BERUNI AND HIiS EXPERIMENT AT NANDANA
N. A. BALOCH *

Nandana is situated in DistrictJhelum, Pakistan, about 60 miles S.E. of
Islamabad in straight Gine and can be reached by road in less than 3 hours.1
In the long past, Nandana was a Capital city of historic importance, and also
Nandana vvas an administrative district until the second half of the 18th
century A.D. The place, known locally as Nananna or Nandnna, 2 had
remained more or less inhabited upto the 18th century but vwas abandoned
thereafter and the populadon shifted to Baghanavvala dovvn below in the
plain. Presently the site is abandoned, and has recently been protected by
the Department ofArchaeology. 3To thisday, as one visits it one cannot miss
the conspicuous sight of the high mount or its peak point to which Beruni
had once climbed up to take measurements for his experiment. These stand
out clearly in the light of Beruni’s own observations.

Beruni’s performance of this unique experiment at Nandana is vvell
knovvn through his own description ofit. Hovvever, the circumstances under
vvhich he worked and visited Nandana have not been correctly interpreted;

* Prof. N. A. Baloch, National Hijra Council, Islamabad.

1 The itinerary ofjeepable road: Islamabad /Ravvalpindi, Chakwal, Choa Saidanshah,
road to Pind Dadankhan, turn on the way to Ravval Cement Factory, VVarnali, Baghanwala,
Nandané. Also from Choa Saidanshah 12 miles east through the Ara Valley to the Ara Rest
House, and then walk 3 miles south to Nandana. A visit was facilitated for me in 1978 by Mr.
Ahmad Nabi Khan the then Superintendent of the Archaeological Circle, Lahore, and wve took
the jeepable road from Choa Saidanshah via the Ara Valley.

2 As reported by Malik Ghulam Muhammad whodied in 1956 at an advanced age of 107
years. O fthe historians ofthe Ghaznavid period, Gardezi and Baihagqi cali it ‘Nandinah’ vwhich
is more close to the native pronunciation, though Utbi vvrites it as ‘Nardin’. (Nazim, Dr.
Muhammed: The Life And Times ofSultan Mahmud OfGhazna, Gambridge, U.K., 1931, p. 91 fn.

4)-
3 The site area measures 45-16 acres and is entered into the Revenue Record as

“No. Khevat Malik 252
No. Khatdn? Kashtkar 591

No. Khasra 276"
situated in mahal Baghanvvala, tehsil Pind Dadankhan, district Jhelum.
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the problem and the experimental method vvhereby he solved the problem
have not been fully appreciated; and ali the three versions of his description
have not been put together and vveighted. An attempt is made in the
follovving pages to study and explain these specific aspects of this historic
event of great scientiflc interest.
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THE PERSPECTIVE: PRIOR TO BERUNI'S VISIT TO NANDANA

Before adverting to his experiment, it needs to be clarified whether
Beruni, as it is supposed to be, was a prisoner at Nandana where he
performed his memorable experiment. The topography of the place and the
terrain around would readily bring it to one’s mind that no prisoner
brought ali the way from Ghazna to be confined in the fort would have been
allovved to be so mobile as to have accomplished the task of performing the
experiment to its successful conclusion; it must have required hours ofdaily
work in complete freedom, not only outside the fort but much beyond the
limits ofthe city area itself. Moreover, ifitisaccepted that beginning from his
arrival in Ghazna, Beruni vvas held as a political prisoner or a hostage, in
Nandana or elsevvhere, during the remaining period of Sultan Mahmud’s
reign (408-421 A.H.), the continued progress of his purposive scientific
activity and remarkable achievements during this period can hardly be
explained in the context of such a distorted perspective.

The view that Beruni vvas taken as a prisoner ofwar in Khvvarizm and
held as a prisoner or a hostage even after his arrival in Ghazna, gained
currency after the late Dr. Edvvard Sachau’s stretched argument to that
effect in his ‘Preface’ to Alberuni’s India. Follovving the tradidon of Beruni to
uphold the truth, one may venture to say in ali humility that the prolonged
argument of Dr. Edward Sachau, the most learned editdér of Beruni’s works
whose presence is respectfully felt vwvhenever one thinks of Beruni, to portray
Beruni as a prisoner of war and to emphasize Beruni’s antagonism tovvards
Sultan Mahmud and vice-a-versa, is the least scholarly part of his scholarly
edition Alberuni’'s India.

Learned Sachau opens his Preface with a diatribe against Sultan
Mahmud: “History paints Mahmud as a successful vvarrior but ignores him
a Maecenas” .4 It would appear as if to disparage Sultan Mahmud, he uses
Beruni against him. He gives his readers to understand that Beruni vvas taken
prisoner and held as a hostage by the Sultan to the very end of his reign;
restrictions vvere imposed on him so that he could not carry out his researches

4 Alberuni’s India (beingan English Edition ofBeruni’s Kitdb maital-Hind by Dr. Edvvard C.
Sachau, London, 1910, Preface to vol. I. p. i (Hereafter referred to as ‘Preface’in the text of the
Paper.)



676 N.A. BALOCH

A Skcleton Map, shovving Nandana and the vvhole region
betvveen the Indus and the Chenab Rivers, (Adopted
from Sir Aurel Stein’s Archaeological Reconnissances ete.).
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freely; ili treatment was meted out to him both by the Sultan and his Prime
Minister; and that upto the time that Beruni vvrote his ‘Kitab al-Hind’ (421
A.H., the very last days of the Sultan), he vvas “stili suffering from the
oppression ofKing Mahmud” (Preface, xvii). A close examination ofali the
relevant references shows that such assertions are contrary to the facts on
record.

(i) Was Beruni taken prisoner in Khiva and brought to Ghazna
along vvith other prisoners? Learned Sachau has led his readers to
believe that it vwas so. According to him, after having conquered Khiva,
Sultan Mahmud returned to Ghazna vvith “much booty and a great part of
the Khiva troops, together vvith the princes of the deposed family ofMa’man
and the leading men ofthe country as prisoners ofvvar or as hostages. Among
the last was Abu Raihan Muhammad ibn Ahmad Alberuni” (Preface, ix).
But neither Beruni himself has said or hinted in any of his vvorks, including
his “Chronicle of Khvvarizm” in vvhich he has recounted the circumstances
of Sultan Mahmud’sconquest of Khiva, that he vvas taken prisoner, nor any
other contemporary or early reliable authority has mentioned Beruni’'s name
among prisoners.5The only tale about Beruni having been sent to prison in
the fort of Ghazna for six months for having annoyed the Sultan wvith his
exact predictions in response to the Sultan’s test questions, is told in Chahar
Magala by Nizam1 cArGdT, an author vvho relied on hearsay and revelled in
the lore of the past to recount stories for purpose of literary entertainment. 6
Another literary source often referred to is YaqQt’'s Irshad al-Arib or Mugam
al-Udaba’ (vvritten more than tvvo centuries after the event) in vvhich it is
mentioned, again on the basis of hearsay, that Beruni vvas about to be
punished vvith death by the Sultan but only good luck saved him. 7 Even this
report does not say that Beruni vvas taken avvay as a prisoner to Ghazna.

s Abul Fadl Baihaqgi vvas Beruni’'s contemporary and has included copious extracts from
Beruni’s ‘Chronicle of Khvvarizm’ (al-Musamarah Jt Akhbar Khwarizm) in his ovvn History (ef.
Tarikh-i Balhaqi, Persian text, Mashed University, Mashed, 1350/1971, p. 1004). Zahiraddin
al-Baihagqi, vvho in his Tatimmah has mentioned Beruni a number of times, does not say that he
was taken as a prisoner to Ghazna. He has mentioned the physician Abul Khair Khammar
being taken by Sultan Mahmud to Ghazna but not as a prisoner (Tatimmah Siwan al-Hikmah,
Lahore, 1951, p. 12).

6 Chahar Maqala, ed. Muhammad b. Abdul YVahhab Q_azvini (Text, Leyden 1327/1909),
Gibb Memorial Series, London, 1910, p. 57.) This tale pertains to the period vvhen Beruni was
already in Ghazna and in close company of Sultan Mahmud.

7 Mujam al-Udab4, in 20 parts, Dar al-Mamun Press, Cairo, X1 /186.
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Therefore, there vvas no good reason for iearned Sachau to have added
Beruni’s name to the list of prisoners.

In order to reinforce his argument that Beruni vvas taken prisoner and
forcibly removed to Ghazna, or to somewhat modify this stand, iearned
Sachau labelled Beruni’s departure from Khvvarizm to Ghazna as an
“involuntary immigration” (Preface, ix). But there is nothing on record to
show that he was forced against his will to leave Khwarizm. The question is,
vvhy should he have preferred to stay on in Khvvarizm vvhen his patron ruler
Abl’l-cAbbas Ma'min had already been assasinated by the rebels, disorders
had prevailed, Sultan Mahmud’s deputy vvas novv to govern the country,
and there vvas no possibility ofany Mamunid Prince coming to the throne
again? Moreover, it vwas not for the flrst time that Beruni had left his
homeland. His mission in life was clear: to seek knovvledge and advance it
vvherever opportunities to do so became available to him. He vvould readily
leave a place vvhen his scholarly pursuits vvere likely to suffer. Long back in
487/488 A.H., he had left Khvvarizm vvhen he vvas no hope to continue on
with his plan of astronomical observations vvhich he had pursued during
485-486 A.H ., and partly in 487 A.H .,8because of the disturbed conditions
due to the struggle for povver betvveen two ‘great men of Khvvarizm’ (Kabtrai
Khvvarizm). 9 Beruni had then decided to leave Khvvarizm not because ofany
external pressure but because ofinternal disorder. He first vvent to Ray then
tojilan, and from there tojurjan. There at the courtofQabus b. Washamgir
he stayed for about 5 years (389-394 A.H .),10 and considerably advanced
his astronomical and historical studies vvhich culminated in the composition
ofal-Athar al-Bagiyah. But then he left that court and returned to Khvvarizm
vvhich wvas novv peaceful, with AbG’l-Hasan Ali Ma'm0n as the newv ruler.
He took to his studies and made astronomical observations ofvvhich the one
made in Ramadan 394 A.H. is specifically mentioned by him .11 By that

8 Cf. BerOni's Tahdid .Nifidjal al-Améakin li-Tashih Masa/at al-Musakiti, Text, ed.,
Muhammad b. Tavvit al-Tanji, Ankara, 1962, pp. 80-81 & 236.

9 That is how Beruni put it (Tahdid, p. 81), and he obviously meant Abu Abdullah the last
ruler of the House of Irag and his adversary Ali b. Mamun who won the throne for the new
Mamunid Dynasty.

10 F.A. Shamsi in his Paper “Abu al-Raihan Muhammad ibn Ahmad al-Bayruni” (Al-
-Biruni Commemmorative Volume, Hambard Academy, Karachi, 1979, pp. 260-288) has made
useful observations on the chronology of Beruni's departure from Khvvarizm, his presence in
Ray, Jilan and Jurjan, and his eventual return to Khvvarizm.

11 al-Qandn al-Mascadi, Arabic text, 3 Vols., Hyderabad Deccan, 1954-56. p. 74.
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time, Ali assigned him a position in the court, ‘which pleased the friends who
knevv him and upset the ignorant ones’. He was not particularly happy wvith
this assignment (as it was likely to disrupt his studies) vvith which he had
been burdened,12 but finding no way out ofit he remained in that position
during Ali’s reign. Hovvever, he continued on subsequently under more
favourable circumstances during the reign of his brother Abul Abbas vvhen
he was also able to save some time for his field research.13

It was during his close association vvith the court of the young prince
Ab0’l-cAbbas M &’'man that Beruni became better informed about the power
and position of Sultan Mahmud and the importance ofthe Ghazna court as
a gatevvay to India. AbQG’'l-cAbbas became a brother-in-law to Sultan
Mahmud, and also he reposed full confidence in Beruni vvhose counsels
probably helped to maintain the most cordial relations between the two
courts during most of the period of the young prince’s reign. In his al-
Musamarah fi Akhbar Khuianzm 14 (Chronicle of Khvvarizm), Beruni has
stated that he had served prince Ab(’I-lAbbas for seven years; also he has
underlined the fact during this period friendship betvveen Abd’l-cAbbas
and Sultan Mahmud wvas firmly established and that, presumably because of
Beruni’s advice and influence, Ab(G’l-cAbbas alvvays tried his utmost to vvin the
heart of Sultan Mahmud 15. Also from a statement made by him in his Kitab
al-Jamahir, it appears that most probably Beruni used to supervise the
despatch of annual presents from Ab@’l-cAbbas to Sultan Mahmud, vvhich
included precious stones of rare quality.16 Such presents vvere probably

12 Tahdid, p. 81. J*UJ 1 *-i. u» 1Jd

ecULJIjjuadI NM»jau'j
13 Loc. cit.
14 So is the title mentioned by Sacid Nafisi in his Dar Pairamun-i Tarikh-i Baihaqi, Tehran,
*342 (S), (vol 2, p. 1004).

15 Beruni quoted by Abul Fadl in his Tarikh, p. 907. N (110 . o*
~1o3 NN \j,\
- t-**5 »E> >y y-»'Jj

16 Kitab al-Jamahirfi Ma'rafat al-Jamahir, Hyderabad, Deccan, 1355 A.H., p. 56.
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prepared in his presence so that he could advise on their quality and
excellence. As it vwas an annual affair, the fact of Beruni’s expertise and
advice should not have remained unknovvn to Sultan Mahmud.

It would appear that though Ab0G’l-cAbbé&s vvas a man of noble
disposition he vvas not a great ruler. He could not maintain discipline in his
army and also he could not balance his strategic position betvveen the
Ghaznavid povver on the one side and the Khanates of Transoxiana on the
other. In his ‘Chronicle of Khvvarizm’ Beruni has recounted the
circumstances vvhich had prevailed during the last years of the prince’sreign
(406-407 A.H.), and hovv he had given the best possible advice to the Prince
vvho, with ali the regard he had for Beruni, either did not follovv his advice or
failed to take timely decisions. Thereafter, Beruni vvould appear to have
continued his nominal attachment to the court but, to ali intents and
purposes, he kept himselfaloofso that during 406-407 A.H. vve find him busy
wvith his astronomical observations.17

In Shavvvval 407 A.H., Ab(’'l-cAbbas M a’m0n Khvvarizmshéah vvas slain
in the rebellion led by Alptigin and other military commanders, and it is not
knovvn vvhat happened to Beruni in the vvake ofit. There isno doubt that this
event had shaken him up badly so that he recounted it in some detail in his
“Chronicle of Khvvarizm”, copious extracts from vvhich are preserved by
Abul Fadl Baihagt in his History. 18 Beruni’s account shovvs that he had no
soft corner for the rebels as he particularly mentions the stern punishment
they deservedly suffered at the hands of Sultan Mahmud. Beruni must have
found a place ofsafety for himselfduring and after the rebellion till the time
that Sultan Mahmud attacked and defeated the rebel forces. Beruni and
others vwwho vvere attached to the court of Abul Abbas must have heaved a
sigh ofreliefon hearing that the killers of their patron vvere vanquished and
punished, and that they should have turned to Sultan Mahmud thereafter
was but natural. Beruni’sresearches vvere disrupted by the rebellion, and as a
man of practical vvisdom he saww no prospects for his staying in Khvvarizm and
continuing his vwork. For long, he had been in search oforiginal source books
on Hindu astronomy, and he novv sawv it clearly that for his Indian studies
Ghazna wvas his future destination. That Sultan Mahmud should have
shovvn favour to him for being an eminent scholar and astronomer vvas but a

17 In his Tahdid (pp. 49, 53, 89, 101 & 108) and in al-Qariun al-Ma fudi astronomical
observations made by him specifically from Shawwal 406 to Rajab 407 A.H.
18 Tarikh-i Baihagi, (supra fn. 5).
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vvelcome opportunity for him to leave for Ghazna. But neither the
circumstances then prevalent at Khvvarizm nor the Sultan’s treatment of
him tend to suggest that his departure from Khvvéarizm for Ghazna wvas
against his will, or a forced one.

(ii) Was Beruni a politician and an antagonist of Sultan Mahmud?

Beruni vwvas not a ‘politician’ by any stretch of imagination, and neither he
vvas in a posidon to be an ‘antagonist’ of Sultan Mahmud. It vvould appear
that in order to establish a basis for Sultan Mahmud holding Beruni as a
hostage and according ili treatment to him because of the supposed
antagonism betvveen the tvwo, Dr. Sachau assigned Beruni the role of a
politician and capitalised on it. According to him, Beruni “played a political
partascouncillor ofthe ruling prince ofhis country ofthe Ma’'man’sfamily”
(Preface, viii). Therefore, “from the very outset it is not likely that both the
King and his Chancellor, Ahmad Ibn Hasan Maimandf, should have
accorded special favours to a man vvhom they knevv to have been their
political antagonist for years” (Preface, ix). Dr. Sachau further qualified
Beruni as a “cautious politician” implying as if he vvas an opportunist
(Preface, x). There being no statements on record to vvarrant such
conclusions, he attempted to infer this, and much more, from his other
equally untenable assumptions such as Beruni’sinadequate praise for Sultan
Mahmud, his forthright vievvs expressed in the presence of the Sultan, his
criticism of him, and his failure to dedicate any of his vvorks to the Sultan.
But, Beruni has left enough on record to invalidate such assumptions,
provided his reader did not put his ovvn connotations on vvhat vvas recorded
by him. For example, even though Beruni has referred to Sultan Mahmud
by his most proper title “al-Amir Yamin al-Daulah” and vvherever he has
mentioned the late Sultan he has sought blessings of Allah for him and
recorded the most befitting bendiction after mentioning his name, to Dr.
Sachau ali this vvas not expressive enough of Beruni’s regard for the Sultan
(Preface, x-xi). Also Dr. Sachau failed to appreciate the great virtue of
Beruni vwho vvould alvvays speak the truth; ifhe had done so in the presence of
Sultan Mahmud it vwas not because he did not respect the Sultan but because
the truth had to be told. It vwas Beruni’s courage of conviction, and not his
animosity or antagonism tovvards the Sultan, that he criticised him for
“utterly ruining the prosperity” of India (Preface, xi). In the same vein, he
criticised Sultan Mes’dd vwvhom according to Dr. Sachau, Beruni held in
higher esteem than Sultan Mahmud (Preface, xiii-xiv), by pointingout howv
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he had ruined the prosperity and administration of the State by squandering
avvay ali the accumulated treasures vvhich had vanished like smoke as ifin a
single day.19 Beruni even did not hesitate to speak the truth wvhile
delineating the character of his ovwn prince and patron AbQ’l-cAbbas
Khvvarizmshéah: “He had praisvvorthy qualities ofcharacter, but also he had
the unpraisvvorthy ones”, so declared Beruni; and he added further: “ 1 say
this in order to make it clear that | cannot be partial to anyone” (vvhile
upholding the truth). 20

To shovv that Beruni vvas not favoured by Sultan Mahmud, Dr. Sachau
asserts it firmly that “at ali events, itis perfectly certain that Alberuni cannot
have been in favour vvith King Mahmud, or he vvould have dedicated one of
his books to him” .21 The argument that Beruni had not dedicated any book
to Sultan Mahmud does not establish that the Sultan did not favour him. For
that matter, Beruni had not dedicated any ofhis books even to the princes of
his ovwn homeland, wvith vvhom his attachment in contrast to his
disenchantment vvith Sultan Mahmud has been taken for granted by Dr.
Sachau. Yet Beruni had done at least one favour both to his Khvvarizmian
prince and to Amir Yamin al-Daulah Sultan Mahmud: just as the ‘Ring’ for
astronomical observations used by Abdu’-Rahman as-Saff during the reign
named his first ‘Ring’ after Khvvarizmshah as Khvvarzimshaht, and second
one after Yamin al-Daulah (Sultan Mahmud) as Tamini.

(iii) Were any restrictions placed on Beruni’s scientific activity
after his arrival in Ghazna? Learned Sachau conveys the impression asif
it vvas so, despite the fact that Beruni had the most favourable opportunities
available to him so that he updated his earlier researches, extended the scope
of fresh inquiries, and wvvas able to study Hindu religion, literatire and
science directly from Sanskrit sources as also from Hindu scholars

19 Kitab al-Jamahir, p. 27.
Atmo» N jI L A y*dl ' V.SLff tI* Ig(I*jIIQ

* fy-1 ]
20 Beyruni’s ovvn vvords in his Chronicle of Khivarizm quoted by Abul Fadl Baihaql in his
Tarikh, p. 907.

' A jiix* ~

21 Alberuni’s India, vol. 2, p. 325 (annotation on p. 240 of vol. 1).
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themselves. The result was that he was able to author some of the greatest
vvorks ofhis life. Says Beruni in his ‘Kitab al-Hind’: “YVhat scholar, hovvever,
has the same favourable opportunities of studying this subject as | have” .22
But to dispel the notion that he should have done more than vvhat he had
presented in this vvork, he also underlined the fact that after ali he had to
vvork under certain limitations. For instance he could not reach every vvhere
and have access to ali the original Sanskrit sources, and that he also could not
engage himself in frank and rational discussions vvith the Hindu pundits
because they vievved him wvith suspicion and thought him “to be a
sorcerer” .23 Dr. Sachau, hovvever, disregards this context and, by
suggestion, creates the impression as if the limitations under vvhich Beruni
vvorked vvere imposed on him by Sultan Mahmud, and that the change for
the better came after Sultan Mahmud and his chancellor had died and
Masu’'d ascended the throne. To this end, Dr. Sachau has pressed into
service Beruni’s ovvn vvords (Preface, xiv-xv) and invested them wvvith a new
context in his paraphrased translation. 24

Elsevvhere Dr. Sachau brings together the othervvise unrelated
observations of Beruni to assert that Sultan Mahmud wvvas the one vvhom
Beruni “accuses ofhaving failed in the duties ofa protector ofart and Science
imposed upon him by his royal office” (Preface, xv). In fact, there is no
statement of Beruni on record anyvvhere in his vvritings to support this vievv.
Since there vvas no positive evidence available to him, Dr. Sachau attempted
to bring together the references from here and there, in a chain of combinations
loaded wvith suggestions, to be able to dravv the desired conclusions. After

22 Alberuni's India, vol. I, p. 24.

23 lbid, vol. I, p. 23.

24 Beruni has made a general stalement vvithout reference to anyone having imposed any
restrictions on him. What he wants tosay, in ali humility, is that despite ali thedifTiculties he had
done his best: vwho could do better except the one vvho vvould not face such difficulties! Beruni’s
vvords (‘Kitab al-Hind’, Arabic text, Hyderabad, Deccan, 1377 A.H./1958) are:

Vi - VAELSTN]
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devoting one-third of his ‘Preface’ to this forced exercise, he vvas impelled to
record apologitically the following which amounts to saying that his
conclusions are based on manipulated inferences:

In the absence of positive information, we have tried to form a chain
ofcombinations from vvhich we may infer, vvith a tolerable degree of
certainty, that our author, during the thirteen years of his life from
101 7 to 1030, after he had been carried from his native country to
the centre of Mahmud’srealm, did not enjoy the favours ofthe King
and his leading men; that he stayed in difTerent parts of India (as a
companion of the princes of his native country?), probably in the
character of a hostage or political prisoner kept on honourable
terms; that he spent his leisure in the study of India; and that he had
no official inducement or encouragement for this duty, nor any
hope of royal revvard. (Preface, xvi).

(iv) Conjectures about the place where Beruni vvas supposedly held
as a prisoner. Having presumed that Beruni vvas brought to Ghazna as a
political prisoner and vvas held as such thereafter, the question had to be
ansvvered as to vvhere vvas he held? This led to further conjecture and
speculation. If the Mamunid princes taken at Khvvarizm vvere sent from
Ghazna to the difTerent strongholds for confinement, it vwas presumed that
the same must have been the fate ofBeruni. But not knovving vvhere the other
hostages vvere held, the places for Beruni’'s confinement vvere conjectured
either from references to the forts/cities vvhere any other political prisoners
vvere held during the reign of Sultan Mahmud or even thereafter, or from
Beruni’s ovvn references to the places vvhich vvere possibly visited by him.
Thus according to Dr. Sachau, Beruni might have been held as ‘a state
prisoner’ at Multan because:

“the city of Multan is in various places mentioned by the author in
such a remarkable manner as makes me think that he knevv it, and
that lived there for some time. VVhen King Mahmud, A.H. 408
(A.D. 1017), had returned from Khavvarizm-Khiva after the
conquest ofthe country, and had carried along vvith him the princes
of the conquered house of Ma’'midn, many scholars (among them
Alberuni), officers, and soldiers, did he send some of these (among
them Alberuni) as state prisoners to Multan, vvhich he had
conquered years before? In this vvay, nineteen years later (A.H.
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427), the princes of the family of Altuntash, who had ruled
Khvvarizm after the Mamunis, vvere treated by Mahmud’s
grandson, Majdud, who sent them as state prisoners to Lahore.” 25

On the other hand (following Dr. Sachau’sspeculation that Beruni had been
taken and held as a political prisoner), Syed Hasan Barani thought that it
vvas at Fort Nandana that Beruni vvas detained:

Beruni “vvas most probably, kept as a political detenue in the fort of
Nandana after the conquest by Sultan Mahmud in 407 A.H. (1016-
1017 A.D.) of Al-Beruni’s native land of Khvvarizm vvhere he had
occupied a v'ery prominent position under the royal patronage.” 26

Being almost sure about the place, Barani even suggested the duration of
Beruni’'s confinement by observing that “ this must have been ofa very short
duration.” 27

These conjectures are obviously based on a series of assumptions: viz
that Beruni vvas taken as a prisoner at Khvvarizm, vvas brought as such to
Ghazna along vvith the Khvvarizmian princes, and from there ali the
hostages including the princes and Beruni vvere sent for confinement
somevvhat in the nevvly conquered strongholds in India. The evidence
available from the gasida of the contemporary poet Farrukht shovvs that this
vvas not the case and that the princes vvere sent for confinement to the forts of
Uk, Tag and Sipahbud (or Ispahbud) in Seistan. 28 Thus, there vvould
appear to be no basis for the conjecture that Beruni along vvith the princes or
any other hostages vvas held as a political prisoner in Multan, Nandana or
anyvvhere else in the Indian Province of the Ghaznavid Empire.

Beruni’s own Statements

In his vworks Beruni has often given vent to his feelings and expressed his
anxieties and vvorries, but no vvhere has he mentioned that he vas brought as

25 Ibid, vol. 2, p. 325 (annotation for p. 240 vol. 1.)

26 Syed Hasan Barani: “Muslim Researches in Geodesy”, the paper published in Al-Biruni
Commemoralion Volime, Iran Society, Calcutta, 1951, p. g also the same vievvpoint repeated by him
in his introduction to al-Qanun Mas'udi, Arabic text, Hyderabad, Deccan 1954-56, pp. vi &
XXXii.

27 1bid, p. 34, fn. i.

28 Nazim, Sultan Mahmud, p. 59 (fn. 5).
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a prisoner to Ghazna and held as a hostage or prisoner thereafter. He has not
stated the circumstances under vvhich he stayed at Nandana. He has not
done so even in case of the other places vvhich vvere visited by him during the
course of his field studies. Fort Nandana has come under reference in four of
his separate vvorks completed on different dates during a period ofabout 16
years, 29 but no vvhere has he even hinted that he had been a prisoner at
Nandana. His mention of“ Qal'aNandana” (Fort Nandana) as such, does not
mean that Nandana vvasonly a military fort vvhere prisoners vvere held: by it
he meant the fort city ofNandana. 30 1lvvas then an important strategic city,
being the provincial Capital of the Ghaznavid Empire vvithin India;
previously it had been the Capital of the Hindu Shahiyah dynasty. 31
Beruni’s ovvn vvords regarding his stay at Fort Nandana do not convey the
meaning ofa ‘forced stay’ there. Itisbut a factual statement, and in Beruni’s
owvn style of expression. 32 Besides, Nandana vvas not the only ‘fort city’ vvhere
Beruni had been or vvhere he had stayed. He had been to Fort Lahaur and
Fort Rajagiri in Kashmir vvhere he must have halted even though for a short
while. Also he had been to other cities Ivithforts such as Peshavvar, YVaihind
(on the Indus), Jhelum, Sailkot, Mandakakor (Fort Lahore) and Multan,
and calculated the latitudes of ali these places. 33

29 Tahdidcompleted in 416 A.H ., Kitab al-Hindin 421 A.H. (?), al-Qandn in 427 A.H. and
Kilab al-Jaméhir in 432 A.H.

30 The term used earler in Khurasan, carae into vogue on the side of Hind
after its use by the early Ghaznavid historians such as Abu Fadl Baihaqi and others. Factu-
ally, it meant ‘the place vvith a fort’, but conceptually as a strategic and administrative
centre of the region, ora Capital city of the district /province/country. For instance, vwhen

Abul Fadl Baihaqi mentions 1U» he means ‘the Capital city of Ghazna’ and notjust the
‘fort’ of Ghazna. On the side of India, he has mentioned (Taxila),( iLJ )
(Nandanah) and ( —»iJ )  (Kalinger) as Capital cities in their respective regions.

31 After the fail, in 1002 A.D., of VVaihand vvhich had been their Capital earlier, the Hindu
Shahiyah ruler Jaipal transferred his Capital to Nandana (Nazim, Sullan Mahmud, p. 88
fn. 3). Strategically located, Nandana remained the Capital city of the region through the
t8th century, Nandana wvas stili a district (Tibagal-iNasiri, Eng. Edition by Raverty, 1/537 fn.).

32 Beruni’svvords about hisstay at Nadana are ( «sss LjJU .U1JI Bul Uj) (sec
below the passagequoted from Tahdid under “The Experiment’). Here, as elsevvhere, Beruni
in the ordinary sense of :'so it happened’. For instance vvriting about the date, time and place of
has used the verb  “ his birth, hesays“ ( fjj'j4 Nl o )
(quoted from Beruni's ( (ri/ge -’ «ufll .1 J OuU.)” by al-Tanji in the
introduction to his edition of Tahdid p. 5.

33 Alberuni’s India, Sachau’s Eng. tr., vol. 1, pp. 208 & 317.
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So far as his relationship with Sultan Mahmud vvas concerned, his ovvn
version of it is vvrit large in a number of statements recorded by him in
difTerent contexts, vvhich shovv beyond doubt that Beruni enjoyed a position
of close trust and confidence vvith the Sultan, held him in high esteem,
considered him as his beneTactor, felt obliged to him and expressed gratitude
to him. The more significant statements, some already referred to, may be
underlined here in their chronological sequence as they clearly confirm the
continuity of cordial relations betvveen Sultan Mahmud and Beruni to the
very last.

(@) Beruni's acquaintance vvith the Ghazna court developed during the
long period of 7 years (499-506 A.H.) vvhen heserved Abu’l-cAbbas Ma’'mdn
Khvvarizmshah, Beruni’s ovvn observations in his ‘Chronicle of Khvvarizm’
(already referred to) shovv that he stood for the most friendly relations
betvveen Abu’l-cAbbas and Sultan Mahmud. When Abu’l-cAbbéas failed to
respond to Sultan Mahmud’s requests and began losing his confidence,
Beruni advised him in a manner to help him out ofthe predicament in vvhich
the young prince had placed himself. When this did not vvork, Beruni kept
himself aloof from the court (406/407 A.H.). Beruni remained the most
sincere vvell-vvisher of his ovvn prince and also a friend of the Ghazna Court.

(b) In his Kitab al-Jaméahir, Beruni has stated that vvhile at the court of
Abu’l-cAbbas he used to oversee the despatch of royal presents to Sultan
Mahmud annually, and he has specially mentioned a fine dagger wvith a
precious ruby handle vvhich vvas a part of these presents. 34 The high quality
of the presents and Beruni’s association wvith their despatch as also his
expertise in gems must have been knovvn to Sultan Mahmud as the gifts vvere
despatched over a long period of more than 5 years.

(c) Beruni’s personal acquaintance and association vvith Sultan Mahmud
began after the Sultan had defeated the rebel forces and taken Over
Khvvarizm, in Safar 408 A.H. Soon Beruni gamed complete confidence of the
Sultan so that vvithin one year after his arrival in Ghazna (Ramadan/
Shavvvval, 408 A.H.), he had notonly availed ofthe opportunities to conduct
field research as far avvay as Kabul and Lamghan, 35 but he vwvasamong those

34 Sec fn. 16 above.
35 Sec below fn. 44 and fn. 45.
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courtiers \vho vvelcomed the Sultan when he wvvas returning from his
Mathura-Kanauj expedition by the end 0f409 A.H. The Sultan vvas stili on
his vay to Ghazna, but he vvas so anxious to meet Beruni and shovv him the
precious gems secured from Nahdra that these vvere displayed belore him lor
his expert opinion. Beruni has made a special mention of the tvwo particular
gems which he had then examined more minutely. The one vvas a fine piece
of baijazi36 (an amber colour yellovv-red ruby) and the other a glassy
greenish gem vvhich vwas considered to be the most precious one. O f this latter
one, Beruni examined the colour and texture, and then holding it in his hand
he beganjudgilig its vveight and felt it to be somevvhat lighter than the best of
its kind. The Sultan vvas keenly vvatching, and seeing that lest Beruni might
openly pronounce hisopinion contrary to the popularly held beliefabout the
uniqueness ofthe gem, he asked it to be returned before Beruni said anything
about it. 37 This shovvs that the Sultan not only recognized Beruni’'sexpertise
in precious stones but also the quality of his upright character to declare
vvhat he believed to be true vvithout any hesitation. 38

36 Kitab al-Jamahir, p. 89.

U+HJ 1 U* LIb j jo* n 1 1
i0*jji, > . .pi 1_a>. jiij1 Gjiu. *uioio~«—uji iuji
*+1%' fin v 1 * JjroNlim* J+1 *Uud U J>itVv 1
(w N y-UJdl )

37 Ibid, p. 78. some readings given by the editdr in the printed text are not appropriate and
the allernate readings shovvn as "variants’'in the foot notes are to be preferred.

1 Jjl« t u ~NAN
i I cb R =YY
wiIE ) L\S¥ ui )
o ( /LJI
* The printed text has «Ji”lj instead of vvhich is the reading.
** The printed text has instead oi wvhich is the reading of

Mss.
38 The text and the context of these references do not support the inference dravvn by some

scholars that vvhat transpried reflect strained relations betvvenn the Sultan and Beruni.
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(d) Eversince Beruni's arrival in Ghazna, not only ali the facilities became
available to him but Sultan Mahmud bestovved special favours on him for his
learning and quest for knovvledge. Beruni vvas conscious of the Sultan’s
special favours vis-a-vis his ovvn achievements to such an extent that vvritilg
in 416 A.H. he blamed himselffor not having yet calculated the longitude of
Ghazna by his nevww methods despite ali the facilities being available to him.
Says he in his Tahdid:

“When it has been established vvhat | have already stated, | mean
the determination of the longitude ofa given tovvn on Earth vvhose
position in relation to other tovvns is knovvn, such as Ghazna of
vvhich | have not yet been able to calculate but the latitude; 391 the
calculation ofits longitude according to the methods described by
me, 3911 hovvever, could not be achieved due to many reasons vvhich
prevented me from accomplishing it. And if | excuse myself from
determining it (longitude), it will amount to my denying the
apparent and the hidden bounties of God (bestovved on me) as vvell
as the bounty of my benefactor vvhich he himself has bestovved on
me in abundance. Hovvever, 1 seek the support of Almighty to
facilitate (for me) the possibility of undertaking such studies as |
have loved. 39

(e) In his Kitab al-Jamahir, Beruni has made a statement vvhich shovvs that
an intimate relationship of absolute trust and confidence had existed
betvveen him and the Sultan vvho confided in him in matters vvhich vvere
strictly personal and private. After underlining the fact hovv kings vvould
vvant to collect treasures in order to maintain their sovereignty and

39 Tahdid, p. 213.

1) < f 1> J.A L jjiz 1jtj
NI il p T-ALJtj ,jAItJI »JJ1 0o'j cUj >
AT I 11 iu; 'Si
391 As already mentioned by him in Tahdid on p. 82 that is“ <xJe £ ” = 38-35.

39 1 The longitude of Ghazna as traditionally calculated before Beruni from Maghrib (the
vvestern most pointofN. Africa) was already knovvn, and Beruni hasalso noted it as
T - = 94022' 24" (Tahdid, p. 253).
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superiority, Beruni quotes what the Abbasid Caliph Mansur had said in
that respeet. He then states in the same context that the late Amir Yamin
al-Daulah Mahmud wvas a man ofaction and firm determination and as soon
as he vvas about to accomplish one task he vvould immediately set his eye on
another (the time factor being important vvith him). One day, during the
year (408 A.H.) that he had returned from Khvvarizm, he inquired from his
astrologers hovww many more years of life he had, and they informed him that
it might be betvveen ten to tvventy years. ‘So vvhat?’ he said, ‘M y fortresses are
full of treasures to the extent that even if these vvere distributed 6ver the
number of days of those years for the sake of spending, it vvould not be
possible to exhaust them’. (This often used to be the burden of the Sultan’s
personal confidential talk vvith Beruni). Recalling it, Beruni says:

“This habit of his constantly complaining to me of that (the time
factor and non-accumulation and exhaustion of vvealth) and
purterbing me by shovving his anxiety on that account, compelled
me to teli him: “Be grateful to your Lord, ask more from Him, and
seek His protection ofyour real asset, viz., the kingship and the good
fortune; for these treasures have accumulated only because of them,
though disorganized spending for just one day cannot arrest their
decay. Thereafter, he stopped (complaining about) it.” 40

(H In the very last days ofhis life when Beruni vvas old and a forlorn figlre in
Ghazna, he recalled the special favours vvhich Sultan Mahmud, more than
anyone else, had bestovved upon him. In the follovving verses of his gasida
composed in praise of the learned scholar and poet Abu’l-Fath al-Bustf,
Beruni has named and complimented his past patrons (Mansur b. Ali b. Iraq
of the royal house of Khvvarizm, Shams al-Macali Qabds b. YVashamgir the
ruler ofJuijan, the two Khvvarizmian princes Ali and AbG(’l-cAbbas M a’'min,
and Sultan Mahmud), and ofthem ali itisonly Sultan Mahmud to vwvhom he
has devoted tvvo verses of his praise and gratitude. Also, it is to be noted that
the name of Sultan Mascdd (vwhom Dr. Sachau placed much higher in

40 Kilab a-Jaghir, pp. 26-27.
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Beruni’s esteem than Sultan Mahmud) does not incidentally figire in this
gasida:4l

Most of my days passed under bounty’s shadow
Occupying respectable positions and chairs of honour.

The house of Iraq nourished me and brought me up,
O f them Mansur having established me well.

Shams al-Ma°alt wanted to promote me
Despite my turning away from him— vvhich vwas hard to endure.

And of the sons of Ma’'m(n,cAlT did me
A favour that consoled me in my poor condition;

41 Yaqut, Mujam al cUdaba, X 1/186-87.
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And the last of them. Ma’'mQn, improved my lot,
Brightened my name and then exalted me in position.

Never did Mahmud vvithhold any favour from me,
He made me vvealthy and happy, overlooking my omissions.

He condoned my mistakes and shovved magnanimity,
And, by his majesty, added glamour to my dignity and demeanour.

Woe to my life after separation from them!
And vvhat a sorrovwv not to have met any consoler hitherto!

Conclusion

VVeighing ali evidence on record, it may be concluded that the myth of
Beruni being held as a prisoner of vvar or a hostage and yet conducting
remarkable studies and vvriting some of the greatest vvorks ofali times, needs
to be buried once for ali. For long, Beruni vvas anxious to have access to the
original sources of Hindu literatlire, astronomy and other sciences. During
the peiod of his service (399-406 A.H.) wvith AbQ’l-cAbbas Ma’'mQn
Khvvarizmshah, he became better acquainted vvith the povver and position of
Sultan Mahmud and the importance of the Ghazna court as a gatevvay to
India. After AbQl-cAbbas vwvas killed (407 A.H.) by hisrebelling commanders
and disorders prevailed in Khvvarizm, Beruni’shope for continuing scientific
studies there vvas shattered. YVhen Sultan Mahmud defeated the rebel forces
and occupied Khvvarizm (408 A.H.), BerQnf vvas vvell received by him as a
scholar, scientist and a friend ofthe Ghazna Court. He accepted the Sultan’s
patronage and accompanied him to Ghazna, keeping in vievw the most
promising future for his researches into Indology. Thus, Beruni vvas fully
motivated for his fresh scholarly pursuits even before he had reached
Ghazna. He arrived there in fortuitious circumstances enjoying the support
ofa great King vvhose realm had extended into the interior of Hind as far as
the present territories of Pakistan, vwhere minimum necessary facilities of safe
escort, stay and interpretation could become available to him. He himself
wvas conscious of ali this: “YVhat scholar, hovvever, has the same favourable
opportunities of studying this subject as | have!” And yet it vvas his ovvn
assiduity, patience and perseverance, and above ali genius, vvhich enabled
him to achieve, in comparable circumstances, the highest scholarly success
ever knovvn in history.
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1

DATE OF BERUNI'S ARRIVAL AND STAY AT NANDANA

Beruni has not mentioned the date of his visit to Fort Nandana. The
chronolgy of events beginning from Beruni’s departure from Khwarizm
until his visit to Nandana is not clear, but an attempt to trace it may lead us
to a more valid conclusion regarding his arrival and stay in Nandana.

(@) AbG’l-cAbbas Ma'm0n Khvvarizmshah vvas assassinated by the rebels
on 15 Shawwal 407 A.H. (17 March, 1017 A.D.), and the rebellous forces led
by Alptigin and others vvere defeated by Sultan Mahmud in Safar 408 A.H.
(8July 1017 A.D.). 42 It vvas in the spring 0f408 A.H ., i.e. sometime during
the months of Ramadan/Shavvvval (February/March, 1018 A.H.) that
accompanying the Sultan, Beruni arrived in Ghazna and, presumably, he
vvould not have left the city so long as the Sultan vvas there. It vwasduring the
lnextyear,on i3jamada-I, 409 A.H. (27 September, 1018 A.D .),43 that the
Sultan left Ghazna on his expedition against Mathura and Kanauj. It was
then that the first convenient opportunity became available to Beruni to
move out ofGhazna, and he immediately left for Kabul vvhere he calculated
the latitudes of Kabul and other places in the region. Thus, on “Thursday,
the 1stofjumada-Il, 409 A.H.”, he was atjafar (Jaypur?) “avillage in the
vicinity of Kabul because of my utmost enthusiasm to calculate the latitudes
of these places” .44 After spending some time in this region, he moved on to
the Lamghan region vvhere, in the vicinity of Lamghan, he observed the
solar edipse in the month of Dh’il Qa’dah, 409 A.H .45 Soon thereafter he

42 Nazim, Sultan Muhmud, pp. 58-59.

43 Ibid. pp. 109-110.

WM . 1 Xmj N
Tahdid, p. 88 (vvhere —>» is a misprint for 1 He also calculated the
latitude of Sakdvand. For a detailed discussion of the places visited by Beruni in this region,
see the Paper by Dr. A.D.H. Bivar (“The Stations of Al-Beruni on thejourney from Ghazna
to Peshavvar”) published in Al-Beruni on the journey from Ghazna to Peshavvar”) publish-
ed in Al-Beruni Commemorative Volume, Hamdard Academy, Karachi, 1979, pp. 160— 181.

45 Tahdid, Arabic text, p. 272 vhere E£*- (407 A.H.) is an obvious
misprint for (409 A.H.) because in 407 A.H. Beruni wasstili in Khvvarizm.
About the edipse, Beruni says that the sun wvas not visible till it had risen above the mountain
sky tine. At that time, only about one-third of the sun was under the edipse vvhich was then
clearing up.
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returned to Ghazna before Sultan Mahmud’s arrival from the Mathu-
ra-Kanauj expedition. The Sultan had left Kanauj for Ghazna in Shadan 409
A.H. (January, 1019 A.D.)46 and possibly reached Ghazna late in Dhi’l
Qa’'dah or Dhi'l Hajj, 409 A.H. Along vvith other courtiers, Beruni
vvelcomed the Sultan while he vvas stili at some distance from the city. It vas
on this occasion that the Sultan shovved him the precious gems he had
brought from NahGra for opinion.47

(b) During 410 A.H., though Sultan Mahmud had left Ghazna on his
expedition against Kanauj, Bari and Kalinjar in Jumada-Il, 410 A.H.
(October, 1019),48 Beruni had most probably remained in Ghazna
throughout the year or at least until the month of Sha’ban and carried out
several astronomical observations there.49 Therefore, his visit to Nandana if
at ali it materialized during 410 A.H. must have taken place after the month
ofSha’ban. In Tahdid vvhich he completed in Ghazna on 22/23 ofRajab 416
A.H., Beruni has for the first time mentioned his stay at Nandana, but the
vvords used by him [(‘On the occasion) vvhen | had stayed at Nandana’]
indicate that neither this happened in 416 A.H. nor in the previous year 415
A.H. 50 but sometime earlier. This leaves a period of4 years, from the end of

46 Nazim, Sultan Mahmud, pp. 109-110.

41 See fn. 37 above.

48 Nazim, Sultan Mahmud, pp. 110-111.

49 He has specifically mentioned the three vvhich were made on Monday 8 Safar; on
Thursday, 14Jumada-I; and on Tuesday, 14 Sha'ban. (Cf. Tahdid, Arabic text, pp. 248 and
281; al-Qandn, pp. 365, 408 and 647).

50 The year 415 A.H. may also be excluded for the reason that Beruni was possibly present
at the court in that year. it is mentioned by Abul Hasan Ali Baihaqi (Tarikh-i Baihag, Tehran,
13* 7S-/>938, p. 63) that in 415 A.H. (1024 A.D ), King of Bulghar had sent oflerings for the
mosques of Sabzvvar and Khusraugird in the Nishapur region along vvith presents for King of
Khurasan. This may be the same event referred to by Yaqut (Irshad al-Arib, V1/310) that the
ambassador “from extreme limits of the Turks” angered Sultan Mahmud by telling him that
beyond the sea in the direction of "the Southern Pole" he savv the sun rotate visibly above the
Earth. The Sultan then questioned Beruni vvho satisfied him wvith the explanation of the
phcnomeltion. Minorsky (in his editon of Sharaf-al-~aman Tahir Marvazi an China, the Turks and
India, London 1942, pp. 110-11 onvvards, and in his Paper “ On some oj Berdni's Informants” published
in Al-BiruniCommemoration Volime, Iran Society, Calcutta 1951, pp. 235-236) hascommented on this
event mentioned by Baihaqi and Yaqut and explained it in detail. He has pointed out that as
the Turks belong to the north ‘Southern Pole’ might be as mistake for ‘Northern Pole’ and, thal
Sultan Mahmud is meant by ‘King of Khurasan’. Also in September, 415/1024, Sultan
Mahmud wvas in Balkh (Nazim: Sultan Mahmud, p. 53). Therefore, in case the presents
vvere delivered by the Ambassador ofBulghar (Volga) at Balkh, it may bepresumed that Beruni
had accompanied the Sultan there; and if these vvere delivered in Ghazna, Beruni was present
there in 415 A.H ./1024.
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410 A.H. to the end of 414 A.H., during vvhich most probably he visited
Nandana. 51 But according to his ovvn statement, he had follovved up his
Ghazna observations of Sha'ban 410 A.H. again in Sha'ban 411 A.H.;
“Thursday, 26, Sha'ban” (411 A.H.) is the more specific date recorded by
him .52 Thus, the duration from the end of4io to the end 0f4i4 A.H. again
divides up into the follovving tvvo specific periods for his visit to Nandana.

Ramadan 410-Rajab 411. In case it vvas his first oppurtunity to travel deeper
into Hind, he vvas likely to have visited first the more important places vvhere
not only facilities for stay and transport but for guides to assist and interpret
vvere to become available. Accordingly Peshavvar, YVaihand and Nandana
vvould have been his most likely first choices because of their historical
importance. Though this period of about 9 months not appear to be
sufficient enough for his visits and stay on the vvay and for his stay and
experiment at Nandana, he might have visited Nandana briefly this time
and returned to it later for a longer stay.

411 (Sha’ban)-4i<f A.H. This period vvas long enough for any of his inquiries
and observations before reaching Nandana, for his stay in Nandana, and for
his visits in the Nandana region. He might not have remined absent from
Ghazna continuously for three years, 53 and yet the period vvas adequate
enough for at least one longer visit to Nandana and his stay there for purpose
ofexperiment. Probably, that vvas vwhy he specifically prefaced his account of
the experiment by clarifying that he performed it on the occasion when he had
stayed at Fort Nandana.

In choosing his itinerary for the places to be preferably visited by him in
the interior of Hind (the parts then constituting the Ghaznaid territory/the
present day Pakistan), Beruni must have attached importance to his visit to

51 Itis to be noted that during this period, the Sultan vvas also heavily involved in his five
successive expeditions, in the years 410, 411, 412 and 413.

52 Al-Qandn, p. 365.

53 There is not much on record to shovv that he had any important engagements in Ghazna
during this period. In Rajab 412 A.H., he had finished vvriting his book Istikhiraj al-Autar (as
noted in thecolophoneofthe printed editon. Hyderabad Deccan, 1367 A.H./1948) but it is not
said that he did this in Ghazna. VVhen he vvasjust 6ver 50 ( <} *11 1/, - < j ,i.e.,
sometime during 413 A.H., he had consulted astrologers to feel better and re-assure himself,
but not because of any serious ailments vvhich afflicted him later vwhen he wvas sixty (cf. his
Risalat al-Fihrisl, the text  published by Dr. Edvvard Sachau in hisintroduction to the Arabic
text of Beruni’s K. al-Athar al Baciyah, Leipzig 1923, pp. xxxviii-xxxxviii). This consultation
must have been in Ghazna even though for a very short duration.
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Nandana because, as in the past so also during 411-414 A.H., Nandana
was a place of considerable importance, historically and geographically. It
had been the capital of the rulers of the Hindu Shahiyah Dynasty for about
12 years54 undl 404 A.H./1014 A.D. vvhen it vvas conquered by Sultan
Mahmud. Thereafter, for more than 6 years preceding Beruni’s visit,
Nandana had remained the Capital of the Ghaznavid Indian Province.
Geographically also it occupied a position of strategic importance, both
commercially and militarily. The main route from the side of Peshavvar and
Taxila in the north, after traversing the Salt Range plateau descended
through the gatevvay of Nandana into the plains ofthe Punjab and thence to
Sind in the south and the plains of Ganges in the East. In ancient time,
Alexander is believed to have reached the plain country through the
gatevvay of Nandanab55 before his battle vvith Porus and his subsequent
march through Sind to the sea. In Beruni’s ovvn time, Sultan Mahmud had
stormed Nandana in 404 A.H. (March 1014) as it commanded the main
route to the Ganges Doab 56 which vvas the Sultan’s next coveted target. For
Beruni himself, his visit to Nandana had the advantage of planning his
travels further ahead, in the regions beyond it. Though he has not mentioned
ali the places vvhere he had been during his travels in Hind, in one of his
references he has named the more important ones vvhich vvere visited by him
and of vvhich he himself had observed the latitudes: these vvere Purshavur
(Peshavvar), Lauhar (56 miles from the capital of Kashmir), VVaihand
(Hund), Fort Nandana, Jailam (Jhelum), Sialkot, Mandakakor (capital of
the Lahore region) and Multan.57 Most probably, he had travelled to
Multan directly from Nandana as he has specifically mentioned it that “ the
distance betvveen the last place (Fort Nandana) and Multan is nearly 200
miles” .58 This time he might not have stayed at Nandana and only passed
through it.

During his stay at Nandana, Beruni had accomplished more than one
tasks. By halting at Nandana and making it a centre for his inquiries, Beruni
was able to extend his visits into the surrounding region vvhich wvas also rich

51 Having been vanquished in 399 A.H. (1001 A.D.1by Sultan Mahmud, and afraid of
further onslaughts by him,(Jaipal, the Raja ofVVaihand, had shifted their dynastic capital from
VVaihand to Nandana. (Nazim: Sultan Mahmud, pp. 87-88 & fn. 3 on p. 88).

55 For a detiled discussion, vide Stein, Sir Aurel: Archaeological Reconnaissances in North-
Westem India & South-Easlern Iran, London 1937, pp. 36-44.

56 Nazim: Sultan Mahmud, p. g1.

57 Alberuni's India, fn (33) above.

58 Loc. cit.
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in minerals, and Beruni vvas equally interested in precious stones. A reference
to that effect is preserved in his Kitab al-Jamahir vvherein he says:

Within the boundaries of Mankavar not far from Fort Nandana in
the territory of Hind, were brough to me stones, small ones and big
ones, of the length of a finger or less than that...59

In Nandana proper, Beruni observed the latitude of the place vvhich he
has noted in his Kitab al-Hind along vvith the latitudes ofother places, vvhich
he had personally visited. The figiire for Nandana (as given in the printed
edition) is 32'-0. 60 Later, Beruni also calculated the longitude of Nandana
(from the vvesternmost Coastal point of Maghrib,North Africa), revised the
figures for its latitude, and recorded both the figures in his al-Qandin al-
Afa/adi. In the printed editon ofthis work, the longitude and the latitude of
‘Fort Nandana’ are given as 94°— 43' (E) and 330— 10' (N) respectively. 61
This figlre for the latitude of Nandana is quite close to the modern figlre

32°— 43"

The third most significant activity in vvhich Beruni engaged himself
during his stay at Nandana vvas his experiment to measure the dimensions of
Earth by a new method, the thought of vvhich occured to him vvhen he
actually saw the place.

59 Kitab al-Jamahir, p. 95.
T.ufdly/ju LJi > jj&u Iy
<0tj Li~NI1JjL * g
(v 1 Uijit =U t
in the printed text, the name ( ) has been left out, as the editdr (F. Krenkovv) has

not been able to decide upon the three museum variations vvhich are recorded by him in the
footnote ( «».i* , and ) and vvhich indicate the original reading to be ( um) ).

60 Alberuni’s India, vol. 1, p. 317.
61 Al-Qanan al-Mas’adi, vol. 2, Hyderabad, Deccan, 1374 A.H./1955 A.D., p. 562.
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1
NANDANA: THE SCENE AND SETTING FOR THE EXPERIMENT

Beruni’'sapproach to Nandana vvas naturally from the northvvest along
the age-old route, traversing the roof-like elevated Ara valley and then
descending south-eastvvard (from the sector of the present Ara village and
the Ara Rest House) tovvards the Nandana Pass. The environ enroute to
Nandana, as it vvould have appeared and impressed Beruni, can best be
visualized through the vivid description ofit left by a modern researcher (Sir
Aurel Stein) follovving the footsteps of Beruni:

“1 may novv proceed to give an account of the route leading down
from the Salt Range through the Pass of Nandana, and of the
remains of the ancient stronghold. From the elevated ground of the
Ara Plateau, at a height of about 2,400 feet, a steep vvinding road
leads dovvn Over the rocky scarp of the range for close on 2 miles to
vvhere a small dip, about 200 yards across, at an average level of
1,300 feet stretches betvveen tvvo small valleys drained by streamlets
vvhich further south tnite belovv the ruined stronghold ofNandana.
Immediately above the dip referred to, vvhich forms a kind of
natural fosse, there rises very abruptly the bold rocky ridge of
Nandana. On its top, at a height ofabout 1,500 feet above sealevel,
it bears conspicuous ruined structures, and along the precipitious
northern slopes belovv these, the remains of a boldly built Gne of
vvall, defended by bastions. This fortified ridge completely bars
further descent on the route; for the two small valleys above
mentioned contract on either side of it into deep and extremely
narrovv gorges, and descend for some distance betvveen almost
vertical rock vvalls, hundreds of feet high.” 62

As one approaches the site, the northern slope of the rocky ridge on
vvhich stood the fortified inner city, becomes prominent. Before
negotiating its bottom line, one passes through the ruins ofthe outer
quarters of the city. Proceeding further and follovving the track
higher up on the slope, there appear the massive foundations of the
fortification wvall skirting around this northern side and the
remnants of the gatevvay leading into the vvalled city. This vvould

62 Stein, Sir Aurel: Archaeological Reconnaissances, pp. 37-38.
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appear to be the only gate, or the only main gate, through vvhich
Beruni must have entered the inner city, since there are no traces of
a similar entrance, the slope of the ridge both to the left and the
right of this gatevvay being too steep or rugged for a convenient
entrance from there.

inside, along the sloping area to the left there lie scattered the
ruins of the inner city quarters extending south-astvvard up to the
massive ruined structure ofBudhist monastery standing high on the
very south-eastern edge of the ridge. This vvas the main area of the
more ancient Budhist city. To the right ofthe gatevvay, and high up
on the ridge-top stands the tali edifice of a Hindu temple and a
mosque behind it, both in ruins. It vvas on this high central part of
the ridge that the Hindu city developed after eclipsing its Budhist
predecessor. Adjacent to the mosque, a broad saddle like depression
cuts across the top area and descends to a somevvhat lovver level
belovv, on the Southern side ofthe ridge, to a spacious semi-circular
platform vvith the remains of its defensive bastions and living
quarters. This is Kanthi (Neck of the ridge, wvith its tvwo high
shoulders of the upper flat top extending south-east and north-
vvest). This depression (much deepened and broadened by rain
vvaters during the course of centuries) novv separates the central
temple/mosque side from the other side extending north-vvestvvard
close to the high vertical wall-like face ofthe mountain. This part of the
ridge, on vvhich also stands an early graveyard, vvas obviously
rehabilitated during the Ghaznavid period. When Nandana wvas
conquered by Sultan Mahmud in 1004/1014, it retained its
importance as the Capital city and the Sultan appointed his trusted
officer, Sdrugh Sharabadar, there as Governor. He vvas an efficient
administrator vwho, during his long tenure ofoffice ofabout 20 years
or more, 63 developed the Ghaznavid quarters of the inner city,
vvhich extended form the mosque north-vvestvvard to the tail end of
the ridge.

BerdnT visited Nandana vwhen Governor Sarugh vvas stili there
and, in ali probability, he stayed as a guest of the Governor not far

63 Thereafter Sultan Mas’'ud confirmed him there. According to BaihaqT, it was in 422
A .H./1030-31 that he set free Khawaja Abdul Razzak vvho was held there and escorted him to
his father, Prime Minister Khavvaja Hasan Maimandi in Ghazna, vwho thanked Sarugh but asked
him to return to Nandana forthvvith because tha fort and the front could not be left
unattended (Abul Fadl a-Baihaqi, Tarikh, Persian text, Mashed, 1350/1971, p. 183).
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avvay from the mosque. From there, the natural scene and setting
around was so very impressive (as it is today) that it would have
naturally attracted his attention. The fortified ridge stands across
the junction of high spurs of the Salt Range with an opening
(the Nandana Pass) on its south, belovv vvhich extends the plain
country. Looking through the Nandana Pass, from the side of the
mosque, Beruni could have a clear, though partial, vievv ofthe plain
extending southvvard. One high peak of the tail end of the spur
stood close by on the right. its most conspicuous feature vvhich must
have attracted Beruni’'s attention from the Ghaznavid quarters (as
it does of any visitor novv standing beside the mosque on the rim of
the depression or on the other side of it), vvas its high vertical
vvalk-like face. This vvell-cut smooth face becomes more and more
visible, from the peak point to the foot, as one vvalks (beyond the
Ghaznavid graveyard) closer to the edge of the ridge vvhich is
separated from the mount-vvall by a narrovv deep gorge, through
sphere curiosity that the impressive scene inspires. Here wvas an ideal
situadon vvhich must have enthused Beruni to experiment vvith his
novel method there! The peak to bottom face ofthe mountain being
smooth vvall-like and vertical, its perpendicular height could be
measured conveniently and more precisely. The other important
requirement for his experiment vvas the vast level plain adjacent to
the mountain and extending far avvay to the horizon. Though
Beruni had a partial vievv of the plain through the Nandana Pass
from his ovvn quarters, he could not have a full vievv of it unless the
either vvent on the other side ofthe Pass or climbed up the mountain.
He preferred to go up to the mountain top so that he could size up
the plain and also the peak point from vvhere vertical measurement
to its foot could be taken. To do so, he must have come out of the
fortified part of the city, passed through the lovver part of the city,
traversed a long vvay tovvard north-vvest, crossed the shallovv rivulet
vvaters flovving dovvnvvards into the gorge, climbed up the slopes of
the spur along its north-vvestern shoulder and reached high up on
the top before he could have a full vievv of the plain. YVhen he did so
and had a full vievv of the vast level plain extending southvvard far
off to the horizon, he took the final decisiol to try out his nevv
method for determining the dimensions of Earth. This is obvious
from his ovvn statement vvherein he says that vvhen he “ climbed up the
mountain... and looked up theplain extending southivard’ it occurred to me that
| should test this method there".
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v
THE PROBLEM AND THE METHOD FOR SOLUTION

As already discussed, Beruni stayed and performed his experiment at
Nandana, more probably during the period 411 (Sha’ban) 414 A.H. (1020-
1024 A.D.). However, solution of the specific problem, viz., a more precise
determination of the length ofone degree of the arc of the meridian circle,
had been on his mind for many years before.

In his different vvorks, Beruni has referred to the subject of dimensions of
Earth and traced its study in historical perspective beginning from the vievvs
of the early Greek and the Indian astronomers, the more precise results
obtained by actual measurement by Caliph M a'm{n’s scientists, and finally
Beruni’sovwn anxiety to verify their result in view of the discrepancy in their
reported figures. The subject had fascinated him so much that he kept
vvorking on it for years and finally recorded his vievvs and findings in detail
particularly in his two vvorks— Tahdid Nihayal al-Amakin and al-Qandn al-
AlascOdi. His account of the studies carried out before him and the problem
with vwhich he was concerned may be summarized here keeping close to his
ovvn observations.

(a) Beruni has observed that besides inere tales and hearsay, vvhat is
specifically knovvn about dimensions of Earth is that vvhich is recorded in
Greek and Hindu sources (minjihal al-Rim wa al-Hind). 64 Hovvever, they
differ in their vievvs and in their calculations of the length of arc of the
meridian circle for the angle of one degree at Earth’s Centre, and
consequently in their figures for other dimensions. The Hindus differ on this
in their main vvorks, the five Sidhanlas, and so also the Greeks in their results
as recorded in the vvorks of Galen and Ptolemy. The figures given in their
units of measure, such asyojana and stadia, did not talley, and also values of
these measures had varied from time to time. Again due to their language
and the terminology used by them it became difFicult for the later day
scholars to grasp the correct meaning implied in their vvritings.

(b) The Abbasid Caliph Ma'min (198-218 A.H./813-833), therefore,
asked his astronomers to re-examine the vvhole problem, and obtaii exact
measurements on their ovn. They proposed to ascertain the length ofthe arc

64 al-Qanan, p. 528.
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of one degree so that the vvhole circumference as also the radius and the
diameter could be vvorked out. This they planned to do by actual
measurements in the plains of Sinjar in the region of Mosul. Elaborate
arrangements vvere made, special instruments vvere devised, technicians
vvere assembled and two groups of experts super-vised and conducted the
vvhole operation. ‘They specified a particular site for the observation of the
Sun’s altitude at the meridian. Then they proceeded from that point in two
groups— Khalid al-Marvarrad? vvith one party ofsurveyors and technicians
heading tovvards the Northern Pole, and Ali b. Isa al-Usturlab? (the maker
of astrolabes) and Ahmad ibn al-Bukhtral al-Zarréc (the expert in zara
survey) vvith another party in the direction of the South Pole. Both the
parties observed the Sun at the meridian till they found it declining to one
degree, vvithout making any alterations in their straight course. VVhile thus
preceeding, they marked their paths wvith the measuring sticks and fixing
arrovvs at the points. When they returned they once more verified their
survey for the second time, till, both the parties came together at the place
vvhence both had started. They found the single arc of the Earth as fifty-six
(56) miles. Habash believes that he heard Khalid dictating this (figtire) to
Q_&z1 Yahy& bin Aktham. So he got this information from Khalid. AbQ
Hamid al-Saghant has also narrated similarly from Thabit bin Qurra, but
from Farghani isreported ~ more in addition (to 56 miles). | have found ali
the other accounts agreeing about this 65

In al-Qandn, Beruni further explains that “Ma’'mQn’s astronomers
relying on the Celestial Pole in its Progression and Retrogression kept in vievvy
the conditions ofguaranteeing the maintenance of a straight course in the day
as vvell as in the night. They had observed the altitude of the North Pole by
their instrument. When they had taken every possible care in the matter,
they found out one of the 360 supposed degrees (of the Earth’s
circumference) to be 56 miles. Everyone of these miles consisted of 4000
zara al-Sauda, and every zara had the breadth of 24 fingers. Three of such
miles make one farsakh” . 66

(c) As a scientist, Beruni vvas perturbed on account of this difference of tvwo
thirds of a mile betvveen the tvvo results of Ma'mdn’s astronomers. He led
developed a keen interest in astronomical studies at an early age, and had

65 Tahdid, pp. 202-203 (follovving the translation of Barani).
66 al-Qandn, p. 529.
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made some astronomical calculations, as he says, “vvhen he vvas young,
probably around the year 380 A.H. by using 'Z1j Habash’” 67 (A Handbook
of Astronomical Tables). He vvas then about 18 years old and, vvhat is more
significant, he vvas using “Astronomical Tables” compiled by the eminent
astronomer of Ma'mQn’s days-Ahmad b. cAbdullah al-Marvazf,
professionally knovvn as Habash al-Hasib. It was in his other vvork (Kitab al-
Abcad wa al-Ajram) that Habash had recorded vvhat he had himself heard
Khalid al-Marvarudi confirming that the result oftheir measurements in the
plains of Sinjar vvas 56 miles to one degree. It could be that the tvwo differing
results of Ma’'mdn’s astronomers engaged Beruni’s attention since 380 A.H.
or soon thereafter, and he kept thinking about verifying the exact figlire by
taking measurements himself. This he did eventually sometime during
389-394 A.H. vvhen he vvas under the patronage of Qabds b. VVashamgir,
the ruler of Jurjan. For his measurements, he selected the plain country
betvveen northern Dihistan adjacent to Jurjan and the settlements of the
Guzz Turks, but he did not succeed in this effort due to non-availability of
precise instruments and adequate staff vwho could render necessary
assistance to him. 68

(d) Hovvever, Beruni did not give up the idea altogether and contemplated
an alternate method, the idea of vvhich probably struck him after reading a
statement of one of Ma'man’s scientists Abld Tayyib Sanad b. cAlT (an
associate of Khalid wwho had earlier carried out the straight surface
measurement betvveen the tovvns of Ragga and Tadmur and found the length
for one degree arc to be 57 mile), vwho had probably used this method for the
first time. Says Beruni:

cAbl al-Tayyib Sanad b. cAli has reported that he vvas wvith al-
-Ma’'madn on the occasion vvhen the Caliph had set out for al-Rim
and passed by a lofty mountain rising high on the sea (coast).
There, al-Ma’'man summoned him and directed him to climb up
the mountain and observe ttie dip of the setting sun from the peak.
He did so, and by this method he obtained the circumference of
Earth’. 69

67 Tahdid, pp. 234-35.
Tahdid, p. 204 and al-Qandn, p. 530.
69 Tahdid, p. 209.
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Beruni has explained the process how, by this method, difTerent
measurements could be taken from the peak by adjusting the ‘observation
apparatus' and the radius can be calculated first and then the circumference.
“This exactly is the method vvhereby al-Ma’'min had obtained the
circumference of the Earth” . 70 But, from his explanation it is obvious that
the trigonometrical concept of sine formula vvas to be used in calculations,
vvhile it is not on record that this concept vvas fully developed by Ma'madn’s
astronomers. Therefore, most probably, this vas Beruni’s ovwn theoretical
explanation of AbG Tayyib’s calculation. Beruni had been contemplating the
solution by himselfand vvas led to it, as he has mentioned it, by a reference
in the vvork ofastronomer Ab(’l-cAbbas al-NairizT (d. 300 A.H. It was on that
basis that he had recorded the follovving theoretical explanation of
calculating the circumference of Earth by observing the dip of the Setting
Sun in the horizon in his earlier vvork al-Kitab f1 al-Ustarlab.

To knovv this method is quite conceivable in imagination, and it
rests on sound deductions. It is difficult to carry it out in practice
only ovving to the smallness of the astrolabe (or other instruments)
and the little size ofthe thing on vvhich vwe have to base our solution.
And that method is this. You climb a mountain situated close to the
sea or a level plain, and then observe the setting of the sun and find
out the value ofthe dip of the horizon we have already mentioned,
and then find the value of the perpendicular of this mountain. You
multiply this height into the sine of the complementary angle of the
dip, and divide the total by the versed sine of this dip itself. Then
multiply (the double of) the quotient into 22 and divide the result of
this mutiplication by 7. You will get the length of the Earth’s
circumference (in the same terms or proportion in) vvhich the
height of this mountain has been fixed. We have not so far been able
to experiment wvith this dip, and its value in any high place. We
vvere led to this method by AbQ’l-cAbbas al-Nairizi vvho states, that
Aristothenes (?) has mentioned that the heights of the peaks of the
mountains vvould be 56 ™ miles vwhen the length of the radius of the
Earth is 3.200 miles approximately. For the solution of this
problem, it is necessary mathematically that the dip of the horizon
in the mountain vvherein the perpendicular is so high should be

70 1bid, p. 207-209.



BERUNI AND HiS EXPERIMENT AT NANDANA 7°5

about 1/3degree. Such matters, hovvever, need actual experiments,
and could be verified only by testing. The Almighty and YVise God
alone can help me (in obtaining success in such ventures). 71

This vvas a new method, the ‘method of dip measure of sun set from a
mountain peak’in contrast to the ‘method of surface measurement vvith
reference to sun’s changing altitude’.

(e) It vvould appear that Beruni vvorked further on this nevv concept, and
developed it in its general application to ‘the dip ofhorizon’ independent of
‘the dip of the setting sun’. He has explained this method theoretically in
Tahdid 72 before adverting to itsapplication in his Nandana Experiment. He
had fully developed it earlier and vvrote a special treatise in 60 folios on this
method entitled Magalafi Istikhirdj Qadr al-Ard bi Rasad inhitat. al-Ufcfan
al-jibal vvhich is 110 more extant. The date ofits completion is not knovvn, but
itisincluded in the list of his vworks vvhich vas compiled by Beruni himselfin
427 A.H. 73

It may, therefore, be concluded that the method of finding, by
trigonometrical calculation, the circumference or other dimensions of Earth
by observing the dip of horizon from the peak of a mountain vvas a fresh
contribution by Beruni. He applied this method for the first time in his
Nandana Experiment during 411-414 A.D.

The three versions of his description of the Experiment, along vvith
comments and calculation, follovv under the next section (V). Attention may
be dravvn to an important explanatory comment vvhich Beruni has made in
the more elaborate 3rd version recorded by him in al-Qandn to the effect that
the perpendicular of the height if projected straight dovun shall necessarily pass
through Earth’s Centre on account ofali the uieights gravitating to it. In other vvords,
ifa stone vvere dropped from the peak straight down along the height line, and
ifit vvere not blocked at the bottom by the surface, it shall gravitate straight dovun
to the Centre of the Earth. It is to be noted that Beruni and his contemporaries
vvere so very conversant vvith the concept of gravitation that he only
underlines the fact but does not see the need to explain it further. This

71 Quoted by Syed Hasan Barani (after Nallino) in “Muslim Researches in Geodesy”, pp.
32-33-

72 Tahdid, p. 210.

73 al-Fihrist, reproduced by Dr. C. Eduard Sachau in his introduction to Alberuni’s al-
Athéar al-baqiya un al Qurdn al-Khaliya, Arabic text, Leipzig 1923, p. xxxxi.
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phenomenon ofbodies Ivith weight gravitating straight doivn to Earth’s Centre
would appear to have been experimentally verified and confirmed, and some
of the distinguished contemporaries of Beruni used this established concept
to experiment further and infer that Earth vvas not stationary but in modon,
and that (along vvith it) the matter outside (vvithin its orbit) had tvvo types of

motion (at the same time). Beruni refers to this vievv in al-Qandn (Part-i,
Chapter Il, pp. 50-51) as under:

“1 have seen a certain astronomer, vwho isone of the perfect masters
of the Science, supporting the theory (of the Earth’s rotation) by
suggesting that heavy vveight does not fail on the Earth in a
perpendicular line, but alvvays diverting from it in different angles
vvhich have not been yet determined or recorded. This gentleman is
of the vievwv that the matter outside the Earth has tvwvo movements,
one circular, on account of the part naturally being attracted to the
vvhole, and the other straight on account ofits being attracted to its
ovvn original source”.

Here he has not given the name of this distinguished scientist, but he vvas
Abl Sadd Ahmad b. Muhammad b. cAbdu’l-Jalil al-Sijzi vwhom Beruni
recognised as one ofthe ‘perfect masters ofthe science’. Abu Sacid believed in
the rotation of the earth on its axis, and had also constructed an astrolabe on
this basis. 74

74 Kitab isti'db al-Wujdh al-Mumkanahfi Sana’at al-Usturlab (Ayasufiya museum No. 2576 in
Sileymaniye, and museum No. 3319 in Kitdab Khéana i Milli-i Malik, Tehran). (ii) al-Kitabfi al
Usturlab.
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THE NANDANA MOUNTAIN

A VISUAL DIAGRAM OF THE AGTUAL SITUATIONAL
SETTING FOR THE EXPERIMENT

1 The peak Point (Top) vvhere Beruni stood and took measurements.

2 The Bottom Point: Beruni measured the perpendicular height of the mountain from the
top to the bottom (from 1 to 2).

3 The Horizon Point, vvhich lay in the plain to the south of the Nandana mountain
tovvards the present Baghanvvala village.

4 Centre ofcircle, i.e. centre of Earth the circle corresponding to the circumference of th<
earth.
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\%
THE EXPERIMENT

Beruni’'s record of his experiment at Nandana is presently available to
us in two his vvorks, Tahdid vvhich he completed in 416 A.H. and al-Qari0n al-
Maszadivvhich he completed in 427 A.H. He has also referred to it in his Kitab
al-Tafhim li Sana’at al-Tanjim.75 In al-Qariin, he has referred to it tvvice: first
briefly in Part-1 under Chapter 2, and then more elaborately in Part-V
under Chapter 7. The tvvo latter versions are brought under reference by
Syed Hasan Barani in his paper on “Mduslim Researches in Geodesy”
vvherein he has discussed the last one in detail. The version given in Tahdid
has not been discussed so far; the late Syed Hasan Barani only made a brief
reference to it as the text vwas not then available to him. Itisintended here to
record, in their correct text, the three versions in order to comprehend ali
aspects of Beruni’s description of the experiment.

I. THE FIRST VERSION RECORDED IN TAHDID

The first description of the experiment vvas recorded by Beruni in
Tahdid. its original Arabic text isreproduced from the printed edition under
Appendix I. The translation, close to the original, follovvs:

“ (On the occasion) when | stayed at ‘Fort Nandana” in the territory
of Hind, and climbed up the mountain rising high above it on the
west and looked up the plain extending southvvard from it
(mountain), it occurred to me that I should test this method there.
So | ascertained the sight line (extending) from the mountain peak
(and) touching vvhere the earth and the blue sky met (the horizon).
The line so visualised from (my) standing position (on the peak)
dipped against the (horizontally) fixed line by (an angle of) 0° 34"
Then | measured the (peak to bottom) perpendicular height of the

75 After mentioning the results obtained by Ma’'man’s astronomers (length ofdegree = 56
— miles and circumference 20,400 miles) he says: “ | also verified its (length of one degree)
Iccuracy in other vvays in the land of Hindostan, and did not find it much diflerent from the
value mentioned by me in the above” (Quoted by Syed Hasan Barani in “Mslim Researches in
Geodesy”, p. 16).
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mountain, and found it to be 652-3-58751 zirac (cubits), reckoned
by the z~acused as a cloth measure at that place (Nandana). Let this
be HL in the diagram. Now angle T is a right angle, angle K equal
to (the angle of) the dip (=o0° 34", and angle H as its
complementary = 89° 26'. So if the angles of the triangle HTK are
known, its sides wvill also be knovvn by the proportion of TK and
sinds lotus (= 1). By this proportion , TK will be 59059' 49" while
the excess betvveen it and sinids lotus is 0° o 11". But that is the
perpendicular height HL vvhich is knovvn in ziraz, and the ratio ofits
(HL) ziracto the ziracof L K is the same as the ratio ofo° o' 11" to 590

59' 49". Novv 652-3-58 zirfc of HL multiplied by 0° o' 11" degrees of
LK comes to 39121-53" 27" 28" 42 7511 vwhich vvhen divided by 0° o'
11 "degrees of HL comes to 12853337-2-9. This in zira, is the halfof
the diameter of Earth. Therefore, its (Earth's) circumference in zirac
will be 804781 18-30-39. O f this, the portion for one degree out of
360 (degrees) comes to 223255-59-45.75111 When | divided this by
four thousand, the (length in) miles for one degree came to 55058’

751 In the Arabic text, this figlire in print is given as | i* MOK;in<l one may read the 2nd digit-
form * /whas (= 8), and the last digit-form ‘t." as i, (t- = 3) = 53, thus the whole figlre
as 652-8-53. But by taking > = 3, x. = 8, the whole figlire = 652-3-58. By this figlre the actual
calculation approximates to Beruni’s.

7511 In the text, the digit-Form * is a misprint for * " (= 27).
75111 In the text, the 2nd digit-form is «JaJ’ vvhich may be read asj»£(= 19) orv»i( = 59)-
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55". 751V This is not far from the report of Habash-and God is the
support (in truth).” 76

Comments and Calculations

As an expert, Beruni wrote for the experts of his days who were fully
conversant with the subject, and understood the underlying concepts and
the tenor of his arguments. Beruni believed in brevity and strict economy of
vvords, and abhored jargon. Therefore, his expression is usually terse and
loaded wvith meaning. Briefcomments and calculations are being offered so
that the general reader may fully appreciate the contents of the text. For
convenience, the terms and expressions employed are explained belovv
sequence vvise as they occur in the text.

e This Method. His reference is to the method offinding the circumference of
Earth (Daur al-card) by the dip angle of horizon from the peak of a high
mountain, as discussed by him in the previous pages (pp. 207-211) of
Tahdid. By calculation, it is a trigonometrical method of finding the radius
first, and then obtaining the circumference. As already pointed out, this
method vvas developed by Beruni himself.

« the ziracused as a cloth measure in Nandana. The figtre 652-3-58 given for the
perpendicular height of the mountain is in the <7rac unit of measure vvhich was
then being used in Nandana. It might have been officially introduced by the
Ghaznavid governor, and hence called zirdF. If it vvere an indigenous measure
wvith a local name, it vvould not have escaped Beruni’s attention. This figlre
as given by him in al-Qandn is 652 — — zirac. Thus, the tvvo figures differ
although the unit of measure is the same. VVas it that the earlier figlre
recorded in Tahdid vvas later rounded of by him in decimal expression as
“652 + nisfushar zirac” = 652 — (?)

e Letthisbe HL inthediagram. Though Beruni refers to hisdiagram (al-surat),
he only specifies HL as representing the perpendicular height of the
mountain, and leaves the rest of the diagram undescribed. In his somevvhat
more elaborate description in al-Qan0n (recorded hereafter), he has
explained the diagram fully. By his explanation there the present diagram
may be described as under:

751Iv 1 the text, thc and digit-form is printed as $ wvhich may be read as  f? {= 59)or
o 53): wvhile the last digit-form is printed as a t vvhich may beread as (= 15) or« »

(= 55)-
76 Tahdid, Arabic text, pp. 212-213.
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Novv let the mountain’s perpendicular height be HL (in the
diagram) positioned erect on the Earth’s sphere TML, and we
project it straight down as TM L. This shall necessarily pass through
Earth’s Centre on account ofali the vveights gravitating to it. Now
let K be the Centre, and the line from the peak to the earth and
touching it at the horizon as HT. YVejoin K and T, and thus is
obtained the triangle H KT ofknovvn angles vvith a riht angle at T.

« |fthe angles ofa triangle are knoivn, its sides will be knoivn by the proportion o fT K
and sinus lotus. The sides wvill be knovvn by the proportion of TK and sinis
totus. The sides wvill be knovvn by the concept of sine formula of plane
triangle, and Beruni vvas the first to have proved this formula 77 and made
full use ofit in his vvorks. In al-Qandn, it isdealt, vvith by him under Chapter 8
of Part-111:

a b c
Sin A Sin B Sin C

That is, the sines ofangles ofa triangle are proportionate to the sides opposite
to the angles. His expression “by the proportion of TK and sinls totus’,
implies tvwo parameters (‘side’ & ‘angle’) the ratio of vvhich isimplicit in the
sine formula.

» Sinds lotus.The term used by Beruni is«i_k'-r”~ ' (lit. the vvhole of the sine),
i.e., the vvhole sine, sine of the vvhole angle of 90 degrees, or sinls totus of
wvhich the value = 1. That is, Sin < 90 = 1.

e By this ratio, TK will be equal to fi</ 59' 49".

By application of the sine formula:

HK Sin T
TK Sin H
Sin H
TK - KH x ()
Sin T
77 “None of his prcdecessors, from Ptolemy to Battani proved the sine formula” (Kazim,

M.A.: “Al-Biruni and Trigonometry”, the Paper Published in Alberuni Commemoration Volime,
p. 169).
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TK

Or = Sin 89° 26

89° 26' =

26
89 —
bo
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i X —— — (Beruni has taken HK = i)
Sin T
Sin 89° 26'
=r
Sin 90
Sin 89” 26'
X ——-——--—l ------- (Sin 90 — 1)

= 89.4333°

Sin 89°26' = Sin 89.4333 = 0.9999511

This number converted into degrees:

0-9999511 X 60 = 59.99706
0.99706 X 60
0.8236 X 60= 49.416 = 59059' 49"

Thus, TK = 59059' 49"

= 59.8236

the excess betiveen it (TK) and sinus totus 1s 0" o' 11"

Now
But

Now

TK

TK

TK

TK
TK
LK
LK
TK

Sin H
HK Xx (By (i) above)
Sin T
(HL + LK) Sin 83" 26 (HK = HL + LK)
+ = +
Slny90
Sin 89" 26' .
(HL + LK) --—-—--—- R (Sin 90 = 1)
59° 59' 49" (By (ii) above)
LK (being radii of the same circle)
59° 59' 49"
HL = HK

HL - HK
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This means that HL is in excess of TK or LK

HL - HK-LK
HL = 1-LK (Beruni takes HK = 1)
HL = 60° — LK (Beruni’s integral unit issubdivided into 60

parts, each part again into 60 parts ...Therefore, 1=60)

LK - 590 59' 49"
So, HL =60 - (59059' 49")

HL = 0% 0" 11" e (iii)
That is, the excess (HL) betvveen TK andsinilstotus is 0" 0' n

.The ratio of its (HL) zira to the zira of LK isthe same as the ratio of0° O 11 to
5905949~

TK = 590 59" 49" oo, (By (ii) above)

LK = 59 059'49" (TK = LK).

HL - 0% 0" L11M (By (iii) above)
Now HK = HL + LK

Since HL and LK are two parts of a straight lines (in the diagram), therefore,
by comparison, the ratio of length HL (in zira*) to the length LK (in zira ) is
the same as the ratio of 0°-0'-1 \ to 59°-59"-49-~

HK 0° 0 11"
LK 59°59 49

JVow 652-3-58 zirac of HL multiplied by 59° 59 49  degrees of LK comes to
39727°-5827"28 "'-42. The follovving calculations are based on our assumption
that one unit of zird' is divided into 60 equal parts, each part again subdivi-
ded into 60 parts.
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HL 0° 6 11"
LK 59059 49

or LK X (0-0-11) - HL X (59-59-49)

HL

HL = 652.06611
50° 59 49 « 59-59 ?6

59.8166

= 5999694

(By (iv) above)

v

Now 652. 06611 zira' of HL multiplied by 59.99694 degrees of LK

= 652.06611 X 59.99694

= 39121.97127

= 39121-58-16-34 (by our calculation)

. Which uohen divided by 0 °0 0" 1V " degrees of HL, comes to 12853337°-2'- 9"

Now LK X (0-0-11) = 39121.97127

.................. (by (v) above)



beruni and his experimentat nandana 7+5

(T _ 3912197121

~
|

or

Degrees of HL 0= 0 o0'- 11" — 0-0- —

60
0-i833
60
003055
LK. - 39 - - 9?1227 = 12805882.57 zira
003055
LK = 12805882 °-34'1 2"

e This inziracis the halfofdiameter ofEarth. This is the value of LK in zirac But
L K is the radius vvhich is half the diameter of the circle vvhich corresponds to
the circumference of Earth’s Globe. Therefore, the figiire 12805882.57 in
Zirac is half of the diameter of Earth. Radius (LK) is = 12805882-34'-12"
by our calculation (as against 1285337-2' 9" of Beruni, a difference of

47454-27-57 Zira\ i.e. 0.369 %).

e Therefore, its (Earth’s) circumference in zirac will be 80478118-30'-jg". This
figlire has been arrived at (i) by the value oftt and (ii) by the formula n 2r or
n D, for calculating the circumference of a circle. Beruni wvas fully familiar
wvith both these concepts. In his al-Qandn al-Masddi, Chapter 5 of Book-111
is devoted to the calculation of the value of Tt As pointed out by M.A.
Kazim (in his paper “Al-Biruni and Trigonometry”, Al-Biruni Commemoration
VolUme, op. cit., p. 165): “He first determines the ratios ofthe diameters to the
primeters ofregular polygons of 180 sides, inscribed and circumscribed in the

unit circle vvhich corresponds to, —-- - and He, then, deduces
360 sin 1 360 tan 1

that the value of it is intermediate betvveen the two values 3P8' 29" 35™ 24
and 30 8 30" 59" 10M and applies Ptolemy’s method of taking the
arithmetic mean betvveen the tvvo values, and thus getting the result correct
to the sixth order as 3P, 8' 30" 17" 46 46v 30w. He further transforms the
vvhole thing to the vulgar fraction as
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1628681471

518400000 which comes out as (3)’.15[117.482. It was for the first time perhaps

that Al-Biruni gave the result so correctly”. (By our calculation the above vul-
gar fraction = 3.1417466 ).

The modern accurate value of n

3.14159295, wvhich is usually taken

) 22
approximately as —
7
Now, by Beruni’'s value of n :
Radius LK = 12853337-2"9"
Circumference =n 2r

« 3.1417466 x 2 x 12853337-2'9".
= 3.1417466 x 2 x 12853337.0358
80763855.82 (as calculated)

80478118-30'39" (as in the text)

. Ofthis, theportionfor one degree out 0360 comes to 223255-59-59”.

By Beruni’s figures:
Circumference = 80478118 - 30'39"
= 80478118.51083

80478118.51083
Portion for 1° e = 223255.3291

223255 - 19 - 45 (as calculated)
223255 - 59' 49” (as in the text)

e When | divided this byfour thousand, the (length in) milesfor one degree came to
55° 58 55'm~ has ben explained by Beruni in al-Qandn (op. cit.,, p. 529)
that one mile vwvas taken to be equal to four thousand ziracvvhich wvas knovvn in
the days ofM a’mdn as zir&dQal-saudd’. Therefore, he divided the figlre in zirac
by 4000 in order to convert itinto miles. Thus, the result is55° 58'55". It may
be presumed that the fractions are expressed in terms of one zirac being
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divided into 60 parts, and again each part subdivided into 6o parts. If so
calculated, the actual flgures comes to 55048' 48", while in the text it is 550
58'55". The same figlre given in @l-Qandn al Mas'GdT" is 56° 5' 50" 6",
This difference betvveen the tvvo values (as recorded in Tahdid vvritten in 416
A.H., and again in al-Qandri vvritten in 427 A.H.) has been explained by Syed
Hasan Barani (“Muslim Researches in Geodesy”, Al-Biruni Commemoration
Volime, p. 42) as under:

“The only possible explanation to our mind seems to be that Al-
Biruni had kept wvvith himself the data of his observations at
Nandana, and, as the subject continued to retain his interest to the
end, he revised his previous calculations, and has embodied his
better estimations”.

e This is notfarfrom the report of Habash. The reference is to the astronomer
Ahmad b. °Abdullah al-Marvazi (originally from Merv but settled in
Baghdad) knovvn as Habash and his report on measurements taken by
Ma’'midn’sastronomers in the plain of Sinjar in the region of Mosul vvhereby
they had determined the distance ofthe arc of meridian circle for one degree.
Beruni calls it as ‘Habash’s report’, because Habash himself had not
participated in the experiment but had heard Khalid one ofthe participants,
dictating to Yahya b. Aktham al-Qazi that the length ofarc for one degree
wvas found to be 56 miles. Habash later recorded vvhat he had heard, in his
book Kitdb al-Abcdd wa al-Ajrdm and also used the figlire 56 in ali his
calculations both in his Kitab al-Abcad wa al-Ajrdm and in his Handbook 'Zij
Habash’. The other figlre for one degree length recorded by the other party
was 56 — miles. 78

II. A BRIEF VERSION UNDER PART | OF AL-QANUN

In al-Qandn, under Chapter 2 of Part I, Beruni for a vvhile reverts,
during the course of his other arguments, to the subject of ‘Dimensions of
Earth’ and briefly mentions the value ofthe length ofarc ofone degree angle
at Earth’s Centre determined in the past prior to his experiment at

78 Tahdid, pp. 199, 203, 245.
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Nandana. The original text of this version, which is translated belovv, is
reproduced from the printed edition of al-Qanin (pp. 51-52) under
Appendix 1.

According to Eratosthenes, it (the length ofarc of one degree) vvas
70 stadia as is mentioned by Galen in his ‘Book on Reasoning and 500
stadia as stated by Ptolemy in his '‘Book on Shape of Earth’. But the
true value ofthis term (stadia) is unknovvn (to us) in the termsofour
ovvn units ofmeasure. Therefore, the matter vvas re-examined in the
daysofM a’'min, and the length of (arc of) the angle (ofone degree)
wvas found to be 56 miles, the mile consisting of 4,000 zirac sauda,
and one zirac having the vvidth of 24 fingers.

The Indians (on the other hand) have taken approximately tvvice
this figire (for thislength) in miles. Actual observation (on the spot)
being more important than (relying on) mere report, | investigated
this (figtre of the length) in their ovvn territory.

1 obtained the extent of the dip of the horizon at the peak of the
mountain of Nandana, already of knovvn height. From it (extent of
the dip), | ascertained the value of that angle. (So the other angles
and sides of the triangle became knovvn, leading to the calculation
of Earth’s circumference). From it, | obtained the value (of the
length of the arc) of that angle (of one degree) at Earth’s Centre,
vvhich came vvithin 57 miles.

Therefore it is, that vve have relied upon the result of the Mosul

verification.
Comments.
e Mountain of Nandana. The reading in the printed edition is In a
text vvhich vwas available to Syed Hasan Barani (“Mdislim Researches
in Geodesy”, p. 18) it °  Both these readings are
misprint for \

e Of knoivn height. From this, it may be inferred (?) that Beruni had first
measured the perpendicular height of the mountain and then the dip of the
horizon.
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e Which came within”y miles. Literally, ‘hovered around 57 miles’; but, then,
this vvould also mean ‘more than 57 miles’. Considering that the figures given
by Beruni in two other versions (the previous one and the one that follows)
are ‘66minus’ and ‘66 plus’ respectivelly the expression here *

« » —>" may be the scribe’s (or Beruni’s?) error for “ cr'— -
(=56).

e The Mosul verification. That is, the verification of the earlier figire obtained
in the Greek sources. As recorded by Beruni (quoting from original sources)
earlier in Tahdid (pp. 202-203) and also under Chapter 7 of Part V in al-
Qanan, the verification vvas ordered by Caliph Ma’m0n and carried out by his
astronomers in the plain of Sinjar in the region of Mosul.

III.THE FULL VERSION UNDER PART V OF AL-QANUN

A more complete description of his Nandana experiment isrecorded by
Beruni under Chapter 7 of Part V of al-Qandn. This version has been fully
discussed, wvith copious commentary and calculations, by Syed Hasan
Barani in his excellent Paper “Muslim Researches in Geodesy”. The Arabic
text is reproduced from the printed edition79 under Appendix ///. The
translation belovv is based mainly on Barani’s, vvith some slight modifications.

“My extreme anxiety to verify it for myself, and my choosing (for
this purpose) a level plain in Northern Dihistan vvhich is in the
territory of Jurjan, and eventually my failure due toexacting
difficulties and vvant of earnest helper in the task, led me to adopt
another method for it.

When in the territory of Hind, | found a mountain rising high
beside a level-faced plain, as level as ifit vvere the surface of sea. |
then imagined the sight (extending) from its peak to thejunction
of Sky and Earth, that is the horizon. Through my instrument, | found
it dipping from the (horizontal) East-West line78 (at peak
position) 791 a little less than 1/3 and 1/4 degree. So | took it (the
dip ofthe horizon) as 34 minutes. | then ascertained the (peak to bottom)
perpendicular height ofthe mountain by measuring the height ofits

9 al-Qandn al-Mas Odiyvol. 2, Hvderabad, Deccan 1374/1955* pp. 530-31.
791 The actual dircction is somevvhat S.E.-N.VV.
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peak from tvvo positions, both (these height lines) being parallel to
perpendicular height, and (by averaging them) | found it to be 652
20 zirac (cubits).

Novv let the mountain’s perpendicular height be HJ (in the
diagram) positioned erect on the Earth sphere ABJ, and wve project
it straight dovvn as JTB. This shall necessarily pass through the
Earth’s centre on account of ali the vveights gravitating to it. Novv
let T be the Centre, and the line from the peak to the earth and
touching it at the horizon as HA. We join T and A, and thus is
obtained the triangle HTA ofknovvn angles vvith a right angle at A,
the angle AHT being complementary to the angle of the dip of the
horizon (= 0-34") is, therefore, equal to 8g°-26 vvith a sine of op59’
59" 49" 2""; and the angle NTA being equal to the dip angle itself,
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that is o' 34" wvith a sine ofopo' 35" 36" 7911. And, thus, this (triangle)
also becomes of knovvn sides in the proportion in vvhich TH is sinls
totus (sine 1, 0f90 degrees) and also that TA (halfchord) will be sine
of the angle complementary to the dip angle. Therefore, HJ will be
the excess in sine totus (=1) Over the sine for the angle
complementary to the dip angle, and that isopo' 0" 10™ 57"" 32""'79m
and its ratio to TA, the sine for the complementary angle to the dip
angle, vvould be the same as the ratio of the cubits of the HJ
perpendicular height of the mountain (652 — cubits) to the
cubits of TA, the half of the diameter radius) of Earth.

Therefore, the radius of Earth vvould be 12851369, 50' 42" cubits,
the circumstances 80780039, I' 33" cubits, and (the length of the arc
of) its one degree out of the 360 degrees 224388, 59' 50" cubits. The
length in miles for one degree vvould be 56 5' 50" cubits. The length
in miles for one degree vvould be 56, 5' 50", 6". That comes
close to the result ofthose people (Ma'mn’sastronomers): it rather
corresponds vvith it. And so my mind vvas set at rest (satisfied) about
vvhat they had reported (as being the distance for one degree). We
have, hovvever, adopted (their figiire) for use because their instru-
ments vvere more precise, and their labour in obtaining it (result)
extremely exacting and painstaking.

As for the method of converting the miles of the distances into the
degrees (ofthe meridian circle) so that the established process can
be applied in ali cases, it is that vwe multiply it (the mile figtre) by 3
so as to make it three-fold, and divide it by 170 vvhich represents
thrice the miles ofa single degree. Conversely, vhen itis intended to
convert the degrees of a distance into miles, may multiply (the
degree figlre) into 170 and divide the result by 3. But since the
multiplication of the result into 20 minutes is the substitute of the
division ofit by 3, it is, therefore, necessary to multiply the parts of
the distances into 170 and the result into 20 minutes so as to get the

miles.”
7911 In the printed edition, the last tvwo numbers are given as J= 34,26.
911 In the printed edition, the figuresare ( —— > ' _>*/e«e) i.e., 0.0,57,32. These are to be

correctedas (_J 'y *j; t-1. )i.e. 0,0,10,57,32 as given by Barani in his version of the
text in his article “Muslini Researches in Geodesy” (Albiruni Commemorative Volime, Iran,
Society, Calcutta 1951, p. 37i)though * ’ therein is a misprint for * jJ
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Comments and Calculations

The follovving calculation and selected comments are reproduced from
Syed Hasan Barani’'s Paper “Miuslim Researchs in Geodesy” (Al-Biruni
Commemoration Volume, pp. 46-54).

<&
— sin —sin 89" 26" — op 59' 59" 49" 2

0+%9+J9 +. 49
60 3600 216000

‘These and other notations
in Arabic refer to the diagram

under Appendix — IlI.
12960000

0833333333
.0163888888
.0002268518
.0000001543

m009949228 (correct to 9 decimal places onyl).

+ o+ o+

sin 90° — 1
1-sin89°26'
>@p59 59" 49" 2"
olo'o" 10"57 32"
+ &2 22_
216000 12960000 777600000

— .00004629629
+ .00000439815
+ .0000000411
.000050735  (correct to 9 decimal places only).

mf* cubits = 652 EO cubits ™ cubits

f . excess ! !
NoWT7 cubits - oS + ~'304" , «000050735

half chord 20 099949228

cubits

w1 x 999949228
20 .000050735

the radius of the Earth in cubits.

6520168941174
507350

— 12851421 cubits.
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As compared vvith Al-Beruni’scalculation ofthe radius of the Earth. i.e.
12851369 cubits, our result is only 52 cubits in excess. But if vwe substitute in
the above calculations 507352 instead 0f507350 as the divisor, vve get almost
the same result as Al-Beruni had reached in calculating the radius of the
Earth. In any case on the given data his result stands most approximately
tested, and verifies the various values assigned in the text.

Novv let us take up Al-Beruni’s ovvn measurements as given in Al-Qandn:

1 degree = 224, 389 zird' or 56° o' 50" 6"' or 363, 115 English
feet.

Circumference = 80,780,039 ziracor 24,7781/2 Eng. miles

Radius 12,851,370 zird' or 3,939 miles.

Diaeter 7,878 miles.

Al-Beruni’s site of measurement being the fort of Nandana, vvhich
according to Al-Qandn had a latitude of 340 10', the length of the arc,
therefore, vvould come to about 364,150 feet, a value vvhich exceeds that of
Al-Beruni’s by 1,035 “eet or a little more than g of a mile only.

Al-Beruni’s circumference is some 80 miles less than the true
circumference, but if vwe take the Earth a perfect globe then the difference is

about 70-"miles only.

According to Al-Beruni the Earth’sradius is more than 12,851369 zirac,

12851369 X 6473
4000

feet

= 12851369 X 6473
4000 X 5280

miles
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The difference between the modern measurements and Al-Beruni’s
measurements of the Earth’s radius is equal to

3959-738 — 3938.774 = 11-964 miles.

Al-Beruni’s arc being about 224,389 zirac or 363, 115 feet, wvith a
difference of 1,035 “®et>the whole difference in the circumference, if the
Earth vvere a complete globe, vvould be 70.568 miles only. 80

& The calculation is as follovvs:

*72 600 | .
1035 ft. X 360 — 372.600 ft. — 52é6“ miles — 70.568 miles.
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APPENDIX — 1

Description of the Experiment as recorded
in Tahdid Nihayat al-Amakin

*x-& ~ 10> JJ"
jT JIJl . T1jjAl GJ CJIWj t ™Mp Uil
j.ft i *ujlu Qi j» c—=s 1M j)* u*
j-t j* fL3 j» Jutt crfjjjj'yjl oyi>i
V1 OUAL ~ A eyt U
» 4yj I T B j & 1*3j sis* J il-cH,1
ow a P4 U ke B e 3o <ew

r-rlJ QO 1 AN A» I 1) *vUF OU s£ Jdm

moi» i) I» jleact ot A 4 <diT BT jl-atu
3xs jran o U jrae
iM J1 U e i-—5720) 3 Ey»t Il 4 I1>T ¢ ji o« £/~1\
J J J LTS TR T BN B 7N 71 (. yik*d i.r* 4i
JA o*j»r’\" N 'se K i j*
Z/k 4 yf>i ~r"™N MA#mrv
*
S B | W 4 R A TTTTar yrl» | *
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APPENDIX — 11

Text of Beruni’s Description of the Nandana Experiment. As
Recorded under Chapter 2 of Book-1 al-Qandn al-Mas adT,
Printed Edition Vol. | (pp. 51-52),

Hyderabad Deccan, 1373 A.H./1954.

t j1Ei>
A~ C4n ajy & y_J o I1»
djou b3 ‘i* loic \¢ ¢jL<» jG.
( i a'—?"} | C~&y lilid o1~ 0OJ*
i A Ljl N~ bj- VAT
a* J-* 6UJl) i JI JL»V' 9 J
J . *
<I» j Ji'il JpW™' jijuu o0JL»y j o~-Ccl Ji j
4anIML G i Jji AU c-f-A>w ol ) 3 jRIl Al <J’7/\;V» A

. Aj o Jy~
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APPENDIX — 111

Text of Beruni's Description of the Nandana Experiment

Recorded under Chapter 7 of Book-I al-Q_andn al-Mas'0dT,

Printed Editon. Vol. Il (pp. 530-31). Hyderabad Deccan,
1374 A.H ./1955.

jiLadl ~s»il j CP *EUN f fol»-jr AR
4jS?  IsJi* oA QR A > ' \bi >
aT™o Wili N\l Il Aj—*
(U il»*1* a T jj (£ VI 5» 1 ~lci t3 iVigov-ai
jsr Jj il _>JilN 3 J~-iil -~ o~ * AN\
AL-A» Ji j J(aLj i ) Lujl aJ>-\i
4 aT-ry> At~..t Ja>- jixn
o f=\ji jls- ~4oaij Isijs 3 Oy 1j

J*IVI ST ' ¢.v ": ™ KkK'Ww'c°: N ]

S>0' A e>s 0 A itV Ac A AALA )

6J0i* J. J*sg ~ n '<J1 JttS» - M

N
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1\ o: 1\b J-aij‘'o: ( J*
iEE (L IE <>z 0l I dili j Ujjal g s 1 jli~ i
13?2 »:Ajljy (kjJa< (" HMide)t j (_(N I»VI
1 Olg»cai*fr) d o:j»j <P rivij ¢j'oi:
-1 dilij (4i>;* Al jljill ~ il ja >
NN K% g am A /NN
J e (e s s e M o
N > J'" A1 .sNE e JUEM fick o
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N.B.: This article is a reproduction, with the exception ofsome of its pictures, of the following
publication of N.A. Baloeh: N.A. Baloch, Beruni and His Experimenl at Nandana, International
Conference on Science in Islamic Polity, Islamabad, November 19-24, 1983.

The Arabic texts and fragment of texts included in this article have been reproduced, as they
are, from this original article of Professor Baloch.






