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Introduction

The measurement of the length of one degree on the meridian by
astronomers commissioned by the Abbasid Caliph al-Ma’mun in Baghdad
ca. 830 is in one sense well known, and in another, clouded in obscurity.
Different versions of the observations are recorded by Ibn Yuinus (f7. Cairo
ca. 990) and al-Birani (f7. Central Asia ca. 1025), as well as by various
later writers. Particularly those versions in which two groups of
astronomers laden with instruments are reported heading off in opposite
directions along a meridian in the middle of the desert simply boggle the
mind. There is a substantial secondary literature on these reports, including
important contributions by C. A. Nallino, S. H. Barani, A. Sayili, E. S.
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Kennedy, R. P. Mercier, and F. J. Ragep.' In this paper these well-known
accounts will be discussed, but only briefly, for my main purpose is to
present a new contemporaneous account of the measurements.

The earliest Muslim latitude and longitude measurements in Mecca and
Baghdad, also commissioned by al-Ma’mun, are less well known, and they
too are clouded in obscurity. Until recently they were known only from
passing remarks by al-Birtini,” and it was Aydin Sayili who first drew
attention to that scholar’s brief mention of the simultaneous lunar eclipse
observations in the two cities.® It was clear that the main purpose of the
measurements was to derive the gibla at Baghdad, but details were
lacking.*

In 1985 Dr. Y. Tzvi Langermann of the Hebrew University in Jerusalem
published a newly-discovered treatise on both sets of observations by the
contemporary astronomer Habash,” and I have come across a different

" See Nallino, Scritti, V, pp. 408-457; Barani, “Muslim Geodesy”; Sayili, The Observarory
in Islam, pp. 85-86; Kennedy, al-Birini’s Tahdid, pp. 131-136; and the recent critical
survey of the evidence in Mercier, “Muslim Geodesy”, pp. 178-181. On Ragep’s
astounding findings see n. 67 below. See also the forthcoming volumes of Sezgin, GAS,
relating to geography. The various places mentioned in this article are shown on a map
in Mercier, “Muslim Geodesy”, p. 180.

On al-Biriin1 see the article by E. S. Kennedy in DSB. His treatise on mathematical
geography has been published by P. Bulgakov, translated by J. Ali, and analyzed by E.
S. Kennedy - see the bibliography for details.

Sayili, The Observatory in Islam, p. 85.

For a general survey of the gibla problem see King, “Sacred Direction”, and the articles
“Kibla. ii. Astronomical aspects” and "Makka. iv. As centre of the world” in EF,
reprinted in King, Studies, C-IX and C-X, as well as King & Lorch, “Qibla Charts”. See
also n. 60 below on non-mathematical methods that were widely used in medieval Islam.

*  On Habash see the articles by W. Hartner in EP and S. Tekeli in DSB, and the recent
study of his zij in Debarnot, “Habash’s Zij (Istanbul MS)”. (The later recension extant
in a Berlin manuscript is currently being investigated by Dr. Benno van Dalen (Utrecht
and Frankfurt).) On the title of his treatise, see Sezgin, GAS, V, p. 276, no. 5, where
no manuscripts are listed: the treatise is now published in Langermann, “Habash on Dis-
tances”.
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account by Yahya ibn Aktham,® the judge appointed by al-Ma’min to
oversee the observations. In this paper I shall compare both of these reports
in the light of the later accounts of Ibn Yunus and al-Biriini. Mercier’s
recent overview of the evidence available to him, which included the
treatise of Habash, draws attention to the obvious inconsistencies in the
sources. From the outset it must be borne in mind that this newly-
discovered report of Yahya ibn Aktham raises yet more questions and casts
but little light on the confusion.

In the sequel I use the following notation freely:

q gibla(local direction of Mecca, measured from the local

meridian)

L  terrestrial longitude

AL longitude difference from Mecca

ALy longitude difference between Baghdad and Mecca

A¢ latitude difference from Mecca

Adgy latitude difference between Baghdad and Mecca

¢ latitude

¢p latitude of Baghdad

¢y latitude of Mecca.
In fact, q is a trigonometric function of AL, ¢ and ¢,,, but most of the
earliest mathematical procedures, including the one used by al-Ma’min’s
astronomers, were approximate, and one popular method used for several
centuries involved only AL and A¢.’

In the translations the distinction between numbers written in words and
those expressed in Arabic numerals has been preserved. Numbers
expressed in alphanumerical (abjad) notation are underlined. Insertions in
the text to smooth the flow of the translation, as well as occasional citations
of the Arabic original, are in parentheses; restorations are in square

On Ibn Aktham see, for example, the biographical notice (devoid of any reference to the
observations commissioned by al-Ma’min) in al-Khatib al-Baghdadi, Ta'rikh Baghdad,
XIV, pp. 191-204, and also Sayil, The Observatory in Islam, pp. 56 and 69. On his son
Muhammad, who authored a treatise on number theory, see Sezgin, GAS, V, pp. 273-
274,

T See King, “Earliest Qibla Methods and Tables”, especially pp. 103-107.

Suhayl 1 (2000)



210 D.A. King

brackets; and my comments in curly brackets.
1. Ibn Yinus’ account

In Chapter 2 of his monumental work, a zij or astronomical handbook with
tables,® dedicated to the Fatimid Caliph al-Hakim and called the Hakimi
Zij, Ibn Yinus’ refers in general terms to the measurement of longitude
differences by means of lunar eclipse observations,' and then briefly
refers to the geodetic measurements:''

Discussion of the (distances in) cubits between places: Sanad ibn ‘All
mentioned in a statement of his which I found that al-Ma’mun ordered
Khalid ibn °Abd al-Malik al-Marwarrddht and him to measure the
amount of one degree of a great circle on the surface of the earth. He
said: “We both set off together for this (purpose). (al-Ma’mun) ordered
¢Alf ibn “Isa al-Asturlabi and Ali ibn al-Buhturi to do the same and they
went off in a different direction.” Sanad ibn “Ali said: “Khalid ibn “Abd
al-Malik and I travelled to (a place) between W’mxh'* and Tadmur (=
Palmyra) and there we measured the amount of a degree of a great circle
on the surface of the earth. It was fifty-seven miles (mil). °Alf ibn ‘Isa
and “AlT ibn al-Buhturi also made measurements and the two of them

A zij is a set of astronomical tables with introductory and explanatory materials. See
Kennedy, “Zij Survey”, for an introduction, based on about 125 such works, many of
which contain several hundred pages of tables and text. The number of known zijes is
now closer to 200. '

On Ibn Yiinus see my article in DSB, and also King, Studies, A-IX, pp. 343-345.

See Schoy, “Muslim Geography”, pp. 265-267, for a translation of the relevant passage
from MS Leiden Or. 143, p. 80.

The text, found in MS Leiden Or. 143, pp. 81-82, was first translated in Caussin, “Ibn
Yiinus”, pp. 78 and 80, n. 1. The text is published in Barani, “Muslim Geodesy”, pp.
8-11, and a new translation is in Mercier, “Muslim Geodesy”, p. 179.

The letter x here denotes an unpointed carrier in Arabic, which could be read as a ba’,
ya', nin, etc. See further the commentary to this passage.
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found the same as this. The two reports from the two directions (telling
of) the two measurements with the same result arrived at the same
time.”

Abhmad ibn ‘Abdallah, known as Habash, stated in his book in which he
mentioned the observations (of the compilers) of the Mumtahan (Zij) in
Damascus, that al-Ma’min ordered that one degree of a great circle on
the surface of the earth should be measured. He said: “They set off for
this (purpose) in the desert of Sinjar, (travelling) until two measurements
of the meridian altitude on the same day differed by one degree, and
then they measured the distance between the two places, and it was 56
and one-quarter miles, where each mile is four thousand cubits, these
being the “black cubits” that were adopted by al-Ma’min.”

Ibn Yunus continues with a description of the way in which the distance
along the meridian can be measured. One takes two ropes, each 50 cubits
long. Lay out the first one in the meridian. Then lay out the second one
along the first one, starting at the mid-point of the first. And so on ... (for
56-odd miles!)."” He concludes with a discussion of measuring rods,
describing instruments of square cross-section and 24 times as long as they
are wide, adding that these would cost 1000 dirhams if made of silver, or
1000 dinars in gold. Since, according to a 14th-century Egyptian source,
Ibn Yunus was paid 100 dinars a day for his services to the Fatimid Caliph
al-Hakim,'" we may speculate that he himself might have had such a rod
in gold, if not several!

Commentary

The Mumtahan Zij was the major production of the astronomers
commissioned by al-Ma’miin, who were under the direction of Yahya ibn

" See Mercier, “Muslim Geodesy”, p. 181, for a translation of this passage.

' MS Leiden Or. 468, fol. 84v. On the importance of this manuscript see King, Studies,
B-VII, pp. 250-252. It is now being studied by Margarita Castells of Barcelona.
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Abi Mansur."” This work is available only in a later recension that has
still not been studied in detail. Groups of astronomers in Baghdad and
Damascus were involved in observations for this work, but it is by no
means clear what the input of the two groups was. Ibn Yunus mentions that
Habash was writing about the Damascus observations, but the surviving
manuscript of Habash’s treatise mentions Damascus only once, when
talking about a large equatorial ring made by Khalid al-Marwarrudhi, “who
was in Damascus”.'®

Caussin de Perceval, who first translated the text of this passage, thought
that the mysterious place-name W’mxh (MS Leiden Or. 143, p. 81, 1. 19)
might be the ancient Apamea,'” but the name is nowhere else attested in
the early Islamic sources. The name reappears as W’myh in the parallel
passage in MS London B.L. Or. 3624, fol. 42v, 1. 14, of the Mukhtar Zij
of Abtu ’I-Uqil (fI. Taiz ca. 1300),'"® a work relying heavily on Ibn
Yinus. The best-known city with the name Apamea is near Homs and
cannot be considered. There is, however, another Apamea due north of
Palmyra, near Zeugma.' Others have suggested that the word is simply
a corruption of (al-)Raqqa,” which has the advantage of lying roughly
due north of Palmyra and is connected to it by a Roman road, the Via
Diocletiana (which runs north-east leaving Palmyra in order to avoid the

On this work see Vernet, “Tabulae Probatae”, and Kennedy, “Zij Survey”, pp. 132 (no.
51) and 144-147. On its context see Sayili, The Observatory in Islam, pp. 50-87.

Langermann, “Habash on Distances”, p. 125.
Caussin, “Ibn Yinus”, p. 80, note a.

On this author and his work see King, Astronomy in the Yemen, pp. 30-32, and Varisco,
Yemeni Almanac, pp. 10-11.

" Mercier, “Muslim Geodesy”, p. 179, n. 27.

See, for example, Barani, “Muslim Geodesy”, p. 28, and Kennedy, al-Birini’s Tahdid,
p. 131. In fact Raqqa is not due north of Palmyra (it lies roughly NNE), but the two
cities have the same longitude in various early Islamic geographical tables - see Mercier,
“Muslim Geodesy”, loc. cit.
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mountains and then due north to meet the Euphrates just west of Ragga).”!
But Ibn Yunus, writing in Cairo, was well aware of the existence of distant
Raqqa, not least because his predecessor al-Battani had worked there.”
Mercier has suggested a possible misreading of fepcr, the name of a
locality north of Palmyra and just across the Euphrates, as oepc, which
could conceivably be rendered Wamiya in Arabic.” The problem of this
mysterious name is not yet solved.

Two different results, 57 and 56 1/4 miles, are reported for the two
different expeditions. Al-Farghani, a late contemporary of al-Ma’mun’s
astronomers, mentioned 56 2/3,%* which Nallino and Barani have seen as
a mean value between these two results that subsequently passed as the
“real finding” (Barani) of al-Ma’miin’s scientists.” But as we shall see,
the more original reports mention a figure of 56 miles. Here the reader
should be reminded that these findings were not exactly “new”, even in the
Islamic context: already al-Fazari in the 8th century had recorded the cir-
cumference of the earth according to “the Indians”, namely, 6,600
farsakhs, where a farsakh is 16,000 cubits. Thus, as al-Birini points out
elsewhere in the Tahdid, the length of 1° is 18 1/3 farsakhs, that is, 55
miles, since one farsakh equals three miles.” What is new is the orga-
nized scientific measurements, but only in so far as we are prepared to
believe the reports, for certainly some imaginary elements have been
inserted. Also the value 56 1/4 was not new: it can be derived from the 75
miles attributed in numerous sources to al-Khwarizmi, another of al-

% Ibid.

2 On al-Battani see the article by W. Hartner in DSB.

# Mercier, op. cit.; Sédillot proposed Wasit - see Nallino, Scritti, V, p. 429 - but Arabic
does not allow of such spelling-mistakes.

24

Mercier, “Muslim Geodesy”, p. 178.

¥ Nallino, Scrirti, V, pp. 431-432; and Barani, “Muslim Geodesy”, p. 31.
* See al-Birini’s Tahdid, text, pp. 211-212, translation, p. 177, commentary, p. 132, as

well as Pingree, “al-Fazari”, p. 114.
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Ma’miin’s astronomers, by converting from Roman miles to Arab miles.”

2.

On the black cubit see the commentary to the text of Habash.

Al-Biriini’s account

We continue with the references of al-Birtni to the observations, quoting
his monumental work on mathematical geography, the Tahdid nihayat al-
amakin.” The text is brief and no details are given:

27

8

... The gibla of Islam is the Sacred Mosque ... . The latitude of Mecca
is known but there are various opinions about the number of minutes in
the twenty-second degree, because (?) the astronomers (al-hussab) take
it to be twenty-one degrees {with no minutes}. It is related that Mansur
ibn Talha al-Tahir1 concerned himself with finding its correct magnitude:
he determined that this was in excess of (twenty-one degrees) by two-
thirds of a degree, which is in agreement with what Habash reported
about the latitude measurement commissioned by al-Ma’mun (rasad al-
Ma’miin iyyahu). (But) others have claimed that the excess (over twenty-
one degrees) is (only) one-third of a degree. The longitude (of Mecca)
is also known, because all the reports agree that Mansir ibn Talha found
its longitude to be sixty-seven degrees, which agrees with what Habash
al-Hasib stated in his Kitab al-Ab‘ad wa-’l-ajram. (He said) that al-
Ma’miin had organized someone to observe lunar eclipses (at Mecca),
and that (that person) {singular} had found a difference of three degrees
between its meridian and that of Baghdad. So, if the longitude of
Baghdad is seventy degrees, that of Mecca would be sixty-seven
degrees.

Mercier, “Muslim Geodesy”, loc. cit.

Bulgakov, ed., al-Birini’s Tahdid, pp. 209-210. Ali’s translation (p. 175) is unreliable
here. See also Kennedy’s commentary (p. 130).
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Later in the same treatise al-Birlini again cites the same work of Habash:*

The observations (commissioned) by al-Ma’mun (took place) only when
he (had) read in the books of the Greeks that the equivalent (hissa) of
one degree was five hundred stades, which is the unit of theirs that they
used for measuring distances, and when he did not find amongst the
translators sufficient knowledge about its length compared with other
known (units). At that time - according to what Habash related on the
authority of Khalid al-Marwarridhi and a group of scholars of
(instrument) construction and expert constructors from amongst the
carpenters and brass-workers - (al-Ma’min) ordered the construction of
the instruments and the selection of a place for this survey. There was
chosen a location in the desert of Sinjar in the area (min hudud) of
Mosul, nineteen farsakhs from the city (min gasabatihi) and forty-three
farsakhs from Samarra, where they were satisfied that (the ground was)
level. They transported the instruments there and they selected a place
where they observed the solar altitude at midday. Then two groups set
forth (in two different directions). Khalid and a group of surveyors and
instrument-makers (al-massah wa-’"l-sunna‘) headed in the direction of
the northern (celestial) pole, and “All ibn “Isa al-Asturlabi and Ahmad
ibn al-Buhturi the surveyor with a(nother) group towards the south
(celestial) pole. Each of the two groups observed the altitude of the sun
at midday until they found that it had changed by one degree, apart from
the change that resulted in the solar declination (siwa ’I-taghayyur al-
hadith mina ’l-mayl). They measured the track on their way out (ff
dhihabihim) and set up markers (siham, lit., arrows) as they went, and
as they returned they investigated (i‘tabari) the distance (al-misaha) for
the second time. The two groups met again at the place from which they
had set out, and they found that one degree of the terrestrial meridian is
equivalent to fifty-six miles. (Habash) claimed that he had heard Khalid
dictating that number to the Qdadi Yahya ibn Aktham, so (Habash
himself) heard it from the horse’s mouth (fa- "ltagatahu minhu sama‘an).

® al-Birani’s Tahdid: text, pp. 213-214; translation, pp. 178-179; and commentary, p. 133.
See also Barani, “Muslim Geodesy”, pp. 11-14.
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Abu Hamid al-Saghani, who heard it from Thabit ibn Qurra, told me the
same thing.
(On the other hand) it is related of al-Farghani (that he reported) two-
thirds of a mile in addition to the (56) miles mentioned above. Similarly
I found all of the records confirming these (additional) two-thirds, and
I may not attribute that to their having dropped out of the manuscript of
the Kitab al-Ab‘ad wa-’l-ajram because Habash derived from that (value)
the circumference and diameter of the earth and all of the (planetary)
distances. When I investigated (these) I found that they result from fifty-
six miles only {that is, without the two-thirds}. It is preferable to
imagine that (these different results for the length of one degree) derive
from two accounts by two teams. (Certainly) this is a subject surrounded
with confusion, which should inspire renewed investigations and obser-
vations. Who is prepared to help me with this (project)? ... ...
Elsewhere al-Biriini deals in general terms with the problem of determining
longitude differences from simultaneous observations of a lunar eclipse,*
but does not mention the Abbasid observations again.

Commentary

Mansur ibn Talha was a philosopher, mathematician, astronomer and music
theorist, who died ca. 855.%' Khalid al-Marwarradhi was one of the
leading astronomers of al-Ma’mun: he apparently authored a zij that has
been lost without a trace.*

Of particular interest in this account are the coordinates of the locations
in the plain of Sinjar where the two groups of observers set forth in two
different directions. This information does not stem from the treatise of

al-Birani's Tahdid: see text, pp. 166-169, translation, pp. 129-132, and commentary, pp.
100-101, and my review of the last in Centaurus 19 (1974), pp. 320-323, especially p.
322. See also Mercier, “Muslim Geodesy”, p. 176.

' Sezgin, GAS, V, p. 245, and VI, p. 145.
Ibid., V, p. 244, and VI, p. 139.
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Habash as it has come down to us - see the next section. What is dis-
appointing is that there is no record of two different results - such as one
would expect from any scientific mission - which could then have been
compared and used to produce a “final” result. Rather, in this case, the
“final” result is presented as a fait accompli.

Having briefly discussed these two later accounts, both of which have
been known to previous researchers, we are now in a position to investigate
the more original accounts.

3. The account of Habash

The first two parts of the treatise of Habash, preserved in a precious
17th(?)-century astronomical compendium given to Rabbi Josef Kafah by
a Muslim Yemeni colleague before he left Sanaa for Jerusalem,* provide
considerably more information - see Arabic text no. 1. The text trans-
lates: ™

In the Name of God the Merciful and Compassionate, from whom we
seek help. The Book of Sizes and Distances by Habash ibn °Abdallah the
astronomer (al-hasib).

He said that the Commander of the Faithful, al-Ma’min, wanted to
know the size of the earth, so he made some investigations about this
and found that Ptolemy had stated in one of his books that the circum-
ference of the earth was so many thousand stades. Thereupon he asked
the interpreters about the meaning of stades and they gave different
interpretations. [He said of their interpretations:] “They do not dispense
with (?) what we wanted to know." {The text is corrupt here.}

* This is yet additional proof of the importance of Yemeni manuscripts for the history of

Islamic astronomy. See King, Astronomy in the Yemen, for a first look at over 100
Yemeni astronomical manuscripts, now supplemented by Langermann, “Bibliographical
Notes”, based on Jewish sources.

34

Langermann, “Habash on Distances”, pp. 115-116 and 122-123. Some problems in the
published text have been fixed, and the translation is my own. I am grateful to Dr.
Langermann for photocopies of the relevant sections of the original manuscript.
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(Al-Ma’miin) therefore sent out Khalid ibn “Abd al-Malik al-Marwarrt-
dhi, “Alf ibn “Isa al-Asturlabi and Ahmad ibn al-BuhturT the surveyor
together with a group of surveyors and craftsmen including carpenters
and brass-workers, to make correctly the instruments which they would
need, transporting all of them to a place which they selected in the desert
of Sinjar.

Next Khalid and one group headed towards the North Pole of the Banat
Na‘sh (= Ursa Minor), and ‘AlT and Ahmad and a(nother) group headed
towards the South (celestial) Pole. They {i.e., the former group ?}
continued until they finally found that the (solar) meridian altitude had
decreased and changed from what they had found in the place where
they had separated, by the amount of one degree, after they had
subtracted from that (the change in) solar declination during the time it
took (for them) to cover that distance. (As they went) they set up
markers (siham), and then they retraced their steps using the markers
and checked the distance a second time. They found the amount of one
degree of the earth’s surface to be fifty-six miles, where one mile is four
thousand black cubits, this being the cubit established by al-Ma’mun for
measuring clothes, surveying buildings and reckoning distances between
stations on the pilgrimage road (gismat al-manazil).

I heard this (information) which I have mentioned in my book {sc. in
this book of mine?} from Khalid ibn “Abd al-Malik al-Marwarradhi as
he was conveying it to the Qadi Yahya ibn Aktham. Yahya [had been]
ordered [by al-Ma’miin] {the text appears to be corrupt here} to write
down for him {sc. for al-Ma’miin} all that Khalid told him, so he wrote
(it ) for him. I have written what I heard from Khalid himself.

The Commander of the Faithful al-Ma’miin - may God be pleased with
him - (also) wanted to measure the azimuth of the gibla. So he sent out
(someone) at the time of a lunar eclipse to measure the longitude
between Mecca and Baghdad. (That person) found that the meridian of
Mecca was west of that of Baghdad by approximately three degrees, If
we modify one degree of the celestial equator {the expression al-falak
al-mustaqim, meaning sphaera recta or right sphere, is usually used for
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astronomical ascensions® - compare the terminology of Yahya ibn
Aktham} we find that the amount on the celestial day-circle
corresponding to the parallel of Mecca (hissatuha ft [madar] al-falak al-
makhtut “ala ‘ard Makka) is approximately fifty-six minutes. So if we
multiply the distance between the meridians of Mecca and Baghdad,
(namely,) three degrees, by 56 minutes where 60 parts are one degree
(juz’), we find that the corrected longitudinal distance between them on
that parallel (fi 'I-falak al-makhtit “ala madar “ard Makka) is approx-
imately two degrees and forty-eight minutes. (That same observer ?) also
found the latitude of Mecca to be approximately twenty-one degrees and
forty-two minutes and that of Baghdad to be approximately thirty-three
degrees and twenty-seven minutes. (If) we subtract the latitude of Mecca
from that of Baghdad the difference between the two is eleven degrees
and forty-five minutes. If we multiply the difference between the two
longitudes, namely 2 degrees and 48 minutes, by itself, the result is 7
degrees, 50 minutes and 24 seconds. Half of this is 3 degrees, 55
minutes and 12 seconds, or 235 minutes and 12 seconds. This we divide
by 11 degrees and 45 minutes, which is the difference between the two
latitudes, [the quotient is 0;20(,1,1). We add this to the 11:45 and
obtain] for the distance between Baghdad and Mecca 12 degrees and 5
minutes. This we multiply by 56 miles and obtain approximately six
hundred and seventy-six and two-thirds miles as the distance between
Baghdad and Mecca as the crow flies (‘ala ’l-sahm al-mustawi). When
Khalid ibn “Abd al-Malik al-Marwarriidhi submitted (this) value of one
degree of the earth(’s circumference) to al-Ma’mun, (the Caliph) wanted
to check it and so he [sent out] {reading wajjaha for wajada} someone
{singular! - compare the account of Yahya ibn Aktham} to measure the
road between Baghdad and Mecca by the shortest route and he
{singular!} found it to be seven hundred and twelve miles. So we (?)
found that the difference between the distance as the crow flies (al-sahm
alladht yajri fi 'l-hawa) and the measure-ment of the road was thirty-five
miles and one-third of a mile. AI-Ma’min said that this was not to be
regarded as excessive because there must be (in addition to) the flat

¥ See the article “Matalic” in EP.
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parts, inclines up or down on (the road) amounting to this (difference).
Commentary

In his Planetary Hypotheses, Ptolemy stated that the circumference of the
earth was 180,000 stades (astadhiyya).*

The determination of terrestrial latitude is best achieved by measuring
the altitude of the Pole Star or by measuring the meridian altitudes of the
sun. Our text asserts that the second method was used. As John Britton has
shown, there are problems inherent in the use of the meridian quadrant
which affect the accuracy of the altitude measurements.”” Furthermore,
given the problems associated with obtaining a reasonable result from such
a crude procedure, it is hardly necessary to make a correction for the
change in solar declination during the time the team moved the fifty-odd
miles. The report attributed to Yahya ibn Aktham - see below - states that
the observations were made at the summer solstice - when the daily change
in declination is a minimum - but adds that the declination at that time is
zero, which is clearly absurd. Does the text mean that one can find the
meridian by standing perpendicular to the direction of the setting sun at the
equinoxes?

The information on the so-called “black™ cubit is interesting: W. Hinz
has stated in one place that this unit was standardized by al-Ma’mun and
elsewhere that it was not.*® Now we know from a contemporary source
that it was.

It is the account of the simultaneous lunar eclipse observations and
latitude measurements in Baghdad and Mecca which adds to the informa-
tion recorded by al-Birtini. The simultaneous observation of a lunar eclipse
in two localities is a very sensitive kind of observation even with

* See Goldstein, “Ptolemy’s Planetary Hypotheses™, p. 7.
7 See Britton, “Ptolemy on the Obliquity”, for details.

* See Hinz, Mafe und Gewichte, pp. 60-61, and the same author’s article “Dhira®” in EF,
as well as other sources cited in Barani, “Muslim Geodesy”, pp. 44-45. See also
Mercier, “Muslim Geodesy”, p. 177, n. 13, pointing to errors made by Hinz.
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sophisticated instruments, and it is particularly difficult to obtain good
results when the longitude difference is so small. Problems include the
determination of the exact moment of a particular eclipse phase and the
determination of the time at that moment. An error of 1° in the measure-
ment of the altitude of a star at one end could of itself lead to an error of
the same order in the time estimate, and hence in the longitude difference.
The details of the necessary observations are recorded by Ibn Yunus and
al-Birtni.” Habash unfortunately gives no information of consequence on
the simultaneous eclipse observations; he simply reports that the
astronomers measured the distance between the meridian of the two
localities as 3°, and that they then “adjusted” this to 2;48°. Indeed, the
length of the arc corresponding to a longitude difference of AL on a paral-
lel of latitude through Mecca is AL cos ¢, and Cos ¢, / R = 0;56 (R =
60), so that the 3° reduces to 2:48°.%

The latitudes found for Mecca and Baghdad, viz. 21;42° and 33;27°, are
new to the modern literature, but again no information is provided on the
way they were derived. (The accurate values are 21;26° and 33;21°.) Al-
Biruni records that Mansir ibn Talha found ¢, = 21;40°, and this is
clearly rounded from 21;42°. The latter value is not attested to in any
known source, but the approximation 21;40° was widely used over the
centuries. The value 33;27° for ¢ is not attested elsewhere; the approxi-
mation 33;25° was, however, widely used. (The former value is attested
as a latitude for Damascus,” but it is not known who first derived it.) See
below on other values used for ¢,, and ¢y.

Notice that the latitude difference (33;27° - 21;42°) is correctly derived
as 11;45°. In the report attributed to Yahya ibn Aktham, however, 12;15°

Ibn Yinus™ account is translated in Schoy, “Muslim Geography”, pp. 265-267. On al-
Biriint’s discussion see n. 30 above.

See King, “Earliest Qibla Methods and Tables”, pp. 90-91.

See King, Studies, A-X, p. 78, on the tables for time-keeping for Damascus prepared in
the first half of the 14th century by al-Mizzi. It is also used on an astrolabic quadrant for
Damascus dated 735 H [= 1334/35] (International Instrument Checklist No. 5008, now
preserved in the British Museum, London, inventory no. 62 12-27 1), on which see
Mayer, Islamic Astrolabists, p. 44, sub “Ali ibn al-Shihab.
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is used - see below. (The difference between the modern values is 11;55°.)
To find the hypotenuse of a right-angled triangle on the sphere (where the
longitude difference is measured on a small circle), Habash not unrea-
sonably applies Pythagoras’ Theorem for a plane triangle. With Langer-
mann, I have restored a line in the translation where Habash uses the stan-
dard approximate rule:

Vi(a® + b)) = a+ b*/2a (b << a?)

for taking the square root, a rule known in ancient Babylonia, Egypt, India
and China.*” Thus he uses:

VI(11:45) + (2;48)7] = 11;45 + (2;48)* / (2 X 11;45)

Habash’s results for both the calculated distance Baghdad - Mecca, namely,
12;5° = 676 2/3 miles, and for the measured distance, 712 miles, are
different from those reported by Yahya ibn Aktham - see below. (Note that
the figure of 712 miles is confirmed by al-Birtini.*) See below on the fact
that Habash presents no further information on the gibla at Baghdad.

4. The account of Yahya ibn Aktham

I now present some new material, taken from MS Princeton Yahuda 4657
(fols. 71v-72r), a copy datable to about 1500 of an early-13th-century
Egyptian treatise on folk astronomy by an unidentified author named Siraj
al-Dunya wa-’1-Din.* This account of the observations, recorded by the
Qadi Yahya ibn Aktham, is often at variance with that recorded by Habash

42

van der Waerden, Ancient Geometry and Algebra, pp. 46-47,168 and 216. For similar
approximations in Islamic sources see Youschkevitch, Mathématiques arabes, p. 77,
corresponding to Juschkewitsch, Mathematik im MA, p. 194; and Berggren, Episodes, pp.
48-53.

43

al-Biriini’s Tahdid: text, p. 234, and translation, p. 208.
“"On this manuscript see Princeton Catalogue, no. 4983, and also Cairo ENL Survey, no.

C4.
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discussed above. A translation follows - see Arabic text no. 2:

Now that I have finished my statement on the most widely used cal-
endars, I should like to mention some aspects of geometry (al-handasa)
relating to the size (dawr) of the earth.

Chapter. The motive which inspired al-Ma’mun to (promote) observa-
tions, taken from the Qadi Yahya ibn Aktham. (He reported): “The
Commander of the Faithful al-Ma’mun became very excited about
knowing the size of the earth. So he asked me and I told him that the
astronomers familiar with geometry (al-muhandisin min ashab al-
najama) had knowledge of these matters. So he summoned Khalid ibn
‘Abd al-Malik al-Marwarridhi, Yahya ibn Abi Mansir, “Alt ibn Isaand
Ahmad ibn al-BuhturT, and they chose a group of brass-workers and
carpenters (to assist them in making instruments). Al-Ma’mun
questioned them on the way to proceed and they answered him in unison
that it was easy. (They would do) this by facing (annahum tawajjahi) ...
... {there appears to be a lacuna in the text} for a while (wagtan) when
the sun was entering the sign of Cancer (nuzil al-shams ra’s al-saratan)
{i.e., at the time of the summer solstice}, for at this time the sun has no
declination {!! - read: no change in declination}.

They headed for the desert between Tadmur (= Palmyra) and Raqga and
observed the celestial pole (!) until they had accurately determined
(hagqaqu) its altitude. Next they moved (tawajjahit) in a straight line
from north to south parallel to the meridian until the altitude of the pole
had changed by one degree and then they measured the distance between
the two localities (where the observations had been made). They found
that one degree on the surface of the earth was (equal to) fifty-six miles,
where one mile is four thousand “black" cubits (dhira® bi-’l-sawad),
(one of which) is six gadbas, one of which is four asba‘s, one of which
is the width of six barley corns laid side by side in a row. Then they
multiplied 56 by 360 which is the total circumference of the meridian
(dawr al-sama’): the result was twenty thousand one hundred and sixty
miles, which is the measure of the circumference of the earth (dawr al-
sama’). (This) they divided by 3 and one-seventh, and the diameter of
the earth came to 6,414 miles and 3 fifths {actually, 6/11} of a mile.
Then al-Ma’min told them that he would like to know the azimuth of the
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gibla and the distance between Baghdad and Mecca, and they replied
that (they could do) this at the time of a lunar eclipse. So they {he?} sent
out (anfadhii) a group of observers to Mecca to determine the precise
time of the beginning and end of the lunar eclipse. Those who had
stayed in Baghdad did the same. They {sc. the two groups} found that
the meridian of Mecca was west of that of Baghdad by three degrees.
They corrected (‘addalir) these degrees by the right ascensions {!! bi-
matali® al-falak al-mustagim - compare the terminology of Habash} and
they found them to be (equal to) two degrees and 48 minutes, which is
the “corrected" longitude between Mecca and Baghdad.

They (also) found the altitude of the (celestial) pole at Mecca to be 21
degrees and at Baghdad to be 33 degrees {note: no minutes are given for
either value}, so that the latitude of Baghdad is 12 degrees and 15
[minutes] north of that of Mecca. When they multiplied the longitude
difference by itself (the result) was 7 degrees (daraja) and 50 minutes
and two-fifths of a minute {i.e., 7;50,24}, and when they multiplied the
latitude difference by itself (the result) was 150 units (juz’) and [three
minutes] {text: one-third of a unit} and fifty [seconds] {text: units} {i.e.,
150;3,50 - note that the square of 12;15 is 150;3,45}. When they added
the two quantities and took the square root of the sum the result was 12
degrees and [30 minutes] {text: 20} to a close approximation. And when
they multiplied that by 56 miles the result was 700 and 3 miles and one-
half and one-quarter of a mile. {See the commentary on this calcula-
tion. }

Al-Ma’min wanted to check the calculations made by Yahya {sc. Yahya
ibn Abi Mansiur} and his colleagues, so he sent out someone to measure
the road to Mecca, and they {plural! - compare the account of Habash}
found that the (number of) miles between Baghdad and Mecca by the
shortest and straightest road was 700 and 10 miles, which was about 6
miles more than the results of the calculation. al-Ma’mun pronounced
that the calculation was more accurate and that the difference was due
to the depression (istifal) of the wadis and the elevation (irtifa‘) of (hills
on) the surface of the earth. When he had become convinced of this, he
became excited to know the maximum distance of the moon from the
surface of the earth, so he asked them about this and they answered ....
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Commentary

There are clearly some corruptions of the text, which, as it stands, does not
reflect well on the Qadi’s competence to participate in the observational
program. For example, it is not absolutely clear from the text that he knew
the difference between an equinox and a solstice. If the sun was indeed at
the summer solstice, then the daily change in its declination would be
negligible even in more sophisticated observations. This con tradicts the
statement of Habash that the astronomers made a correction for the change
insolar declination inbetween the two decisive solar altitude measurements.
The next points to note are first that this text states that the observations
were made by heading for the desert between Palmyra and Raqqa, and
second that there is no mention whatsoever of Sanad ibn “Ali.

This text mentions that the altitude of the celestial pole in Mecca was
found to be 21° and in Baghdad, 33°. Yet the latitude difference stated is
12;15°, and the ensuing distance calculations are based on that value (not
11;45° as reported by Habash). Since we have no information on the way
in which the values were obtained, there is little more to say on them, al-
though it may be useful to remark on other early values of these two
parameters.

Excursus: Early values of the latitudes of Mecca and Baghdad

In addition to the values 21;0° and 21;40° for ¢,, that are mentioned in our
sources, we may cite various others used in the 9th and 10th centuries.
Ptolemy’s value of 22° for ¢, (for “Makoraba")® was used by the 10th-
century astronomer Abl ’I-Wafa’ (who used 33;25°for ¢ and 3° for
ALyg).* The identity of the astronomers who derived the value 21;30° for
¢y within a few years of the observations commissioned by al-Ma’mun is
unknown. Likewise, we do not know who determined ¢, as 21;20° (the

“ Kennedy & Kennedy, Islamic Geographical Coordinates, p. 225.
“ Kennedy, “Abii’l-Wafa’ on the Distance Baghdad-Mecca”, p. 200.
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accurate value is 21;26°).“ This was used in one of the first tables dis-
playing the gibla as a function of terrestrial coordinates, which was pre-
pared in Baghdad in the 9th or perhaps the 10th century.*

We have already encountered the values 33° and 33;27° for ¢; in our
sources. In various early Abbasid works, some to be associated with al-
Khwarizmi, a contemporary of these observations, the value 33° is also
used for ¢y (the accurate value is 33;20°).* Yet in al-Khwarizmi’s and
also al-Battani’s geographical tables the value given is 33;9°.°° This dis-
tinctive value reappears on one of the plates of of an astrolabe made in
11th-century al-Andalus.”® We need not assume that such a value was
actually measured: it may have been calculated form the length of longest
daylight.” The more accurate value 33;25° was used, for example, by al-
Nayrizi in Baghdad ca. 900,% and is also found in the geographical tables
of Suhrab, ca. 930.* The value value 33;21° appears to have been
derived by Ibn al-A‘lam, a 10th-century Baghdad astronomer of some

7 King, “Earliest Qibla Methods and Tables”, pp. 126-127 and 129.
“ Ibid., pp. 118-126.

49

King, “al-Khwiarizmi”, p. 2.

0 Kennedy & Kennedy, Islamic Geographical Coordinates, p. 55.

" Namely, the astrolabe made by Ibrahim ibn al-Sahli dated 478 H [= 1085/86]
(International Instrument Checklist No. 121, preserved in the Staatliche Kunstsammlungen
in Kassel, inventory no. A38) - see Mayer, Islamic Astrolabists, p. 52. The latitude 33;9°
is also stated to serve Damascus.

% The length of longest daylight chosen could have been 14;15 hours, the obliquity of the

ecliptic ihat of Piolemy, 23;51,20°. (Muslim astrolabisis used this latier parameter for
centuries, unswayed by the more up-to-date values found by the Abbasid astronomers and
their successors.)

3 Schoy, “al-Nayrizi iber die Qibla”, p. 57.

54

Kennedy & Kennedy, Islamic Geographical Coordinates, p. 55.
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renown.” It is used in several tables in the anonymous recension of the
Mumtrahan Zij, the only available version of the major production of the
astronomers of al-Ma’'min.*

Returning to the text, it is not without interest to follow the calculations
recorded by Yahya of the distance Baghdad - Mecca. These do not
correspond to those reported by Habash, but it seems as though the latter
were made by Habash himself. The squares of the sides of the (plane)
right-angled triangle of which this is the hypotenuse are given as 7;50,24
and 150:3,[45] (text has 50'"). Their sum is 157;54,9. Using the standard
approximation, the square root of this is:

V(144 + 13;54,9) = 12 + 13:54,9 /(2 X 12)
= 12 + 0;34,45 = 12;34 (by truncation) = 12;30 (text has 12;20).

Now we multiply 12;34 by 56: the product is 11,43;44, which is indeed
about 703 + 1/2 + 1/4, as stated in the text. Note, however, that the
results of al-Ma’min’s final survey of the road between Mecca and Bagh-
dad as reported here are also at variance with what was recorded by
Habash.

The reader will observe that no value is presented for the gibla at
Baghdad. Clearly, though, the method used was equivalent to:

sinq = AL cos ¢y / V[(Ap)> + (AL cos ¢y)?] .

** On Ibn al-A‘lam see Sezgin, GAS, V, p. 309, and VI, pp. 215216, and on his lost
astronomical tables see Kennedy, “Ibn al-A‘lam”, Mercier, “Ibn al-A‘lam” and Tihon,
“Alim”.

His derivation of ¢y is described in a note on the flyleaf of an early copy of the Zij-i
Ilkhani which passed through Christie’s of London in 1986. The text translates: “Note
(fa'ida): al-Sharif {the standard epithet of Ibn al-A‘lam} found that the highest (solar)
altitude was 80;12° and the lowest 33;6°. From this it was established that the obliquity
of the ecliptic was 23;33°, the latitude of Baghdad 33:21° and the altitude of (the sun art)
the equinox(es) 56;39°. Copied from the handwriting of the author.”

% See MS Escorial ar. 927, fols. 64r, 64v and 93v (pp. 125, 126 and 184 of the “facsimile”
published in Frankfurt in 1986, which does not accurately reproduce the original
manuscript).
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This corresponds to one described in an early Abbasid text.’ Its
justification is simple: distances on the sphere are cousidered in a plane.
And, in particular, distances on the parallel of latitude of Mecca are modi-
fied by a factor of cos ¢, = Cos ¢y / R (where R = 60).

For Habash'’s values 2;48° and 12;5° for the numerator and the denom-
inator, I compute 13;24° for gq. For Ibn Aktham’s values 2;45° and
12;34°, I compute 13;38°. (The value 13;13° for Baghdad is specifically
mentioned in the instructions to an Abbasid gibla table, but the table is
based on ¢y = 21;20°.%)

The geographical parameters derived from these observations (¢ =
21;40° and AL = 3°), but now with the better value ¢, = 33;25°, were
used by al-Nayrizi (fI. Baghdad ca. 900) in a numerical example appended
to his treatise on the determination of the gibla by spherical trigonome-
try.*

5. Concluding remarks

It should be borne in mind that before these observations were conducted
to establish the mathematically-computed gibla, the Muslims in the
province of al-‘Iraq had been using astronomical alignments or cardinal
directions for the gibla. A popular gibla direction for al-‘Iraq was winter
sunset, chosen in order to be “facing” the north-east wall of the Ka‘ba.®

57 King, “Earliest Qibla Methods and Tables”, p. 102. See also Ahmedov er al., “Istanbul
Manuscripts”, on the source.

% King, “Earliest Qibla Methods and Tables”, pp. 127-129.
* Schoy, “al-Nayrizi iiber die Qibla”, p. 57.

On the use of astronomical alignments for the gibla see King, Siudies, C-X-XIII (where
C-X is a reprint of the article “Makka. iv. As centre of the world” in EF), and, more
recently, idem, “Orientations™.

It is not only for the history of Islamic architecture that the gibla is important. In an
Arabic account of the supernova of 1006 A.D. the direction of the supernova is defined
in terms of the “gibla of al-“Iraq" (see Goldstein, “Supernova of 1006”, p. 107). But
which gibla is being referred to here? Winter sunset, a popular traditional direction, or
the gibla determined by al-Ma'mun’s astronomers? Or yet another direction?
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Others preferred due south, following the practice of the Prophet in Me-
dina. In the year 847 the mosque in the new Abbasid city of Samarra was
apparently (that is, according to Herzfeld and Sarre) laid out at about 15°
W of S,% perhaps as a result of the observations described above. Surely
other religious sites could be identified in Baghdad with an orientation of
about 13° W of S. But very little reliable information on the orientations
of Islamic religious architecture in Iraq is currently available, and little
more should be said until they are measured properly.

As Mercier has already pointed out, all of these reports about the
expeditions must be regarded with a certain amount of scepticism. He has
expressed doubt that the Palmyra expedition ever took place, and his
arguments are, given the evidence, sound. Without wishing to do injustice
to Sanad ibn “Ali, Mercier suspects that we are dealing with a legendary
report based on a possible earlier (that is, pre-Islamic) expedition. But the
main cause of scepticism remains the fact that the results are too good to
be true, if indeed the procedures involving measuring solar meridian alti-
tudes were used. Not least is the problem presented by the size of the solar
disc. Again, an error in one minute in the solar altitude would yield an
error of one mile in the distance, and measuring the solar altitude to the
nearest minute is something that one might have been able to do with a
good instrument in Baghdad, but anticipating that one could achieve the
same accuracy in the wilderness during an expedition of several days
requires considerable imagination. Small wonder, then, that not long
thereafter someone thought of simply measuring the distance between
Baghdad and Samarra, and the difference in solar meridian altitudes in the
two places. Unfortunately, however, Samarra is by no means due north of
Baghdad. The report of this minor expedition, cited by al-Biriini from Abu
"I-Fadl al-Harawi, confirmed the result 56 2/3, and was rightly regarded
by al-Biraini as rather fishy.®

Some later Muslim scholars ignored the results of al-Ma’min’s

" Herzfeld & Sarre, Archdologische Reise, 111, pl. XIX. (Note that in pl. XX no orientation
is given.).
S al-Birani’s Tahdid: text, pp. 212-213; translation, pp. 177-178; and commentary, pp.

132-133.
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expeditions altogether. Thus, for example, the celebrated early-14th-
century geographer-prince Abi ’1-Fida’ preferred Ptolemy’s value of 66
2/3 miles per degree.® A report such as the one by Yahya ibn Aktham
would certainly have encouraged serious people to favour such a reliable
authority from Antiquity (though see below).

Our problem is that we do not have access to the original reports by the
astronomers who participated in the expedition(s). Were there really two
different expeditions, one in the desert north of Palmyra that started from
Damascus and another in the desert of Sinjar that started from Baghdad?
Even the latter, which is reported to have taken the astronomers 200 km
into the desert, must have been a major undertaking. And it would have
been utter folly to schlepp instruments and personnel 500 km across in-
hospitable terrain from Baghdad to the Syrian desert. We are still, how-
ever, confronted with the report by Sanad ibn °Ali, which is early enough
that one cannot explain it away.

Other reports of different astronomical observations (mainly of conjunc-
tions and eclipses, equinoxes and solstices) conducted by the Abbasid
astronomers in the 9th century, such as we find quoted in the writings of
Ibn Yinus and al-Birani, are impressive by any standards and are not
marred by the inconsistencies found in these various reports of the geodetic
measurements. What has happened here confirms the adage: “Too many
cooks spoil the broth”. Ibn Yunus made a similar criticism of al-Ma’miin’s
team-work, stating that one good man could achieve more on his own.®
He had, of course, himself in mind. Alas he did not tap his patron al-
Hakim for a geodetic expedition up the Nile. Al-Birini, who was more
convinced of the need for new geodetic measurements, did conduct the
necessary research programme and was able to derive a reasonable value
without involving two teams of astronomers - and one superfluous gadi
completely innocent of what they were doing - wandering about in the
desert.®

% Mercier, “Muslim Geodesy”, p. 176, n. 12, and pp. 177-178.
% Caussin, “Ibn Yinus”, pp. 34-40.

% See the summary in Mercier, “Muslim Geodesy”, pp. 182-184.
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One may wonder why in later mathematical geography Muslim
astronomers preferred to use the less accurate Ptolemaic value of 66 2/3
miles for one degree. For example, it is Ptolemy’s value that is used on
17th-century Persian maps of the world centred on Mecca, from which one
can simply read off the gibla and the distance to Mecca for any locality in
the Islamic commonwealth.®® The explanation is probably that it was
thought that the parameter 66 2/3 actually was the result of al-Ma’mun’s
astronomers. Even the great 13th-century polymath Nasir al-Din al-Tusi,
in his influential Tadhkira fi “ilm al-hay’a, attributes this value to them."
Thus the efforts and results of al-Ma’miin’s astronomers were not only not
properly recorded at the time, these results were also not properly
transmitted for posterity.

Acknowledgements: This study could not have been written without the
cooperation of Princeton University Library and the generosity of Dr. Y.
Tzvi Langermann (Jerusalem). I am much indebted to Kurt Maier
(Frankfurt) and Dr. Muhsin Zakery (Halle) for their constructive criticism.
Any remaining confusion is the responsibility of myself, and, in no small
measure, the cooks and the gadi.

% On these remarkable maps (one discovered in 1989 and another in 1995) see Lorch &
King, “Qibla Charts”, pp. 198-200 and 202; my article “Samt” [= direction] in EP, with
corrections in the article “Tasa” [= magnetic compass]; and King, World-Maps. A
detailed study is in preparation.

7 See Ragep, al-Tisi’s Tadhkira, I, pp. 310-314, and II, pp. 501-510. Ragep has shown
that the value is recorded already in a report by Muhammad ibn Musa ibn Shakir (d.
873).
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