AL-URDI'NIN "RISALET-UN Fi KEYFIYET-IL-
ERSAD" ADLI MAKALESI*

Sevim TEKELI
ONSOZ

Kritik edisyonunu ve Tiirkce ve Ingilizce terciimelerini verdigim bu
makale Hulagu'nun himayesinde Nasiriiddin-i Tusi tarafindan kurulmus
(1261) olan ve Avrupada Tycho Brahe zamanina (16'inci asir) kadar mii-
kemmeliyetine erisilemiyen Meraga Rasathanesi aletlerinin tasvirini veren
Al-'Urdi'nin  Rasatlarin  Niteliklerine Dair bir Makale adli eseridir.

Al-'Urdi Suriyeli mimar mihendistir. Samin su tesislerini yapmis Hims
Hiikiimdari1 Al-Mansur icin astronomik aletler insa etmis 1259 tarihinden

sonra da Nasirtiddin-i Tusi ile birlikte caligmistir.

Eserde verilen tasvirlerden aletlerin insasinda gercekten cok titizlik
gosterildigine ve dakik sonuclarin elde edilmesi icin montajlarina da itina

edildigine taniklik ediyoruz.

Bu eser 1909 senesinde Amabl Jourdain tarafindan Memoire sur [ob-
servatoire de Meragah et sur quelques instruments employes pour y observer
adlit makalede c¢ok eksik olarak Fransizcaya ve 1928 yilinda Hugo Seemann
tarafindan Die Instrumente der Sternwarte zu  Maragha nach den Mitteil-
ungen von al-'Urdi adiile Almancaya terciime edilmistir. Bu terciime oldukga
milkkemmeldir. Islam astronomisinin temel kitaplarindan biri olmasina

ragmen bu eserin metni simdiye kadar nesredilmemisti.

* Bu Arapga metin ve Tirkge terclimesi 2 Temmuz 1956 da Dil ve Tarih-Cografya Fa-
kiiltesinde kabul edilmig doktora tezimin bir boliimiinii teskil etmektedir.

Arapca metnin ve Tiirkce terclimenin hazirlanmasinda Sayin Hocam Ord. Prof. Dr. Aydin
Sayili'nin pek cok emegi gecmistir. Kendilerine bu vesile ile tesekkiir etmek firsatin1 buldugum-
dan dolay1 bahtiyarim. Ayrica iki yazmanin fotokopilerini temin etmek nezaketim gostermis
olduklarindan dolay1 da miitesekkirim. Prof. Dr. T. Tanci'ye de ¢oziimleyemedigimiz kisimlarin
aydinlatilmast hususundaki yardimlarindan dolay: tesekkiir ederim.

1 Bu eserin bir yazmasinin da Tahranda oldugunu Saym Hocam A. Sayilidan 6grendim.
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Metin li¢ yazmanin karsilastirilmast ile meydana getirilmistir. Yazmalar-
dan ikisi Istanbulda biri Paristedir.

Istanbuldaki nushalardan biri Ayasofya Kiitiiphanesinde 2973 numarada
kayithidir. Kiitiiphane Midiirliigiiniin verdigi bilgiye gbére yazmanin tavsifi
soyledir.

Sahife eb'adi: 186 x 120 mm.
Yazi sathi: 130 x 75 mm.

Kagit cinsi: Samani renkli miihreli sarkkari kagit. Hasiyesiz oldukca
hatasizdir, ender olarak noktalanmistir, nushalarin en eskisidir. Kimin tara-
findan istinsah edildigi bilinmemekle beraber sonunda Hicri 864 senesinin

Sevval ayinin ikinci giinii tamamlanmis oldugu yazilidir.

Diger nusha Nuri Osmaniye'de 2971 numarada kayitlidir. Kiitiiphane
Midirligiinin verdigi bilgiye gore yazmanin tavsifi soyledir:

Sahife eb'adi: 257 x 1176 mm.

Yazi eb'adi: 190 x 100 mm.

Kagit cinsi: Abadi

Cildi: Kahve rengi mesin miklebli ve sirazeli

Muhtelif risaleleri bir arada topliyan bir mecmua icindedir.

Yazi okunakli ve temizdir. Miihim kismi noktasizdir.

Paris yazmasi Bibliotheque Nationale'de 2544,10 numarada kayitlidir.
Okunakli ve noktalidir. Miistensih iki nushay1 karsilastirmis ve aradaki fark-
lart kenara isaret etmistir. Bu yiizden yazma metinde P, Pa olarak iki yazma
seklinde gosterilmistir. Pa miistensihin karsilastirdigi ikinci yazmayi temsil
etmektedir. Sonunda 867 (Hicri) senesinin Cemazi al - ahirinin 12 inci gilini
yazilmis risaleden kopya edildigi ve Hicri 1009 senesinde Hafiz Hasan b. al-
Hafiz Mustafa tarafindan istinsah edildigi bildirilmektedir.

Paris yazmas: ile Ayasofya yazmasinda miiellif ad1 yoktur. Nuri Osma-
niyedeki yazmada Samli Al-Urdi tarafindan telif edildigi bag kisminda bildi-
rilmektedir. Eserin ne zaman telif edildigi kaydedilmemis olmakla beraber
icinde verilen bilgiden Meraga rasathanesinin insasindan sonra ve Nasiriddin-i
Tusi'nin o6limiinden 6nce kaleme alindigi neticesi ¢ikmaktadir. Eserde alet-
lerin insa tarihi olarak 1261/2 civarindaki seneler verilmistir. Nasiriiddin-i
Tusi 1274 de oldiigiine gore eserin 1262-1274 seneleri arasinda telif edildigi
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tahmin edilebilir. Mamafi al-Urdi bazi aletlerin modellerinin yapildigini bil-
dirip, fakat onlarin rasathanede insa edilip edilmedigini mevzuu bahis et-

medigine gbére, bu 1274 tarihini biraz daha geriye alabiliriz.

Gramer kaidelerine gore fiillerde mutabakat yapilmasi caiz olmakla be-
raber sart olmiyan hallerde de, méana sarahati saglamasi bakimindan faide
mulahaza edilerek, fiillerde cins ve sayi mutabakati yapilmis; yapilan bu
degismeler notta gosterilmistir. Yani, bu bakimdan ve imlada bazen yapilan
degismelerde tesbit edilen hata yazmalarin hepsinde farkli olsa da, bu gibi

degigsmeler hata tashihini icermemektedir.

Terciimesinde miimkiin oldugu kadar metne sadik kalinmaya calisiimis-
tir. Almanca terciimesiyle karsilastirilmis ilk kisimlarda uymiyan yerlere
isaret edilmistir. Fakat sonlara dogru manéya sadik kalinmakla beraber nis-
beten takribi terciime edildigi i¢in farklara teker teker isaret edilmemistir.

RASATLARIN NITELIKLERINE DAIR BiR MAKALE

Esirgeyen ve bagisliyan Allahin adi ile. Hamd yalniz Allahadir. Peygam-
beri Muhammede ve yakinlarina da salat. Yardim Allahdandir.

Bu risale, bilginlerin 6nderi, miihendislerin basi, matematik bilimler
erbabindan, milletin destegi Samli Mu'ayyad {id-din al-Urdi nin kaleme aldig1
bir risaledir.” O sdyle der, "Bu risaleyi rasatlarin nasil yapilmasi 1azim geldigini
anlatmak ve yildizlarin dolanimlari, kiirelerindeki yerleri, alemin merkezin-
den mesafeleri, yer yari capt birim olduguna goére bu mesafelerin degerleri,
hakkindaki bilgiye ulastiracak metotlarda pratik ve teorik sahada ihtiyag¢ his
edilen seyleri ve rasat aletlerinin nasil yapilip kullanilmasi lazim geldigi hak-

kinda bilgi vermek i¢cin yazdim".

Astronomi matematik ilimlerin teorik ilmi miikemmellestiren bir dali
oldugundan ve diger biitiin ilimler icinde ilahiyata yaklasmay1 en ¢ok bu ilim
sagladigindan, bu ilim iki bakimdan sereflidir: konusu bakimindan ve argu-
manlarinin saglamligi bakimindan. Onun konusu gokler dir ki, bu her seyden
tenzih edilen Allah'in yaratiklarinin en biiyligli ve eserlerinin en harikulade-
lerindendir. Argumanlarina gelince, bunlar aritmetik ve geometriye dayanir.

2 Hugo J. Seemann, Die Instrumente der Sternwarte zu Maragha nach den mitteilungen
von Al-"Urdi, Sitzungsberichte der Physikalish-medizinischen Sozietat, Erlangen 1928, S. 23. Bu
kisim yok.
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Bundan dolayi kendimizi ona verdik ve gayretlerimizi onun icin sarfettik.
Argumanlart temelinde rasatlara dayandigindan, rasatlar da aletlere ihtiyacg
gosterdiginden, onlar1 anlatmakla basladik. Eskiler ve muahhar astronomlar
onlardan bir ¢ok cesitlerini imal etmislerdir. Onlardan bazdan kusurlu, bazi-
larinin ise kuvveden fiile ¢ikarilmasi zordur. Bu zorluk imal gii¢liigiinden
gelmiyip bu aletlerin planindaki bozukluktan ve tertibindeki kusurdan
ileri gelir. Bundan dolay: bazilarinin zikrinden vaz gectik. Eski aletlerin en
miitkemmellerini zikrettik ve onlara ariz olan siiphe veya engelleri de giderdik
ve bunlara kendi icat ettiklerimizi de ildve ettik. Bunlar, biitiin bu aletler
icinde en dakik ve miikemmel olanlaridir.

Onlarin (aletlerin) montajlar1 esnasinda rasat yerinin meridyen dogru-
sunun bilgisine ihtiyac vardir. Onu kolaylikla tayin etmek igin c¢esitli metot-
lar diistiniilmiistiir. Bunlarin icinde en miikemmelinin Hint dairesi diye mes-
hur olan ve eskilerin kullanmis olduklar1 metot oldugunu goérdim fiamal
al- kura al-kamila” adli risalemizde onun sihhatinin miinakasasini yaptik.
Bu alet hususiyle, gilines donencelerden birinde bulundugunda kullanilir.
Gercekten, Hint dairesi donencelerde senenin diger zamanlarindakinden c¢ok
daha dakik neticeler verir.

Onun yapilisi. Tahtadan bir levha veya diiz bir tas plak aliriz. Ust yii-
zunl iyi bir sekilde tesviye eder, ufka paralel olarak yerlestiririz. Bu, fadin
diye bilinen duvarci terazisi ile yapilir. Alet kisin kullanilacak ise mikyasin
boyu plak tlizerine ¢izilen en biiylik daire capinin } kadar, yazin kullanilacaksa
capinin § kadar olur.3 Torna ile ona bir mikyas yapariz. Silindir seklinde
tepesi sivri, tabani yuvarlak olsun. Eyer mikyas bakirdansa agirligi kafidir,
eyer, tahtadan ise, kaidesinin merkezinin etrafina, torna ile, dip kismi, agiz
kismina nazaran daha genis olan bir oyuk yapar, agirligi sebebi ile konuldugu
zaman onu tesbit etsin diye tam doldurmiyacak® sekilde i¢ine kursun dokeriz
(Sekil I).

Sonra plagin merkezine, ¢capi (mikyasin) tabaninin capma esit bir kiigiik
daire cizeriz Oyleki, mikyas kaide lizerine konursa merkezi merkezine intibak
eder, mihveri de plagin ylizeyine dik olur. Plak ufka paralel bir duruma geti-
rilip, kire¢ veya herhangi baska birsey ile yerine tesbit edilince, golge birisine

geldiginde gafil olunulursa digeri onun yerine gecsin diye, merkezine birbi-

3 Golge boyu yaz ve kis donencelerinde degisecegi icin mikyasin boyu bununla orantili
olarak uzayip kisalacaktir.
4 41, kelimesi #£.1! olarak okundugu icin § ten az olarak terciime edilmigtir. S. 26.
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Sekil: 1

rinden daha genis, i¢ ice daireler cizeriz. Golge daire i¢ine girmeden Once cevre
tizerinde iken, golge ucunun genisliginin ortasi cevre lizerine isaretlenir. Ayni
ameliye ondan baska bazi dairelerle de tekrarlanir. Giines meridyenin Otesine
gectiginde-ki bu gecis goOlgenin en kisa zamanina rastlar, sonra da uzamiya
baslar-bundan sonra, golgenin girisi lizerine isaret edilmis dairelerden birinin
cevresinden cikmak tlizere iken golgenin ucunun hareketini gozlerimizle takip
ederiz. Cevreden ¢ikmadan Once golgenin genisliginin tam ortasini isaretleriz.
Tahkik maksadi ile de ayni ameliye diger dairelerle de tekrarlanir. iki isaret
arasindaki yayin kirisi ortasindan boliiniir. Mikyas: kaldirdiktan sonra plagin
merkezi ile bu orta kismi1 bir dogru ile birlestirir ve her iki cihete dogru uza-
tiriz. Iste bu dogru miimkiin olabilecek derecede dakik olarak tesbit edilmis
meridyen dogrusudur. Merkezden buna dik olan bir dogru cizersek, bu da
dogu-bat1 dogrusu olur (Sekil II).

buzey

degy
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Simdi, Maragada, Sehrin yakininda ve bati yoniindeki tepe lizerinde bu-
lunan mahrus rasathanede insa ettigimiz aletleri zikredelim. Bu isler Hicri
660 yilindan 6nce gelen ve 660 yilini takip eden bir kag¢ sene icinden yapilmis-

tir.

Biitiin bunlar en biiyiik Onder, erdemli bilgin, miikemmel inceleyici, ilim
adamlarinin &rnegi, hakimlerin basi, sade islam ulamasinin degil, fakat, mii-
tekaddiminin de en faziletlisi efendimizin isareti ile olmustur. O, biitiin fena-
liklardan miinezzeh olan Allahin, zamanimiz ilim adamlarinda ancak teker
teker buluna bilen, erdem, asalet, iyi huy, yumusaklik, saglam muhakeme,
giizel hareketler ve biitiin ilimleri ihata etme gibi kabiliyetleri kendinde bir
araya toplamis oldugu kimselerdendir. Ilim adamlarini etrafina topladr ve
bol ihsanlarla bagliliklarint artirdi. Onlara, babanin evladina karst oldugun-
dan daha miisfikti. Biz onun golgesinde emin, onu goérmekle bahtiyar olduk.

Siirde dendigi gibi,
Onu sinamak i¢in kizdiriyor,

Her iki halinde de iyilik ve yumusaklik buluyorduk.

Bu sahsiyet, yiice Tanr1 gilinlerini daim etsin, Milletin yardimcisi Nasiriiddin
Muhammed ibn Muhammed al-Tusi dir. Onu gérmeden evvel hakkinda c¢ok
sey isitmis ve bunlari mubalaga zannetmistim. Bizzat onunla karsilastigimiz-
da hakikat bilineni 6nemsiz duruma diisiirdii. Bizi onun hizmetinde bir araya
getiren bu glinler ne glizel giinler. Bu gilinler bizi vatanimizdan asiretimizden,
cocuklarimizdan ayirdiysa da biitiin bunlari telafi eden onun (al-Tusi) mev-
cudiyeti vardi. Onu bulan hic¢ bir seyi kaybetmemis, fakat onu kaybeden her
seyi kaybetmistir. Allah bizi ondan ayirmasin ve uzun bakasi ile bizleri fay-

dalandirsin.

Insasin1 bizzat iizerimize aldigimiz aletlerden biri Batlamyiis'iin "libne”

bizim kadran "rub®" dedigimiz alettir.

Onun icin kuzeyden gilineye dogru uzanan, meridyene paralel, kirec ve
tugladan, uygun genislikte bir duvar, yapariz, vyilksekligi ve uzunlugu
Hasimi zira’t- bu astronomide kullanilan zira‘dir’- ile 64 ve kalinligi da bir

zira® kadardir.

Duvarin kuzey taraftaki vyiiziine tahtadan ve yiizeyden bir sere
kadar cikinti teskil eden takozlar yapariz. Bu takozlari, duvarin giliney

5 Almanca terciimede yok. S. 28
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kosesinin tabanina yakin kismindan baglayip, tlst kuzey kosesine dogru
kavislenecek tarzda ve dortte bir daire teskil etmek ilizere esit araliklarla tes-
bit ederiz. Ayrica, daha sonra zikredecegimiz kadrani tasiyacak olan iki cet-
velin tesbit edilecegi, diger baska takozlar da bulunsun (Sekil 111, a, b).

Sonra Hindistandan getirilmis sa¢ agacindan® bir kadran yapar bu kad-
ranin iki ucunu kadranin merkezinde kesisen iki cetvelin uglarina tesbit ede-
riz. ki cetvelin uzunlugu, s6z konusu zira® ile bes zira‘dan asagi
olmamasi lazimdir-her zira® g karistir-. Cetveller dik ag¢1 yapacak tarzda
merkezde kesisir. Egilip biikiilmemesi icin de cetvellerin kalinliklarint dortte
Lir zira® kadar yapariz. Kadran1 kii¢lik parcalarin terkibi ile yapar ve ucla-
rint saglam bir sekilde cetvellere rapt ederiz (Sekil 1V).
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Sekil: 111 Sekil: IV

Kadranin tesviyesini iyi bir sekilde yaptiktan sonra, genisliginin tam or-
tasina, genisligi el parmag: ile li¢, derinligi yarim parmak olan bir kanal ya-
pariz. Egelendikten sonra istedigimiz eb'adda, kadranin boyutlarina uygun
olmast icin, genisligi lic parmaktan ve derinligi de bir parmaktan fazla olan
bakirdan bir kadran dokeriz. Bakir kadrani tahta kadrandaki kanala, ylizeyi
kadran sathina nazaran cikinti teskil edecek sekilde yerlestiririz (Sekil V).
Kadrana gecen civilerle her ikisini saglam bir sekilde birlestiririz. Onun igin
hazirladigimiz tesviye aletleri ile miimkiin oldugu kadar bakir kadranin yiizii-
ni tashih ederiz.

6 Hindistanda yetisen gayet biiyiik bir agactir. Abanosa benzer yalniz onun kadar siyah
degildir. Meyvesi liziime, yapragi sanavbere benzer. Taze oldugunda beyaz cizgilidir.
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Tahta kadranin iki ucuna tesbit edilen iki cetvelin uc¢ uca geldigi yerde
meydana gelen dik acinin tepe noktasi bolgesinde kadranin merkezini tayin
eder, merkez etrafina, bakir kadranin yiizii lizerine, dort ¢eyrek daire cizeriz.
Merkezde birbirlerini dikey olarak kesen iki dogru c¢ikarir bunlari bakir kad-
ranin uglarina kadar uzatiriz. Bu iki dogrunun tahdit etmis oldugu iki daire
arasinda kalan seridi 90° boler, her bir dereceyi gayet dikkatli olarak 60
dakikaya taksim eder, bunu en dis iki daire arasina isaretleriz. Bu iki daireden
icinde bulunan ile onu takip eden daireyi 90 ° ve onunla onu takip eden kismi
da 18'e bolerizZ Rasat aninda meridyende kiilminasyon yiiksekliginin haric
kalmasi (zenit yiiksekliginin elde edilmesi i¢in) bu ayrilan beser derecelik tak-
simatt yazmiya kadranin altindan baglar, duyarin st kuzey kosesinde niha-
yetlendiririz. (SekilVI)

bakiem bgd
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TahTo hade animim hesith

Sekil: V Sekil: VI

Sonra, kadran ile cetvelleri takozlarin uclari lizerine rapt ederiz. Merke-
zini duvarin Ust giiney kismindaki ag¢i iizerine gelecek sekilde yerlestiririz,
boylece, cetvellerden biri ufka dik, digeri ufka paralel olur. Merkezi ve kadra-
nin giiney ucunu birlestiren dogru zenitten gececek surette, bakir kadran me-
ridyen diizlemine intibak ettirilsin, bu, sakuller yardimi ile ve ufuk diizlemi

iizerine cikarilmis meridyen dogrusu ile kolayca elde edilir.’

Yukarda so6zii gecen sartlara uygun olarak, alete gerekli vaziyeti gayet
dakik olarak sagladiktan sonra, yerinden oynamamasi i¢in ¢ivilerle takozlara
gayet saglam bir sekilde tesbit ederiz.” Ucglarina bagh iki cetvel icinde ayni
seyi yapariz. Kadranin merkezine, deligin merkezi kadranin merkezine in-
tibak edecek sekilde yuvarlak bir delik deler, oraya, kadranin yiiziine dikey,
silindir seklinde, bir parmak kalinliginda, demir bir mihver tesbit ederiz.

Sac agacindan uzunlugu kadranin yari g¢apindan biraz fazla ve kesiti
dortgen seklinde olan diger bir cetvel yapariz. Bu dortgenin bir kenar: el par-

7 Bu kisimda Almanca terciime metne uymuyor. S. 30.
8 Almanca terciimede yok. S. 30.
9 Almanca terclimede yok. S. 30.
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mag1 ile dort parmak, kalinlig1 genisliginden biraz azdir. imkan nisbetinde
tesviye ederiz. Ucglarina birer bakir parcasi gecirir, genislig§inin ortasindan
boler, bir ucuna zikri 6nce ge¢mis olan mihver ¢apinda yuvarlak bir delik de-
leriz. Boliimler lizerindeki hareketinde yiicelimin degeri belli olsun diye diger
ucundan, merkezle cetvel ortasini birlestiren dogruya kadar ve uzunlugu is-
tikametinden lic parmak miktarini hasfederiz (Sekil VII).

] R e e Fs

Sekil: VII

Bu niteliklere haiz olarak yapilanidadede, boylece, kadranin merkezinden
(Sekil VIII, O) ve boliimlerden gecen dogru (S M) |[giines istikameti bu iki
noktadan miistakil ve sadece hedefe deliklerini birlestiren dogru (K L ) tara-
findan taayyiin ettigine gore| glinesin merkezinden gecer. Bu sart egri
idadede tesekkiil etmez, megerki, (idade) lizerine yukar1 dogru kabarik olacak
sekilde takilan hedefeler (a, a') merkez (o) yoniine doniik olsun, o sekilde ki
idade (hedefelerinin) delikleri (b, b') [geometrik dakikiyetle] cetvelin, kadranin
merkezinden gegen satht (K L M O ) [yani ucunun kesilmesiile meydana gelen
uzunlamasina sathin tayin ettigi diizlem (M F)] iizerinde bulunsun. iki parelel
dogrunun kesismesi imkéansiz [baska deyimle sonsuzda birlestiklerinden]
oldugundan bu sart1 haiz idadelerde s6z konusu olan dogrulardan biri (he-
defelerin) deliklerinden (K L), digeri idadenin ylikseklik degerini veren tak-
simat lizerinde dolasan kesik ucu ve kadranin merkezinden geg¢en dogrudur
(S M). Bu durumda hedefenin deliklerinden gecen dogrunun (K L) idade ad1
verilen cetvelin lizerinde dondiigii mihverin ortasindan gec¢mesi lazimdir (O
K).

o L
il g sy L
S—fim e ——
a
:
Sekil: VIII

Usturlab imalatgilarinin usturlab idadesini egri olarak yapmalar:

keyfiyetine gelince, onlar bunu dikkatli olarak yapmazlar. Ciinkii kiiclik
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aletlerde miktar: bukadar az olan fark his olunmaz. Fakat alet biiyliylip da-
kika ve daha ince taksimat yapildikca buradaki degisiklik kendini gosterir ve
bu her sey bir tarafa, his ile bilinebilir.

Cetvelin ucuna yakin kismina bir reze ile bir halka ve duvarin {ist tara-
fina da hareket eden bir makara takmak lazimdir. Orada, idadenin ucundaki
halkaya baglanan ve makaradan gecen, idadenin agirligini tasiyabilecek sag-
lamlikta bir ip vardir. Kadranin tabanindan itibaren yiiksekligi bir kiisur

zira® kadardir.

Mahrus rasathane icin yapmis oldugumuz aletlerden biri, Batlamyiis'iin
tarifini verdigi altili ve Iskenderiyeli Theon'un dokuz halkasina luzum birak-
miyan bes halkali zar-il-haldktir.

Yapilisinin tarifi:'® Kesiti dortgen seklinde, yiizeyleri bir birine paralel,
esit blytikliikte iki halka yapariz, her birinin capi rasat zirai ile lg¢ zira®,
genisligi ve kalinlig1 el parmag: ile dort parmaktir. Bunlardan biri ekliptigi,
digeri kutuplar halkasini (dort kutuptan gegcen halka) temsil eder. Halkanin
tesviyesi ve taksimati tamamlandiktan sonra," kutuplar halkasiin dis biikey
kismina, derinligi halkanin kalinligi kadar, karsiliklt dortgen seklinde iki
oyuk yapariz (Sekil IX, K. a). Ayni sekilde ekliptik halkasinin ic bikey kis-
mina, karsiliklt dortgen seklinde iki oyuk yapariz (E, b), derinligi kalinliginin
yarisi kadar, genisligi de kutuplar halkasinin genisligi kadardir.

Ekliptik  halkasini, kutuplar halkast tlzerine kolayca gecirebilmek icin,
kutuplar halkasinin dis bilikey kismindan ve oyuklardan birinin bir yanindan,
derinligi bu oyugun derinliginin yarisi, uzunlugu bir karis kadar olan bir par-
cay1r halkanin dis biikey sathinda nihayet bulacak sekilde kesip ¢ikaririzl2
(Sekil X).

Sekil: IX

10 Almanca terclimede yok. S. 35.
11 Almanca terclimede yok. S. 35.
12 Almancada degisik bir sekil verilmistir. S. 36.
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Sonra, birbirleri ile dik a¢1 yapacak ve her ikisinin gerek i¢c ve gerek dis
biikey kisimlari bir tek kiire yilizeyi lizerinde olacak tarzda, ekliptik kutuplar
halkasi icine gecirilir. Bunlarin birbirleri ile birlestirilmesi diiz ve dairevi yii-
zeylerin tesviyesi, miimkiin oldugu kadar iyi bir sekilde tamamlandiktan
sonra yapilsin. Dis biikey yiizeyini tamamiyle diizglin bir hale getirmek icin,
kesip cikarilmis kisim eb'adinda bakirdan bir parca yapalim, bunu mahzuf
yere koyup yapistirmak suretiyle saglamlastiririz. Usta mahirse oyulan kismi,
sonradan yapistirmiya lizum kalmiyacak sekilde ustalikla yapar.

Sonra i¢ biikey yilizeyi Once yaptigimiz ilk iki halkanin dig biikey ylizey-
lerine temas edecek sekilde, ikisinden daha biiyiik li¢lincii bir halka yapariz,
genisligi ilk iki halkanin genisligi kadar, kalinlig1 da genisliginden bir parmak
az olsun. Ege ile tesviyesini yapar, i¢c ve dis ylizeylerinin yuvarlakligini diizel-
tiriz. Bu halkanin genisligini ¢aplarindan birinin iki ucunda, birbirine zit iki
yiizeyde kalinlastirmak liizumlu ve elverislidir. Bunlarin uzunlugu" birer
sere kalinliklari da ikiser parmak kadar olsun. Bunlarin faydalarint geri kalan
halkalarin da tavsifini bitirdikten sonra acikliyacagiz (Sekil XI). Buna buyiik
enlem halkasi adi verilir, ekliptigin kutuplari lizerinde ve onun disinda doner.

e T e

o

Sekil: XI

Meridyen halkast adi verilen dordiincii bir halka yapariz, Onu bdylece
yerlestiririz, yani meridyen diizlemine intibak ettiririz. Bu halkanin i¢ biikey
yliziinin diger halkanin dis biikey yiiziine temas etmesi gerekir. Kalinligini
bes parmak yapalim. Mihverin- bu, halkalarin tizerinde dondugi c¢aptir- iki
diiz yiizeyi lizerinde birer fazlalik yapariz. Bunlarin uzunlugu iicer parmak,
diiz ylizeyden itibaren yliksekligi de birer parmak kadar olsun. Bunlarin kar-
sisinda da bunlar gibi birer tane bulunsun. Bunlarin faydasi kutuplar igin
deldigimiz iki deligin yerini kuvvetlendirmektir. Oralara, halkalarin lize-
rinde dondiigi ve zat-iil-halakta, yani aletimizin bitmis seklinde, ekvatorun
kutuplar: yerine gegen iki madeni mihveri tesbit ederiz.

13 Metinde bu kelimenin karsiligi o sl kullanilmis oldugu halde, Almancada kalinlik
olarak terciime edilmistir. S, 36.
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Bu biiyiik halka i¢in, uzunlugu ve genisligi yarim zira®, kalinlig1 da hal-
kanin kalinligi kadar olan bir kiirsii yapariz. (Sekil XII). Kiirsiinlin gorevi,
asagida anlatilacagi tlizere, aletin, siitunun tepesi lizerine yerlestirilmesinin
saglam bir sekilde yapilmasini temindir.'* Yiiziinii, ic biikey ve dis biikey
kisminin daireviligini ege ile diizeltiriz.

M
ﬁf"‘*o"yta h?.g/

Sekil: XII

Dis biikey kismui, ilk iki halkanin i¢c biikey kismina temas eden, genisligi
ilk iki halkanin genisligi kadar, kalinligi da sadece iki parmak olan, ilk iki
halkadan daha kiiciik besinci bir halka yapariz. Bu halkanin icine, genisligi
ve kalinlig1 halkanin genisligi ve kalinligi kadar olan, onunla yekpare olarak
yapilmis bir cap yapariz."”’ Gegirecegimiz mihver icin, merkezinde delecegimiz
deligin onu zayiflatmamasi icin, merkez kismina daire sekli verilir. Ekliptigin
kutuplar: tizerinde donmesi sebebi ile, biitiin halkalarin en kii¢iiglii olan bu
halkaya kiiciik enlem halkas: adiverilir. En iyisi, (aletin) insasina bu halkadan

baslamaktir, zira, bu ¢apin ortasinda bulunan halkanin kendi merkezi, ayni
zamanda biitiin halkalarin da merkezidir.

Bu halkanin iki ytlzii, i¢ blikey ve dis biikey kisminda gerekli tashihler
yapilinca kutuplar halkast veya ekliptikten birinin i¢ biikeyinin tashihi
kolay olur. Onlarin dis biikeylerini diizeltince de biyiik enlem halkasinin
i¢c biikeyinin tashihi kolay olur; ve onun dig biikeyinin tashihinden de en
biiyiik  halkanin i¢ biikey kisminin tashihi kolay olur. Halkalar: diiz bir
ylizey uzerine ic¢ ice, birbirleri ile tam intibak halinde olacak sekilde sira-

14 Almancada "Asagida anlatilacagi gibi, kiirsiinlin ortasi bir siitun tizerine oturur”
seklinde terciime edilmesi , __.j 'n_% i seklinde okunmasi neticesinde oraya girdigi anlasiimak-
ta ise de bu okunma tensip edilemez. S. 37.

15 Almancada bir parca ilave edilmis gibi terclime edilmisse de her iki terclimede ayni
sekilde sayani tercihtir. S. 38.



AL-URDI'NIN "RISALET-UN FI KEYFIYET-IL ERSAD" 13

lanir. Bunlar kiiciik ve biiyiik enlem halkalari, iki esit halkadan biri merid-
yendir. Bunlaribu sekilde birbirleri icinde dondiiriir, esit olan iki halkadan
birini alip yerine digerini koruz. Ve boylece diiz ylizeyleri ile, i¢ bilikeylik
ve dis bikeyliklerini diizeltirsek bu suretle her halkanin dis ytlizeyinden
onu ayni pergel acist (ayni yart cap) ile gevreleyen halkanin i¢ bilikey

yiizeyini tashih ederiz.'

Yapilisin1 ve tashihini tatmin edici bir sekilde bitirdikten sonra, taksi-
matina baslariz. Onlardan taksim edilmesi icap eden sadece li¢ tanedir, eklip-

tik, kiiciik enlem halkasi, biiyiik halka yani meridyen.

Ekliktip halkasinin taksimatina gelince; bunlardan biri zikri 6nce geg¢mis
olan, iki capini ¢izeriz. [Onlarin, halka tlizerinde ayirmis oldugu] her ceyrek
daireyi doksan miusavi kisma boliip, bu boliimleri ¢ceyrek dairelerin diiz yiizey-
lerinin iki kenari tizerine isaretleriz. Herbir ¢ceyrek halkanin dis bilikey yiizii-
nin iki kenarin1 90° boleriz. Ekliptik halkasina on iki burcun isimlerini, dis
biikey ve diiz yiizeyler lizerindeki taksimat siralarinin arasina yazariz. Burg-
larin isimlerini bu sekilde tekrarlamaktan bir zarar gelmedigi gibi, rasat anin-
da kolaylik olur (Sekil XIII).Yengecin baslangicini, daha once bahsettigimiz
oyugun [oyuklardan birinin] ortasinin karsisina yazarak burglari isaretlemeye
baslariz. Oglak burcunun basini da buna karsit olan oyugun hizasina yazariz.
Adet oldugu vechile, bunlari takiben burclarin geri kalanlarini birbiri arkasina
siralariz. Her burcun hizasina bes derecelik ve otuz derecelik taksimati ya-
zariz (Sekil XIV).

TeEFRE1
Rees sl asapass

.1_' -y iy
I... L] -T_!. . F z f ¥
Sekil: XIII

Ekliptik  halkast ile kutuplar halkas: birbirine takiliyorken su sartlarin
ihmal edilmemesi lazimdir: Yengecin basinin yazildig1 oyugun ortasi, ekvato-
run kutuplarindan kuzey kutbuna tahsis edilene yakin olmalidir. Burclarin
isimleri de birbirini takip ederek dogudan basliyacak, yazdan da sagdan sola

dogru olacaktir.

16 Almanca terciime ile uymuyor. S. 39.



14 SEVIM TEKELI

Kiiciik enlem halkasinin taksimatina gelince, ilk defa bakir c¢apin genis-
ligini tam ortasindan ikiye bodlen c¢apint ¢izeriz (Sekil XV). Sonra merke-
zinden birinci ile dik ac¢i yapan diger capint c¢ikaririz. Diiz ylizeylerden
biri tizerinde bir birine paralel ve yakin [olarak cizilmis bulunan] iki daire
arasin1 90° boleriz.'” Sonra ilk iki daireden igtekine mesafesi, ikisinin arali-
ginin li¢ misli olan tliglincii bir daire ¢izeriz. Bu dairenin c¢eyrek kisimlarindan
her birini 18'e bdler bu taksimati 90'a kadar beser beser derecelik kisimlari
isaretleriz. Adetlerin baslangici ikinci ¢capin iki ucunda, nihayeti de bakir ¢apin
genisligini ikiye bolen dogrunun iki ucunda 90'ar derece ile nihayetlensin.

aa®

Sekil: XV

Meridyen halkasinin taksimatina gelince, Kiirsliyii genisliginin tam or-
tasindan ikiye bolen birinci (Sekil XVI) ve onunla dik a¢i yapan ikinci
capini cizer ve merkezinden diiz yiizii lizerine konsantrik iic daire cizeriz.
i¢ biikey tarafinda olan iki daire (p, c¢) arasina derece isaretleri yapilmasi icin,
bunlar birbirine yakin olarak cizilsin. En biiyligli olan iicliinci daire, ortadaki
daireden, ilk iki daire arasindaki araligin ii¢c misli kadar bir mesafede bulunsun
(s). Ceyrek dairelerin distakini 90°ye, i¢tekini 18 kisma boleriz. Buraya bes
derecelikleri, birinci capin iki ucunda 90'ar derecede nihayet bulacak sekilde

17 Almancada metne tasarruf edilmisse de méndya sadik kalinmustir. S. 39.
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yazariz. Distaki taksimatin her derecesini de miimkiin oldugu kadar daha

kiicik bolimlere ayiririz.

Sekil: XVI

Mihverlere ve onlarin yerlerine gelince, bu gelisigiizel yapilmayip, tarif
edecegim yolla yapilir. Bu sayede aletin iyi tertip edilmesi ve kusursuz olmasi

saglanmis olur.

Timiiniin hareketinde, biitiin halkalarin Tlizerinde doéndugi iki
mihvere gelince, onlarin yiliziinden hatali neticeler almiyacagimizdan emin

olmamiz gerekir. "

Gortinen evrenin kutbu istikametinde olan, en iistteki mihverin sekli ise,
bunun iki ucundan, meridyen halkasinin icine tesbit edilenini levha seklinde
vapariz. Bu kismin genisligi {ic parmak,'’ kalinlig1 da bir kiiciik parmak ka-
dardir (Sekil XVII,a). Mihverin biyiik enlem halkasina |halkanin oyuklarinal
giren ve bu halkanin kalinligi kadar olan kismi da levha seklindedir (b). Yal-
niz takviye icin, ona, orta kismi daha kalin ve kesiti dairevi olmak tizere
bir sekil verilir. Geri kalan kismi silindir seklinde olup (c), uzunlugu ku-

18 Almanca terciime metne uymuyor. S. 41.

19 Almancada § parmak olarak terclime edilmistir. Her ne kadar nin § olarak okunmast
da miimkiin isede sonra gelen parmagin ¢ogul olarak kullanilmasi bu okunusu bertaraf etmekte-
dir. Bir parmagin § boyle biiylik ve agir halkalar tasiya bir mihver icin de ayrica cok azdir.
S. 41.
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tuplar halkasinin  kalinligi kadar, kalinligt da kiicik parmak kadardir. Bu
kismin etrafinda kutuplar halkasi ve onun icinde olan digerleri doner [ortasi
geometrik mihveri] levha seklinde olan kismi iki esit kisma béler.”

Bunun karsisindaki mihver ise, uzunlugu onbir parmak, kalinlig1 bir
parmak’' olan bir silindir seklindedir. Bu mihverin disina i¢i boydan boya
delik, saglam, madeni bir parca gecirilir. Halkanin agirligini tasimasi icin me-
ridyen halkast ile kutuplar halkasinin arasinda, mihverin orta kisminin et-
rafinda bulunur (Sekil XVIII). Boylece halka asagi diismez. Bu madeni par-
canin yiksekligi biyiik enlem halkasinin kalinligi kadar olsun. Kutuplar halkas
ile meridyen halkasi arasinda bir ara parcgasidir (bir destektir).

Iki enlem halkasmin mihverlerine gelince, bunlar, ayn: zamanda, eklip-
tigin de kutuplaridir. Ust taraftaki mihverin orta kisminin kesiti kare seklin-
dedir ve bu kismin uzunlugu kutuplar halkasinin kalinligi kadardir. Bunun
geri kalan iist ve alt kisimlarinin uzunluklari, enlem halkalarinin kalinliklar:
kadar olan silindir seklindedir (Sekil XIX). Ust kisminin etrafinda biiyiik
enlem halkasi, alt kisminin etrafinda da kiiciik enlem halkas: doner.

L]
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Sekil: XVIII Sekil XIX

Alttaki, silindir seklindedir. Her iki mihverin uzunlugu el parmag: ile
sekiz,” kalinligr da bir parmaktir. Bu uzunluk {i¢ halkanin yani kutuplar hal-
kasi ile iki enlem halkasinin kalinligi toplamina esittir.

Bu mihverler i¢in halkalarda yapmis oldugumuz deliklere gelince, bunlar-
dan meridyen haklasindakilerden tstteki, halkanin dig biikey kisminin or-
tasinda, dortgen seklinde, uzunlugu daha Once zikredilmis levha seklindeki

20 Son bir ciimle terclimede yok. S. 42.

21 Terclimede zuhul olarak 12 parmak olarak yazilmustir. S. 42.

22 Ug halkamin kalinhgmimn toplami 9 parmak oldugundan bunun da dokuz olmasi 14-
zimdir. Almancada 9 olarak terciime edilmis not konmamuigtir. S. 42.
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kutbun uzunlugu kadardir. Bu deligin (Sekil XX) ortasinin, kiirsiiniin
orta noktasinin (b), cap karsitt olan zenite (c) mesafesi, o yerin rasat ile elde
edilmis enleminin tamami kadar olsun. Meraga i¢in (enlemin tamami) 52;
40° dir. Bundan dolay1r en 6nce bu aleti yaptik. Zira bununla rasat yerinin
enlemi ve ekliptikle ekvatorun kutuplarinin arasindaki mesafe bulunur. Lev-

hanin ucu (halkay1) isitmakla yerine tesbit edilir.”

Sekil: XX

Bunun mukabili olan delik ise, mihverin sekline uygun olarak yuvarlak-

tir.

Kutuplar halkasina, bir birine karsilikli boliimler tlizerine iki delik deleriz.
Merkezleri dis biikey kisminin genisliginin ortasinda olup, her birinin ekliptik
halkasinin ortasina uzakligt kutuplar halkasinin dortte biri kadardir. Bunlar-
dan kuzey taraftaki delik (Sekil XXI,a), kenar1 6nce bahsedilen mihverin orta
kisminin kesitine esit bir kare seklindedir. Mukabili olan delik yuvarlak olup,
mihveri genisligindedir (b). Bu halka {lizerine, aletin tiimiiyle etrafinda
dondiigi ekvatorun kutup i¢in delmis oldugumuz deliklere gelince, bunlardan
kuzeydekinin (c) ekliptigin kuzey kutbuna (a) uzakligi ekliptigin egimi
kadardir. Meragada ve diger yerlerde yaptigimiz devamli rasatlar neticesin-
de bunun degerinin 23; 30° oldugunu bulduk.

Kutuplar halkasimin  dis bikey kisminin ortasina, ekliptigin kutuplarina
mesafesi 23; 30° olan, birbirine karsilikli boliimler tizerine iki isaret konur.
Halkamiza esit olan ekliptik halkasinin dis bilikey kismindaki boliimlerden

23 Almanca terclimede yok. S. 43.
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faydalanmak suretiyle isin yapilisi kolaylasir. Onlardan ekliptigin kutbu ile
yengecin baslangici arasindakini kuzey kutbu yapariz. Diger kutup (giiney)
ise bunun karsisinda bulunur. Bu noktalar merkez olmak lizere, Once zikre-

dilmis olan mihverin uglar1 genisliginde yuvarlak iki delik deleriz.

e 30

Sekil: XXI

Biiyiik enlem halkasina, karsilikli, genisliginin ortasina kutuplar halka-
simin iki tarafindan ¢ikan ve ekliptigin kutuplarini temsil eden mihver uclari
icin dairevi iki delik deleriz.

Kiiciik enlem halkasina gelince, dig bilikey kisminda, bakir c¢apina dik
olan "ikinci" c¢apinin iki ucundan iki yuvarlak delik deleriz. Oralara kutuplar
halkasinin i¢ tarafinda c¢ikinti teskil eden ekliptigin mihverinin ucunu gegiririz.

Biitiin bunlarin incelenmesi ve tashihi bittikten ve bes halka tamamlan-
diktan sonra, genisligi bakir cap, uzunlugu kiiciik enlem halkasi kadar olan
bakirdan bir idade yapariz (Sekil XXII).Uzunlugunun ortasini daire seklinde
yapar ve bu dairenin merkezini deleriz. Ayn1 zamanda biitiin halkalarin mer-

hede fe b
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kezi olan bakir capin ortasindaki dairenin merkezini de deler, idadeyi ¢apin
merkezine, adet oldugu vechile mil ve pim ile tesbit ederiz. idadenin her iki
ucundan ve bir birinin aksi yonlerden idadenin genisliginin ortasina kadar
(a a) ve merkezinden gecen dogruya kadar (b b') bir kismini1 bazen kesip ci-
kaririz. Idadenin uclar1 bir birine aksi istikamette olur. Sonra iizerine kare
seklinde bir birine esit kapagi olan iki hedefe yapariz. Genisliklerinin or-
tasin1 deler oralara kapaklan tesbit ederiz. Iki deligin arasi iki karistir.

Sonra bu alet icin bir temel yapar, uzerine tastan bir sutun
dikeriz. Ust kisminda meridyen dogrusunu ¢ikarir, oraya kuzeyden
giineye dogru uzanan dortgen seklinde bir kanal yapariz. Bu kanala
halkalarin en biliyligli olan meridyen halkasi'min kiirsiisiini tesbit ederiz. Ka-
malarla gerekli diizeltmeleri yaparak, meridyen diizlemine paralel yapariz.
Halka tizerinde bulunan kiirsiinliin orta noktasi ile zeniti birlestiren dogruyu,
ufukla dik ac1 yapacak sekilde tanzim ederiz (Sekil XXVIII, ZT MM). Aleti
cesitli yonlere dogru gerekli sekilde meylettirerek bu tashihi yapariz; bu
isleri sakulle yapariz. Alet arzu edilen durumu aldiktan sonra, bu kanala, bos
kalan yerlere ve kiirsiiniin iki kenarindaki bosluklari doldurmak i¢in erimis
kursun dokeriz. Sonra geri kalan halkalar1 meridyen halkas: icine ve kendileri
icin tesbit edilmis mihverlere yerlestiririz. Diger kutuplan yerlerine gecirir,
kutuplar halkasimin  agirlhigint tasimasi i¢cin madeni parcayir yerine takar, iki
enlem halkasint da ekliptigin kutuplarina geciririz. Aletin muhtelif parcalari-
nin bir araya getirilme isi bu suretle tamamlanir ve alet kiirstisii lizerine gerekli

tarzda ve saglamca oturur.

Aletin daha miikemmel ve kusursuz olmasini sagliyan ildvelere gelince,
bunlar1 asagida zikredecegim. Halkalarin ve mihverlerin resimlerini ¢izecek

ve onlarin faydalarin1 agikliyacagim.

Karsiliklt iki mihver icin yapilmis deligin hizasinda ve meridyen halkasi
yiizeyindeki iladvelere gelince, bunlar iki mihver deliginin (halkayi) zayiflat-

masina mukabil onu takviye etmek icindir.

Biiyiik enlem halkasindaki ters yondes iki ilave ise, bunlar ekvatorun
mihverinin girmesi icin (biyik enlem halkasinda) yaptigimiz iki oyuk
icindir. Bunlar (ekvatorun iki mihveri) meridyen halkasin'dan  kutuplar
halkasin a gecerler, bundan dolay1 biiyiik enlem halkasinin kutuplar  halkasina
intibakina ve tam yarim devir yapmasina mani olurlar-bunun neticesi olarak,
biiyiik enlem halkasinin  ekliptigin boliimleri lizerinden gecisi tamamlanmaz
bundan dolayr oraya miitebadil oyuklar ve fazlaliklar yaptik (Sekil XXIIT)**.
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Sekil: XXIII

Diger butiin halkalarin yuziinde, kutuplarin kenarindaki ilaveler ise,
bunlar, onlar1 muhafaza eder ve kirilmalarini 6nler, baska bir sey icin degildir.

idadeye gelince, bu, enlemleri olan yildizlarin enlemlerini almak icin
Batlamyis'liin besinci halka icine yerlestirdigi altinct halkadan miistagni
biraktirir. Nitekim biz cetvel ve onun iki hedefesi ile yildizlarin enlemlerini
elde ederiz. Simdi altinct halkada goriilen bozukluk ve kifayetsizligi acgikli-
yacagiz ki, bu gibi seyler cetvelde vuku bulmaz. Onun yapilmasinin ve kulla-
nilmasinin altinct halkaya nazaran daha kolay oldugu aciktir. Bu cilimleden
olarak, (altinci) halkanin besincinin icinde donmesi ve yiizeylerinin daima ayni
diizlem icinde kalmalari icabeder. Bundan o6tlirii, altincinin yiizeyinin besinci-
nin yiizeyinden tagsmamasi i¢cin bir takim tirnaklara ihtiyacimiz vardir. Bu
maniler iki tarzda olacaktir. Onlardan biri altincinin dis biikey (yliziiniin)
ortasina ¢epe cevre bir kanal yapmak ve besinci (halkadan) onun i¢ biikey

(yiizeyinden) gecip oyulmus kanala girecek sekilde bir takim civiler tesbit
etmektir.

ikincisi, altincinin her iki diiz yiizeyine uclar1 dis biikey (yiizeyinden)
disart dogru cikacak, besinci (halkanin) yiizeyi lizerine dayanacak, altinct
halka yiizeyinin besinci halkanin yiizeyinden disar1 ¢ikmasina mani olacak
bir takim tirnaklar tesbit etmektir. Bu tirnaklarin besinci halkada olmasi im-

24 Hulasaten terciime edilmistir. S. 46.
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kansizdir. Ciinkii, taksimati gosteren miis'ir bu halkanin yilizeyi lizerinde
hareket etmekte oldugundan,” tirnaklar (besinci halkada olduklar1 takdirde)
bu (altinci) halkanin hareketine engel olurlar. Eger, altinci besinciye gayet
siki bir sekilde temas edecek olursa, bilhassa alet biliylik ¢apta oldugunda,
hareket ettiricinin onu hareket ettirmesi zorlasir. Ve eger, siki temas etmezse
(altincinin) agirligi dolayisi ile asagi diisecegi, boylece, merkezinin besinci
halkanin merkezinde kalmiyacag: asikardir.

Onda su kusur da goriiliir. Alet bliyiidiigiinde, c¢ap1 tizerinde bulunan iki
hedefe arasindaki mesafe de biiyiir ve rasit (hedefenin) iki deliginden yildizi
gdéremez. Ikisinin arasini birlestiren diiz bir boru yapmak ta zor olur. Eger,
birinden digerine niifuz eden 1sinla faaliyette bulunulacak sa (i1s1k) golgelenir
ve dagilir ve onun tahkiki de zor olur.

Alet kiiciik olursa dakik olmaz ve faydasiz olur. Halbuki, onun yerine
gecen idadede hedefeyi onun (idadenin) istedigimiz yerine koymak miimkiin-
diir ve bu durumda da bunu yapmiya mani olan bir sey ile karsilasilmaz. Bu
takdirde, besinci halkanin merkezinden ve onun sabit olarak mevcut olusun-
dan faydalanabilme durumu vardir. Halbuki, idade bulunmamasi durumunda,
bunun ziddina olarak, yine dairelerin hepsinin merkezlerinin tek noktada bir-
lestikleri farz ve kabul olundugu halde, bu noktayi tesbit ve tayin eden idade
gibi maddi bir vasata merbut degildir. Bu sebeble, aletin imali sirasinda bu
noktaya cok ihtiya¢ his olunmasina ragmen, bu ortak merkezin bilfiil tes-
biti ve ondan faydalanilmasi imkansizdir.

Halkalarda yapilmasi gerekli tashihe ve yiizeylerinin tesviyesine gelince,
bu zahmetli bir istir. Halkalarin gerekli tashihlerini yapmiya yariyan bir ta-
kim tesviye aletleri yaptim.

Bakirdan uzunluklari yarimsar zira®, geniglikleri, tesviyesi yapildiktan
sonra licer parmak kadar olan saglam levhalar yapariz. Onlardan birinin iki
kenarindan birine tashihini yapmak istedigimiz birinci halkanin i¢ bilikey
yiizeyinin ¢izildigi aciklikta (yani capla) bir daire yayr cizilir. Yayin disinda
kalan kismini torpiileriz. Diger kenarina halkanin dis biikey cevresine esit bir
yay pargasi cizer, bu sefer yayin i¢ biikey kisminin ihata ettigi parcayi egele-
riz. Bu suretle levhanin bir kenarinda dis biikeylik, diger kenarinda da ic¢
biikeylik elde edilir (Sekil XXIV). I¢ biikey kenari ile halkanin dis biikey yii-
zunl, dis bikey kenar: ile de i¢ bilikey yiiziinii tashih ederiz. Halkalarin (dis

25 Batlamyiis'de boyle, Almagest, Kitap 5. Great Books of the Western World, cilt 16,
S. 166 Seemann Batlamyiis'teki bu durum olmadigi takdirde aldigi sekli belirtiyor. S. 46.
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biikey ve i¢ biikey) yiizeyleri esi olmadigi takdirde her halka i¢in bir baska
safiha yapmak lazimdir.*

Sekil: XXIV

Halkanin iki diiz ylizeyine gelince, onlar icin biri en biiylik halkanin
capindan biraz fazla, digerinin uzunlugu ise iic karis kadar olan iki cetvel
yapariz. Halkanin ikiser ikiser bir birine tekabiil eden kenarlarindan, yani,
dis biikey kenarindaki kisim ile, i¢ cevre kisminda ona en yakin olan hangi-
sinin daha yiiksek ve daha asagi oldugunu anlamak ig¢in, ilki (blyiik cetvel)
teker teker her boliimiin lizerine konur. Eger, cetvel iki i¢ ve iki dis kenarlara
intibak ederse, halkanin bu kismi bu metoda gore dogrudur (Sekil XXV).
Cetvel halkanin biitiinii iizerinde dolastirilincaya kadar, bu sekilde ele alinarak

incelenir.
- cetyed
== = 7= ko)
hafha hatka
Sekil: XXV

Eger halkanin orta kismi (cetveli) kaldirirsa, halkanin i¢ ve dis kenarindan
151k goriliir. Ve ege ile yliksek kisim alinir. Eger 1s1k iki i¢ kenardan goriiniirse
iki dis, aksine olarak iki dis kenardan goriiniirse iki i¢ kenarin1 aliriz.

Kiictiik cetvele gelince, bu bir biri arkasina halkanin her pargasina konur,
ve yiizii halkaya temas ederse o kisim diizgiindiir. Eger 1sik ikisinin (cetvelle
halka) arasindan ve cetvelin orta kismindan goriiniirse, 1s1tk goriinen kisim
alcaktir. Isik cetvelin iki ucundan goriiniirse, orta kismi cikintilidir. Ege ile

biitiin ylzi temas edinciye kadar fazla olan kisimlar alinir.

Kisa bir levha alir, onun bir ucuna dik ac¢i1 seklinde, derinligi halkanin
genigligi kadar olan bir oyuk yapariz. Bununla bir defa i¢ biikey kismindan
bir defa da dig biikey kismindan halkay1 tesviye ederiz. Bununla dort kdsesinin

26 Her halkanin dis biikeyi diger halkanin i¢ biikeyine esit oldugundan bir safiha ile ye-
tinilebilir. Bu kisim Almanca terciimede atlanmustir. S. 47.
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durumu ve iki i¢ paralel dairelerden birinin digerine esit olup olmadigini
ve bu iki dairenin merkezlerinin halkanin mihveri lizerinde bulunup bu-
lunmadigint 6greniriz. Ayni sekilde iki dis dairelerin vaziyeti de aciklanir.
(Sekil XXVI).27

Basgka bir levha alir, ona dortgen seklinde bir delik deleriz. Bununla bii-
tiin halkalarin genisliklerini 6lceriz. Bir defa i¢ cevresi lizerinde, bir defa da
dis cevresi lizerinde ¢eviririz. Bu durumda, bir kenar1 halkanin bir (diiz) yu-
zeyi uzerinde digeri, diger (diiz) ylizeyi lizerinde dolanir (Sekil XXVII).

Sekil: XXVI Sekil XXVII

Bununla bize halkanin kalinliginin dizginligi acgiklanmis olur.
Bunlar halkalarin incelenmesine yariyan aletlerin besidir.

Eger daha fazlasina erismenin miimkiin olamiyacagi kadar halkalarin
yiizeylerinin (tashihini) dakiklestirmek istersek halkalarin yiiziini diiz bir
yerde hertarafindan imkan nisbetinde Fadin ad1 verilen tesviye aleti ile ufki
duruma getiririz. Comlek yapilan ¢amurdan alir, i¢ kismina, i¢ biikeyini ku-
satacak tarzda bir kanal yapariz. Kanalin tabani onun yiiziinden biraz asagi
ve i¢ kenari da halkanin yiizeyinden daha yiliksektir. Havanin suyu dalgalan-
dirmiyacagi bir zamanda veya bir yerde kanali su ile doldururuz. Suyun yu-
zline alkali bitkilerin dogiilmis kiiliinii ekeriz. Suyun seviyesinin halkanin
yizeyinden alcak oldugu yerlere bakar ve su her taraftan ayni sekilde tasacak
tarzda yliksek kisimlar1 ege ile aliriz. Geri kalan halkalar da bu tarzda diizel-
tilir.

Ekliptigin egimini 6l¢mek icin hazirlanmis eski aletlerden biri, meridyen
diizlemine sabit olarak dikilen bir halkadir. Onunla ekliptigin ekvatora olan
en biiyiik egimi elde edilir. Dakika veya ikiser, ticer dakikalik gibi kiiciik bo-
llimlere ayrilabilmesi icin biiylik olmasi faydalidir.

27 Almancada bu kisim takribi olarak terclime edilmistir. S. 48.
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Batlamyiis Almagest'te ondan bahsetmistir. Onun igine ylizeyi ilk iki
halkanin ylizeyi icinde kalmak tizere, giiney ve kuzey yoniine dogru hareket
eden diger bir halka yerlestirmistir. (Halkanin) iki ylizeyinden birinde ve cap
karsitinda iki hedefe yapmis, ve onlarin orta noktalarina ilk halkanin yilizi
tizerinde hareket eden iki tane de miis'ir koymustur. Bunlarla, giines veya
yildizlar meridyende bulunduklarinda yiicelimleri bulunur. I¢ halkadan elde
edilen yalnizca miis'irin ve hedefelerin boéliimler lizerinden kaldirilip indiril-
mesidir. Zat-iil-halagin altinct halkasinda s6zii gecen hususlar ve 1slah ca-

releri bunda da s6z konusudur.

Bu alette de yine capi bes zira®, genisligi ve kalinligi dort parmak olan
bir halka yapariz. Zat-iil-halagin besinci halkasinda yaptigimiz gibi, halka
ile yekpare olarak dokiilen genisligi iic parmak olan bir ¢ap yapariz.

Zat-iil-halagin meridyen halkasinin kiirsiisiinde s6z konusu bahis ettigimiz
tarzda, ona bir kiirsii yapariz. Yapilmis olan ¢ap (Sekil XXVIII, a) kiirstiniin
tam orta noktasi ile onun cap karsitindaki bolim arasinda uzanir (b) ve alet

dikildiginde de onun (halkanin) agirliginit tasir.

Sekil: XXVIIT
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Halkanin besincisinde yapmis oldugumuz gibi, ona bir idade yapariz.
Halkanin cevresi 360 dereceye ve her derece de miimkiin oldugu kadar bo-
linir. Yizine cizilmis olan en kiiciik dairenin c¢ap1 bes zira® oldugunda, bu
dairelerden en biiyligiiniin ¢evresi 16 :.'__I ziradan asagi olmaz. Ve bunun
'J'unin yarisi-ki,bu lic sereden daha fazladir- en biiyiik dairenin cevresi tizerinde
22; 30° tekabiil eder ve her derece zira® parmagi ile bir parmaktan fazla
olur.”® Onlardan her birini bir birinden sarih olarak ayirt edilecek sekilde, 60
veya 30 parcaya bolmek miimkiindiir olur.

Merkezden ve bakir ¢api boylu boyunca kesen, kiirsiiyl ikiye bdlen ¢apa
tekabiil eden capini cizeriz. Alet dik olarak monte edildiginde bu c¢ap zenitten
gecer. Boliinmesi bittikten sonra, baslangicini zenitten gecen capin iki ucun-
da 90'ar derece olacak tarzda ayarlariz.

idade iizerine, yiikseklikleri ve genislikleri bir birine esit olan iki hedefe
yapariz. idadenin de merkezi olan halkanin merkezinden gecen dogru, bu
hedefelerin her birinin genisliklerini ortadan boéler Idadenin iist (yii-
zliinden) itibaren esit mesafelerde bulunan yuvarlak iki delik deleriz. Bun-
larin merkezlerinden gecen dogru, idadenin genisligini ortaliyan ve idade ile
halkanin ortak merkezlerinden gecen dogruya paraleldir. Silindir seklinde
diiz bir boru yapariz. Iki deligin arasini, géz 1sin1 deligin birinden girip, bo-
rudan gecip, digerinden c¢ikacak sekilde onunla birlestiririz. Burada soz
konusu olan sey 1sin olsun veya baska birsey olsun durumda degisiklik
meydana getirmez.” Idadenin bize dogru olan miis'irinden de yiiksekligin
derecesinin miktar1 bilinir.

Bu aletin diger bir faydasi da, hi¢c batmiyan yildizlarin yiiksekliklerin-
den rasat yerinin enlemini bulmaktir. Alt ve iist kiilminasyonda (bu yildiz)
aletin diizleminde bulunur, her ikisinin toplaminin yarisi1 kutup yiliksekligi-

dir. Bu ise, o memleketin enlemine esittir.

28 Bu kisim da Almanca terciime metne uymamaktadir. S. 55. Notta da yanlis olduguna
isaret edilmistir. Not 7. S. 57

s = 12 Parmak f = 11 Parmak

2w 32 4 1
He—TP=01 -=08- <3L
3 16 3 3 <1

29 Urdi zamaninda gérme olaymnin, goézden cikan geometrik optik kanunlarina uyan bir
nevi 1ginla izah edenler oldugu gibi, buna zit gortisti tutanlar da vardi. Urdi burada buna isaret
etmis olabilir. Golge veya cisimden c¢ikan 1sinlar da mevzuu bahis edilmis olabilir.
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Kaidesinin {lizerine tesbiti, yonelisinin gerekli sekilde olmasinin saglan-
masi meselesine gelince, bu zat-il-halagin meridyen halkasinda oldugu gibidir.
Ondan asla hic birsey ihmal edilmemelidir.

Dordiincii alet, ekvator diizlemine dikilen ve Batlamyiis'iin Almagest'de
glinesin ekinoks noktalarina geldigini bildiren halkat-iil-iistiiva diye adverdigi,
eskilerin kullanmis olduklar: aletlerden biridir. Bu, ylizeyleri birbirine paralel,
bakirdan bir halkadir. Yapilisi ve kontroli zat-il-halagin  yapilisinda soz
konusu edildigi gibidir.

Montajina gelince, bu, rasat yerinin enleminin dogru olarak tayininden
sonra yapilir. Rasat yerinin enlemi, halka dilizleminin yani, ekvatorun zenite
olan mesafesini verdiginden, buradan ekvatorun ufuk diizlemine nazaran
egimi elde edilir. Ve bu suretle halka ile ufkun meydana getirdigi a¢i bulunmus
olur. Halka maksada uygun olacak sekilde dikildiginde diiz ve paralel yiizey-

leri ekvator diizlemine paralel olur.

Bir kenart digerini golgelendirdiginde, iki i¢ bilikey kismi esit derecede
aydinlanir ve bu, giinesin iki ekinoks noktasindan birinde bulundugu zaman-
dir.

Bu alet (ekvatorden baska) enlemi olan ufuklar tlizerine dikildiginde
(alete) bir meyil vermek gerekir. Iste bunun icin, aletin tepesinin meyilli
olmasi dolayist ile montaji bozulur, ayni zamanda onun dikilisi de kolay
olmaz.

Olmasi lazim geldigi tarzda montajina gelince, onu tavsif eden benim (?).
Bana gore kaldirdigimiz i¢ halka yerine meridyen halkast kullanmamiz ve
halkamizi ona tesbit etmemiz lazim gelir. FEkliptik ve kutuplar halkasinda
yaptigimiz gibi, bu halkanin birlestirilmesi, meridyenle dik ac¢1 yapacak tarz-
da olsun. (Ekvator halkasinin) birlestirildigi yerdeki oyugun ortasinin (Sekil
XXIX) zenite mesafesi, rasat yerinin enlemi kadar olsun. Oyuklarin
bulundugu yerlerde onlari koruyan ilaveler yapariz. Meridyen halkas: onun
agirligint tasir ve onun dik durumunun bozulmasina mani olur. Bu halkay1
meridyenin icine takacak olursak, onun [meridyen halkasinin i¢ biikeyinden]
daha biliylik ve daha hafif olmasi icin de kalinligint daha az yapariz. Tasiyici
(meridyen) halkasinin dis biikey kismini iki oyuk sebebi ile kalinlastiririz.
Cetvelin ucuna ekvator halkasinin takilmasi icin, meridyenin taksimatini i¢
bilikey cevre icinde yapariz. Biitiin bunlar agik ve seciktir. Bu durumda ek-
vator diizlemine dikilmis olur. Onun montaji ve egiminin kontrol edilmesi
kolaydir. Zira®, onun egimi meridyen halkast yardimi ile oOlguliir.
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Sekil: XXIX

FEkvator halkasini meridyene nisbetle meyilli bir daireden alirsak, Bat-
lamyiis'iin bahsettigi hal, Iskenderiyede revakta monte edilmis halkalarin en
biiytigiinde goriilen kusur, meydana gelir. Bu halka bir ekinoks zamaninda
iki defa aydinlanmisti.

Eski aletlerden biri zat-iis-sakbeteyn (iki delik sahibi) diye bilinen hede-
fet-iis-seyyareti (miiteharrik hedefe sahibi)dir. Batlamyiis Almagest'te sadece

onun isminden bahsetmis fakat tavsifini bildirmemistir.

Aleti tasiyacak ve onun dondiiriilmesine yariyan mihveri tutacak bir
kiirsii yapmakla baslariz. Onun sekli: Birbirlerini ortalarindan dik aci yaparak
kesen (yiizeyleri) dik dortgen seklinde, uzunlugu dort zira® olan iki tahtadan
bir kaide yapariz (Sekil XXX). Her ikisinin kesisme diizleminin ortasindaki
noktay1 isaretleriz ki bu ikisine merkez vazifesini goriir (m). Bunlarin uglarina
dort tane delik deleriz (a). Buralara merkezden gecen merkezi direge (Sekil
XXXI, s) dogru meyleden dort tane direk tesbit ederiz (b). Direklerin diger
uglart 2/3 zira® capinda kalinhigi 1/4 zira® ve merkezden ¢ikan diregin bas-
langicina gore, yiiksekligi iki zira® olan saglam bir daireye ulasir. Kar-
silikli meyilleri dolayisi ile daireyi etrafindan dayamalari i¢in bu uglar, daire-
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nin ¢aplari lizerindeki dort yuvaya (p) tesbit edilir. Sonra bu dairenin merkezi

etrafina capt el parmag: ile bes parmak olan yuvarlak bir delik deleriz.

L)
a.

a e

o

op

Sekil: XXX
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Sert tahtadan silindir seklinde, uzunlugu doért zira®, kalinligi, dairenin
ortasindaki delik kadar olan bir merkezi direk yapariz. Onun alt ucunda s06z
konusu merkez ilizerinde donen demir bir kutup olsun (Sekil XXXII,b).
Kiirsinin iizerinde yiikselen kisminin tepesinde derinligi merkezl diregin uzun-
lugu istikametine dogru bes parmak, dibi list kismina nazaran daha dar, dort-
gen seklinde, dar bir delik olsun (F). Merkezi diregin yan tarafina, ona dik bir
cubuk tesbit edilir (n). Onunla merkezl diregi donduriiriiz. (Merkezi diregin)
tepesinin st kismina, merkezi diregin delik kismini takviye etmek icin bir
bilezik takdir. Bu, merkezi diregin ve kiirsiiniin tavsifidir.

Miiteharrik hedefesi olan cetvele gelince, yilizeyleri dortgen seklinde ve
paralel, uzunlugu 42/3 zira®, ylizeylerinden her bir yilizeyinin genisligi yarim
zira® olan sa¢ agacindan bir cetvel yapariz. Genisliginin ortasina ve biitiin
uzunlugu boyunca, genisligi cetvelin genisliginin '/3, derinligi yarim parmak
kadar olan bir kanal yapariz (Sekil XXXIII, v). Tabanini list kismindan biraz
daha genis yapar ve cetvelin yiiziine paralel olacak sekilde tesviye ederiz.

gl

Sekil: XXXII Sekil: XXXIII

Bakirdan, uzunlugu bir sere, genisligi kanalin genisligi kadar, alt kismi
ist kismindan daha genis, kalinlig1 her tarafinda ayni, derinligi kanalin derin-
ligine esit, boyutlari kanalin boyutlarina tamamen uygun bir parga yapariz.
Bu parca kanali o sekilde doldurur ki, kanal i¢inde tutukluk yapmadan, ko-
layca, fakat sallanmadan hareket edebilir. iki ucundan birine yiizeyi iizerine
dik ag¢1 yapacak tarzda tesbit edilmis bir cetvel yapariz. Onun genisligi bakir
cetvelin genisliginden bir kiiciik parmak kadar fazla olsun. Oyleki, onun iki
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tarafinda, kanalin iki kenarinda hareket eden iki ¢ikinti artsin. Bunlara bo-
Iiimleri gosteren iki gosterge tesbit edilir (Sekil XXXIV). Bu hedefelerin iist
kismina kesik koni seklinde bir30 delik deleriz. Deligin daha genis kism1 hare-
ketli parcanin uzun kismina doniik olsun. Dar olani da daha kisa tarafina
doniik olsun. Bu dar deligin biliytkligi adi once gegmis olan zira® parmagi
ile yarim parmaktir.

Sekil: XXXIV

Cetvelin ucuna, eni ve boyu bakimindan birinciye esit, kanala tesbit
edilmis diger bir hedefe yapar, ona dar bir delik deleriz (Sekil XXXV, p).
Bu iki hedefenin deliklerinin merkezinden gecen dogru (ii'), cetvelin genisli-
gini ikiye bolen dogruya (e e') paralel olsun. Bu dar deligin cetvelin ucuna do-
niik olan kismini, hareketli hedefeye doniik olan kismindan daha genis ya-
pariz.’'

'f Hape h‘{'{'l.q‘ J‘r::{t {'E. P 2
ﬁ--._._______ -_qu.}h
\*/

Sekil: XXXV

Aralarinda kulp bulunan pirincten iki daire aliriz. Onlardan biiyiigiliniin
capi, hareketli hedefedeki iki daireden darinin capinin 24 misli ve onlardan
kigiigiinin capi, hareketli hedefedeki dairenin capi kadardir. Buna diyaf-
ram adi1 verilir.

31 Hareketli hedefenin deliginin dar olan kisminin cetvel kanala yerlestirildikten sonra
ne tarafa doniik olacagma dair sarih delil yok.
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Uzerlerinde hareketli hedefenin iki gdstergesinin hareket ettigi cetvelin
iki tarafini, her boliim hareketli hedefedeki dairelerden darinin capina esit
olacak sekilde taksimatlandiririz. Taksimat baslangici sabit hedefenin goze
doniik olan yuzii hizasinda, nihayeti de 220 olarak cetvelin diger ucundadir.
Bu parcalardan herbirini de 12 kisma bdéleriz. Bunlar gilines ve ayin her ikisinin
cap parmagini temsil ederler. Adetleri sabit hedefeden baslayip 220 de nihayet
bulacak tarzda yazariz.

Taksimat basglangici gorme konisinin tepesinde olmasi lazim geldigi icin,
rasit 6lgme zamaninda bu aleti kullandiginda, goziinii sabit hedefedeki delige
yaklastirmaya caligsin. Bu koninin tepesi mercegin i¢indedir. Cilinkii bu koni
mercegin ylizeyinden his edilebilir biiytikliikte bir parcay: icine almaktadir
ve, gorililen cisim bu parca yardimi ile idrak olunur. Bundan dolay1r gérme
konisinin tepe agist goriilenle gorenin arasindaki mesafenin uzakligi sebebi ile
kiictldiigiinde, goérme konisinin mercegin ylizeyinden ayirdigi parca haki-
katten cok kiigiildigiinden, artik goéz goriileni idrak edemez (Sekil XXXVI).
Bundan dolay1 goriilen seyler icin uygun mesafeler vardir ki, onlar oradan
gortllir. Ve oyle degisik uzakliklar vardir ki, oradan goriilmezler. Bu sinirlar
goziin kuvvetli ve zayif olusuna gore degisiktir. Her goriilen sey icin gdrenin
gbziine nisbetle muayyen bir uzakligi vardir, cismin mesafesi bundan biiylik
olursa goriilmez, yakin bulundugunda koninin mercegin yilizeyinden ayirdigi
miktar bliyliyecegi icin, his kolaylikla onu idrak eder (Sekil XXXVII).

™
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Sekil: XXXVI Sekil: XXXVII

Biiyiik bir dikkat ve itina ile aletin yapilmas: isini bitirince, cetvelin alt

yliziiniin orta noktasina yani, kanal ve iki hedefenin bulundugu yliziiniin
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karsitinin ortasina mafsalin yari tarafini tesbit ederiz’® (Sekil XXXVIIIa).
Mafsalin bu st yarisi, onu diger yarisina birlestiren mihver etrafinda doner.
Cetvel, bu mihver lizerinde istedigimizde bir ucu zenite dogru kalkar, diger
ucu da asagi iner. Mafsalin tepelerinden birini saglam bir sekilde cetvele, di-
gerini de mihverin tlzerindeki delige tesbit ederiz (Sekil XXXIX). Cetvele
ufki hareket yaptirmak istedigimizde merkezi diregi ceviririz. Asagi yukari
hareketi yaptirmak istedigimizde (cetvelin) bize dogru olan ucunu Kkaldiririz.
Aleti mafsalin mihveri lizerinde istedigimiz her istikamete ve istedigimiz kadar

ceviririz.

a_

Sekil: XXXVIII Sekil: XXXIX

Tutulma veya diger herhangi bir zamanda cetveli tam ayin istikametine
getirir, hedefeyi gozden bir defa uzaklastirir sonra, dar delikten ayin bitiini
goriiniinceye kadar yaklastiririz. Hedefe tlzerindeki delik onu tam olarak
icine alir, ay deligi kaplar ve hi¢ birinden bir fazlalik kalmaz. Go6z ile hareketli
hedefenin gostergesi arasindaki mesafeyi kaydederiz. Ayni seyi glinesin gorii-
stind icin de yapariz. Bunlar ayin hangi mesafesinde goriinen capi giinesin
capina esittir bilinir. Bu miktar cetvelin béliimlerinden 130 u gecmez.

Zikri 6nce gecmis olan diyaframlara®™ gelince, tutulma giines tutulmasi

ise, nekadarinin tutulmus oldugunu bulmak icin aletin kiiclik dairesini kul-

32 Almanca terciime bu kissmda metne uymuyor. S. 67.

33 Sarih olarak bu diyaframlarin ne sekilde oldugu metinden ¢ikmiyor. Zira, bunlar, hem
taksim edilmis daire seklinde olabilir, hem de bir levha icine delinmis bir delik seklinde olabilir.
Daire i¢i dolu oldugunda karanlik kismi orter bos oldugunda aydinlik kismi 6rter. Metnin her
iki sekilde de okunmasi miimkiindtir.
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laniriz. Bu Oleliyii yapmak icin ilkin isaret etti§imiz mesafe kadar hareketli
hedefeyi, sabit hedefeden uzaklastiririz. Bu mesafede, s6z konusu ettigimiz
gibi, hareketli hedefenin deligi glinesi tamamen icine alir. Boylece, tutulma
zamaninda cetveli gilines hizasina getirir, deligi tutulmus kisim mikta-
rinca kiiclik daire ile Ortersek, onun tutulma miktart belli olur. Ay tutulma-
sina gelince, giineste kiiciik daire ile yaptigimizin aynisini biyiik daire ile

yapariz.

Bu is icin, kiiciik dairenin ¢apinit cap parmagi ile 12 kisma daha Once
bolmiistiik. Bunlar yardimi ile tutulma parmag ile ¢apin, yani, giines ¢apinin
nekadarinin tutulmus oldugunu biliriz. Biiyliik dairenin capini ise Onceki gibi
tutulma parmagi cinsinden 314 parcaya boéler, bunlar vasitasi ile ayin kararan
kisminin, taksimatli kistimdan ayirdigi parga ile capin ne kadarinin tutuldugu

bulunur.

iste, Almagest yazarinin Iskenderiyede Revak'ta insa edilmis oldugundan
bahsettigi aletler bunlardan ibarettir. icat ettigini sdéz konusu ettigi trigu-
etrum'a  (Zat-iig-su'beteyn'e) gelince onun zikrini tafsilatli olarak getirece-
giz. Ve bizzat insa ettigimiz nevileri acikliyacagiz ki, bunlar, onun zikret-
tiklerinden daha miikemmel ve daha saglamdir. Fakat siiphesiz ki bu isleri
en iyi Yiice Allah bilir.

Konstriiksiyonunu icat ettigimiz ve noksanlarini tamamladigimiz alet-
lere gelince; bunlardan kuvveden fiile ¢ikarilmis olanlar Mahrus rasathanede
mevcuttur. Bazilarinin ise modelini yaptik. Bunlarin arkasindan mescit insa
etmek, dolaplarla suyu dagin tepesine c¢ikarmak ve Allah azametini artirsin
Zat-1 Sahane i¢in biiylik bir ev yapmak gibi mesguliyetler ¢ikti. Bunlar benim
isim degildi, fakat kardesiniz hoslanmadig: bu isleri yapmaya icbar edildi.
Ve o bir kahraman degildir.

Bunlardan, zat-il-halak yerine gecen ve bizi ondan miistagni birakan
zat-tir-rub eyn adini verdigimiz alet vardir. Bakirdan, ¢apt imkan nisbetinde
azami buytlklikte bir halka dokeriz. Yekpare ve simetrik olarak degil de,
parca parca dokiip sonra onlari birbirleri ile birlestirmemizde hic¢ bir mahzur
yoktur. Ufka paralel kagir kaide lizerine konmus oldugu, hareketli ve dik te
olmadigi i¢in, kalinliginin fazla olmasina liizum yoktur. Tesviyesini bitirdikten
sonra ylizeyinden ylikselmiyecek sekilde disindan c¢evreliyen ve onu tak-

viyeye yariyan bir kisim icine gOmeriz.

Merkezini cikarir, etrafina cizilen ortak merkezli iki daire yardimi
ile i¢ biikey ve dis biikey yiizeylerini tashih ederiz. Ufka paralel ylizeyinin
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diizeltilmesine gelince, en iyi bunu sOyle yapariz. Daha Oncekilerde gecmis
oldugu gibi ic ve dig kisimlarinin tashihinden sonra, yerine yerlestirip oraya
tesbit ederiz. I¢ biikey kismini ihata edecek sekilde bir kanal yapariz. Halkanin
yizii, kanalin yiliziinden yiiksek olmayip bildkis bir kiicik parmak kadar
asag1 olur. Sakin riizgarsiz bir giinde kanali su ile doldurup, ylzine dogiilmus
alkali bitki tozu ekeriz. (Suyun) yiliziinden yiiksek olan yerlere bakar, buralara
su ve ince toz her tarafint miisavi bir sekilde ortiinceye kadar ege ile diizeltiriz.
Bu usulle Sam Sehrindeki oluklarin diplerini diizelttik.

Onun ylizeyinin diizeltilmesi i¢cin, baska bir tesviye aleti yapmamiz miim-
kiin olur. Bunun icin merkezine (ufuk halkasinin) bir direk dikip, diregi te-
pesinden tutan bir kol yapariz (Sekil XL); oyleki, direk tam bir devir
yaptiginda meyletmez, dikeyligi bozulmayip, ayni durumu muhafaza eder
ve halkanin ufku ile dik a¢it meydana getirir. Bunun ele alinmasi kolaydir.
Diregin alt kismina bir delik deler, oraya (tesbit edilecek) ince bir cetvel veya
degnek (s) yapariz. Onun ucunu halkanin yiizii izerinde dolanacak sekilde
yapariz; ancak, (cetvelin ucu) halkanin yiizii lizerine dayanmayip, (cetvel
biitiini ile) cetveli tasiyan direge dayanacaktir. Cetvelin ucu halkanin yiiziine
hafifce temas etsin.

hof

Sekil: XL

Cetvelin, (halkanin) ylizeyinden yiliksek oldugu yerler algaktir. Temas
eden yerleri maksada uygun bir hale gelinceye ve cetvel tam bir dolaniminda
halkanin ylizeyinden ya esit mesafede yiiksek kalincaya, yahutta, ayni sekilde
temas edinceye kadar egeleriz. BOylece halka ylizeyinin tesviyesi ve ufkiligi

saglanmig olur. Ve kat'i olarak ufka paralel olur.
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Boluinmesine gelince, merkezden gecen ve (halkayi) ikiye bélen meridyen
dogrusunu c¢ikarir, buna dikey, dogu ve bati noktalarindan gecen bir cap
cizeriz. Halkanin yiizeyine ortak merkezli bes daire ¢izeriz. Kiiciik boliimleri
en biiylik daire ile onu takip eden arasina isaretleriz. Derece taksimatini ve
bes derecelikleri dogu bati noktasindan baslayip, kuzey ve giiney noktalarinda
90 olarak nihayetlenecek sekilde yazariz. Boliimler acik olacak tarzda (yani,
cizgiler birbirine yakin olupta karismamak sarti ile) dereceleri miimkiin ol-
dugu kadar kiiciik pargalara boleriz (Sekil XLI).

Kuyacy

Ba+ o

Gonel

Sekil: XLI

Bakirdan, birbirine esit iki kadran yapariz. Bunlarin herbiri paralel yii-
zeylerle ¢evrilmis olup, herbirinin genisligi el parmag: ile 3, kalinligt 2,5 par-
maktir. Bunlar, cevresi ufuk halkasinin cevresine esit olan bir daireden (ya-
pilmig) olsunlar. Herbir kadran igin, bakirdan kesiti kare seklinde, yiizeyleri
birbirine paralel, genisligi kadranin genisligi, kalinlig1 kadranin kalinlig1 kadar,
birbirlerini kadranin merkezinde dik aci yaparak kesen iki tane diiz yan cap
olsun.

Ufuk halkasinin merkezine, birbirlerine rapt edilmis durumlarinda halka-
nin yizeyine dikey olan iki ¢apin iki ucuna yakin kisimlarina yarim daire
seklinde ilaveler yapariz (Sekil XLII). Ayn1 seyi orta kisimlarina da yapariz.
Katlanip ve bir yarim kanadi diger yarim kanadi Tlizerine intibak edebilen
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kapilar igcin yaptigimiz menteselerde oldugu gibi bunlarin herbirini iki
yarim kisimdan tesekkiil eden bir disi parca sekilde yapariz (Sekil XLIII).
Oyleki, diger kadrandaki karsitlar ile saglam ve dakik bir sekilde birbirlerine
girerler. Bu ilavelerin saglam ve dayanikli olmalar1 gerekir. Bunlar, ya yari
capla beraber dokiiliip bakirdan olur, yahut demirden olup yerine takilir.
Herbiri karsisindakinin icinde donsiin ve onlarin herbirinin (yar1 ¢apin yiize-

yinden itibaren) cikintis1i iki parmak ve kalinligi da bir parmak kadar
olsun.

8 ===
—

Sekil: XLIT Sekil: XLITT

Bunlarin merkezlerine, yaris1 yarim daire tarafinda diger yarisi idade,
yani, dik yar1 cap tarafinda olmak iizere dairevi delikler deleriz (Sekil

XLIV). Boylece bu dairelerin merkezleri birbirine rapt olundugunda,

Sekil: XLIV

yiizeylerin ara kesiti olan bir dogru iizerinde bulunur. Iki kadran: birbirlerine
yarim dairelerin deliklerinden gegen demir bir mihverle rapt ederiz. Bu mih-
verin yarist idade iginde, yarist da yarim daireler tarafinda c¢ikint1 teskil e-
derler. Bu suretle kadranlardan birinin yilizii digerine tamamiyle intibak edip
birlestiklerinde bir tek kadran olabilecek ve aralarindaki aciklik kadranlar
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bir dogru tlizerine gelinceye kadar agilip birbirlerinden uzaklastiklarinda da
bir yarim daire meydana getirirler. Egilmemesi i¢cin mihver kalin ve saglam
olsun. Mihverin alt ucu ufuk halkasinin merkezine, list ucu ise, kadran-
larin hareketine mani olmamasi i¢in, ufuk halkasinin disina dikilmis iki silindir
lizerine dayanan bir kola tesbit edilmistir. Mihverin ufuk halkasi ile meydana
getirdigi dik a¢iyt mimkiin oldugu kadar dakiklestiririz (Sekil XLV).

Mihyep
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Sekil: XLV

Kadranlarin iki ucuna gelince, bunlar ufuk halkasinin i¢ kenar: tizerinde
hareket ederler. Bunlarin ug¢larinda iki gosterge olsun. Bu gostergelerin keskin
olan kisimlar1 kadranlarin birbirlerine intibak eden yiizeyleri lizerinde bulun-
sun (Sekil XLVI). Bunlar ufuk halkasinin c¢evresindeki bolimler iize-
rinde hareket ederler. I¢ kenarindan (ufuk halkasinin) bu halkanin yiizeyinin

U kadranin uglarinin dolanmasi igin taksimatlandirilmamistir.

s )

Sekil: XLVI
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iki dik yar1 capin cikint: teskil eden yarim daireler tarafindaki kenar-
larindan karsilikli iki pargca kesip ¢ikarmamiz icabeder. Bunlarin herbiri cey-
rek silindir yani, iki kadrani birlestiren demir mihverin dortte biri kadardir
(Sekil XLVII). Bu iki mahzuf parca ile, ilavelerde, yarim dairelerdeki
deliklerin daireviligi tamamlanmis olur. Bu iki oyuk, kadranlarin birbirine

birlesip intibak eden yiizeyleri lizerinde, bulunsun.

Diger iki yilizey lizerine kadranlarin merkezlerini ¢ikarir, herbir kadran
lizerine ortak merkezli dort daire gizeriz. En kii¢iigii ile onu takip eden dairenin
arasint 18 esit kisma boleriz. Buraya bes derecelikleri, kadranin ufuk iize-
rinde hareket eden ucundan baglayip, list kisminda 90 dereceye tamamlana-
cak sekilde yazariz. Bu daire (icten ikinci) ile onu takip eden dis daire arasini
90 dereceye ve bu daire ile onu takip eden dis daire arasint da miimkiin oldugu

kadar kiiciik parcalara bdleriz.

Kadranlarin merkezlerine demirden silindir seklinde iki mihver tesbit
ederiz. Bakirdan birbirine esit, ylizeyleri paralel, herbirinin uzunlugu yari
captan yani, kadranlarin kenarlarindan bir parmak daha fazla olan iki idade
yapariz. Bunlardan herbirinin bir ucuna yakin, kadranin merkezine tesbit
edilmis mihver capinda dairevi birer delik deleriz. Diger ucundan idadenin
genisliginin yarisini kesip cikaririz. Idadenin genisligi 2,5 parmak ve kalinlig
1,5 parmak kadar olsun.’* Herbirinin iizerine esit ve birbirine paralel iki he-
defe tesbit eder, (hedefelere) adet oldugu vechile (kesik koni seklinde) iki delik
deleriz. Bu hedefelerin herbirinin mesafesi el zira® 1 ile bir zira® olsun. Herbiri
icin iki deligin arasini birlestiren bir boru ve goze gelen tarafa da isinlari top-
lamast icin bir parca ildve ederiz. Boylece bu harikulade alet tamamlanmis

olur.

Ben derimki bu alet bizi zar-iil-halaktan miistagni kilar. Onun yapilisinin
ve kullanilisinin daha kolay ve daha dakik oldugu asikardir. Bununla zat-iil-

34 Bu kisim Almanca terciime ile uymuyor. S. 78.
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halakta elde edemedigimiz bir cok seyleri elde ederiz, yalniz su var ki, yliksek-
likten maada bununla faaliyette bulunmak biitiin islerde bizi hesaptan miis-
tagni birakmaz.

Biz bu aleti, birinden digerine mesafesinin miktar1 istenilen her hangi iki
yildiz arasindaki mesafeyi tayin etmiye tahsis ettik. Bu mesafe en iist gok
kiiresi tizerindeki,kdinatm merkezinden c¢ikip iki yildiza (Sekil XLVIII P.P)
oradanda en ilist gok kiiresine ulasan iki dogrunun ucglarindan gecen en biiylik
daireden iki yildizin ayirdigi yayin miktaridir. Bundan baska bu alet, iki yil-
dizdan herbirinin zenit yiiksekligi ile ufuk yiiksekliklerini almaya da elveris-
lidir. Bununla ayni anda iki yildizin ufuk yiiksekliklerini de bulabiliriz.

iki yildiz arasindaki mesafenin tayinine gelince, ayni anda onlarin yiik-
sekliklerini ve azimutlarini olgeriz. Yiiksekliklerini azimutlarint ve iki kadran
arasindaki acikliga esit olan ikisinin azimutlart arasindaki farki buluruz. Bu-
rada bir liggen meydana gelir (SekilXLVIII PP'D). Bu ticgenin iki kenar1 yiik-
sekliklerin tamamina esit oldugundan bilinir, kadranlarin meydana getirdigi
act da, iki kadran arasinda kalan ufuk halkasinin derecelerinden elde edilir.
Boylece, ligcgenin tabani1 yani, iki yildizdan geg¢en dogrunun uclarini birlestiren
yay da malum olmus olur.

D
Lo

Sekil: XLVIIIT
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Eger, iki yildizdan birinin enlem ve boylam bakimindan yeri bilinirse,
(bu alet yardimi ile de) onun yiiksekligi ve azimutu ve o yerin enlemi elde
edilir. Buradan da ekliptigin dogan parcasi (fali’) bilinmis olur. Yeri mec¢hul
bir yildizin rasadindan dogus derecesini bilirsen onun yilikseklik ve azimutunu
isaretle, onun enlem ve boylam bakimindan yeri bilinmis olur. Zat-iil-halakta
elde edilen en 6nemli sey ise, yeri malum bir yildiz yardimi ile mechul bir

yildizin yerini tayin etmektir.

Halbuki, bu alet daha miikemmel ve yapilisi da daha kolaydir. Bununla
iki yolla cografi enlem oOlciisii yapilir. Birincisi, giinesin (yaz ve kis donence-
lerindeki) meridyen yiiksekliklerinden, ikincisi, hic batmiyan yildizlarin alt
ve ust meridyen yiiksekliklerinden. Bu zat-iil-halaktan elde edilmesi imkan-
siz olan seylerdendir. Muhakkakki biitiin bunlar Yiice Allahin istegi iledir.

Zat-lis-su 'beteynden ¢ikardigimiz nevilerin tavsifi, Mahrus Meraga
rasathanesi i¢in yaptigimiz zat-il-istiivaneteyn (gifte siitunlu alet) bunlar-
dandir.35 Bu alet ig¢in yiiksekligi takriben rasat zira‘i ile alt1 zira® kadar olan,
yiizeyleri dortgen seklinde, iki stitun dikeriz. Onlar1 sallanmamalari i¢in sag-
lam yapariz. Her birinin tlizerine ufka ve birbirine paralel olacak sekilde birer
baslik (Sekil XLIX, B) tesbit ederiz. Bunlara derinligi ve bliyiikliigii bir birine

\

Sutun

\ Sekil: XLIX

35 Bu kisim Almanca terciime ile uymuyor. Zir L'-,_,-_;.elime S I‘?:; linde okunmus-
tur. S. 83
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esit dipleri yuvarlak iki delik deler, bunlarin ayni seviyede olmalarini saglariz.
Seviye denkliginin kontroliinii, delikler arasina cetvel yerlestirmek ve tlizerle-

rine duvarci sakllii koyarak 6l¢gmek sureti ile yapariz.

Uclar: basliklardaki oyuklara girecek kadar uzun iki ucu yuvarlak ve iki
oyuk arasinda kalan orta kisma kare seklinde bir kol yapar, tam ortasina bir
delik deleriz (Sekil L). Sa¢ agacindan ylizeyleri dortgen seklinde, uzunlu-
gu 5% zira®, onu ¢evreliyen birbirine paralel yilizeylerinin genisligi yarim zira‘
olan bir cetvel yapariz. Bu tahtay:1 egilmemesi ve saglamlig1 dolayisi ile tercih
ettik. Bu cetvelin bir ucunu koldaki delige, birbiri ile dik act yapacak, ve bir-

birinin yiizeyi digerininki ile ayni diizlemde olacak sekilde geciririz.

Sekil: L

Kolun yiizii lizerine genisligini ikiye bolen, uzunlugu boyunca devam
eden bir dogru cizeriz. Cetvelin genisligini de ayni sekilde ikiye boleriz. Bu dog-
ruyu koldaki dogruya kadar uzatiriz. Boylece, ona dik olan bu uzanti ile onu
iki esit parcaya bolmis oluruz. Bu kesisme noktasindan itibaren cetveli ikiye
bolen dogrudan bes zira'lik bir kismi isaretleriz. Bu dogru, cetvelin kolun
mihveri tizerindeki dolanimlarinda cizmis oldugu dairenin yar1 ¢apidir ve bun-

dan dolayir ona yari1 cap adini veririz.

Mihverin orta noktasindan sallandirdigimiz sak{iliin yere degdigi kisma
bir kaide yerlestiririz (Sekil LI). Onun {izerine, aralarinda ortasi kare

Sekil: LI
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seklinde, uclart yuvarlak olan bir demir mihverin dondiigii iki yatak tesbit
ederiz. Bu demir mihverin ortasinin, kolun mihverinin yani, kesitininorta
noktasina mesafesini bahsi gecen yari cap kadar yapariz.

Bahsi gecen tahtadan kesiti kare seklinde, yilizeyleri birbirine paralel,
diger bir cetvel yapariz. Bir ucunda yarim daire seklinde bir c¢ikinti (Sekil
LII, L) birakir oraya, demir mihverin orta kisminin kalinlign boyutunda,
dortgen seklinde bir delik deleriz (v), Oyleki, bunun yarisi cetvel tarafin-
daki, sabit ¢ikintida olsun. Demir mihveri, sadece yuvarlak iki ucu cetvelden
disarda kalacak sekilde, bu delige gegiririz. Boylece, mihverin kalinliginin or-
tasindan uzunlamasina gegen dogru, cetveli yerlestirdigimizde yukari doniik
olan yilizeyinin diizleminde olur. Bu cetvelin uzunlugunu mihver yuvasindan
itibaren yari cap, yari ¢apin } -} ve biraz daha fazla yapariz. Boylece, onun

uzunlugu bir bucuk yari capa yaklagsmis olur. Buna kirig cetveli adin1 veririz.

Sekil: LI

Demir mihveri kaidedeki iki yataga, kiris cetvelinin bati tarafindaki
ylzi ve kola asili olan cetvelin dogu tarafindaki yilizii meridyen diizlemini
temsil eden bir tek diizlem {lizerinde bulunacak ve birbirlerine iyice temas
edecek sekilde gecgiririz. Demir mihverin ortasindan itibaren, bu cetvelin
list ve bati tarafindaki ylizeyinden zikri gecen yari ¢ap kadar alir, 60 egit kisma
boleriz. Cetvelin geri kalan kismindan da bu yaptigimiz boliimlere esit tak-
simatla 25 boliimlik bir kismi da boéliimlendiririz. Boylece, hepsi 85 bolim
olur. Bunlardan her boliimii 60 dakikaya béleriz. Toplami1 5100 esit dakika
olan bu boliimleri tertibe gore cetvelin iist yliziiniin bati tarafindaki kenarina
isaretler ve bu boliimleri cetvelin kenarina paralel bir dogru ile (digerlerinden)
ayiririz. Cetvelin st yliziine, birinciye paralel ve ona yakin baska bir dogru
cizer, bu ikisi arasina kesirsiz olarak, tam biitiin bolimleri yazariz. Kiris
taksimatindan yay degerlerini ¢ikarmak maksadi ile, aletin kullanilisi sira-
sinda cetvellere bas vurulmasina ihtiyac kalmamasi igin, yay-kiris cetvelleri
yardimi ile, her kiris taksimatinin karsisina ona tekabiil eden yayin degerini
yazariz, yay taksimatina, bu dogru ile ikinci dogru arasindaki sahay: tah-
sis ederiz. Biitiin bu taksimata demir mihverin orta kismi hizasindaki nokta-
dan baslariz. Sonlar1 da, tam 85 bdéliim olarak, cetvelin diger ucundadir.®

36 Bu boliim dogru fakat metne sadik olarak terciime edilmemistir. S. 85.
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Asili cetvelin kuzey tarafindaki yliziine birbirine esit ve paralel iki hedefe
tesbit ederiz. Orta noktalarini cetveli ikiye bélen dogru iizerine getirir,

aralarinda da el zira‘1 ile bir zira® mesafe birakiriz.

Giines meridyene geldiginde asili cetvelin ucunu kuzeye dogru, hedefe-
lerin biri digerini golgelendirip, glines 1sinlar1 iist delikten alt delige nufuz edin-
ciye kadar c¢ekeriz. Kirig cetvelinin bize dogru olan ucunu, asili cetvel lizerine
isaretlenmis c¢apin ucuna yilizii temas edinciye kadar kaldiririz. Kiris cetve-

linden giinesin zenite olan mesafesini, ondan da ytliksekligini buluruz.

Dogudaki siitunun kuzey tarafina bitisik olarak, takriben bes zira® uzun-
lugunda ve yiiksekligi siitunun yiliksekligi kadar olan bir duvar yapariz. Dogu
taraftaki yliziine, zenit yiiksekligini 6lcmek icin daha 6ncekine benziyen yalniz
ondan daha kii¢lik bir kadran yerlestiririz. Duvarin st kuzey tarafina, batiya
dogru cikinti yapacak sekilde bir kol yapar, ucuna iki makara takariz. Aleti
kullanma zamaninda asili cetvel ile kiris cetvelinin uglarina tesbit edilmis
halkaya bagli, halka ile makaranin arasi, halkadan makaraya, makaradan
halkaya gecen ince bir iple birlestirilir.”’ Yiice Tanrinin izni ile.

Mahrus Rasathanede onun icin bir modelini yaptiklarimizdan zat-iih
ciyib ves-semt adini verdigimiz alet vardir. Bu aletle ufkun her istikametin-
den yiikseklik oOlciilebilir.

Bunun ic¢in bakirdan bir halka yapmiya ihtiya¢ vardir. Halka nekadar
biiyiik olursa okadar iyidir. Buna ufuk halkasi adini veririz. Yapilmasi ve
diizeltilmesi Once bahsedildigi gibidir. Bu alet icin 1,5 zira® yiiksekliginde
dairevi bir duvar yapar, onu, bunun tlzerine tesbit ederiz. Ufka paralelligini
once gecmis oldugu gibi tashih ederiz.

Uzerine meridyen ve dogu-bati dogrusunu cikarip, gevresi iizerine ortak
merkezli daireler cizeriz. Onlarin ikiser ikiser aralarina adetleri, dereceleri ve
derece kesirlerini dogu ve bati noktalarindan baslayip, kuzey ve gliney nok-
talarinda 90 derece olarak nihayet bulacak sekilde yazariz.

Ona saglam ve iyi bir tahtadan kalinlig1 ve genisligi & zira® olan yilizeyleri
dortgen seklinde bir cap yapariz. Onun iki ucu ufuk halkasinin i¢ kenarinda
hareket etsin. Tam ortasina tahta ¢apa (Sekil LIII, e) dik, uzunlugu iki zira®
yahut, yaklasik olarak ¢ap kadar, kalinligi 4 zira® olan bir travers tesbit ede-
riz (t). Her ikisinin ortalarina birer oyuk yapar, traversle capi1 dik a¢1 yapacak
sekilde saglamca birlestiririz.

37 Bu kisim Almanca terciime ile uymuyor. S. 86.
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Sekil: LIII

Capin ortasina, biitiin uzunlugu boyunca devam eden, dortgen seklinde,
cetvelin kenarlarina paralel, derinligi ve genisligi & zira® olan bir kanal yapariz
(Sekil LI1V). Tabanint tesviye eder onu iist kismindan daha genis yapariz
(Sekil LV).

Kanaf Kanal

Sekil: LIV Sekil: LV

Capin ortasina, orada yapilmis kanalin iki kenarina, travers ve capla
dik a¢1 meydana getiren, herbirinin uzunlugu yar1 cap kadar olan iki cetvel
(Sekil LVI, p) dikeriz. Herbirinin kesiti kare seklinde, ylizeyleri birbirine
paralel, tam karsilikli olarak dikilmis ve herbirinin genisligi 4 zira® olsun.
Sonderece dakik bir sekilde, herbirinin ortasina ve biitiin uzunlugu boyunca,
genisligi ve derinligi bir kiiciik parmak kadar olan bir kanal yapariz. Her iki-
sini capin ortasina ve oraya yapmis oldugumuz kanalin iki kenarina dikeriz.
Cetveldeki kanallar birbirine karsilikli gelsin ve tabanda onlarin genisliklerini
ortaliyan iki dogrunun arasi bir dogru ile birlestirildiginde dairenin merkezin-
den gegsin. Ust kisimlarinin arasini onlari tutan demir bir mihverle rapt ede-

T1z.
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Dikeyliklerinin bozulmamasi ve onlari muhafaza etmek icin herbirine
li¢ destek yapariz. Onlardan biri traversin ucundan cikip cetvelin alt kismindan
itibaren } ne ulasir ve 1,5 zira® uzunlugunda olan (diger) iki dayak ise
¢apin ortasindan ¢ikip, cetvelin altidan itibaren { ne ulasir, keza, diger
cetvel icin de aynisi yapilir.

Ufuk halkasinin merkezine ve traversin altina, gayet saglam bir
sekilde birlestirilmis, uzunlugu 1,5 zira® olan demir mihver yapariz (Sekil
LVII,M).Traversin altina, bir kenari iki zira® dan asagi olmamak sart1 ile kare
seklinde tahtadan bir parga (F) yapariz. Mihverin orada déonmesi i¢in ortasini

deler ve lizerinde traversin kolaylikla donebilmesi icin ylizeyini tesviye ederiz.

Dik £ EFVEL

Sekil: LVI Sekil: LVII

Aletin lizerine konmasi i¢in bir kaide yapariz. Yukarda sozii gecen delik,
bu kaidenin orta kisminda da devam etsin (Sekil LVIII). Kaidenin alt kisminda
ve deligin alt tarafina tesadiif eden yerde tizeri dortgen seklinde oyuk bir tas
olsun (Y). Bu oyukta, ortast yuvarlak sekilde delik, demir bir parca olmasi
lazimdir. Bu demir parcasini tastaki oyuga saglamca yerlestiririz. Bu delik
demir mihverin alt ucunun dénmesi, siki olmasi, ¢ap ve iki cetveli cevirdigi-
mizde sallanmamasi icin yapilmistir.
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Sekil: LVIIT

Kalinlig1 kare seklinde, genisligi 1,6 zira® herbirinin uzunlugu yari1 ¢ap
kadar olan baska iki cetvel yapariz. Herbirinin ikiser ucunda, daire seklinde
ve cetvelin yiliziinden yiiksekligi cetvelin genisliginin g kadar olan ilaveler
olsun. Bu ildvelerin cetvelin karsilikli ylizeylerinin ucunda bulunmasi lazimdair.
Cetvellerin birbirleri ile birlestirilmesi, iist ucundaki yarim dairelerin birbi-
rine gecirilmeleri ve demir bir mihverle birlestirilmeleri suretiyle olur (Sekil
LIX). Bu demir mihverin ortasi, karsilikli ylizeylerin ara kesitlerinde bulu-
nur. Boylece, bir pergel sekli meydana getirirler. Birlestirildiklerinde cet-
vellerden birinin yiizeyi digerinin yilizeyine intibak eder, uclari yani, asagi
kisimlar1 birbirinden uzaklasacak sekilde cekildiginde de acilirlar. Bunlara
Olcii cetvelleri adint veririz. Bu mihverin iki ucu dik cetvellerde yapilmig
oyuklarin derinligi kadar ¢ikintili olsun. Sallanmadan ve oynamadan asagi

Sekil: LIX
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yukart Hareket edebilmesi icin onlarin dairevi kesitlerinin kalinligi oyuklarin

genislikleri kadar olsun.”

Sert bir tahtadan veya bakirdan herbirinin uzunlugu bir karis, kesiti
dortgen seklinde ve captaki oyuk seklinde iki parca yapariz (Sekil LX).

Sekil: LX

Bunlarin ucunda yarim daire seklinde birer ilave (F) bulunsun. Oyugu doldur-
masi i¢in, herbirinin alt kisminin list kismindan daha genis olmast 1dzimdir.
Boylece, sallanmadan kolayca orada hareket ederler. Bu pargalarin ucundaki
iki yarim dairenin merkezine birer delik deleriz. Ayni sekilde Olcii cetvellerinin
ucundaki yarim daireleri de deleriz. Herbir parcay: cetvellerin ucuna demir
bir mihverle rapt ederiz. Bu parcalarin ikiser ucunda captaki kanalin iki ta-
rafinda hareket eden ve capin iki tarafindaki bolimlere isaret eden, disari
dogru cikintili ve keskin gosterge olmalidir (Sekil LXIII). Olcii cetvellerinin
biitiin yiizeyleri esit olmalidir. Oyleki, birisinde iki yarim dairenin (Sekil
LXII,d) merkezleri arasindaki mesafe, digerindeki iki yarim dairenin merkez-
leri (m) arasindaki mesafeye esit olur.

m?’.ﬂmﬂu:nn T rll'llll‘l- TI
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Sekil: LXI Sekil: LXII

Yapilisi tamamlaninca ¢apin ortasindan, yani dik cetvellerdeki kanallarin

ortasindan gegen dogrudan itibaren, her iki tarafa dogru, 6l¢u cetvellerinin

38 Almancada bu kisimda bazi atlamalar var. S. 90.
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uzunlugu kadar yani, yarim dairelerin merkezlerinden gegen cetvele dik ve
birbirlerine paralel olan iki dogrunun (ae) arasinda kalan mesafe kadar bir
kistm aliriz. Bu uzunlugu 60 kisma, her kismi da miimkiin oldugu kadar daha
kiigiik parcalara boleriz. Bolumlerin ve bes dereceliklerin aralarini, c¢apin
uzunlugu boyunca devam eden ve c¢apin ortasindaki kanalin kenarlarina pa-
ralel, dogrularla ayiririz. (Sekil LXI). Taksimat baslangict capin ortasinda,

sonu da her iki ucunda olsun.

Boitirge F fosterse

Sekil: LXIIT

Ol¢ii cetvellerinin uclarini parcalarin uglarina birlestiren mihvere gelince,
onlar yiiksekligin tamaminin sintisini bildirirler (Sekil LXIV, ap). Yiikseklik
cetvellerinin (6lcii cetvellerinin) herbirinin tizerine ve genisliklerinin ortalarina
ikiser esit hedefe yapar, onlar1 adet oldugu sekilde deleriz. Agiktir ki, eger
Olcii cetvellerinin herbiri, yar:1 ¢cap kadar olursa, capin iki ucunda taksimatsiz

birer kisim artar.

r ’ a d "
Sekil: LXIV

Gozlem zamaninda giines 1sinlarinin hedefenin deliklerinden gecmesi ve
Olcii cetvellerinin uglarinda olan gostergenin esit uzakliklarda olmasi icabeder.
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Cetvellerin yilizeylerinde cikintt meydana getiren zikrettigimiz yarim
dairelere ve onlarin uclarina birlestirilen parcalara gelince: bunlarin yerine
bakirdan mentese veya demirden mafsal yapmamiz da mimkindir. Bunlar
yarilarina kadar cetvellerin uglarina gomiilerek ,orada (cetvellerin) tlizerlerinde
dondiirildiigiic mihver gibi olurlar. Boylece, bunlarin yapilisi daha saglam ve
daha kolaydir.”

Rasathanede modelini yaptigimiz aletlerden biri de zar-iil-ceyb ve's-

sehm dir. Bununla azimut da elde edilir.

Bu alet icin ufkiye halkasi, cap, capin ortasina travers, aletin lizerinde
dondiigi demir mihver, dairevi bir kaide, capa dik iki siitun yani, karsilikl
yiizeyleri oyuk iki cetvel, onlari tutmak icin destekler yapariz. Biitiin bunlar

once gecmis oldugu gibidir.

Herbiri i¢in uzunlugu yari ¢apa esit, yiizeyleri dortgen seklinde, genisligi
ve kalinlig1 1,6 zira® kadar olan iki cetvel yapariz. Uglarina demirden ¢ikinti
teskil eden yarim daire seklinde ilaveler yani, yarilari cetvellerin ylizeylerine
gomiilmis kulp seklinde ilaveler yapar ve iki cetveli demir bir mihverle bir-
lestiririz. Yapilislart 6l¢li cetvellerinde ge¢mis oldugu gibidir. Yalniz bunlarin
ildve parcalara ihtiyact yoktur. Bu cetvellerden bir tanesini c¢apta oyulmus
kanala yerlestiririz. Cetvelin ve oyugun alt kisminin genis ve tst kismin
dar olusu bakimindan durum burada da, daha Once zikri gecen parcalarda
oldugu gibidir. Ayni boyutta olarak kanali doldursun, {ist ylizii capin st ylzi
ile ayni1 seviyede olsun. Buna zat-iis-sehm ikincisine gelince, ona yar: ¢ap adini

veririz.

Bu ikincisinin genisliginin ortasina, dortgen seklinde bir delik deleriz.
Oraya ortasit levha seklinde, uclari silindir seklinde, capin yiizeyine dik bir
mihver yapariz.*” Iki cetvel arasinda gerekli yerinde kalmasi icin capin bu
ucunun asagt yukari hareketinde onu muhafaza etmek icin, mihverin iki

ucu dik cetvellerdeki bu oyuklar icinde hareket ederler.

Yari ¢capin bu ucuna ve iki cetveli birlestiren mihverin merkezinden gecen
parcanin (cetvelin kenarlarina paralel ve ylizeyini ortaliyan dogru) tizerine bir
isaret koruz. Mihver ile bu isaret arasindaki mesafe yari cap kadardir (Sekil
LXV, ap). Ayni sekilde siitunlarin yiizeylerine biiyiik captan itibaren, yiik-
seklikleri belli yari cap kadar olan birer isaret koruz. Bu ii¢c parcanin her-
birini 60 esit kisma ve herbir parcayr da mimkiin oldugu kadar daha kii¢giik

39 Almancada bu kisim hulasaten terclime edilmistir. S. 92.
40 Bu kisimda Almanca metne uymuyor. 94.
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parcgalara boleriz. Capin kanali igine gomiilmiis cetveli de bu bolimlere esit
boliimlerle boleriz. Taksimat baslangict onu yari ¢apa birlestiren demir mih-

verin ortasindadir.

Jaricgap
Sekil: LXV
Mihverle stitunun yiizii (n deki taksimat) arasinda kalan kisimdan yik-

sekligin tamaminin siniisii (Sekil LXVI ap), geri kalandan da yukseklik ya-

yinin sehmini 6grenmis oluruz.

Sekil: LXVI

Bir tarafinda yari1 cap, diger tarafinda sehm bulunan dik cetvellerin bo-
limiine gelince, bu, asagidan siitunlarin dibinden baslayip, onlarin iist kis-
mindaki isarete kadar devam eder. Ve yari capin asagi yukari hareketinde

bu boliimlerden ayirdigr kisim yiikseklik yayinin siniistdir.

Yar1 capin siitunlara doniik olan yiiziine karsi gelen yiliziine, adet oldugu
gibi, uzunlugu boyunca genisligini ikiye bolecek tarzda iki hedefe tesbit ede-
riz. Onlar i¢in burada sozii tekrarlamiya liizum yoktur. Yari ¢apin siitunlarla
kesisme noktasindan yiiksekligin siniisii bilinir. Bu alette nekadar cok bir-

birini dogruluyan sahitler vardir.
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Baska bir nev'i bundan, 650 senesinde Sam sehrinde Hims Hiikiimdari
Mansur i¢in alim ve fazil 6nder Vezir Necm-ed-Din al-Lubudi'nin huzurunda
yaptigim ve onun alet-iil-kamile adini verdigi aletin bir baska nev'i. Bu, bii-
tiin ylikseklik ve azimutlarini 6lgmeye yariyan aletlerdendir.

Onun icin, zikri hareketli hedefede gecmis oldugu gibi bir kiirsii yapariz.
Yalniz bunun kaidesi daha genis, yiliksekligi de daha fazladir. Ondaki salip
sekli yerine de burada, kaideyi, birbirini dik ac¢1 ile kesen tahtadan iki capi
olan, muazzam bir halka seklinde yapariz (Sekil LXVII). Ust daireyi,

kaideden ona dogru cikan sekiz saglam destekle tuttururuz.

e #i 2wk

Merkend

hatha

Sekil: LXVII

Kaideyi ufka paralel olarak tesbit eder, onun i¢cin meridyen ve dogu-bati
dogrusunu c¢ikarir, adet oldugu gibi derece ve daha kiigiik taksimata boleriz.
Buna ufuk halkast adini veririz. Halkanin {izerine bir direk dikeriz. Onun
alt ucu halkanin merkezinde doner, list daireden disar1t ¢ikan kismi da § zi-
ra“dir. Kaide lizerine egimli olmayip, dikey olmasi icin dikilisine itina ederiz.
Ust ucuna gelince, bunun iist dairenin i¢cinde dénen kismi silindir seklin-
dedir. Dairenin {lizerinde yiikselen kismi ise, bir kenar1 Hasimi zira't ile ¢
zira'dan asagi olmamak tlizere kare seklindedir. Bu kare seklindeki kisim
iizerine saglam tahtadan kare seklinde, uzunlugu jzira® kesiti dortgen seklinde,
genigligi ve eni § zira® olan bir baslik tesbit ederiz. Aradaki baglantiy1 giviler
yardimi ile iyice saglamlastiririz (Sekil LXVIII). Basligin alt yliziini halkanin
iist yiiziine biitiinii ile temas edecek sekilde yapariz. Oyleki, baslik halka-
nin yiizii iizerinde kolay, fakat sallanmadan déner. ihtiya¢ halinde mihveri

cevirmek icin ona bir kabza yapariz.

En iyi cins tahtadan kesiti dortgen seklinde, genisligi 1,6 zira®, herbirinin
uzunlugu 44 zira® olan ii¢ cetvel yapariz. Onlardan ikisinin u¢larini sé6z konusu
basliktaki dortgen seklindeki yuvalara tesbit eder, ikisi arasindaki mesafeyi
1,6 zira® yapariz. Bunlar bashgin ist yliziine dikey olsunlar (Sekil LXIX).
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cetve
cetvel

baglik

Sekil: LXVIIT Sekil: LXIX

Ugiinciisiine gelince, buna yiikseklik cetveli adini1 veririz. Her ii¢ cetvelin
genisliklerini, uzunluklar1 boyunca devam eden dogrularla boleriz. Dik cet-
velin genisliklerini ikiye bolen dogrulara, basliktan itibaren esit mesafede ve
yukari kisimlarina yakin olmak {izere birer isaret kor, oralara karsilikli birer
delik deleriz. Ayni sekilde liclinciiniin ucunu da, genisliginin ortasindan de-
leriz. Bunu ikisinin arasina geciririz. Ugiinii demir bir mihverle rapt ederiz.
Ugiinciiniin mihvere paralel olan yiiziiniin genisliginin ortasina iki hedefe
tesbit ederiz. Once s6z konusu edilen aletlerde oldugu gibi, adetimiz vechile,
bunlar1 yiikseklikleri bakimindan esit mesafeden ve genisliklerini ortaliyan
iki delik deleriz. Uciincii cetvelin uzunlugunu iist yiizeye temas edecek se-
kilde yapar iki dik cetvel arasina gegiririz.

En iyi tahtadan kenarlar1 dortgen seklinde, uzunlugu iliciinden ortada-
kinin 1,5 misli, genisligi digerleri gibi, kalinlig1 bes parmak kadar olan, dor-
diinci bir cetvel yapar, buna kiris cetveli adin1 veririz. Bir ucuna genisligini
artiracak sekilde bir ildve yapariz. Bunun uzunlugu 1, genisligi 1,6 zira‘,
kalinligi da cetvelin kalinligi kadardir. Cetvelin ilaveye bitisik olan ucundan,
uzunlugu 0,5, genisligi 1 /6 zira® kadar yani, dik cetvelin genigligi kadar olan
bir kismini keseriz. Oyleki, eyer ilavenin genisliginin ytliziinlii dik cetvelin yan
yiizeyine intibak ettirirsek, kiris cetvelinin ilaveye bitisik olan yilizeyinin
karsisindaki ytizeyi, ve dik cetvelin i¢ yiizeyi bir tek diizlem tlizerinde bulu-
nurlar. Bu da ilk ligten ortadakinin dondiigi diizlemdir (Sekil LXX).

Dik cetvelin yan genisligini ikiye bélen dogrunun alt kismina bir isaret
koruz. Mihverle bu isaret arasindaki mesafeye esit bir uzunlugu, mihverin or-
tasindan baslamak lizere orta cetvelin lizerinde isaretleriz. Bunu, orta cetveli
st mihver tlizerinde cevirdigimizde cizdigi dairenin yan ¢ap1 yapariz.
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Dik cetvelin yan ve asag tarafindaki isareti lizerine, uzunlugu i zira®,
kalinligr kiiciik parmak kadar, silindir seklinde demirden bir mihver tesbit
ederiz. Uzun cetvelin ucunda ¢ikintt meydana getiren ildvenin ucuna demirden
li¢ tane halka yapariz (Sekil LXXI). Bunlarin yardan ildvenin icine gomiil-
mils ve genislikleri demir ¢ubuk kadardir. Merkezleri kiris cetvelinin ylizl
tizerinde ve ilavenin genisligi lizerine dizilmislerdir. Uzun (cetvelin) lize-

rinde dondiigi mihveri, bahsi gecen halkalara geciririz.
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Sekil: LXX Sekil: LXXI

Kiris cetvelinin takildiginda iiste gelen yiizlinii, biitiin uzunlugu boyunca
paralel dogrularla boleriz. Demir mihverin merkezinden geg¢en dogrudan iti-
baren, zikredilmis yari ¢ap kadar alir, onu 60 kisma boleriz. Kirig cetvelinin
ucunda artan kismi da, 60 boliimiin parcalarina esit olmak tlizere, 25'e bdleriz.
Boylece, hepsi 85 bolim olmus olur. Her parcayr da mimkiin oldugu kadar
boleriz. Taksimat baslangicini dik cetvelin yanina tesbit edildigi tarafindan
ve lizerinde kiris cetvelinin dondiigii mihverin merkezinden aliriz. Kirisin her
boliimiiniin hizasina kirisin gordiigii yayin degerini yazariz. Bu yay-kiris ce-
vellerinden bulunur. Kisacasi bunlar zat-il-istiivaneteyn de oldugu gibidir.

Bu aletle 6lcii yapmak istedigimizde, basliktan gegcen diregi ceviririz. Bu-

nun donmesi ile alet, orta cetvel diizlemi Olciilmesi istenilen yildizin lizerinde
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bulundugu azimut dairesi diizlemi ile intibak edinceye kadar, cevrilir. Orta cet-
velin ve kiris cetvelinin uclarini, yildizin bulunmus oldugu cihetin mukabiline
getiririz. Orta cetvelin ucunu, her iki hedefeden birden yildiz goriiniinceye kadar
cekeriz. Kirig cetvelinin bolimli st ylizii orta cetvel, zikri Once gegmis
olan captaki isaretten gecinceye kadar kaldiririz. Onun (kiris cetvelinin)
tizerindeki boliimlerden zenitten ve yildizdan gecen iki dogru arasindaki aginin
kirisi ve onun gordiigii yay: bilinir. Bu yiliksekligin tamami1 olup doksandan

cikarildiginda geri kalan da ytkseklik yayidir.

Eger yeri Olciilen glines ise, 1sinlarin hedefe deliklerinden nufuzu dolayisi
ile is daha kolaydir. Yildizlara gelince, onlar1 gézetlemenin daha sarih yapi-
labilmesi icin, daha 6nce oldugu gibi iki hedefe arasini birlestiren ve delikleri
rapt eden bir boru yapariz. Ve yildizin gozetlenmesinin daha sarih yapi-
labilmesi igin deligin goze dogru gelen ucuna canak seklinde bir parca

takariz.

Aletin montajina gelince, meridyen dogrusunu c¢ikarir, kaidesi Tize-
rine isaret etmis oldugumuz giiney ve kuzey noktalarint bu dogru tizerine
getiririz. Kaideyi, list yiizeyi ufka paralel olacak sekilde tesbit ederiz. Yere
gomiilmiis tahtalar cakip, kaideyi ona civilerle rapt ederek saglamlastir-
makla gibi, riizgdrin tesirinden miiteessir olmasin diye etrafin1 duvarla

geviririz.

Diregin alt kismina ve dikey olacak tarzda, ucu ufuk halkasinin lizerinde
donen bir cetvel yapariz. Bununla azimut bulunur. Cetvelin azimut dairesi
diizlemine yani, orta cetvelin hareket ettigi diizleme tesbit edilmesi lazimdir.
Su var ki, sivri ucu yildiz istikametinde, baska deyimle kiris cetvelini ve
yar1t ¢apr cektigimiz ydniin mukabilinde bulunur. Oyleki, cetvelin ucu ve
kiris cetveli ile orta cetvelin birbirine temas eden ylizeyleri daima azimut

diizlemi tlizerinde bulunur.

Almagest'de ad1 gecen de (zat-iis-su'beteyn) ele alinamiyan bir ¢cok prob-
lemlerin, ondan cikardigimiz bu aletler yardimi ile incelememizin miimkiin
oldugu asikadrdir. Bununla, meseld, yeri enlem ve boylamda malum bir
yildiz araciligi ile her hangi bir yildizin mechul olan yeri bulunabilir. Soyleki,
bu aletle herhangi bir yildizin azimutu ve yiiksekligini Olcebilirsek bu yol
ile tali® de elde edilir. Bunun hemen arkasindan yeri mechul yildizin yiik-
sekligini, azimutunu ve tali® derecesini Olgersek, yildizin yeri enlem ve boy-

lamda elde edilmig olur.
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Eger bu, zat-iir-rubeyn den elde edilirse, her ikisinin yiiksekligi bir anda
alinmis olacagi icin netice daha dakiktir. Muhakkak ki biitiin bunlar Yiice
Allahin rizast iledir.

Almagest'e ki zat-iis-su'beteyne gelince, bizim (insa ettigimiz) aletlerle
elde edilene nisbetle bunda hata vardir. Nitekim, onun yapilisindan bahde-
derken Batlamyls soyle der. Yiizeyleri dortgen seklinde her birinin uzunlugu
dort zira® olan iki cetvel yapariz. Genisliklerini, uzunluklari boyunca devam
eden dogrularla boleriz. Onlardan birini bir dik kaide {lizerine ufukla dik ac1
yapacak sekilde tesbit ederiz. Bunun ylizeyi meridyen diizlemi {lizerinde
bulunsun. Ust kismina, kalinli§1 boyunca dogudan batiya dogru devam eden,
dairevi bir delik deleriz. Digerinin ucuna, genisligini ikiye bolen dogru tize-
rine de ayni1 surette bir delik deleriz. Onlarin raptina yariyan demir bir mih-
verle birlestiririz. Bu mihver tizerinde ikinci kolayca hareket eder.

Dik cetvelin genisligini bolen dogrunun asagi ucuna yuvarlak bir ¢ivi
cakar, oraya ince lic¢lincii bir cetvel yapariz.

Alt ve iist mihverlerin arasi 60 kisma béliiniir. Ikinci cetvelin iizerine,
st merkezden uzakligi iki mihverin merkezleri arasindaki mesafe kadar olan
bir isaret koruz.

ikincinin iizerine adet oldugu vechile iki esit hedefe tesbit eder, ve
iki delik deleriz. Goze yakin olan hedefenin deligi dar, hedefelerin iisttekinin
deligi ise ondan ayin biitiin cismi goriinecek kadar genis olsun. Ay meridyene
geldiginde rasadini yapariz. Cetvelle dik cetvelin ortalarinin arasinda kalip
ve lglinciiden ayrilmis olan kismi isaretler, ticlinci cetveli dikey cetvel lize-
rine intibak ettiririz. Dikey cetvelde isaretin karsisinda olan boliimden, dik
cetvelle miiteharrik cetvelin genisliklerini bolen iki dogru arasinda bulunan
acinin kirisi bilinir. Cetvellerden de bu kirisin yay1 bulunur.

Geri kalan seyler, onun soOyledigi gibi malumdur. Burada onun metnini
aynen iktibas etmemis bulunuyorsak da, méanasint onun kast ettigi sekilde
verdik.

Zikretmis oldugu bu aletin, bazi siipheli taraflari ihtiva ettigi, noksanlari
bulundugu, ve kafi derecede saglam olmadigi hususunun pratikte mahareti

olan bir kimse i¢in acik ve secik olduguna isaret edelim.

Siipheli hususlara gelince, o, ti¢linciiyi kiirsii tizerindeki dik cetvelle
birlestirdiginde, liclinciiniin iki yiizeyinden (dik cetvelin) hangisine birlestir-
digini bildirmemistir. Eger o, dik cetvelle ikinci cetvelin temas ettikleri diizlem
lizerine konursa, lg¢iinciiniin kalinligi, bir birine temas eden iki ylizey arasina
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girer. Boylece, list acist mihverde bulunan, tabani ince cetvelden tesekkiil

eden ticgen meridyen diizleminde olamaz.

Sayet, dik cetvelin (diger) yanina konursa, cetvelin kalinligi, iki hedefesi
olan miiteharrik cetvel diizlemi ile kiris taksimatli cetvel arasinda bir méani
meydana getirir. Boylece, aciy1 cevreliyen cetvellerin ve yiizeyinin hi¢ bir
durumda meridyen diizleminde olmasi imkani yoktur.

Yiikseklik zenite yakin olunca da aginin ince cetvel tarafindan kirislen-

mesi zor olur.

Saglamliginin az olusuna gelince, miiteharrik cetvelin devamli hareketi
sebebi ile agirligi, asilmis oldugu mihveri asag1 dogru c¢eker. Isaretler ve hu-

dudlar ilk koydugumuz durumda kalmaz.

Noksanlarina gelince, bununla meridyen yiiksekliginden baska bir sey
elde edilmez. Bu yiiksekligin de 30 dereceden fazla olmasi sarttir. Dik cetvelin
taksimati1 60 boliim oldugu ve zenitten itibaren de meridyende en sonu ancak
60 derecenin yayini kirigliyecegi icin, onun anlattig1 sekli ile bu aletle ylikseklik

30 dereceden az ise bununla ol¢iilmez.

Ince cetvelin yerine iplik kullanilmasina gelince, ipi germe esnasinda
kalinlasip incelebilecegi icin bununla faaliyette bulunmiya itimad edilemez.
Boyle 6nemli meselelerde dogruluk ve dakiklik istiyen bir kimse nasil iplige

itimad edebilir.

Ancak bizim kasdimizin hakikat ve dogruyu tercih etmekten baska bir
sey olmadigi, haset ve asir1 derecede alehtarlik zihniyetinden uzaklasarak
yaptigimiz tenkidin kiinhiine vasil olan bir kimseye asikardir, gizli degildir.



"THE ARTICLE ON THE QUALITY OF THE
OBSERVATIONS" OF AL-'URDIi*

Sevim TEKELI
Introduction

This article includes the critical edition and the translation of the Risala
fi  kaifiya al-arsad wa ma yuhtaja ildilmihi wa amalihi min turuq al-muwaddiya
ila ma'rifa‘audat al-kawakib (The article on the quality of the observations and
the teoretical and practical knowledge needed to make them, and the methods lea-
ding to understanding of the regularities of the stars) of Al-' Urdi. It gives us
a whole discription of the instruments of the Maragha Observatory which
was constructed by Nasir al-Din al-Tusi in 1261 under the auspices of Hulagu.
Only at the time of Tycho Brahe (in 16th century) did the instruments in
Europe become as perfect and precise as the instruments constructed in
Maragha Observatory.

Al-'Urdi is a Syrian architect. He constructed the water installations of
Damascus. He has also constructed astronomical instruments for Al-Mansur, the
ruler of Hims. After 1259, he worked in cooperation with Nasir al-Din al-Tusi.

We could clearly see from the descriptions given in this article that the
constructions of the instruments and their erections were done with great
care in order to have accurate results.

An incomplete French translation of this article was made by Amabl
Jourdain (in 1909) in Memoire sur l'observatoire de Meragah et sur quelques ins-
truments emploiyes poury observer. In 1928 it is translated into German by Hugo
Seemann as Die Instrumente der Sternwarte zu Maragha nach den Mitteilungen
von Al- Urdi. This German translation is quite complete. Though it is one of
the fundamental books in Islamic Astronomy, its text has not been published
up to now. The text herein is the comparison of the three manuscripts. Two
of these three copies are in Istanbul and the other one is in Paris.'

This Arabic text and its English translation is a part of my Phd theses accepted in
July 2, 1956 at the Faculty of Letters, of the Ankara University.

It is a pleasure for me to mention in here the great help I received from Prof. Sayili in the
translation of the Arabic manuscript. And it is my duty as well as privilege to cite his efforts in
finding the microfilms of the two manuscripts. I am also indepthed to Prof. Dr. T. Tanci for his
generous contribution of time and thought in translating some very difficult sections.

1 I learned from Professor Sayili that another copy is found in Tahran.
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One of the two manuscripts in Istanbul is enlisted in the St. Sophia Lib-
rary and its number is 2973. According to the information given by the Di-

rectory of the Library the description of the manuscript is as follows:
Dimension of the page: 186 x 120 mm.
Written area: 130 x 75 mm.

Quality of the paper: yellowish polished paper. It is without marginal
notes and quite correct. It is rarely punctuated and is one of the oldest
manuscripts. It does not include the name of the person who has copied
this manuscript but it includes the date of its completion: tenth month of
the lunar year 864 (H.).

The other manuscript is registered in Nuri Osmaniye Library under the
number of 2971. According to the information given by the Directory, the

description of the manuscript is as follows:
Dimension of the page: 257 x 176 mm.
Written area: 190 x 100 mm.
Quality of the paper: Abadi.
Binding: brown leather with head bound.

This is a review which includes different manuals. It is clearly written,

but mostly not punctuated.

The third manuscript is in Bibliotheque National of Paris registered under
2544,10. It is clearly written and punctuated. The transcriber has compared
two manuscripts and pointed out their differences in the margin. That is why
in the text this manuscript is showed P. and p, as two copies.

P, stands for the second which was compared to the first one. At the
end it is written that the manuscript has been copied by Hafiz Hasan
b. al-Hafiz Mustafa in the year 867 (H.) the 12th of the sixth month of

the lunar year.

In the Paris and St. Sophia manuscripts the name of the copier is not
included. But in the Nuri Osmaniye manuscript it is written in the beginning
that it has been transcribed by Al-'Urdi of Damascus.

Though the date ofthe transcription has not been indicated in the manusc-
ripts we can easily deduce from the informations given in the text that
it has been written after the construction of the Maragha Observatory and
before the death of Nasir al-Din Tusi. In the text the date of the cons-
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truction of the instruments is given as 1261/2. Since Nagir al-Din Tusi died
in 1274 we can estimate easily that the manuscript is transcribed between
1262 and 1274. However, since Al-'Urdi indicates that some of the models of
the instruments have already been construted but without saying whether
they have been constructed in the Observatory or not, we can make our esti-
mations further then 1274.

According to the grammar rules, it is necessary to accord the verbes but
in addition accords were made in the kind and number of verbes, when this
is not contional in order to provide precision and these changes are indicated
with notes. The errors thus made in the dictation are different in the manusc-
ripts but still these changes do not require any corrections.

The translation of the manuscript was made word for word. It has been
compared to the German translation and the differences were noted. But
towards the end of the German translations more emphasis was given to
the meaning without a literal translation. That is why the differences were
not noted separately.

RISALA FI KAIFIYA AL-ARSAD

With the name of God, the merciful. Thank God. Praise to prophet
Muhammad and his close relations. The grace comes from God.’

This article has been written by Mu'ayyad al-Din al-‘Urdi of Da-
mascus who is the leader of the scientists, head of the engineers, connoisseur
of mathematics and the supporter ofthe Nation. He says: "I wrote this article
in order to explain the technics of the observatios and to give information
about the construction and the use of the observational instruments and
the other things necessary in the field of theory and practice to lead us to the
knowledge of the movements of the stars, their positions, their distance from
the earth and their efficiency when the earth's radius is taken as a unit."

Astronomy which is a branch of mathemetical sciences that developes the
theoretical sciences and the branch which is closer to theologythan the others
is glorified in two ways: of its subject and the soundness of its arguments.
Its subject is the heaven which is one of the most unique and wonderful

2 Hugo J. Seeman, Die Instrumente der Sternwarte zu Maragha nach den mitteilungen
von Al-'Urdi, Sitzungsberichte der Physi. medi. Sozietat, Erlangen 1928. P. 23. This part is
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creations of the God, free from all defect. When we come to the arguments,
they depend upon mathemetics and geometry. That is why we endeavoured all
our efforts on this subject. The arguments depend upon our observations and
the observations require instruments so we started with the description of
the instruments. The ancient and the modern astronomers have constructed
many of them. Some of them have defects and the others are difficult to rea-
lize. This difficulty does not come from the complexity of its construction,
it is the result of the defect in the planning and the fault in the design. We
will not mention these in here. We will mention the most accurate of the old
instruments and remove every kind of doubth and obstruction befalled on
them and we will add the new ones we constructed. These instruments are
perfect and precise.

We need to know the meridian of the observatory during the erec-
tions of these instruments. Different methods were put forward to determine
this. I saw that among these, the best method is the Indian Circle used by
our elders. We have discussed the precision ofthis method in our Risala fi ‘amal
al-kura al-kamila. This instrument is especially used when the sun is in one
of the tropics. With no doubth the Indian Circle gives precise results when
the sun is found in one ofthe tropics, rather then when it is found in any other
point.

Its construction: We take a wooden or a stone plate and, level the
upper face and place it parallel to the horizon. This is done by fadin
which is a scale of a bricklayer. If this instrument will be wused in
winter the length of the scale should be 1 /4 of the diameter of the largest
circle drawn on the plate and if it is going to be used in the summer then the
lenght should be 1/3th’. We make a scale with a lathe. This should be
in cylinderical form with a pointed top and a round base®. If the scale is of
copper then its weight is enough but if it is of wood then we make a hole at
the center of the base which is larger at the bottom then at the mouth and
fill this hole (not completely) with lead so that when the scale is placed this
weight will help to fix the scale (Figure I).

Then we draw a small circle [whose diameter is equal to the diameter of
the base of the scale] to the center of the plate; thus, when the scale is placed

3 Since the height of the shadow will change according to its presence in the winter
or the summer tropics so the height of the scale will get longer or shorter accordingly.
4 The word atls is read like L. That is why itis translated less than 1 /3. P. 26.
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on the base, their centers coincide and its axis falls perpendicular to the
face of the plate. The plate is put parallel to the horizon, when it is fixed
to its place with lime or another material, we draw concentric circles
so that when the shadow comes and we are unaware, the other one will
replace it. When the shadow is not yet inside the circle but on the
circumference, the middle of the width of the tip of the shadow is
marked on the circumference. The same operation is done with the other
circles as well. When the sun passes to the other side of the meridian-this
happens when the shadow is the shortest, afterwards it becomes longer-
then we follow with our eyes the movement of the shadow when it is at
the point of leaving one of the cicumferences of the circles marked at
the enterance of the shadow, We mark the middle of the width of the sha-
dow before it leaves the circumference. To verify this we repeat the same ope-
ration on the other circles. The chord ofthe arc is divided. After we lift the
scale we connect the center of the plate with this point by a straight line and
extend it at both sides. This straight line is the meridian established in the
most precise way. When we drop a perpendicular from the center to this
plane, this is called the east west line (Figure I1).

Now, we will mention the instruments we constructed in the Observa-
tory which is devinely guarded near the Maragha at the west side hill.
These constructions were done in the few years, before 660 (H.) and after
660. (H.)

All these were possible with the suggestion of our great leader, the eminent
scientist, the perfect investigator, the symbol of the scholars, head of the jud-
ges, the most virtuous of not only the savants of Islam but of all the ancient
and the present thinkers. He, who is capable of comprehending all the sciences
and the nice behavior, sound judgement, tenderness, good nature, virtu,
of which only one is found in a scientist, is a rare creature of the God who is
free from all evil. He gathered all the scientists and strenghtened their devo-
tions towards him by donations. He was much more closer to them than a
father to his son. We were safe under his protection and happy to see him.
As it is said in the poem,

To test him, we vexed him,
But what we found was tenderness in both states.

This rare person, God give him long life, is Nagir al-Din Muhammad ibn

al-Tusi, supporter of the Nation. I heard many things about him before I saw
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him and I thought these sayings were exaggerated. But when I met him the
rumors about him lost their significance. The days which give us opportunity
to work under his leadership are the most wonderful days. We were away
from our children, from our kinsmen and from our country but we were with
him (Al-Tusi). One who finds him has lost nothing but the one who has lost
him loses everything. God should not separate us from him and should let

us get as much benefit from his presence.

We overtook to construct the instrument called "libne” by Ptolemy.
We call it (“rub™) quadrant.

To construct this we take a wall with a proper width, which is made of
brick and lime, parallel to the meridian and which extends from north to
south. The hight and the length is {'1-% of Hashimi dhira', this is the dhira"’
used in astronomy, and its thickness is one dhira .

We put wooden-plilows which form an arc up to a span from the
surface and which is constructed of wood on the northern surface of the
wall. We fix these plilows in equal intervals starting from the
southern corner of the wall which is nearer to the base, up to the northern
corner ofthe wall making a querter of a circle. Besides, we will have other pil-
lows over which the ruler will be fixed to carry the quadrant this will be

mentioned in the previous paragraphs (Figure III a, b).

Afterwards, we make a quadrant from the teak tree® which was brought
from India and we fix the ends of this quadrant to the ends of the two
rulers which intercept at the center ofthe quadrant. The lenght of the
two rulers should not be less than five dhira (every dhira® is about three span
of a hand). The rulers intercept each other in forming right angles. In order
to prevent the bending ofthe rulers, their thickness is made one fourth of
a dhira’. We construct the quadrant from small sections and fix the ends

firmly to the rulers (Figure 1V).

After we make the adjustment very carefully, we open a canal
whose depth is half a finger and the width three fingers of hand in the
middle of the width. We moulded a quadrant from copper, whose
dapth, quadrantdepth is more than one finger and the width three

5 It is missing in the German translation. P. 28.

6 It is a big tree which grows in India. It is like ebony but it is not as dark as it. It's
fruit looks like grape and it's leaf is like the leaf of Pine-tree. It has white stripes when
it is fresh.
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fingers so that after filing let its dimentions be equal to the dimentions of
the canal in the the quadrant, exactly in the dimentions we desired it to be.
We place the copper quadrant in the wooden canal so that its face will project
outwards in respect to the face of the wooden quadrant (Figure V). We fix
these two firmly with nails. That is why we file the face of the copper one as
much as possible.

The vertex of the right angle, formed by the two rulers fixed at
the two ends of the wooden quadrant determine the center of the
quadrant. We draw four quarter circles around the center, on the surface
of the copper quadrant. We extend two strait lines which intercept
each other at the center up to the end of the copper quadrant. We divide
into 90 ° the band which is between the two quarter circles restricted by these
two strait lines. And then we divide each one ofthese degrees into 60 minu-
tes and mark these on the first two outer quarter circles. We divide the bant
which is following the two quadrants into 90 degrees and with it and the ones
following it into 18.” We start to make divisions of 5° from the north corner of
the wall starting from the botom ofthe quadrant sothat during the observation
the height of the culmination will rest outside (to have height of the zenith).

Then we fastenthe quadrant and the rulers at the end ofthe wooden pillows.
We place the center so that it will come over the angle of the upper
southern part of the wall. Thus one of the rulers will be perpendicular
and the other one will be parellel to the horizon. Adjust the copper quadrant
to the surface of the meridian so that the straight line which connects the
center and the south end ofthe quadrant passes from the zenith. This could
be established with the help of the meridian line which is expeled outside the
surface of the horizon with the help of these perpendiculars.®

After we establish the necessary position for the instrument, in conformity
with the above mentioned conditions, we fix the instrument on to the pillows
firmly with the nails.” We make the same thing to the two rulers connected
to their ends. We open a hole at the center ofthe quadrant so that the center
of the hole and the center of the quadrant coincide with each other and
we fix an iron axis in the form of a cylinder about one finger wide.

Then we construct another ruler from the teak tree whose lenght is longer
than the radius of the quadrant and the cut off section is rectangular. The

7 This part is different from the German translation. P. 30.
8 It is missing in the German translation. P. 30.
9 It is missing in the German translation. P. 35.
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width of this rectangle is four fingers and its thickness is less than its width. We
file it as much as possible. We place copper pieces at their ends, divide the
width from the center and make a hole at its one end about the size of the
diameter of the axis that we have mentioned above. From the other end, we
cut off three fingers from the lenght up to the straigh line which connects the
center with the middle of the ruler, to clarify the value of the culmination
during its movement over these sections (Figure VII).

The ruler made according to these conditons, the straight line (SM)
(Figure VIII) which passes from the center of the quadrant and the divisions
(since the direction ofthe sun is determined only with the straight line (K L)
which connects the holes free from these two points) passes from the center
of the sun. This does not form on the curved ruler only provided when the
pinnules (a, a') placed on the surface of the ruler in a raised form should turn
towards the center (o), this should be in such a way that the holes of the
pinnules of the ruler (b,b") (with a geometrical precision) should be in the of sur-
face (K L M O) ofthe ruler which passes from the center ofthe quadrant that
is to say the surface (M F) which is determined by the extended surface which
is established by the cut end. The interseption of the two parallel lines is
impossible (in other words they meet in the infinite), that is why one of
the straight lines mentioned on the (ruler) with the desired conditions
passes as a straight line (S M) through the center of the quadrant and the
cut end which moves over the divisions which evaluates the height of the ruler,
and the other one passes through the holes of the pinnules. In this condi-
tion the strait line (K L) which passes through the holes of the pinnules
should also pass through the center (O K) ofthe axis over which the ruler
called alidade turnes.

In the case of the construction the ruler of the astrolabe by the astrolabe
manufacturers, this production is not done with precision. They do not give
much care because in the small instruments small differences are not percie-
ved. But when the instrument gets larger and the division is very small then

the differences show themselves clearly and can be percieved easily.

It is necessary to hang a hinge and a hoop at the end of the ruler and a
pulley which moves on the upper part of the wall. There, we have a string
strong enough to carry the weight of the ruler, which passes through the
pulley and fixed on to the hoop which is at the ent of the the ruler. The

height of the quadrant from its base is about some fractions of a dhira’.
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One of the instruments we constructed for the guarded Observatory is
the armillary sphere (dhat al-halak) with five circles which does not need
the ninth circle of Theon of Alexandria and which is not same as the ins-

trument described by Ptolemy as having six circles.

The description of its construction:'® We make two circles in equal size
whose surfaceses are parallel to each other and their cut off section in a rec-
tangular form. The radius of each of these circles are three dhira accor-
ding to the observation dhira® and their width and thickness are four fingers.
One of these represents the ecliptic circle and the other one represents the
polar circle (which passes through four poles)''. After the termination of the
filing of the circle and its division, we make two cavities in the shape of a
rectangle at the convex side ofthe polar circle who face each other and whose
depth is equal to the thickness ofthe circles (Figure IX, K. a). The same way
we make two cavities (E, b) in the form of a rectangle at the concave side
of the ecliptic circle which face one another. Their depth is one half of its

thickness and their width is equal to the width of the polar circle.

In order to place the ecliptic circle over the polar circle we cut off a sec-
tion which will end at the convex side and it will be a span long with a
depth of half of the depth ofthe cavity, at one of the side of one ofthe

cavities of the polar circle’” (Figure X).

Then they are both placed inside the ecliptic circle in such a way that they
form a right angle with each other and their convex sides as well as the
concave sides will be on the same spherical surfaces. After a careful filing of
the straight and circular surfaces they are connected to each other. In order
to smoothen the convex surface, we construct a copper piece having exactly
the same dimensions of the segment cut off from the polar circle, we
strenghten this by attaching it to the section we want to protect. If the
artisan is skillful, he makes the carved section in such a way that it will not

need any attaching.

Then we construct a third circle larger than the others which will
touch the convex surfaces of the two circles that we have previously construc-
ted. The width of this circle should be equal to the width of the other two
circles and its thickness should be one finger smaller than its width.

10 It is missing in the German translation. P. 35.
11 It is missing in the German translation. P. 35.
12 A different form is given in the German translation. P. 36.
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We file it and smooth the roundness of the convex and the concave sur-
faces. It is necessary and convenient to thicken the width of this circle at
each end of one of its diameters, on two opposite surfaces. Their length
must"’ be one span and their thickness must be two fingers. We will mention
their advantages after we have discussed the filing of the other circles. (Figure
X1I). This is called the large latitude circle, it rotates on and outside the poles
of the ecliptic.

We construct a fourth circle called meridian circle. We place it in
such a way that it represents the plane of the meridian. The concave
surface of this circle must touch the convex surface of the other circle.
Let us make its thickness five fingers. We make one supplusage over the
straight surface of the circle, opposite the axis - this is the diameter on
which the circles turn -. The length must be three fingers and the height
from the straight surface must be one finger. We must have the same supp-
lusages on the opposite side as well. They are usefull to strenghten the posi-
tion of the two holes opened for the poles. On these we fix two metal axes
which represent the poles of the equator at the armillary sphere and at
the places where the circles turn, when our instrument is completed.

Forthis large circle we make a base whose thickness is equal to the thick-
ness of the circle, the width and the lenght is halfa dhira (Figure XII). The
function of this base, as is mentioned below, is to fix strongly this section
of the instrument on top ofthe column.” We smooth by filing the surfaces,
convex and the concave sections.

We construct a fifth circle smaller than the first two circles, whose thick-
ness is only two fingers and the width is equal to the width of the first two circ-
les. The convex section of this fifth circle perfectly touches the concave
section of the first two circles. Inside this circle we make a diameter which
is constructed as a single piece with the circle, whose width and the thickness
is equal to the width and the thickness of the circle.”” We give a circular

form to the center of the diameter, so that the hole we are goingto open

13 In the manuscript though the word is used for ! _,5- in German translation it is
translated as thickness. P. 36.

14 In the German translation the part translated as: "As will be explained below, the midd-
le of the base is placed over a column"” is the result of reading the word w—a as wsesi _ut
this reading cannot be accepted. P. 37.

15 In the German translation, it is translated as a part is added, both translations are
acceptable. P. 38.
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will not weaken it. This circle is called small latitude circle, which is the
smallest of all the circles, because it turns about the poles of the ecliptic. The
best thing to do is to start the construction from this circle, because the center
of the diameter of this circle is at the same time the center of all circles.

When we make the necessary corrections of the small latitude circle
the correction of the concave face ofthe ecliptic or polar circles becomes
easier. When we adjust their convex sections, the correction of the concave
face of the larger latitute circle becomes easier; when we adjust the convex
section the correction of the concave section of the largest circle (meridian)
becomes easier. We place the circles one within the other and in perfect adap-
tation. These are the small and the large latitude circles, one of the two equal
circles and the meridian. We turn them thus one within the other, and change
the equal circles. In this way, if we adjust concave and the convex sections
with the straight surfaces, then the same way we can adjust the concave
section of the circle which is exactly touching everywhere the convex

surface. '°

When we are through with the correction and the construction then we
can start the division. Only three needs to be divided from these, ecliptic, the
small latitude circle and the largest circle to say the meridian.

When we come to the division of the ecliptic circle; First of all as menti-
oned above, we draw its two diameters. We divide into equal ninety degrees
each quadrant divided by these diameters, and mark these divided parts over
the two sides of the straight surfaces of these quadrants. We divide into
90° both sides of the convex surface of each quadrant. We write the names
of the twelve signs over the ecliptic circle between divided rows of the con-
cave and the convex surfaces. There is no demage in repeating the names of
the signs, whereas the names can be useful during the observation (Figure
XIII). We start to mark down the signs, by writing the head of the Cancer
into the middle of one of these holes. And we write the head of the Capricorn
into the middle of the hole, opposite this one. In a habitual way we put in
order the rest of the signs. We make divisions of thirty degrees and five

degrees by the side of each sign (Figure XIV).

We must not forget the following when we are connecting the ecliptic
circle with the polar circle: the middle of the hole into which we write the
head of the Cancer must be near the one assigned to the north pole of the

16 It does not correspond with the German translation. P. 39.
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equator. The names of the signs will follow one another from the east and

it will be written from right to left.

When we come to the division of the small latitude circle, we draw the
diameter which divides the width of the copper diameter into two (Figure
XV). Then we take outthe diameter which makes right angle at the center
with the first one (b). We divide into 90 degrees'” the space between the two
concentric circles which are drawn close to each other on one of the straight
surfaces. Then we draw a third circle whose distance is three times from the inner
circle of the first two circles. We divide each quarter of this circle into 18 and
mark this division up to 90, five by five. So that they will terminate with 90
degrees at both sides of the strait line which divides the width of the copper
diameter and starts at both ends of the second diameter.

When we come to the division of the meridian circle: we draw the second
diameter which forms a right angle with the first (Figure XVI) and divides
the base into two and then we draw three concentric circles on the center
over the straight surface. In order to mark the degrees between the two
circles (pc) at the concave side, these must be drawn close together. The third
largest circle must be placed from the middle circle in an interval equals to
three times the space between the two circles (s). We divide quarter of the
external circle into 90 degrees and the internal circle into 18 sections. We
write the degrees of fives so that it will end at both end of the first diameter
at the degrees of nineties. We divide every degree of the external division
into smaller sections as possible.

When we come to the axes and their positions this is done as I will describe
it and not at random. This way we will compose the instrument soundly and

without any defect.

We must be sure not to have any inaccurate results because of
the axis over which the circles turn, during the movement of the en-

semble."

We shape one of the two ends which is connected into the meridian

circle and which is towards the pole of the universe, in the form

17 In the German translation though the transcription has not been followed word by
word, they have rested loyal to the meaning. P. 39.
18 The German translation does not correspond to the manuscript. P. 39.
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of a plate. The width of this section is three fingers,"” and the thickness
is about one finger. (Figure XVI, a). The section which enters the holes
of the large latitude circle and whose thickness is equal to the thickness of
this circle isin a form of a plate (b). To reinforce it, we shape it in such a way
that its cut off section becomes circular and its middle becomes thicker. And
the rest will be in a shape like cylinder (c), and its length will be equal to the
thickness of the polar circle and its thickness will be equal to the size of the
small finger. The polar circle and the other circles inside it turn around
this section. Its middle (of the geometric axis) divides the plate into two
equal parts.”

The axis opposite this one is in a form of a cylinder whose thickness is
one finger’' and the length twelve fingers. We cover the external part of this
axis with a strong metal whose interior is open from one end to the other.
This is placed in the middle of the axis, between the polar circle and the meri-
dian circle so that it can carry the weight of the circle (Figure XVIII). In this
way the circle does not fall down. The height of this metal part must be equal
to the thickness of the large latitude circle. This is a support between the

meridian circle and the polar circle.

When we come to the axes of the two latitude circles: these are at the
same time the poles of the ecliptic. The cut off section of the middle part of
the upper axis is in square form and the length of this section is equal to the
thickness of the polar circle. The remaining upper and lower sections
are in cylindrical form and, as thick as the latitude circle. (Figure XIX).
The large latitude circle turnes around the upper and the small latitude

circle turnes around the lower part.

The lower one is in a shape of a cylinder. The length of the two axes
is eight fingers” and their thickness is one finger. This length is equal

19 In German translation it is 1/3 finger. It is possible to read the word as 1 /3th
but the word finger which comes after it is in plural so it is not realy possible to read it 1 /3.
Anyway this is too thin for an axis who carries so many circles. P. 41.

20 We cannot find the last sentence in the translation. P. 42.
21 In the translation it is written as 12 fingers. P. 42.

22 Since the addition of the thickness of the three circles is 9 fingers, this must be nine
also. In the German translation it is 9 but no explanation is given below. P. 42.
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to the sum of the thickness of the two latitude circles with the polar

circle.

In the case ofthe holes we opened in the circles for these axes: the upper
one of the meridian circle is in the middle of the convex section of the circle,
in a rectangular form, and its lenght is equal to the length of the pole in a
plate form mentioned above. The distance ofthe middle of this hole (Figure
XX), [the center ofthe base, (b),] to the zenith, the diametrically opposite,
must be equal to the complement of the latitude established by the obser-
vation. The complement of the latitude for Maragha is 52; 40°. That is why
we constructed this instrument first. Because it is possible to find the
distance between poles ofthe equator and the ecliptic, also the latitude ofthe
place. The end of the plate can be pasted in its place by heating the circle.”

The hole facing this is round as the shape of the axis.

We make two holes on the polar circle, at the sections facing each other.
Their centers are in the middle of the width of the convex section, and the dis-
tance of each from the middle ofthe ecliptic circle is equal to one forth ofthe
polar circle. The hole at the; north (Figure XXI, a) is in the shape of a square
whose side is equal to the cut off section of the middle part of the axis. The
hole facing this is as wide as the axis (b). As regards to the holes we made on
this circle for the poles of the equator around which the whole instrument
turns, the distance of the north of these (c) to the distance of the northerm
pole of the ecliptic (a) is equal to the greatest obliquity. At the end of the
observations we conducted in Maragha and in other observatories we found

its value as 23;30°.

In the middle of the convex section of the polar circle we put two marks
whose distance to the eclictic poles is 23; 30° on the sections facing each
other. The construction becomes easier by the help of the parts of the convex
section ofthe ecliptic circle which is equal to our circle. We name the one bet-
ween the ecliptic pole and the head of the Causer the north pole. The south
pole faces the north pole. We open two holes as large as the width of the ends
of the axis mentioned above, and take these points as centers.

We make two holes (circular) on the large latitude circle at the ends of
the axis which represent the poles of the ecliptic and which project to the

middle of the width from each side of the polar circle.

23 We cannot find this in the German translation. P. 43.
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In regards to the small latitude circle, we open two circular holes on
the convex section from both ends ofthe "second" diameter which is perpen-
dicular to the copper diameter. The end of the ecliptic axis which forms
a knob inside the polar circle is placed at the end of these.

After we finish the correction and the investigation of all these and comp-
lete the five circles, we construct a ruler whose length is as long as the small
latitude circle and the width is equal to the width of the copper diameter (Fi-
gure XXII). We pierce the center of this circle and shape as a circle the middle
of its length. We pierce the center ofthe circle at the middle ofthe copper
diameter which is at the same time the center of all the circles, and fix the
ruler with a pivot to the center of the diameter as is done always. Some-
times we cut off parts limited by the straight line (b b') which passes
from the center, and the line dividing the width (a a') of the ruler from
opposite directions. The ends of the ruler become in opposite directions.
Then over it we make two pinnules which have covers equal to each other
and they have the shape of a square. We pierce the middle of their widths
and fix covers over them. The distance between the two holes is a span.

We place a stone column (c) over the foundation constructed for
this instrument. We draw the meridian line on the upper section,
and construct a canal at this place from north to south in a rectangular
form. To this canal we fix the base of the meridian circle, the largest of
all. We make it parallel to the meridian plane by adjusting it with the help
of the plumb. We arrange it in such a way that the straight line which
connects the zenith with the center of the base over the circle, formes a right
angle (Figure XXVIII, ZT MM). We make these adjustment by leaning the
instrument towards different directions accordingly, and by using plumb
-line. After the instrument takes the desired form, we pore lead to fill
up the empty parts on both sides of the base and to this canal as well. Then
we place the rest of the circles inside the meridian circle and the axes
prepared for them. We fix the other poles to their places, attach the metal
part in its place so that it will carry the weight of the polar circle and place
the two latitude circles over the ecliptic poles. Thus the parts of the instrument
are put together and the instrument is placed firmly on its base.

The additions that should be made to perfect (even more then is done
up to know) the instrument will be mentioned herein. I will draw the pictures

of the circles and the axes and explain their advantages.
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In regards to the additions over the meridian circle and on the sides of
the holes made for the opposite two axes, these are added to reinforce the
holes for the axis.

The inverse corresponding additions of the large latitude circle
are for the two holes which is opened over the large latitude circle
so that the the axis of the equator will be able to enter. These (the two
axes of the equator) cross from the meridian circles to the polar circles, and
that is why they prevent the fitting of the large latitude circle to the polar circle
and obstruct it from making half a tour. As a result ofthis, the coinciding
of the large latitude circle over the plane of the ecliptic circle is not com-
pleted and consequently we made additions and holes at these places.”
(Figure XXIII).

The additions on the face of the circles, at the sides of the poles are made
only to protect these from breaking.

In regards to ruler, this does not necessitate the sixth circle placed
inside the fifth circle by Ptolemy in order to obtain the latitudes ofthe stars.
However, we obtain the latitudes of the stars with a ruler and its two pinnules.
Now we are going to explain the error and the insufficiency of the sixth circle,
these erors are not found in the rulers. The construction and the utilization
of the ruler is easier than the sixth circle. It is necessary that the sixth circle
should turn inside the fifth circle and their surfaces should stay on the same
plane. That is why, we need clutches to prevent the overlapping of the surface
of the sixth circle from the fifth circle. These impediments are done in two
ways: one of these is to open a canal surrounding the middle of the convex
surface of the sixth circle and to fix some nails which will pass through the
concave surface of the fifth circle and enter into the opened canal.

As we come to the second ofthese impediments: we fix some clutches on
the two straight surfaces of the sixth circle which will project from the surface
ofthe fifth circle, to prevent the projection ofthe sixth circle from the surface of
the fifth circle. We cannot fix these clutches on the fifth circle. Ifthe clutches are
on the fifth circle, it will prevent the movement of the sixth circle because the
tracer which shows the division moves on the surface of this circle.” If the
fifth one is closely contacted with the sixth one, it will be difficult for the

24 In the translation this part is summarised. P. 46.

25 It is like this in Ptolemy, Almagest, Book 5, P. 166, The Great Books ofthe Western
World. Vol. 16. Seeman explaines the form it takes when the conditions in the Book of Ptolemy
is not present. P. 46.
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observer to move the instrument because of its great size. But if they are
not in perfect connection, the sixth circle will fall down because of its weight

and its center will not correspond to the center of the fifth circle.

Another disadvantage is the following: when the instrument gets larger,
the distance between the two pinnules increases as well so that the observer
cannot see the star through the holes of the pinnules. To construct a straight
pipe which connects these two will be very difficult. If the light which
penetrates from one to the otheris used, the light will get shady and dispersed
and its verification will be very difficult.

If the instrument is small then it is not sound and is not useful.
Whereas, when we replace it with ruler, it is very easy to place the pinnules
on the ruler and nothing will obstruct of our doing so. In this way we make
use of the center of the fifth circle and its fixed position. On the other hand,
we will presume that the circles meet at one center when we have an
instrument without ruler to fix this center. That is why in the construction
ofthe instrument, the need for this center is immense but to fix and to make
use of this common center is impossible.

To file and to make corrections on surfaces of the circles is not an easy
job. I constructed some levelling instruments to make the necessary correc-
tions of the circles.

We construct strong plates from copper whose width is three fingers
after the filing and the length half a dhira®. We draw an arc on one of
the sides of these with a diameter equal to the diameter of the concave
surface of the first circle which needs correction. We file the section outside
the arc. Then we draw an arc which coincides to the circumference of the
convex surface of the circle and file the section included in the concave section
of the arc. This way we have convex surface on one side of the plate and a
concave surface on the other side (Figure XXIV)’°. We correct the convex
surfaces of the circle with the concave side of the plate and vice versa.
When the concave and the convex surfaces of the circles are not equal
we make a new plate for each.

As we come to the straight surfaces ofthe circles: we construct two
rulers. One of them is longer than the diameter of the greatest circle
and the other is in three spans. To understand whether the surfaces
of the circle are smooth the first ruler is put on each divisions. If the
ruler coincides inner and the outher borders of circle this part is levelled.

26 One canbe contented with one plate since the concave of every circle is equal to the
convex of every other circle. This is missing in the German translation. P. 47.
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If the middle part of the circle lifts the ruler then we see light at the out-
side and the inside of the circle. The higher part is cut off with a file. If the
light is seen from the inside we take two outside borders, on the contrary if
it is seen from the outside then we take two inner borders.

In regards to the small ruler, this can be placed on every part of the
circle successively, and the section where its face touches the circle is smooth.
If the light is seen through the two ends of the ruler, the middle is bulged.
We remove the excess parts with a file until the surfaces coincide with each
other.

We take a short plate and make a hole in the shape of a right angle
in one of its corners (its depth will be equal to the width of the circle).
With this we correct the circle from the convex and the concave sections. And
again with it we learn the position of the four corners, whether the two inner
circles are equal to each other and the centers of these two circles are found
at the axis of the arc. The position of the two other circles is established
in the same way (Figure XXVI).”

We take another plate and over it we open a rectangular hole. With it
we measure the widths of all the circles. We circle it ones around the inner
circumference and ones around the outher circumference. In this situation,
one side whirls around one of the straight surface and the other whirls around
the other straight surface. (Figure XXVII).

With it we find out whether the width of the circle is proportional.

If we want to improve the precision of the correction of the surfaces of
the circles to a limit, we bring the surface of the circles over a smooth place,
from every side, (as much as possible), into a horizontal position by an
instrument called Fadin. We take from the mud that is used for making
pots, inside it, we make a canal which will encircle the concave side. The base
of the canal will be lower than its surface and its inner border is higher than
the surface of the circle. We fill the canal with water in a place or at a time
so that the water will not undulate. We pour over the surface ofthe water the
powdered ashes of the plants. We control the parts where the level ofthe water
is lower than the surface ofthe circle and file the higher parts so that the water
overflows from every part, the same way. The other circles are also filed accor-
dingly.

One of the old instruments to measure the obliquity of the ecliptic is a
circle which is fixed on the surface of the meridian. The largest inclination
of the ecliptic to the equator is brougth forward with this circle. It must be
large so that it can be divided into small sections of three, two or one minute.

27 This partis not literally translated in the German translation P. 48.
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Ptolemy has mentioned this in his Almagest. He has placed another
circle inside it which moves towards south and north and its surface
stays inside the surfaces of the first two circles. He has constructed two pin-
nules over one of the surfaces of the circle across the diameter, and he has
placed at their centers two indicators which moves over the surface of the
first circle. With it we find the altitude ofthe sun and the stars when they are
inthe meridian. From the inner circle we get only the up and down movement
of the indicators and the pinnules over the divisions. The same kind of cor-

rections made on the sixth circle of armillary sphere is mentioned in here also.

In this instrument we make a circle whose width and the thickness are
four dhira® and the diameter five dhira’. We construct a diameter casted of
a single piece whose width is three spans as we have done in the fifth circle

of the armillary sphere.

We make a base in the shape ofthe base of the meridian circle of
the armillary sphere as is described above. The constructed diameter (Figure
XXVIII, a) extends between the center of the base and the section opposite
its diameter (b) and when the instrument is set upright then it caries

the weight of the circle.

We construct a ruler for it as we have made for the fifth circle. The cir-
cumference of the circle is divided into 360 degrees and every degree is
divided into possible smaller sections. When the diameter of the smallest circle
drawn on its face is five dhira® then the cirfumference of the largest of these
circles does not become less than 16§ dhira". And half of the 1/8 of this,
(this is more then three spans), corresponds to the 22;30° over the circum-
ference ofthe largest circle and every degree will be larger then one finger of
dhira'”® Every one of them can be divided 60 or 30 sections, distinctly

separated from each other.

We draw from the center, the diameter which divides the base into two
and cuts through the entire length of the copper diameter. When the instru-
ment is placed upright, this diameter passes from the zenith. After the division
is completed we regulate the commencement of the division as 90 degrees
in the end of the diameter which passes throught the zenith.

28 This part does not correspond with the German translation. P. 55. In the notes also
it is being marked as wrong. Note 7. P. 57.
s = 12 fingers f = 11 fingers
2 w32 [ 1 = 3£

e - I . R
Mxwig r— 2§ — By = 33



76 SEVIM TEKELI

We construct two pinnules whose height and width are equal to each other
over the ruler. The straight line which passes through the center of the circle
which is at the same time the center of the ruler, divides the widths of every
pinnule from the middle and we open two round holes which are in equal
distance over the upper surface of the ruler. The straight line which
passes through their centers (which divides the ruler from its middle),
is parallel to the straight line which passes from the common center of
the circle and the ruler. We construct a straight pipe. We connect these
two holes with it in such a way that the eye's radiations will be able to
pass from one of the holes, cross the pipe and will go out from the other
hole. Whether this is a radiation or any other thing will not make any dif-
ference.” We know the degree of the height from the indicator of the ruler

which is towards us.

This instrument has other advantages. This is to find the latitude of the
place of the observation in regards to the altitude of the circumpolar stars.
This star is found on the surface of the instrument during the upper and the
lower culmination, half of the sum of these two is equal to the hight of the
pole. And this is equal to the latitude of that country.

In regards to its fixation on its base and the problem of establishing a
certain way in its orientation, this is done exactly as it is done in the circle

of the meridian circle of the armillary sphere.

The fourth one is an instrument used by the ancients, and
which is named by Ptolemy in his Almagest as equatorial armilla which
informs us that the sun has reached the equinoxes and which represents
the plane of the equator. This is a copper circle having four perpendi-
cular surfaces. Its construction and its control is like the construction

and the control of the armillary sphere.

In regards to its seting up, this is done after the determination of the
latitude of the place of the observatory. The latitude of the place gives
us the distance of the equator to zenith, that is to say of the surface of the
circle, from here we can find out the inclination of the equator in regards
to the surface of the horizon. When the circle is placed according to

29 During the 'Urdi's time the sight was explained by rays which are projected from the
eye according to some optical sand geometrical laws. But there were also people who did not
believe this. 'Urdi in here must have pointed out this. He must have mentioned the rays which
were projected from the objects.
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our purposses, the parallel surfaces ofthe circle will be parallel to the plane

of the equator.

When one of the sides shadows the other, the both concave sections will
be lighted in equal degrees and at this moment the sun will be at one of the

equinoxes.

When this instrument is placed over the horizons who have latitudes
(besides the equator) we have to give some inclination to the circle. That
is why the position of the instrument will be disturbed because of this
inclination and at the same time to place the instrument will not be

easy.

When we come to its mounting as it should be done properly, I described
this operation. According to me, it is necessary to use a meridian circle instead
of an inside circle and fix the previous on this meridian circle. The connection
of this circle should make a right angle with the meridian as we have done
with the circles of ecliptic and poles. The distance of the middle of the hole
(Figure XX1X) at the place ofthe connection of the equator circle with the
zenith must be equal to the latitude ofthe place ofthe observatory. At the places
where there are these holes, we make some additions to protect them. The
meridian circle carries its weight and prevent the upset of its position. If we
place this circle inside the meridian circle, we construct the latter lighter
and larger than the concave section of the meridian circle. We thicken the
convex section of the meridian circle (the carier of the other circle) because
of the two holes. We make the division of the meridian inside the concave
section so that the circle of the equator can be placed over the end of the
ruler. All these are very clear. In this condition it is placed on the
surface of the equator. It is easy to control its inclination, and the setting
is not difficult at all. Its inclination can be measured with the help of the

meridian circle.

If we use one inclined circle then the error which is seen in one
of the largest circles mounted in the Porch of Alexendria as is mentioned
by Ptolemy will produce itself. This circle was lighted twice in one

equinox.

One of the old instruments called dioptra known with two pinnules,
possesses a mobil pinnule. Ptolemy in his Almagest mentioned its name only,
and did not describe it.
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We start by constructing a base which will carry the instrument and hold
the axis which will help to turn it. Its shape: we make a base from two wooden
pieces in the form of rectangles whose length is four dhira® and who intercept
each other at right angles (Figure XXX). We mark the center of their intercepting
surfaces so that it will perform the duty of a mutual center (m). We open holes
(b) at each end ofthe wooden pieces (a). And on these holes we fix four columns
leaning to the central column (Figure XXXI, s). The other end of the co-
lumns encounter a strong circle whose height is two dhira® (from the start
ofthe central column) and whose thickness is 1 /4 dhira® and the diameter 2 /3
dhira". These four ends are fixed into the four sockets (p) over the diameters
of the circle so that they will support the circle from the sides by their
corresponding inclinations. Then we open a hole whose diameter is five

fingers by hand on the center of this circle.

We construct a central column whose thickness is equal to the hole at
the center of the circle and the length is four dhira® and who is in the form of
a cylinder made of wood. At its lower end, let there be an iron pole which
turnes on this mentioned center (Figure XXXII, b). Let there be a hole (F)
in a rectangular form, whose bottom is narrower than the upper part and
whose depth at the top of the section which is over the base is five
fingers towards the length of the central column. We fix a bar at the side
of the central column. (n). With this bar we turn the central column. A metal
ring is placed around the top of the central column to reinforce the hole of
the central column. This is the description of the base and the central

column.

In regards to the ruler with a mobile pinnule, we construct a four-sided
ruler from teak tree half a dhira® in width, and -1—;dhira" in lengt and

whose surface is in a rectangular form and parallel. Atthe middle ofits width, all
along its length, we construct a canal (Figure XXXIII, v) whose depth is half
a finger and the width 1 /3 of the width of the ruler. We construct the base
larger than the upper section and file it in such a way that it will be parallel

to the surface of the ruler.

We construct a copper segment whose dimensions are equal to the dimen-
sions of the canal, its width equal to the width of the canal, its thickness is
the same in every part, the lower part is wider than the upper part, its depth
is equal to the depth of the canal and its length is one span. This segment
fills the canal in such a way that it can move within the canal without vibra-
ting and quite freely. We construct a ruler over one of its ends so that it ma-
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kes a right angle with the surface. Its width must be one small finger larger
than the width ofthe ruler. So that at its sides, There are the two proj-
ections which move at both sides of the canal. Two indicators which show
the divisions, are attached to these (Figure XXXIV). We open a hole in
the shape of a truncated cone on the upper part of the pinnules. The larger
section of the hole must be turned towards the longer part of the mobile
section. And the narrower part must be turned towards the shorter part of the
section. The diameter ofthis narrow hole is half a finger this is mentioned
before as of dhira’ finger.

We construct another pinnule at the end of the ruler whose width and
length is equal to the width and the length of the first one and which is set
up in to the canal, we open a narrow hole in it (Figure XXXV, p). The stra-
ight line (ii) which passes through the centers ofthe holes ofthese two pinnules
must be parallel to the straight line (e e) which divides the width of the ruler
into two. We construct the part of the narrow hole which turnes towards
the end ofthe ruler, wider then the part which turns towards the mobile
pinnule.”

We take two brass circles who have a handle in between them. The di-
ameter ofthe larger ofthese is 2 -} fold larger than the diameter ofthe narrow
circle, one of the two circles over the mobile pinnule, and the diameter of
the smaller one is equal to the diameter of the circle over the mobile
pinnule. This is called the diaphragm.

We divide both edges of the ruler on which the two indicators of
the mobile pinnule move, in such a way that every section will be equal to
the diameter of the narrow circle of the mobile pinnule. The starting point
of the division is infront of the surface of the fixed pinnule which
is turned towards the eye and the end as 220 is at the other end of the
ruler. We divide every one of these sections into 12 parts. These represent
the diameter - fingers of the sun and the moon. We number them starting
from the fixed pinnule and end at 220.

The observer must bring his eyes nearer to the hole of the fixed
pinnule when he is using this instrument during the observation because
the starting point of the division have to be at the top of the optic cone.

31 There is no clear example on the direction the narrow part of the mobile pinnule will
take after the ruler is placed on the canal.
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The apex of this cone is inside the lens. It is because this cone includes a
part (which can be observed easily) from the surface of the lens that the
object is percieved with the help of this part. When the area cut off by the
optic cone from the surface of the lens is realy very small, so small that, the
objects cannot be percieved with the eye, because the smallness of the apex
angle of the optic cone, as a result of the distance between the viewer and
the objects (Figure XXXVI). That is why, there are convenient distances for
the objects, and these objects can be seen from these distances. There are so
many different distances but they cannot be seen from these distances. These
limits change according to the strength of the sight. For every object there is
a certain distance in propotion to the eye of the observer, if the distance of
the object is larger it cannot be seen but when it is nearer, the section cut off
by the cone from the surface of the lens will be larger and this way it can be
percieved easily (Figure XXXVII).

When we have terminated the completion of the instrument with great
care, we fix the half of the joint to the middle point of the lower surface ofthe
ruler, that is to say to the middle ofthe opposite of the surface where the canal
and two pinnules are found’’ (Figure XXXVIII a). The upper half of the
joint turns around the axis which connacts it to the other half. One ofthe ends
of the ruler on this axis moves upwards towards the zenith while the other
end moves downwards. We fix firmly one of the apexes of the joint to the ruler
and the other one to the hole over the axis (Figure XXXIX). When we want
horizontal movement from the ruler we turn the central column. When we
want up and down movement then we move upward the end of the ruler
which is towards us. We can turn the instrument as much as we want and
towards any direction over the axis of the joint.

During the eclipse or any other time, we bring the ruler to the direction
of the moon, we keep away the pinnule from the eye once and then bring it
forward untill we see the whole moon. The hole on the pinnule includes all
ofiit, the moon covers the hole and there is no excess left. We mark the distance
between the mobile-pinnule and its indicator with the eye. We do the same
thing for the image of the sun. We know at what distance the appearent
diameter of the moon is equal to the diameter of the sun. The amount from
the divisions of the ruler does not exceed 130.

32 The German translation does not correspond with the manuscript. P. 67.
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In regards to the diaphragms,” which are mentioned before, ifthe eclipse is
the eclipse ofthe sun then we use the small circle of the instrument to find the
eclipsed area of the surface of the sun. In order to do this measurement, we
keep at a distance (marked previously) the mobile-pinnule from the fixed
pinnule. At this distance, as we have mentioned before, the hole of the mobile
pinnule encircles the sun entirely. Thus, if we turn the ruler towards the
sun during the eclipse and if we cover the eclipsed area with the small
circle, the quantity of the eclipse will be established. In regards to the
eclipse of the moon, we make with the big circle the thing that we have done

with the small circle during the eclipse of the sun.

We have divided the diameter of the small circle into 12 parts with the
diameter-finger. With the help ofthese we can calculate the quantity of the
eclipsed part of the diameter of the sun. We divide the diameter of the large
circle into 31 iparts with the eclipse-finger with these we can find the quantity
ofthe eclipsed part of the diameter of the moon by the help of the section
separated by the circle from the divided part.

These are the instruments that the writer of the A/magest has mentioned
as being constructed of the Porch in Alexandria. In regards to the (dhat al-
shu'beteyn) triquetrum, we will describe it in detail. We will also mention the
ones that we have constructed which are more precise and firm. But again
these things are best known by the Great God.

In regards to the instruments whose construction is created by us
and whose missing parts are compeleted, some of these have been put into
practice and they are found in the Great Observatory. We constructed the
model of some of them. After these, we had other engagements such as: to
construct a small mosque, to carry the water in large containers up to the top
of the mountain and to construct a house for his Royal Majesty, God protect
his supreme being. These were not my job, but your brother was forced to the
jobs that he did not like to do. And your brother is not a hero.

There is also another instrument which is called (dhat al-rub'eyn) instru-
ment having two quadrants, which replaces the armillary sphere. We cast

a circle from copper whose diameter is as large as it possible could be.

33 The forms of the diaphragmes are not clearly explained in the manuscript. They could
be in form of a divided circles or a hole opened over a plate. When the circle is filled up, it covers
the dark section but when it is empty it covers the lighted section. In the manuscript this
section could have been read both ways.
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We can cast this circle in segments rather then of a single piece and
connect the pieces together afterwards. It is not necessary to make it very
thick because it is immobile and is placed on a circular masonary foundation
and parallel to the horizon. After we finish its filing, we inter it into a
section which will reinforce it and encircle it from the outside and it will
not be higher than its surface.

We take the center out and correct the convex and the concave
surfaces with the help of two concentric circles. When we come to the
correction of the surface parallel to the horizon, the best way to do this is
the following: after correcting the inside and the outside sections, as it is
done in the previous ones, we put it in its place and fix it. We construct a
canal which will include the concave section. The surface of the circle will
not be higher than the surface of the canal, on the contrary it will be one
small finger lower. In a calm day we fill the canal with water and we scatter
over the water the plant dust which has been grinded. We file it so that
the water and the plant dust will cover it in equal quantity in every part.
We rectified the bottoms of the gutters in Damascus the same way.

It is possible for us to make another levelling instrument in order to rec-
tify its surface. For this we set up a column at the center of the horizontal
circle and construct a handle which will hold the column from its top (Figure
XL). We set up this column in such a way that the column will not lean
when it makes a complete turn, it stays in a perpendicular position, and
stays in the same position making a right angle with the surface of the circle.
This is easy to handle. We open a hole at the bottom of the column and we
construct a ruler or a thin stick (s) which will be fixed at this hole. Only the
end of the ruler will not rest on the surface of the circle, the ruler as a whole
will rest on the column which carries the ruler. The end of the ruler should
bearly touches the surface of the circle.

The sections where the ruler is higher than the surface of the circle,
are lower. The sections where the ruler is contact to the surface of the circle
are filed until the ruler will be in equal distance from the surface of the
circle or it will be in contact with it the same way all around inthe complete
tour ofthe ruler, so that the connection will fulfil the requirements. This
way we will accomplish the horizontality and the filing of the surface of the
circle. And in this case it will be definitely parallel to the horizon.

In regards to the division, we take out the meridian line which passes

from the center dividing the circle into two, and we draw a diameter



AL-URDI'NIN "RISALET-UN Fi KEYFIYET-IL ERSAD" 83

perpendicular to this which passes through east and west points. We draw five
concentric circles over the surface of the circle. We mark the small divisions
between the largest circle and the one following it. The division of the
degrees and the ones with five degrees are written in a way that they will
start from east, and west points and end at 90 degrees in south and north
points. We divide the degress into the smallest portions possible provided
that these smallest portions are clear, that is to say the lines to mark these

divisions do not intercept each other (Figure XLI).

We construct two quadrants equal to each other from copper. Each of
these is covered with parallel surfaces and each of these is 3 fingers of the
hand wide 2,5 fingers thick. These should be made from a circle whose cir-
cumference is equal to the circumference of the circle of the horizon. Let
there be two copper radiuses for each quadrant intercepting each other
perpendicularly at the center of the quadrant, whose thickness and width are
equal to the width and the thickness of the quadrant, and surfaces are

parallel to each other, and cut off section is in the shape of a square.

We make additions in semicircular form near the two ends of the two
diameters that we have constructed perpendicular to the surface of the circle,
at the center of the circle of the horizon and they are connected to each other.

We do the same thing in the middle part also.

We construct two female sections (Figure XLII) which are formed from
two half parts as it is in the hinges constructed for the doors which are made
in such a way that the one wing of the door coincides with the other wing
when they are folded (Figure XLIII). They enter soundly into the ones facing
these on the other quadrants. These additions must be resistant and sound.
These are constructed ensemble either with the radius from copper or they are
made of iron and put separately into their places. They are placed in such a
way that each of these turn freely inside the one opposing it (beginning from
the surface of the radius) and its projection must be two fingers and the

thickness one finger.

We open circular holes at their centers whose half is beside the
semicircle and the other half beside the ruler, that is to say beside the per-
pendicular radius (Figure XLIV). Thus, when the centers of these circles are
connected to each other, they are found in a straight line which is the inter-

section of the surfaces. We connect the two quadrants to each other with
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an iron axis which passes from the holes of the semicircles. Half of this axis
sets up inside the rulers whereas the other half sets up inside the projections
beside the semicinles. This way they will form one when one of the faces of
one of the guadrants coincides with the face of the others and they form
a semicircle when the gap between them is kept at such a distance that
the quadrants come to a straight line. In order to prevent the bending,
the axis must be strong. The lower end ofthe axis is fixed at the center of
the horizon circle and the upper end is placed at a handle which rests over
the two cylinders fixed outside the azimuth horizon in order to prevent the
movement of the quadrants. We make as exact as possible the right angle
formed by the axis and the azimuth horizon (Figure XLV).

In regards to the two ends of the quadrants, these move over the inner
side of the azimuth horizon. Let there be two indicators at their ends. The
sharp side of these indicators must be over the surface of the quadrants
which coincide with each other (Figure XLVI). These turn over the sections
of the circumference of the azimuth horizon. 1 /3 of the surface of the circle
from the inner side (of the azimuth horizon) is not divided for the ends of
the quadrants that move.

We have to cut out two segments which are facing each other from the
edges at the side of the semicircles where the two perpendicular radius project.
Each of these is quarter of a cylinder that is to say one fourth ofthe iron axis
which connects the two quadrants (Figure XLVII). The circular forms of the
holes in the semicircles are completed with these two protected sections. These
two holes must be over the surfaces of the quadrants which coincide with
each other.

We mark the centers of the quadrants over the two other surfaces
and draw four concentric circles over the quadrant. We divide into 18 equal
parts the space between the smallest circle and the one following it. In here
we write the five degrees starting from the end of the quandrant which
moves on the horizon and which is completed to 90 degrees on the upper end.
We divide into 90 degrees the space between the second circle from the inside
and the one following it and we divide into the smallest degrees possible the
space between this circle and the one following it.

We fix two iron axis in the shape of a cylinder at the centers of
the quadrants. We construct two rulers from copper which is one finger
more than the sides of the quadrants that is to say than the radius,
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whose surfaces are parallel and which are equalto each other. We open
a circular hole near the end of each of these about the radius of the
axis fixed to the center of the ruler. We cut out half of the width of
the rulerfrom the other end. Let the witdh of the ruler be 3,5 fingers and the
thickness 1,5 finger.34 We fix two pinnules which are parallel and equal to
each other over each of these, we open two holes in the shape of a truncated
cone on the pinnules as is usually done. The distance of each ofthese pinnules
must be one dhira’. We add one pipe for each of these in order to connect the
distance between the two holes and a segment to collect the lights on the

section towards the eye. In this way this magnificent instrument is completed.

I say that we will not be needing armillary sphere when we have this
instrument. Itis clear that the construction and the use of this instrument
is sounder and easier. We can provide many things with this instrument
that we cannot have with armillary sphere. But we have to admit that this
does not mean that we do not need any calculations (only in the height we do
not need calculations) when we use this instrument.

We assigned this instrument only to determine the distance between
two stars, this can be any two stars whose distance is desired to be determined.
This distance is the size of the arc cut off by the two straight lines which
reaches the highest celestial globe starting from the center of the universe
atfer passing the two stars (Figure XLVIII). Besides, this instrument is
capable of measuring the heights ofthe zenith and the altitudes of each ofthe
stars. With it we can also calculate the altitudes of the two stars at the same
time.

In regards to the calculation of the distance between the two stars, we
can measure their azimuths and their altitudes at the same time. We find out
the difference ofthe azimuths ofthese two which are equal to the space bet-
ween the two quadrants and we also find out their azimuths and their altitudes.
In here a triangle is formed (Figure XLVIII P P' D). The two sides of this
triangle are known because they are equal to the complements ofthe altitudes,
and the angle formed by the quadrants is established from the degrees of the
azimuth horizon which is in between the two quadrants. Thus, the base of
the triangle, that is to say the are which connectes the ends of the straight
lines which passes from the two stars is known.

34 This part does not correspond with the German translation. p. 68.
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Ifthe place in regards to the latitude and the longitude of any of the
star is known, (with the help ofthis instrument) we can calculate the latitude
of this star and also its altitude and azimuth. And from here we can calculate
the degree of ascension of the ecliptic. From the observation of a star whose
place is unknown, if we know the degree of ascension by marking its azimuth
and altitude then we will know its place in regards to latitudes and longi-
tudes. The most important thing that is calculated by armillary sphere is
the determination of the place of the unknown star with the help of any

other star the place of which is known.

However, this instrument is excelent and its construction is very easy.
With this instrument we can measure the geographical latitude in two ways:
The first is from the meridian hights of the sun (in winter and in summer
tropics) and the second is the meridian altitudes of the stars which never set.
It is impossible to determine such calculations with armillary sphere. We do

not doubth that these are all done with the wish of the Great God.

The description of the kinds drawn from (dhat al-shu'beteyn) triquetrum,
(dhat al-ustuvaneteyn) instrument with double column constructed for the
protected Meragha Observatory are from these.’’ We set up two columns
whose surface is in the shape of a square and whose hight is six dhira® with
the observatory dhira® for this instrument. We construct them strong enough
so that they will not tremble. We fix a cap over each ofthese which are parallel
to each other and parallel to the horizon. (Figure XLIX, B). We open two
holes over these whose bottoms are round and whose depths and the largeness
are equal to each other, and we try to keep them at the same level. We
control the equality of their level by placing a ruler between the holes and

measuring them by placing a bricklayer's plummet on them.

We make a rod having two round ends which will enter into the holes of
the caps and its middle part between the two holes in the shape of a square,
and we open a hole right in the middle (Figure L). We construct a ruler
from teak tree whose faces are in the shape of a ractangle and the
lenght 5 dhira’ and the width ofthe surfaces which encircles it and which are
parallel to each other is half a dhira’. We prefered this wood because it is strong
and inflexible. We place one end of this ruler into the hole of the handle

35 This part does not correspond with the German translation. Because the word [ .2
has been read as |‘..'-'-;' the word. P. 85.
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insuch a way that they from a right angle and the face of the one will be at the
same plane with the face of the other one.

We draw a straight line over the face of the rod all along its lenght
and which divides its width into two. We also divide the width of the ruler
into two parts. We extend this straight line up to the straight line inthe rod.
Thus, we can he able to divide it into two equal parts with this extension
which is perpendicular to it. Starting from this interception point, we mark
five dhira’ from the straight line which divides it into two parts. This straight
line is the radius ofthe circle drawn by the ruler about the axis ofthe rod from
that is why we call it the radius.

We set a base at the place where the perpendicular from the center of
the axis touches the earth (Figure LI). We fix two beds over it, an
iron axis whose middle is in the shape of a square with round ends, turns
between these beds. We make the distance from the middle of the axis to the
middle of the cut off section, that is to say of the axis of the rod equal to
the radius.

We construct another ruler whose surfaces are parallel to each other and
the above mentioned wood and cut off section is a square. We let at one of
its ends a semicircular projection (Figure LII) on which we open a hole (V)
in the shape of a rectangle and as large as the thickness of the iron axis.
Half of this hole will be towards the ruler and the other half will be at the
fix projection. We pass the iron axis through this hole, only its two ends rest
outside the ruler. Thus, the straight line which passes all along the middle
ofthe thickness ofthe axis is found on its upper turned surface when the ruler
is placed. The lenght of this ruler from the socket of the axis is a little more
than -I_- -} %ofthe radius. That way its length will be almost one and a half

radius. This is called the chord ruler.

We place the iron axis into the beds of the base so that the surface at
the west side of the chord ruler and the surface at the east side of
the ruler hanged to the rod will be on the same plane which represents
the plane of the ecliptic and will touch each other. We take from
the surface of the west and upper part of the ruler an amount equal
to the radius starting from the middle of the iron axis, and divide it into 60
equal parts. We divide also into 25 equal parts the remaining section of the
ruler. Thus the total of the divisions will be 85. We divide each division into
60 minutes. We mark these divisions, who has 5100 minutes as the total sum,

on the western edge of the upper surface of the ruler and we separate these divi-
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sions from the others by a straight line which is parallel to the edge of the
ruler. We draw another straight line which is close and parallel to the first
one, and we write the complete integral divisions without fraction between
these two. We write the values of the arcs suptending the chords, opposite
the divisions of the chords with the help of the chord table so that it will not
be necessary during the utilization ofthe instrument to apply to the chord table
and also with the purpose to drive the values ofthe arcs in the chord division.
And we assign to this division the area between the first and the second
straight lines. This divisions start from the point near the middle of the iron
axis. The ends as 85 divisions are at the other end of the ruler.*

We fix two pinnules which are parallel and equal to each other on the
northern surface of the ruler which is hooked up. We bring their middle points
over a straight line which divides the ruler into two and leave distance of
one dhira’ with the dhira’ of hand between them.

When the sun comes to the meridian we pull the end of the ruler, which.
is hooked up, towards north until one of the pinnules shadows the other
and the rays of the sun penetrates from the upper hole to the lower hole. We
raise the end ofthe chord ruler which stands towards us until its surface touc-
hes the end of the radius marked over the ruler which is hooked up. We find
the distance of the zenith of the sun from the chord ruler, and from that we

find its altitude.

We construct a wall adjoined to the north side of the column at the east,
whose heightisequaltothe height ofthe columnandthe lenghtisabout five dhira’.
We place a quadrant at its east surface which is just like the previous quadrant,
only a little smaller, in order to measure the distance of the zenith. We const-
ruct a handle at the upper north surface, which will project towards west
and place two pulleys at its end. During the utilization of the instrument,
we connect the circle and the pulley with a string which passes from the
pulley to the circle and from the circle to the pulley and which are fixed to
the ends ofthe chord ruler and the ruler which is hooked up. With the help
ofthe Great God.”’

There is an instrument called (dhat al-juyub wa'l-samt), the instrument
having sines and azimuth we constructed for him its model, in the divinely
protected Observatory. We can measure the altitudes from every direction

with this instrument.

36 This section is right in meaning but it is not a literal translation. P. 85.
37 This part does not correspond with the German translation. P. 86.
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That is why we need to construct a copper circle. It is better to construct
the circle as big as possible. We call this the azimuth horizon. Its construc-
tion and the correction is done just like the one we mentioned above. We
construct a wall in a circular shape, about 1,5 dhira® height for this instrument
and fix this over it. We correct its parallelism to the horizon just like the

previous one.

We mark over it the meridian and the east-west direction, and draw
concentric circles. We write between them by twos the numbers, the degrees
and their fractions starting from east-west points and ending as 90 degrees

at north-south points.

We construct a diameter from a solid wood in the shape of a rectangle
whose width and thickness is 1 /3 th of a dhira" Let its two ends move on the
inside edge of the azimuht horizon. We fix a traverse (t) right in the middle,
perpendicular to the wooden diameter (Figure LIII, ¢) whose lenght is about
two dhira’ or equal to the diameter, and the thickness 1 /3 of a dhira’. We open
a hole in the middle of each of these two and connect them solidly so that

the traverse and the diameter make a right angle.

We open a canal in the middle of the diameter, all along its length,
in the shape of a rectangle, parallel to the edges of the ruler and 1 /6th of a
dhira’ wide and deep (Figure LIV). We file the base and make it larger than
the upper section (Figure LV).

We set up two rulers in the middle of the diameter, at the two sides of the
canal opened at the place, which are equal to the radius and perpendicular to
the diameter and the traverse (Figure LVI, p). The cut off section of
each of these must be in the shape of a square, their surfaces must
be parallel to each other, they must be set up right opposite to each other and
their width must be 1 /6th of a dhira’. We construct a canal in the middle of each
of these and all along its lenght whose width and depth is equal to a small
finger. We set up both ofthese in the middle of the diameter, at the edges of
the canal opened at the place. Let the canals in the rulers face each other at
the base, and the straight line between the two straight lines dividing the widths
of the canals passes from the center of the circle. We connect the distance

between the upper sections with an iron axis which holds them together.

We construct three supports for each of these in order to protect them
and prevent any defect in their perpendicular position. One of these supports

comes from the end of the traverse and meets its 1/3th starting from
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the lower section of the ruler; the other two supports come out from the
middle ofthe diameter and meet its 1 /3 th starting from the lower section

of the ruler, likewise the same opperation is done for the other ruler.

We construct an iron axis at the center of the azimuth horizon, below the
traverse; it is connected firmly and has a lenghth of 1 /5th of a dhira’ (Figure
LVII, M). We construct a part (F) from wood in the shape of a square below
the traverse whose edge is equal to not less than two dhira . We open a hole in
the middle so that the axis can turn there. We file its surface sothat the tra-

verse can turn over it easily.

We construct a base to place the instrument. The hole mentioned above
must continue in the middle of the base also (Figure LVIII). At the bottom of
the base there is a stone (Y) whose surface in touch with bottom of the hole
is in the shape of a rectangle. Inside this hole there must be a bar which is per-
forated (in circular shape) in the middle. We place firmly this iron bar into
the hole ofthe stone. This hole is constructed in such a way that the bottom
end ofthe axis can turn, and the instrument will not be shaken when we turn
the diameter and the two rulers.

We construct two other rulers in the shape of squares, 1/6th of a
dhira® in width and the length of each is equal to the radius. Let there
be additions at both ends of each of these in the shape of a circle and
let its height from the surface of the ruler be equal to 2 /3th of the width of the
ruler. These additions must be at both ends of its surfaces. To connect the
rulers to each other, we connect the semicircles at the ends of the rulers with
an iron axis (Figure LIX). The middle of this iron axis is found in the intersec-
tion point ofthe surfaces. Thus, we have the shape ofa pair of compasses. When
they come together the surface of the one coinsides with the surface of the
other. And when the two ends are pulled away from each otherthey are
opened. We call these the measuring rulers. The two ends of this axis must
project out as much as the depths of the hollows opened in the rulers. The
thickness of their cut off sections must be equal to the width of the hollows so
that it will move up and down without shaking.™

We construct two parts from wood or copper in the shape of the hollow
in the diameter, whose cut off sections are in the shape of rectangles and the
length of each is a span (Figure LX). Let there be additons at the ends
of these in the shape of semicircles (F). The lower section must be wider than

38 In the German translation at this section there are some missing parts. P. 90.
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the upper section so that it can fill the hollow. Thus, they can move there
without shaking. We open a hole at the center of the semicircles which are
at the ends of these parts. In the same way we open holes in the semicircles
which are at the ends of the rulers. We connect each part to the ends of the
rulers with an iron axis. At both ends of these sections there must be a sharp
and projected indicator, which marks the divisions at both sides of the
diameter and moves over the both sides of the canal in the diameter
(Figure LXIII ). All the surfaces of the measuring rulers must be equal,
in such a way that the distance between the centers of the two semicircles
of the one must be equal to the distance between the centers (m) ofthe other
(Figure LXII, d).

When the construction is completed, we take out a part equal to the
distance between the two straight lines (ae), parallel to each other and
perpendicular to the rulers passing through the centers of the semicircles
as long as the measuring rulers, starting from the middle of the diameter
that is to say starting from the straight line which crosses the canal in the
ruler. We divide this length into 60 divisions and divide each division
into smaller parts. We separate with straight lines the distance between
the divisions and the five degrees all along the diameter and parallel to the
edges ofthe canal in the middle of the diameter (Figure LXI). The division
starts from the middle of the diameter and terminates at both ends.

In regards to the axis which connects the ends of the measuring rulers
to the ends of parts, they give us the sine of their complement of the
altitude (Figure LXIV, ap). We construct two equal pinnules over the widths
of the measuring rulers. We perforate them as we have always done before.
It is quite clear that there will remain at both ends a part whichis not divided

if each of the measuring rulers are equal to the radius.

During the time ofthe observation the rays of the sun must pass through
the holes of the pinnules and the indicators at the ends of the measuring
rulers must be at equal distances.

In regards to the semicircles which project from the surfaces of the ru-
lers and the parts which are connected to their ends, instead of these we can
use an iron joint or a copper hinge. By getting enfolded up to their halves
into the ends ofthese rulers they become the axis upon which the rulers are
turned. Thus, their construction is more solid and easier.”

39 In the German translation this section is translated in summary. p. 92.
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One of the instruments whose model we constructed in the observatory
is dhat al-jaib wa'l-sahm. With this instrument we can obtain the azimuth.

For this instrument we construct an azimuth horizon, a diameter, a tra-
verse in the middle of the diameter, an iron axis upon which the instrument
turns, a circular base and a support to hold these. These are done exactly the
way we have done before.

We construct two rulers (for each of these) whose thickness and the width
is 1 /6th of a dhira’, the surfaces in the shape of a rectangle, and whose length
is equal to the radius. We construct annexes in the semicircular shape, which
becomes an iron project at their ends, in other words handles which are enfolded
into the surface of the rulers up to their halves and connect the two rulers with
an iron axis. Their construction is exactly the same as the ones constructed
in the measuring rulers. Only they do not need annexes. We place one of these
rulers into the canal opened on the diameter. The situation in here is the same
as in the parts mentioned before because the lower part of the ruler and the
hollow is wide and the upper part is narrow. We must fill up the canal with
the same dimension and its upper surface must be at the same level with the
upper surface of the diameter. We call this dhat al-sahm and the second the
radius.

We open a rectangular hole in the middle of the width of the second one.
We construct an axis for that hole in the shape of a plate whose ends are in
the shape of a cylinder and which is perpendicular to the surface of the dia-
meter.*’ The two ends ofthe axis move inside the hollows opened on the per-
pendicular rulers so that we can protect its position between the two rulers
during the up and down movement of the diameter.

We put a sign over the main support (the straight line which is parallel
to the edges of the ruler and which divides the surface from the middle) which
passes through the center of the axis which connects the two rulers, and over
this end of the radius. The distance between the sign and the axis is equal to
the radius (Figure LXV, ap). The same way we put signs on the surfaces of
the columns starting from the big diameter, their heights are equal to the radius.
Each ofthese three parts are divided into 60 equal parts and each of these
also are divided into smaller parts. We divide the ruler buried into the canal
of the ruler into the same equal parts. In here the starting point is the
middle ofthe iron axis which connects it to the radius.

40 This part does not correspond with the German translation. P. 94.
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We can calculate the sine of the complement of the arc of the altitude
from the section left between the surface of the column and the axis
(Figure LXVI, ap); and from the rest we can calculate the versed sine of the
arc of the altitude.

We place two pinnules which will divide the width along the length into
two parts, on the surface of the radius opposite the surface which is towards
the columns. We do not need to repeat ourselves here because the operation
has been mentioned many times before. We calculate the sine of the arc of
the altitude from the interception of the columns with the radius. There are

many proves which verify each other in this instrument.

In the year 650, I constructed another instrument for his Royal Highness
Mansur, ruler of Hims in the City of Damascus; I constructed this instrument in
the presence of the Wezir Najm al-Din-al Lubudi and he called it (ala
al-Kamil) perfect instrument. This is another kind of this same instrument

which helps us to calculate all altitudes and azimuths.

That is why we construct a base just like the one mentioned in the
mobil-pinnule. Only its base is wider and its height is higher. Instead ofits cross
shape there, we construct the base as a very large circle with two diameters
from wood which intercept each other in right angles (Figure LXVII). We
attach the upper circle with eight solid supports.

We fix the base parallel to the horizon, and take out the meridian and
the east-west line and we divide them into smaller parts as usual. We
call this the azimuth horizon. We place a column over this circle (p). The
bottom end ofthe column turns in the center ofthe circle, and its section which
projects over the upper circle is 1/3th of a dhira". We are careful to place it
over the base in a vertical position. In regards to the top end, the section
which turns inside the upper circle is in a cylindirical shape. The section
above the circle is in a square shape whose side is not less than 1/4th of
a dhira’. We place a square shaped head whose width is 1/2 of a dhira’ and
the lenglth 1/3th of a dhira’ over this square shaped section. We strengthen
the connection with nails (Figure LXVIII). We construct it in such a way
that the upper surface of the circle exactly touches to the surface of the
lower part of the head. This is done in such a way that the head turns over
the surface of the circle without shaking. We construct a handle over it in
case we need to turn the axis.
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We construct three rulers from the best kind of wood, in a rectangular
shape; each of these is 4 and 1 /2 dhira’ long and 1 /6th ofa dhira” wide. We fix
the ends of two of these into the rectangular sockets of the above mentioned
head, and we make the distance between the two 1/6th of a dhira®. They
must be perpendicular to the upper surface of the head (Figure LXIX).

In regards to the third one, we call this the ruler which gives us the altitudes.
We divide widths of the three rulers with straight lines all along their lengths.
We put a sign on the straight lines which divide the widths of the perpendi-
cular rulers into two, starting from the head in equal distance and nearer
to the upper section, we open one hole at each of these signs opposite one
another. The same way we pierce the middle of the width ofthe third one, and
place this in between the two. We connect these three with an axis, and fix
two pinnules at the middle of the width ofthe surface of the third one parallel
to the axis. We open two holes at the same hight ,dividing its widths from
the middle. We make the length of the third ruler in such a way that it will
be in touch with the upper surface and place it between the two straight rulers.

We construct a fourth ruler from the best kind of wood whose edges are
in a rectangular form, whose length is 1,5 times ofthe length of the middle
ruler, whose thickness is four fingers and width five fingers, we call it chord
ruler. We construct an annex at its one end so that it will widen the width. Its
length is 1, width 1 /6th of a dhira’ and the thickness is equal to the thickness
of the ruler. We cut off a section from the end of the ruler connected to the
annex; this section is 0,5 long and 1 /6 th of a dhira’ wide, equal to the width
ofthe perpendicular ruler. The surface ofthe chord ruler opposite the surface
to which the annex is connected and the inner surface of the perpendicular ruler
will be on the same plane if we coincide the surface of the width of the annex
with the upper surface of the perpendicular ruler. This is the plane over which
the middle of the three turns (Figure LXX).

We put a sign on the upper part of the straight line which divides the
width of the perpendicular ruler. We mark the length equal to the dis-
tance between this sign and the axis on the third ruler starting from the
middle of the axis. We make this the radius of the circle drawn by the
movement of the middle ruler over the upper axis.

We fix an iron axis about three fingers thick and 1 /4 th of a dhira long
over the sign at the side and bottom of the perpendicular ruler. We
construct three iron rings at the end ofthe annex placed on the end of the
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long ruler (Figure LXXI). Their halves are buried inside this annex and
their widths are equal to the iron bar. They are placed side by side over the
width of the annex with their centers on the surface of the chord ruler.
We place the axis on which the long ruler turns inside the mentioned

circles.

We divide with parallel lines throught the length of the surface of the
chord ruler which comes to the exterior when it is placed. Starting from
the straight line which passes from the' center of the iron axis, we divide
the mentioned radius into 60 parts. The remaining from the end of the
chord ruler is divided into 25, each being equal to the sections divided as 60
parts. Thus, we will have 85 parts. And each part is divided into
smaller parts. We take the center of the axis over which the chord
ruler is turning and the side on which the perpendicular ruler is fixed as
the starting point of the division. At the side of each division of the chords
we write down the value of the arcs suptending the chords. This arc is found
from the chord tables. In short this is just like it was in (dhat al-ustuwa-

neteyn) the instrument with two cylinders.

When we want to measure with this instrument, we turn the the handle
which passes throught the head. With it the instrument turns until the circle of
altitudes on which the star to be measured is present, coincides with the surface
of the middle ruler. We bring the ends ofthe middle ruler and the chord to
the opposite direction of the star. We pull the end of the middle ruler until
the star is seen from both pinnules. We raise it so that the divided surface of
the ruler will pass through the middle ruler, that is to say through the marked
point of the diameter. From the divisions of the ruler we will be able to
determine the chord of the angle between the two straight lines which pass
through the star and the zenith and the arc subtending it. This is the
complement ofthe altitude and when we subtract this from ninety the rest
will be the arc ofthe latitude.

If the measurement of the position of the sun is being determined, it is
easier because the rays ofthe sun penetrates through the holes of the pinnules.
In regards to stars, in order to observe them clearly we construct a pipe which
connects the holes and the distance between the two pinnules. And we fix
a cup like section at the end of the hole for watching.

In regards to the mounting of the instrument, we take the meridian
line and place the north and south points marked over the base of

the instrument on this straight line. We place the base so that its upper
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surface will be parallel to the horizon. We bury timbers on the ground and
connect the base with strong nails to these timbers and surround it with

walls so that it will not be disturbed by the wind.

We construct a ruler whose end turns over the the azimuth horizon at
the lower part of the column and in perpendicular position. We calculate
the azimuth with it. It is obligatory to connect the ruler to the circle of the
azimuth, that is to say to the surface on which the middle ruler rotates. Only
the pointed end is on the opposite side towards which the chord ruler and
the radius is directed. In such a way that, the end ofthe ruler and the surfaces
of the chord ruler and the middle ruler which touch each other are always
found on the plane of the azimuth.

Many problems which cannot be solved by triguetrum in the Almagest can
be solved or investigated with the help of these instruments. For instance
with this we can calculate the position of an unknownstar from a star whose
latitude and the longitude is given. When we measure the altitude and the azi-
muth of any star with this instrument, we also determine its ascension.
When we calculate the altitude, azimuth and the ascension of a star we can

at the same time calculate its longitude and the latitude.

If this can be calculated from dhat al-rubeyn the result will be more pre-
cise because the altitudes of the two will be taken at the same time. These

things could be done only if the Great God wishes it.

In regards to dhat al-shu'beteyn in the Almagest, the results are more
precise obtained with our instruments than the results obtained with this
instrument. Consequently, Ptolemy says the following when explaining
the construction of this instrument. We construct two rulers, their lenghts
are four dhira’ each and the shape of their surfaces are rectangular. We divide
their widths with straight lines along their lenghts. We fix one of these on the
base so that it will be perpendicular to the horizon. Let its surface represents
the plane of the meridian. We open a circular hole along its thichkness from
east to west. The same way we open a hole on the straight line which divides
the width into two parts. We join them with an iron axis. The second will

move freely over this axis.

We fasten a round nail on the lower end of the straight line which divides

the width of the perpendicular ruler and attach a third ruler to this.
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The distance between the lower and the upper axes will be divided into
60 parts. We put a mark on the second ruler whose distance from the
upper center will be equal to the distance between the two centers of the

axes.

We fix two equal pinnules on the second one as usual and open two holes
on them. The hole on the pinnule towards the eye will be narrow and the
hole on the upper pinnule will be large enough so that the full moon will be
seen through this hole. We make the observation when the moon comes to
the meridian. We mark the section which is seperated from the third ruler and
which is in between the middles ofthe perpendicular ruler and the mobil
ruler. We make the third ruler come to contact to the perpendicular ruler.
The chord of the angle which is in between the two straight lines which
divides the widths of the mobile ruler and the prendicular ruler can be
determined from the division of the third ruler opposite the mark on the
perpendicular ruler. And the arc of the chord can be obtained from the
tables.

The rest is known by all ofus. We did not quath his article word by word
but the meaning he gave is exactly given in here.

We have to point out here that for some one who has practical skill the
instrument mentioned above is not precise and it has many errors and unreli-

able parts.

When we come to the unreliable parts, in mentioning the connection
of the third one to the perpendicular ruler he does not clarify to which face
the third ruler is going to be connected. If this is placed over the surface
which touches the second ruler, the thickness of the third one will go in
between the two surfaces that are in touch. Thus, the triangle whose upper
angle is on the axis and whose base is formed from a thin ruler cannot be

at the meridian.

Ifit is placed on the other side ofthe perpendicular ruler, the thickness of
the ruler will form an obstacle between the surface of the mobile ruler which
has two pinnules and the ruler with chord divisions. Thus, it is not possible for
the surfaces and the rulers which surround the angle to be in the plane of

the meridian.

When the altitude is near the zenith then it will be very hard for the

thin ruler to subtend the angle.
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In regards to its de fec tuosity: Because of the coutinous motion of the
mobile ruler, the weight will pull down the axis that it is connected to.

The marks and the boundries do not keep their places.

In regards to the short comings, we can calculate only the culmination
of the heavenly bodies. And it is necessary that this altitude must be more
than 30 degrees. Since the division ofthe perpendicular ruler is 60 and since
it is the chord ofthe arc of 60 degrees, the altitude when it is lower than 30
degrees, cannot be calculated with this instrument.

If they use thread instead of the thin ruler, since the tread will become
longer when pulled from its end, the calculations made with it will not be
precise. A person who expects exactitude from the instrument cannot depend

upon a thread.

For someone who understands our critical analysis, it is clear and open
that our purpose is to find the truth and not oppose someone whom we envy.
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