
BERUNI AND HİS EXPERIM ENT AT NANDANA

N. A . B A L O C H  *

N an dana is situated in District Jhelum , Pakistan, about 60 miles S.E. o f 
Islam abad in straight üne and can be reached by road in less than 3 h o u rs .1 
In the long past, N an dana was a Capital city o f historic im portance, and also 
N an dana vvas an adm inistrative district until the second h a lf o f the ı8th 
century A .D . T h e  place, known locally  as N an ân n â or N anûnnâ, 2 had 
rem ained more or less inhabited upto the ı8th century but vvas abandoned 
thereafter and the populadon shifted to Bâghânavvâlâ dovvn below in the 
plain. Presently the site is abandoned, and has recently been protected by 
the D epartm ent o f A rchaeology. 3 T o  this day, as one visits it one cannot miss 
the conspicuous sight o f the high m ount or its peak point to w hich Beruni 
had once clim bed up to take measurements for his experim ent. These stand 
out clearly in the light o f Beruni’s ow n observations.

Beruni’s perform ance o f  this unique experim ent at N an dana is vvell 
knovvn through his ow n description o f it. Hovvever, the circum stances under 
vvhich he worked and visited N andana have not been correctly interpreted;

* Prof. N. A . Baloch, National H ijra Council, Islamabad.

1 T he itinerary o fjeep able road: Islamabad /Ravvalpindi, Chakw al, Choa Saidanshah, 
road to Pind D adankhan, turn on the way to Ravval Cem ent Factory, VVarnali, Bâghânwâla, 
Nandanâ. Also from Choa Saidanshah 12 miles east through the A ra  V alley to the A ra Rest 
House, and then walk 3 miles south to Nandana. A  visit was facilitated for me in 1978 by M r. 
Ahm ad Nabi K h an  the then Superintendent o f  the Archaeological Circle, Lahore, and vve took 
the jeepable road from Choa Saidanshah via the A ra  Valley.

2 As reported by M alik Ghulam  M uham m ad w hodied in 1956 at an advanced age o f  107 
years. O f  the historians o f the G haznavid period, G ardezi and Baihaqi cali it ‘N andünah’ vvhich 
is more close to the native pronunciation, though U tbi vvrites it as ‘N ârdın ’ . (Nazim, Dr. 
M uham med: The Life And Times o f Sultan Mahmud OfGhazna, Gam bridge, U .K ., 1931, p. 91 fn. 

4 )-
3 T h e site area measures 4 5 -1 6  acres and is entered into the Revenue Record as

“ No. K h evat M âlik 252 

No. K hatûnî Kâshtkâr 591 

No. K hasrâ 276”
situated in mahâl Baghânvvâla, tehsil Pind D adankhan, district Jhelum .
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the problem  and the experim ental m ethod vvhereby he solved the problem  
have not been fully appreciated; and ali the three versions o f his description 
have not been put together and vveighted. A n  attem pt is m ade in the 
follovving pages to study and explain these specific aspects o f this historic 
event o f  great scientiflc interest.
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- I -

T H E  P E R S P E C T IV E : P R IO R  T O  B E R U N I’S V I S I T  T O  N A N D A N A

Before adverting to his experim ent, it needs to be clarified w hether 
Beruni, as it is supposed to be, was a prisoner at N an dana w here he 
performed his m em orable experim ent. T h e  topography o f the place and the 
terrain around w ould readily bring it to one’s mind that no prisoner 
brought ali the w ay from G h azn a to be confined in the fort w ould have been 
allovved to be so mobile as to have accom plished the task o f perform ing the 
experim ent to its successful conclusion; it must have required hours o fd a ily  
work in com plete freedom, not only outside the fort but m uch beyond the 
limits o f the city area itself. M oreover, if  it is accepted that beginning from his 
arrival in G h azn a, Beruni vvas held as a political prisoner or a hostage, in 
N andana or elsevvhere, during the rem aining period o f  Sultan M ah m u d ’s 
reign (408-421 A .H .), the continued progress o f his purposive scientific 
activ ity  and rem arkable achievem ents during this period can hardly be 
explained in the context o f such a distorted perspective.

T h e  view  that Beruni vvas taken as a prisoner o f w ar in Khvvârizm  and 
held as a prisoner or a hostage even after his arrival in G h azn a, gained 
currency after the late Dr. Edvvard Sachau ’s stretched argum ent to that 
effect in his ‘Preface’ to Alberuni’s India. Follovving the tradidon o f Beruni to 
uphold the truth, one m ay venture to say in ali hum ility that the prolonged 
argum ent o f  Dr. E dw ard Sachau, the most learned editör o f Beruni’s works 
whose presence is respectfully felt vvhenever one thinks o f Beruni, to portray 
Beruni as a prisoner o f  w ar and to em phasize Beruni’s antagonism  tovvards 
Sultan M ahm ud and vice-a-versa, is the least scholarly part o f his scholarly 
edition Alberuni’ s India.

Learned Sachau opens his Preface with a diatribe against Sultan 
M ahm ud: “ H istory paints M ahm ud as a successful vvarrior but ignores him 
a M aecenas” . 4 It w ould appear as i f  to disparage Sultan M ahm ud, he uses 
Beruni against him. H e gives his readers to understand that Beruni vvas taken 
prisoner and held as a hostage by the Sultan to the very end o f his reign; 
restrictions vvere imposed on him so that he could not carry out his researches

4 Alberuni’s India (beingan English Edition o f Beruni’s Kıtâb ma it al-Hind by Dr. Edvvard C. 
Sachau, London, 1910, Preface to vol. I. p. i (Hereafter referred to as ‘Preface’in the text o f the 
Paper.)
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A  Skcleton M ap, shovving Nandana and the vvhole region 
betvveen the Indus and the C henab Rivers, (Adopted 

from Sir Aurel Stein’s Archaeological Reconnissances ete.).
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freely; ili treatm ent was meted out to him  both by the Sultan and his Prime 
M inister; and that upto the time that Beruni vvrote his ‘K itab  al-H in d ’ (421 
A .H ., the very last days o f the Sultan), he vvas “ stili suffering from  the 
oppression o f K in g  M ah m u d ”  (Preface, xvii). A  close exam ination o f ali the 
relevant references shows that such assertions are contrary to the facts on 

record.

(i) W as Beruni taken prisoner in K hiva and brought to Ghazna  
along vvith other prisoners? Learned Sachau has led his readers to 
believe that it vvas so. A ccordin g to him, after having conquered K h iva , 
Sultan M ahm ud returned to G h azn a vvith “ m uch booty and a great part o f 
the K h iv a  troops, together vvith the princes o f the deposed fam ily o f M a ’mûn 
and the leading men o f the country as prisoners ofvvar or as hostages. A m ong 
the last vvas A b u  R aih an  M uham m ad ibn A hm ad A lb eru n i”  (Preface, ix). 
But neither Beruni him self has said or hinted in any o f  his vvorks, including 
his “ C hron icle o f Khvvârizm ” in vvhich he has recounted the circumstances 
o f Sultan M ah m u d ’s conquest o f K h iva , that he vvas taken prisoner, nor any 
other contemporary or early reliable authority has mentioned Beruni’s name 
am ong prisoners.5 T h e  only tale about Beruni having been sent to prison in 
the fort o f  G h azn a for six months for having annoyed the Sultan vvith his 
exact predictions in response to the Sultan ’s test questions, is told in Chahâr 
Maqâla by N izam î cA rûdî, an author vvho relied on hearsay and revelled in 
the lore o f the past to recount stories for purpose o f  literary entertainm ent. 6 
A nother literary source often referred to is Y â q û t ’s Irshâd al-Arîb or M ucjam 
al-Udabâ’ (vvritten more than tvvo centuries after the event) in vvhich it is 
m entioned, again on the basis o f 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 G hazn a.

s A bul Fadl Baihaqi vvas Beruni’s contem porary and has included copious extracts from 
Beruni’s ‘Chronicle o f Khvvarizm ’ (al-Musâmârah Jt Akhbâr Khwarizm) in his ovvn History (ef. 
Tarikh-i Baıhaqi, Persian text, M ashed University, M ashed, 1350/1971, p. 1004). Zahiraddin 
al-Baihaqi, vvho in his Tatimmah has mentioned Beruni a number o f times, does not say that he 
vvas taken as a  prisoner to G hazna. He has mentioned the physician A bul K h air Kham m âr 
being taken by Sultan M ahm ud to G hazna but not as a prisoner ( Tatimmah Siwân al-Hikmah, 
Lahore, 1951, p. 12).

6 Chahâr Maqâlâ, ed. M uham m ad b. A bdul YVahhâb Q_azvini (Text, Leyden 1327/1909), 
G ibb M em orial Series, London, 1910, p. 57.) This tale pertains to the period vvhen Beruni vvas 
already in G hazna and in close com pany o f  Sultan M ahm ud.

7 M u’jam al-Udabâ, in 20 parts, D âr al-M am un Press, Cairo, X I  /186.
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Therefore, there vvas no good reason for iearned Sachau to have added 
Beruni’s nam e to the list o f prisoners.

In order to reinforce his argum ent that Beruni vvas taken prisoner and 
forcibly rem oved to G h azn a, or to som ewhat m odify this stand, İearned 
Sachau labelled Beruni’ s departure from Khvvârizm  to G h azn a as an 
“ involuntary im m igration”  (Preface, ix). But there is nothing on record to 
show that he was forced against his will to leave K h w ârizm . T h e  question is, 
vvhy should he have preferred to stay on in Khvvârizm  vvhen his patron ruler 
A b û ’l-cA b b âs M a ’mûn had already been assasinated by the rebels, disorders 
had prevailed, Sultan M ah m u d ’s deputy vvas novv to govern the country, 
and there vvas no possibility o f any M am unid  Prince com ing to the throne 
again? M oreover, it vvas not for the flrst time that Beruni had left his 
hom eland. His mission in life vvas clear: to seek knovvledge and advance it 
vvherever opportunities to do so becam e available to him. H e vvould readily 
leave a place vvhen his scholarly pursuits vvere likely to suffer. Lon g back in 
487/488 A .H ., he had left Khvvârizm  vvhen he vvas no hope to continue on 
vvith his plan o f astronom ical observations vvhich he had pursued during 
485-486 A .H ., and partly  in 487 A .H .,8 because o f the disturbed conditions 
due to the struggle for povver betvveen tvvo ‘great men o f  Khvvârizm ’ (Kabtrai 
Khvvârizm). 9 Beruni had then decided to leave Khvvârizm  not because o f  any 
external pressure but because o f internal disorder. H e first vvent to R a y  then 
to jila n , and from there t o j  urjan. T here at the court o f Q abus b. W asham gir 
he stayed for about 5 years (389-394 A .H .) ,10 and considerably advanced 
his astronom ical and historical studies vvhich culm inated in the com position 
o f al-Athâr al-Bâqiyah. But then he left that court and returned to Khvvârizm  
vvhich vvas novv peaceful, vvith A b û ’ l-H asan A li M a ’m ûn as the nevv ruler. 
He took to his studies and m ade astronom ical observations o f  vvhich the one 
m ade in R am adan 394 A .H . is specifically m entioned by h im .11 By that

8 Cf. Berûnî’s Tahdid .Nıfıâjâl al-Amâkin lı-Tashih Masâ/ât al-Musâkitı, T ext, ed., 
M uham m ad b. Tavvit al-Tanji, Ankara, 1962, pp. 80-81 & 236 .

9 T h at is hovv Beruni put it ( Tahdid, p. 81), and he obviously meant Abu Abdullah the last 
ruler o f  the House o f  Iraq and his adversary A li b. M am un who won the throne for the nevv 
M am unid Dynasty.

10 F.A. Shamsi in his Paper “ A bu al-Raihan M uham m ad ibn Ahm ad al-Bayruni”  (Al- 
-Biruni Commemmorative Volüme, H am bard A cadem y, Karachi, 1979 , pp. 260-288) has made 
useful observations on the chronology o f Beruni's departure from Khvvârizm, his presence in 
R ay, Jilan  and Jurjan, and his eventual return to Khvvârizm.

11 al-Qânûn al-Mascûdi, A rabic text, 3 Vols., H yderabad Deccan, 1954-5 6 . p. 74 .
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time, A li assigned him a position in the court, ‘w hich pleased the friends who 
knevv him and upset the ignorant ones’ . H e was not p articu larly  happy vvith 
this assignm ent (as it was likely to disrupt his studies) vvith w hich he had 
been b u rd en ed ,12 but fınding no w ay out o f  it he rem ained in that position 
during A li ’s reign. Hovvever, he con tin ued  on subsequently under more 
favourable circum stances during the reign o f  his brother A b u l A bbas vvhen 
he was also able to save some time for his field research .13

It was during his close association vvith the court o f the young prince 
A b û ’l-cA bbâs M â ’m ûn that Beruni becam e better inform ed about the power 
and position o f  Sultan M ahm ud and the im portance o f the G h azn a court as 
a gatevvay to India. A b û ’ l-cA bbâs becam e a brother-in-law  to Sultan 
M ahm ud, and also he reposed full confidence in Beruni vvhose counsels 
probably helped to m aintain the most cordial relations between the tvvo 
courts during most o f the period o f the youn g prince’s reign. In his al- 
Musâmarah f ı  Akhbâr Khuıânzm 14 (Chronicle o f  Khvvârizm ), Beruni has 
stated that he had served prince A b û ’I-LA bbâs for seven years; also he has 
underlined the fact during this period friendship betvveen A b û ’l-cA bbâs 
and Sultan M ahm ud vvas firm ly established and that, presum ably because o f 
Beruni’s advice and influence, A b û ’l-cAbbâs alvvays tried his utmost to vvin the 
heart o f  Sultan M ahm ud  15. A lso from a statem ent m ade by him  in his Kitâb 
al-Jamâhir, it appears that most p robably Beruni used to supervise the 
despatch o f annual presents from A b û ’l-cA bbâs to Sultan M ahm ud, vvhich 
included precious stones o f  rare q u a lity .16 Such presents vvere probably

12 Tahdid, p. 81. J * U J  1 * - i .  U ^  I J

• c U L J I jjü J I  ^1» j ü 'j

13 Loc. cit.
14 So is the title mentioned by Sacid Nafisi in his Dar Pairâmun-i Tarikh-i Baihaqi, Tehran, 

•342 (S), (vol 2, p. 1004).

15 Beruni quoted by A bul Fadl in his Tarikh, p. 907. ^  ( - '1 * 0  y*. O*

^,1 3 . . . .  ^  ^  \ j,\

<■>*̂ t-*' *5 »l£> •__»y  y -» 'J j

16 Kitâb al-Jamâhir f i  Ma'rafat al-Jamâhir, H yderabad, Deccan, 1355  A .H ., p. 56.

,> iJ -J S j  ^

V U  ILSL

• ( o ) ^ ••••• juJt ^
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prepared in his presence so that he could advise on their quality and 
excellence. As it vvas an annual affair, the fact o f Beruni’s expertise and 
advice should not have rem ained unknovvn to Sultan M ahm ud.

It w ould appear that though A b û ’ l-cA bbâs vvas a m an o f noble 
disposition he vvas not a great ruler. H e could not m aintain discipline in his 
arm y and also he could not balance his strategic position betvveen the 
G h azn avid  povver on the one side and the K hanates o f T ran soxian a on the 
other. In  his ‘Chron icle of Khvvârizm ’ Beruni has recounted the 
circum stances vvhich had prevailed during the last years o f  the prince’s reign 
(406-407 A .H .), and hovv he had given the best possible advice to the Prince 
vvho, vvith ali the regard he had for Beruni, either did not follovv his advice or 
failed to take tim ely decisions. T hereafter, Beruni vvould appear to have 
continued his nom inal attachm ent to the court but, to ali intents and 
purposes, he kept him self a loof so that during 406-407 A .H . vve find him busy 
vvith his astronom ical observation s.17

In Shavvvval 407 A .H ., A b û ’l-cAbbâs M a ’mûn Khvvârizmshâh vvas slain 
in the rebellion led by A lptigin  and other m ilitary com m anders, and it is not 
knovvn vvhat happened to Beruni in the vvake o f  it. T h ere is no d oubt that this 
event had shaken him up badly so that he recounted it in some detail in his 
“ C hronicle o f K hvvârizm ” , copious extracts from vvhich are preserved by 
A bul Fadl Baihagî in his History. 18 Beruni’s account shovvs that he had no 
soft corner for the rebels as he particularly mentions the stern punishm ent 
they deservedly suffered at the hands o f  Sultan M ahm ud. Beruni must have 
found a place o f  safety for him self during and after the rebellion till the time 
that Sultan M ahm ud attacked and defeated the rebel forces. Beruni and 
others vvho vvere attached to the court o f A bu l A bbas must have heaved a 
sigh o f  relief on hearing that the killers o f  their patron vvere vanquished and 
punished, and that they should have turned to Sultan M ahm ud thereafter 
vvas but natural. Beruni’s researches vvere disrupted by the rebellion, and as a 
man o f practical vvisdom he savv no prospects for his staying in Khvvârizm and 
continuing his vvork. For long, he had  been in search o forigin al source books 
on H indu astronom y, and he novv savv it clearly that for his Indian studies 
G h azn a vvas his future destination. T h a t Sultan M ahm ud should have 
shovvn favour to him  for being an em inent scholar and astronom er vvas but a

17 In his Tahdid (pp. 49, 53, 89, 101 & 108) and in al-Qarıun al- M  a f  udi astronomical 
observations made by him specifically from Shawwal 406 to R ajab 407 A .H .

18 Tarikh-i Baihagî, (supra fn. 5).
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vvelcome opportunity for him to leave for G h azn a. But neither the 
circum stances then prevalent at Khvvârizm  nor the Sultan ’s treatm ent o f 
him tend to suggest that his departure from Khvvârizm  for G h azn a vvas 
against his vvill, or a forced one.

(ii) W as Beruni a politician and an antagonist o f Sultan M ahmud?

Beruni vvas not a ‘politician’ by any stretch o f im agination, and neither he 
vvas in a posidon to be an ‘antagonist’ o f  Sultan M ahm ud. It vvould appear 
that in order to establish a basis for Sultan M ahm ud holding Beruni as a 
hostage and according ili treatm ent to him because o f the supposed 
antagonism  betvveen the tvvo, Dr. Sachau assigned Beruni the role o f a 
politician and capitalised on it. A ccordin g to him, Beruni “ played a political 
part as councillor o f  the ruling prince o f his country o f the M a ’m ûn’s fam ily”  
(Preface, viii). Therefore, “ from the very outset it is not likely that both the 
K in g  and his C hancellor, A hm ad Ibn H aşan M aim andî, should have 
accorded special favours to a man vvhom they knevv to have been their 
political antagonist for years”  (Preface, ix). Dr. Sachau further qualifıed 
Beruni as a “ cautious politician”  im plying as if  he vvas an opportunist 
(Preface, x). T here being no statements on record to vvarrant such 
conclusions, he attem pted to infer this, and m uch more, from his other 
equally untenable assumptions such as Beruni’s inadequate praise for Sultan 
M ahm ud, his forthright vievvs expressed in the presence o f the Sultan, his 
criticism  o f him, and his failure to dedicate any o f 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 exam ple, even though Beruni has referred to Sultan M ahm ud 
by his most proper title “ al-A m îr Y am în  a l-D au lah ”  and vvherever he has 
mentioned the late Sultan he has sought blessings o f A llah  for him and 
recorded the most befitting bendiction after m entioning his nam e, to Dr. 
Sachau ali this vvas not expressive enough o f  Beruni’s regard for the Sultan 
(Preface, x-xi). A lso Dr. Sachau failed to appreciate the great virtue o f 
Beruni vvho vvould alvvays speak the truth; i f  he had done so in the presence o f 
Sultan M ahm ud it vvas not because he did not respect the Sultan but because 
the truth had to be told. It vvas Beruni’s courage o f  conviction, and not his 
anim osity or antagonism  tovvards the Sultan, that he criticised him for 
“ utterly ruining the prosperity”  o f  India (Preface, xi). In the same vein, he 
criticised Sultan M es’ûd vvhom according to Dr. Sachau, Beruni held in 
higher esteem than Sultan M ahm ud (Preface, xiii-xiv), by po in tin gou t hovv
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he had ruined the prosperity and administration o f the State by squandering 
avvay ali the accum ulated treasures vvhich had vanished like smoke as if  in a 
single d a y .19 Beruni even did not hesitate to speak the truth vvhile 
delineating the character o f  his ovvn prince and patron A b û ’l-cA bbas 
Khvvârizm shâh: “ H e had praisvvorthy qualities o f  character, but also he had 
the unpraisvvorthy ones” , so declared Beruni; and he added further: “ I say 
this in order to m ake it clear that I cannot be partial to anyone”  (vvhile 
upholding the truth). 20

T o  shovv that Beruni vvas not favoured by Sultan M ahm ud, Dr. Sachau 
asserts it firm ly that “ at ali events, it is perfectly certain that A lberuni cannot 
have been in favour vvith K in g  M ahm ud, or he vvould have dedicated one o f 
his books to him ” . 21 T h e argum ent that Beruni had not dedicated any book 
to Sultan M ahm ud does not establish that the Sultan did not favour him. For 
that m atter, Beruni had not dedicated any o f his books even to the princes o f 
his ovvn hom eland, vvith vvhom his attachm ent in contrast to his 
disenchantm ent vvith Sultan M ahm ud has been taken for granted by Dr. 
Sachau. Y e t Beruni had done at least one favour both to his Khvvârizm ian 
prince and to A m îr Y am în  al-D aulah  Sultan M ahm ud: just as the ‘R in g ’ for 
astronom ical observations used by A b d u ’-R ahm ân as-Sûfî during the reign 
nam ed his first ‘R in g ’ after Khvvârizm shâh as Khvvârzim shâhî, and second 
one after Y am in  al-D aulah  (Sultan M ahm ud) as Tamînî.

(iii) Were any restrictions placed on Beruni’s scientifîc activity  
after his arrival in Ghazna? Learned Sachau conveys the impression as if  
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 
o f fresh inquiries, and vvas able to study H indu religion, literatüre and 
science directly from Sanskrit sources as also from H indu scholars

19 Kitab al-Jamahir, p. 27.

^  tmm » * ̂ j J  I 4J  1 y* I ' V.S 1 .flj  t  J*  I ç (J*jJ I (J

* fy-ı j

20 Beyruni’s ovvn vvords in his Chronicle o f Khıvârizm quoted by A bul Fadl Baihaqî in his 
Tarikh, p. 907.

' ^ ) d-** jji** ^

21 Alberuni’s India, vol. 2, p. 325 (annotation on p. 240 o f  vol. 1).
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themselves. T h e  result was that he was able to author some o f the greatest 
vvorks o f his life. Says Beruni in his ‘K ita b  al-H in d’ : “ YVhat scholar, hovvever, 
has the same favourable opportunities o f  studying this subject as I have” . 22 
But to dispel the notion that he should have done m ore than vvhat he had 
presented in this vvork, he also underlined the fact that after ali he had to 
vvork under certain lim itations. For instance he could not reach every vvhere 
and have access to ali the original Sanskrit sources, and that he also could not 
engage him self in frank and rational discussions vvith the H indu pundits 
because they vievved him vvith suspicion and thought him “ to be a 
sorcerer” . 23 Dr. Sachau, hovvever, disregards this context and, by 
suggestion, creates the impression as if  the lim itations under vvhich Beruni 
vvorked vvere imposed on him by Sultan M ahm ud, and that the change for 
the better cam e after Sultan  M ahm ud and his chancellor had died and 
M asu ’d ascended the throne. T o  this end, Dr. Sachau has pressed into 
service Beruni’s ovvn vvords (Preface, xiv-xv) and invested them vvith a nevv 
context in his paraphrased translation. 24

Elsevvhere Dr. Sachau brings together the othervvise unrelated 
observations o f  Beruni to assert that Sultan M ahm ud vvas the one vvhom 
Beruni “ accuses o f having failed in the duties o f a protector o f art and Science 
imposed upon him by his royal office”  (Preface, xv). In fact, there is no 
statement o f  Beruni on record anyvvhere in his vvritings to support this vievv. 
Since there vvas no positive evidence available to him, Dr. Sachau attem pted 
to bring together the references from here and there, in a chain o f combinations 
loaded vvith suggestions, to be able to dravv the desired conclusions. A fter

22 Alberuni's India, vol. I, p. 24.
23 Ibid, vol. I, p. 23.

24 Beruni has made a general stalement vvithout reference to anyone having imposed any 
restrictions on him. W hat he wants tosay, in ali humility, is that despite ali thedifTiculties he had 
done his best: vvho could do better except the one vvho vvould not face such difficulties! Beruni’s 
vvords (‘ K itab  al-H ind’, A rabic text, H yderabad, Deccan, 1377 A.H ./1958) are:
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devoting one-third o f his ‘Preface’ to this forced exercise, he vvas im pelled to 
record apologitically the follow ing which am ounts to saying that his 
conclusions are based on m anipulated inferences:

In the absence o f positive inform ation, we have tried to form a chain 
ofcom binations from vvhich we m ay infer, vvith a tolerable degree o f 
certainty, that our author, during the thirteen years o f his life from 
ıo ı  7 to 1030, after he had been carried from his native country to 
the centre o f M ah m u d ’s realm , did not enjoy the favours o f the K in g  
and his leading men; that he stayed in difTerent parts o f India (as a 
com panion o f the princes o f his native country?), probably in the 
character o f a hostage or political prisoner kept on honourable 
terms; that he spent his leisure in the study o f India; and that he had 
no ofîicial inducem ent or encouragem ent for this duty, nor any 
hope o f  royal revvard. (Preface, xvi).

(iv) Conjectures about the place where Beruni vvas supposedly held 
as a prisoner. H avin g presumed that Beruni vvas brought to G h azn a 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. I f  the M am unid princes taken at Khvvârizm  vvere sent from 
G hazn a to the difTerent strongholds for confınem ent, it vvas presumed that 
the same must have been the fate ofB eruni. But not knovving vvhere the other 
hostages vvere held, the places for Beruni’s confınem ent vvere conjectured 
either from references to the forts/cities vvhere any other political prisoners 
vvere held during the reign o f  Sultan M ahm ud or even thereafter, or from 
Beruni’s ovvn references to the places vvhich vvere possibly visited by him. 
T hus according to Dr. Sachau, Beruni m ight have been held as ‘a state 
prisoner’ at M ultan  because:

“ the city o f M ultan  is in various places m entioned by the author in 
such a rem arkable m anner as makes me think that he knevv it, and 
that lived there for some time. VVhen K in g  M ahm ud, A .H . 408 
(A. D. 1017), had returned from K havvârizm -K hiva after the 
conquest o f the country, and had carried along vvith him the princes 
o f the conquered house o f M a ’mûn, m any scholars (am ong them 
A lberuni), officers, and soldiers, did he send some o f these (am ong 
them Alberuni) as state prisoners to M ultan , vvhich he had 
conquered years before? In this vvay, nineteen years later (A .H .
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427), the princes o f the fam ily o f A ltuntash, who had ruled 
Khvvârizm  after the M am unis, vvere treated by M ah m u d ’s 
grandson, M ajdud, w ho sent them as state prisoners to L ah ore.”  25

O n the other hand (following Dr. S ach au ’s speculation that Beruni had been 
taken and held as a political prisoner), Syed H aşan Barani thought that it 
vvas at Fort N an dan a that Beruni vvas detained:

Beruni “ vvas most probably, kept as a political detenue in the fort o f 
N andana after the conquest by Sultan M ahm ud in 407 A .H . (1016- 
1017 A .D .) o f A l-B eruni’s native land o f Khvvârizm  vvhere he had 
occupied a v'ery prom inent position under the royal patronage.”  26

Being alm ost sure about the place, Barani even suggested the duration o f 
Beruni’s confinem ent by observing that “ this must have been o f a very short 
duration.”  27

These conjectures are obviously based on a series o f  assumptions: viz 
that Beruni vvas taken as a prisoner at Khvvârizm , vvas brought as such to 
G h azn a along vvith the Khvvârizm ian princes, and from there ali the 
hostages including the princes and Beruni vvere sent for confinem ent 
somevvhat in the nevvly conquered strongholds in India. T h e  evidence 
available from the qasîda o f the contem porary poet Farrukhî shovvs that this 
vvas not the case and that the princes vvere sent for confinem ent to the forts o f 
U k, T â q  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 M ultan, N an dana or 
anyvvhere else in the Indian Province o f  the G h azn avid  Em pire.

Beruni’s own Statem ents

In his vvorks Beruni has often given vent to his feelings and expressed his 
anxieties and vvorries, but no vvhere has he m entioned that he vvas brought as

25 Ibid, vol. 2, p. 325 (annotation for p. 240 vol. 1.)
26 Syed Haşan Barani: “ M üslim Researches in Geodesy” , the paper published in Al-Biruni 

Commemoralion Volüme, Iran Society, Calcutta, 1951, p. g also the same vievvpoint repeated by him 

in his iııtroduction to al-Qanün Mas’üdi, A rabic text, H yderabad, Deccan 1954-56, pp. vi & 
xxxii.

27 Ibid, p. 34, fn. i.

28 Nazim , Sultan Mahmud, p. 59 (fn. 5).
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a prisoner to G h azn a and held as a hostage or prisoner thereafter. H e has not 
stated the circum stances under vvhich he stayed at N andana. He has not 
done so even in case o f  the other places vvhich vvere visited by him during the 
course o f  his field studies. Fort N an dana has com e under reference in four o f 
his separate vvorks com pleted on different dates during a period o f about 16 
years, 29 but no vvhere has he even hinted that he had been a prisoner at 
N andana. His m ention o f  “ Qal’â Nandana”  (Fort N andana) as such, does not 
mean that N an dana vvas only a m ilitary fort vvhere prisoners vvere held: by it 
he meant the fort city  o f  N andana. 30 11 vvas then an im portant strategic city, 
being the provincial Capital o f the G h azn avid  Em pire vvithin India; 
previously it had been the Capital o f  the H indu Shahiyah dynasty. 31 
Beruni’s ovvn vvords regarding his stay at Fort N an dana do not convey the 
m eaning o f  a ‘forced stay’ there. It is but a factual statement, and in Beruni’s 
ovvn style o f expression. 32 Besides, N andana vvas not the only ‘fort city’ vvhere 
Beruni had been or vvhere he had stayed. H e had been to Fort L ah au r and 
Fort R ajagiri in K ash m ir vvhere he must have halted even though for a  short 
vv hile. A lso he had been to other cities ıvith forts such as Peshavvar, YVaihind 
(on the Indus), Jhelum , Sailkot, M an dakakor (Fort Lahore) and M ultan , 
and calculated the latitudes o f ali these places. 33

29 Tahdidcompleted in 416 A .H ., Kitab al-Hındin 421 A .H . (?), al-Qânûn in 427 A .H . and 
Kilâb al-Jamâhir in 432 A .H .

30 T h e term used earler in Khurasan, carae into vogue on the side o f Hind
after its use by the early G haznavid historians such as A bu Fadl Baihaqi and others. Factu- 
ally, it meant ‘the place vvith a fort’ , but conceptually as a strategic and administrative 

centre o f  the region, o r a  Capital city o f  the district /province/country. For instance, vvhen 

Abul Fadl Baihaqi mentions lU» he means ‘the Capital city o f G hazna’ and n otjust the 

‘fort’ o f  G hazna. O n  the side o f India, he has mentioned (T axila),( iL J )

(Nandanah) and ( î—»İJ ) (Kalinger) as Capital cities in their respective regions.

31 After the fail, in 1002 A .D ., o f VVaihand vvhich had been their Capital earlier, the Hindu 
Shahiyah ruler Jaipal transferred his Capital to N andana (Nazim , Sullan Mahmud, p. 88 
fn. 3). Strategically located, Nandana remained the Capital city o f  the region through the 

t8th century, N andana vvas stili a district (Tibaqal-i Naşiri, Eng. Edition by Raverty, I/537 fn.).
32 Beruni’s vvords about his stay at N adana are ( «>■>■> LjJU .Ul JI 1>u  I U j  ) (sec

below the passagequoted from Tahdid under “ T h e Experim ent’ ). Here, as elsevvhere, Beruni 
in the ordinary sense o f  :‘so it happened’ . For instance vvriting about the date, time and place o f 

has used the verb “  his birth, he says “  ( f j j ' j 4 ^ 1 ■** )
(quoted from Beruni’s ( (r1./4* - ’ •ü fll ,.1  J  O U . ) ”  by al-Tanji in the

introduction to his edition o f 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 vvith Sultan M ahm ud vvas concerned, his ovvn 
version o f it is vvrit large in a num ber o f  statements recorded by him in 
difTerent contexts, vvhich shovv beyond doubt that Beruni enjoyed a position 
o f 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. T h e  more significant statements, some already referred to, m ay be 
underlined here in their chronological sequence as they clearly confirm  the 
continuity o f  cordial relations betvveen Sultan  M ahm ud and Beruni to the 
very last.

(a) Beruni’s acquain tance vvith the G h azn a court developed during the 
long period o f 7 years (499-506 A .H .) vvhen heserved A b u ’l-cA bbas M a ’mûn 
Khvvârizm shâh, Beruni’s ovvn observations in his ‘C hron icle o f K hvvârizm ’ 
(already referred to) shovv that he stood for the most friendly relations 
betvveen A b u ’ l-cA bbâs and Sultan M ahm ud. W hen A b u ’l-cA bbâs failed to 
respond to Sultan M ah m u d ’s requests and began losing his confidence, 
Beruni advised him in a m anner to help him out o f the predicam ent in vvhich 
the young prince had placed himself. W hen this did not vvork, Beruni kept 
him self a loof from the court (406/407 A .H .). Beruni rem ained the most 
sincere vvell-vvisher o f his ovvn prince and also a friend o f the G h azn a Court.

(b) In his Kitâb al-Jamâhir, Beruni has stated that vvhile at the court o f 
A b u ’l-cA bbâs he used to oversee the despatch o f royal presents to Sultan 
M ahm ud annually, and he has specially m entioned a fine dagger vvith a 
precious ruby handle vvhich vvas a part o f these presents. 34 T h e  high quality 
o f the presents and Beruni’s association vvith their despatch as also his 
expertise in gems must have been knovvn to Sultan M ahm ud as the gifts vvere 
despatched över a long period o f  more than 5 years.

(c) Beruni’s personal acquaintance and association vvith Sultan M ahm ud 
began after the Sultan had defeated the rebel forces and taken över 
Khvvârizm, in Safar 408 A .H . Soon Beruni gamed complete confidence o f the 
Sultan so that vvithin one year after his arrival in G h azn a (R am adan/ 
Shavvvval, 408 A .H .), he had not only availed o f  the opportunities to conduct 
field research as far avvay as K a b u l and L am ghan , 35 but he vvas am ong 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 vvas returning from his 
M ath u ra-K an au j expedition by the end o f 409 A .H . T h e  Sultan vvas stili on 
his vvay to G h azn a, but he vvas so anxious to meet Beruni and shovv him the 
precious gems secured from N ahûra that these vvere displayed belore him lor 
his expert opinion. Beruni has m ade a special m ention o f the tvvo particular 
gems vv hich he had then exam ined m ore m inutely. T h e one vvas a fine piece 
o f  baijâzi36 (an am ber colour yellovv-red ruby) and the other a glassy 
greenish gem  vvhich vvas considered to be the most precious one. O f  this latter 
one, Beruni exam ined the colour and texture, and then holding it in his hand 
he began jud giııg  its vveight and felt it to be somevvhat lighter than the best o f 
its kind. T h e  Sultan vvas keenly vvatching, and seeing that lest Beruni m ight 
openly pronounce his opinion contrary to the popularly held beliefabout the 
uniqueness o f  the 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  o f his upright character to declare 
vvhat he believed to be true vvithout any hesitation. 38

36 Kitab al-Jamahir, p. 89.

U+fJ I U*. ı^Ll b j jJL-* ^  1 1

i 0 *j j ı , > . . p ı  ı_a>. j i i j ı  üjiu. * u io io ~ « — u j i  i u j i

*+1* '  f i»  1 y 1 * j !  ^ . i »  * J+ l * UüJ • U J > i-t V 1

. ( w ^ y-.UJI )

37 Ibid, p. 78. some readings given by the editör 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 ^   ̂j  ̂ )

j  I j  cd_b *'* * * |>*‘^ ti •••

wll£ ) L\Ŝ K/ ui 1 îl)
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* T he printed text has •—Jİ^Ij instead o f  vvhich is the reading.

** T he printed text has instead oi vvhich is the reading o f
Mss.

38 T h e text and the context o f these references do not support the inference dravvn by some 
scholars that vvhat transpried reflect strained relations betvvenn the Sultan and Beruni.



b e r u n i a n d  h is e x p e r i m e n t a t  n a n d a n a

(d) Eversince Beruni’s arrival in G h azn a, not only ali the facilities becam e 
available to him but Sultan M ahm ud bestovved special favours on him  for his 
learning and quest for knovvledge. Beruni vvas conscious o f the S u ltan ’s 
special favours vis-a-vis his ovvn achievem ents to such an extent that vvritiııg 
in 416 A .H . he blam ed him self for not having yet calculated the longitude o f 
G h azn a by his nevv m ethods despite ali the facilities being available to him. 
Says he in his Tahdid:

“ W hen it has been established vvhat I have already stated, I mean 
the determ ination o f  the longitude o f a given tovvn on Earth vvhose 
position in relation to other tovvns is knovvn, such as G h azn a o f 
vvhich I have not yet been able to calculate but the latitude; 391 the 
calculation o f  its longitude according to the methods described by 
me, 3911 hovvever, could not be achieved due to m any reasons vvhich 
prevented me from accom plishing it. A nd  if  I excuse m yself from 
determ ining it (longitude), it vvill am ount to m y denying the 
apparent and the hidden bounties o f G od (bestovved on me) as vvell 
as the bounty o f m y benefactor vvhich he him self has bestovved on 
me in abundance. Hovvever, 1 seek the support o f A lm igh ty  to 
facilitate (for me) the possibility o f  undertaking such studies as I 
have loved. 39

(e) In his Kitab al-Jamâhir, Beruni has m ade a statem ent vvhich shovvs that 
an intim ate relationship o f absolute trust and confidence had existed 
betvveen him and the Sultan vvho confided in him in m atters vvhich vvere 
strictly personal and private. A fter underlining the fact hovv kings vvould 
vvant to collect treasures in order to m aintain their sovereignty and

39 Tahdid, p. 213.

}*) <> f 11>* J.A L jjiZ Ijtj
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391 As already mentioned by him in Tahdid on p. 82 that is “  <»J e £  ”  =  38-35.
39 11 T he longitude o f G hazna as traditionally calculated before Beruni from Maghrib (the 

vvestern most p o in to fN . Africa) was already knovvn, and Beruni has also noted it as 
_r T - =  940 22' 24" ( Tahdid, p. 253).
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superiority, Beruni quotes w hat the A bbasid  C alip h  M ansur had said in 
that respeet. H e then states in the same context that the late A m îr Y am în  
al-Daulah M ahm ud vvas a man o f action 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 im portant vvith him). O n e day, during the 
year (408 A .H .) that he had returned from  Khvvârizm , he inquired from his 
astrologers hovv m any more years o f life he had, and they informed him that 
it m ight be betvveen ten to tvventy years. ‘So vvhat?’ he said, ‘M y  fortresses are 
full o f  treasures to the extent that even if  these vvere distributed över the 
num ber o f days o f  those years for the sake o f spending, it vvould not be 
possible to exhaust them ’. (This often used to be the burden o f the Sultan ’s 
personal confıdential talk vvith Beruni). R ecallin g it, Beruni says:

“ T his habit o f his constantly com plaining to me o f that (the time 
factor and non-accum ulation and exhaustion o f  vvealth) and 
purterbing me by shovving his anxiety on that account, com pelled 
me to teli him: “ Be grateful to your Lord, ask more from H im , and 
seek His protection o f your real asset, viz., the kingship and the good 
fortune; for these treasures have accum ulated only because o f them, 
though disorganized spending for just one day cannot arrest their 
decay. Thereafter, he stopped (com plaining about) it.” 40

(f) In the very last days o f  his life when Beruni vvas old and a forlorn figüre in 
G h azn a, he recalled the special favours vvhich Sultan M ahm ud, more than 
anyone else, had bestovved upon him. In the follovving verses o f  his qasida 
composed in praise o f  the learned scholar and poet A b u ’l-Fath al-Bustî, 
Beruni has nam ed and com plim ented his past patrons (M ansur b. A li b. Iraq 
o f the royal house o f Khvvârizm, Shams al-M acâlî Q âbûs b. YVashamgîr the 
ruler o f Ju ıjan, the two Khvvârizmian princes Ali and A b û ’l-cAbbâs M a ’mûn, 
and Sultan M ah m u d ), and o f them ali it is only Sultan M ahm ud to vvhom he 
has devoted tvvo verses o f his praise and gratitude. Also, it is to be noted that 
the nam e o f Sultan M ascûd (vvhom Dr. Sachau placed m uch higher in

40 Kilab al-Jamâhir, pp. 26-27.



Beruni’s esteem than Sultan M ahm ud) does not incidentally figüre in this 
q asid a:41

M ost o f m y days passed under bounty’s shadow 
O ccu p yin g  respectable positions and chairs o f  honour.

T h e  house o f Iraq nourished me and brought me up,
O f  them M ansur having established me well.

Shams al-M a°âlî wanted to prom ote me
Despite m y turning aw ay from him — vvhich vvas hard to endure.

A nd  o f the sons o f M a ’m ûn,cA lî did me 
A  favour that consoled me in m y poor condition;

41 Yaqu t, M u’jam al cUdabâ, X I / 186-87.
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A nd the last o f them. M a ’mûn, im proved m y lot,
Brightened m y name and then exalted me in position.

N ever did M ahm ud vvithhold any favour from me,
H e m ade me vvealthy and happy, overlooking m y omissions.

H e condoned m y mistakes and shovved m agnanim ity,
A nd, by his m ajesty, added glam our to m y d ignity and dem eanour.

W oe to my life after separation from them!
A n d  vvhat a sorrovv not to have met any consoler hitherto!

Conclusion

VVeighing ali evidence on record, it m ay be concluded that the m yth o f 
Beruni being held as a prisoner o f  vvar or a hostage and yet conducting 
rem arkable studies and vvriting some o f the greatest vvorks o f  ali times, needs 
to be buried once for ali. For long, Beruni vvas anxious to have access to the 
original sources o f H indu literatüre, astronom y and other sciences. D uring 
the peiod o f his service (399-406 A .H .) vvith A b û ’l-cA b b âs M a ’mûn 
Khvvârizmshâh, he became better acquainted vvith the povver and position o f 
Sultan M ahm ud and the im portance o f the G h azn a  court as a gatevvay to 
India. A fter A b û l-cA bbâs vvas killed (407 A .H .) by his rebelling com m anders 
and disorders prevailed in Khvvârizm , Beruni’s hope for continuing scientific 
studies there vvas shattered. YVhen Sultan M ahm ud defeated the rebel forces 
and occupied Khvvârizm  (408 A .H .), Berûnî vvas vvell received by him  as a 
scholar, scientist and a friend o f the G h azn a C ourt. H e accepted the Sultan ’s 
patronage and accom panied him to G h azn a, keeping in vievv the most 
promising future for his researches into Indology. T hus, Beruni vvas fully 
m otivated for his fresh scholarly pursuits even before he had reached 
G hazn a. He arrived there in fortuitious circum stances enjoying the support 
o f a great K in g  vvhose realm  had extended into the interior o f  H ind as far as 
the present territories o f Pakistan, vvhere minimum necessary facilities o f safe 
escort, stay and interpretation could becom e available to him. He him self 
vvas conscious o f ali this: “ YVhat scholar, hovvever, has the same favourable 
opportunities o f studying this subject as I have!”  A nd yet it vvas his ovvn 
assiduity, patience and perseverance, and above ali genius, vvhich enabled 
him to achieve, in com parable circum stances, the highest scholarly success 
ever knovvn in history.
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II

D A T E  O F  B E R U N I'S  A R R I V A L  A N D  S T A Y  A T  N A N D A N A

Beruni has not m entioned the date o f his visit to Fort N andana. T h e  
chronolgy o f events beginning from Beruni’s departure from K hw ârizm  
until his visit to N an dana is not clear, but an attem pt to trace it m ay lead us 
to a more valid conclusion regarding his arrival and stay in N andana.

(a) A b û ’l-cA bbâs M a ’mûn Khvvârizm shâh vvas assassinated by the rebels 
on 15 Shaw w al 407 A .H . (17 M arch, 1017 A .D .), and the rebellous forces led 
by A lptigin  and others vvere defeated by Sultan M ahm ud in Safar 408 A .H . 
(3 J u ly  1017 A .D .). 42 It vvas in the spring o f  408 A .H ., i.e. sometime during 
the months o f Ram adan/Shavvvval (February/M arch , 1018 A .H .) that 
accom panying the Sultan, Beruni arrived in G h azn a and, presum ably, he 
vvould not have left the city so long as the Sultan vvas there. It vvas during the 
ııe x ty e a r,o n  i3 ja m a d a -I , 409 A .H . (27 Septem ber, 1018 A .D .) ,43 that the 
Sultan left G h azn a on his expedition against M ath u ra and K an au j. It vvas 
then that the fırst convenient opportunity becam e available to Beruni to 
m ove out o f  G h azn a, and he im m ediately left for K ab u l vvhere he calculated 
the latitudes o f K ab u l and other places in the region. Thus, on “ Thursday, 
the 1 st o f ju m a d a - ll ,  409 A .H .” , he vvas a t ja fû r  (Jaypur?) “ a village in the 
vicin ity o f K ab u l because o f my utmost enthusiasm to calculate the latitudes 
o f these places” . 44 A fter spending some time in this region, he moved on to 
the Lam ghân region vvhere, in the vicin ity o f Lam ghan, he observed the 
solar edipse in the month o f D h ’ il Q a ’dah, 409 A .H .45 Soon thereafter he

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

43 Ibid. pp. 109-110.

44 • Î' Xmj ^
Tahdid, p. 88 (vvhere — »• is a misprint for 1 He also calculated the

latitude o f  Sakâvand. For a detailed discussion o f  the places visited by Beruni in this region, 

see the Paper by Dr. A .D .H . Bivar (“ T he Stations o f Al-Beruni on the journey from G hazna 
to Peshavvar” ) published in Al-Beruni on the journey from G hazna to Peshavvar” ) publish- 

ed in Al-Beruni Commemorative Volüme, H am dard Academ y, K arachi, 1979, pp. 160— 181.

45 Tahdid, A rabic text, p. 272 vhere £*- (407 A .H .) is an obvious

misprint for (409 A .H .) because in 407 A .H . Beruni vvas stili in Khvvârizm.

About the edipse, Beruni says that the sun vvas not visible till it had risen above the mountain 
sky üne. A t that time, only about one-third o f the sun vvas under the edipse vvhich vvas then 

clearing up.
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returned to G h azn a before Sultan M ah m u d ’s arrival from the M athu- 
ra-Kanauj expedition. T h e Sultan had left K anauj for G hazna in Shacban 409 
A .H . (January, 1019 A .D .) 46 and possibly reached G h azn a late in D h i’l 

Q a ’dah or D h i’l H ajj, 409 A .H . A lon g vvith other courtiers, Beruni 
vvelcomed the Sultan w hile he vvas stili at some distance from the city. It vvas 
on this occasion that the Sultan shovved him the precious gems he had 
brought from N ahûra for op in ion .47

(b) D uring 410 A .H ., though Sultan M ahm ud had left G h azn a on his 
expedition against K an au j, Bari and K alin jar in Ju m ad a-II, 410 A .H . 
(O ctober, 10 19 ),48 Beruni had most probably rem ained in G hazn a 
throughout the year or at least until the m onth o f Sh a’ban and carried out 
several astronom ical observations th ere .49 Therefore, his visit to N andana if  
at ali it m aterialized during 410 A .H . must have taken place after the m onth 
o fS h a ’ban. In  Tahdid vvhich he com pleted in G h azn a on 22/23 o f R ajab  416 
A .H ., Beruni has for the fırst time m entioned his stay at N andana, but the 
vvords used by him [ ( ‘O n  the occasion) vvhen I had stayed at N an dan a’] 
indicate that neither this happened in 416 A .H . nor in the previous year 415 
A .H . 50 but sometime earlier. T his leaves a period o f  4 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 H e has specifically mentioned the three vvhich were made on M onday 8 Safar; on 

T hursday, 14 Jum ada-I; and on Tuesday, 14 Sha'ban. (Cf. Tahdid, A rabic text, pp. 248 and 
281; al-Qânûn, pp. 365, 408 and 647).

50 T h e year 415 A .H . m ay also be excluded for the reason that Beruni was possibly present 
at the court in that year. İt is mentioned by Abul Haşan A li Baihaqi (Tarikh-i Baihaq, Tehran, 

13* 7S-/ >938, p. 63) that in 415 A .H . (1024 A .D  ), K in g o f  Bulghar had sent oflerings for the 
mosques o f  Sabzvvar and Khusraugird in the Nishapur region along vvith presents for K in g  o f 
Khurasan. T his may be the same event referred to by Y aqu t (Irshad al-Arib, V I/310 ) that the 
ambassador “ from extreme limits o f  the T urks”  angered Sultan M ahm ud by telling him that 
beyond the sea in the direction o f  "the Southern Pole" he savv the sun rotate visibly above the 
Earth. T h e Sultan then questioned Beruni vvho satisfied him vvith the explanation o f the 
phcnomeııon. M inorsky (in his editon o f Sharaf-al-^aman Tahir Marvazi an China, the Turks and 

India, London 1942, pp. 1 10-11 onvvards, and in his Paper “ On some oj Berûnî's Informants”  published 
in Al-BiruniCommemoration Volüme, Iran Society, Calcutta 1951, pp. 235-236) hascommented on this 
event mentioned by Baihaqi and Y aqu t and explained it in detail. H e has pointed out that as 
the Turks belong to the north ‘Southern Pole’ might be as mistake for ‘Northern Pole’ and, thal 
Sultan M ahm ud is meant by ‘K in g o f Khurasan’ . Also in September, 415/1024, Sultan 
M ahm ud vvas in Balkh (Nazim: Sultan Mahmud, p. 53). Therefore, in case the presents 
vvere delivered by the Am bassador o f  Bulghar (Volga) at Balkh, it m ay bepresum ed that Beruni 
had accom panied the Sultan there; and if  these vvere delivered in G hazna, Beruni vvas present 
there in 415 A .H ./ 1024.
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410 A .H . to the end o f 414 A .H ., during vvhich most p robably he visited 
N andana. 51 But according to his ovvn statem ent, he had follovved up his 
G h azn a observations o f S h a’ban 410 A .H . again in S h a ’ban 4 11 A .H .; 
“ T hursd ay, 26, S h a ’b an ”  (411 A .H .) is the m ore specifıc date recorded by 
h im .52 Thus, the duration from  the end o f4 io  to the end o f4 i4  A .H . again 
divides up into the follovving tvvo specific periods for his visit to N andana.

Ramadan 410-Rajab 411. In case it vvas his first oppurtunity to travel deeper 

into H ind, he vvas likely to have visited first the more im portant places vvhere 
not only facilities for stay and transport but for guides to assist and interpret 
vvere to becom e available. A ccordin gly  Peshavvar, YVaihand and N an dana 
vvould have been his most likely first choices because o f  their historical 
im portance. T h ou gh  this period o f about 9 months not appear to be 
sufficient enough for his visits and stay on the vvay and for his stay and 
experim ent at N andana, he m ight have visited N an dan a briefly this time 
and returned to it later for a longer stay.

411 ( Sha’ban)-4i<f A.H . T his period vvas long enough for any o f his inquiries 

and observations before reaching N andana, for his stay in N an dana, and for 
his visits in the N an dana region. H e m ight not have rem ined absent from 
G h azn a continuously for three years, 53 and yet the period vvas adequate 
enough for at least one longer visit to N an dana and his stay there for purpose 
ofexperim ent. Probably, that vvas vvhy he specifically prefaced his account o f 
the experim ent by clarifying that he performed it on the occasion when he had 
stayed at Fort N an dana.

In choosing his itinerary for the places to be preferably visited by him  in 
the interior o f H ind (the parts then constituting the G hazn aid  territory/the 

present d ay  Pakistan), Beruni must have attached im portance to his visit to

51 It is to be noted that during this period, the Sultan vvas also heavily involved in his five 
successive expeditions, in the years 410, 4 11, 412 and 413.

52 Al-Qânûn, p. 365.
53 There is not much on record to shovv that he had any important engagements in G hazna

during this period. In R ajab 412 A .H ., he had fınished vvriting his book Istikhiraj al-Autâr (as 

noted in th eco lop h on eo f the printed editon. H yderabad Deccan, 1367 A .H . / 1948) but it is not 

said that he did this in G hazna. VVhen he vvasjust över 50 ( •_} * 11 ı .̂  1.. - ,<• j , i.e., 

sometime during 413 A .H ., he had consulted astrologers to feel better and re-assure himself,

but not because o f any serious ailments vvhich afflicted him later vvhen he vvas sixty (cf. his 

Risalat al-Fihrisl, the text published by Dr. Edvvard Sachau in his introduction to the A rabic 
text o f Beruni’s K. al-Athâr al Bâçiyah, Leipzig 1923, pp. xxxviii-xxxxviii). This consultation 
must have been in G hazna even though for a very short duration.
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N an dana because, as in the past so also during 4 11-4 14  A .H ., N andana 
vvas a place o f considerable im portance, historically and geographically. It 
had been the capital o f the rulers o f  the H indu Shahiyah D ynasty for about
12 y e a rs54 undl 404 A .H ./10 14  A .D . vvhen it vvas conquered by Sultan 
M ahm ud. T hereafter, for more than 6 years preceding Beruni’ s visit, 
N andana had rem ained the Capital o f the G h azn avid  Indian Province. 
G eograph ically  also it occupied a position o f strategic im portance, both 
com m ercially and m ilitarily. T h e  m ain route from the side o f Peshavvar and 
T a x ila  in the north, after traversing the Salt R ange plateau descended 
through the gatevvay o f  N an dana into the plains o f the Punjab and thence to 
Sind in the south and the plains o f G anges in the East. In ancient time, 
A lexan der is believed to have reached the plain country through the 
gatevvay o f  N a n d a n a 55 before his battle vvith Porus and his subsequent 
m arch through Sind to the sea. In Beruni’s ovvn time, Sultan M ahm ud had 
stormed N an dana in 404 A .H . (M arch  1014) as it com m anded the main 
route to the G anges D oab 56 vv hich vvas the S u ltan ’s next coveted target. For 
Beruni himself, his visit to N an dana had the advan tage o f  planning his 
travels further ahead, in the regions beyond it. T h ou gh  he has not mentioned 
ali the places vvhere he had been during his travels in H ind, in one o f his 
references he has nam ed the more im portant ones vvhich vvere visited by him 
and o f vvhich he him self had observed the latitudes: these vvere Purshavur 
(Peshavvar), L au h ar (56 miles from the capital o f K ashm ir), VVaihand 
(H und), Fort N an dana, J ailam  (Jhelum ), Sialkot, M an dakakor (capital o f 
the Lahore region) and M u lta n .57 M ost probably, he had travelled to 
M ultan  directly from N andana as he has specifıcally m entioned it that “ the 
distance betvveen the last place (Fort N andana) and M ultan  is nearly 200 
miles” . 58 T his time he m ight not have stayed at N an dana and only passed 
through it.

D uring his stay at N andana, Beruni had accom plished m ore than one 
tasks. By halting at N an dana and m aking it a centre for his inquiries, Beruni 
vvas able to extend his visits into the surrounding region vvhich vvas also rich

51 H aving been vanquished in 399 A .H . (1001 A .D . 1 by Sultan M ahm ud, and afraid o f
further onslaughts by him ,Jaipal, the Raja o f  VVaihand, 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. g ı .
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-Jamâhir vvherein he says:

W ithin the boundaries o f M an kavar not far from Fort N an dana in 
the territory o f H ind, were brough to me stones, small ones and big 
ones, o f the length o f a fınger or less than th a t ...59

In N an dana proper, Beruni observed the latitude o f the place vvhich he 
has noted in his Kitâb al-Hind along vvith the latitudes o f other places, vvhich 
he had personally visited. T h e  figüre for N an dana (as given in the printed 
edition) is 32'-o. 60 Later, Beruni also calculated the longitude o f N andana 
(from the vvesternmost Coastal point o f M agh rib ,N orth  A frica), revised the 
figures for its latitude, and recorded both the figures in his al-Qânûn al- 
A fa/ûd î. In the printed editon o f this work, the longitude and the latitude o f 
‘Fort N an dan a’ are given as 94° —  43' (E) and 330—  10' (N) respectively. 61 
This figüre for the latitude o f N an dana is quite close to the m odern figüre 

32° —  43 '-

T h e  third most significant activity  in vvhich Beruni engaged him self 
during his stay at N an dan a vvas his experim ent to measure the dimensions o f 
Earth by a nevv m ethod, the thought o f vvhich occured to him vvhen he 
actually  saw the place.

59 Kitab al-Jamahir, p. 95.

’ .üfJl y/j U LJi ,>» 'j j& u  JyĴ '

<JJ tj Lİ~N I JjL * d***

(V 1 Uij i t _>.U t

in the printed text, the name ( ) has been left out, as the editör (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 ( u m )  ).

60 Alberuni’s India, vol. 1, p. 317.
61 Al-Qânûn al-Mas’ûdi, vol. 2, H yderabad, Deccan, 1374 A .H ./ 1955 A .D ., p. 562.
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II

N A N D A N A : T H E  S C E N E  A N D  S E T T I N G  F O R  T H E  E X P E R IM E N T

Beruni’s approach to N an dana vvas naturally from the northvvest along 
the age-old route, traversing the roof-like elevated A ra  valley and then 
descending south-eastvvard (from the sector o f the present A ra  village and 
the A ra  Rest House) tovvards the N an dana Pass. T h e  environ enroute to 
N andana, as it vvould have appeared and impressed Beruni, can best be 
visualized through the vivid description o fit  left by a m odern researcher (Sir 
A urel Stein) follovving the footsteps o f Beruni:

“ I m ay novv proceed to give an account o f the route leading dow n 
from the Salt R an ge through the Pass o f N andana, and o f the 
rem ains o f  the ancient stronghold. From  the elevated ground o f the 
A ra Plateau, at a height o f  about 2,400 feet, a steep vvinding road 
leads dovvn över the rocky scarp o f the range for close on 2 miles to 
vvhere a small dip, about 200 yards across, at an average level o f 
1,300 feet stretches betvveen tvvo small valleys drained by streamlets 
vvhich further south ünite belovv the ruined stronghold o f N andana. 
Im m ediately above the dip referred to, vvhich forms a kind o f 
natural fosse, there rises very abruptly  the bold rocky ridge o f 
N andana. O n  its top, at a height o f  about 1,500 feet above sealevel, 
it bears conspicuous ruined structures, and along the precipitious 
northern slopes belovv these, the remains o f a boldly built üne o f 
vvall, defended by bastions. T his fortified ridge com pletely bars 
further descent on the route; for the tvvo small valleys above 
m entioned contract on either side o f it into deep and extrem ely 
narrovv gorges, and descend for some distance betvveen almost 
vertical rock vvalls, hundreds o f feet h igh .” 62

As one approaches the site, the northern slope o f the rocky ridge on 
vvhich stood the fortified inner city, becomes prom inent. Before 
negotiating its bottom  line, one passes through the ruins o f the outer 
quarters o f  the city. Proceeding further and follovving the track 
higher up on the slope, there appear the massive foundations o f  the 
fortification vvall skirting around this northern side and the 
rem nants o f the gatevvay leading into the vvalled city. T his vvould

62 Stein, Sir Aurel: Archaeological Reconnaissances, pp. 37-38.
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appear to be the only gate, or the only m ain gate, through vvhich 
Beruni must have entered the inner city, since there are no traces o f 
a sim ilar entrance, the slope o f the ridge both to the left and the 
right o f  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 o f the inner city quarters extending south-astvvard up to the 
massive ruined structure o f  Budhist m onastery standing high on the 
very south-eastern edge o f the ridge. T his vvas the m ain area o f  the 
m ore ancient Budhist city. T o  the right o f the gatevvay, and high up 
on the ridge-top stands the tali edifıce o f a H indu tem ple and a 
mosque behind it, both in ruins. It vvas on this high central part o f 
the ridge that the H indu city developed after eclipsing its Budhist 
predecessor. A d jacen t 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 o f the ridge, to a spacious sem i-circular 
platform  vvith the remains o f  its defensive bastions and living 
quarters. This is Kanthi ( Neck o f the ridge, vvith its tvvo high 
shoulders o f the upper flat top extending south-east and north- 
vvest). T his depression (much deepened and broadened by rain 
vvaters during the course o f centuries) novv separates the central 
tem ple/m osque side from the other side extending north-vvestvvard 
close to the high vertical wall-like face o f the m ountain. This part o f  the 
ridge, on vvhich also stands an early graveyard , vvas obviously 
rehabilitated during the G h azn avid  period. W hen N an dana vvas 
conquered by Sultan M ahm ud in 1004/1014, it retained its 
im portance as the Capital city and the Sultan appointed his trusted 
officer, Sârugh Sharâbadâr, there as G overnor. H e vvas an efficient 
adm inistrator vvho, during his long tenure o f office o f  about 20 years 
or more, 63 developed the G h azn avid  quarters o f the inner city, 
vvhich extended form the mosque north-vvestvvard to the tail end o f 
the ridge.

Berûnî visited N an dana vvhen G overnor Sârugh vvas stili there 
and, in ali probability, he stayed as a guest o f the G overnor not far

63 Thereafter Sultan M as’ud confirmed him there. A ccording to Baihaqî, it was in 422 
A .H ./ 1030-31 that he set free K h aw aja  A bdul R azzak vvho vvas held there and escorted him to 
his father, Prime Minister Khavvaja Haşan Maimandi in Ghazna, vvho thanked Sârugh 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, M ashed, 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 w ould have 
n aturally attracted his attention. T h e  fortified ridge stands across 
the jun ction  o f high spurs o f the Salt R ange w ith an opening 
(the N an dana Pass) on its south, belovv vvhich extends the plain 
country. Looking through the N an dana Pass, from the side o f the 
mosque, Beruni could have a clear, though partial, vievv o f the plain 
extending southvvard. O n e high peak o f the tail end o f the spur 
stood close by on the right. its most conspicuous feature vvhich must 
have attracted Beruni’s attention from the G h azn avid  quarters (as 
it does o f any visitor novv standing beside the m osque on the rim o f 
the depression or on the other side o f it), vvas its high vertical 
vvalk-like face. T his vvell-cut smooth face becomes m ore and more 
visible, from the peak point to the foot, as one vvalks (beyond the 
G h azn avid  graveyard) closer to the edge o f  the ridge vvhich is 
separated from  the mount-vvall by a narrovv deep gorge, through 
sphere curiosity that the impressive scene inspires. Here vvas an ideal 
situadon vvhich must have enthused Beruni to experim ent vvith his 
novel m ethod there! T h e  peak to bottom  face o f  the m ountain being 
smooth vvall-like and vertical, its perpendicular height could be 
m easured conveniently and more precisely. T h e  other im portant 
requirem ent for his experim ent vvas the vast level plain adjacent to 
the m ountain and extending far avvay to the horizon. T hough 
Beruni had a partial vievv o f the plain through the N andana Pass 
from his ovvn quarters, he could not have a full vievv o f it unless the 
either vvent on the other side o f the Pass or climbed up the mountain. 
H e preferred to go up to the m ountain top so that he could size up 
the plain and also the peak point from vvhere vertical measurement 
to its foot could be taken. T o  do so, he must have com e out o f the 
fortified part o f  the city, passed through the lovver part o f the city, 
traversed a long vvay tovvard north-vvest, crossed the shallovv rivulet 
vvaters flovving dovvnvvards into the gorge, clim bed up the slopes o f 
the spur along its north-vvestern shoulder and reached high up on 
the top before he could have a full vievv o f the plain. YVhen he did so 
and had a full vievv o f  the vast level plain extending southvvard far 
o ff to the horizon, he took the final decisioıı to try out his nevv 
m ethod for determ ining the dimensions o f Earth. T h is is obvious 
from his ovvn statem ent vvherein he says that vvhen he “ climbed up the 
mountain... and looked up the plain extending southıvard’ it occurred to me that
I  should test this method there".
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IV

T H E  P R O B L E M  A N D  T H E  M E T H O D  F O R  S O L U T I O N

As already discussed, Beruni stayed and performed his experim ent at 
N an dana, m ore probably during the period 411 (Sha’ban) 414 A .H . (1020- 
1024 A .D .). H ow ever, solution o f the specific problem , viz., a more precise 

determ ination o f  the length o f  one degree o f  the arc o f  the m eridian circle, 
had been on his mind for m any years before.

In his different vvorks, Beruni has referred to the subject o f dimensions of 
Earth and traced its study in historical perspective beginning from the vievvs 
o f the early G reek and the Indian astronomers, the m ore precise results 
obtained by actual m easurem ent by C alip h  M a ’m ûn’s scientists, and fınally 
Beruni’s ovvn anxiety to verify their result in view o f  the discrepancy in their 
reported figures. T h e  subject had fascinated him so much that he kept 
vvorking on it for years and fınally recorded his vievvs and findings in detail 
particularly in his tvvo vvorks—  Tahdid Nihâyâl al-Amâkin and al-Qânûn al- 
Alascûdî. His account o f the studies carried out before him and the problem  
vvith vvhich he was concerned m ay be sum m arized here keeping close to his 
ovvn observations.

(a) Beruni has observed that besides inere tales and hearsay, vvhat is 
specifically knovvn about dimensions o f Earth is that vvhich is recorded in 
Greek and H indu sources ( min jihal al-Rûm wa al-Hınd). 64 Hovvever, they 
differ in their vievvs and in their calculations o f the length o f arc o f  the 
m eridian circle for the angle o f one degree at E arth ’s Centre, and 
consequently in their figures for other dimensions. T h e  H indus differ on this 
in their m ain vvorks, the five Sidhanlas, and so also the Greeks in their results 
as recorded in the vvorks o f G alen  and Ptolem y. T h e  figures given in their 
units o f measure, such as yojana and stadia, did not talley, and also values o f 
these measures had varied from time to time. A gain  due to their language 
and the term inology used by them it becam e difFıcult for the later d ay 
scholars to grasp the correct m eaning im plied in their vvritings.

(b) T h e  A bbasid  C aliph  M a ’mûn (198-218 A .H ./ 8 13-833), therefore, 
asked his astronom ers to re-exam ine the vvhole problem , and obtaiıı exact 
m easurements on their ovvn. T h ey  proposed to ascertain the length o f  the arc

64 al-Qânûn, p. 528.
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o f one degree so that the vvhole circum ference as also the radius and the 
diam eter could be vvorked out. T his they planned to do by actual 
measurements in the plains o f Sinjar in the region o f M osul. Elaborate 
arrangem ents vvere m ade, special instruments vvere devised, technicians 
vvere assembled and two groups o f  experts super-vised and conducted the 
vvhole operation. ‘T h e y  specified a particu lar site for the observation o f the 
Sun’s altitude at the m eridian. T h en  they proceeded from that point in tvvo 
groups —  K h âlid  al-M arvarrû d î vvith one party ofsurveyors and technicians 
heading tovvards the Northern Pole, and A li b. Isa a l-U sturlâbî (the m aker 
o f astrolabes) and A hm ad ibn al-Bukhtraî a l-Z arrâc (the expert in zara 
survey) vvith another party in the direction o f the South Pole. Both the 
parties observed the Sun at the m eridian till they found it declining to one 
degree, vvithout m aking any alterations in their straight course. VVhile thus 
preceeding, they marked their paths vvith the m easuring sticks and fixing 
arrovvs at the points. W hen they returned they once m ore verified their 
survey for the second time, till, both the parties cam e together at the place 
vvhence both had started. T h ey  found the single arc o f  the Earth as fıfty-six 
(56) miles. H abash believes that he heard K h âlid  d ictating this (figüre) to 
Q_âzî Y a h y â  bin A ktham . So he got this inform ation from K h âlid . A bû  
H âm id al-Sâghânî has also narrated sim ilarly from T h a b it bin Q urrâ, but 
from Farghani is reported ~  more in addition (to 56 miles). I have found ali 

the other accounts agreeing about this 65

In al-Qânûn, Beruni further explains that “ M a ’m ûn’s astronomers 
relying on the Celestial Pole in its Progression and Retrogression kept in vievv 
the conditions o f guaranteeing the maintenance o f a straight course in the day 
as vvell as in the night. T h ey  had observed the altitude o f the N orth Pole by 
their instrum ent. W hen they had taken every possible care in the m atter, 
they found out one o f  the 360 supposed degrees (o f the E a rth ’s 
circum ference) to be 56 miles. Everyone o f these miles consisted o f  4000 

zara al-Sauda, and every zara had the breadth o f 24 fingers. T h ree o f  such 
miles m ake one farsakh” . 66

(c) As a scientist, Beruni vvas perturbed on account o f this difference o f tvvo 
thirds o f  a mile betvveen the tvvo results o f M a ’m ûn’s astronomers. H e led 
developed a keen interest in astronom ical studies at an early age, and had

65 Tahdid, pp. 202-203 (follovving the traııslation o f  Barani).

66 al-Qânûn, p. 529.
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m ade some astronom ical calculations, as he says, “ vvhen he vvas young, 
probably around the year 380 A .H . by using 'Zîj H abash’ ”  67 (A H andbook 
o f Astronom ical T ables). H e vvas then about 18 years old and, vvhat is more 
significant, he vvas using “ Astronom ical T ab les”  com piled by the em inent 
astronom er o f  M a ’m ûn’s days-A hm ad b. cA bdullâh  al-M arvazî, 
professionally knovvn as H abash al-H âsib. It was in his other vvork (Kitâb al- 
Abcâd wa al-Ajrâm) that H abash had recorded vvhat he had him self heard 
K h alid  a l-M arvarudi confirm ing that the result o f their measurements in the 
plains o f Sinjar vvas 56 miles to one degree. It could be that the tvvo differing 
results o f M a ’m ûn’s astronom ers engaged Beruni’s attention since 380 A .H . 
or soon thereafter, and he kept thinking about verifying the exact figüre by 
taking measurements himself. This he did eventually sometime during 
389-394 A .H . vvhen he vvas under the patronage o f Q âbûs b. VVashamgîr, 
the ruler o f  Jurjan. For his measurements, he selected the plain country 
betvveen northern D ihistan adjacent to Jurjan  and the settlements o f the 
G u zz Turks, but he did not succeed in this effort due to non-availability o f 
precise instruments and adequate staff vvho could render necessary 
assistance to him. 68

(d) Hovvever, Beruni did not give up the idea altogether and contem plated 
an alternate m ethod, the idea o f  vvhich probably struck him after reading a 
statement o f  one o f  M a ’m ûn’s scientists A b û  T a y y ib  Sanad b. cA lî (an 
associate o f K h âlid  vvho had earlier carried out the straight surface 
measurement betvveen the tovvns o f R aqqa and T adm ur and found the length 
for one degree arc to be 57 mile), vvho had probably used this m ethod for the 

first time. Says Beruni:

cA bû a l-T a yy ib  Sanad b. cA li has reported that he vvas vvith al- 
-M a ’m ûn on the occasion vvhen the C aliph  had set out for al-R ûm  
and passed by a lofty m ountain rising high on the sea (coast). 
T here, a l-M a ’m ûn summoned him and directed him to clim b up 
the m ountain and observe ttıe dip o f the setting sun from the peak. 
He did so, and by this m ethod he obtained the circum ference of 
E arth ’ . 69

67 Tahdid, pp. 234-35.
68 Tahdid, p. 204 and al-Qânûn, p. 530.

69 Tahdid, p. 209.
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Beruni has exp lain ed  the process how , b y  this m ethod, difTerent 
measurements could be taken from the peak by adjusting the ‘observation 
apparatus' and the radius can be calculated fırst and then the circumference. 
“ T his exactly is the m ethod vvhereby a l-M a ’m ûn had obtained the 
circum ference o f the E arth” . 70 But, from his explanation it is obvious that 
the trigonom etrical concept o f sine form ula vvas to be used in calculations, 
vvhile it is not on record that this concept vvas fully developed by M a ’m ûn’s 
astronomers. Therefore, most probably, this vvas Beruni’s ovvn theoretical 
explanation o f A bû  T a y y ib ’s calculation. Beruni had been contemplating the 
solution by him self and vvas led to it, as he has m entioned it, by a reference 
in the vvork o f astronomer A b û ’l-cAbbâs al-Nairîzî (d. 300 A.H . It vvas on that 
basis that he had recorded the follovving theoretical explanation o f 
calculating the circum ference o f E arth by observing the dip o f the Setting 
Sun in the horizon in his earlier vvork al-Kitâb f ı  al-Ustarlâb.

T o  knovv this m ethod is quite conceivable in im agination, and it 
rests on sound deductions. It is difficult to carry it out in practice 
only ovving to the smallness o f the astrolabe (or other instruments) 
and the little size o f the thing on vvhich vve have to base our solution. 
A nd that m ethod is this. Y ou  clim b a m ountain situated close to the 
sea or a level plain, and then observe the setting o f the sun and fınd 
out the value o f the dip o f the horizon vve have already mentioned, 
and then fınd the value o f  the perpendicular o f this m ountain. Y o u  
m ultiply this height into the sine o f the com plem entary angle o f the 
dip, and divide the total by the versed sine o f this dip itself. T hen 
m ultiply (the double of) the quotient into 22 and divide the result o f 
this m utiplication by 7. Y ou  vvill get the length o f the E arth ’s 
circum ference (in the same terms or proportion in) vvhich the 
height o f this m ountain has been fixed. W e have not so far been able 
to experim ent vvith this dip, and its value in any high place. W e 
vvere led to this m ethod by A b û ’l-cA bbâs al-N airîzî vvho states, that 
Aristothenes (?) has m entioned that the heights o f the peaks o f the 
m ountains vvould be 56  ̂ miles vvhen the length o f the radius o f the 
Earth is 3.200 miles approxim ately. For the solution o f  this 
problem , it is necessary m athem atically that the dip o f the horizon 
in the m ountain vvherein the perpendicular is so high should be

70 Ibid, p. 207-209.
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about 1 / 3 degree. Such matters, hovvever, need actual experiments, 
and could be verifıed only by testing. T h e A lm igh ty  and YVise G od 
alone can help me (in obtaining success in such ventures). 71

This vvas a nevv m ethod, the ‘m ethod o f  dip measure o f sun set from a 
m ountain peak’ in contrast to the ‘m ethod o f surface m easurem ent 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 o f  horizon’ independent o f 
‘ the dip o f the setting sun’ . H e has explained this m ethod theoretically in 

Tahdid 72 before adverting to its application in his N an dana Experim ent. He 
had fully developed it earlier and vvrote a special treatise in 60 folios on this 

m ethod entitled Magâla f i  Istikhirâj Qadr a l-A r d bi Raşad inhitat. al-Ufcfan 
al-jibâl vvhich is 110 more extant. T h e date o f its com pletion is not knovvn, but 
it is included in the list o f his vvorks vvhich vvas com piled by Beruni him self in 
427 A .H . 73

It m ay, therefore, be concluded that the m ethod o f  finding, by 
trigonom etrical calculation, the circum ference or other dimensions o f Earth 
by observing the dip o f  horizon from the peak o f a m ountain vvas a fresh 
contribution by Beruni. H e applied this m ethod for the first time in his 
N an dana Experim ent during 4 11-4 14  A .D .

T h e three versions o f his description o f the Experim ent, along vvith 
com ments and calculation, follovv under the next section (V ). A ttention m ay 
be dravvn to an im portant explan atory com m ent vvhich Beruni has m ade in 
the more elaborate 3rd version recorded by him in al-Qânûn to the effect that 
the perpendicular o f the height if  projected straight dovun shall necessarily pass 
through Earth’s Centre on account o f ali the uıeights gravitating to it. In other vvords, 
i fa  stone vvere dropped from the peak straight down along the height line, and 
i f  it vvere not blocked at the bottom by the surface, it shall gravitate straight dovun 
to the Centre o f the Earth. It is to be noted that Beruni and his contem poraries 
vvere so very conversant vvith the concept o f gravitation that he only 
underlines the fact but does not see the need to explain it further. This

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

72 Tahdid, p. 210.

73 al-Fihrist, reproduced by Dr. C . Eduard Sachau in his introduction to A lberuni’s al- 
A th âr al-bâqiya un al Q urûn al-K hâliya, A rabic text, Leipzig 1923, p. xxxxi.
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phenom enon o f bodies ıvith weight gravitatin g straight doıvn to E arth ’s Centre 
would appear to have been experim entally verified and confirm ed, and some 
o f the distinguished contem poraries o f Beruni used this established concept 
to experim ent further and infer that Earth vvas not stationary but in m odon, 
and that (along vvith it) the m atter outside (vvithin its orbit) had tvvo types o f 
motion (at the same time). Beruni refers to this vievv in al-Qânûn (P art-ı, 
C hapter II, pp. 50-51) as under:

“ I have seen a certain astronom er, vvho is one o f the perfect masters 
o f the Science, supporting the theory (of the E arth ’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 determ ined or recorded. This gentlem an is 
o f the vievv that the m atter outside the Earth has tvvo movements, 
one circular, on account o f the part naturally being attracted to the 
vvhole, and the other straight on account o f its being attracted to its 
ovvn original source” .

Here he has not given the nam e o f this distinguished scientist, but he vvas 
A bû Sacîd A hm ad b. M uham m ad b. cA b d u ’l-Jalîl al-Sijzî vvhom Beruni 
recognised as one o f  the ‘perfect masters o f the science’ . A b u  Sacîd believed in 
the rotation o f the earth on its axis, and had also constructed an astrolabe on 
this basis. 74

74 Kitâb isti’âb al-Wujûh al-Mumkanahfı Sana’at al-Usturlab (Ayasufiya museum No. 2576 in 
Süleym aniye, and museum No. 3319 in K itâb  K h ân a i M illî-i M alik, Tehran). (ii) a l-K itab fi al 
Usturlâb.
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TH E N ANDANA M O U N TA İN

A  V I S U A L  D I A G R A M  O F  T H E  A G T U A L  S I T U A T I O N A L  
S E T T İN G  F O R  T H E  E X P E R IM E N T

1 T h e peak Point (Top) vvhere Beruni stood and took measurements.
2 T h e Bottom Point: Beruni measured the perpendicular height o f the mountain from the 

top to the bottom (from 1 to 2).
3 T h e Horizon Point, vvhich lay in the plain to the south o f the Nandana mountain 

tovvards the present Baghanvvala village.
4 Centre o f  circle, i.e. centre o f  Earth the circle corresponding to the circumference o f  th< 

earth.
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V

T H E  E X P E R IM E N T

Beruni’s record o f  his experim ent at N an dana is presently available to 
us in two his vvorks, Tahdîd vvhich he com pleted in 416 A .H . and al-Qârıûn al- 
Maszûdî vvhich he com pleted in 427 A .H . H e has also referred to it in his Kitâb 
al-Tafhîm li Sana’at al-Tanjîm .75 In al-Qârıûn, he has referred to it tvvice: first 
briefly in Part-I under C h ap ter 2, and then more elaborately in P art-V  
under C h ap ter 7. T h e  tvvo latter versions are brought under reference by 
Syed H aşan Barani in his paper on “ M üslim  Researches in G eodesy”  
vvherein he has discussed the last one in detail. T h e  version given in Tahdîd 
has not been discussed so far; the late Syed H aşan Barani only made a brief 
reference to it as the text vvas not then available to him. It is intended here to 

record, in their correct text, the three versions in order to com prehend ali 
aspects o f Beruni’s description o f the experiment.

I. T H E  F I R S T  V E R S İ O N  R E C O R D E D  IN  T A H D ÎD

T h e first description o f the experim ent vvas recorded by Beruni in 
Tahdîd. its original A rab ic text is reproduced from the printed edition under 
Appendix I. T h e  translation, close to the original, follovvs:

“ (On the occasion) vvhen I stayed at ‘Fort N andana”  in the territory 
o f H ind, and clim bed up the m ountain rising high above it on the 
vvest and looked up the plain extending southvvard from it 
(m ountain), it occurred to me that I should test this m ethod there. 
So I ascertained the sight line (extending) from the m ountain peak 
(and) touching vvhere the earth and the blue sky met (the horizon). 
T h e  line so visualised from (my) standing position (on the peak) 
dipped against the (horizontally) fixed line by (an angle of) o° 34'. 
T h en  I measured the (peak to bottom) perpendicular height o f the

75 After mentioning the results obtained by M a’m ûn’s astronomers (length o f  degree =  56 
—  miles and circumference 20,400 miles) he says: “ I also verified its (length o f one degree) 
Iccuracy in other vvays in the land o f  Hindostan, and did not find it much diflerent from the 
value mentioned by me in the above”  (Quoted by Syed Haşan Barani in “ M üslim Researches in 
Geodesy” , p. 16).
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mountain, and found it to be 652-3-58751 zirâc (cubits), reckoned 
by the z^âc used as a cloth measure at that place (Nandana). Let this 
be H L  in the diagram . N ow  angle T  is a right angle, angle K  equal 
to (the angle of) the dip ( = o °  34'), and angle H as its 
com plem entary =  89° 26'. So if  the angles o f the triangle H T K  are 
known, its sides vvill also be knovvn by the proportion o f T K  and 
sinüs lotus ( =  1). By this proportion , T K  will be 590 59' 49" while 
the excess betvveen it and sinüs lotus is o° o 11". But that is the 
perpendicular height H L  vvhich is knovvn in zirâz, and the ratio ofits 
(H L) zirâc to the zirâc o f L K  is the same as the ratio ofo° o' 11" to 590

59' 49". Novv 652-3-58 zirfc o f H L  m ultiplied by o° o' 11"  degrees o f 
L K  comes to 39121-53' 27" 28" 42 7511 vvhich vvhen divided by o° o'
11 "degrees o f H L  comes to 12853337-2-9. This in zira, is the h a lfo f 
the diam eter o f Earth. Therefore, its (Earth's) circum ference in zirâc 
vvill be 804781 18-30-39. O f  this, the portion for one degree out o f 
360 (degrees) comes to 223255-59-45.75111 W hen I divided this by 
four thousand, the (length in) miles for one degree cam e to 550 58'

751 In the Arabic text, this figüre in print is given as İ i * MûK ;ın<l one may read the 2nd digit- 

form ‘ /-*■’ as ( =  8), and the last digit-form ‘ t . ’ as i ,  ( t -  =  3) =  53, thus the whole figüre
as 652-8-53. But by taking >  =  3, X. =  8, the whole figüre =  652-3-58. By this figüre 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 a s j» £ (=  19) orv»i( =  59)-
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55". 75IV T h is is not far from the report o f H abash-and G od is the 
support (in tru th ).” 76

Com m ents and Calculations

A s an expert, Beruni wrote for the experts o f his days w ho were fully 
conversant w ith the subject, and understood the underlying concepts and 
the tenor o f his argum ents. Beruni believed in brevity and strict econom y o f 
vvords, and abhored jargon . Therefore, his expression is usually terse and 
loaded vvith m eaning. B rief com m ents and calculations are being offered so 

that the general reader m ay fully appreciate the contents o f the text. For 
convenience, the terms and expressions em ployed are explained belovv 
sequence vvise as they occur in the text.

• This Method. His reference is to the m ethod offin d in g  the circum ference o f 
Earth (Daur al-card) by the dip angle o f horizon from the peak o f a high 
m ountain, as discussed by him in the previous pages (pp. 207-211) o f 

Tahdîd. By calculation, it is a trigonom etrical m ethod o f finding the radius 
first, and then obtainin g the circum ference. As already pointed out, this 
m ethod vvas developed by Beruni himself.

• the zirâcused as a cloth measure in Nandana. T h e  figüre 652-3-58 given for the
perpendicular height o f the mountain is in the <7râc unit o f measure vvhich vvas 
then being used in N andana. It m ight have been officially introduced by the 
G haznavid governor, and hence called zirâF. I f  it vvere an indigenous measure 
vvith a local nam e, it vvould not have escaped Beruni’s attention. This figüre 
as given by him in al-Qânûn is 652 — — zirâc. T hus, the tvvo figures differ 

although the unit o f measure is the same. VVas it that the earlier figüre 
recorded in Tahdîd vvas later rounded o f by him in decim al expression as 
“ 652 +  nisf ushar zirâc”  =  652 —  (?)

• Let this be H L in the diagram. T h ou gh  Beruni refers to his d iagram  (al-surat), 
he only specifies H L  as representing the perpendicular height o f the 
m ountain, and leaves the rest o f  the diagram  undescribed. In his somevvhat 
more elaborate description in al-Qânûıı (recorded hereafter), he has 
explained the diagram  fully. By his explanation there the present diagram  
m ay be described as under:

75 lv Iıı the text, tlıc and digit-form is printed as $ vvhich m ay be read as f? { = 59 ) or 

Ç  53): vvhile the last digit-form is printed as a  t vvhich may beread as ( =  15) or«  »

( =  55)-
76 Tahdid, A rabic text, pp. 212-213.
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Novv let the m ountain’s perpendicular height be H L  (in the 
diagram ) positioned erect on the E arth ’s sphere T M L , and we 
project it straight dow n as T M L . This shall necessarily pass through 
E arth ’s Centre on account o f  ali the vveights gravitatin g to it. N ow  
let K  be the Centre, and the line from the peak to the earth and 
touching it at the horizon as H T . YVe jo in  K  and T , and thus is 
obtained the triangle H K T  o f knovvn angles vvith a riht angle at T .

• I f  the angles o f a triangle ar e knoıvn, its sides will be knoıvn by the proportion o f T K  
and sinüs lotus. T h e sides vvill be knovvn by the proportion o f T K  and sinüs 
totus. T h e  sides vvill be knovvn by the concept o f sine form ula o f  plane 
triangle, and Beruni vvas the first to have proved this form ula 77 and m ade 
full use o fit  in his vvorks. In al-Qânûn, it is dealt, vvith by him under C h apter 8 
o f P art-III:

a b _  c

Sin A  Sin B Sin C

T h at is, the sines o f angles o f a triangle are proportionate to the sides opposite 
to the angles. His expression “ by the proportion o f T K  and sinüs totus’ , 

implies tvvo param eters (‘side’ &  ‘angle’ ) the ratio o f  vvhich is im plicit in the 
sine formula.

• Sinüs lotus.The term used by Beruni is«ı_k' - r^ '  (lit. the vvhole o f  the sine), 
i.e., the vvhole sine, sine o f the vvhole angle o f  90 degrees, or sinüs totus o f 
vvhich the value =  1. T h a t is, Sin <  90 =  1.

• By this ratio, T K  will be equal to fj</ 59' 49".

By application o f the sine formula:

H K

T K

Sin T  

Sin H

T K  -  K H  X
Sin H 

Sin T
(i)

77 “ None o f his prcdecessors, from Ptolemy to Battani proved the sine form ula”  (Kazim , 
M .A.: “ Al-Biruni and Trigonom etry” , the Paper Published in Alberuni Commemoration Volüme, 
p. 169).
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T K  =  i X  — — —  (Beruni has taken H K  =  i)

O r =  r X

Sin T

Sin 89° 26'

Sin 90

Sin 89” 26'
O r =  1 X  ---------------  (Sın 90 — 1)

1

O r =  Sin 89° 26'

26
89° 26' =  89 —  =  89.4333° 

bo

Sin 89°26' =  Sin 89.4333 =  0.9999511

This num ber converted into degrees:

0-999951 1 X 60 =  59.99706
0.99706 X 60 =  59.8236
0.8236 X 60 =  49.416 =  590 59' 4 9 "

Thus, T K  =  590 59' 4 9 "  ............................................................................  (ii)

the excess betıveen it (TK) and sınus totus ıs o" o ' 1 1 "

T K =
Sin H

H K  X  (By (i) above) 
Sin T

T K -
Sin 89" 26' 

(H L +  LK ) y
Sın 90

(H K  =  H L +  LK)

T K -
Sin 89" 26'

(H L +  LK) --------------
1

(Sin 90 =  1)

No w T K = 59° 59' 49" (By (ii) above)
But T K = L K  (being radii of the same circle)

L K 59° 59'  49"
No w L K • H L  =  H K
i.e. T K + H L  -  H K



This means that H L  is in excess of T K  or L K  

H L -  H K -L K
H L =  ı-L K  (Beruni takes H K  =  1)

H L  =  6o° — L K  (Beruni’s integral unit is subdivided into 60
parts, each part again into 60 parts .... Therefore, 1 =60)
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L K  -  590 59' 49"

So, H L  =  60 -  (590 59' 4 9 " )

H L  =  o° o ' 1 1 "  ........................................................... (iii)

That is, the excess (HL) betvveen T K  and sinüs totus is o" o ' n " .

. The ratio of its (HL) zira to the zira of L K  is the same as the ratio of 0 ° O 11 to
590 59 ' 49".

T K  =  590 59' 4 9 "  ..................................  (By (ii) above)

L K  =  59 0 5 9 '4 9 "  (T K  =  LK).

H L - o° o ' 1 1 "  ........................................  (By (iii) above)

No w H K  =  H L  +  L K

Since H L and L K  are tvvo parts of a straight lines (in the diagram), therefore, 
by comparison, the ratio of length H L  (in zira*) to the length L K  (in zira ) is 
the same as the ratio of o°-o'-ı \ to 59°-59"-49-~

H K  o° 0 11"
‘•e. —  -  “  o V  ......................................................................... (>v )

L K  59 59 49

JVow 652-3-58 zirac of H L multiplied by 59 ° 59 49 degrees of L K  comes to 
39727°-58 '27"28 "'-42. T h e  follovving calculations are based on our assumption 
that one unit of zirâ' is divided into 60 equal parts, each part again subdivi
ded into 60 parts.
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H L  o° 6  I I "
(By (iv) above)

LK  590 59 49

or L K  X (o-o-11) -  H L X (59-59-49) (v)

H L

H L =  652.06611

o - "  4 2 .
59 59 49 “  59-59 - 7T  60

59.8166
=  59 -  -------

60

=  59-99694

Now 652. 06611 zirâ‘ o f H L multiplied by 59.99694 degrees of L K  

=  652.06611 X 59.99694

=  39121.97127

=  3 9 1 2 1 - 5 8 - 1 6 - 3 4  (by our calculation)

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

Novv L K  X (0-0-11) =  39121.97127 .................. (by (v) above)
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(T , 39121.97121
or L K  =  ----------------

o - O - II

Degrees of H L  0 =  o o ' - 1 1 "  — 0 - 0 -  —
60

o -i833
60

•003055

LK. -  3-9- - - 9?I-27 =  12805882.57 zira
•003055

L K  =  12805882 °-34'ı 2"

• This in zirac is the half o f diameter o f Earth. This is the value o f L K  in zirâc. But 
L K  is the radius vvhich is h a lf the diam eter o f the circle vvhich corresponds to 
the circum ference o f E arth ’s G lobe. Therefore, the figüre 12805882.57 in 
Zİrac is h a lf o f the diam eter o f Earth. R adius (L K ) is =  12805882-34'-12" 
by our calculation (as against 1285337-2' 9" o f  Beruni, a difference o f 

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

• Therefore, its (Earth’s) circumference in zirâc will be 804781 18-30'-jg". This 
figüre has been arrived at (i) by the value o f tt and (ii) by the form ula n 2r or 
n D, for calculating the circum ference o f a circle. Beruni vvas fully fam iliar 
vvith both these concepts. In his al-Qânûn al-Masûdî, C h ap ter 5 o f Book-III 
is devoted to the calculation o f  the value o f Tt. As pointed out by M .A . 
K azim  (in his paper “ Al-Biruni and Trigonom etry” , Al-Biruni Commemoration 

Volüme, op. cit., p. 165): “ H e first determ ines the ratios o f  the diam eters to the 
primeters o fregu lar polygons o f 180 sides, inscribed and circum scribed in the

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

that the value o f it is intermediate betvveen the tvvo values 3P 8' 29" 35'" 24'“ 
and 30 8' 30" 59"' ıo vl and applies Ptolem y’s m ethod o f  taking the 
arithm etic m ean betvveen the tvvo values, and thus getting the result correct 
to the sixth order as 3P, 8' 30" 17'" 46ıv 46v 30wı. H e further transforms the 
vvhole thing to the vu lgar fraction as
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1628681471
-  which comes out as 3.1417482. It was for the first time perhaps518400000 o t  rt

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, vvhich is usually taken

22
approximately as —  .

7

Now, by Beruni’s value of n  :
Radius L K  =  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)

. O f this, the portıon for one degree out o f360 comes to 223255-59-59”.

By Beruni’s figures:
Circum ference =  80478118 - 30' 3 9 "

=  80478118.51083

80478118.51083
Portıon for ı° = ----------------------- =  223255.3291

360

223255 - 19 - 45 (as calculated) 

223255 - 59' 49”  (as in the text)

• When I  divided this by four thousand, the ( length in) miles for one degree came to 
55° 5 8  55 '■ ^  has ben explained by Beruni in al-Qânûn ( op. cıt., p. 529) 
that one mile vvas taken to be equal to four thousand zirâc vvhich vvas knovvn in 
the days o fM a ’m ûn as zırâQ al-saudâ’ . Therefore, he divided the figüre in zırâc 
by 4000 in order to convert it into miles. T hus, the result is 55° 58' 55". It m ay 

be presum ed that the fractions are expressed in terms o f  one zirâc being
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divided into 6o parts, and again each part subdivided into 6o parts. I f  so 
calculated, the actual flgures comes to 550 48' 48", w hile in the text it is 550 

58 '55". T h e  same figüre given in Cal-Q ânûn al M as'û d î’ is 56° 5' 50" 6"'. 
T his difference betvveen the tvvo values (as recorded in Tahdid vvritten in 416 
A .H ., and again in al-Qânûrı vvritten in 427 A .H .) has been explained by Syed 
Haşan Barani (“ M üslim  Researches in G eodesy” , Al-Biruni Commemoration 
Volüme, p. 42) as under:

“ T h e  only possible explanation to our mind seems to be that Al- 
Birunî had kept vvith him self the data o f his observations at 
N andana, and, as the subject continued to retain his interest to the 
end, he revised his previous calculations, and has em bodied his 
better estim ations” .

• This is not fa r from the report o f Habash. T h e  reference is to the astronom er 
A hm ad b. °Abdullâh al-M arvazî (originally from M erv but settled in 
Baghdad) knovvn as H abash and his report on measurements taken by 
M a ’m ûn’s astronomers in the plain o f Sinjar in the region o f  M osul vvhereby 
they had determ ined the distance o f the arc o f m eridian circle for one degree. 
Beruni calls it as ‘H abash’s report’ , because H abash him self had not 
participated in the experim ent but had heard K h alid  one o f the participants, 
d ictating to Y a h y a  b. A kth am  al-Q azi that the length o f arc for one degree 

vvas found to be 56 miles. H abash later recorded vvhat he had heard, in his 
book Kitâb al-Abcâd wa al-Ajrâm and also used the figüre 56 in ali his 
calculations both in his K itâb  al-Abcâd vva al-Ajrâm  and in his H andbook 'Zîj 
H abash’ . T h e  other figüre for one degree length recorded by the other party
vvas 56 — miles. 78

3

II. A  B R IE F  V E R S I O N  U N D E R  P A R T  I O F  A L -Q Â N Û N

In al-Qânûn, under C h ap ter 2 o f Part I, Beruni for a vvhile reverts, 
during the course o f his other argum ents, to the subject o f ‘Dim ensions o f 
E arth ’ and briefly mentions the value o f  the length o f arc o f one degree angle 
at E arth ’s C entre determ ined in the past prior to his experim ent at

78 Tahdid, pp. 199, 203, 245.
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N andana. T h e  original text o f this version, w hich is translated belovv, is 
reproduced from the printed edition o f al-Qânûn (pp. 51-52) under 
Appendix II.

A ccordin g to Eratosthenes, it (the length o f arc o f  one degree) vvas
70 stadia as is mentioned by Galen in his ‘Book on Reasoning and 500 

stadia as stated by Ptolem y in his 'Book on Shape o f E arth ’ . But the 
true value o f  this term ( stadia) is unknovvn (to us) in the terms o fo u r 
ovvn units o f  measure. Therefore, the m atter vvas re-exam ined in the 
days o f M a ’mûn, and the length o f (arc of) the angle (of one degree) 
vvas found to be 56 miles, the mile consisting o f 4,000 zirâc saudâ, 
and one zirâc having the vvidth o f 24 fıngers.

T h e  Indians (on the other hand) have taken approxim ately tvvice 
this figüre (for this length) in miles. A ctu al observation (on the spot) 
being more im portant than (relying on) mere report, I investigated 
this (figüre o f the length) in their ovvn territory.

1 obtained the extent o f the dip o f the horizon at the peak o f the 
m ountain o f  N an dana, already o f knovvn height. From  it (extent o f 
the dip), I ascertained the value o f that angle. (So the other angles 
and sides o f the triangle becam e knovvn, leading to the calculation 
o f E arth ’s circum ference). From  it, I obtained the value (of the 
length o f  the arc) o f  that angle (of one degree) at E arth ’s Centre, 
vvhich cam e vvithin 57 miles.

Therefore it is, that vve have relied upon the result o f the M osul 
verification.

Comments.

• Mountain o f Nandana. T h e  reading in the printed edition is In a

text vvhich vvas available to Syed H aşan Barani (“ M üslim  Researches 
in G eodesy” , p. 18) it ‘ • Both these readings are
m isprint for \

• O f knoıvn height. From  this, it may be inferred (?) that Beruni had fırst 
measured the perpendicular height o f  the m ountain and then the dip o f the 
horizon.
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• Which came within^y miles. L iterally, ‘hovered around 57 miles’ ; but, then,
this vvould also mean ‘m ore than 57 miles’ . Considering that the figures given 
by Beruni in tw o other versions (the previous one and the one that follows) 
are ‘56 m inus’ and ‘56 plus’ respectivelly the expression here “

•  » —>ı ”  m ay be the scribe’s (or Beruni’s?) error for “  cr ' — II ”

(=56).
• The Mosul verification. T h at is, the verifıcation o f the earlier figüre obtained 
in the G reek sources. As recorded by Beruni (quoting from original sources) 
earlier in Tahdîd (pp. 202-203) and also under C h ap ter 7 o f Part V  in al- 

Qânûn, the verification vvas ordered by Caliph M a ’mûn and carried out by his 
astronom ers in the plain o f Sinjar in the region o f  M osul.

III. T H E  F U L L  V E R S I O N  U N D E R  P A R T  V  O F  A L -Q Â N Û N

A  m ore com plete description o f his N andana experim ent is recorded by 
Beruni under C h ap ter 7 o f  Part V  o f al-Qânûn. T h is version has been fully 
discussed, vvith copious com m entary and calculations, by Syed H aşan 
Barani in his excellent Paper “ M üslim  Researches in G eodesy” . T h e  A rab ic 
text is reproduced from the printed ed itio n 79 under Appendix ///. T h e 
translation belovv is based m ainly on Barani’s, vvith some slight modifications.

“ M y  extrem e anxiety to verify it for myself, and m y choosing (for 
this purpose) a level plain in N orthern D ihistân vvhich is in the 
territory o f  Jurjân , and eventually my failure due to exacting
difficulties and vvant o f earnest helper in the task, led me to adopt
another m ethod for it.

W hen in the territory o f H ind, I found a m ountain rising high 
beside a level-faced plain, as level as if  it vvere the surface o f sea. I 
then im agined the sight (extending) from its peak to th eju n ction  
of Sky and Earth, that is the horizon. Through my instrument, I found 
it d ippin g from the (horizontal) East-W est lin e 78 (at peak 
position) 791 a little less than 1 /3 and 1 /4 degree. So I took it (the 
dip of the horizon) as 34 minutes. I then ascertained the (peak to bottom) 
perpendicular height o f the m ountain by m easuring the height o f its

9 al-Qânûn al-Mas ûdîy vol. 2, Hvderabad, Deccan 1374/1955* pp. 530-31.

791 T he 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) I found it to be 652
—  zirâc (cubits).
20

Novv let the m ountain’s perpendicular height be HJ (in the 
diagram ) positioned erect on the Earth sphere ABJ, and vve project 
it straight dovvn as J T B . T his shall necessarily pass through the 
E arth ’s centre on account o f 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 H A . W e jo in  T  and A , and thus is 
obtained the triangle H T A  o f knovvn angles vvith a right angle at A , 
the angle A H T  being com plem entary to the angle o f the dip o f  the 
horizon ( =  0-34') is, therefore, equal to 8g°-26 vvith a sine o f op 59' 
59" 49"' 2""; and the angle N T A  being equal to the dip angle itself,
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that is o' 34" vvith a sine o fo p o' 35" 36'"7911. A nd, thus, this (triangle) 

also becomes o f knovvn sides in the proportion in vvhich T H  is sinüs 
totus (sine 1, o f 90 degrees) and also that T A  (half chord) vvill be sine 
o f the angle com plem entary to the dip angle. Therefore, HJ vvill be 
the excess in sine totus ( = 1 )  över the sine for the angle 
com plem entary to the dip angle, and that is op o' o" 1 o'" 57"" 3 2 ""'79m 
and its ratio to T A , the sine for the com plem entary angle to the dip 
angle, vvould be the same as the ratio o f the cubits o f the HJ 
perpendicular height o f the m ountain (652 —  cubits) to the 

cubits o f  T A , the h a lf o f  the diam eter radius) o f Earth.

Therefore, the radius o f Earth vvould be 12851369, 50' 42" cubits, 
the circumstances 80780039, I' 33" cubits, and (the length o f the arc 
of) its one degree out o f the 360 degrees 224388, 59' 50" cubits. T h e 
length in miles for one degree vvould be 56 5' 50" cubits. T h e length 
in miles for one degree vvould be 56, 5', 50", 6"'. T h at comes 
close to the result o f those people (M a ’m ûn’s astronomers): it rather 
corresponds vvith it. A nd  so my mind vvas set at rest (satisfied) about 
vvhat they had reported (as being the distance for one degree). W e 
have, hovvever, adopted (their figüre) for use because their instru- 
ments vvere more precise, and their labour in obtaining it (result) 
extrem ely exacting and painstaking.

A s for the m ethod o f  converting the miles o f the distances into the 
degrees (of the m eridian circle) so that the established process can 
be applied in ali cases, it is that vve m ultiply it (the mile figüre) by 3 
so as to m ake it three-fold, and divide it by 170 vvhich represents 
thrice the miles o f  a single degree. Conversely, vvhen it is intended to 
convert the degrees o f a distance into miles, m ay m ultiply (the 
degree figüre) into 170 and divide the result by 3. But since the 
m ultiplication o f the result into 20 minutes is the substitute o f the 
division o f it by 3, it is, therefore, necessary to m ultiply the parts o f 
the distances into 170 and the result into 20 minutes so as to get the 
miles.”

7911 In the printed edition, the last tvvo numbers are given as J =  34,26.
9111 In the printed edition, the figures are ( — — > ‘  _>*/•«•) i. e., 0.0,57,32. These are to be 

correctedas ( _ J  ' y  * j ;  t - ı .  ) i.e. 0,0,10,57,32 as given by Barani in his version o f the 
text in his article “ Muslini Researches in Geodesy”  (Albiruni Commemorative Volüme, Iran, 
Society, C alcutta  1951, p. 3 7 i)th o u gh  ‘ ’ therein is a misprint for ‘ j J  '
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Com m ents and Calculations

T h e follovving calculation and selected comments are reproduced from 
Syed H aşan B arani’s Paper “ M üslim  Researchs in G eodesy”  (Al-Biruni 
Commemoration Volüme, pp. 46-54).

♦
— sin — sin 89" 26' — op 59' 59" 49'" 2

‘ These and other notations 
in Arabic refer to the diagram 
under Appendix — III.

sin 90° — 1

0 + 59 + J 9_ + . 49
60 3600 216000

+

12960000

”  9833333333 
+  .0163888888 
+  .0002268518 
+  .0000001543

■999949228 (correct to 9 decimal places onyl).

ı-sin89°26'
>-op 59 59" 49'" 2'"' 
o1’ o ' o "  10"' 57 3 2 '""

+ _â2_ _22_

216000 12960000 777600000

■f* cubits =  652 —  cubits 
20

f  . excess
NoW-77 cubits -  --------------7—

^  half chord ^

— .00004629629 
+  .00000439815 
+  .0000000411

.000050735 (correct to 9 decimal places only). 

™  cubits

,. '304' ,  
20

20
r -------

cubits

•000050735
•999949228

the radius of the Earth in cubits.
■3041 x 999949228 

20 .000050735

6520168941174

507350

— 12851421 cubits.
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A s com pared vvith A l-B eruni’s calculation o f the radius o f the Earth. i.e. 
12851369 cubits, our result is only 52 cubits in excess. But if  vve substitute in 
the above calculations 507352 instead o f 507350 as the divisor, vve get almost 
the same result as Al-Beruni had reached in calculatin g the radius o f the 
Earth. In any case on the given data his result stands most approxim ately 
tested, and verifıes the various values assigned in the text.

Novv let us take up Al-Beruni’s ovvn measurements as given in A l-Q ânûn:

1 degree =  224, 389 zirâ' or 56° o ' 5 0 "  6 " '  or 363, 115 English
feet.

Circumference =  80,780,039 zirâc or 24,778l/2 Eng. miles
Radius =  12,851,370 zirâ' or 3,939 miles.
Diaeter =  7,878 miles.

A l-B eruni’s site o f m easurem ent being the fort o f N andana, vvhich 
according to A l-Q ân û n  had a latitude o f 340 10', the length o f the arc, 
therefore, vvould com e to about 364,150 feet, a value vvhich exceeds that o f
A l-B eruni’s by 1,035 êet or a little more than —  o f a mile only.

5

A l-B eruni’s circum ference is some 80 miles less than the true 
circum ference, but if  vve take the Earth a perfect globe then the difference is 
about 70-^miles only.

A ccordin g to Al-Beruni the E arth ’s radius is m ore than 12,851369 zirâc,
i.e.

12851369 X 6473 

4000

=  12851369 X 6473 

4000 X 5280

feet

miles
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T h e difference betw een the m odern measurements and A l-B eruni’s 
measurements o f the E arth ’s radius is equal to

3959-738 — 3938.774 =  11-964 miles.

A l-B eruni’s arc being about 224,389 zirâc or 363, 115 feet, vvith a 

difference o f  1,035 êet> the whole difference in the circum ference, i f  the 
Earth vvere a com plete globe, vvould be 70.568 miles only. 80

80 The calculation is as follovvs:

*?72 600
1035 ft. X 360 — 372.600 ft. — ----- miles — 70.568 miles.

5280
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A P P E N D IX  —  I

Description o f the Experim ent as recorded 
in T ah d îd  N ihayat al-A m akin
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APPEN D IX  —  II

T ex t o f Beruni’s D escription o f the N an d an a Experim ent. As 
R ecorded under C h ap ter 2 o f Book-I al-Q ân ûn  al-M as ûdî, 

Printed Edition V ol. I (pp. 51-52),
H yderabad  D eccan, 1373 A .H ./19 5 4 .

t j l £ İ >

İ J A  ^  ‘ 4 ^ 1 *  a  j y &  y_J o  l »
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A PPEN D IX — III

T ex t o f  Beruni’s Description o f the N an dana Experim ent 
R ecorded under C h ap ter 7 o f Book-I al-Q_ânûn al-M as'ûdî, 
Printed Editon. V ol. II (pp. 530-31). H yderabad D eccan, 

1374 A .H ./ 1955.
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N.B.: This article is a reproduction, with the exception o f some of its pictures, o f the following 
publication o f N .A . Baloeh: N .A . Baloch, Beruni and His Experimenl at Nandana, International 
Conference on Science in Islamic Polity, Islamabad, Novem ber 19-24, 1983.

T he A rabic texts and fragment o f  texts included in this article have been reproduced, as they 
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