikr-i khair fal binad istakharah kunad

Anyone who sees your [astrolabe’s] face,
Sees and finds a good omen when he tries to seek help [from Allah]|
for the future.

The two lines engraved on either side in the third row contain another couplet:

By oy @iz b Odpliol Gl Lo
2550 w0y B9 2 9 SWl il g Zop
biya etn ustarlab ba chashm-i yaqin binigar
buriij wa anjum-i aflak wa bar rilay zamin binigar
Come and hold this astrolabe with trust and confidence,
Know the constellations, stars in the sky and [ the events] on the earth.

It is not known who the author of these couplets is: Bulhomal who designed the
astrolabe, or Mawlwi Ghulam Muhammad who commissioned it, or somebody
else?

THE RETE

The rete (Arabic «guSiwll al- “ankabiit) is well-crafted and artistically decorated
(Figs.5, 6). The narrow segment of the circle on the periphery represents the
Tropic of Capricorn. The thin arc just above it represents the celestial equator.
The outer rim of the very broad ring above that stands for the ecliptic. The centre
of the rete represents the North Celestial Pole. The Capricorn ring, the ecliptic
ring and the small, perforated ring at the centre are held together by a horizonal
bar. The ecliptic ring is divided into the twelve zodiac signs and labelled with
their names, starting from the vernal equinox (which is at the junction of ecliptic
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Figure 5: Rete of the Astrolabe (photo by Mubashir Ul-Haq Abbasi).

ECLIPTIC (ZODIAC)
WINTER SOLSTICE

STAR
POINTERS
VERNAL
EQUINOX
TROPICOF
CAPRICORN
EAST-WEST i w4 a "} AUTUMNAL
LINE : EQUINOX
SUMMER SOLSTICE
CELESTIAL
EQUATOR

Figure 6: Circles and other elements on the Rete (drawn by Mubashir Ul-Haq
Abbasi).
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Figure 8: Rete, detail of the lower part (photo by Mubashir Ul-Haq Abbasi).

ring and east-west bar on the left) proceeding anti-clockwise from Aries to Pisces.
Each sign is subdivided into five segments of 6° each and numbered as 6, 12, 18,
24, 30 in Abjad notation. The sloped edge of the ecliptic ring is divided into single
degrees of arc. The spaces between these rings are filled with a multitude of floral
tendrils. The Capricorn ring and the Equator ring are engraved with decorative

HISTORY OF SCIENCE IN SOUTH ASIA 11 (2023) 210-249



SREERAMULA RAJESWARA SARMA AND MUBASHIR UL-HAQ ABBASI 2273

Figure 9: Reverse side of the rete, detail (photo by Mubashir Ul-Haq Abbasi).

patterns, while the small ring at the centre is bedecked with a flower of eight
petals.

Interestingly, on the reverse side of the rete (Fig.9) can be seen the Sanskrit
names of some zodiac signs (A4 f&g:, “now Leo”); these signs are divided into 5°
each and numbered as 5, 10, 15, 20, 25, 30 in Devanagari numerals. Apparently,
on this side a rete was engraved for a Sanskrit astrolabe, but because of some
mistake, it was discarded and reused for the present astrolabe.

A small round metallic piece (e mudir) is affixed on the lower side of the
rete to facilitate its rotation.

Figure 10: Engraving on the horizontal bar of the Rete (photo by Mubashir Ul-
Haq Abbeasi).

On the horizontal bar is engraved a prayer commonly recited by the Muslims
of the Shia sect. It reads as follows:

b STgi Gl € 9 @ JS walgdl 8 S Uige 03505 Cdloall y koo Lle 5
L Siguir Gle b Gle b Siodgr g dame
nad-i “Alt ya mazharal “ajayabi tajidhu “‘awnallaka finnawaibi kullu ham wa

ghamm sayanjali bi nabuwwatika ya Muhammad u wa bi wilayatika ya Al
uya “Aliu ya “Alt
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Call on “Ali, capable of performing the extraordinary; you will find
him effective in all the calamities, worries and sorrows; all the des-
pairs will disappear by thy prophethood O! Muhammad and by the
powers bestowed on you O! “Al1 O! “Al1 O! “AlL

To the floral tendrils are attached 23 leaf-shaped star pointers on which the names
of stars are engraved. At the tip of each leaf, there is a dot inside a circle; this dot
indicates the exact position of the star. The spaces inside each of these small
circles appear to have been inlaid with silver. In many cases, besides the star
names, a number is engraved in Arabic numerals. These numbers follow the se-
quence when the stars are arranged according to their right ascensions. Probably
the star names and the serial numbers are copied from some astronomical table.
Besides the 23 names are engraved on the leaves, 3 more star names are engraved
on the ecliptic ring. In the table below, these 26 star names are arranged in the
order of their right ascensions.

Table 2: Stars on the Rete of the Astrolabe arranged according to their Right
Ascension.

S.No. Inscribed on Rete Transliteration Identification Common Name
1 ) Gyl 8w Sirrah al Fars 31 d Pegasi = Alpheratz
o Andromedae
Ol Las Kaff al-Khadib 5 P Cassiopeiae Caph
3 o> pubydll (i3 Dhanab al-Qaytus Janibi P Ceti Deneb Kaitos,
Diphda
4 Pogadl Gl Batn al-Hiit 3 p Andromedae Mirach
5 Ouboyds Sharatayn P Aries
6 $ Joll Lwly Ras al-Ghiil 6 P Persei Algol
7 gl y Barshawish o Persei Mirfak
8 Sy vilpgerd ‘Ayn al-Thawr 8 o Tauri Aldebaran
9 hoxdl J>) Rijl al-Jawza’ [al-Yusra] 9 P Orionis Rigel
10 Lol J=) 1 Rijl [al-Jawza'] al-Yumnaio x Orionis Saiph
11 Goue | ‘Ayyiiq 11 a Aurigae Capella
12 il hoadl 3o W Yad al-Jawza’ al- Yumnd 12 a Orionis Betelgeuse
13 ey Loy IF Shi‘ra Yamant 14 o Canis Majoris Sirius
14 Obolgdl prdo Mugaddam al-Tawaman o Geminorum Castor
15 awdl CJ8 WV Qalb al-Asad 17 o Leonis Regulus
16 whall zUs> 18 Janah al-Ghurab 16 a Corvi Gienah
17 Jrdl Slowwt- Simak al- “Azal 20 a Virginis Spica
18 ol Slews 1 Simak Ramih 21 o Bootis Arcturus
19 FT aSall yu Nayir al-Fakkah 22 a Coronae Borealis Alphecca
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Table 2: Stars on the Rete of the Astrolabe arranged according to their Right
Ascension (cont.).

S.No. Inscribed on Rete Transliteration Identification Common Name
20 Fclgsdl Gwl) Ras al-Hawwa 24 a Ophiuchi Rasalhague

21 PVgsdly i Nasr Wagi© 27 o Lyrae Vega

22 >l laie Mingar al-Dajajah B Cygni Albireo

23 b A Nasr Ta'ir 28 o Aquilae Altair

24 Pzl il Dhanab al-Dajajah 30 a Cygni Deneb

25 Woall @d 19 Fam al-Hiit 39 o Pisces Fomalhut

26 uell CSiw Mankib al-Faras P Pegasi Scheat

THE PLATES

Below the rete are stacked seven plates (n>sa.0 saftha [singular], @ilaw safa‘ih
[plural]). The first six plates are designed for different terrestrial latitudes. Five
of these are calibrated on both sides for use at different geographical latitudes;
the sixth one is likewise engraved only on one side, and the reverse is left blank.
In these plates there are labels in very large letters in the lower half stating the
latitude (yay=llal “ard) and the duration of the longest day (wlelw sa“at); the lat-
itude itself is written in very tiny numerals on some plates, but on some others no
latitude is mentioned. The value of the longest day is not mentioned on any plate.
Of course, the missing latitude can be estimated by counting the almucantar arcs
between the oblique horizon and the North Pole and the missing duration of the
longest day can be found in one or other Islamic astronomical table (Arabic g
zij), but their absence on these plates reduces their utility. The seventh plate is
engraved on both sides with multiple horizons. All the plates have a small pro-
truding tip below at the north point which goes into the small recess in the rim
of the mater and keeps the plate static.

Compared to the excellently crafted mater and rete, the workmanship of these
plates is very poor. Apparently, these plates were engraved by some apprentice
and not by Pir Bakhsh himself.

The plates designed for different terrestrial latitudes carry three concentric
circles. The outermost circle at the periphery represents Tropic of Capricorn ()l
3=l ywly madar ras al-Jadt), the next circle is the celestial equator (Jlaxell 8yls
da’irat al-“atidal) and the innermost circle represents the Tropic of Cancer (,lao
Oyl Guly madar ras al-Saratan). On these plates, the horizontal and vertical
diameters intersect at the centre which is the North Pole. The vertical line is
the meridian (¢ lowdl lowg la> khatt wasit al-sama’) that connects north (at the
bottom of the plate) to the south (at the top of the plate) through the pole and
the zenith. A part of this line, from the oblique horizon up to the zenith, is called
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SOUTH
MERIDIAN AZIMUTH

ARCS

ALMUCANTARS
ZENITH

TROPICOF

LOCAL CANCER
HORIZON 2
HORIZON AT NORTH POLE
THE EQUATOR

EAST i 2 - 'WEST

LINES OF
UNEQUAL
HOURS

TROPICOF —

CAPRICORN

TROPICAL
EQUATOR

LATITUDE OF

NADIR THE PLATE

NORTH

Figure 11: Plate for Latitude of 14°, marked with the circles and other elements
(photo by Mubashir Ul-Haq Abbasi)

the midday line (L JI auni o> khatt nisf al-nahar). The horizontal line is called
east-west line or level horizon ( clgiw3| 9l ufg al-istawa). The true or the oblique
horizon is marked by an arc below the center. The point where it intersects with
the celestial equator on the left is called the “east point” ((§uinell Aass nugtat al-
Mashriq) and where it intersects with the celestial equator on the right carries
the name “west point” and (wy2all alaés nugtat al-Maghrib). But generally these
two points are marked with the labels “east” ((§ xinall al-Mashriq) and “west” (
w2l al-Maghrib).

The Almucantars

The term is derived from the Arabic oynisell )31 al-dairah al muqantarah, mean-
ing a “complete circle.” These are drawn parallel to the oblique horizon up to
the zenith and show the elevation above the horizon; therefore these are also
called altitude circles. Though drawn parallel to the oblique horizon, they ap-
pear eccentric on the plate because of stereographic projection. The number of
these circles may vary from 9o to any lower number, depending on the size of the
plate. An astrolabe is called “complete” (Arabic aU tamm) when there are ninety
circles. In this astrolabe there are thirty circles, one for every third degree; there-
fore it is called “tripartite” (&5 thulthr). These circles are numbered in Arabic
numerals on both sides of the meridian from 3 to 9o, starting from the oblique
horizon and reaching up to the zenith.
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Figure 12: Plate for the Latitude of 32° (photo by Mubashir Ul-Haq Abbasi)

The Azimuth Arcs
The term azimuth is derived from the Arabic word c.ouwdl (al-samt) meaning
“direction” (plural cogewdl al-sumiit). The azimuths are the great circles passing
through the zenith and nadir, crossing the horizon at right angles. On most of the
plates they are drawn above and below the oblique horizon. On plate 3, however,
they are drawn above the oblique horizon. The azimuths are numbered from the
east and west points up to the meridian at an interval of six degrees.

The Hour Lines

Today we use equal hours in our daily life, dividing the time from midnight to
the next midnight in twenty-four equal units. But in the Middle Ages, the entire
period of daylight was divided into twelve parts and the period of night was
likewise divided into 12 parts. Since the duration of the daylight and night vary
according to seasons, their divisions are called unequal hours. These are counted
from the western horizon (i.e., from the sunset) up to the eastern horizon and are
useful for indicating the times of the Islamic prayers. On the present astrolabe,
however, these lines for the unequal hours are not drawn on all the plates, while
the lines of equal hours are shown on all plates. These are numbered from the
western horizon.

The space below the oblique horizon generally contains information about
the latitude for which the plate is designed (ay=ll al-“ard ) and the correspond-
ing duration of the longest day in hours at this latitude (" wlclw sa “at).
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Figure 13: Horizon Plate, Side b (photo by Mubashir Ul-Haq Abbasi).

The Plate of Horizons

The astrolabes made by the Lahore Family of Astrolabists contain invariably a
plate one side of which is designed as the plate of Ecliptic Coordinates (A>uéwo
oSl Ol safihat mizan al-ankabiit) and the other side as the plate of hori-
zons (893 | a>wawo safiha al-afaqr). But in all his astrolabes, Bulhomal engraves
multiple horizons on both sides of the plate and ignores the Ecliptic Coordinates.
The same is the case with the seventh plate in the present astrolabe; here both
sides are engraved with multiple horizons.

The plate of horizons (Fig. 13) is useful for ascertaining the times of sunrise
and sunset, the day length and the rising times of certain stars, at geographical
latitudes for which no provision is made in the astrolabe concerned. For this
purpose, a large number of horizons (Arabic (8l ufg, plural $Uél afig) are drawn
on this plate. In order to accommodate many horizons, only half horizons are
drawn at convenient intervals. They are arranged in four sets in the four quad-
rants of the plate. The latitude of each arc of horizon is marked where it begins
near the circumference and where it ends at one of the diameters.

Like the latitude plates, the horizon plate also carries three concentric circles,
representing the Tropic of Capricorn, the Celestial Equator, and the Tropic of
Cancer. The plate is divided into four quadrants. In each quadrant a group of
horizon arcs are so plotted that they commence at the outer circle of the Tropic
of Capricorn, merge together as they cross the circle of equator and spread apart
as they reach the opposite half diameter. The latitude for each horizon is written
at both the ends, namely at the half diameter and again close to the Tropic of
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Cancer, in Arabic numerals. On the front side of the present plate, in the first
quadrant are plotted eleven arcs with intervals of 8 degrees from 3 to 83, in the
second from 5 to 85, in the third 7 to 87 and in the fourth from g to 89 — in other
words, all latitudes with odd numbers. On the reverse side, there is a similar
arrangement: in the first quadrant from 4 to 84, in the second from 6 to 86, in
the third 8 to 88 and in the fourth from 10 to 9o, thus all the latitudes with even
numbers.

Table 3: The Plates of the Astrolabe.

Plate  Latitudein Longest day Azimuth arcs at 6° Unequal  Equal hour lines
degrees in hours intervals Hour lines
1a 14 Not given =~ Above and below the No Counted from
oblique horizon the western
horizon
1b Blank Only the circles of the
Equator and the
Tropic of Cancer are
drawn
2a 20 Not given =~ Above and below the No Counted from
oblique horizon the western
horizon
2b [27] Not given ~ Above and below the No Counted from
oblique horizon the western
horizon
3a 25 Not given = Above the oblique Yes Counted from
horizon the western
horizon
3b 32 Not given  Above the oblique Yes Counted from
horizon the western
horizon
4a 33 Not given =~ Above and below the No Counted from
oblique horizon the western
horizon
4b [39] Not given =~ Above and below the No Counted from
oblique horizon the western
horizon
5a [45] Not given =~ Above and below the No Counted from
oblique horizon the western
horizon
5b 50 Not given =~ Above and below the No Counted from

oblique horizon

the western
horizon
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Table 3: The Plates of the Astrolabe (cont.).

Plate  Latitude in Longest day Azimuth arcs at 6° Unequal  Equal hour lines
degrees in hours intervals Hour lines
6a 56 Not given =~ Above and below the No Counted from
oblique horizon the western
horizon
6b 62 Not given =~ Above and below the No Counted from
oblique horizon the western
horizon
7a Plate of Horizons
for latitudes 3, 5, 7,
9..89
7b Plate of Horizons
for latitudes 6, 8,
10,12 ... 90.

THE GEOGRAPHICAL GAZETTEER

Of the seven astrolabes that are signed by Bulhomal or attributable to him for
stylistic reasons, only one astrolabe carries a geographical gazetteer on the inner
side of the mater, providing the names of cities (al-bilad), longitudes (al-tiil) and
latitudes (al-“ard) for some 57 localities.’ The same gazetteer is engraved here
on the present astrolabe, minus three localities. However, there occurred a very
grave error in the argument, where iglim is engraved in the place of al-bilad, not
once but five times. In Greek antiquity, the inhabited part of the earth is called
oecumene which extended northwards from the equator up to roughly the latit-
ude 50° 30" N. This area is divided into seven stripes which are called in Greek
“clima” (in singular, “climata”, plural). It is this “clima” which became iglim in
Arabic.”® Therefore, iglim has nothing to do with the names of localities. It is a
mystery how such a serious error could occur on this astrolabe!

While latitudes are counted from the equator, up to the North Pole or the
South Pole, in these astrolabes, longitudes are measured not from Greenwich,
but from the Fortunate Islands (al-Jaza’ir al-Khalidat) in the Atlantic, roughly 35°
west of Greenwich.

On the entire surface inside the rim are drawn several concentric circles; eight
diameters passing through the centre divide the surface into 16 segments. In one
of these segments is written the argument (iglim, tiil, “ard ) five times one below
the other (see Figure 12). The other 15 segments are filled with the names of the

19 Sarma 2021:Bo22. The same gazetteer 2021: Bo27 and Bo28.
is engraved in two astrolabes by Bulhomal’s 20 Sarma 2021: 58-59.
pupil Ghulam Qadir Kapfirthali, see Sarma
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Figure 14: Geographical Gazetteer on the inner side of the Mater (photo by Mu-
bashir Ul-Haq Abbasi)

Figure 15: The Argument of the Gazetteer (photo by Mubashir Ul-Haq Abbasi).

cities and their longitudes and latitudes. The cities are not listed by the order
of their latitudes, but according to increasing longitudes, with minor variations.
The geographical coordinates are given in Arabic numerals. The inclusion of
London and Calcutta in the gazetteer gives it a modern touch.
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Table 4: Geographical Gazetteer.

S.No. al-bilad Cities Job Tiil (Long) o,c ‘Ard (Lat) Transliteration Modern Name

Annulus 1
1 ) 3Swl 61,54 30;58 Iskandarya Alexandria, Egypt
2 LSl Agae 65540 37,20 Madina Athens, Greece
al- Hikma
3 Jowyll &gse 75,20 25,0 Madina al-Rastl ~ Medina, Saudi Arabia
4 (alasm So 77;10 21;40 Mecca Mu¢ azzam Mecca, Saudi Arabia
5 Oy 84,0 30;0 Basrah Basra, Iraq
6 CJ" 85,20 46;30 Balkh Balkh, Afghanistan
7 olgawsl 86;4 32,25 Isfahan Esfahan, Iran
8 S 88,0 29;36 Shiraz Shiraz, Iran
9 0D 91,0 25;0 Hurmuz Hormuz, Iran
10 09 94,30 34;30 Tan Tun, Iran
11 8y 94;4 34,30 Herat Herat, Afghanistan
12 J1EN 97,30 39,50 Bukhara Bukhara, Uzbekistan
13 28 oun 99,36 39,37 Samarqand Samarqand, Uzbekistan
14 SbT cdgo 101;30 20;30 Dawlatabad Daulatabad, India
15 el 102; 0 22;30 Ujjain Ujjain, India
Annulus 2
16 Juilo 102,25 30;10 Mansar Manesar, India
17 S ERY) 104,24 37,10 Badakshan Faizabad, Afghanistan
18 b 104,40 34,30 Kabul Kabul, Afghanistan
19 )9 )93 105;15 31;4 Nirpur Nurpur, India
20 ye 105;35 20;0 Panjapur Bijapur, India
21 TS 105;55 26;50 Qantj Kannauj, India
22 aJliogw 106,10 12; 0 Somnath Somnath, India
23 »ols 106;30 44;0 Kashghar Kashgar, China
24 ST Kyl 107;27 20;30 Awrangabad Aurangabad, India
25 olide 107;35 29;40 Multan Multan, Pakistan
26 ) s 107;40 33,0 Qandahar Qandhar, Afghanistan
27 239 108;6 22,22 Awadh Awadh, India
28 SUT sl 108;40 23,55 Ahmadabad Ahmedabad, India
29 oS 108;45 35; 0 Kashmir Srinagar, India
30 HWIeS 109; 0 26,29 Gawaliyar Gwalior, India
Annulus 3
31 OeSIlw 109; 0 33,30 Sialkat Sialkot, Pakistan
32 soslay 109;20 20;31 Burhanpur Berhampur, India
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Table 4: Geographical Gazetteer (cont.).

S.No. al-bilad Cities Job Tiil (Long) o,c ‘Ard (Lat) Transliteration Modern Name

33 o3 109;20 31,50 Lahore Lahore, Pakistan

34 ] 110;3 40,15 Tibbat Tibet (Lhasa)

35 ol 113;35 28;29 Dehli Delhi, India

36 l)gio 114;20 27,0 Mathura Mathura, India

37 ol 117;20 26,55 Banaras Varanasi, India

38 )9439> 119;6 26,36 Jawnptir Jaunpur, India

39 iy 140;0 10;0 Sarandip Colombo, Sri Lanka

40 O 170;0 52;0 Landan London, England

41 oS S 110;0 33,30 Nakar Kut Nagarkot, Nepal

42 J9lin 106;? 35; Peshawar Peshawar, Pakistan

43 o 03l an 10855 33,30 Pind Dadan Khan Pind Dadan Khan,
Pakistan

44 »Sael) 108;30 32;30 Ramnakar Ramnagar, India

Annulus 4

45 0 ol 109;40 31,45 Anbratsar Amritsar, India

46 gl 111,0 31,30 Ladhiyanah Ludhiana, India

47 ~JLdl 111,50 31,0 Anbalah Ambala, India

48 =S )lgs 11355 31,0 Hardwar KanKaji Haridwar [on the banks
of the] holy Ganga, India

49 SUT Gz 113,15 31,0 Najibabad Najibabad, India

50 sUl oy 113;45 31,0 Farhabad Farha Abad, Iran

51 0, SJ 114;10 27,0 Lakhnaw Lucknow, India

52 LS 14;0 24;0 Gaya Gaya, India

53 SIS 124;5 20;20 Kalkatah Kolkata, India

54 gl OS> 124;0 20,0 Jagan Nath Puri Jagannath, India

THE BACK OF THE ASTROLABE

On the back of the astrolabe ()b 3ol zahr al-asturlab), the rim of the cir-
cular plate is engraved with two concentric scales. The inner scale is divided
into single degrees of arc; in the outer scale groups of 6° are numbered in Abjad
notation, separately for each quadrant. In the upper half the numbers start at the
east and west points and reach up to the south point at the top, and thus form
the altitude scales. In the lower right quadrant, the numbers commence at the
west point proceed up to the north point at the bottom, while in the lower left
quadrant they start at the north point and reach up to the east point on the left.
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Figure 16: Back of the Astrolabe (photo by Mubashir Ul-Haq Abbasi).

On the back of Bulhomal’s two Indo-Persian astrolabes,” the upper right
quadrant is filled with a sine-cosine grid without any labels and the other three
quadrants are left blank. On the back of his two Sanskrit astrolabes,>* however,
the upper right quadrant is filled with a sine-cosine grid with special markings,
and the other quadrants are filled with diverse astrological tables. The very same
pattern is followed in the present astrolabe with some more additional features.

The Upper Right Quadrant
A sine quadrant (cu>ell ) rub® al-mujayyab) is engraved on the upper right
(Fig.17). As mentioned above, the rim is engraved with altitude scales. On the
quadrant proper is drawn a grid with 15 horizontal and 15 vertical parallel lines.
The complete quadrant represents number 30, as marked from right to left and
bottom to top in Abjad, from o to 30 at an interval of 2. These values are in-
scribed in the reverse direction as well. The cells in the middle of the quadrant
also have these numbers from o to 28, written vertically and horizontally. This
facilitates reading the values of trigonometric functions directly without count-
ing each cell.?3 By directing the alidade towards the heavenly body, the angle of
altitude is read off from the altitude scale on the rim.

21 Sarma 2021: Bo21 and Boz22. work. This can be seen also in some other in-
22 Sarma 2021: Co28 and Co29. struments of Bulhomal (Sarma 2021: C028,
23 A similar manner of writing the values Co29, Loo6) and also in several contempor-
in one more vertical row and one horizontal ary instruments (Sarma 2021:Ko15, Ko16,
row in the middle of the quadrant appears Lo24, Uoog, Uoo6, Uoo7).

to be a characteristic feature of Bulhomal’s
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Figure 17: Upper Right Quadrant on the Back (photo by Mubashir Ul-Haq Ab-
basi)

To find the Sine of this angle, the vertical graduations (cells) are counted and
divided by the total length of the scale which is 30. For example, Sin (60) will be
found by putting the alidade at “60=_w"” and the vertical scale reads “26=¢%."
Now 26 divided by 30 gives Sin (60) = 0.866, which is the answer. The Cosine
value of this angle will be read on the horizontal scale. It is a value between
“14=13" and “16=g,”; taken as 15 and then divided by main scale 30, giving Cos
(60) = 0.5.

Thus with the help of the alidade the angle of altitude, i.e., the angle of el-
evation from the horizon, of a heavenly body is measured and also the sine and
cosine of that angle. This is the observational function of the astrolabe.

The Upper Left Quadrant

The upper left quadrant (Fig. 18) is filled with a complex astrological table, the
two parts of which are engraved one below the other.>* In the third and fifth
rows, because of the absence of adequate space, the names of planets are shown
in abbreviations. Thus the sun (uweub) is indicated by (_w), the moon (y08) by
(), Mars (Zure) by (z), Mercury (s)lac) by (), Jupiter ((syine) by (), Venus
(oy»)) by (o) and Saturn (J>)) by (J). In the table below, we write the full names
in English.

24 A similar table is engraved on the back to Bulhomal, see Sarma 2021: Co28.
of the Sanskrit astrolabe that is attributable
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Figure 18: Upper Left Quadrant on the Back (photo by Mubashir Ul-Haq Ab-

basi).
Table 5: Astrological Table.

1 Mirrikh Zuhrah “Autarad Qamar Shams ‘Autarad
Mars Venus Mercury Moon Sun Mercury

2 Hamal Thawr Jawjah Saratan Asad Musalsalah
Aries Taurus Gemini Cancer Leo Virgo

3 Jupiter Venus Mercury Mars Venus Jupiter Mercury
Venus Mercury Jupiter Venus Mercury Venus Saturn Venus Jupiter
Mercury  Jupiter Mars Saturn ~ Jupiter Saturn  Mercury Mars Saturn
Mars Saturn Mars Mars
Saturn

4 66855 87852 66576 76674 65766 710472

5 MarsSun Mercury Jupiter Mars ~ Venus Mercury Saturn Sun Venus
Venus Moon Saturn  Sun Moon Jupiter Mars Mercury

1 Zuhrah Mirrikh Mars ~ Mushtart Zuhal Saturn Zuhal Saturn  Mushtart
Venus Jupiter Jupiter

2 Mizan cAqrab Qaws Zady Dalw Hiit Pisces
Libra Scorpio Sagittarius Capricornus Aquarius

3 Saturn Mars Venus  Jupiter Venus Mercury Mercury Venus Jupiter
Mercury Mercury Mercury Jupiter Venus ~ Venus Mercury Mars
Jupiter Jupiter Saturn Mars ~ Saturn Mars Jupiter Mars Saturn
Venus Saturn Saturn
Mars

4 68772 74856 125454 77844 76755 124392

5 Moon Mars Sun Mercury Jupiter Mars Venus Saturn Jupiter
Saturn Venus Moon Saturn ~ Sun Mercury Mars
Jupiter Moon
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Table 6: Regents of the Zodiac Signs.

Sign Regent Sign Regent
1 Aries Mars 7 Libra Venus
2 Taurus Venus 8 Scorpio Mars
3 Gemini Mercury ¢ Saggitarius Jupiter
4 Cancer Moon 10 Capricorn Saturn
5 Leo Sun 11 Aquarius  Saturn
6 Virgo Mercury 12 Pisces Jupiter
Table 7: Regents of the Decans.
Sign Regents of Decan 1 Regents of Decan 2 Regents of Decan 3
Aries Mars Sun Venus
Taurus Mercury Moon Saturn
Gemini Jupiter Mars Sun
Cancer Venus Mercury Moon
Leo Saturn Jupiter Mars
Virgo Sun Venus Mercury
Libra Moon Saturn Jupiter
Scorpio Mars Sun Venus
Sagittarius Mercury Moon Saturn
Capricorn Jupiter Mars Sun
Aquarius  Venus Mercury Moon
Pisces Saturn Jupiter Mars

In this composite table are included three different astrological tables, namely (a)
Regents of the zodiac signs (Table 6), (b) Limits of the zodiac signs (Table 8),
and (c) Regents of the Decans (Table 7). Rows two and one constitute the Table
of Signs and their Regents as shown below.

Rows two and five form the table of the regents of the decans. A decan (wujith
singular, wajah plural) is one-third part of a sign and is equal to 10 degrees. These
decans have their own regents.

Thirdly, rows two, three and four constitute the Tables of the Limits or Terms
of the Zodiac Signs. In this system, the 30 degrees of arc of each Sign is divided
into five intervals of varying length. These intervals are called hudiid (limit or
term) and are assigned to the five planets other than the Sun and the Moon.
However, the order of the planets and the intervals assigned to them is different
for each sign. But the total number of degrees in each row amounts in all cases
to 30.
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Figure 19: Lower Half of the Back (photo by Mubashir Ul-Haq Abbasi).

Table 8: Limits of the Zodiac Signs.

Aries Jupiter 6 Venus 6 Mercury 8 Mars 5 Saturn 5
Taurus Venus 8 Mercury 7 Jupiter 8 Saturn 5 Mars 2
Gemini Mercury 6 Jupiter 6 Venus 5 Mars 7 Saturn 6
Cancer Mars 7 Venus 6 Mercury 6 Jupiter 7 Saturn 4
Leo Jupiter 6 Venus 5 Saturn 7 Mercury 6 Mars 6
Virgo Mercury 7 Venus 10 Jupiter 4 Mars 7 Saturn 2
Libra Saturn 6 Mercury 8 Jupiter 7 Venus 7 Mars 2
Scorpio Mars 7 Venus 4 Mercury 8 Jupiter 5 Saturn 6
Sagittarius Jupiter 12 Venus 5 Mercury 4 Saturn 5 Mars 4
Capricorn Mercury 7 Jupiter 7 Venus 8 Saturn 4 Mars 4
Aquarius Mercury 7 Venus 6 Jupiter 7 Mars 5 Saturn 5
Pisces Venus 12 Jupiter 4 Mercury 3 Mars 9 Saturn 2
Lower Left Quadrant

Here the names of zodiac signs arranged in four concentric rows and three
columns. The names are written in a zigzag manner, i.e., in the first row from
right to left, in the second row from left to right, in the third row from right
to left and in the fourth row from left to right. Here, the zodiac signs in each

column have the same rising times at the equator.
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Table 9: Rising Times of the Zodiac Signs at the Equator.

Gemini Taurus  Aries
Cancer Leo Virgo
Sagittarius Scorpio  Libra

Capricorn Aquarius Pisces

Shadow Squares
In the lower half, shadow squares are arranged on either side of the vertical line.
In the shadow square on the right, both the vertical and horizontal scales are
divided into seven units. The shadow square on the left has twelve divisions
each on vertical and horizontal scales. The divisions on both sides are numbered
in Arabic numerals, on the horizontal scales from the centre to the right and to
the left, and on the vertical scales from the top to the bottom.

On the right, the horizontal scale is called (sg3unpladl Jd zill agdam mustawt
(umbra recta, or direct shadow, in feet), i.e., shadow thrown by a vertical gnomon
on a horizontal plane. The vertical scale on the right is called (wgSo aladl Jb zill
agdam ma‘kiis (umbra versa, or reverse shadow;, in feet), i.e., shadow thrown by a
horizontal gnomon on a vertical plane. On the left, the horizontal scale is called
Soiun Lol Jb zill asabi® mustawi (umbra recta, or direct shadow, in digits)
the vertical scale ywgS20o Llol (b zill asabi® makiis (umbra versa, or reverse
shadow, digits). But these labels are not engraved on the present astrolabe.

In Greece, the height of the average human was taken as equal to seven of his
feet, leading to the practice of dividing any gnomon into seven parts and using
the term “feet” (Arabic a8 gadam, plural pladl agdam) to refer to the divisions.
The twelve divisions of a gnomon of given length have their origin in the Baby-
lonian observation that a finger held at arm’s length obscured 1/12 of a degree of
the night sky. The term “fingers” (Arabic guol asba®, plural gilol asabia®) refers
to this division.?>

These shadow squares are useful in land survey for measuring the distances
or heights of certain prominent landmarks.

Table of Angles and their Cotangents
Inside the shadow squares, three groups of lines radiating from the central hole
are dawn and filled with Arabic numerals which are arranged in the form of
tables. The table on the upper left has six columns and four rows. The table
in the middle is spread on both sides of the meridian line. The left half has six
columns and four rows, while the right half has six columns and three rows. The
table on the upper right is largely covered by the Sine quadrant.

25 Gibbs and Saliba 1984: 226.
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S

Figure 20: Table of Angles and their Cotangents (photo by Mubashir Ul-Haq
Abbasi)

This arrangement of radiating lines and numbers occurs on no other instru-
ment but here; therefore it is an entirely new innovation by Bulhomal. Professor
Jan P. Hogendijk has kindly provided an explanation.?® According to him, these
numbers relate to the angular lines (representing the angles) and their cotan-
gents. The table should be viewed as being composed of two smaller tables: the
left one for the 12-divisions and the one on the right for the 7-divisions. Cotan-
gent values inscribed in the tabular form give a direct answer to the length of
the shadow for agdam (7 feet or 7 units of length) or asabi® (12 fingers or 12 units
of length). Therefore, the left part of the table gives, directly, the length of the
shadow for a gnomon of twelve units when the angle of the Sun is between 1
degree and 24 degrees. Similar arrangement can be seen on the right part of the
table for a gnomon of 7 units.

This table as inscribed on the astrolabe shows rounded off values of the co-
tangents. There are some minor errors where the engraver mistook a dot on the
written table for zero; the correct values are shown in italics in brackets next to
the engraved values.

26 Hogendijk 2018.
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Table 10: Upper Left Table.

Values =12 X Cot (angle); Angles = 1 to 24 degrees

Value
Angle
Value
Angle
Value
Angle
Value

Angle

687 243 229 172 173 114
12 3 4 5 6

98 86 76 68 62 56
7 8 9 10 11 12
52 48 45 42 39 37
13 14 15 16 17 18
35 32 31 29 28 26

19 20 21 22 23 24

Table 11: Middle Table Left Half.

Middle part and right-middle part of the table, separated by the vertical line.

Values =12 X Cot (angle); Angles = 19 to 24;13t0 18;1t0 6

Value 35

Angle 1

9

Value 52

Angle 1

3

32 31 29 28 27
20 21 22 23 24
48 45 42 39 37
14 15 16 17 18

Value 6087 (687) 3043 (343) 2029 (229) 173 137 114

Angle 1

2 3 4 5 6

Table 12: Middle Table Right Half.

Values = 7 x Cot (angle); angles are from 1 to 15

Value
Angle
Value
Angle
Value

Angle

401 200 1304 (133) 11 (100) 80 67
1 2 3 4 5 6
57 50 44 40 35 (36) 33
7 8 9 10 11 12

30 28 25 (26)
13 14 15
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Figure 21: Alidade, Pin and Wedge (photo by Mubashir Ul-Haq Abbasi).

Table 13: Upper Right Table.

Values = 7 x Cot (angle); angles are 9, 10, 13, 14, 15 degrees

Value 4 (40) 44
Angle 10 9

Value 25 (26) 28 30
Angle 15 14 13

Alidade, Pin and Wedge

The alidade (osbasll: al-“idadah) is 216 mm long and 17 mm wide; it is divided
into twelve equal parts, six on each half and numbered in Abjad from the centre
towards both ends as 6, 12,18, 24, 30. At the two ends of the alidade are affixed
two sighting plates in a plane perpendicular to that of the alidade. There is one
hole in each of the sighting plates. They are shaped like tulips in outline.*” Like
the leaf-shaped star pointers, the tulip-shaped sighting plates is another charac-
teristic feature of Bulhomal’s astrolabes. The pin ( «Jad qutb) and wedge (w9
faras) of this astrolabe are simple in design.

The Persian inscription on the thick edge of the astrolabe
On the thick edge of the astrolabe is a long inscription in two lines, which are sep-
arated by a thick band. The letters are engraved in high relief against a hatched
background. The inscription reads as follows:

ol 21y 9 Lol Olls! 2w » Hein Jud w Oikol Gl
WoSiell g BLI axawo g yogyll Wlaib ¢ &Lo.uﬂ' Alaclg osbac culyy p
Ow> bohs g plw Jb (ngiwes GrweSea pdball g Gkl Caiai slacil
Ohgel ol g 03¢ 9 Wlilie g 393> pgad WLl 1 jde 9 Gaoyandl
e gino 9 S)g0 polall 2ol> yall aode j1925 0 3y Job g Yose iy Lo)<
il 5 ol Colio paindl 30,9 @haill sz Wleliaall g Wilelyisdl gio

27 Sarma 2021: see Figs. Bo22.7 and C028.4.
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Figure 22: Inscription engraved on the thick edge (photo by Mubashir Ul-Haq
Abbasi)

Oazio Gy plail Gawon il alll ol odle Lode (s xame pdE (55lg0
O3S acgoxo Ol wlbuol yiieo yw Csivo Sl slaibe Guwaigoll 8928
JoSo 3939 JoS| 3)8 Jxin 3 Lo sLisS saidic (55185 g _SlgS  §5la> Cadlg

S)leo HUT Wolew Hl13y9550 Sl Ja5 s9sS Cawbipllyls )5 5903 Jog b I3
530 AV Coos 3 (3330 9 foivane 1286 Lale a8j)l g xac alll Jb ol Gle
Souure AF] diw ()= \TOV dw

in usturlab pai shumalt mush®ir bar jami ahkamat-i usturlab wa rub*
al-mujayyab bar hidayat “idada wa a‘adad al-irtafa® wa tabgat al-‘urid
wa safha-yi afaq wa al-ankabiit wa al-‘adad nisf al-qutrayn al-zillain
mCakusayn wa mustavayn zill sullam wa khutiit-i jaybayn al-sahmayn
wa mukhbir bar akhbarat nujiim hadid wa muthallathat wa ghayruhu wa
havt bar umiirat ‘ard y°ana ‘ard wa tiul balad bi tajviz “allama al-dahar
jami Cal-‘ulitm-i siri wa mCanawi manb‘a al-ikhtira®at wa al-sinaat
wahid al-nazm farid al-bashar sahib al-sayf wa al-qalam mawlwi Ghulam
Muhammad Khan Ghulami “allamay aslah Allah sh’ana-hu bi-husn-i
ihtimam ra’ts munajjimin qudwat al-muhandisin muqtadai ahl-i san‘at
sar mashar-i ashab-i hay°a majmii®a-yie kamalat waqif-i haqa’iq-i kawakib
wa daqaiq ‘uqdah kusha-yi la yanhal fard akmal wajud mukamal Lalah
Balhiimal Lahort dar riyasat Kapurthal baray barkhurdar sa“adat athar
Mubarak “Altr Khan tal Allah “umrahu wa rizqahu wa ‘ilman nafian
masnil® wa miizayyan shud Samvat sanah 1897 bairi (sic) sanah 1257
Hijri sanah 1841 “Isvi.

This astrolabe for the northern hemisphere (Jlouis shumali) has
been made according to all the rules (wWloSs| ahkamat) of the
astrolabe (3ol usturlab) and the sine quadrant (cu=ell g,
rub® al-mujayyab), as per the instructions (<l hidayat) [of the
gentleman to be mentioned below|: the alidade (oslac| “idadah)

HISTORY OF SCIENCE IN SOUTH ASIA 11 (2023) 210-249



244

THE ASTROLABE BY BULHOMAL AND PIR BAKHSH

and the numbers (alacl “adad) [i.e., the graduations of the scales of |
altitude (glas)3l), and the plates of latitudes (yog 2l Wl |, tabgat
al-‘urid ?), and the plate of horizons (8Ll axé.o saftha afagi), and
the rete (woSiell al-“ankabiit), and the numbers (sla=ll al-‘adad)
[i.e., the graduations of the scales]| of the radii ((pyhdll caai nisf
alqatrain), and [the graduations of the scales] of the reverse and
direct shadows in the shadow squares (bl g oyladll Caas slacil
e Jb (giumeg GuweSes, al-‘adad nisf al-qutrayn al-zillain m akusayn
wa mustavayn zill sullum), and the lines of sines [and] versed sines
(Ow> bohs> Guawll khatiit jaybayn alsahmayn), and information
(Ju>0 mukhbir) of the astrological matters (pg>s Wiyl akhbarat na-
jim) [such as] the limits (393> hudiid), trigons (lilie muthallathat)
and similar things (e)¢ g waghera); it covers all the matters (sql>
Olygol y havt bar umiirat) of latitudebeginfig();‘ard), namely (i
y‘ant) the latitude(s) and longitude(s) of citi(s) (yoye b Job “ard
til balad);

on the suggestion of (jug>3 ~ bah tajviz) the scholar of this era
(0l ~ode “allama aldahar), who is an icon of the knowledge (gol>
polell jami® al-“uliim) of the visible and invisible [i.e., factual and
spiritual] (¢_gize g (§ygu0 siiri wa manavi), the source of innovations
(wlehyisdl guo manba® alikhtra‘t) in industrial products (<olelnall
al-sana‘t), a unique administrator (eladl su>g wahid alnazm), an
exceptional person (yuiudl 20,8 farid albashar), the master of the sword
and pen (w>bo capll @lall sahib al-sayf al-qalam), Mawlwi Ghulam
Muhammad Khan Ghulami ‘Allamay, with the blessing of Allah
(il Ml 7ol aglah Allah shanahu),

with the beauty of (=g bi-husn-i) of the efforts (plonl ihtamam) of
the leader of astrologers (Lus) (oo rais munajjamin), the chief of
engineers (yuwiigall 0928 gadvah al-muhandasin), the front-runner of
technologists (casiuo Jl Wilaide mugtadai ahl sanat), the head of the
community of astronomers (s Olbuol yineo yuw sar mashar ashab
haiat), an encyclopedia of diverse knowledge (<o3LoS acgoxo majmo‘e
kamalat), a thorough knower of the nature of the stars ( g)lé> aslg
SleS wagqif haqaiq kawakib), a solver of difficult and tedious problems
(Joo 3 SliS oséc u'gdah gushay-i 1a yanhal), a perfect person (3,9
JwSl), a perfectionist ( JoSwe mukmal), Lalah Bulhomal Lahiiri, in the
capital of the state of Kapurthala

for the young promising Mubarak “Ali Khan — may he have a long
life and seek beneficial knowledge —

fabricated (§gian masni®) and decorated to perfection (b (je
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miizayyan shud) [in] Samvat year 1897 bairi (sic), HijrT year 1257,
Christian year 1841.

This inscription first enumerates the components of the astrolabe and then goes
on to describe, in flamboyant terms, the individuals who commissioned the as-
trolabe, who designed it and for whom it was made. The enumeration of the
components of the astrolabe, especially of the items on the back, is somewhat
haphazard. It commences with the alidade and the altitude scales on the rim
of the back, then mentions the latitude plates, the horizon plate, and the rete.
Thereafter come successively the numbers of the radii, reverse and direct shad-
ows, and the lines of sines and versed signs; the correct order ought to be the
numbers (i.e., graduations on the scales) of the radii and the lines of sines and
versed sines, and then the reverse and direct shadows. This is followed by astro-
logical data, namely the limits and trigons (there is a table of limits, but there is
no table of trigons on the back). Finally, at the end are mentioned the latitudes,
longitudes, and the names of cities (which make up the geographical gazetteer);
these should have been mentioned after the horizon plate.

The Date of Manufacture
The inscription is dated in three eras: Vikrama Samvat 1897, Hijri 1257 and Chris-
tian 1841. The Samvat year 1897 commences on 11 April 1840 and concludes on
10 April 1841; the Hijr1 year 1257 starts on 22 February 1841 and ends on 10 Feb-
ruary 1842. Therefore, the astrolabe was completed between 22 February and 10
April 1841.

The Individuals associated with this Astrolabe

The name of Mawlwi Ghulam Muhammd is mentioned by Lepel H. Griffin in his
book, The Rajas of the Punjab.?® Ghulam Muhammd was an important member
of the Ahltiwalia court at Kapurthala and was sent as an emissary to the British
government officials at Lahore. This astrolabe mentions him as a literary figure
and a soldier. The astrolabe was made for Mubarak Al Khan, who was appar-
ently a young person; the prayer in the inscription, “Nad-i Ali” (engraved on
the horizontal bar of the rete) which is held in high reverence in Shia sect, indic-
ates that he was a Shia. An elite Shia family of Ali Raza Khan (d.1865) and his
son Nawab Nawaizh “Ali Khan participated in the development of Lahore and
patronized scholars and artisans.?® It is likely that Mubarak “Ali Khan may have
belonged to this family.

Pir Baksh is mentioned by another famous historian of Lahore, Rai Bahadur
Kanhaya Lal (c.1829-1888) in his book, Tarikh-e-Lahore (y923 %4,U, The History of

28 Griffin 1873: 493-494. 29 Lal 1884:74.
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Lahore). He writes that Pir Bakhsh was a dignified person, well known in the Sikh
court, a prominent expert in Persian calligraphy and was a metal engraver.3°

g y9v8ine Uro Loty ba> e 9 L)l 1S Hab ol

g5 )3 ~ibsS iz »y 0l sl Ue> Lu)ld Lse LBy aSuw
PHESLCELURVERIUIRCE VNP ASS RS Sgw1 vy

Arabic and Persian Calligraphy of this city [ Lahore ] was well known
in various countries. In good peaceful times, there was a Persian cal-

ligrapher Mian Pir Bakhsh, who was a metalworker as well. He was
respected by the courtiers and by the Raja himself.

A famous Pakistani artist and writer on arts, Abdul Rahman Chughtai (1897-
1975) states that during the Sikh reign the families of artists including Mian
Imam Bakhsh and his father Pir Bakhsh lived in the Khiradi Mohalla (aJ>o (s3l)>
Khiradi Mohallah) of Lahore.3' If Pir Bakhsh produced any other astrolabes, these
have not come down to us.

3 CONCLUSION

T HE PRESENT ASTROLABE was designed by Lalah Bulhomal, who was a Hindu
and a member of the Khatri caste. Though resident in Lahore, he was
closely associated with the princely state of Kapurthala which was ruled by the
Sikhs of Ahltiwaliya family. Bulhomal dedicated a large North-South astrolabe,
dated 1 January 1851, to Raja Sahib Nihal Singh Bahadur Ahliwaliya, the ruler
of Kapurthala State.3* He dedicated a standard Indo-Persian astrolabe, dated
1849, to Sir Henry Elliot K.C.B., Chief Secretary to his Lordship the Governor-
General.3> This Henry Elliott is famous for the multivolume History of India
as told by its Historians. Ghulam Qadir Kapitirthali, in his astrolabe of 1861-62
states that he was a pupil (shagird) of Bulhomal, the astronomer (munajjim) of
Lahore.34

Mention may be made here of Joshi Dharm Chand (fl. 1854—73); he did not
directly participate in the preparation of this astrolabe but belonged to the same
cultural milieu. He was a Hindu of the Brahmin caste, educated in Persian, and
trained in making traditional astronomical instruments.3> On two of his instru-
ments, the labels are in Sanskrit, but the signature is in Persian: tasnif Joshi Dharm
Chand sambat 1911 (Invention of Joshi Dharm Chand, Vikrama Samvat 1911 =
1854-55).3° He was also the first to produce English perpetual calendars with

30 Lal 1884: 51. 34 Sarma 2021: Bo27.
31 Majid 1987: 206. 35 Sarma 2021: 3945-3946.
32 Sarma 2021: Bo2s. 36 Sarma 2021: Uoo6 and Uooy.

33 Sarma 2021: Bo21.
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equivalent Sanskrit solar months and days. There exist six specimens, four are
engraved with Persian letters and numerals and designated as ikhtira® naw (new
invention)3” and two in English letters and numerals.3®

The astrolabe was fabricated by Pir Bakhsh of Lahore, who was a Muslim.
It was made at the initiative of Mawlwi Ghulam Muhammad, a Muslim of the
Sunni sect. It was made for Mubarak “Ali Khan who appears to be a member
of an influential Shia Muslim family. Thus people of diverse faiths and sects
participated in the creation of this astrolabe. Moreover, it is dated in three eras
belonging to three cultural traditions: Vikrama Samvat 1897, Hijr1 1257 and Anno
Domini 1841.

Thus this astrolabe is a unique testimony to an intercultural collaboration.
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