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Galileo galilei sarkaclar ve saatler

Skip to content The Museum of Space History is seeking a passionate, experienced leader to serve as Executive Director. Application Details Galileo Galilei, 15 subat 1564 yilinda italya’da dogmustur. italyan astronom, fizikgi, filozof ve matematikgi bir bilim adamidir. Babas: taninmis iinlii miizisyenlerinden Vincenzo Galilei’dir. 5 kardesi vardir ve
kardeslerin en bityiigiidiir. Adini biiyiik biiyiik dedesinden alan Galileo, bircok dalda basarisiyla adini duyurmus bir bilim adamidir. Galileo, 1581 yilinda Pisa Universitesi'nde Tip okuluna basladi. Fakat maddi durumu el vermedigi icin okulu yarida birakmak zorunda kaldi. 1583 yilinda matematige yonelerek arastirmalar yapti. Bu dalda basarisindan
dolay1 Pisa’da profesor oldu. Sarkacin, ylizen cisimlerin ve kinetigin Aristo fiziginden farkl bir diisiinceyle, matematiksel olarak ele alinmasi gerektigini diisiindii. Galileo, Pisa Kulesine gikip asagiya agirliklar birakarak, diisen biitiin cisimlerin ayni1 ivmeye sahip oldugunu kanitladi ve Aristo mantiginin yanhs oldugunu gosterdi. Galileo, astronomiye de
merak salarak bu alanda da birgok arastirma ve calisma yapti. Gliines merkezli astronomi fizigini gelistirdi. Kendi iirettigi teleskobuyla bircok gok cismi iizerinde arastirmalar yapti. Giinesi gézlemleyen bilim adami, Gliines’in tizerindeki golgelerin aslinda etrafindan gecen gok cisimlerinin golgesi olmadigini, Gliines’in kendi lekesi oldugunu kanitladi. O
zamanlar bir arkadasinin 8. Urban olarak Papa secilmesinden cesaret alarak yazdig1 ”iki Kainat Sistemi Uzerine Konusmalar’‘ adli kitab1, 1632 yilinda yayinlandi. Fakat daha 6nce yapilan uyarilardan dolay1 Roma’da mahkemeye cagrild1 ve kitabi bir yil sonra yayindan kaldirildi. Maalesef Aslen NERELI , kimdir , kac yasinda 6biir boyu evinde miiebbet
karar alindi. 70 yasinda eve hapsedilen bilim adami Galileo’'nun goézleri koér oldu ve 1642 yilinda vefat etti. Galileo Galilei’in buluslari: -Teleskop: Aslinda Galileo’dan 6ncesi mercekleri kullanarak uzagi gorme aletleri yapilmisti. Fakat Galileo, daha da ileri giderek yildizlar1 ve gezegenleri inceleyecek kadar giiclii hale getirdi. 1609 yilinda yaptig:
teleskopla bircok astronomik gozlemler gercgeklestirmistir. Ay'in yiizeyindeki kraterler ilk kez tespit edilmistir. Kendi yaptigi teleskobuyla Jupiter’i incelerken, Jupiter'in yakin gevresinde 3 kiiciik, parlak gezegen kesfetmistir. Daha 6nce incelemelerinde bunlarin yildiz oldugunu diisiinen bilim adami, sonraki incelemeler sonucu, yildiz olmayip Jipiter'in
etrafinda donen kiigiik gezegenler oldugunu kesfetti. -Mikroskop: G6zle goriilmeyen cisimlerin incelenmesi yoniinde Galileo teleskobu icat etti. Bunun icin teleskobun silindir kismina mercekler yerlestirerek kiigciik maddelerin goériilebilmesini sagladi. 1619-1624 yillar arasinda da bu aletten ¢ok sayida iiretti. -Sarkaclar ve Saatler: Galileo’'nun sarkaglar
izerinde yaptig: arastirmalar, modern saatin ortaya cikmasinda katk: sagladi. Bununla ilgili Galileo’un bir hikayesi vardir: Galileo, heniiz kiiciik yaglardayken kiliseye gider ve ayin sirasinda bir adamin kafasi kandile garpar. Kandilin ileri geri sallanmasini seyrederken, kandil yavaslasa bile hep ayni siire iginde ileri geri gittigi icin bu durum Galileo’'nun
dikkatini ¢eker. Sonraki yillarda da sarkaclarin (yani ipe bagh agirliklarin) hareketini inceler ve bilimsel bulgular tespit eder. Eskiden saat yapiminda sorun olarak karsilarina ¢ikan konularda Galileo’'nun tespitleri yarar saglamistir. Bu sarkaclarla ilgili buluslarinin saatlere uygulanmasi sayesinde var olan sorunlar ortadan kalkmis ve “tik tak tik tak”
seslerini gikaran modern saat yapilmigtir. - Pusula: 1597 yilinda kullanim acgisindan ¢ok faydasi olan, yon bulmada insanlara kolaylik saglayan pusulay ticari olarak piyasaya sundu. Kaynakca: iyi mi boyle Diger bircok deney gibi Galileo’'nun sarkac¢ deneyi de lizerinde epey calistig1 deneyleri arasindadir. Galileo’'nun yasadigi donemlerde cisimlerin
hareketine iliskin yaygin goriis Aristoteles fiziginin soyledigi goriistii. Buna gore Diinya tizerindeki agir cisimler evrenin merkezine dogru yonelme egilimindeydi. Evrenin merkezinde de Diinya oldugu i¢in cisimler aslinda Diinya’nin merkezine dogru disiuyor gozikiyordu. Bir ipten sarkitilan agir bir cismin ileri geri dogru hareketi ise Aristoteles
fizigine goére aciklanamayan bir olguydu. Galileo da Pisa Universitesi’nde Aristoteles fizigi 6grenmisti. Fakat hizli bir sekilde 6grendigi bu yaklasimi sorgulamaya basladi. Mantigin babasi olarak goriilen Aristoteles, dis diinyaya kars: niteliksel ve mantiksal bir agiklama ile yaklasirken Galileo tam tersini yapmist1. Parlak zekas: ve fizik bilgisi nedeniyle
fenomenlere niceliksel ve matematiksel olarak yaklasimi benimsemisti. Galileo’'nun sarka¢ deneyi de bu yaklasiminin bir sonucudur. (Galileo’nun, Aristoteles Fizigi'ni tamamen ¢urittigu teleskop ile yaptigi gézlemleri anlattigimiz bu yazimizi da okuyabilirsiniz.) Galileo’nun Dusiince Deneyleri Aristoteles’in goriisiinii savunanlar agir cisimlerin, ayni
ortamda hafif cisimlerden daha hizli distiigiinii savunuyorlardi. Daha genclik yillarinda Galileo, hizdaki farkliligin cisimlerin agirligina degil, yogunluguna bagli olduguna inaniyordu. Aristotelescilerin inandigi bir baska olgu ise hava direncinin olmadigi durumda bir cismin sonsuza kadar yol almasiydi. Boylece hava boslugunun(vakum) imkansiz
oldugunu diistiniiyorlardi. Galileo ise hava boslugunda biitiin cisimlerin ayni hizla diiseceg@ini, bu hizin ise diisiis zamaniyla orantili oldugu ¢ikarimini yapmisti. Bir Sarkac¢ “Hareket” olgusuna matematiksel yaklasimi sayesinde Galileo, asili haldeki bir agirhigin(sarkag) ileri geri dogru hareketi {izerine kafa yormaya basladi. Bu harekete iliskin
goruslerinin, heniiz Pisa Universitesi’nde calismadan 6nceki tarihlere kadar dayandig: soyleniyor. Galileo’nun ilk biyografi yazar Vincenzo Viviani, bu durumu séyle agikliyor: Galileo 6grencilik yillarindayken Pisa Katedrali’ni ziyaret etmisti. Orada katedralin duvarinda bir sarkacin ileri geri dogru salinim yapmasini goézlemledi. Bundan c¢ok etkilenmis
olmali ki sarkaclarla ilgili galismasina bu gozleminden sonra basladi. Galileo’'nun bu konu iizerine ilk notlar:1 1588 yilina tarihleniyor. Fakat ciddi olarak calismalar1 1602 yilindan sonra baslayacakti. Ucunda agirlik olan sarkagclar ise ilging bir problemi giin yliziine ¢ikariyordu: Hangi ylikseklikten birakilan sarkac en yiiksek hiza sahipti? Agirhigin az ya da
cok olmasi sarkacin salimim siiresinde bir degisiklik yaratiyor muydu? Sarkacin uzunlugu ve siire arasindaki iliski neydi? Deneysel galismalarn siirerken bu sorular Galileo’nun aklindan hi¢ ¢cikmiyordu. Ote yandan sarkaclarin pratik alanda kullanilip kullanilamayacagi muammas: da mevcuttu. Bu sorularin hepsi, asagida gérecedimiz iizere Galileo’nun
sarkag deneyleri ile teker teker aciklanacakti. Galileo’'nun Sarka¢ Deneyi Galileo, sarkaclar: deneylerinde ¢ok kapsamli bir sekilde kullandi. Kariyerinin baglarinda, yukarida da soylendigi gibi sarkacglarin hareketinin 6zellikleri iizerine kafa yormustu. Sarkacglarin hareketini etraflica arastirdiktan sonra onlari, sonraki deneylerinde zaman Ol¢iim aletleri
olarak kullanacakti. Sarkaclar Neredeyse Birakildif: Yiikseklige Geri Doniiyor Galileo, agirlik takili olan sarkaclarin hemen hemen birakildid: yiikkseklige geri geldigini gozlemlemisti. Bugiin bu olgu kendisini “enerjinin korunumu” ilkesi olarak gosterir. Isin enteresan tarafi ise bu ilke Galileo’nun zamaninda heniiz kesfedilmemis bir olguydu. Deneyin bir
parcasi olarak, Galileo sarkaclar farkli yliksekliklerden birakiyordu. Sarkacin geri dondigu yukseklik not ediliyor ve birakilmadan 6nceki yiiksekligi ile karsilastiriliyordu. Bu olguya iliskin Galileo higbir sayisal 6l¢im yapmamisti. Fakat her denemesinde sarkacin geri geldigi yiikseklik, ilk birakildig: yliksekligine ¢cok yakindi. Tahminlerine gore
yiikseklikler arasindaki fark 3 milimetreden fazla olamazdi. Hafif Olanlar1 Daha GCabuk Duran Sarkaclarin Hepsi Oniinde Sonunda Duruyordu. Galileo daha hafif agirlik takili sarkaclarin daha énce durduguna dikkat cekiyordu. Bu gézlemi yapan Galileo 6zdes maddeden olan fakat uclarina farkl agirliklar takilan sarkaclar ayni anda ve aym yiikseklikten
birakmisti. Sonuc hep ayniydi: Hafif olan sarkaclar daha énce durma noktasina geliyordu. Salinim Siiresi Her Cisim Igin Aymidir Galileo’nun sarka¢ deneyi sasirtici sonuglar vermeye devam ediyordu. Deneyinde, birisinin ucunda kursundan yapilan, digerinde ise mantardan yapilan sarkaclarin salinimini 6lgtii. Gézlemin sonucu olarak her iki sarkacin da
bir salinim yapmasi igin gecen siirenin ayni oldugunu fark etti. Giiniimiizde Galileo’'nun deneyini tekrar edenler iki sarkag arasindaki siire farkliigin sadece %0.1 oldugu sonucuna ulasmistir. Bu da Galileo’nun haklihginin bir gostergesi olarak goriilebilir. Salimm Siiresi Genlikten(Gerilme) Bagimsizdir. Galileo, “Iki Yeni Bilim” kitabinda sarkacin salinim
siiresinin gerilme miktarlarindan farkli oldugunu iddia ediyordu. Uzmanlar ise Galileo’nun aslinda, salinim siiresinin tam olarak ayni oldugunu mu yoksa ¢ok az farklilik gésterdigini mi kastettigi izerinde tartisiyorlar. Gliniimiizde yapilan deneylerde ise 6zdes iki kursun agirlikhi sarka¢ aynm ylikseklikten birakiliyor. Birisi 5 derecelik bir agiyla
birakilirken digeri ise 45 derecelik bir aciyla salinim yapiyor. Deneyin sonunda daha biiyilik aciyla birakilan sarkacin siiresi daha uzun oluyor. Her ne kadar fark az olsa da daha biiyiik genlikli sarkaglarin salinim siiresi daha uzun gerceklesiyor. Sarkaclar ile ilgili deneylerine devam eden Galileo, birden fazla sarkaci kullanarak, carpismalarinin sonucunu
incelemek lizere gozlemler gerceklestirdi. Fakat bu deneylerden pek bir sonuca ulasamayan Galileo bir daha sarkaclarin ¢arpismasi lizerine deneyler yapmadi. Galileo, bir sarkacin salinimi i¢in gegen siirenin onun genliginden(gerilme halinden) bagimsiz oldugunu kesfettigini soylemistik. Sarkacin eszamanliligi ismini verdigi kesif, zaman ol¢gimi
hususunda 6nemli bir yere sahip olacakti. 1602 yilinda arkadasina, uzun sarkaglarin eszamanliligini anlattig: bir mektup yazmaisti. Bir yil sonra ise fizyolog olan diger bir arkadasi Santorio Santorio, hastalarinin nabzini 6lgmek icin kisa sarka¢ kullanmaya basladi. Sarkag tizerine ciddi ¢alismalar da bu donemde yogunlasmistir. Sarkacin Kullanimi
Sarkag, nabiz 6l¢iimiinde zamanlama araci olarak ya da miizik 6grencileri igin bir metronom olarak kullanilabilir. Ciinkii sarkacin her bir salinimi esit zaman araliklarinda gerceklesiyor. Sarkac ayrica saatleri gelistirmek icin de kullanilabilir mi? itici giici saglamak igin bir agirlik kullanilan mekanik saatler, Orta Cag doneminde ¢ok eski olan su
saatlerinin yerini almaya baslamisti. Ote yandan devam eden gelistirmelerle birlikte sarkac daha kiiciik ve giivenilir olma yolunda ilerliyordu. Fakat en iyi oldugu diisiiniilen saatlerin giivenilirligi o kadar diisiiktii ki 6rnegin, astronomik amaglar icin kullanilmas: diisiinillemezdi. 17.ylizyi1ldan kalma sarkach saat tasarimi O dénemde kullanilan saatlerin
zamani ileri veya geri gostermesi bir yana, tam olarak ne zaman yanlis zamani gosterecegi bile tahmin edilemiyordu. Bir sarkag, zamani dogru 6l¢gme konusunda saatin ¢calisma mekanizmasiyla iliski kurulabilecek kadar kullanish olabilir miydi? 1641 yilinda 77 yasinda, artik gorme engelli olmus Galileo dikkatini bu konu {izerine yogunlastirdi. Vincenzo
Viviani gelisen olaylar asagidaki gibi agikliyor: 1641 yili idi. Bir giin Arcetri’deki villasinda O’nunla oturuyorduk. Sarkaclarin saatlere monte edilebilecegi fikrini benimle paylastigini hatirliyorum. Boylece sarkacin dogal ve degismeyen hareketinin, saat tasarimindaki kusurlarin hepsini giderecegini diisinmiistii. Fakat gorme engeli nedeniyle, yaptigl
cizimler ve modeller istedigi etkiyi yaratmasini engelliyordu. Oglu Vincenzio ise bir giin Florensa’dan Arcetri’ye gelmisti. Galileo, fikrini ogluyla paylasti ve bir dizi tartismaya tutustular. Sonug olarak bir tasarim iizerinde fikir birligine varmislardi fakat tasarimin gergeklestirilmesi konusundaki zorlugunda farkindaydilar. Viviani bu kismi 1659 yilinda,
Galileo’'nun olimiinden 18 yil sonra yazdi. Ayrica Christiaan Huygens’in sarkach saati tanittig1 Horologium adl eseri de Viviani'nin biyografisinden 2 yil 6nce yazilmisti. Huygens’in sarkacli saat tasarimi ise tarihte ilk sarkacli saat 6rnegi olarak bilinir. Galileo ise kafasindaki sarkacl saat tasarimi diisiincesini gerceklestiremeden hayata gozlerini
yummustur. Galileo’nun evren gorisi ve calismalar: hakkinda daha fazla bilgi i¢in su yazimizi okuyabilirsiniz. Kaynak: The Galileo Project Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix, transform, and build upon the material for any purpose, even commercially. The licensor
cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike — If you remix, transform, or build upon
the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where
your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Pisa Katedralindeki Galileo'nun lambasi olarak da bilinen avize.
(Wikimedia Commons - Pisa.Duomo.dome.RiminaldiO1.jpg) Modern bilimin kurucusu, buyiik fizik¢i ve astronom Galileo Galilei (1564-1642), yasami boyunca hiz ve zaman 6l¢giimiine biiyiik bir 6nem verdi. Ciinki ¢oziimlemeye calistigi sorunlarda hemen her zaman bu iki bluyikligu belirleme zorunluluguyla kars: karsiya kaliyordu. Fakat elinde su
saatinden baska zaman Olgecek bir aygit yoktu. Ancak su saatiyle hassas ol¢imler yapmak imkansizdi. “Bilimsel kegif sansi, sadece zihinlerini ona hazirlamis olanlara giler” (Pasteur). Galileo Galilei (1564-1642) Galilei, bir glin gittigi Pisa Katedrali’'nde, katedralin tavanina asili olan avizenin, mumlari yerlestirildikten sonra serbest birakildiginda hizla
ileri geri gittigini goriir. Avize her ileri geri gidisinde biiylik bir mesafe kat eder. Bu mesafe giderek kiigilmektedir. Galilei, avizenin salinim stiresinin azalip azalmadigini merak eder. Salimimlarin siiresini 6lcecek bir aleti olmayan Galilei hemen bir eliyle diger bileginden nabzini 6lgmeye baslar ve giderek kiiglilen yaylar boyunca ileri geri salinimlar igin
gecen siireleri, nabiz atiglarinin sayisiyla karsilastirir. Her salimim igin gegen siirenin ayni oldugunu saptar. Galilei, baz1 yazarlarin rivayet olarak nitelendirdigi bu olaydan sonra bu defa kendi yaptig1 sarkacla, bir dizi 6l¢iim yapti. Bu gézlem ve deneylere gore, sarkacin salinimlari, hiz degistigi icin hep ayni siireler igcinde gergeklesiyordu. Galileo
boylece basit sarkac yasasi olarak bildigimiz yasay1 kesfetmis oldu. Bir sarkacin salinim yay1 uzun veya kisa olabilirdi, fakat sarkag¢ sallandi: siirece salinim siireleri degismiyordu. Salinim siirelerinin degisimi sadece sarkacin uzunluguna baghydi. Christiaan Huygens tarafindan 1657’de icat edilmis ve saat yapimcisi Saloman Coster tarafindan yapilmis
ilk sarkach saat. Christiaan Huygens’in Horologium baglikli kitabindan (1658) Wikimedia Commons Galilei, bu gozleminden ve kesfinden sonra kullanilabilir gercek bir sarkacli saat yapmak istedi ama bunu basaramadi. Yine de doktorlarin kullanimina yarayacak bir 6lgme aleti yapmay1 basarmisti. Bu, boyu degisken olabilen, sicimden yapilmis basit bir
sarkacti. Doktor, salinimlar hastanin nabiz atislariyla senkronize olacak sekilde sarkacin boyunu ayarlayabiliyor ve baska bir giin tekrar ol¢iim alip iki sonucu karsilastirarak hastanin saglik durumundaki gelismeleri izleyebiliyordu. Gercek anlamda sarkacl saati, Hollandali fizik¢i ve astronom Christiaan Huygens (1629-1695) yapt1. Galilei’nin kesfettigi
yasadan yararlanarak 1656 yilinda hassas bir sarkacgh saat yapmay: basardi. Bu tarihten 20 yil kadar sonra, sarkacli saatlerde biiyiik gelisme saglanmis ve saatlerde bir giinde 15 dakikay1 bulan hata pay1 15 saniyeye inmisti. Huygens’in 1675 yi1linda saatlerde denge carkini icat etmesi, cep saatlerine giden yolu acti. Galilei, cisimlerin serbest diismesi
yasasinl formiile etmesiyle sonuglanan egik diizlem deneyleri sirasinda kendi sarkacindan yararlanmisti. Fakat sarkaclh saatlerin bilimsel ¢alismalara asil katkisi daha sonraki yillarda oldu. Sarkacin tarihsel 6neminin, sadece hassas zaman 6l¢iimlerinin yeni imkanlarini yaratmis olmasindan ileri geldigini sdyleyemeyiz. Sarkag¢ yasasinin bulunmasiyla
baslayan siireg, ayn1 zamanda bilim ve teknoloji tarihinde gerek bilimsel diisiinilis gerekse teknik aygitlarin gelismesi bakimindan daha rafine bir siirecin baslangicina isaret ediyor. Sarkag yasasi, ayni zamanda modern fizikle matematigin birlesmesinin de ilk 6rnekleri arasindadir. Bu nedenle, sarkaci ve sarkag yasasini, modern bilimin baslangicinin
onemli bir simgesi olarak gorebiliriz. Foucault Sarkaci Bilim tarihi hi¢ beklenmedik kesif 6rnekleriyle doludur. Galilei’'nin kesfettigi Jipiter'in uydularinin bilim tarihinde bircok gelismeye hizmet etmesi gibi, sarkacin da tarihte baska bir rolii daha oldu. Foucault Sarkaci, Panthéon (Wikimedia Commons) Galilei, sarkacini zaman 6lgmek amaciyla
tasarlamigti. Galilei’nin sarkacindan 250 yil sonra bir bagka sarkag¢ da tarihte bagka biiyiik bir rol oynadi. Foucault sarkaci olarak bilinen bu sarkaci kullanarak Fransiz fizik¢i Leon Foucault (1819-1868), 1852 yilinda diinyanin kendi ekseni etrafinda dondigini ispatladi. Foucault'nun 1,2 milimetre kalinhgindaki telden sarkacinin uzunlugu 67 metre ve
ucuna asili olan demir kiire de 28 kilogramdi. Panthéon’un kubbesine asilmis olan bu sarkacin salinim diizleminin salinimlar sirasinda sabit kalmayip Yer’in kendi ekseni etrafindaki glinliikk doniis hareketine bagh olarak dondiginiin Foucault tarafindan gosterilmesi, Yer’'in kendi ekseni ¢evresinde dondiigiinii ispatlayan ilk deney oldu. Foucault sarkaci
da, astronomik bir gergegi fizik yoluyla ispatlamanin hem araci hem de simgesi oldu. Osman Bahadir Bu eser Creative Commons Atif-GayriTicari 4.0 Uluslararas: Lisans: ile lisanslanmistir. icerik kullanim kosullar igin tiklaymiz. Welcome to the Explaining Science YouTube channel and blog! There is a clear demand for good quality but easily
understandable astronomy videos (and indeed not just astronomy but good science videos in general!). Although there are many excellent ones out there, there are also many bad videos on YouTube which give misleading and incorrect information. Sadly many of these poor videos are professionally made, look very slick and have a large number of
views. So, back in July 2020, I created the Explaining Science YouTube channel: YouTube.com/ExplainingScience . I have organised it into playlists and the Popular Astronomy one will be of particular interest to those of you without a scientific background. If you would like to view something a little more challenging try the General Astronomy or
Physics playlists. So visit the channel, take a look at some of the videos, and let me know what you think! All videos on my channel have a Creative Commons license which allows others to share, remix, and build upon any of the content for FREE. A small selection of videos from the Explaining Science YouTube channel

I started the blog, a little earlier, back in April 2014. Since then it has steadily grown to have well over 7500 followers. It is now considered by the aggregator site feedspot.com to be one of the top astronomy blogs on the internet and has been mentioned on the BBC news
website. The blog contains articles on astronomy, space and space travel - written at a level which is easily accessible to the non-scientist but without being dumbed down. This can be a difficult balance to achieve, but I hope I manage it most of the time! There over 250 posts. To view the most recent click on the icon below There is also a X (formerly
Twitter) account @ExplainingSci and I'm on Facebook at If you fancy a longer more detailed read, then I've written popular astronomy books about the Moon, SETI and Venus. These are available in the Amazon Kindle store. We're fetching your file...Please wait a moment while we retrieve your file from its home on the internet Diger bir¢cok deney
gibi Galileo’'nun sarkac deneyi de tizerinde epey calistigi deneyleri arasindadir. Galileo’'nun yasadig: donemlerde cisimlerin hareketine iliskin yaygin goriis Aristoteles fiziginin soyledigi goriistii. Buna gore Diinya iizerindeki agir cisimler evrenin merkezine dogru yonelme egilimindeydi. Evrenin merkezinde de Diinya oldugu ic¢in cisimler aslinda
Diinya’nin merkezine dogru diistiyor goziikiiyordu. Bir ipten sarkitilan a@ir bir cismin ileri geri dogru hareketi ise Aristoteles fizigine gore aciklanamayan bir olguydu. Galileo da Pisa Universitesi’'nde Aristoteles fizigi 6grenmisti. Fakat hizh bir sekilde 6grendigi bu yaklasimi sorgulamaya basladi. Mantigin babasi olarak gériilen Aristoteles, dis diinyaya
karsi niteliksel ve mantiksal bir agiklama ile yaklasirken Galileo tam tersini yapmisti. Parlak zekas: ve fizik bilgisi nedeniyle fenomenlere niceliksel ve matematiksel olarak yaklasimi benimsemisti. Galileo’nun sarka¢ deneyi de bu yaklasiminin bir sonucudur. (Galileo’'nun, Aristoteles Fizigi’'ni tamamen c¢lrittiigt teleskop ile yaptigi gozlemleri
anlattigimiz bu yazimizi da okuyabilirsiniz.) Galileo’nun Diistince Deneyleri Aristoteles’in goriisiinii savunanlar agir cisimlerin, ayni ortamda hafif cisimlerden daha hizli distiigiinii savunuyorlardi. Daha gengclik yillarinda Galileo, hizdaki farkliligin cisimlerin agirligina degil, yogunluguna bagl olduguna inaniyordu. Aristotelescilerin inandigi bir baska
olgu ise hava direncinin olmadigi durumda bir cismin sonsuza kadar yol almasiydi. Boylece hava boslugunun(vakum) imkansiz oldugunu diistiniiyorlardi. Galileo ise hava boslugunda biitiin cisimlerin ayni hizla diisecegini, bu hizin ise diisiis zamaniyla orantili oldugu ¢ikarimini yapmisti. Bir Sarkac “Hareket” olgusuna matematiksel yaklasimi sayesinde
Galileo, asili haldeki bir agirhgin(sarkac) ileri geri dogru hareketi {izerine kafa yormaya basladi. Bu harekete iliskin goriislerinin, heniiz Pisa Universitesi'nde calismadan énceki tarihlere kadar dayandigi séyleniyor. Galileo’nun ilk biyografi yazari Vincenzo Viviani, bu durumu séyle acikliyor: Galileo 6grencilik yillarindayken Pisa Katedrali’'ni ziyaret
etmisti. Orada katedralin duvarinda bir sarkacin ileri geri dogru salinim yapmasini gozlemledi. Bundan cok etkilenmis olmali ki sarkaclarla ilgili calismasina bu gézleminden sonra basladi. Galileo’'nun bu konu tizerine ilk notlar1 1588 yilina tarihleniyor. Fakat ciddi olarak ¢alismalar:1 1602 yilindan sonra baslayacakti. Ucunda agirlik olan sarkagclar ise
ilging bir problemi giin yiiziine ¢ikariyordu: Hangi yiitkseklikten birakilan sarkac en yiiksek hiza sahipti? Agirhgin az ya da gok olmasi sarkacin salinim siiresinde bir degisiklik yaratiyor muydu? Sarkacin uzunlugu ve siire arasindaki iliski neydi? Deneysel calismalar siirerken bu sorular Galileo’nun aklindan hi¢ ¢ikmiyordu. Ote yandan sarkacglarin pratik
alanda kullanilip kullanilamayacag1 muammasi da mevcuttu. Bu sorularin hepsi, asagida gérecegimiz iizere Galileo'nun sarkac¢ deneyleri ile teker teker aciklanacakti. Galileo’'nun Sarka¢ Deneyi Galileo, sarkaclar deneylerinde cok kapsaml bir sekilde kullandi. Kariyerinin baglarinda, yukarida da séylendigi gibi sarkaclarin hareketinin 6zellikleri iizerine
kafa yormustu. Sarkaclarin hareketini etraflica arastirdiktan sonra onlari, sonraki deneylerinde zaman 6l¢iim aletleri olarak kullanacakti. Sarkaclar Neredeyse Birakildig: Yiikseklige Geri Dontiyor Galileo, agirlik takili olan sarkaclarin hemen hemen birakildig yikseklige geri geldigini gozlemlemisti. Bugiin bu olgu kendisini “enerjinin korunumu” ilkesi
olarak gosterir. Isin enteresan tarafi ise bu ilke Galileo’nun zamaninda heniiz kesfedilmemis bir olguydu. Deneyin bir pargasi olarak, Galileo sarkaclar: farkl yiiksekliklerden birakiyordu. Sarkacin geri déndiigii yiikseklik not ediliyor ve birakilmadan énceki yiiksekligi ile karsilastiriliyordu. Bu olguya iliskin Galileo hicbir sayisal 6l¢iim yapmamisti. Fakat
her denemesinde sarkacin geri geldigi yukseklik, ilk birakildig: yiiksekligine ¢ok yakindi. Tahminlerine gore yiikseklikler arasindaki fark 3 milimetreden fazla olamazdi. Hafif Olanlar1 Daha Cabuk Duran Sarkaclarin Hepsi Oniinde Sonunda Duruyordu. Galileo daha hafif agirlik takili sarkaclarin daha énce durduguna dikkat cekiyordu. Bu gézlemi yapan
Galileo 6zdes maddeden olan fakat uclarina farkli agirliklar takilan sarkacglar: ayni anda ve ayni yiikseklikten birakmisti. Sonu¢ hep ayniydi: Hafif olan sarkaclar daha énce durma noktasina geliyordu. Salimim Siiresi Her Cisim I¢in Aymidir Galileo’nun sarka¢ deneyi sasirtici sonuglar vermeye devam ediyordu. Deneyinde, birisinin ucunda kursundan
yapilan, digerinde ise mantardan yapilan sarkaclarin salinimini olgtii. Gozlemin sonucu olarak her iki sarkacin da bir salinim yapmasi i¢in gegen siirenin ayni oldugunu fark etti. Giinimiizde Galileo’'nun deneyini tekrar edenler iki sarkac¢ arasindaki siire farkliligin sadece %0.1 oldugu sonucuna ulasmistir. Bu da Galileo’'nun hakliliginin bir géstergesi
olarak goriilebilir. Salimm Siiresi Genlikten(Gerilme) Bagimsizdir. Galileo, “iki Yeni Bilim” kitabinda sarkacin salinim siiresinin gerilme miktarlarindan farkli oldugunu iddia ediyordu. Uzmanlar ise Galileo’nun aslinda, salinim siiresinin tam olarak ayni oldugunu mu yoksa ¢ok az farklilik gosterdigini mi kastettigi tizerinde tartisiyorlar. Giniimiizde
yapilan deneylerde ise 6zdes iki kursun agirlikli sarka¢ aym ylkseklikten birakiliyor. Birisi 5 derecelik bir aciyla birakilirken digeri ise 45 derecelik bir agiyla salinim yapiyor. Deneyin sonunda daha biiyiik agiyla birakilan sarkacin siiresi daha uzun oluyor. Her ne kadar fark az olsa da daha biiylik genlikli sarkacglarin salinim siiresi daha uzun
gerceklesiyor. Sarkaclar ile ilgili deneylerine devam eden Galileo, birden fazla sarkaci kullanarak, carpismalarinin sonucunu incelemek uizere gozlemler gerceklestirdi. Fakat bu deneylerden pek bir sonuca ulasamayan Galileo bir daha sarkaclarin carpismasi lizerine deneyler yapmadi. Galileo, bir sarkacin salinimi i¢in gecen siirenin onun
genliginden(gerilme halinden) bagimsiz oldugunu kesfettigini sdylemistik. Sarkacin eszamanliligi ismini verdigi kesif, zaman ol¢imi hususunda 6nemli bir yere sahip olacakti. 1602 yilinda arkadasina, uzun sarkacglarin eszamanliligini anlattigi bir mektup yazmisti. Bir yil sonra ise fizyolog olan diger bir arkadasi Santorio Santorio, hastalarinin nabzini
O0lcmek icin kisa sarkacg kullanmaya basladi. Sarkag tizerine ciddi ¢alismalar da bu donemde yogunlasmistir. Sarkacin Kullanimi Sarkag, nabiz 6l¢imiinde zamanlama araci olarak ya da miizik 6grencileri i¢in bir metronom olarak kullanilabilir. Clinkii sarkacin her bir salinimi esit zaman araliklarinda gerceklesiyor. Sarkag ayrica saatleri gelistirmek igin
de kullanilabilir mi? Itici giicli saglamak icin bir agirlik kullanilan mekanik saatler, Orta Cag doneminde gok eski olan su saatlerinin yerini almaya baslamisti. Ote yandan devam eden gelistirmelerle birlikte sarkac¢ daha kiigiik ve giivenilir olma yolunda ilerliyordu. Fakat en iyi oldugu diistiniilen saatlerin giivenilirligi o kadar dustkti ki 6rnegin,
astronomik amaclar i¢in kullanilmasi diistiniillemezdi. 17.ylizyildan kalma sarkach saat tasarimi O donemde kullanilan saatlerin zamani ileri veya geri gostermesi bir yana, tam olarak ne zaman yanlis zamani gésterecedi bile tahmin edilemiyordu. Bir sarkag, zamani dogru 6lgme konusunda saatin ¢alisma mekanizmasiyla iliski kurulabilecek kadar
kullanish olabilir miydi? 1641 yilinda 77 yasinda, artik géorme engelli olmus Galileo dikkatini bu konu tizerine yogunlastirdi. Vincenzo Viviani gelisen olaylar: asagidaki gibi acikliyor: 1641 yili idi. Bir giin Arcetri’deki villasinda O’nunla oturuyorduk. Sarkaclarin saatlere monte edilebilecedi fikrini benimle paylastigini hatirhyorum. Boylece sarkacin dogal
ve degismeyen hareketinin, saat tasarimindaki kusurlarin hepsini gidereceg@ini diisinmiistii. Fakat gorme engeli nedeniyle, yaptig: ¢izimler ve modeller istedigi etkiyi yaratmasini engelliyordu. Oglu Vincenzio ise bir giin Florensa’dan Arcetri'ye gelmisti. Galileo, fikrini ogluyla paylast1 ve bir dizi tartismaya tutustular. Sonug olarak bir tasarim iizerinde
fikir birligine varmislardi fakat tasarimin gercgeklestirilmesi konusundaki zorlugunda farkindaydilar. Viviani bu kism1 1659 yilinda, Galileo’'nun 6liimiinden 18 yil sonra yazdi. Ayrica Christiaan Huygens’in sarkacli saati tanittigi Horologium adh eseri de Viviani'nin biyografisinden 2 yil 6nce yazilmisti. Huygens’in sarkach saat tasarimi ise tarihte ilk
sarkacli saat 6rnegi olarak bilinir. Galileo ise kafasindaki sarkach saat tasarimi diisiincesini gerceklestiremeden hayata gozlerini yummustur. Galileo’'nun evren goriisi ve galismalar: hakkinda daha fazla bilgi icin su yazimizi okuyabilirsiniz. Kaynak: The Galileo Project Sarkacl saat Sarkach saat, zaman isleyisi olarak bir sallanan agirlik olan bir sarkacg
kullanan bir saattir. Bir sarkacin zaman isleyisi igin avantaji, harmonik bir osilator olmasidir. Uzunluguna baglh olarak kesin bir zaman araliginda ileri geri sallanir ve diger oranlarda sallanmaya direnir. 1656'da Christiaan Huygens tarafindan Galileo Galilei'den esinlenerek icat edilmesinden 1930'lara kadar sarkach saat, yaygin kullaniminin hesaba
katilmasiyla diinyanin en hassas zaman tutucusuydu.[1][2] 18. ve 19. ylizyillar boyunca, evlerdeki, fabrikalardaki, ofislerdeki ve tren istasyonlarindaki sarkacli saatler, giinliik yasami, is vardiyalarini ve toplu tasima araclarini planlamak i¢in birincil zaman standartlari olarak hizmet etti. Daha yiliksek dogruluklari, Sanayi Devrimi icin gerekli olan daha
hizli1 yasam hizina izin verdi. Ev tipi sarkach saatler, 1930'larda ve 40'larda daha ucuz, senkronize, elektrikli saatler ile degistirildi. Sarkacgh saatler artik cogunlukla dekoratif ve antika degerleri nedeniyle saklanmaktadir. Sarkach saatlerin ¢calismasi icin sabit olmasi gerekir. Herhangi bir hareket veya ivme sarkacin hareketini etkileyerek yanlishiklara
neden olacak ve bu nedenle tasinabilir saatlerde kullanilmak tizere baska mekanizmalar gerektirecektir. ©~ Milham, Willis I. (1945). Time and Timekeepers. New York: MacMillan. s. 330, 334. ISBN 0-7808-0008-7. ~ Marrison, Warren (1948). "The Evolution of the Quartz Crystal Clock". Bell System Technical Journal. Cilt 27. ss. 510-588.
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radiation History of the Big Bang theory Timeline of cosmological theories Category Astronomy portalvte Galileo di Vincenzo Bonaiuti de' Galilei (15 February 1564 - 8 January 1642), commonly referred to as Galileo Galilei (/,geeli'leiov ,geeli'le1/, US also /,geelr'li:ou -/; Italian: [gali'le:o gali'le:i]) or mononymously as Galileo, was an Italian[a] astronomer,
physicist and engineer, sometimes described as a polymath. He was born in the city of Pisa, then part of the Duchy of Florence.[8] Galileo has been called the father of observational astronomy,[9] modern-era classical physics,[10] the scientific method,[11] and modern science.[12] Galileo studied speed and velocity, gravity and free fall, the principle
of relativity, inertia, projectile motion and also worked in applied science and technology, describing the properties of the pendulum and "hydrostatic balances". He was one of the earliest Renaissance developers of the thermoscope[13] and the inventor of various military compasses. With an improved telescope he built, he observed the stars of the
Milky Way, the phases of Venus, the four largest satellites of Jupiter, Saturn's rings, lunar craters and sunspots. He also built an early microscope. Galileo's championing of Copernican heliocentrism was met with opposition from within the Catholic Church and from some astronomers. The matter was investigated by the Roman Inquisition in 1615,
which concluded that his opinions contradicted accepted Biblical interpretations.[14][15][16] Galileo later defended his views in Dialogue Concerning the Two Chief World Systems (1632), which appeared to attack and ridicule Pope Urban VIII, thus alienating both the Pope and the Jesuits, who had both strongly supported Galileo up until this point.
[14] He was tried by the Inquisition, found "vehemently suspect of heresy", and forced to recant. He spent the rest of his life under house arrest.[17][18] During this time, he wrote Two New Sciences (1638), primarily concerning kinematics and the strength of materials.[19] Galileo was born in Pisa (then part of the Duchy of Florence) on 15 February
1564,[20] the first of six children of Vincenzo Galilei, a leading lutenist, composer, and music theorist, and Giulia Ammannati, the daughter of a prominent merchant, who had married two years earlier in 1562, when he was 42, and she was 24. Galileo became an accomplished lutenist himself and would have learned early from his father to be
skeptical of established authority, who expressed such skepticism in his own writings on music.[21] Three of Galileo's five siblings survived infancy. The youngest, Michelangelo (or Michelagnolo), also became a lutenist and composer who added to Galileo's financial burdens for the rest of his life.[22] Michelangelo was unable to contribute his fair
share of their father's promised dowries to their brothers-in-law, who later attempted to seek legal remedies for payments due. Michelangelo also occasionally had to borrow funds from Galileo to support his musical endeavours and excursions. These financial burdens may have contributed to Galileo's early desire to develop inventions that would
bring him additional income.[23] When Galileo Galilei was eight, his family moved to Florence, but he was left under the care of Muzio Tedaldi for two years. When Galileo was ten, he left Pisa to join his family in Florence, where he came under the tutelage of Jacopo Borghini.[20] He was educated, particularly in logic, from 1575 to 1578 in the
Vallombrosa Abbey, about 30 km southeast of Florence.[24][25] Galileo tended to refer to himself only by his first name. At the time, surnames were optional in Italy, and his first name had the same origin as his sometimes-family name, Galilei. Both his given and family name ultimately derived from an ancestor, Galileo Bonaiuti, an important
physician, professor, and politician in Florence in the 15th century.[26] Galileo Bonaiuti was buried in the same church, the Basilica of Santa Croce in Florence, where about 200 years later, Galileo Galilei was also buried.[27] When he did refer to himself with more than one name, it was sometimes as Galileo Galilei Linceo, a reference to his being a
member of the Accademia dei Lincei, an elite science organization founded in the Papal States. It was common for mid-16th century Tuscan families to name the eldest son after the parents' surname.[28] Hence, Galileo Galilei was not necessarily named after his ancestor Galileo Bonaiuti. The Italian male given name "Galileo" (and thence the surname
"Galilei") derives from the Latin "Galilaeus", meaning "of Galilee".[29][26] The biblical roots of Galileo's name and surname were to become the subject of a famous (supposed[b]) pun. In 1614, during the Galileo affair, one of Galileo's opponents, the Dominican priest Tommaso Caccini, delivered against Galileo a controversial and influential sermon. In
it he made a point of quoting Acts 1:11: "Ye men of Galilee, why stand ye gazing up into heaven?".[30] Portrait believed to be of Galileo's elder daughter Virginia, who was particularly devoted to her father. Despite being a genuinely pious Catholic,[31] Galileo fathered three children out of wedlock with Marina Gamba. They had two daughters,
Virginia (born 1600) and Livia (born 1601), and a son, Vincenzo (born 1606).[32] Due to their illegitimate birth, Galileo considered the girls unmarriageable, if not posing problems of prohibitively expensive support or dowries, which would have been similar to Galileo's previous extensive financial problems with two of his sisters.[33] Their only
worthy alternative was the religious life. Both girls were accepted by the convent of San Matteo in Arcetri and remained there for the rest of their lives.[34] Virginia took the name Maria Celeste upon entering the convent. She died on 2 April 1634, and is buried with Galileo at the Basilica of Santa Croce, Florence. Livia took the name Sister Arcangela
and was ill for most of her life. Vincenzo was later legitimised as the legal heir of Galileo and married Sestilia Bocchineri.[35] Although Galileo seriously considered the priesthood as a young man, at his father's urging he instead enrolled in 1580 at the University of Pisa for a medical degree.[36] He was influenced by the lectures of Girolamo Borro,
Domingo de Soto and Francesco Buonamici of Florence.[25] In 1581, when he was studying medicine, he noticed a swinging chandelier, which air currents shifted about to swing in larger and smaller arcs. To him, it seemed, by comparison with his heartbeat, that the chandelier took the same amount of time to swing back and forth, no matter how far
it was swinging. When he returned home, he set up two pendulums of equal length and swung one with a large sweep and the other with a small sweep and found that they kept time together. It was not until the work of Christiaan Huygens, almost one hundred years later, that the tautochrone nature of a swinging pendulum was used to create an
accurate timepiece.[37] Up to this point, Galileo had deliberately been kept away from mathematics, since a physician earned a higher income than a mathematician. However, after accidentally attending a lecture on geometry, he talked his reluctant father into letting him study mathematics and natural philosophy instead of medicine.[37] He created
a thermoscope, a forerunner of the thermometer, and, in 1586, published a small book on the design of a hydrostatic balance he had invented (which first brought him to the attention of the scholarly world). Galileo also studied disegno, a term encompassing fine art, and, in 1588, obtained the position of instructor in the Accademia delle Arti del
Disegno in Florence, teaching perspective and chiaroscuro. In the same year, upon invitation by the Florentine Academy, he presented two lectures, On the Shape, Location, and Size of Dante's Inferno, in an attempt to propose a rigorous cosmological model of Dante's Inferno.[38] Being inspired by the artistic tradition of the city and the works of the
Renaissance artists, Galileo acquired an aesthetic mentality. While a young teacher at the Accademia, he began a lifelong friendship with the Florentine painter Cigoli.[39][40] In 1589, he was appointed to the chair of mathematics in Pisa. In 1591, his father died, and he was entrusted with the care of his younger brother Michelagnolo. In 1592, he
moved to the University of Padua where he taught geometry, mechanics, and astronomy until 1610.[41] During this period, Galileo made significant discoveries in both pure fundamental science as well as practical applied science. His multiple interests included the study of astrology, which at the time was a discipline tied to the studies of
mathematics, astronomy and medicine.[42][43] Tycho Brahe and others had observed the supernova of 1572. Ottavio Brenzoni's letter of 15 January 1605 to Galileo brought the 1572 supernova and the less bright nova of 1601 to Galileo's notice. Galileo observed and discussed Kepler's Supernova in 1604. Since these new stars displayed no detectable
diurnal parallax, Galileo concluded that they were distant stars, and, therefore, disproved the Aristotelian belief in the immutability of the heavens.[44][c] "Cannocchiali" telescopes at the Museo Galileo, Florence, suspected to be Galilean telescopes (top: 1610-1630; bottom: 1609-1640).[46] Perhaps based only on descriptions of the first practical
telescope which Hans Lippershey tried to patent in the Netherlands in 1608,[47] Galileo, in the following year, made a telescope with about 3x magnification. He later made improved versions with up to about 30x magnification.[48] With a Galilean telescope, the observer could see magnified, upright images on the Earth—it was what is commonly
known as a terrestrial telescope or a spyglass. He could also use it to observe the sky; for a time he was one of those who could construct telescopes good enough for that purpose. On 25 August 1609, he demonstrated one of his early telescopes, with a magnification of about 8x or 9%, to Venetian lawmakers. His telescopes were also a profitable
sideline for Galileo, who sold them to merchants who found them useful both at sea and as items of trade. He published his initial telescopic astronomical observations in March 1610 in a brief treatise entitled Sidereus Nuncius (Starry Messenger).[49] An illustration of the Moon from Sidereus Nuncius, published in Venice, 16100n 30 November
1609, Galileo aimed his telescope at the Moon.[50] While not being the first person to observe the Moon through a telescope (English mathematician Thomas Harriot had done so four months before but only saw a "strange spottednesse"),[51] Galileo was the first to deduce the cause of the uneven waning as light occlusion from lunar mountains and
craters. In his study, he also made topographical charts, estimating the heights of the mountains. The Moon was not what was long thought to have been a translucent and perfect sphere, as Aristotle claimed, and hardly the first "planet”, an "eternal pearl to magnificently ascend into the heavenly empyrian", as put forth by Dante. Galileo is sometimes
credited with the discovery of the lunar libration in latitude in 1632,[52] although Thomas Harriot or William Gilbert may have done so before.[53] The painter Cigoli, a friend of Galileo, included a realistic depiction of the Moon in one of his paintings; he probably used his own telescope to make the observation.[39] On 7 January 1610, Galileo
observed with his telescope what he described at the time as "three fixed stars, totally invisible[d] by their smallness", all close to Jupiter, and lying on a straight line through it.[54] Observations on subsequent nights showed that the positions of these "stars" relative to Jupiter were changing in a way that would have been inexplicable if they had
really been fixed stars. On 10 January, Galileo noted that one of them had disappeared, an observation which he attributed to its being hidden behind Jupiter. Within a few days, he concluded that they were orbiting Jupiter: he had discovered three of Jupiter's four largest moons.[55] He discovered the fourth on 13 January. Galileo named the group of
four the Medicean stars, in honour of his future patron, Cosimo II de' Medici, Grand Duke of Tuscany, and Cosimo's three brothers.[56] Later astronomers, however, renamed them Galilean satellites in honour of their discoverer. These satellites were independently discovered by Simon Marius on 8 January 1610 and are now called Io, Europa,
Ganymede, and Callisto, the names given by Marius in his Mundus Iovialis published in 1614.[57] Map of France presented in 1684, showing the outline of an earlier map (light outline) compared to a new survey conducted using the moons of Jupiter as an accurate timing reference (heavier outline) Galileo's observations of the satellites of Jupiter
caused controversy in astronomy: a planet with smaller planets orbiting it did not conform to the principles of Aristotelian cosmology, which held that all heavenly bodies should circle the Earth,[58][59] and many astronomers and philosophers initially refused to believe that Galileo could have discovered such a thing.[60][61] Compounding this
problem, other astronomers had difficulty confirming Galileo's observations. When he demonstrated the telescope in Bologna, the attendees struggled to see the moons. One of them, Martin Horky, noted that some fixed stars, such as Spica Virginis, appeared double through the telescope. He took this as evidence that the instrument was deceptive
when viewing the heavens, casting doubt on the existence of the moons.[62][63] Christopher Clavius's observatory in Rome confirmed the observations and, although unsure how to interpret them, gave Galileo a hero's welcome when he visited the next year.[64] Galileo continued to observe the satellites over the next eighteen months, and by mid-
1611, he had obtained remarkably accurate estimates for their periods—a feat which Johannes Kepler had believed impossible.[65][66] Galileo saw a practical use for his discovery. Determining the east-west position of ships at sea required their clocks to be synchronized with clocks at the prime meridian. Solving this longitude problem had great
importance to safe navigation and large prizes were established by Spain and later Holland for its solution. Since eclipses of the moons he discovered were relatively frequent and their times could be predicted with great accuracy, they could be used to set shipboard clocks and Galileo applied for the prizes. Observing the moons from a ship proved
too difficult, but the method was used for land surveys, including the remapping of France.[67][68] In 1610 Galileo Galilei observed with his telescope that Venus showed phases, despite remaining near the Sun in Earth's sky (first image). This proved that it orbits the Sun and not Earth, as predicted by Copernicus's heliocentric model and disproved
the then conventional of Ptolemy geocentric model (second image). From September 1610, Galileo observed that Venus exhibits a full set of phases similar to that of the Moon. The heliocentric model of the Solar System developed by Nicolaus Copernicus predicted that all phases would be visible since the orbit of Venus around the Sun would cause its
illuminated hemisphere to face the Earth when it was on the opposite side of the Sun and to face away from the Earth when it was on the Earth-side of the Sun. In Ptolemy's geocentric model, it was impossible for any of the planets' orbits to intersect the spherical shell carrying the Sun. Traditionally, the orbit of Venus was placed entirely on the near
side of the Sun, where it could exhibit only crescent and new phases. It was also possible to place it entirely on the far side of the Sun, where it could exhibit only gibbous and full phases. After Galileo's telescopic observations of the crescent, gibbous and full phases of Venus, the Ptolemaic model became untenable. In the early 17th century, as a
result of his discovery, the great majority of astronomers converted to one of the various geo-heliocentric planetary models, such as the Tychonic, Capellan and Extended Capellan models,[e] each either with or without a daily rotating Earth. These all explained the phases of Venus without the 'refutation' of full heliocentrism's prediction of stellar
parallax.[69][70] In 1610, Galileo also observed the planet Saturn, and at first mistook its rings for planets,[71] thinking it was a three-bodied system. When he observed the planet later, Saturn's rings were directly oriented to Earth, causing him to think that two of the bodies had disappeared. The rings reappeared when he observed the planet in
1616, further confusing him.[72] Galileo observed the planet Neptune in 1612. It appears in his notebooks as one of many unremarkable dim stars. He did not realise that it was a planet, but he did note its motion relative to the stars before losing track of it.[73] Galileo made naked-eye and telescopic studies of sunspots.[74] Their existence raised
another difficulty with the unchanging perfection of the heavens as posited in orthodox Aristotelian celestial physics. An apparent annual variation in their trajectories, observed by Francesco Sizzi and others in 1612-1613,[75] also provided a powerful argument against both the Ptolemaic system and the geoheliocentric system of Tycho Brahe.[f] A
dispute over claimed priority in the discovery of sunspots, and in their interpretation, led Galileo to a long and bitter feud with the Jesuit Christoph Scheiner. In the middle was Mark Welser, to whom Scheiner had announced his discovery, and who asked Galileo for his opinion. Both of them were unaware of Johannes Fabricius' earlier observation and
publication of sunspots.[79] Galileo observed the Milky Way, previously believed to be nebulous, and found it to be a multitude of stars packed so densely that they appeared from Earth to be clouds. He located many other stars too distant to be visible to the naked eye. He observed the double star Mizar in Ursa Major in 1617.[80] In the Starry
Messenger, Galileo reported that stars appeared as mere blazes of light, essentially unaltered in appearance by the telescope, and contrasted them to planets, which the telescope revealed to be discs. But shortly thereafter, in his Letters on Sunspots, he reported that the telescope revealed the shapes of both stars and planets to be "quite round".
From that point forward, he continued to report that telescopes showed the roundness of stars, and that stars seen through the telescope measured a few seconds of arc in diameter.[81][82] He also devised a method for measuring the apparent size of a star without a telescope. As described in his Dialogue Concerning the Two Chief World Systems,
his method was to hang a thin rope in his line of sight to the star and measure the maximum distance from which it would wholly obscure the star. From his measurements of this distance and of the width of the rope, he could calculate the angle subtended by the star at his viewing point.[83]1[84][85] In his Dialogue, he reported that he had found the
apparent diameter of a star of first magnitude to be no more than 5 arcseconds, and that of one of sixth magnitude to be about 5/6 arcseconds. Like most astronomers of his day, Galileo did not recognise that the apparent sizes of stars that he measured were spurious, caused by diffraction and atmospheric distortion, and did not represent the true
sizes of stars. However, Galileo's values were much smaller than previous estimates of the apparent sizes of the brightest stars, such as those made by Brahe, and enabled Galileo to counter anti-Copernican arguments such as those made by Tycho that these stars would have to be absurdly large for their annual parallaxes to be undetectable.[86][87]
[88] Other astronomers such as Simon Marius, Giovanni Battista Riccioli, and Martinus Hortensius made similar measurements of stars, and Marius and Riccioli concluded the smaller sizes were not small enough to answer Tycho's argument.[89][90] Galileo Galilei, portrait by Francesco Porcia See also: Discourse on the Tides Cardinal Bellarmine had
written in 1615 that the Copernican system could not be defended without "a true physical demonstration that the sun does not circle the earth but the earth circles the sun".[91] Galileo considered his theory of the tides to provide such evidence.[92] This theory was so important to him that he originally intended to call his Dialogue Concerning the
Two Chief World Systems the Dialogue on the Ebb and Flow of the Sea.[93] The reference to tides was removed from the title by order of the Inquisition.[94] For Galileo, the tides were caused by the sloshing back and forth of water in the seas as a point on the Earth's surface sped up and slowed down because of the Earth's rotation on its axis and
revolution around the Sun. He circulated his first account of the tides in 1616, addressed to Cardinal Orsini.[95] His theory gave insight into the importance of the shapes of ocean basins in the size and timing of tides; it accounted, for instance, for the negligible tides halfway along the Adriatic Sea compared to those at the ends.[96][97] As a general
account of the cause of tides, however, his theory was a failure. His theory implies only one high tide per day, and in his 1616 account, he claimed that this occurred in the Atlantic.[98] He attributed the two daily high tides seen at Venice and other places, about 12 hours apart, to secondary causes, including the shape of the sea, its depth, and other
factors.[99][100][101] However, tides occur twice-daily in the Atlantic and most seas. Galileo, learning this, put forth his theory in the Dialogue without referencing the Atlantic or other locations with once-daily tides, leaving the daily tides question unsolved.[102] He also dismissed the idea, known from antiquity and by his contemporary Johannes
Kepler, that the Moon[103] caused the tides. See also: The Assayer § Grassi on the comets In 1619, Galileo became embroiled in a controversy with Father Orazio Grassi, professor of mathematics at the Jesuit Collegio Romano. It began as a dispute over the nature of comets, but by the time Galileo had published The Assayer (Il Saggiatore) in 1623,
his last salvo in the dispute, it had become a much wider controversy over the very nature of science itself. The title page of the book describes Galileo as a philosopher and "Matematico Primario" of the Grand Duke of Tuscany.[104] Because The Assayer contains such a wealth of Galileo's ideas on how science should be practised, it has been referred
to as his scientific manifesto.[105][106] Early in 1619, Father Grassi had anonymously published a pamphlet, An Astronomical Disputation on the Three Comets of the Year 1618,[107] which discussed the nature of a comet that had appeared late in November of the previous year. Grassi concluded that the comet was a fiery body that had moved along
a segment of a great circle at a constant distance from the earth,[108][109] and since it moved in the sky more slowly than the Moon, it must be farther away than the Moon.[110] Grassi's arguments and conclusions were criticised in a subsequent article, Discourse on Comets,[111] published under the name of one of Galileo's disciples, a Florentine
lawyer named Mario Guiducci, although it had been largely written by Galileo himself.[112] Galileo and Guiducci offered no definitive theory of their own on the nature of comets,[113][114] although they did present some tentative conjectures that are now known to be mistaken. (The correct approach to the study of comets had been proposed at the
time by Tycho Brahe.) In its opening passage, Galileo and Guiducci's Discourse gratuitously insulted the Jesuit Christoph Scheiner,[115][116][117] and various uncomplimentary remarks about the professors of the Collegio Romano were scattered throughout the work.[115] The Jesuits were offended,[115][114] and Grassi soon replied with a
polemical tract of his own, The Astronomical and Philosophical Balance,[118] under the pseudonym Lothario Sarsio Sigensano,[119] purporting to be one of his own pupils.[120] The Assayer was Galileo's devastating reply to the Astronomical Balance.[111] It has been widely recognized as a masterpiece of polemical literature,[121][122] in which
"Sarsi's" arguments are subjected to withering scorn.[123] It was greeted with wide acclaim and particularly pleased the new pope, Urban VIII, to whom it had been dedicated.[124] In Rome, in the previous decade, Barberini, the future Urban VIII, had come down on the side of Galileo and the Lincean Academy.[125] Galileo's dispute with Grassi
permanently alienated many Jesuits,[126] and Galileo and his friends were convinced that they were responsible for bringing about his later condemnation,[127] although supporting evidence for this is not conclusive.[128][129] Main article: Galileo affair Cristiano Banti's 1857 painting Galileo facing the Roman Inquisition At the time of Galileo's
conflict with the Church, the majority of educated people subscribed to the Aristotelian geocentric view that the Earth is the centre of the Universe and the orbits of all heavenly bodies, or Tycho Brahe's new system blending geocentrism with heliocentrism.[130][131] Opposition to heliocentrism and Galileo's writings on it combined religious and
scientific objections. Religious opposition to heliocentrism arose from biblical passages implying the fixed nature of the Earth.[g] Scientific opposition came from Brahe, who argued that if heliocentrism were true, an annual stellar parallax should be observed, though none was at the time.[h] Aristarchus and Copernicus had correctly postulated that
parallax was negligible because the stars were so distant. However, Brahe countered that since stars appear to have measurable angular size, if the stars were that distant, they would have to be far larger than the Sun or even the orbit of the Earth.[134] It would not be until much later that astronomers realized the apparent magnitudes of stars were
caused by an optical phenomenon called the airy disk, and were functions of their brightness rather than true physical size (see the history of magnitude).[134] Galileo defended heliocentrism based on his astronomical observations of 1609. In 1611, the same year Galileo’s telescopic discoveries were acknowledged by Jesuit members of the Collegio
Romano, a commission of cardinals began investigating Galileo, inquiring if he had been involved in the trial of Cesare Cremonini, who had taught alongside Galileo at the University of Padua and had been charged for heresy. These inquiries marked the first time Galileo’s name was mentioned by the Roman Inquisition.[135] In December 1613, the
Grand Duchess Christina of Florence confronted one of Galileo's friends and followers, Benedetto Castelli, with biblical objections to the motion of the Earth.[i] Prompted by this incident, Galileo wrote a letter to Castelli in which he argued that heliocentrism was actually not contrary to biblical texts and that the Bible was an authority on faith and
morals, not science. This letter was not published but circulated widely.[136] Two years later, Galileo wrote a letter to Christina that expanded his arguments previously made in eight pages to forty pages.[137] By 1615, Galileo's writings on heliocentrism had been submitted to the Roman Inquisition by Father Niccolo Lorini, who claimed that Galileo
and his followers were attempting to reinterpret the Bible,[g] which was seen as a violation of the Council of Trent and looked dangerously like Protestantism.[138] Lorini specifically cited Galileo's letter to Castelli.[139] Galileo went to Rome to defend himself and his ideas. At the start of 1616, Francesco Ingoli initiated a debate with Galileo, sending
him an essay disputing the Copernican system. Galileo later stated that he believed this essay to have been instrumental in the action against Copernicanism that followed.[140] Ingoli may have been commissioned by the Inquisition to write an expert opinion on the controversy, with the essay providing the basis for the Inquisition's actions.[141] The
essay focused on eighteen physical and mathematical arguments against heliocentrism. It borrowed primarily from Tycho Brahe's arguments, notably that heliocentrism would require the stars as they appeared to be much larger than the Sun.[j] The essay also included four theological arguments, but Ingoli suggested Galileo focus on the physical and
mathematical arguments, and he did not mention Galileo's biblical ideas.[143] In February 1616, an Inquisitorial commission declared heliocentrism to be "foolish and absurd in philosophy, and formally heretical since it explicitly contradicts in many places the sense of Holy Scripture". The Inquisition found that the idea of the Earth's movement
"receives the same judgement in philosophy and ... in regard to theological truth, it is at least erroneous in faith".[144] Pope Paul V instructed Cardinal Bellarmine to deliver this finding to Galileo, and to order him to abandon heliocentrism. On 26 February, Galileo was called to Bellarmine's residence and ordered "to abandon completely ... the
opinion that the sun stands still at the centre of the world and the Earth moves, and henceforth not to hold, teach, or defend it in any way whatever, either orally or in writing."[145] The decree of the Congregation of the Index banned Copernicus's De Revolutionibus and other heliocentric works until correction.[145] For the next decade, Galileo
stayed well away from the controversy. He revived his project of writing a book on the subject, encouraged by the election of Cardinal Maffeo Barberini as Pope Urban VIII in 1623. Barberini was a friend and admirer of Galileo and had opposed the admonition of Galileo in 1616. Galileo's resulting book, Dialogue Concerning the Two Chief World
Systems, was published in 1632, with formal authorization from the Inquisition and papal permission.[146] Portrait of Galilei by Justus Sustermans, 1635 Earlier, Pope Urban VIII had personally asked Galileo to give arguments for and against heliocentrism in the book and to be careful not to advocate heliocentrism. Whether unknowingly or
deliberately, Simplicio, the defender of the Aristotelian geocentric view in Dialogue Concerning the Two Chief World Systems, was often caught in his own errors and sometimes came across as a fool. Indeed, although Galileo states in the preface of his book that the character is named after a famous Aristotelian philosopher (Simplicius in Latin,
"Simplicio" in Italian), the name "Simplicio" in Italian also has the connotation of "simpleton".[147][148] This portrayal of Simplicio made Dialogue Concerning the Two Chief World Systems appear as an advocacy book: an attack on Aristotelian geocentrism and defence of the Copernican theory. Most historians agree Galileo did not act out of malice
and felt blindsided by the reaction to his book.[k] However, the Pope did not take the suspected public ridicule lightly, nor the Copernican advocacy.[152] Galileo had alienated one of his biggest and most powerful supporters, the Pope, and was called to Rome to defend his writings[153] in September 1632. He finally arrived in February 1633 and was




brought before inquisitor Vincenzo Maculani to be charged. Throughout his trial, Galileo steadfastly maintained that since 1616 he had faithfully kept his promise not to hold any of the condemned opinions, and initially he denied even defending them. However, he was eventually persuaded to admit that, contrary to his true intention, a reader of his
Dialogue could well have obtained the impression that it was intended to be a defence of Copernicanism. In view of Galileo's rather implausible denial that he had ever held Copernican ideas after 1616 or ever intended to defend them in the Dialogue, his final interrogation, in July 1633, concluded with his being threatened with torture if he did not
tell the truth, but he maintained his denial despite the threat.[154][155][156] The sentence of the Inquisition was delivered on 22 June. It was in three essential parts: Galileo was found "vehemently suspect of heresy" (though he was never formally charged with heresy, relieving him of facing corporal punishment),[157] namely of having held the
opinions that the Sun lies motionless at the centre of the universe, that the Earth is not at its centre and moves, and that one may hold and defend an opinion as probable after it has been declared contrary to Holy Scripture. He was required to "abjure, curse and detest" those opinions.[158][159][160][161] He was sentenced to formal imprisonment at
the pleasure of the Inquisition.[162] On the following day, this was commuted to house arrest, under which he remained for the rest of his life.[163] His offending Dialogue was banned; and in an action not announced at the trial, publication of any of his works was forbidden, including any he might write in the future.[164][165] Portrait, originally
attributed to Murillo, of Galileo gazing at the words "E pur si muove" (And yet it moves) (not legible in this image) scratched on the wall of his prison cell. The attribution and narrative surrounding the painting have since been contested. According to popular legend, after recanting his theory that the Earth moved around the Sun, Galileo allegedly
muttered the rebellious phrase "And yet it moves". There was a claim that a 1640s painting by the Spanish painter Bartolomé Esteban Murillo or an artist of his school, in which the words were hidden until restoration work in 1911, depicts an imprisoned Galileo apparently gazing at the words "E pur si muove" written on the wall of his dungeon. The
earliest known written account of the legend dates to a century after his death. Based on the painting, Stillman Drake wrote "there is no doubt now that the famous words were already attributed to Galileo before his death".[166] However, an intensive investigation by astrophysicist Mario Livio has revealed that said painting is most probably a copy
of an 1837 painting by the Flemish painter Roman-Eugene Van Maldeghem.[167] After a period with the friendly Ascanio Piccolomini (the Archbishop of Siena), Galileo was allowed to return to his villa at Arcetri near Florence in 1634, where he spent part of his life under house arrest. Galileo was ordered to read the Seven Penitential Psalms once a
week for the next three years. However, his daughter Maria Celeste relieved him of the burden after securing ecclesiastical permission to take it upon herself.[168] It was while Galileo was under house arrest that he dedicated his time to one of his finest works, Two New Sciences. Here he summarised work he had done some forty years earlier, on
the two sciences now called kinematics and strength of materials, published in Holland to avoid the censor. This book was highly praised by Albert Einstein.[169] As a result of this work, Galileo is often called the "father of modern physics". He went completely blind in 1638 and developed a painful hernia and insomnia, so he was permitted to travel to
Florence for medical advice.[19] Dava Sobel argues that prior to Galileo's 1633 trial and judgement for heresy, Pope Urban VIII had become preoccupied with court intrigue and problems of state and began to fear persecution or threats to his own life. In this context, Sobel argues that the problem of Galileo was presented to the pope by court insiders
and enemies of Galileo. Having been accused of weakness in defending the church, Urban reacted against Galileo out of anger and fear.[170] Mario Livio places Galileo and his discoveries in modern scientific and social contexts. In particular, he argues that the Galileo affair has its counterpart in science denial.[171] This and other facts, not few in
number or less worth knowing, I have succeeded in proving; and what I consider more important, there have been opened up to this vast and most excellent science, of which my work is merely the beginning, ways and means by which other minds more acute than mine will explore its remote corners.— Galileo Galilei, Two New Sciences Galileo made
original contributions to the science of motion through an innovative combination of experiments and mathematics.[172] More typical of science at the time were the qualitative studies of William Gilbert, on magnetism and electricity. Galileo's father, Vincenzo Galilei, a lutenist and music theorist, had performed experiments establishing perhaps the
oldest known non-linear relation in physics: for a stretched string, the pitch varies as the square root of the tension.[173] These observations lay within the framework of the Pythagorean tradition of music, well known to instrument makers, which included the fact that subdividing a string by a whole number produces a harmonious scale. Thus, a
limited amount of mathematics had long related to music and physical science, and young Galileo could see his own father's observations expand on that tradition.[174] Galileo was one of the first modern thinkers to clearly state that the laws of nature are mathematical. In The Assayer, he wrote "Philosophy is written in this grand book, the

universe ... It is written in the language of mathematics, and its characters are triangles, circles, and other geometric figures;...."[175] His mathematical analyses are a further development of a tradition employed by late scholastic natural philosophers, which Galileo learned when he studied philosophy.[176] His work marked another step towards the
eventual separation of science from both philosophy and religion; a major development in human thought. He was often willing to change his views in accordance with observation. In order to perform his experiments, Galileo had to set up standards of length and time, so that measurements made on different days and in different laboratories could be
compared in a reproducible fashion. This provided a reliable foundation on which to confirm mathematical laws using inductive reasoning.[citation needed] Galileo showed a modern appreciation for the proper relationship between mathematics, theoretical physics, and experimental physics. He understood the parabola, both in terms of conic sections
and in terms of the ordinate (y) varying as the square of the abscissa (x). Galileo further asserted that the parabola was the theoretically ideal trajectory of a uniformly accelerated projectile in the absence of air resistance or other disturbances. He conceded that there are limits to the validity of this theory, noting on theoretical grounds that a
projectile trajectory of a size comparable to that of the Earth could not possibly be a parabola,[177][178][179] but he nevertheless maintained that for distances up to the range of the artillery of his day, the deviation of a projectile's trajectory from a parabola would be only very slight.[177][180][181] A replica of the earliest surviving telescope
attributed to Galileo Galilei, on display at the Griffith Observatory Using his refracting telescope, Galileo observed in late 1609 that the surface of the Moon is not smooth.[39] Early the next year, he observed the four largest moons of Jupiter.[56] Later in 1610, he observed the phases of Venus as well as Saturn, though he thought the planet's rings
were two other planets.[71] In 1612, he observed Neptune and noted its motion, but did not identify it as a planet.[73] Galileo made studies of sunspots,[74] the Milky Way, and made various observations about stars, including how to measure their apparent size without a telescope.[83][84]1[85] He coined the term Aurora Borealis in 1619 from the
Roman goddess of the dawn and the Greek name for the north wind, to describe lights in the northern and southern sky when particles from the solar wind energise the magnetosphere.[182] Self-Portrait in a Circle of Friends from Mantua by Rubens, 1602-06. Galilei is the third man on the left. The picture depicts the Aurora Borealis in the distance.
Galileo made a number of contributions to what is now known as engineering, as distinct from pure physics. Between 1595 and 1598, Galileo devised and improved a geometric and military compass suitable for use by gunners and surveyors. This expanded on earlier instruments designed by Niccolo Tartaglia and Guidobaldo del Monte. For gunners,
it offered, in addition to a new and safer way of elevating cannons accurately, a way of quickly computing the charge of gunpowder for cannonballs of different sizes and materials. As a geometric instrument, it enabled the construction of any regular polygon, computation of the area of any polygon or circular sector, and a variety of other calculations.
Under Galileo's direction, instrument maker Marc'Antonio Mazzoleni produced more than 100 of these compasses, which Galileo sold (along with an instruction manual he wrote) for 50 lire and offered a course of instruction in the use of the compasses for 120 lire.[183] Galileo's geometrical and military compass, thought to have been made c. 1604
by his personal instrument-maker Marc'Antonio Mazzoleni In 1593, Galileo constructed a thermometer, using the expansion and contraction of air in a bulb to move water in an attached tube.[184] In 1609, Galileo was, along with Englishman Thomas Harriot and others, among the first to use a refracting telescope as an instrument to observe stars,
planets or moons. The name "telescope" was coined for Galileo's instrument by a Greek mathematician, Giovanni Demisiani,[185][186] at a banquet held in 1611 by Prince Federico Cesi to make Galileo a member of his Accademia dei Lincei.[187] In 1610, he used a telescope at close range to magnify the parts of insects.[188][189] By 1624, Galileo
had used a compound microscope. He gave one of these instruments to Cardinal Zollern in May of that year for presentation to the Duke of Bavaria,[190] and in September, he sent another to Prince Cesi.[191] The Linceans played a role again in naming the "microscope" a year later when fellow academy member Giovanni Faber coined the word for
Galileo's invention from the Greek words pikp6v (micron) meaning "small", and okomneiv (skopein) meaning "to look at". The word was meant to be analogous with "telescope".[192][193] Illustrations of insects made using one of Galileo's microscopes and published in 1625, appear to have been the first clear documentation of the use of a compound
microscope.[191] The earliest known pendulum clock design, conceived by Galileo Galilei In 1612, having determined the orbital periods of Jupiter's satellites, Galileo proposed that with sufficiently accurate knowledge of their orbits, one could use their positions as a universal clock, and this would make possible the determination of longitude. He
worked on this problem from time to time during the remainder of his life, but the practical problems were severe. The method was first successfully applied by Giovanni Domenico Cassini in 1681 and was later used extensively for large land surveys; this method, for example, was used to survey France, and later by Zebulon Pike of the midwestern
United States in 1806. For sea navigation, where delicate telescopic observations were more difficult, the longitude problem eventually required the development of a practical portable marine chronometer, such as that of John Harrison.[194] Late in his life, when totally blind, Galileo designed an escapement mechanism for a pendulum clock (called
Galileo's escapement), although no clock using this was built until after the first fully operational pendulum clock was made by Christiaan Huygens in the 1650s.[citation needed] Galileo was invited on several occasions to advise on engineering schemes to alleviate river flooding. In 1630 Mario Guiducci was probably instrumental in ensuring that he
was consulted on a scheme by Bartolotti to cut a new channel for the Bisenzio River near Florence.[195] An issue with simple ball bearings is that the balls rub against each other, causing additional friction. This can be reduced by enclosing each individual ball within a cage. The captured, or caged, ball bearing was originally described by Galileo in
the 17th century.[196] Galileo e Viviani, by Tito Lessi, 1892 Dome of the Cathedral of Pisa with the "lamp of Galileo"Galileo's theoretical and experimental work on the motions of bodies, along with the largely independent work of Kepler and René Descartes, was a precursor of the classical mechanics developed by Sir Isaac Newton. Main article:
Pendulum § History Galileo conducted several experiments with pendulums. It is popularly believed (thanks to the biography by Vincenzo Viviani) that these began by watching the swings of the bronze chandelier in the Cathedral of Pisa, using his pulse as a timer. The first recorded interest in pendulums made by Galileo was in his posthumously
published notes titled On Motion,[197] but later experiments are described in his Two New Sciences. Galileo claimed that a simple pendulum is isochronous, i.e. that its swings always take the same amount of time, independently of the amplitude. In fact, this is only approximately true,[198] as was discovered by Christiaan Huygens. Galileo also found
that the square of the period varies directly with the length of the pendulum. Galileo is lesser known for, yet still credited with, being one of the first to understand sound frequency. By scraping a chisel at different speeds, he linked the pitch of the sound produced to the spacing of the chisel's skips, a measure of frequency. Main article: Vacuum pump
§ History By the 17th century, water pump designs had improved to the point that they produced measurable vacuums, but this was not immediately understood. What was known was that suction pumps could not pull water beyond a certain height: 18 Florentine yards according to a measurement taken around 1635, or about 34 feet (10 m).[199]
This limit was a concern in irrigation projects, mine drainage, and decorative water fountains planned by the Duke of Tuscany, so the duke commissioned Galileo to investigate the problem. In his Two New Sciences (1638) Galileo suggested, incorrectly, that the column of water pulled up by a water pump would break of its own weight once reaching
beyond 34 feet.[199] Main article: Speed of light § History In 1638, Galileo described an experimental method to measure the speed of light by arranging that two observers, each having lanterns equipped with shutters, observe each other's lanterns at some distance. The first observer opens the shutter of his lamp, and, the second, upon seeing the
light, immediately opens the shutter of his own lantern. The time between the first observer's opening his shutter and seeing the light from the second observer's lamp indicates the time it takes light to travel back and forth between the two observers. Galileo reported that when he tried this at a distance of less than a mile, he was unable to
determine whether or not the light appeared instantaneously.[200] Sometime between Galileo's death and 1667, the members of the Florentine Accademia del Cimento repeated the experiment over a distance of about a mile and obtained a similarly inconclusive result.[201] The speed of light has since been determined to be far too fast to be
measured by such methods. Main article: Galilean invariance Galileo put forward the basic principle of relativity, that the laws of physics are the same in any system that is moving at a constant speed in a straight line, regardless of its particular speed or direction. In Dialogue Concerning the Two Chief World Systems, Salviati gives the following
thought experiment: Shut yourself up with some friend in the main cabin below the decks of some ship, and have with you there some flies, butterflies, and other small, flying animals. Have a large bowl of water with some fish in it; hang up a bottle that empties drop by drop into a narrow-mouthed vessel beneath it. With the ship standing still, observe
carefully how the little animals fly with equal speed to all sides of the cabin. The fish swim indifferently in all directions; the drops fall into the vessel beneath; and in throwing something to your friend, you need throw it no more strongly in one direction than another, the distances being equal; jumping with your feet together, you pass equal spaces in
every direction. When you have observed all these things carefully (though there is no doubt that when the ship is standing still, everything must happen this way), have the ship proceed with any speed you like, so long as the motion is uniform and not fluctuating this way and that. You will discover not the least change in all the effects named, nor
could you tell from any of them whether the ship was moving or standing still.[202] This principle provided the basic framework for Newton's laws of motion and is central to Einstein's special theory of relativity. See also: History of gravitational theory § European Renaissance, and Free fall § History That unequal weights would fall with the same
speed may have been proposed as early as 60BC by the Roman philosopher Lucretius.[203] Observations that similarly sized objects of different weights fall at the same speed are documented in sixth-century works by John Philoponus, of which Galileo was aware.[204][205] In the 14th century, Nicole Oresme had derived the time-squared law for
uniformly accelerated change,[206][207] and in the 16th century, Domingo de Soto had suggested that bodies falling through a homogeneous medium would be uniformly accelerated.[208] De Soto, however, did not anticipate many of the qualifications and refinements contained in Galileo's theory of falling bodies. He did not, for instance, recognise,
as Galileo did, that a body would fall with a strictly uniform acceleration only in a vacuum, and that it would otherwise eventually reach a uniform terminal velocity. Main article: Delft tower experiment In 1586, Simon Stevin (commonly known as Stevinus) and Jan Cornets de Groot dropped lead balls from the Nieuwe Kerk in the Dutch city of Delft.
The experiment established that objects of identical size, but different masses, fall at the same speed.[37][209] While the Delft tower experiment had been a success, it was not conducted with the same scientific rigour that later experiments were. Stevin was forced to rely on audio feedback (caused by the spheres impacting a wooden platform below)
to deduce that the balls had fallen at the same speed. The experiment was given less credence than the more substantive work of Galileo Galilei and his famous Leaning Tower of Pisa thought experiment of 1589. Main article: Galileo's Leaning Tower of Pisa experimentDuring the Apollo 15 mission in 1971, astronaut David Scott showed that Galileo
was right: acceleration is the same for all bodies subject to gravity on the Moon, even for a hammer and a feather.A biography by Galileo's pupil Vincenzo Viviani stated that Galileo had dropped balls of the same material, but different masses, from the Leaning Tower of Pisa to demonstrate that their time of descent was independent of their mass.
[210] This was contrary to what Aristotle had taught: that heavy objects fall faster than lighter ones, in direct proportion to weight.[211][212] While this story has been retold in popular accounts, there is no account by Galileo himself of such an experiment, and it is generally accepted by historians that it was at most a thought experiment which did
not actually take place.[213] An exception is Stillman Drake,[214] who argues that the experiment did take place, more or less as Viviani described it. However, most of Galileo's experiments with falling bodies were carried out using inclined planes where both the issues of timing and air resistance were much reduced.[215] In his Two New Sciences
(1638), Salviati, widely regarded as Galileo's spokesman, held that all unequal weights would fall with the same finite speed in a vacuum: "In a medium totally devoid of all resistance all bodies would fall with the same speed."[216] Salviati also held that this could be experimentally demonstrated by the comparison of pendulum motions in air with
bobs of lead and of cork which had different weights but which were otherwise similar. Galileo proposed that a falling body would fall with a uniform acceleration, as long as the resistance of the medium through which it was falling remained negligible, or in the limiting case of its falling through a vacuum.[217][218] He also derived the correct
kinematical law for the distance travelled during a uniform acceleration starting from rest—namely, that it is proportional to the square of the elapsed time (d«t2).[208][219] Galileo expressed the time-squared law using geometrical constructions and mathematically precise words, adhering to the standards of the day. (It remained for others to re-
express the law in algebraic terms.)[citation needed] See also: Newton's laws of motion § History Galileo also concluded that objects retain their velocity in the absence of any impediments to their motion,[220] thereby contradicting the generally accepted Aristotelian hypothesis that a body could only remain in so-called "violent", "unnatural", or
"forced" motion so long as an agent of change (the "mover") continued to act on it.[221] Philosophical ideas relating to inertia had been proposed by John Philoponus and Jean Buridan. Galileo stated:[222][223] Imagine any particle projected along a horizontal plane without friction; then we know, from what has been more fully explained in the
preceding pages, that this particle will move along this same plane with a motion which is uniform and perpetual, provided the plane has no limits.— Galileo Galilei, Two New Sciences, Fourth Day But the surface of the earth would be an instance of such a plane if all its unevenness could be removed.[224] This was incorporated into Newton's laws of
motion (first law), except for the direction of the motion: Newton's is straight, Galileo's is circular (for example, the planets' motion around the Sun, which according to him, and unlike Newton, takes place in absence of gravity). According to Dijksterhuis Galileo's conception of inertia as a tendency to persevere in circular motion is closely related to
his Copernican conviction.[225] While Galileo's application of mathematics to experimental physics was innovative, his mathematical methods were the standard ones of the day, including dozens of examples of an inverse proportion square root method passed down from Fibonacci and Archimedes. The analysis and proofs relied heavily on the
Eudoxian theory of proportion, as set forth in the fifth book of Euclid's Elements. This theory had become available only a century before, thanks to accurate translations by Tartaglia and others; but by the end of Galileo's life, it was being superseded by the algebraic methods of Descartes. The concept now named Galileo's paradox was not original
with him. His proposed solution, that infinite numbers cannot be compared, is no longer considered useful.[226] Tomb of Galileo, Santa Croce, Florence Galileo continued to receive visitors until his death on 8 January 1642, aged 77, following a fever and heart palpitations.[19][227] The Grand Duke of Tuscany, Ferdinando II, wished to bury him in the
main body of the Basilica of Santa Croce, next to the tombs of his father and other ancestors, and to erect a marble mausoleum in his honour.[228][229] Galileo's middle finger from his right hand These plans were dropped, however, after Pope Urban VIII and his nephew, Cardinal Francesco Barberini, protested,[228][229][230] because Galileo had
been condemned by the Catholic Church for "vehement suspicion of heresy".[231] He was instead buried in a small room next to the novices' chapel at the end of a corridor from the southern transept of the basilica to the sacristy.[228][232] He was reburied in the main body of the basilica in 1737 after a monument had been erected there in his
honour;[233][234] during this move, three fingers and a tooth were removed from his remains.[235] One of these fingers is currently on exhibition at the Museo Galileo in Florence, Italy.[236] The Galileo affair was largely forgotten after Galileo's death, and the controversy subsided. The Inquisition's ban on reprinting Galileo's works was lifted in
1718 when permission was granted to publish an edition of his works (excluding the condemned Dialogue) in Florence.[237] In 1741, Pope Benedict XIV authorised the publication of an edition of Galileo's complete scientific works[238] which included a mildly censored version of the Dialogue.[239][238] In 1758, the general prohibition against works
advocating heliocentrism was removed from the Index of prohibited books. However, the specific ban on uncensored versions of the Dialogue and Copernicus's De Revolutionibus remained.[240][238] All traces of official opposition to heliocentrism by the church disappeared in 1835 when these works were finally dropped from the Index.[241][242]
Interest in the Galileo affair was revived in the early 19th century when Protestant polemicists used it (and other events such as the Spanish Inquisition and the myth of the flat Earth) to attack Roman Catholicism.[14] Interest in it has waxed and waned ever since. In 1939, Pope Pius XII, in his first speech to the Pontifical Academy of Sciences, within
a few months of his election to the papacy, described Galileo as being among the "most audacious heroes of research... not afraid of the stumbling blocks and the risks on the way, nor fearful of the funereal monuments".[243] His close advisor of 40 years, Professor Robert Leiber, wrote: "Pius XII was very careful not to close any doors (to science)
prematurely. He was energetic on this point and regretted that in the case of Galileo."[244] On 15 February 1990, in a speech delivered at the Sapienza University of Rome,[245][246] Cardinal Ratzinger (later Pope Benedict XVI) cited some current views on the Galileo affair as forming what he called "a symptomatic case that permits us to see how
deep the self-doubt of the modern age, of science and technology goes today".[247] Some of the views he cited were those of the philosopher Paul Feyerabend, whom he quoted as saying: "The Church at the time of Galileo kept much more closely to reason than did Galileo himself, and it took into consideration the ethical and social consequences of
Galileo's teaching too. Its verdict against Galileo was rational and just and the revision of this verdict can be justified only on the grounds of what is politically opportune."[247] The Cardinal did not clearly indicate whether he agreed or disagreed with Feyerabend's assertions. He did, however, say: "It would be foolish to construct an impulsive
apologetic on the basis of such views."[247] On 31 October 1992, Pope John Paul II acknowledged that the Inquisition had erred in condemning Galileo for asserting that the Earth revolves around the Sun. "John Paul said the theologians who condemned Galileo did not recognize the formal distinction between the Bible and its interpretation."[248] In
March 2008, the head of the Pontifical Academy of Sciences, Nicola Cabibbo, announced a plan to honour Galileo by erecting a statue of him inside the Vatican walls.[249] In December of the same year, during events to mark the 400th anniversary of Galileo's earliest telescopic observations, Pope Benedict XVI praised his contributions to astronomy.
[250] A month later, however, the head of the Pontifical Council for Culture, Gianfranco Ravasi, revealed that the plan to erect a statue of Galileo on the grounds of the Vatican had been suspended.[251] Galileo showing the Doge of Venice how to use the telescope (fresco by Giuseppe Bertini, 1858) According to Stephen Hawking, Galileo probably
bears more of the responsibility for the birth of modern science than anybody else,[252] and Albert Einstein called him the father of modern science.[253][254] In a Foreword to Dialogue Concerning the Two Chief World Systems, Einstein wrote: “The leitmotif I recognize in Galileo’s work is the passionate fight against any kind of dogma based on
authority. Only experience and careful reflection are accepted by him as criteria of truth.”[255] Author John G. Simmons notes Galileo's place in the history of science as the embracing of a new outlook on science, stating that:[256]But perhaps most significant, Galileo epitomized a new scientific outlook. By his rhetoric, supported by mathematical
reasoning, and the force of his personality, Galileo helped to establish the Copernican model of the solar system as a revolution in science.Galileo's astronomical discoveries and investigations into the Copernican theory have led to a lasting legacy which includes the categorisation of the four large moons of Jupiter discovered by Galileo (Io, Europa,
Ganymede and Callisto) as the Galilean moons. Other scientific endeavours and principles are named after Galileo including the Galileo spacecraft.[257] Partly because the year 2009 was the fourth centenary of Galileo's first recorded astronomical observations with the telescope, the United Nations scheduled it to be the International Year of
Astronomy.[258] Statue outside the Uffizi, Florence Statue of Galileo by Pio Fedi (1815-1892) inside the Lanyon Building of the Queen's University Belfast. Sir William Whitla (Professor of Materia Medica 1890-1919) brought the statue back from Italy and donated it to the university. Galileo's early works describing scientific instruments include the
1586 tract entitled The Little Balance (La Billancetta) describing an accurate balance to weigh objects in air or water[259] and the 1606 printed manual Le Operazioni del Compasso Geometrico et Militare on the operation of a geometrical and military compass.[260] His early works on dynamics, the science of motion and mechanics were his circa
1590 Pisan De Motu (On Motion) and his circa 1600 Paduan Le Meccaniche (Mechanics). The former was based on Aristotelian-Archimedean fluid dynamics and held that the speed of gravitational fall in a fluid medium was proportional to the excess of a body's specific weight over that of the medium, whereby in a vacuum, bodies would fall with
speeds in proportion to their specific weights. It also subscribed to the Philoponan impetus dynamics in which impetus is self-dissipating and free-fall in a vacuum would have an essential terminal speed according to specific weight after an initial period of acceleration.[261] Galileo's 1610 The Starry Messenger (Sidereus Nuncius) was the first
scientific treatise to be published based on observations made through a telescope. It reported his discoveries of: the Galilean moons the roughness of the Moon's surface the existence of a large number of stars invisible to the naked eye, particularly those responsible for the appearance of the Milky Way differences between the appearances of the
planets and those of the fixed stars—the former appearing as small discs, while the latter appeared as unmagnified points of light Galileo published a description of sunspots in 1613 entitled Letters on Sunspots suggesting the Sun and heavens are corruptible.[262] The Letters on Sunspots also reported his 1610 telescopic observations of the full set
of phases of Venus, and his discovery of the puzzling "appendages" of Saturn and their even more puzzling subsequent disappearance. In 1615, Galileo prepared a manuscript known as the "Letter to the Grand Duchess Christina" which was not published in printed form until 1636. This letter was a revised version of the Letter to Castelli, which was
denounced to the Inquisition by Niccolo Lorini (as discussed previously).[263] In 1616, after the order by the Inquisition for Galileo not to hold or defend the Copernican position, Galileo wrote the "Discourse on the Tides" (Discorso sul flusso e il reflusso del mare) based on the Copernican earth, in the form of a private letter to Cardinal Orsini.[264] In
1619, Mario Guiducci, a pupil of Galileo's, published a lecture written largely by Galileo under the title Discourse on the Comets (Discorso Delle Comete), arguing against the Jesuit interpretation of comets.[265] In 1623, Galileo published The Assayer—Il Saggiatore, which attacked theories based on Aristotle's authority and promoted experimentation
and the mathematical formulation of scientific ideas. The book was highly successful; Pope Urban was "so charmed by it as to have it read aloud to him at table."[266] Following the success of The Assayer, Galileo published the Dialogue Concerning the Two Chief World Systems (Dialogo sopra i due massimi sistemi del mondo) in 1632. Despite taking
care to adhere to the Inquisition's 1616 instructions, the claims in the book favouring Copernican theory and a non-geocentric model of the solar system led to Galileo being tried and banned from publication. Despite the publication ban, Galileo published his Discourses and Mathematical Demonstrations Relating to Two New Sciences (Discorsi e
Dimostrazioni Matematiche, intorno a due nuove scienze) in 1638 in Holland, outside the jurisdiction of the Inquisition.[267] Galileo's main written works are as follows:[268] The Little Balance (1586; in Italian: La Bilancetta) On Motion (c. 1590; in Latin: De Motu Antiquiora)[269] Mechanics (c. 1600; in Italian: Le Meccaniche) The Operations of
Geometrical and Military Compass (1606; in Italian: Le operazioni del compasso geometrico et militare) The Starry Messenger (1610; in Latin: Sidereus Nuncius) Discourse on Floating Bodies (1612; in Italian: Discorso intorno alle cose che stanno in su l'acqua, o che in quella si muovono, "Discourse on Bodies that Stay Atop Water, or Move in It")
History and Demonstration Concerning Sunspots (1613; in Italian: Istoria e dimostrazioni intorno alle macchie solari; work based on the Three Letters on Sunspots, Tre lettere sulle macchie solari, 1612) "Letter to the Grand Duchess Christina" (1615; published in 1636) "Discourse on the Tides" (1616; in Italian: Discorso del flusso e reflusso del mare)
Discourse on the Comets (1619; in Italian: Discorso delle Comete) The Assayer (1623; in Italian: Il Saggiatore) Dialogue Concerning the Two Chief World Systems (1632; in Italian: Dialogo sopra i due massimi sistemi del mondo) Discourses and Mathematical Demonstrations Relating to Two New Sciences (1638; in Italian: Discorsi e Dimostrazioni
Matematiche, intorno a due nuove scienze) In the last years of his life, Galileo Galilei kept a library of at least 598 volumes (560 of which have been identified) at Villa Il Gioiello, on the outskirts of Florence.[270] Under the restrictions of house arrest, he was forbidden to write or publish his ideas. However, he continued to receive visitors right up to
his death and it was through them that he remained supplied with the latest scientific texts from Northern Europe.[271] Galileo's will does not refer to his collection of books and manuscripts. An itemized inventory was only later produced after Galileo's death, when the majority of his possessions including his library passed to his son, Vincenzo
Galilei Jr. On his death in 1649, the collection was inherited by his wife Sestilia Bocchineri.[271] Galileo's books, personal papers and unedited manuscripts were then collected by Vincenzo Viviani, his former assistant and student, with the intent of preserving his old teacher's works in published form. It was a project that never materialised and in his
final will, Viviani bequeathed a significant portion of the collection to the Hospital of Santa Maria Nuova in Florence, where there already existed an extensive library. The value of Galileo's possessions was not realised, and duplicate copies were dispersed to other libraries, such as the Biblioteca Comunale degli Intronati, the public library in Sienna.
In a later attempt to specialise the library's holdings, volumes unrelated to medicine were transferred to the Biblioteca Magliabechiana, an early foundation for what was to become the Biblioteca Nazionale Centrale di Firenze, the National Central Library in Florence.[271] A small portion of Viviani's collection, including the manuscripts of Galileo and
those of his peers Evangelista Torricelli and Benedetto Castelli, was left to his nephew, Abbot Jacopo Panzanini. This minor collection was preserved until Panzanini's death when it passed to his great-nephews, Carlo and Angelo Panzanini. The books from both Galileo and Viviani's collections began to disperse as the heirs failed to protect their
inheritance. Their servants sold several of the volumes for waste paper. Around 1750 the Florentine senator Giovanni Battista Clemente de'Nelli heard of this and purchased the books and manuscripts from the shopkeepers, and the remainder of Viviani's collection from the Panzanini brothers. As recounted in Nelli's memoirs: "My great fortune in
obtaining such a wonderful treasure so cheaply came about through the ignorance of the people selling it, who were not aware of the value of those manuscripts..." The library remained in Nelli's care until his death in 1793. Knowing the value of their father's collected manuscripts, Nelli's sons attempted to sell what was left to them to the French
government. Ferdinand III, Grand Duke of Tuscany intervened in the sale and purchased the entire collection. The archive of manuscripts, printed books and personal papers was deposited with the Biblioteca Palatina in Florence, merging the collection with the Biblioteca Magliabechiana in 1861.[271] Catholic Church and science Seconds pendulum
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inlii miizisyenlerinden Vincenzo Galilei’dir. 5 kardesi vardir ve kardeslerin en biiyiigiidiir. Adin biiyiik bilyiik dedesinden alan Galileo, birgok dalda basarisiyla adin1 duyurmus bir bilim adamidir. Galileo, 1581 yilinda Pisa Universitesi’'nde Tip okuluna basladi. Fakat maddi durumu el vermedigi icin okulu yarida birakmak zorunda kaldi. 1583 yilinda
matematige yonelerek arastirmalar yapti. Bu dalda basarisindan dolay: Pisa’da profesor oldu. Sarkacin, yiizen cisimlerin ve kinetigin Aristo fiziginden farklh bir diisiinceyle, matematiksel olarak ele alinmasi gerektigini diisindii. Galileo, Pisa Kulesine ¢ikip asagiya agirliklar birakarak, diisen biitiin cisimlerin ayni ivmeye sahip oldugunu kanitladi ve
Aristo mantiginin yanlis oldugunu gosterdi. Galileo, astronomiye de merak salarak bu alanda da birgok arastirma ve galisma yapti. Glines merkezli astronomi fizigini gelistirdi. Kendi iirettigi teleskobuyla birgcok gok cismi izerinde arastirmalar yapti. Giinesi gézlemleyen bilim adami, Giines’in iizerindeki golgelerin aslinda etrafindan gegen gok
cisimlerinin gélgesi olmadigini, Giines’in kendi lekesi oldugunu kanitladi. O zamanlar bir arkadasinin 8. Urban olarak Papa secilmesinden cesaret alarak yazdig: “iki Kainat Sistemi Uzerine Konusmalar’* adl kitabi, 1632 yilinda yayinlandi. Fakat daha 6nce yapilan uyarilardan dolay1 Roma’da mahkemeye cagrildi ve kitabi bir yil sonra yayindan
kaldirildi. Maalesef hakkinda 6bir boyu evinde miiebbet karar: alindi. 70 yasinda eve hapsedilen bilim adami Galileo’'nun gozleri kor oldu ve 1642 yilinda vefat etti. Galileo Galilei’in buluslari: -Teleskop: Aslinda Galileo’dan oncesi mercekleri kullanarak uzag: gorme aletleri yapilmisti. Fakat Galileo, daha da ileri giderek yildizlar: ve gezegenleri
inceleyecek kadar gigli hale getirdi. 1609 yilinda yaptig: teleskopla bircok astronomik gézlemler gerceklestirmistir. Ay'in yiizeyindeki kraterler ilk kez tespit edilmistir. Kendi yaptig1 teleskobuyla Jupiter’i incelerken, Jipiter'in yakin ¢evresinde 3 kiiciik, parlak gezegen kesfetmistir. Daha 6nce incelemelerinde bunlarin yildiz oldugunu diistinen bilim
adami, sonraki incelemeler sonucu, yildiz olmayip Jipiter’'in etrafinda donen kiigciikk gezegenler oldugunu kesfetti. -Mikroskop: Gozle gorilmeyen cisimlerin incelenmesi yoniinde Galileo teleskobu icat etti. Bunun icin teleskobun silindir kismina mercekler yerlestirerek kiiciik maddelerin gorilebilmesini sagladi. 1619-1624 yillar1 arasinda da bu aletten
cok sayida iiretti. -Sarkaclar ve Saatler: Galileo’nun sarkaglar iizerinde yapti§1 arastirmalar, modern saatin ortaya ¢ikmasinda katki sagladi. Bununla ilgili Galileo’un bir hikayesi vardir: Galileo, heniiz kiigiik yaslardayken kiliseye gider ve ayin sirasinda bir adamin kafasi kandile carpar. Kandilin ileri geri sallanmasini seyrederken, kandil yavaslasa bile
hep aymi siire icinde ileri geri gittigi icin bu durum Galileo’nun dikkatini ceker. Sonraki yillarda da sarkaclarin (yani ipe bagh agirliklarin) hareketini inceler ve bilimsel bulgular tespit eder. Eskiden saat yapiminda sorun olarak karsilarina ¢ikan konularda Galileo’nun tespitleri yarar saglamistir. Bu sarkaclarla ilgili buluslarinin saatlere uygulanmasi
sayesinde var olan sorunlar ortadan kalkmis ve “tik tak tik tak” seslerini ¢ikaran modern saat yapilmigtir. - Pusula: 1597 yilinda kullanim acgisindan ¢ok faydasi olan, yon bulmada insanlara kolaylik saglayan pusulay1 ticari olarak piyasaya sundu. Yorumlar
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