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1800- Thomas Wedgwood (1771-1805) produces "sun pictures" by placing opaque objects on leather treated
with silver nitrate; resulting images deteriorated rapidly.

1816- Joseph Nicéphore Niépce (17651833) combines the camera obscura with photosensitive paper.

1826- Joseph Niépce produces the first permanent image (Heliograph) using a camera obscura and white
bitumen (Figure 1).

1829- Niépce and Louis Daguerre (1787%1851) sign a ten-year agreement to work in partnership developing their
new recording medium.

1834- Henry Fox Talbot (1800-1877) creates permanent (negative) images using paper soaked in silver chloride
and fixed with a salt solution. Talbot created positive images by contact printing onto another sheet of paper.
Tal bot 6s The Pablished/in sig ihstalvhentsubeteeen 1844 and 1846 was the first book to be
illustrated entirely with photographs.

1837- Louis Daguerre creates images on silverplated copper, coated with silver iodide and "developed" with
warmed mercury (daguerreotype).

1839- Louis Daguerre patents the daguerreotype. The daguerreotype process is released for general use in return
for annual state pensions given to Daguerre and I sidore
respectively.

1839- John Frederick William Herschel (17921871) uses for the first time the term Photography (meaning writing
with light).

1839- First unsuccessful daguerreotype of the moon obtained by Daguerre (blurred image 1 long exposure).

1839- Francois Jean Dominique Arago (17861853) announces the daguerreotype process at the French Academy
of Sciences (@anuary 7 and August, 19). Arago predicts the future use of the photographic technique in the fields
of selenography, photometry and spectroscopy.

1840- John William Draper (1811-1882) obtains the first successful (correctly exposed) daguerreotype of the
moon using a 13 cm reflector with a long focal length (20 min exposures).

1841- Henry Talbot patents his process under the name "calotype".

1842- Austrian astronomer G.A. Majocchi obtains the first photograph of the partial phase of a solar eclipse on a
daguerreotype in 1842 (July 8) (2 min exposure).

1844/1845- According to J.D. Arago, a large number of daguerreotypes of the sun were obtained by Armand
Hippolyte Louis Fizeau (181931896) and Jean Bernard Léon Foucault (18181868) at the Paris observatory. One
of these photographs, taken on April 2, 1845, still survives (Figure 2).

1849/1852- William Cranch Bond (1789-1859) and John Adams Whipple (1822-1891) obtain a series of lunar
daguerreotypes with the 38 cm Harvard refractor (40 s exposures) (Figure 3).

1850-Fi rst star photograph (U Lyrae, Vega) obtained by Joh
38 cm Harvard refractor (daguerreotype, 100 s exposure).

1851- Frederick Scott Archer (1813-1857), improves photographic resolution by spreading a mixture of collodion
(nitrated cotton dissolved in ether and alcohol) and chemicals on sheets of glass. Wet plate collodion
photography was much cheaper than daguerreotypes; the negative/positive process permitted unlimited
reproductions. The process was published but not patented.
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1851- First daguerreotype of a total eclipse of the Sun obtained by M. Berkowski, recording the inner corona and
several prominences (July, 28) (Figure 4). In Rome Angelo Secchi (1818-1878) records the partial phases of the
eclipse (daguerreotypes) (162 mm refractor, 2.5 m focal length).

1852- First wet plate collodion images of the Moon obtained by Warren de la Rue (1815-1889) using a 33 cm
reflector with 3.05 m focal length. Mount without a clock drive.

1853- J. Phillips photographs the Moon with a 159 mm refractor (3.35 m focal length) (60 s exposures ).

1854- Joseph Bancroft Reade (18011870) uses a 60 cm reflector to photograph the sun (wet collodium). These
images reveal the solar molted appearance (photosphere).

1855- Warren de la Rue publishes A series of twelve photographs of the Moon.

1856/1858- Lewis Morris Rutherfurd (1816-1892) photographs the Moon and the Sun using an achromatic
refractor of 285 mm aperture.

1857- George Philips Bond (18251 86 5) (son of W. C. Bond) photographs (wet
UMa) and Alcor (80 UMa) using the 38 cm Harvard refractor (Figure 5).

1857- Warren de la Rue obtains images of Jupiter and Saturn with a 33 cm reflector. The exposures (12 s for
Jupiter and 60 s for Saturn) were unsuccessful (the planet images measured only 1/2 mm on the plate).

1858- Warren de la Rue tries to image comet Donati without success. M. Usherwood records the comet witha 7 s
exposure.

1858- George Philips Bond shows that the magnitude of stars could be derived from astronomical photographs
(stellar photometry).

1858/1859- Warren de la Rue publishes the first stereographs of the Moon (by obtaining images at different
librations) (Figure 6).

1858/1872- Warren de la Rue obtains daily images of the Sun (weather permitting) using the Kew
photoheliograph (Figure 7). A total of 2778 Sun photographs were obtained between 1862 and 1872.

1860- Warren de la Rue photographs (wet collodion) the total eclipse of the Sun in Spain (July 18) with the Kew
photoheliograph (60 s exposures) (Figure 7). Angelo Secchi also obtains excellent photographs of the same
eclipse (Spain).

1861- Warren de la Rue mentions the possibility of conducting a photographic survey to obtain a Star Map of the
whole sky (astrometry).

1861- James Clerk Maxwell (1831-1879) demonstrates a color photography system involving three black and
white photographs, each taken through a red, green and blue filter.

1865- Lewis Morris Rutherfurd obtains excellent Moon images using a specially corrected (photographic) 290 mm
lens (Figure 8).

1864/1865- Henry Draper (1837-1882) images the Moon using a 40 cm reflector built by himself.

1871- German astronomer Hermann Carl Vogel (18411907) obtains excellent photographs of the Sun using a
294 mm refractor equipped with an electrical shutter (1/5000 to 1/8000s exposures).

1871- Richard Leach Maddox (18161902), proposes the use of an emulsion of gelatin and silver bromide on a
glass plate, the "dry plate" process.

1871- Lord (James Ludovic) Lindsay (1847 1913) photographs the total eclipse of the Sun ( December 12) at
Baikul (Figure 9).

1871- Lewis Morris Rutherfurd records the solar molted appearance with some detail.

1872- Henry Draper records for the first time a star spectrum (Vega) using a 72 cm reflector and a quartz prism.




1873- Edward Walter Maunder (1851-1928) installs at the Greenwich observatory a photoheliograph to record the
Sun on a daily basis. Maunder is best remembered for his study of sunspots and the solar magnetic cycle that led
to his identification of the period from 1645 to 1715 known as the Maunder Minimum.

1874- Pierre Jules César Janssen (18241907) develops the photographic revolver to record the transit of the
planet Venus across the face of the sun, on 8 December 1874.

1875- Henry Draper photographs the spectra of almost all the bright stars using a 29 cm lens and a quartz prism
located close to the photographic plate.

1876- William Huggins (1824-1910) uses the dry plate for the first time to record spectra. From 1876 to 1886 |,
Huggins and Miller photograph the spectra of all the first and second magnitude stars (60 min exposures).

1876/1878- In 1876 Jules Janssen presents his first solar photographs to the French Academy of Sciences (10 to
70 cm diameter). These wet collodion images were obtained with a 150 mm refractor with exposures of 1/500 to
1/6000s. During 1877/1877 Jules Janssen obtains a high number of solar photographs showing the solar
granulation (photosphere) for the first time (Figure 10).

1879- Andrew Ainslie Common (1841-1903) photographs Jupiter using his 91 cm reflector (5.30 m focal length)
(1 s exposures, images 1 mm wide).

1879/1883- Henry Draper photographs the spectra of 50 stars.

1880- Henry Draper obtains the first photograph of the Orion nebula (M 42) o n September 30. Draper used a 28
cm Alvan Clark refractor supported by an equatorial mount also built by Clark (51 min exposure) (Figure 11).
Draper obtains two other photographs of M 42 on 1881/1882 with longer exposure times (104 min and 137 min).

1881- First successful image of a comet (Tebbutt 1881 I1l) obtained by Jules Janssen on June 30. Janssen used a
dry plate and an exposure of 30 min (50 cm /3 instrument) (Figure 12). The same comet was also imaged by H.
Draper, A. Common and M. Huggins.

1882- David Gill (1843-1914), of Cape observatory, photographs the great comet of 1882 using a portrait lens of
63 mm aperture (f/4.5) (Figure 13).

1882- W. Huggins photographs of the spectrum of a nebula (M 42) for the first time (45 min exposure).

1882- Edward Charles Pickering (18461919) starts a program at the Harvard observatory using objective prisms.
This setup enabled Pickering to obtain several spectra on a single plate.

1883- Andrew Ainslie Common photographs the Orion nebula using his 91 cm reflector on January 30. The 37
min exposure reveals stars that were not detected visually, for the first time. On February 28, Common obtains a
deeper image with an exposure of 60 min (Figure 14).

1885/1886- The Henry Brothers: Paul Henry (1848-1905) and Prosper Henry (1849-1903); photograph Jupiter
and Saturn using the Paris observatory 33 cm refractor (3.43 m focal length). These were the first successful
planetary images (Figure 15).

1887- Amédée Mouchez (18211 8 9 2) hosts the first meeting of t he #(
observatory. Eighteen observatories agreed to cooperate and to adopt, as a standard design for a photographic
telescope, the 33 cm refractor developed by the Henry brothers (Figure 16).

1885/1899- Isaacs Roberts (1829-1904) obtains a long series of photographs from 1885 to 1897 and publishes
two volumes with these results (the first in 1893 and the second in 1899, both with the same title Photographs of
Stars, Star Clusters and Nebulae) (Figure 17).

1887/1899- William Edward Wilson (1851-1908) records several deep-sky images at the Daramona observatory
(Westmeath, Ireland). The Wilson photographs are practically unknown today (Figure 18).

1888/1890- William Henry Pickering (1858-1939) successfully photographs Mars using two refractors (38 cm and
32 cm aperture) at Pic du Midi observatory (France).

1890- Edward Singleton Holden (1846-1914) obtains high resolution images of the Moon using the 91 cm Lick
refractor.
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1894/1910- Moritz Loewy (1833-1907) and Pierre-Henri Puiseux (1855-1928) obtain 6000 photographs (500
nigths) of the Moon using the 60 cm Paris observatory Coudé refractor. The Atlas Photographique de la Lune
was edited from 1896 e 1910 by the Paris observatory (Figure 19).

1899- James E. Keeler (185%1900) starts a photographic survey of nebulae at the Lick observatory (Mount
Hamilton, California). Keeler used the Common reflector (91 cm aperture) that was offered to the observatory by
Edward Crossley (18411905). The images obtained by Keeler were the best of its kind until the end of the
century (Figure 20).

1889- First of a long series of wide-field deep-sky astrophotographs obtained by Edward Emerson Barnard (1857
1923) . Lick Observatory, Crocker telescope, Willard 60 I

1899- The german astronomer Julius Scheiner (1858 1913) records the spectrum of M 31 with an exposure of 7
% h proving that it was composed of individual stars.

1901/1902- George Willis Ritchey (1864 1945) obtains a series of excellent photographs of nebulae using the
Mount Wilson 60 cm reflector (Figure 22).

1903- Jules Janssen publishes his monumental work Atlas de photographies solaires (GauthiersVillars).

1909/1911- G.W. Ritchey records several star clusters and nebulae with the 1.52 m /5 Mount Wilson reflector
(exposures of up to 11 h obtained during several ni ght
(Figures 23 and 24).

1911- E.E. Barnard obtains excellent images of Saturn using the 1.52 m Mount Wilson reflector (Figure 25).

1913- E.E. Barnard publishes Photographs of the Milky Way and of Comets. Publications of Lick Observatory, vol.
11. These images were obtained from 1892 to 1895 using the Crocker telescope (Figure 26).

1918- First photographs of nebulae obtained by F.G. Pease (18811938), with the Hooker 2.54 m reflector at
Mount Wilson (Figure 22).

1924- Edwin Hubble (1889-1953), using the 2.54 m Hooker Telescope, was able to identify Cepheid variables in
the Andromeda galaxy and estimates its distance (800 000 light years). Hubble changed astronomers'
understanding of the nature of the universe by demonstrating the existence of other galaxies besides the Milky
Way.

1927- Publ i cation of Atlas of Selected Regions of the Mil
Barnard. Most of the plates included in the Atlas (40 out of 50) were obtained at Mount Wilson observatory with
the Bruce Telescope (Figures 26, 27 and 28).

1929- Edwin Hubble, based on photographs of spectra (exposures of tenths of hours), discovers that the degree
of the redshift observed in several galaxies increases in proportion to their distance to the Milky Way. This
became known as Hubble's law, and would help establish that the universe is expanding.

1929/1934- French astronomer Marcel de Kerolyr photographs nebulae and galaxies using the 80 cm f/6 reflector
of the Paris observatory astrophysics station at Haute Provence.

1934/1936- Publication of the Atlas of the Northern Milky Way by Frank E. Ross and Mary R. Calvert, Mount
Wilson and Lowell obsrevatoriees.

1936- Milton Lasell Humason (1891-1972) images galaxies at 240 000 000 light-years with the Hooker telescope.
1948- Edwin Hublle uses the 200-inch (5.08 m) Hale telescope for the first time (Figure 29).

1948/1958- The Palomar Observatory Sky Survey (POSS), was completed in 1958 (the first plates were shot in
November 1948 and the last in April 1958). This survey was performed using blue-sensitive (Kodak 103a-0) and

red-sensitive (Kodak 103a&E) photographic plates on the 48-inch (1.22 m) Samuel Oschin Schmidt telescope
(Figure 30).
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Figure 1- First known photograph of Joseph Nicéphore Niépce (@. 1826); View from the Window at Le Gras. Niépce
produced this image by exposing a bitumen-coated plate in a camera obscura for 8 hours on his windowsill.

Figure 2- Daguerreotype of the Sun obtained by Fizeau and Focault on April 2, 1845 (Paris Observatory).
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Figure 3- Lunar daguerreotype obtained by John Adams Whipple on February 26, 1852
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Figure 4- First daguerreotype of a total eclipse of the Sun obtained by M. Berkowski
on July 28, 1851. 60 mm refractor, 79 cm focal length (24 sec exposure).

Figure 5- Wet collodion image of Alcor & Mizar obtained by in 1857 by G.P. Bond using the 38 cm Harvard refractor.
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Figure 6- Two stereographs of the moon by Lewis M. Rutherfurd and Henry Draper.
Pedro R®6s private collection.

Figure 7- Kew photoheliograph (86 mm aperture, 127 mm focal length). The Kew photoheliograph
was transported to Spain by Warren de la Rue for the observation of the 1860 total eclipse of the Sun.
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Figure 8 Wet collodion Moon images obtained by Lewis M. Rutherfurd in 1865.

Figure 9- Wet collodion image of the December, 12, 1871 total Eclipse of the Sun obtained by Lord Lindsay at Baikul
(12 cm refractor, 84 cm focal length). Image obtained during a solar maximum.
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Figure 10- Solar image obtained by Jules Janssen on October 10, 1877 at the Meudon Observatory (135 mm refractor).
Solar granulation.

Figure 11- First image of the Orion nebula (M 42) obtained by Henry Draper on 1880.




Figure 12- First photograph of a comet. Image obtained by Jules Janssen on June, 30, 1881 (dry plate, 30 min exposure).

Figure 13- Photograph of the great comet of 1882 obtained by David Gill on October, 19 (Left) and November, 7 (Right).
Exposures of 30 min and 110 min respectively.
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Figure 14- Photograph of M 42 obtained by Andrew A. Common on February 28, 1883, 91 cm reflector, 60 min exposure.

15




Figure 15- Saturn and Jupiter. Images obtained by the Henry brothers (Paris Observatory) (1886).
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Figure16cPhot ographi ¢ refractor (Left) and measuring machine
Image obtained at the Tacubaya observatory (Mexico) in 1909 (Below).
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Figure 17- Photograph of M 42 obtained by Isaacs Roberts on January 15, 1896, 50 cm reflector /5, 90 min exposure.
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Figure 18- Photographs obtained by William Wilson at the Daramona observatory, 60 cm aperture Grubb reflector,
M 42 (1897), M 33 (1899) and NGC 6992 (1899), 90 min exposures.
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Figure 19- Atlas photographique de la lune, héliogravures, Paris, 1896-1910, Collections de I'Observatoire de Paris.
Images obtained on March 7, 1897.
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Figure 20- The great nebula in Orion (M 42). Photograph obtained by James E. Keeler with the
91 cm f/5.7 Crossley reflector (November 16, 1898, 40 min exposure).

Figure 21- One of the first wide -field images obtained by Edward E. Barnard.
Lick observatory, Croker telescope, 60 Wi llard | e
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Figure 22- Mount Wilson Observatory: 0.60 and 1.52 and 2.54 m reflectors (1900/1918).
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, 1.52 m Mount Wilson reflector, 3 ¥2 h exposure.
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Figure 24- M81. Image obtained by G. W. Ritchey on 1917, 1.52 m Mount Wilson reflector, 3 h exposure.




Figure 25- Saturn images obtained by E.E. Barnard with the 1.52 m telescope, Mount Wilson observatory (1911).
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Figure 26- Crocker telescope and dome (Lick observatory). Barnard, E.E. (1913). Photographs of the Milky Way and of Comets.
Publications of Lick Observatory, vol. 11, Plate 51 (Below right).




Figure 27- Bruce astrograph (Mount Wilson observatory) and Rho Ophiuchi region (4h30m exposure) (Top).
Bruce astrograph (Lick Observatory) and E.E. Barnard (1917) (Below).
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h45min exposure, July 30, 1905 (Mount Wilson observatory).




Figure 30- 48-inch (1.22 m) Samuel Oschin Schmidt telescope. Drawing by R.W. Porter
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A primeira imagem fotografica (daguerre6tipo) de uma estrela foi obtida na noite de 16 de Julho de 1850. John

Adams Whipple (1822-1891) que se encontrava a trabalhar sob a orientacdo de William Cranch Bond realizou
este primeiro daguerreétipo da estrela Vega com o auxilio do telescopio refractor de 38 cm de abertura do
Observatério de Harvard (Figura 1, Figura 2).

Figura 1- William Cranch Bond (1789 1859), telescépio refractor de 38 cm de abertura e Observatério de Harvard
(ca 1900).

Para obter esta imagem foi necessario efectuar uma exposi¢do de 100 s. Com a tecnologia existente na época as
estrelas de 12 magnitude necessitavam de tempos de exposi¢éo superiores a 60 s e as estrelas de 22 magnitude
por vezes ndo eram registadas com sucesso. Nestas primeiras tentativas ficou patente que o mecanismo de
relojoaria utilizado na guiagem do refractor era adequado para observagfes visuais, mas revelavase
insuficientemente preciso para a realizacao de exposi¢des longas.
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Figura 2- Registo do primeiro daguerriétipo da estrela Vega (U Lyrae), 16 de Julho de 1850.

Pouco tempo antes do anlncio plblico do Daguerreétipo® efectuado por Frangois Arago (1786-1853), Louis
Daguerre tentou obter sem sucesso imagens da Lua. As chapas utilizadas n&o registaram qualquer pormenor.
Estas primeiras tentativas inspiraram Arago que tentou registar fotograficamente o espectro solar igualmente sem

1 Louis Jacques Mandé Daguerre(1787-1851), recorreu ao uso de uma placa de cobre exposta ao vapor de iodo
que tinha por resultado a formacédo de uma camada de iodeto de prata. Em 1837 ao deixar uma placa guardada
num armario durante a noite, Daguerre notou, na manha seguinte, que a placa mostrava uma imagem com
alguma densidade. Por meio de um cuidadoso processo de eliminacdo, Daguerre veio a descobrir que a revelagdo
ocorreu devido ao mercurio de um termémetro quebrado. Esta conclusdo permitiu ao inventor obter resultados
satisfatdrios com apenas meia hora de exposi¢do. invencdo de Daguerre, cuja patente foi comprada pelo governo
francés e tornada publica em 19 de Agosto de 1839, produzia uma espécie de pintura em metal, o

Daguerreétipo. As imagens de Daguerre eram cépias Unicas do motivo retratado e ndo podiam ser reproduzidas.
A daguerreotipia s6 foi progressivamente abandonada apés a invengéo do processo do col6dio himido em 1851.
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sucesso. Entre 1842 e 1845 foram obtidos diversos daguerreétipos do Sol. O elevado brilho intrinseco do Sol
permitia ultrapassar a baixa sensibilidade das chapas utilizadas. Em algumas destas primeiras imagens
astronémicas era possivel observar o obscurecimento do limbo solar bem como manchas solares de maiores
dimens@es. As primeiras tentativas para fotografar um eclipse solar datam de 1842. Foi possivel registar as fases
parciais do eclipse, mas ndo a fase de totalidade?.

A Lua foi pela primeira vez fotografada com o refractor de 38 cm do observatorio de Harvard por George Phillips
Bond (1825-1865), filho de W.C. Bond, auxiliado por John Adams Whipple que efectuou uma série de imagens
experimentais em 1850. As imagens lunares obtidas tinham um didmetro de 125 mm. Estas imagens lunares
foram expostas em 9 de Maio de 1950 numa das reuniées da Royal Astronomical Society tendo sido atribuida a
Bond uma medalha de reconhecimento.

Em 1840, o fotografo amador americano John William Draper (1811-1889) obteve imagens da Lua com apenas
alguns segundos de exposicao. Draper realizou igualmente alguns daguerreétipos do espectro solar com o auxilio
de uma rede de difrac¢éo.

Com a introdugdo do Colddio humido, as exposi¢Bes utilizadas para registar alguns objectos astrondmicos mais
brilhantes (e.g. Sol e Lua) diminuiram consideravelmente. O astrénomo amador inglés Warren De la Rue (1815
1882) obteve com sucesso imagens linares em 1852 utilizando um telescépio reflector de 33 cm de abertura.

Lewis M. Rutherford (1816-1892) construiu em 1864 o primeiro telescopio fotografico com o intuito de obter
imagens astrondmicas. As objectivas fotograficas da época eram corrigidas para os comprimentos de onda do
espectro electromagnético em que o olho humano é mais sensivel. As chapas fotograficas ao contrario, eram
mais sensiveis na regido azul do espectro, pelo que a objectiva fotografica construida por Rutherford tinha uma
correccao distinta. Realizou com este instrumento mais de 1400 astrofotografias de excelente qualidade (Figura
3).
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Figura 3- Fotografia lunar obtida por Lewis M. Rutherford em 6 de Margo 1865.

2 As primeiras imagens fotograficas (daguerre6tipos) de um eclipse solar total foram obtidas por Berkowski em
Konigsbert (2Lewis Morris Rutherfurd8 de Julho de 1851). Em 1860 Warren de la Rue e Angelo Secchi fotografam
as proeminéncias e a coroa solar durante o eclipse de 18 de Julho de 1860 em Espanha. Estas imagens
registaram claramente a coroa solar e as proeminéncias ou protuberancias provando que estas eram de origem
solar e ndo lunar como se pensava na época.
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John Herschel (1792-1871) propds pela primeira vez a realizagdo de observagdes fotograficas do Sol. Com este
objectivo a Royal Society de Londres construiu e instalou um fotoheliégrafo no observatério de Kew. Este
instrumento idealizado por Warren de la Rue tinha uma abertura de 89 mm e projectava, com o auxilio de uma
ocular, uma imagem do Sol com 100 mm de di@metro. Utilizando este instrumento, o Sol foi fotografado
diariamente entre os anos de 1858 e 1872 (Figura 4).

Figura 4- Warren De la Rue e o fotoheliégrafo de Kew (esquerda). Observacéo do eclipse total do Sol visivel em
Espanha, em 18 de Julhode 1860 (direita). Primeira imagem fotogréafica da coroa solar e proeminéncias obtidas
durante o eclipse.

Os registos fotogréaficos dos transitos de Vénus que ocorreram em 1874 e 1882 foram a primeira tentativa de se

detectar a paralaxe solar e consequentemente determinar a distadncia da Terra ao Sol (unidade astronémica).

Inimeras equipas de astronomos espalhadas por diversos locais do globo observaram e registaram o fenémeno
utilizando técnicas diversas (daguerreoétipos, placas humidas e placas secas). De um modo geral, os resultados
obtidos ndo foram satisfatorios devido, sobretudo a dificuldade em cronometrar com rigor os diversos contactos

com o disco solar (efeito de fAgotao provocado pel a

Figura 5- Fotografia do Transito de Vénus de 1874 (local desconhecido).
De acordo com os registos (relatérios anuais) efectuados pelo director do observatério de Harvard (W.C. Bond)

as primeiras tentativas para registar fotograficamente a superficie solar foram efectuadas em 1848. Nesse
relatério pode ler-se:
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AiThe physical condition of the sunés disc has been att

admitted of distinct delineation. Some experiments made with the Daguerreotype and Talbotype processes, for
the purpose of obtaining impressions from the image formed by the telescope, have not been attended with
complete success. The application of these processes to astronomical purposes is met by a serious difficulty in the
variable refraction of the atmosphere. However, we do not despair of ultimate success, when our time and means
are adequate to the requisite expenditureo

O registo seguinte data de 1850:

iThe smaller equatori al has occasionally been wused
valuable purpose when place, as it is intended, in the dome of the new building, where, in connection with the
comet-searcher, and the requisite apparatus for photographic operations, it can be used more efficiently than in

its present situationo.
No mesmo relatério é referida pela primeira vez a fotografia estelar com o auxilio do refractor de 38 cm:

AWith the assistance of Mr Whipple, daguerreotypist
Lyrae). We have reason to believe this to be the first successful experiment of the kind ever made, either in this
country or abroad. From the facility with which these were executed, with the aid of our great equatorial, we
were encouraged to hope that the way is opening for further progress. If it should prove successful when applied

to stars of l ess brilliancy than U Lyrae, so as t
advantages would be incalcul ableo.

Durante o ano de 1852, Whipple realizou numerosos daguerredtipos da Lua, estrelas e enxames estelares. O
seguimento deficiente (movimento sideral) e a baixa sensibilidade das chapas dificultaram seriamente estas
primeiras experiéncias. Ap6s 1852 ndo sédo feitas quaisquer refereréncias a registos fotogréficos realizados com o
refractor de 38 cm.

Com a introducao das chapas huamidas, G. P. Bond retomou, no inicio de 1857, as tentativas de obter imagens
estelares de boa qualidade. Conseguiu, utilizando o referido refractor munido de um novo mecanismo de
relojoaria, obter imagens da estrela dupla Mizar (z UMa) e Alcor (80 UMa) com uma exposi¢do de 80 s. Bond
refere pela primeira vez que o processo fotografico permitia determinar com rigor a posicéo relativa das estrelas
(astrometria). Notou igualmente que a dimensdo da imagem registada era directamente proporcional a
magnitude da estrela (fotometria estelar) (Figura 6).

Figura 6- Imagens da estrela Mizar e Alcor. Colddio humido obtido em 8 de Maio de 1857
com o refractor de 38 cm do observatorio de Harvard.

G.P. Bond mediu o dngulo de posicao e a separacao desta estréla dupla tendo obtido resultados consistentes e de
grande qualidade. Estes primeiros resultados foram publicados na revista Astronomische Nachrichten em 1858 e
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1859. Durante o ano de 1860 e de acordo com os resgistos do observatério, foram obtidos cerca de 70
daguerre6tipos e 200 a 300 colédios himidos da Lua, estrelas e planetas. Foi somente apds o aparecimento das
chapas secas que a fotografia astrondmica foi retomada de um modo sistematico no observatério de Harvard
pelos irmédos E.C. Pickering (18461919) e W.H. Pickering (1858-1939). O observatorio iniciou em 1882 um
programa de investigacdo que conduziu a obtengdo de uma das maiores e mais bem conservadas colecc¢des de
astrofotografias que contabiliza cerca de 500 000 imagens obtidas entre os anos de 1882 e 1989.

Bibliografia
1 Holffleit, D. (1950). Some firsts in astronomical photography. Harvard College Observatory, Cambridge

Massachusetts: 39pp.
1 Holffleit, D. (1950). The first stellar photograph. Sky and Telescope, July issue: 207 -210.
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HISTORIA DAASTROFOTOGRAFIAIMAGENS QUE
MUDARAM A HISTORIA DA ASTRONOMIA

Pedro Ré
http://pedroreastrophotography.com/

PRIMEIRAFOTOGRAFIASJNARES

A primeira imagem fotografica do nosso satélite é atribuida a Loius Jacques Mandé Daguerre (1787
1851) inventor do daguerreétifoL. Daguerre obteve em 1839 uma imagem da Lua que, apesar do
longo tempo de exposi¢cdo, apenas revelou uma mancha difusa. Em 23 de Marco de 1840, John
William Draper (1811882) obtém no seu observatério de Nova York, com vinte minutos de
exposicao, um daguerreétipo da Lua. Nas semanas seguintes regista diversas imagens da Lua com 2,
e 3 cm de diametro e trinta minutos de exposicdo, recorrendo ao uso de um telescopio reflector com
13 cm de abertura. Infelizmente estes daguerreétipos nao foram conservados até aos nossos dias. A
fraca sensibilidade das placas, aliada a luminosidade reduzida da Lua, implicavam o uso de
mecanismos de relojoaria sofisticados, que Draper ndo possuia.

O observatoério de Harvard, entre os anos de 1849 e 1851, realiza uma série de fotografias da Lua sob
a direccao de John William Whipple (182891) e William Cranch Bond (178859) (Figura 1).

A partir de 1852, encorajado pelo exemplo de Whipple e Bond, o astrbnomo amador inglés Warren
de La Rue (1815889) obtém numerosas fotografias da Lua granjeando uma enorme reputagdo no
meio cientifico da época. Em 1855 publica em Nova York um conjunto de fotografias de diversas
FlLasSa RI [ delSeridsyofi iweéldzt Phd®graplis of the Moo ! LJls & G SNJ 4AR
membro da Academia Real de Londres e da Academia de Ciéncias de Paris, W. De La Rue é enviadd
Espanha para fotografar o eclipse total do Sol que ocorreu ent1860

Lewis Morris Rutherfurd (1818892), astrbnomo amador americano, realiza a partir de 1856
numerosas fotografias da Lua com elevada qualidade (Figura 2). Estes primeiros trabalhos
fotograficos sdo difundidos pelos Estados Unidos da América e pela Europa fora do meio cientifico:

GOF NIIS RS OAaAilSéEsS FYLXEALFLoepSa S LERNIT2t%A2a8 0S8Y

Francois Arago (178B353), directordo observatorio de Paris e secretario da Academia das Ciéncias
foi um dos primeiros astronomos a compreender que a fotografia astronémica seria adoptada
rapidamente por todos os observatorios. Na sessdo da Academia das Ciéncias de 9 de Janeiro de
1839 e mais tarde em 3 de Julho do mesmo ano, diante da camara de deputados, refere:

30 processo do daguerreotipo foi introduzido em 1839 por L. Daguereontinuagdo dos trabalhos que

levou a cabo em colaboracdo com Nicéphore Niépce (1B836). O daguerredtipo consiste numa placa de
cobre revestida por uma camada de prata que € tornada sensivel a luz pelo contacto com vapores de iodo. A
imagem é revelada com vapores de mercurio. Conforme a incidéncia da luz na placa, a imagem surge negativa
ou positiva.

“Warren De la Rue e Angelo Secchi fotografam pela primeira vez as proeminéncias e a coroa solar durante o
eclipse de 18 de Julho de 1860 em Espanha. Estas imagens registaram claramente a coroa solar e as
proeminéncias provando que estas eram de origem solar e ndo lunar como se pensava na época.

5As estereoscopias correspondem a duas fotografias do mesmo objecto. Representam o objecto como o
observador o veria olhando alternadamente com o olho direito e com o esquerdo. Colocadas num visor
estereoscopico, reunerse sobre a retina numa Unica imagem, dando uma sensacdo de relevo e de
profundidade.
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Figura 1 Daguerredtipo da Lua obtido em 26 de Fevereiro de 1852 por John William Whipple.

Observat6rio de Harvard.
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Figura 2 Fotografia da Lua obtida por Lewis Morris Rutherfema 1865. Prova em papel albuminado obtida a
partir de um negativo em vidro (Colédio humido).
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Figura 3 Vista estereoscopica da Lua. Warren de La Rue, 1869. Provas sobre papel albuminado.

Sublinha ainda:

dS LKEAAOASY LIR2dZNNI LINPOSRSNE RSa2NX¥IFAAZ LI NJ
LI NJ f SdzNA STFFSdGaod {Nf & (GNRBdzS RS tQdziAfAlSE
Soleil, des rayons trois cent mille fois plus faibles de la Lune, des rayons des étoiles

O observatorio de Lick (Mount Hamilton) sob a direccdo de Edward Singleton Holderl 91846

inicia a publicagdo de um atlas lunar em 1896 tendo como base fotografias obtidas com a luneta de
91 cm de abertura. A fraca qualidade das imagens obtidas por Holden fez com que este projecto
fosse abandonado.

William Pickering (1858938) publica em 1903 um AtlaBhotographic Atlas of the Modprgue
continha diversas reprodugdes, permitindo o estudo do relevo lunar em cinco fases distintas de
iluminag&o. Tratavae de um atlas popular com imagens de fraca qualidade.

Em Franca, o observatdrio de Paris realiza numerosas fotografias lunares entre os anos de 1894 e
1909. Menos de 60 anos apos o discurso de F. Arago perante a Academia, Moritz Loevi@QI333

e PierreHenri Puiseux (1855928), assistidos por Charles Le Morvan, iniciam um extenso trabalho
fotogréafico €a. 14 anos) que culminara no primeiro Atlas fotografico do nosso satélite. Este Atlas foi
utilizado até 1960, ano em que as imagens obtidas por sondas espaciais o tornam obsoleto.

Os dois astronomos franceses obtém cerca de 6000 fotografias repartidas por cerca de 500 noites de
observacdo. Uma grande parte destas fotografias sdo destruidas por ndo terem a qualidade
necessaria para a realizacao do Atlas. Actualmente sdo conservadas na biblioteca do observatério de
Paris cerca de 2000 chapas de vidro (gelatinobrometos) com 18x24 cm (Figura 4, Figura 5).

O instrumento utilizado foi a grande equatorial coudé do observatério de Paris. Este telescopio foi
construido em 1891 e pesava cerca de 16 toneladas. Gragas a um sistema de espelhos, o observadog
podia permanecer imével junto & ocular. A luneta tinha uma objectiva com 60 cm de abertura e uma

distancia focal de 18 m (F/30). Além de uma objectiva visual a luneta possuia também uma objectiva
fotografica, ambas construidas nas oficinas do observatério de Paris por M.M. Henry. A montagem
Sljdzl G2NRIf F2A O2yaidNUzZNRI LISt | Gal Aaz2y DI dziK
instalaram lunetas coudé idénticas: Lyon (1887), Alger et Besancon (1890) e Nice (1892).
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Uma particularidade interessante desta luneta era ao facto de se poder adaptar facilmente no plano
focal um chassis fotogréfico (Figura 6). Este chassis podia movirsentar intermédio de um
mecanismo de relojoaria que permitia efectuar correcgbes durante as exposicdes (sobretudo em

Declinacéao).

DISERVATOINE WK PN

ATLAS PHOTOGRAPINOUE DE KA LUNE

Figura 4 Moritz Loewy (1833.907) (esquerda) e Piertdenri Puiseux (1855928) (centr). Atlas
photographique de la lune, héliogravurdaris, 1894910, Collections de I'Observatoire de Paris (direita).

Figura 5Atlas photographique de la lune, héliogravur@aris, 1894.910.Exemplar existente na
biblioteca do Observatério Astronémico de Lisboa (OAL).
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Figura 6 Equatorial coudé do observatério de Paris: aspgeial (esquerda); chassis fotografico (direita).
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PRIMEIRAFOTOGRAFIASTELARES®LARES

A primeira imagem fotografica (daguerreétipo) de uma estrela foi obtida na noite de 16 de Julho de
1850. John Adams Whipple (182291) que se encontrava a trabalhar sob a orientacdo de William
Cranch Bond realizou este primeiro daguerreétipo da estrela Vega com o auxilio do telescopio
refractor de 38 cm de abertura do Observatorio de Harvard (Figura 7, Figura 8).

Figura 7William Cranch Bon(l7891859), telescépio refractor de 38 cm de abertura e Observatério de
Harvard (ca 1900).

Para obter esta imagem foi necessério efectuar uma exposicao de 100 s. Com a tecnologia existente
na época as estrelas de 1* magnitude necessitavam de tempos de exposi¢cao superiores a 60 s e a
estrelas de 22 magnitude por vezes ndo eram registadas com sucesso. Nestas primeiras tentativas
ficou patente que o mecanismo de relojoaria utilizado na guiagem do refractor era adequado para
observacdes visuais, mas revelse insuficientemente preciso para a realizacdo de exposicoes
longas.
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Figura 8 Registo do primeiro daguerriétipo da estrela Vegayrae), 16 de Julho de 1850

Entre 1842 e 1845 foram obtidos diversos daguerreoétipos do Sol. O elevado brilho intrinseco do Sol
permitia ultrapassar a baixa sensibilidade das chapas utilizadas. Em algumas destas primeiras
imagens astrondmicas era possivel observar o obscurecimento do limbo solar bem como manchas
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solares de maiores dimensdes. As primeiras tentativas para fotografar um eclipse solar datam de
1842. Foi possivel registar as fases parciaisctipse,mas nédo a fase de totalidatle

John Herschel (1792871) propds pela primeira vez a realizacdo de observacdes fotograficas do Sol.
Com este objectivo a Royal Society de Londres construiu e instalou um fotoheliografo no
observatério de Kew. Este instrumento idealizado por Warren de la Rue tinha uma abertura de 89
mm e projectava, com o auxilio de uma ocular, uma imagem do Sol com 100 mm de diametro.
Utilizando este instrumento, o Sol foi fotografado diariamente entre os anos de 1858 e 1872 (Figura
9).

Figura 9Warren De la Rue e o fotohelidgrafo de Kew (esquerda). Observacéo do eclipse total do Sol visivel em
Espanha, em 18 de Julho de 1860 (direita). Primeira imagem fotografica desotapa proeminéncias obtidas
durante o eclipse.

Os registos fotograficos dos transitos de Vénus que ocorreram em 1874 e 1882 foram a primeira
tentativa de se detectar a paralaxe solar e consequentemente determinar a disténcia da Terra ao Sol
(unidade astrondmica). InUmeras equipas de astrénomos espalhadas por diversos locais do globo
observaram e registaram o fenémeno utilizando técnicas diversas (daguerre6tipos, placas humidas e
placas secas). De um modo geral, os resultados obtidos ndo foram satisfatérios devido, sobretudo a
RATAOdZ RIFRS SY ONRBY2YSUOGNINI O2Y NRARIZ2NI 24 RAGSNH
provocado pela atmosfera do planeta) (Figura 10).

6 As primeiras imagens fotograficas (daguerreotipos) de um eclipse solar total foram obtidas por Berkowski em
Konigsbert (28 de Julho de 1851). Em 1860 Warren de la Rue e Angelo Secchi fotografam as proeminéncias e
coroa solar durante o eclipse de 18 de Julho de 1860 em Espanha. Estas imagens registaram claramente a
coroa solar e as proeminéncias ou protuberancias provando que estas eram de origem solar e ndo lunar como
se pensava na época.
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Figura 10Fotografia do Transito de Vénus de 1874 (local desconhecido).

De acordo com os registos (relatérios anuais) efectuados pelo dirdotobservatério de Harvard
(W.C. Bond) as primeiras tentativas para registar fotograficamente a superficie solar foram
efectuadas em 1848&\lesse relatério pode lese:

G¢KS LIKeaArAlolt O2yRAGAZ2Y 2F (KS adzy Qa RA&AO KI &
has admitted of distinct delineation. Some experiments made with the Daguerreotype and Talbotype
processes, for the purpose of obtaining impressions from the image formed by the telescope, have not
been attended with complete success. The application of these processes to astronomical purposes is
met by a serious difficulty in the variable refraction of the atmosphere. However, we do not despair of
dzft GAYI 0SS adz00S&aaszx ¢gKSYy 2dz2NJ GAYS YR YSIFya I NB

O registo seguinte data de 1850:
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a most valuable purpose when place, as it is intended, in the dome of the new building, where, in
connection with the cometearcher, and the requisite apparatus for photographic operations, it can
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No mesmo relatério é referida pela primeira vez a fotografia estelar com o auxilio do refractor de 38
cm:

G2 AGK GKS lFaaradaglryOoS 2F aN) 2KALLX S RIF 3dzSNNEB2
star Vegal{ Lyrae). We have reason to believe this to be the first successful experiment of the kind
ever made, either in this country or abroad. From the facility with which these were executed, with
the aid of our great equatorial, we were encouraged to hope that the way is opening for further
progress. If it should prove successful when applied to stars of less brilliancy ltlyae, so as to
AAGS dza O2NNB OO LIAOGdZNBEa 2F R2dzwtS |yR Ydz GA LM

Durante o ano de 1852, Whipple realizou numerosos daguerreétipos da Lua, estrelas e enxames
estelares. O seguimento deficiente (movimento sideral) e a baixa sensibilidade das chapas
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dificultaram seriamente estas primeiras experiéncias. Apos 1852 nao sao feitas quegderéarcias
a registos fotogréficos realizados com o refractor de 38 cm.

Com a introducéo das chapas humidas, G. P. Batochou, no inicio de 1857, as tentativas de obter
imagens estelares de boa qualidade. Conseguiu, utilizando o referido refractor munido de um novo
mecanismo de relojoaria, obter imagens da estrela dupla Mz&Ma) e Alcor (80 UMa) com uma
exposicao de 80 s. Bond refere pela primeira vez que o processo fotografico permitia determinar com
rigor a posicdo relativa das estrelas (astrometria). Notou igualmente que a dimensdo da imagem
registada era directamente proporcional a magnitude da estrela (fotometria estelar) (Figura 11).

Figura 11lmagens da estrela Mizar e Alcor. Col6dio humido obtido em 8 de Maio de 1857
com o refractor de 38 cm do observatorio de Harvard.

G.P. Bond mediu o angulo de posicdo e a separacdo desta estréla dupla tendo obtido resultados
consistentes e de grande qualidade. Estes primeiros resultados foram publicados na revista
Astronomische Nachrichteam 1858 e 1859. Durante o ano de 1860 e de acordo com os registos do
observatério, foram obtidos cerca de 70 daguerreétipos e 200 a 300 coldodios humidos da Lua,
estrelas e planetas. Foi somente ap6s 0 aparecimento das chapas secas que a fotografia astronémica
foi retomada de um modo sistematico no observatério de Harvard pelos irmaos E.C. Pickerirg (1846
1919) e W.H. Pickering (188839). O observatério iniciou em 1882 um programa de investigacao
gue conduziu a obtencdo de uma das maiores e mais bem conservadas colec¢bes de astrofotografiag
que contabiliza cerca de 500 000 imagens obtidas entre os anos de 1882 e 1989.

PRIMEIRAFOTOGRAFIAS DE UNMKEBULOSA

A primeira fotografia de uma nebulosa foi obtida por Henry Draper (1882) em 30 de Setembro
de 1880, cerca de 30 anos depois do primeiro daguerreétipo de uma estrela.

Henry Draper, com apenas 13 anos de idade, ajudou o seu pai (John William Drag8831ém
inameros trabalhos fotograficos, nomeadamente na realizacdo de daguerredtipos de imagens
microscopicas (1850). Com 17 anos ingressa na Universidade onde estuda medicina. Em 1857
escreve uma tese profusamente ilustrada com dagerreétipos obtidos com o auxilio de um
microscopio. Apos ter completado a sua tese, Draper com apenas 20 anos, viaja pela europa e visita
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o Leviatd de Parsonstown. Foi durante esta deslocacdo que Henry Draper comeca a demonstrar um
elevado interesse pelas aplicacdes fotograficas em astronomia.

A maioria dos astrobnomos contemporaneos de Draper ndo eram tao entusiasticos relativamente as
aplicacdes fotograficas em astronomia. Agnes Clerke, célebre historiadora da astronomia no século
XIX escreve em 188& proposito das imagens fotograficas obtidas por Bond:

daoddat AIKEG SyO02dzNI ISYSyid o6& RSNAGSR FTNRY (KSY

Henry Draper constr6i um observatério astronémico em Hastimgsludson equipado com um
NBFNI OG2NJ RS mmé o6nHy OYO S dzy NBFE SOG2NI RS Hy
tdzof AO2dz SY mycn dzYl SEGSya&al Y2y23INl FAl &20NB
(39 cm) que constituiu uma referéncia essencial para todos os construtores de telescépios da época
(Figura 12).

O transito de Vénus ocorrido em 1874 constituiu uma excelente oportunidade para se usarem
algumas técnicas fotograficas no registo preciso deste importante acontecimento astrondmico.
Draper, era neste periodo, professor de fisiologia e director da Faculdade de Medicina de Nova
lorque tendo adquirido uma enorme experiéncia no registo fotografico de diversos objectos celestes
(Lua sobretudo) bem como no registo de espectros do Sol e das principais estrelas. Por este motivo,
foi nomeado responsavel pela seccdo fotogréafica da equipa americana destacada para observar o
transito de Vénus. Apesar dos resultados obtidos n&o terem sido totalmente satisfatorios, Draper
recebeu uma medalha de ouro atribuida pelo Congresso Americano pelo trabalho desenvolvido na
preparagdo das observagoes fotograficas.

FRETUSS AN PRI EITRe 5 & Yowlaee

UN THE COXSTRECTIOY
SILVERED GLASS TELESCOPE,
170 CAR 1N PELRATIAL runTeusarey

BESKEY BRAKER, %,

Figura 12Henry Draper (esquerda), observatorio (centro) e monografia sobre a construcéo de telescopios
reflectores (direita).

ApoOs o transito de Vénus, a grande maioria das fotografias astrondmicas foram realizadas sobretudo
por astrénomos amadorésk exactamente neste periodo que Draper realiza as primeiras imagens de

" Clerke, A. (1885History of Astronomy in the Nineteenth Centuky& C. Black, London.

8 Draper, H. (1864). On the construction of a silvered glass telescope, fifteen and a half inches in aperture, and
its use in celestial photographgmithsonian Contributions to Knowledge

9 Lankford, J. (1984). The impact of photography on astronomy. In The general history of astronomy, Vol. 4
Astrophysics and twentietoentury astronomy to 1950: Part A.
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uma nebulosa. A utilizacdo do colddio humido impedia a realizagdo de exposi¢des longas uma vez
que as placas secavam rapidamente. Draper visita William Huggins no seu observatorio situado na
periferia de Londres e utiliza pela primeira vez placas de gelatmmeto de placa que tinham a
vantagem se serem secas e mais sensiveis relativamente ao col6dio humido. Com o auxilio destag
placas, Draper pode levar a cabo pela primeira vez as longas exposi¢cdes necessarias para registar d
um modo satisfatorio imagens de nebulosas.

Realiza assim a primeira fotografia da nebulosa de Orion (M 42) em 30 de Setembro de 1880. Escreve
uma breve comunicacao que envia par@merican Journal of Scienaende refere muito poucos
RIR2a &a20NB Sadl LINAYSANI AYFI3ISYd 5NI LISNJ dza 2 dz
min. Nesta mesma nota refere a sua intencao de:

GoxXo 4G +ry SFENX@&@ RIGS G2 LdzmtAiakK I RSGFAT SR RS

Apesar disso, Draper resolve publicar unicamente a imagem e ndo uma descri¢cdo técnica da mesma,
As imagens foram impressas em cartdo (dimensdo aproximada da 15x15 cm) com a seguinte
descrigao:

GCANRG LIK20G23INI LK 2F  ySodzZ I Ay (Figdhla)y® ¢ { Sy

Draper nunca mencionou que tipo de emulsdo (gelabnameto de prata) usou para obter esta
primeira imagem apesar de ter referido varias vezes a elevada qualidade das chapas disponibilizadas
pela firma Wratten & Wainwright.

O facto de Draper nunca ter descrito de um modo pormenorizado esta primeira imagem pode estar
relacionada com o facto de ter obtido pouco tempo depois uma imagem de melhor qualidade da
mesma nebulosa com uma exposicdo de 104 min. Em Mar¢co de 1882, Draper efectua uma nova
exposicdo da nebulosa desta vez com 137 min, que revela ainda mais pormenores. Esta imagem foi
reproduzida (fotolitografia) por Edward Singleton Holden no final da sua importante monografia
sobre a nebulosa de Origh

A propésito destas imagens Draper escreve a Holden referindo:

G¢KS SELR&AINBE 2F GKS hNA2Yy ySodzZ | NBIdANBR 61 &
RNAGAYy3 Of 201 K¢

10Holden, E.S. (1882). Monograph of the Central parts of the Nebula of Orion. Washington Astronomical
Observations for 1878 Appendix I.
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TAKEN BY PROFESSOR HENRY DRAPER, M.D

September 80%, 1880, Exposure Bl minutes,

The picture is an Artotype enlargement by Harroun & meuulK\Mm the original
negative. The large stars, being much brighter than the Nebula, l)n greatly over-
expor»e(l In the Jowar right hand &rner ig ayohotograph of the Tmp-vmm alon,
with only Sfninutss exposure. "% ‘ = -

Figura 13Primeira fotografia de uma nebulosa (M 42) obtida por Henry Draper em Setdenbro
de 1880.

A exposicéo de 137 min (Figura 14) é descrita numa adenda a monografia de Holden:

a!'559b5,ad tl hehDw! tl L/ w9{][¢{ hC 5wd | 9bw, 5
Orion was made by Dr. HENRY DRAPER in September, 1880, and the unavoidable delay which h
occurred in printingthe present memoir enables me to include an account of the astonishing results
which he has attained. A woarit which | had prepared from his first photograph was found to be so
unsatisfactory that Dr. DRAPER most generously offered to supply the necessary photolithographic
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reproductions of his last negative (taken March 14, 1882) to accompany the brief account | had
LINBLI NER® 6X0 L NBI|jdzSAGSR 5N 5w!t9w (G2 LINBSLI|NB
and | print below a memorandum which he has kindly furnished.

Figual4C2 2 IN} FAI RI ySodzZ 2aF RS hNRA2Yy o1 SyNE 5N LISNE
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"MEMORANDUM TO ACCOMPANY THE PHOTOGRAPH OF THE NEBULA IN ORION SEN
PROFESSOR HOLDEN FOR HIS MEMOIR. BY HENRY DRAPER, M. D. As far as | know, no photog
any nebula has been taken except in my observatory. The first photograph of the nebula in Orion was
made on September 30, 1880, with my CLARK telescope of 11 inches aperture and an exposure of 5
minutes. It comprised the brightest parts of the region in the neighborhood of the trapezium and
showed the condensed masses wellMarch 1881, a number of photographs of this object were
taken, the best being on March 11 with an exposure of 104 minutes. By comparison with the former
picture this made a marked advance, and minute stars down to the 14.7 magnitude of POGSON'S
scale were shown. An account of it was read before the French Academy of Sciences and printed i
the Comptes Rendus, April 18, 1881. On March 14, 1882, the negative was made from which the
photolithographic enlargement in this memoir was produced. The instrument used was the CLARK
telescope of 11 inches aperture mounted on the equatorial stand and driven by the clock which | had
constructed. The exposure was from 7h 08m to 9h 25; that is, 137 minutes: gélatinme plates

were employed. The night was clear but cold and windy. The mean temperature was 27 Fahrenheit;
the wind NNW and in gusts, the strongest pressure being 5 pounds per square foot about nine o'clock;
the whole travel of the wind during the exposure was 35 miles. The variation in the force of the wind
is one reason why the stars show some ellipticity under this magnifying power; the gusts of course
displaced the telescope somewhat, though the mounting is firm andltgekworkstrong. In the
photograph the larger stars are much overexposed, the proper time to make a good picture of the
trapezium being about 2 minutes. The twinkling of these stars is therefore recorded on the sensitive
plate andgives to them an excess of size. If a photograph should be taken on a steady night the stars
of the trapezium would be easily separated, and in the original negative of this picture, in a strong
light, the separation can be seen. The variation in size of the stellar images gives an idea of the
relative magnitude of the stars, though that estimate requires correction for the color of the stars. It
must be remembered that no one enlargement can do justice to the original negative; various
exposures, various intensities of light, and various points of view are necessary for a complete
examination. During the month d&flarch 1882, | also made four photographs of the spectrum of the
nebula in Orion, which is described in the number of the American Journal of Scidvies 1&82.

Two of these were made with the slit spectroscope that | usually employ for photographing spectra of
the stars and they show two lines in the ultrialet plainly, beside the traces of two others. The-first
mentioned two are hydrogeh, <4340, and hydrogen & 4101; the others are too faint to give a

good estimate of thavavelength The other spectrum photographs, taken without a slit, show that

two of the condensed masses preceding the trapezium give a continuous spectrum, and, therefore,
contain either gas under pressure, or liquid, or solid matter.271 MADISON AVENUE, New York, Apri
HPZ MYyyHEOD
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Figura 15Desenho da nebulosa de Orion efectuado por G.P. Bond com o refractor de 38 cm do observatério
de Harvard

Holden na referida monografia, descreve de um modo pormenorizado a maioria das observagdes
(sobretudo visuais) efectuadas até 1882 da nebulosa de Orion. Subsistia a divida se a nebulosal
apresentava alteracdes na sua forma e briHolden refere a no final da sua monografia:

a! f GK2dAK A0 A& adatt G22 az2z2y (2 3IAGS |+ FAY
Draper, | cannot refrain from pointing out some of the conclusions which may be drawn from this

marvelously perfect representation of the nebula. If we compare the engraving of G.P. Bond visual
observation (Figura6) we shall be able best to appreciate the important advance which has been
made. BOND'S engraving is the most accurate drawing that has been made, even as a map, and as 4
picture it is decidedly the best representation of a single celestial object which we have by the old
methods. The work of observing alone extended over years and consumed many precious hours. |
have before said how much labor was spent upon the mechanical execution of the steel plate; scores
of revises were criticized and read. Dr. Draper's negative was made in 137 minutes, and for nearly
every purpose is incomparably better than the other. The color and tint of the nebula, which is

wonderfully preserved in BOND'S engraving, is lost in the photograph; and yet, if the latter is held up
between the eye and a window, the pictorial effect is most striking. The amount of preparation for

the two works is not to be estimated by years or hours, but it may be left out of account in a

O2YLI NRaz2yd® LG NBIldANBR GKS 0Said SF¥FF2Nla 2F S|
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Draper pretendia realizar fotografias com um tempo de exposicdo superior. Com esta finalidade
projecta uma montagem equatorial que Ihe permitia atingir 6 h de exposicdo sem ter que inverter a
posicao do telescépidNuma carta que escreve a E.S. Holdem refere:

L GKAY]l 6S N8B o0& y2 YSiya a4 (K
FYy20KSN) aGSL) F2NBFNR gAff NBadz ¢

-

S SyR 2F 4KI
o)

Infelizmente Draper morre em 1882 sem ter podido completar a nova montagem. A sua vilva
SailoStSOS SY mMyyc 2 a1l SYNE 5NILISNI aSY2NRIf ¢
Harvard onde é utilizado para obter numerosas fotografias de espectros estelares.

As imagens obtidas em 1883 por Andrew Ainslie Common {18d3) e por Isaac Roberts (1829
1904) em 1886 revelem um numero muito mais elevado de pormenores na nebulosa de Orion
(Figura 16). Common utilizou um teelscopio reflector de 91 cm de abertura e uma exposicao de 60
min'!. Roberts recorreu a um reflector de 50 cm e a uma exposicédo de 90 min.

Figura 16Fotografias de nebulosa de Orion obtidas por A.A. Common (esquerda) e por |. Roberts (direita).

A fotografia de Commoifoi incluida no frontispicio da obra de A. Clerck sobre a histéria da astronomia no
século XIX. A propdsito dos avancos proporcionados pela astrofotografia, esta autora menciona:

Gt K2:G23aNF K& YIed (KSNBoe 0SS alFlAR (2 KIFI @S RSTAYAGADS
since this one impression embodies a mass of facts hardly to be compassed by months of labor with the pencil,
and affords record of stupendous object it delineates, which must prove invaluable to the students of its future
O2YyRAGAZYE O

Sources:

Bajac, Q., A. de G. Saldyr (2000)Dans le champ des étoiles. Les photographes et le ciel-gD8EY) Editions
de la Réunion des musées natioanaux.

Barnard, E.E. (1905). The Bruce photographic telescope of the Yerkes ObseAstiayhysical JournaPl:
3548

Barnard, E.E. (1913). Photographs of the Milky Way and of Comdilications of Lick Observatowmpol. 11.

11 As fotografias de Commomostram pela primeira vez mais pormenores e estrelas do que era possivel
observar visualmente com o mesmo instrumento.
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A PRIMEIRA FOTOGRAFIA DE UMA NEBULOSA

Pedro Ré
http://pedroreastrophotography.com/

A primeira fotografia de uma nebulosa foi efectuada por Henry Draper (1837 -1882) em 30 de Setembro de 1880,
cerca de 30 anos depois do primeiro daguerre6tipo de uma estrela'?.

Henry Draper nasceu em 7 de Mar¢o de 1837 em Prince Edward (Virginig. O seu pai, John William Draper (1811-
1882) era um médico de renome, além de quimico e Professor na Universidade de Nova lorque. A mée de
Draper, Antonia Caetana de Paiva Pereira Gardner era filha de dhn Gardner, médico pessoal do imperador do
Brazil's.

John William Draper foi um dos pioneiros da astrofotografia. Obteve o primeiro daguerre6tipo da Lua em
1839/1840' e os primeiros retratos (daguerreétipos) no mesmo ano. J.W. Draper usou um telescépio reflector de
13 cm de abertura e exposi¢des de 20 min para obter estes primeiros daguerreétipos da Lua (Figura 1).

Figura 1- John William Draper (esquerda), daguerreétipo da Lua obtido em 1845 (centro) e daguerredétipo de
Dorothy Draper, irma de J.W. Draper, obtido em 1840 (direita).

J.W. Draper efectuou inimeros daguerreétipos da Lua entre os anos de 1840 e 1845. Obteve igualmente alguns
daguerrdtipos do espectro solar no mesmo periodo (Figura 2). Estas imagens, registadas com o auxilio de um
rede de difraccdo, sdo os primeiros daguerredtipos de um espectro de que se tem conhecimento.

Henry Draper, com apenas 13 anos de idade, ajudou o seu pai em inumeros trabalhos fotograficos,
nomeadamente na realizacdo de daguerreétipos de imagens microscopicas (1850). Com 17 anos ingressa na
Universidade onde estuda medicina. Em 1857 escreve uma tese profusamente ilustrada com dagerre6tipos
obtidos com o auxilio de um microscopio. Apds ter completado a sua tese, Draper com apenas 20 anos, viaja pela
europa e visita o Leviatd de Parsonstown. Foi durante esta deslocacdo que Henry Draper comega a demonstrar
um elevado interesse pelas aplicagdes fotograficas em astronomia. Em 1858, George Phillips Bond (segundo
director do observatério de Harvard), obtém algumas fotografias de Alcor e Mizar (Zeta Ursa Majoris) recorrendo
ao uso de chapas de colddio humido e a um refractor de 38 cm. G.P. Bond refere a propdsito destas imagens:

12 A primeira imagem fotografica (daguerredtipo) de uma estrela foi obtida na noite de 16 de Julho de 1850. John
Adams Whipple (1822-1891) que se encontrava a trabalhar sob a orienta¢cdo de William Cranch Bond realizou

este primeiro daguerredtipo da estrela Vega com o auxilio do telescépio refractor de 38 cm de abertura do
Observatério de Harvard. Ré, P. (2008). O primeiro daguerredtipo de uma estrela. Astronomia de Amadores,
revista da Associagao Portuguesa de Astronomos Amadores, n® 33 (Janeiro/Abril 2008).

13 John Gardner foi médico pessoaldos reis de Portugal e de Espanha. Antonia nasceu no Brazil apés a familia
real portuguesa ter deixado o pais apds a invasdo francesa.

14 O Daguerreétipo foi patenteado por Louis Daguerre em 1839.
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Figura 2- Daguerreétipo do espectro solar obtido por J.W. Draper (ca. 1840/1842).

AfThere is not hing, t hen, so extravagant in predicting
magnificent scale... What more admirable method can be imagined for the study of orbits of the fixed stars and
for resolving the problem of their annual parall ax?o.

A maioria dos astronomos contemporaneos de Bond e Draper ndo eram tdo entusiasticos relativamente as
aplicacdes fotograficas em astronomia. Agnes Clerke, célebre historiadora da astronomia no século XIX escreve
em 1885 a propdsito das imagens fotograficas obtidas por Bond:

fi.s.ight encouragement was derived from them, either to h

Henry Draper constroi um observatorio astronémico em Hastingson-Hudson equi pado com um r ¢
(28 cm) e um reflector de 280 (71 c¢m) mont ados na mesma equatorial
extensa monografia sobre a constru-«o de um telesc:pid
referéncia essencial para todos os construtores de telescopios da época® (Figura 3).

O transito de Vénus ocorrido em 1874 constituiu uma excelente oportunidade para se usarem algumas técnicas
fotogaficas no registo preciso deste importante acontecimento astronémico. Draper, era neste periodo, professor
de fisiologia e director da Faculdade de Medicina de Nova lorque tendo adquirido uma enorme experiéncia no
registo fotogréfico de diversos objectos celestes (Lua sobretudo) bem como no registo de espectros do Sol e das
principais estrelas. Por este motivo, foi nomeado responséavel pela seccdo fotografica da equipa americana
destacada para observar o transito de Vénus. Apesar dos resultados obtidos ndo terem sido totalmente

15Clerke, A. (1885). History of Astronomy in the Nineteenth Cenfur§. C. Black, London.
16 Draper, H. (1864). On the construction of a silvered glass telescope, fifteen and a half inches in aperture, and
its use in celestial photography. Smithsonian Contributions to Knowledge.
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satisfatorios, Draper recebeu uma medalha de ouro atribuida pelo Congresso Americano pelo trabalho
desenvolvido na preparagdo das observagdes fotogréficas.

FRETHSS AN PRI EITRS 5 & Yowlaee

N THE COXSTRECTION

SILVERED GLASS TELESCOPE,

YIS ) e s

170 SR 1N FELRATIAL PusTeuRATRY

BESKY BRAFER, %2,

Figura 3- Henry Draper (esquerda), observatério (centro) e monografia sobre a construgao de telescépios
reflectores (direita).

Apos o transito de Vénus, a grande maioria das fotografias astrondmicas foram realizadas sobretudo por

astrénomos amadorest’. E exactamente neste periodo que Draper realiza as primeiras imagens de uma nebulosa.

A utilizacdo do colédio humido impedia a realizacdo de exposi¢cdes longas uma vez que as placas secavam
rapidamente. Draper visita William Huggins no seu observatorio situado na periferia de Londres e utiliza pela

primeira vez placas de gelatino-brometo de placa que tinham a vantagem se serem secas e mais sensiveis
relativamente ao colédio humido. Com o auxilio destas placas, Draper pode levar a cabo pela primeira vez as
longas exposicdes necessarias para registar de um modo satisfatério imagens de nebulosas.

Realiza assim a primeira fotografia da nebulosa de Orion (M 42) em 30 de Setembro de 1880. Escreve uma breve
comunicagdo que envia para o American Journal of Science onde refere muito poucos dados sobre esta primeira

i magem. Draper usou o telesc:-pio r ef Nestamesmandterefdrdasuae u ma
intencgdo de:

il éat an early date to publish a detailed description of

Apesar disso, Draper resolve publicar unicamente a imagem e ndo uma descri¢do técnica da mesma. As imagens
foram impressas em cartdo (dimensé&o aproximada da 15x15 cm) com a seguinte descri¢ao:

AFirst photograph Toafk een rbeyb WPlreo fiems s@rri(Fifineadty y Dr aper M. D. 0

Draper nunca mencionou que tipo de emulsdo (gelatino-brometo de prata) usou para obter esta primeira imagem
apesar de ter referido véarias vezes a elevada qualidade das chapas disponibilizadas pela firma Wratten &
Wainwright.

O facto de Draper nunca ter descrito de um modo pormenorizado esta primeira imagem pode estar relacionado

com o facto de ter obtido pouco tempo depois uma imagem de melhor qualidade da mesma nebulosa com uma
exposicdo de 104 min. Em Marco de 1882, Draper efectua uma nova exposi¢éo da nebulosa desta vez com 137

min, que revela ainda mais pormenores. Esta imagem foi reproduzida (fotolitografia) por Edward Singleton

Holden no final da sua importante monografia sobre a nebulosa de Orion?é,

A propésito destas imagens Draper escreve a Holden referindo:

iThe exposure of the Orion nebula required was 51 minut
clock?0

17 Lankford, J. (1984). The impact of photography on astronomy. In The general history of astronomy, Vol. 4 -
Astrophysics and twentieth-century astronomy to 1950: Part A.

18Holden, E.S. (1882). Monograph of the Central parts of the Nebula of Orion. Washington Astronomical
Observations for 1878 Appendix I.
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TAKEN BY PROFESSOR HENRY DRAPER., M.D.
September 830%™, 1880, Exposure Bl minutes
The picture is an Artotype enlargement by Harroun & Bierstad@from’ the original
negative. The large stars, being much brighter than the Nebula, ore greatly over-
exposed. In the fo@v‘&r right hand &rner ig ayphotograph of the ‘i‘nﬂ]xwzx\sn\ alond,
with only Sfminuiss exposure 0% > = - :

Figura 4- Primeira fotografia de uma nebulosa (M 42) obtida por Henry Draper em 30 de Setembro de 1880.
A exposicao de 137 min (Figura 5) é descrita numa adenda a monografia de Holden:

i ADD E N PHOTOGRAPHIC RESULTS OF DR. HENRY DRAPHR. first photograph of the nebula of Orion
was made by Dr. HENRY DRAPER igeptember, 1880, and the unavoidable delay which has occurred in printing -
the present memoir enables me to include an account of the astonishing results which he has attained. A wood-
cut which | had prepared from his first photograph was found to be so unsatisfactory that Dr. DRAPER most
generously offered to supply the necessary photolithographic reproductions of his last negative (taken March 14,
1882) to accompany the brief account | had prepared. ( € ) requested Dr. DRAPER to prepare some account of
his work to be presented with it, and | print below a memorandum which he has kindly furnished.
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Figua5-Fot ografia da nebul osa de Orion (Henry Draper,

"MEMORANDUM TO ACCOMPANY THE PHOTOGRAPH OF THE NEBULA IN &8N TO PROFESSOR HOLDEN

FOR HIS MEMOIRBY HENRY DRAPER, M. DAs far as | know, no photograph of any nebula has been taken
except in my observatory. The first photograph of the nebula in Orion was made on September 30, 1880, with
my CLARK telescope ofl1 inches aperture and an exposure of 51 minutes. It comprised the brightest parts of the

region in the neighborhood of the trapezium and showed the condensed masses well. In March 1881, a number
of photographs of this object were taken, the best being on March 11 with an exposure of 104 minutes. By
comparison with the former picture this made a marked advance, and minute stars down to the 14.7 magnitude

of POGSON'S scale were shown. An account of it wagead before the French Academy of Sciences and printed in
the Comptes Rendus, April 18, 1881. On March 14, 1882, the negative was made from which the

photolithographic enlargement in this memoir was produced. The instrument used was the CLARK telescope

of 11 inches aperture mounted on the equatorial stand and driven by the clock which | had constructed. The
exposure was from 7h 08m to 9h 25; that is, 137 minutes: gelatino-bromide plates were employed. The night
was clear but cold and windy. The mean temperature was 27 Fahrenheit, the wind NNW and in gusts, the
strongest pressure being 5 pounds per square foot about nine o'clock; the whole travel of the wind during the

exposure was 35 miles. The variation in the force of the wind is one reason why the stars show some ellipticity
under this magnifying power; the gusts of course displaced the telescope somewhat, though the mounting is firm
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and the clockwork strong. In the photograph the larger stars are much overexposed, the proper time to make a
good picture of the trapezium being about 2 minutes. The twinkling of these stars is therefore recorded on the
sensitive plate and gives to them an excess of size. If a photograph should be taken on a steady night the stars
of the trapezium would be easily separated, and in the original negative of this picture, in a strong light, the
separation can be seen. The variation in size of the stellar images gives an idea of the relative magnitude of the
stars, though that estimate requires correction for the color of the stars. It must be remembered that no one
enlargement can do justice to the original negative; various exposures, various intensities of light, and various
points of view are necessary for a complete examination. During the month of March 1882, | also made four
photographs of the spectrum of the nebula in Orion, which is described in the number of the American Journal of
Science for May, 1882. Two of these were made with the slit spectroscope that | usually employ for
photographing spectra of the stars and they show two lines in the ultra-violet plainly, beside the traces of two
others. The first-mentioned two are hydrogen A 1 4340, and hydrogen 6, | 4 1tl@ebthers are too faint to give
a good estimate of the wavelength. The other spectrum photographs, taken without a slit, show that two of the
condensed masses preceding the trapezium give a continuous spectrum, and, therefore, contain either gas under
pressure, or liquid, or solid matter.271 MADISON AVENUE, New York, April291 8 8 2 0 .

Figura 6- Desenho da nebulosa de Orion efectuado por G.P. Bond com o refractor de 38 cm do observatorio de
Harvard

Holden na referida monografia, descreve de um modo pormenorizado a maioria das observac¢des (sobretudo
visuais) efectuadas até 1882 da nebulosa de Orion Subsistia a divida se a nebulosa apresentava alteragBes na
sua forma e brilho. Holden refere a no final da sua monografia:

AiAl though it is still too soon to g¢i attainedbyDi Draper, |ddansot us si g
refrain from pointing out some of the conclusions which may be drawn from this marvelously perfect
representation of the nebula. If we compare the engraving of G.P. Bond visual observation (Figura6) we shall be
able best to appreciate the important advance which has been made. BOND'S engraving is the most accurate
drawing that has been made, even as a map, and as a picture it is decidedly t he best representation of a single
celestial object which we have by the old methods. The work of observing alone extended over years and
consumed many precious hours. | have before said how much labor was spent upon the mechanical execution of
the steel plate; scores of revises were criticized and read. Dr. Draper's negative was made in 137 minutes, and
for nearly every purpose is incomparably better than the other. The color and tint of the nebula, which is

wonderfully preserved in BOND'S engraving, is lcst in the photograph; and yet, if the latter is held up between
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the eye and a window, the pictorial effect is most striking. The amount of preparation for the two works is not to
be estimated by years or hours, but it may be left out of account in a comparison. It required the best efforts  of
each observer to attain the results. 0

Draper pretendia realizar fotografias com um tempo de exposi¢do superior. Com esta finalidade projecta uma
montagem equatroial que lhe permitia atingir 6 h de exposi¢do sem ter que inverter a posigdo do telescépio.
Numa carta que escreve a E.S. Holdem refere:

il think we are by no mmbqadonealfl can btand & howuts egpbsurevin anidwinter,
another step forward wild.l resul to.

Infelizmente Draper morre em 1882 sem ter podido completer a nova montagem. A sua viuva estabelece em

1886 o AHenry Draper Memorial 0. O refractor de 110 ®
para obter numerosas fotografias de espectros estelares.

As imagens obtidas em 1883 por Andrew Ainslie Common (18411903) e por Isaac Roberts (1829-1904) em 1886
revelem um namero muito mais elevado de pormenores na nebulosa de Orion (Figura 7). Common utilizou um
teelscopio reflector de 91 cm de abertura e uma exposi¢do de 60 min®. Roberts recorreu a um reflector de 50 cm
€ a uma exposi¢do de 90 min.

Figura 7- Fotografias de nebulosa de Orion obtidas por A.A. Common (esquerda) e por I. Roberts (direita).

A fotografia de Common foi incluida no fronstispicio da obra de A. Clerck sobre a histéria da astronomia no século
XIX. A propésito dos avangos proporcionados pela astrofotografia, esta autora menciona:

iPhot ography may thereby be said to have definitively
this one impression embodies a mass of facts hardly to be compassed by months of labor with the pencil, and
affords record of stupendous object it delineates, which must prove invaluable to the students of its future
conditiono.

Bibliografia

1 Clerke, A. (1885). History of Astronomy in the Nineteenth Century. A. & C. Black, London.

i Draper, H. (1864). On the construction of a silvered glass telescope, fifteen and a half inches in
aperture, and its use in celestial photography. Smithsonian Contributions to Knowledge.

1 Holden, E.S. (1882). Monograph of the Central parts of the Nebula of Orion. Washington Astronomical
Observations for 1878 Appendix I.

1  Gingerich, O. (1980). The first photograph of a nebula. Sky and Telescope. November, 1980: 364-366.

19 As fotografias de Common mostram pela primeira vez mais pormenores e estrelas do que era possivel observar
visualmente com o mesmo instrumento.
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AMEDEEMOUCHEZ(1821-1892) E 0 PROJECTO
ANCARDUEI ELO

Pedro Ré
http://pedroreastrophotography.com/

Amédée Ernest Barthélemy Mouchez nasceu em Madrid em 24 de Agosto de 1821. Estudou em Paris e Versailles

e foi admitido na Escola Naval de Brest com apenas 16 anos. Assumiu 0s cargos marinheiro (1839), tenente

(1845) e capitéo (1861). Durante a sua carreira naval, o seu maior feito consistiu na defesa do Havre durante a

guerra Franco-Prussiana (1870-1871). Realizou inimeras exploragées na América do Sul (Paraguai e Brasil) entre

os anos de 1856 e 1861. Estes trabal hos fizeram com que€
Longitudeso. Em 1874 organizou uma &expedi-«o ~ il ha de
Transito de Vénus que ocorreu nesse ano (Figura 1).

Figura 1- A. Mouchez (esquerda). Observacéo do Transito de Vénus (9 de Dezembro de 1874) na llha de S. Paul
(Ocano Indico): Acampamento e instrumentos de observaco (centro); fotografias do transito (centro); placa
deixada na llha de St. Paul (direita) (fotografia obtida por Pedro Ré, 1986).

As observacgdes efectuadas por Mouchez na ilha de St. Paul foram um verdadeiro sucesso em todos os sentidos.
As condi¢Ges metereoldgicas durante o més de Dezembro nestas paragens sdo muito desfavorave®, apesar

disso foi possivel registar fotograficamente o fendmeno e cronometrar os diversos contactos. Mouchez
apresentou os resultados obtidos perante a Academia das Ciéncias em 1875, tendo sido eleito membro desta
prestigiada Instituicdo no mesmo ano.

Apos o falecimento de Urbain Le Verrier (1811-1877), Mouchez é nomeado em 27 de Junho de 1878 Director do
Observatério de Paris, cargo que ocupou até ao seu desaparecimento em 1892.

Durante este periodo desenvolveu no observatorio inimeros projectos de investigacdo. Publicou 21 volumes dos
iAnesadl em apenas 14 anos. Procedeu " observa-«o0o das posi
Este catalogo foi baseado em cerca de 500000 observacdes efectuadas no observatério de Paris durante um

periodo de cerca de 50 anos com o auxilio de lunetas meridianas. Criou um departamento de espectroscopia

dirigido por Henri Alexandre Deslandres (1853-1948). Esteve igualmente ligado a criacdo do observatério do Pic

du Midi e de Meudon.

Em 1885 os irm&os Henry! construiram nas oficinas do observatorio diversas objectivas acromaticas e iniciaram
uma s®rie observa-»es fotogr8ficas com grande sucesso. S

Mouchez foi o principal impulsionador deste ambicioso projecto internacional. Ao apresentar a primeira fotografia
astronémica realizada pelos irmdos Henry perante a Academia das Ciéncias de Paris em 1885, enfatiza as
enormes vantagens da realizagdo de um Atlas da totalidade do céu. Inicialmente o prazo previsto para a
realizacdo deste Atlas era de seis a oito anos.

20No dia da observacio (9 de Dezembro de 1874) a ilha esteve sujeita a uma forte tempestade. Durante um
periodo de 6 h em que ocorreu o transito, as condigfes de observacédo foram, no entanto, favoraveis.
21 Paul Henry (1848905) e Prosper Henry (184903).
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Em 1887 Mouchez organiza uma reunido internacional em Pari? sob os auspicios da Academia das Ciéncias e
financiada pelo governo francés com o intuito de planear as observacdes fotograficas. Cerca de 60 astrononos
pertencentes a 19 paises estveram presentes.

As principais conclusdes da referida conferéncia formas as seguinte$*:

flLes progrés réalises dans la Photographie Astronomique exigent impérieusement que les astronomes de notre
épogue entreprennent en commun la description du Ciel par le moyen des procédés photographiques;

Ce travail sera fait dans des stations a choisirs ultérierement, et avec des instruments que devront étre identiques
dans leurs parties essentielles;

Les buts principaux seront:

1. De dresser une Carte photographique g®n®rale du Ciel
gui permettront de fizer des positions et | es grandge
avec la plus grande précision possible (les grandeurs étant entendues dans un sens photographique a
définir).

2. De pouvoir aux meilleurs moyens doutilizer, tant
fournies par les procédés photographiques.

3. Les instruments employés seront exclusivement des réfracteurs (...)0

O projecto inicial envolveu 18 observatorios repartidos pelo hemisfério Norte e Sul (Figura 2).
LIST OF OBSERVATORIES WHICH ORIGI-
NALLY UNDERTOOK THE WORK OF
THE GREAT STAR MAP
Observatory., Nation, Position on Earth, Belt of Sky. gl?x.t::.
S | Lat Long. B
. b, m, s
Greenwich . | British 4+51°290" 0 0 0| +490°to +65°| 1149
Rome(Vatican) | Italian 4-41° 54" 049 49| +64° to --557 | 1040
Catania . | Italian +37°30° 1 020/ +454°to +47°| 1008
Helsingfors . | Russian +60° 107 13949 | +46° to +40°| 1008
Potsdam . | German +52° 23" 05216| 4+39°to +32°| 1232
Oxford (Univ.)| British +51° 467 2355 0| +31°to 4-25°| 1180
Paris . | French +48°50° 0 921|424°to 4-18°| 1260
Bordeaux . | French +-44° 50" 2357 54| +17° to 4+11°| 1260
Toulouse . | French +4-43°37" 0 550| 4+10°to 4 5°| 1080
Algiers . . | French 43648 012 8|+ 4°to — 2°| 1260
San Fernando | Spanish +36° 28" 233511 | — 3°to — 9°| 1260
Tacubaya . | Mexican +19°24" 172313 | —10° to —16°| 1260
Bantiago . | Chilian —33°27 191714 | —17° to —23°| 1260
La Plata . | Argentine | —34° 556" 20 8 23| —24° to —31°| 1360
Rio de Janeiro | Brazilian | —22° 54" 21 719| —32° to —40°| 1376
Cape of Good
Hope . | British —33°56" 11355| —41°to —51°| 1512
Sydney . | Australian | —33° 52" 10 4 50| —52° to —64° | 1400
Melbourne . | Australian | —37° 50° 9 39 54| —65° to —90° | 1149
Figura2-Li sta de observat-rios que integraram o0 projec

22 A conferéncianciouse em 16 de abril de 1887 no observatorio de Paris e decoreu durante um periodo de 11

dias.
2 Turner, H.H. (1912). The Great Star Magndon, John Murray.

24 Apesar do Observatério Astronémico de Lisboa ter partipado na reunido preparatdria (Frederico Augusto

Oom) néo integrou o projecto sobretudo por falta de meios instrumentais (fotograficos).
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O refractor fotografico idealizado e construido pelos irmdos Henry foi adoptado como standard (Figura 3, Figura
4). A abertura de 330 mm f/10,4 significava que 1 mm na chapa fotografica representava 1 minuto de arco. As
chapas utilizadas (160 mm x 160 mm) cobriam uma area de 2 x 2 ° e tinham uma rede gravada com 5 mm de
disténcia entre as linhas revelou-se de grande utilidade na medicdo das posicbes estelares. A gravacdo desta
rede®® empreendida uma vez que se pensava ha época que as chapas de vidro utilizadas sofriam um processo de
encolhimento?®.

Durante a conferéncia de 1887 foi decidido realizar dois Atlas distintos. O primeiro tinha como objectivo a
medicdo das posicdes das estrélas até uma magnitude limite de 11. O segundo, recorrendo a tempos de
exposicao superiores, pretendia medir estrélas com uma magnitude limite mais baixa (14). Em 1889 e mais tarde

em 1891, foram realizadas mais duas confer°ncias para f g

Cada chapa era exposta 3 vezes durante 20 s, 3 min e 6 min e o telescopio era movimentado apés cada
exposicdo (cada estréla era representada por um tridngulo na imagem final). Esta série de exposicdes foi
idealizada para identificar poeiras ou defeitos intrinsecos das chapas fotograficas. Foram igualmente expostas
chapas utilizando exposi¢des mais longas (15 min, 20 min, 30 min e 60 min) (Figura 5).

O trabalho foi dividido entre os observatérios participantes de tal modo que a cada equipa era atribuida uma
parte do céu equivalente. O niumero de chapas a realizar por cada observatério variou entre 1008 e 1500. A
medicdo das chapas era extremamente moros&’. O aparelho de medida foi idealizado pelos irmdos Henry e
contruido por M. Gauthier (Figura 3).

Figura3-Refractor fotogr8fico utilizado no projecto fACarte

fotogréficas (direita). Mouchez (1887).

O projecto ACarte du Cielod nunca foli terminado com
60 anos. Alguns observatérios abandonaram o trabalho e foram substituidos. O trabalho realizado consta da
Tabela I. Durante a Assembleia da Unido Astrondmica Internacional que decorreu em Brighton (1970), foi
decidido abandonar definitivamente o projecto.

% Reseau.
26 Mais tarde verificotse que este encolhimento era negligenciavel.
27 A precisdo das medicGes efectuadas era muito elevada para a época.
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Tabela |- Trabalho realizado (Carte du Ciel). Adaptado de Lankford (1984).

Zome centred an

+90° to 465"
+64° to +55°
+54% o +47°
+467 to +40°

+39% o +32°

+31°% to +25°
+24% to +18°
+17°to +11°
+10° to 4 5°
+4% to ~2°

-3t —-9°

-10° to —16"
-17% to —-23*

24% to - 31°

-32% 10 —4(r

Division of labowr and execution of the Carte du Clel profect:

Number
of plotes

1149
1040
1008
1008

1232

1180
1260
1260
1080
1260
1260
1260
1260

1360

1376

Original observatory

Remarks

Greenwich
Vitican
Catania
Hedsinki

Potsdiem

Oxford

Puaris
Bordeaux
Toulouse
Alglers

San Fernando
Tucubuya
Santiago

La Plata

R de Janeciro

Cape of Good Hope

Sydney

Melboume

Catalogue completed
ue completed
Catalogue completed
Catalogue completed

Zones hastily published and then
abandoned. Hyderabad, Uccle, Paris and
Hamburg cooperated to reobserve
measure and publish this zone
Catalogue completed

Catalogue completed

Catalogue completed

Catalogue completed

Catalogue completed

Catalogue completed

Catalogue completed

Santlago withdrew and was replaced by
Hyderabad, which completed the
catalogue

La Plata withdrew and was replaced by
Cordoba, which completed the catalogue

Rio de janciro withdrew and was
replaced by Perth, Edinburgh and Pars.
which cooperated to complete the
catilogue

Catalogue compicted

Catwlogue completed

Melbourne withdrew after the catalogue
plates had been taken and several zones
published, Sydney and Parls cooperated
to compiete the catalogue

catalogque and map.

Map

Published
Published

Mutes not taken
Plates taken but
not published
Plates taken,

printed und

distributed by

Uccle

PMates not taken

Published
Published
Published
Published
Published
Published

Plates not taken

Plates taken,
but only zone
—25° published
Plates not taken

Plates taken but
not published
Plates taken but
not published
Plates taken but
ot published

Figura4-Equat or i al

fotogrfica

uti i
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Figura 5- Imagem obtida no observatério de Tacubaya (Mexico) em 1909. Campo com 2x2 °. E visivel o enxame
aberto M 46. Lankford (1984).

Bibliografia

1 Lankford, J. (1984). The impact of photography on astronomy. In The general history of astronomy, Vol.
4- Astrophysics and twentieth-century astronomy to 1950: Part A.
1 Mouchez, A. E. (1887). La photographie astronomique a I'Observatoire de Paris et la carte du ciel. Paris,
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CHARLESLE MORVANS CARTEPHOTOGRAPHIQUE
ET SYSTEMATIQUE DE LAUNE (PHOTOGRAPHIC
AND SYSTEMATICCHART OF THEMOON)

PEDRORE
http://pedroreastrophotography.com/

The Paris observatory took many lunar photographs between 1894 and 1909. Less than 60 years after F. Arago's
speech before the French Academy, Moritz Loewy (18331907) and Pierre Henri Puiseux (18551928), assisted by
Charles Le Morvan(1865-1933), began extensive photographic work (ca. 14 years) that will culminate in the first

photographic Atlas of our satellite. This atlas was used until 1960, when the images obtained by space probes
made it obsolete (Figure 1 and 2).

VAN

ATEAS PHOTOGRAPINOUE DE KA LUNE

Figure X Moritz Loewy (1833907) (left) and Pierrélenri Puiseux (1855928) (centre)Atlas photographique
de la LungheliogravuresParis, 1894910, Collections of the Observatoire de Paris (right).

Figure 2 Atlas photographique de la Lune, héliogravurearis, 1894.910.Copy in the library of the Lisbon
Astronomical Observatory (OAL).
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The two French astronomers obtain about 6000 photographs spread over 500 nights of observation. A large part
of these photographs was destroyed because they did not have the necessary quality for the Atlas. At present,
around 2000 glass plates are kept in the library of the Paris Observatory.

The instrument used was the great coudé equatorial of the Paris Observatory (Figure 3). This telescope was built
in 1891 and weighed about 16 tons. Thanks to a system of mirrors, the observer could remain immobile next to
the eyepiece. The coudé refractor had a 60 cm lens aperture and a focal length of 18 m (F/30). Besides a visual
lens, the refractor also had a photographic lens, both built in the workshops of the Paris Observatory by M.M.
Henry. The equatorial mount was built by "Maison Gauthier". Some observatories in France installed similar coudé
refractors: Lyon (1887), Alger et Besangon (1890) and Nice (1892).

E

Figure 3Coudé Equatorial of the Paris observatory: general aspect (left); photographic chassis (right).

The great coudé equatorial had a special photographic chassis the focal plane. This chassis could move by means
of a clock mechanism that allowed corrections to be made during exposures (especially in Declination).

The photographic project of M. Loewy and P.H. Puiseaux was divided into three parts:

0] Obtaining high-resolution photographic plates that would reveal all the lunar formations that could be
observed with the coudé refractor.

(ii) High quality photographic glass plates of the whole lunar disk that could be studied with the aid of a
microscope.

(iii) Paper photographic enlargements with the same quality as the glass plates to produce the Photographic
Atlas.

The images in the Atlas were made from 18X24 cm glass plates (Gelatino-Bromide). These already had a high
sensitivity which reduced the exposure times to only a few seconds. The climatic and seeing conditions
(turbulence and transparency) were taken into account (the two astronomers used only 1/3 of the photographs
obtained for the Atlas).

The best images obtained with the equatorial coudé were the subject of successive publications of the

Atlas Photographique de la Luneedited between 1896 and 1910 by the Paris Observatory. This Atlas comprises
12 fascicles: (11 prints and 71 enlargements) and texts (descriptions of the most relevant objects of lunar relief,
nature and origin). Most of the reproductions on paper were made by M. Fillon.

In the first i ssue nmefitont he Atl as the author o6s

La possibilité de construire, par des procédés photographiques, une carte générale de la Lune, aussi compléte et

plus exacte que toutes celles qui ont paru jusqudba ce
prespecti ve ndi nt ®ruaecatégorip eestreirseedudl aesmernotn oane s , mas tous | e
/| 6®tude du ci el et m°me tous ceux qui sdbéadonnent sous U

4

Charles Le Morvan (18651933) reused the photographs of Loewy and Puiseux that were published between 1896
and 1914 by Paris Observatory under the title Atlas photographique de la Lune He published his own " Carte

68




photographique et systématique de la lune" in 1914 and 1926; the first publication consists of a series of 48
plates, enlargements of the 38x49 cm, representing the visible hemisphere of the Moon.

Morvanoés At | alsrge cfaion E05sxt 35 naf) 6 fascicles comprising 48 photographic plates in
heliogravures by L. Massard after the photographs by the author, taken at the Paris Observatory between 1902
and 1907. The plates are numbered | to XXIV and | -A to XXIV-A. The size of the heliogravure area is 320 x 255
mm. Each of plates | to XXIV with original transparent tissue key overlay with outlines and captions of lunar
features, the remaining plates with tissue guards only, partly with outlines drawn by hand in pencil. In his
photographic and systematic Map of the Moon, Charles Le Morvan reused the original clichés of the /Atlas
photographique de la Lune by Maurice Loewy and Pierre Puiseux. Le Morvan already participated in the
production of the Loewy/Puiseux Atlas with own lunar observations and the preparation of glass clichés,
especially after the death of Loewy in October 1907. Le Morvan joined the staff of the Paris Observatory in 1890,
where he spent his entire working life. In 1914 Morvan edited the Carte Photographique et Systematique de la
Lunewhich contained copies of photographs taken from the Atlas Photographique de la Lune The finance for this
work had come from a grant of 4000 francs from the Bonaparte Fund of the Paris Academy of Sciences. Complete
sets of this work are very rare. Linda Hall Library in Kansas City has the full copy of the 48 sheets, the University
of Arizona in Tucson only has the first 24 sheets, the Paris Observatory has the entire book.

Figure 4 Carte Photographique et Systematique de la Luyn€harles Le Morvan (1914).dzii K 2 N &

69

02 LJ

D7




70




WILLIAM H. PICKERINGPHOTOGRAPHIC ATLAS OF
THE MOON

PEDRORE
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William Henry Pickering (1858-1938) was born in Boston Massachusetts. His older brother, Edward Charles
Pickering (1846-1919), was director of the Harvard College Observatory for more than 30 years. W.H. Pickering
obtained a degree at the Massachusetts Institute of Technology (MIT) in 1879 and later became a physics
instructor from 1880 to 1887 . Although William started his astronomical work in the field of stellar photography,
most of his research, especially in later years, was concerned with visual observations of the Moon and planets.
In the pursuit of his investigations of the Sun, Moon, and planets, William travelled extensively to southern and
western United States, the Azores, Hawaii, Europe, Chile, and Peru, and the West Indies. He was also responsible
for establishment of the Harvard observatory at Arequipa (Peru) where the planets Venus and Mars were studied
under excellent seeing conditions.

In 1899, W.H. Pickering discovered the ninth satellite of Saturn (Phoebe) from photographs taken at Harvard
observatory, that unlike most satellites has a retrograde orbit.

Pickering was also very interested in building a telescope suitable for lunar photography. This telescope should be
of twelve to fifteen inches aperture and of very long focal length. In 1899, thanks to two anonymous benefactors,
funds became available. An expedition was organized to find a location for the telescope in Jamaica?®.

An expedition to the island of Jamaica in 1899, during which a five -inch telescope was used at five different
stations upon the island, had shown that the atmospheric conditions were extremely favourable to astronomical
work during the summer season, and it was hoped that they would be equally so during the winter, which is the
time of the greatest freedom from clouds. Later investigations showed that while the seeing in winter /s good, yet
it fs decidedlly inferior to that in the summer season.

The observatory was located near the town of Mandeville. Pickering rented an Estate called Woodlawn, 2100 feet
above sea level. By the end of December 1900, the telescope and observatory were completed and ready to
image the Moon. The mount and telescope were described by Pickering:

The latitude of the island, which is about 18° N., permitted the mounting of the telescope with the axis of the
lens parallel to that of the Earth, the tube being placed upon the side of a hill, with the mirror and lens at the
lower end. The mirror was supported in a steel fork, which was also placed with its axis parallel to that of the
Earth. The mirror could be clamped at different angles with regard to the fork. The fork was caused to revolve
about its axis once in twenty -four hours in the opposite direction to that in which it was turned by the Earth. It
therefore had no angular motion with regard to the heavenly bodies. A similar rotation was given to the
photographic plate. This form of mounting does not permit the portion of the sky in the immedlate vicinity of the
Pole to be examined, but as the instrument was devised for use on the members of the solar system, this
objection was of little consequence. The mirror was of silver on glass, eighteen inches in diameter and about four
inches thick. Owing to the length of the instrument, it was decided to drive it by electric motors capable of control
from the eye end of the tube, instead of by clockwork actuated by gravity, as has heretofore always been done.
The plan proved very successful. The long-inclined tube of the telescope consisted of a wooden frame covered
with wire netting and supported on posts driven into the ground. The netting was covered at first with builder's
paper, and later with cotton cloth. In the bottom of the tube were strung twelve insulated copper wires,
permitting the operator at the upper end of the tube to control the motions of the mirror at the lower end. The
small building at the upper end contained the observing room, the laboratory, the computing and dark rooms.
The building at the lower end had a movable roof, divided in the middle. This could be slid apart, exposing the
mirror and lens to the sky. The light of the Moon was reflected from the mirror up through the lens to the
observer at the upper end of the tube. By turning the mirror, the observer could see the Moon, no matter in what
part of the sky it chanced to be, and it always appeared below him, and in the same direction. This was an
important advantage, as when observing with an ordinary telescope it is very difficult to do good work when the
Moon is directly overhead. This is a position that it frequently assumes to an observer located in the tropics.

28 Pickering, W.H. (1903The Moonc A Summary of the Existing Knowledge of our Satellite with a Complete
Photographic AtladNew York, Doubleday, Page & Company: 103pp 100 plates.
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Figure 2 William H. Pickering and the Lunar telescope at Woodlawn, Mandeville, Jamaica.

The first light of the Woodlawn telescope was on December 31 a few minutes after midnight and eight days later
the first photograph was taken.

Our first satisfactory photograph of the Moon was taken on January 29, 1901. Our last photograph was taken
August 31, so that the material for the present volume was collected in about seven months.

Pickeringdéds Atlas was the first complete Photographic Af
August 1903 in the Annals of the Harvard College Observatory and later in a book, Pickering, W.H. (1903). The
Moon i A Summary of the Existing Knowledge of our Satellite with a Complete Photographic Atlas. New York,
Doubleday, Page & Company: 103pp 100 plates.

In planning the work, it was decided to divide the Moon's equatorial diameter into eight equal parts, and erect
perpendiculars at the dividing points. It may be well to point out some of the respects in which this atlas differs
from the Lunar photographic atlases that have preceded it.

(a) It is the only complete photographic atlas of the Moon in existence. Not only so, but it covers the whole
visible surface of the Moon five times.

(b) The plates are all arranged systematically.

(c) The plates are of such a shape that all the objects shown are similarly illuminated. Had fewer, broader
plates been used, many objects could not have been shown near the terminator. The similar flumination
also permits the most suitable plate and exposure to be used for the whole of the particular region under
consideration.

(d) Every region is shown at five different phases, many details being conspicuous at one phase of the Moon
that are not seen at all at another. In this way changes in the snow patches and in the vegetation are
shown which could not possibly be indicated by any single photograph.

(e) Sometimes the same region contains some very bright and some very dark areas, such as a bright
mountain mass and a dark mare. In such cases, both cannot be shown fo advantage on the same
photograph. By having five photographs, however, the exposures and printing can be so adjusted that
every object will be shown with a suitable exposure upon at least one plate.

(f) All the plates are on the same scal e, 50 to the mi
linear dimensions which are unavoidable by this plan on account of the varying libration and distance,
there is no great range of scale such as occurs in some photographic atlases, where one plate may be on
more than twice the scale of another.

(9) All the plates are approximately oriented parallel to the lunar axis, with south at the top.

(h) Since all the plates are printed the same size as the original negatives, there has been no enlargement of
the grain of the plate, and we have in consequence a much smoother surface than is possible in the case
of those pictures enlarged from negatives taken with a lens of shorter focus.

(1) A considerable overlapping of the plates is allowed. This is a great convenience when working near the
edge of a region.

() The photographs were taken, whenever possible, under favourable libration, and especial attention was
paid to this point in the original plan.

(k) No shading of the limb was permitted; therefore, every region appears in its true photographic relations of
light and shade.
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Figure 3 Pickering, W.H. (1903Fhe Moon; A Summary of the Existing Knowledge of our Satellite with a
Complete Photographic Atlas.
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Figure 4 Pickering, W.H. (1903yhe Moong A Summary of the Existing Knowledge of our Satellite with a
Complete Photographic Atlas.
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A primeira imagem fotografica do nosso satélite é atribuida a Loius Jacques Mandé Daguerre (17871851)

inventor do daguerreédtipo?®. L. Daguerre obteve em 1839 uma imagem da Lua que, apesar do longo tempo de

exposicdo, apenas revelou uma mancha difusa. Em 23 de Margco de 1840, John William Draper (18111882)

obtém no seu observatério de Nova York, com vinte minutos de exposi¢do, um daguerre6tipo da Lua com

sucesso. Nas semanas seguintes regista diversas imagens da Lua com 2,5 e 3 cm de diametro e trinta minutos de
exposicdo, recorrendo ao uso de um telescépio reflector com 13 cm de abertura. Infelizmente estes

daguerre6tipos ndo foram conservados até aos nossos dias. A fraca sensibilidade das placas, aliada a
luminosidade reduzida da Lua, implicavam o uso de mecanismos de relojoaria sofisticados que Draper ndo
possuia.

O observatério de Harvard, entre os anos de 1849 e 1851, realiza uma série de fotografias da Lua sob a direccéo
de John Wiliam Whipple (1822-1891) e William Cranch Bond (1789-1859) (Figura 1). A primeira imagem
fotografica de uma estrela foi também obtida por estes dois astronomos na noite de 16 de Julho de 1850
recorrendo ao auxilio do mesmo instrumento, uma luneta de 38 cm de abertura.

A partir de 1852, encorajado pelo exempo de Whipple e Bond, o astronomo amador inglés Warren de La Rue
(1815-1889) obtém numerosas fotografias da Lua grangeando uma enorme reputagcdo no meio cientifico da

®poca. Em 1855 publica em Nova York um conjunto de fotog
Twel ve Photographs of the Moonodo. Ap-s ter sido nomeado 1

de Ciéncias de Paris, W. De La Rue é enviado a Espanha para fotografar o eclipse total do Sol que ocorreu em
186032

Lewis Morris Rutherfurd (1816-1892), astronomo amador americano, realiza a partir de 1856 numerosas
fotografias da Lua com elevada qualidade (Figura 2). Estes primeiros trabalhos fotograficos sao difundidos pelos

Estados Unidos da Am®rica e pela Europa fora do meio ci
como estereoscopias (Figura 3) (a partir de 1858)32.

Francois Arago (1786-1853), director do observatorio de Paris e secretario da Academia das Ciéncias foi um dos

primeiros astrénomos a compreender que a fotografia astrondmica seria adoptada rapidamente por todos os
observatérios. Na sessdo da Academia das Ciéncias de 9 de Janeiro de 1839 e mais tarde em 3 de Julho do

mesmo ano, diante da camara de deputados, refere:

anc. . .) La photographie est pos®e comme un instrument
| 6astronomi e, de domaine de | 6observation et cel ui du ¢
faire des cartes photographiqgues de notre satellite afin
l ongs, |l es plus minitieux, |l es plus d®l icats de | dastron
Sublinha ainda:

fiLe physicien pourra proc®der, d®sor mai s, par voies dbi
effets. S22 y trouve de | dutilit®, Il e m°me tableau | ui
cent mille fois plus faibles de |l a Lune, des rayons des

290 processo do daguerredtipo foi introduzido em 1839 por L. Daguerre na continuacdo dos trabalhos que levou
a cabo em colaboragcdo com Nicéphore Niepce (17651836). O daguerredtipo consiste numa placa de cobre
revestida por uma camada de prata que é tornada sensivel a luz pelo contacto com vapores de iodo. A imagem é
revelada com vapores de mercurio. Conforme a incidéncia da luz na placa, a imagem surge negativa ou positiva.
30 R¢, P. (2008). O primeiro daguerre6tipo de uma estrela. Astronomia de Amadores, revista da Associagéo
Portuguesa de Astronomos Amadores, n° 33 (Janeiro/Abril 2008).

31 Warren De la Rue e Angelo Secchi fotografam pela primeira vez as proeminéncias e a coroa solar durante o
eclipse de 18 de Julho de 1860 em Espanha. Estas imagens registaram claramente a coroa solar e as
proeminéncias provando que estas eram de origem solar e n&o lunar como se pensava na época.

32 As estereoscopias correspondem a duas fotografias do mesmo objecto. Representam o objecto como o
observador o veria olhando alternadamente com o olho direito e com o esquerdo. Colocadas num visor
estereoscopico, reunemse sobre a retina numa Unica imagem, dando uma sensagéo de relevo e de
profundidade.
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Figura 1- Daguerre6tipo da Lua obtido em 26 de Fevereiro de 1852 por John William Whipple.

Observatorio de Harvard.
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Figura 2- Fotografia da Lua obtida por Lewis Morris Rutherfurd em 1865. Prova em papel albuninado obtida a
partir de um negativo em vidro (Colédio humido).

1




Figura 3- Vista estereoscépica da Lua. Warren de La Rue, 1869. Provas sobre papel albuminado.

O observatério de Lick (Mount Hamilton), sob a direccdo de Edward Singleton Holden (1846-1914), inicia a
publicacdo de um atlas lunar em 1896, tendo como base fotografias obtidas com a luneta de 91 cm de abertura.
A fraca qualidade das imagens obtidas por Holden fez com que este projecto fosse abandonado.

William Pickering (1858-1938) publica em 1903 um Atlas (Photographic Atlas of the Moon), que continha diversas
reprodugdes, permitindo o estudo do relevo lunar em cinco fases distintas de iluminacdo. Tratava-se de um atlas
popular com imagens de fraca qualidade.

Em Franca, o observatério de Paris realiza numerosas fotografias lunares entre os anos de 1894 e 1909. Menos
de 60 anos apos o discurso de F. Arago perante a Academia, Moritz Loewy (18331907) e Pierre-Henri Puiseux
(1855-1928), assistidos por Charles Le Morvan, iniciam um extenso trabalho fotografico (ca. 14 anos) que

culmiara no primeiro Atlas fotografico do nosso satélite (Figura 4, Figura 5). Este Atlas foi utilizado até 1960, ano

em gue as imagens obtidas por sondas espaciais o tornam obsoleto.

Os dois astronomos franceses obtém cerca de 6000 fotografias repartidas por cerca de 500 noites de observacéo.
Uma grande parte destas fotografias sdo destruidas por ndo terem a qualidade necessaria para a realizacdo do
Atlas. Actualmente sdo conservadas na biblioteca do observatério de Paris cerca de 2000 chapas de vidro
(gelatinobrometos) com 18x24 cm.

O instrumento uitilizado foi a grande equatorial coudé do observatorio de Paris. Este telescépio foi construido em

1891 e pesava cerca de 16 toneladas. Gragas a um sistema de espelhos, o observador podia permanecer imével

junto a ocular. A luneta tinha uma objectiva com 60 cm de abertura e uma distancia focal de 18 m ( f/ 30). Além

de uma objectiva visual a luneta possuia também uma objectiva fotografica, ambas construidas nas oficinas do
observat -rio de Paris por M. M. Henry. A montagem equato
Alguns observatérios em Franga instalaram lunetas coudé idénticas: Lyon (1887), Alger et Besangon (1890) e

Nice (1892).

Uma particularidade interessante desta luneta era ao facto de se poder adaptar facilmente no plano focal um
chassis fotografico (Figura 6). Este chassis podia movimentar-se por intermédio de um mecanismo de relojoaria
que permitia efectuar correc¢des durante as exposicfes (sobretudo em Declinagéo).

O projecto fotografico de M. Loewy e P-H. Puiseaux foi dividido em tés partes:

1. Obtengdo de chapas fotograficas de alta resolucdo que revelassem todas as formacdes lunares
susceptiveis de serem observadas com a luneta coudé;

2. Realizacdo de ampliacdes das chapas fotograficas em vidro da totalidade do disco lunar que pudessem
ser observadas com o auxilio de um microscoépio;

3. Realizagdo de ampliacdes em papel com uma qualidade idéntica as chapas de vidro tendo em vista a
elaboragédo do Atlas Fotogréfico.
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Figura 4- Moritz Loewy (1833-1907) (esquerda) e Pierre-Henri Puiseux (1855-1928) (centro). Atlas
photographique de la lune, héliogravures, Paris, 1896-1910, Collections de I'Observatoire de Paris (direita).

Figura 5- Atlas photographique de la lune, héliogravures, Paris, 1896-1910. Exemplar existente na biblioteca do
Observatério Astronémico de Lisboa (OAL).
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Figura 6- Equatorial coudé do observatério de Paris: aspecto geral (esquerda); chassis fotogréafico (direita).
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As imagens do Atlas foram efectuadas em chapas de vidro (gelatinobrometo) com 18x24 cm. Estas apresentavam
j& uma elevada sensibilidade o que permitia reduzir os tempos de exposi¢do para apenas alguns segundos. As
condigbes climaticas e atmosféricas (turbuléncia e transparéncia) foram tidas em consideracdo (os dois
astronomos utilizaram apenas 1/3 das fotografias obtidas para a realizacéo do Atlas).

As melhores imagens obtidas com a equatorial coudé foram objecto de publicagdes sucessivas do Atlas
Photographique de la Lune editado entre 1896 e 1910 pelo Observatério de Paris. Este Atlas compreende 12
fasciculos: (11 gravuras e 71 ampliacdes) e textos (descricdes dos objectos mais relevantes do relevo lunar,
natureza e origem). A maioria das reproducdes em papel foram realizadas por M. Fillon.

No primeiro fasciculo do Atlas os autores referem:

fiLa possibilit® de construire, par des proc®d®s photogr a
plus exacte que toutes celles qui ont paru jusquda ce

prespective noi nt ®une sagoriepesteints @ dd emeoamn o me s, mas tous | es3
| 6®t ude du ci el , et m°me tous ceux qui sbadonnent sous U
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Figura 7- Atlas photographique de la lune, héliogravures, Paris, 1896-1910, Collections de I'Observatoire de Paris.
Imagens obtidas em 7 de Marco de 1897.
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Figura 8- Atlas photographique de la lune, héliogravures, Paris, 1896-1910, Collections de I'Observatoire de Paris.
Moritz Loewy, Pierre-Henri Puiseux.
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JULESJANSSEN(1824-1907) E A FOTOGRAFIA
SOLAR

Pedro Ré
http://pedroreastrophotography.com/

Pierre Jules César Janssen nasceu em Paris a 22 de Fevereiro de 1824 e faleceu em Meudon a 23 de Dezembro
de 1907 no dia do solesticio de inverno. A vida e obra de J. Janssen € relativamente mal conhecida. Um acidente
durante a infancia impediu-o de frequentar os estudos primérios e secundarios. Com cerca de 16 anos de idade
comecou a trabalhar num banco e estudou matematica nos tempos livres. Frequenta a Sorbonne onde obtém
diplomas em Matematica e Fisica e mais tarde um doutoramento®® em 1860. Trabalhou na Faculdade de
Medicina de Paris onde desenhou instrumentos médicos e mais tarde (1865) ocupa o lugar de professor de Fisica
na escola de arquitectura. Foi eleito membro da Academia das Ciéncias em 1868 e em 1876 é nomeado director
do observatorio de Meudon (situado préximo de Paris) posicdo que ocupa até a sua morte em 1907 (Figura 1).

Figura 17 Pierre Jules César Janssen, fotografia obtida em 1880. Observatério de Meudon.

As primeiras investigagbes de Janssen datam de 1862 e centram-se no estudo da absorcdo selectiva das

radiagOes pelos gases. Estes trabalhos foram motivados pelas descobertas de Gustav R. Kirchhoff e Robert W.
Bunsen, relacionadas com os espectros de absorcadd. Foi durante o eclipse total do Sol de 1868 que Janssen

observa a atmosfera solar pela primeira vez com o auxilio de um espectroscopio. Estas observagdes foram
preparadas em Italia durante o eclipse anular do Sol de 1867. O espectro observado durante eclipse anular

revelou-se idéntico ao espectro do disco solar. As tentativas de observar a coroa solar durante o referido eclipse

anular revelaram-se infrutiferas. A suas primeiras grandes descobertas foram efectuadas em 1868. Provou que as
proeminéncias solares eram gasosas e descobriu a cromosfera solar.

Janssen cedo compreendeu que a fotografia astrondmica, e em particular a fotografia solar, era uma ferramenta
essencial’®. Durante os preparativos para a observacdo do transito de Vénus (1874) Janssen descreve a
Academia de Ci°ncias de Paris um dispositivo por el e
Nesta comunicagao refere:

iPour moi, cbébest | 6observation du Passage de V®nus |
sur cette branche [l a photographie] si f®conde et si

¥ GSaS F2A adzo2NRAYIFIRF 2 GSYlF 4! 6a2NLIiA2y RS
34 Janssen foi um dos primeiros astrénomos a efectuar observacées com espectroscopios de prisma.
BWIEyaasSy SAONB@S aflb LI FIjdzS LIK2G§23ANF LIKALdS Sai
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Figura 2- Revoélver fotogréafico de Jules Janssen (Museu do Observatério de Paris). Placa obtida cono auxilio do
revolver durante o Transito de Vénus (1874), daguerreotipo (diametro 18,5 cm). Sociedade Francesa de
Fotografia (Paris).
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Ernesto de Vasconcellos faz uma descrigdo pormenorizada do revolver fotografico de Janssen na sua dissertagéo
intitultardandiAi &AsPhotographicao (1884):

iMr Janssen, suppondo que o mel hor methodo a seguir era
uma serie de photographias em curtos intervallos, e regulares de maneira que esse contacto fique
necessariamente comprehendido na serie, imaginou o seu aparelho gigante denominado rewolver photographico,

do qual passamos a dar uma idéa. A chapa sensivel tem a férma de um disco; fixa-se a um prato dentado,

podendo girar em torno de um eixo paralello ao do telescopio, que da uma imagem do sol. O disco fica portanto
descentralizado, mas por modo que as i magens se v«o formar junto
outro fixo faz de diaphragma, e contém uma fenda ou janella situada em frente do eixo do oculo de maneira a

limitar a impresséo photographica a por¢do da imagem solar, em que o contacto deve produzir-se. O prato
circul ar, gue porta a placa sensivel, ® dentado e pos
commandado por uma corrente electrica. Em cada segundo, o pendulo de um relogio interrompe a corrente, € 0

prato gira o valor angular de um dente, trazendo em frente da fenda uma por¢édo ainda nao impressionada da

chapa sensivel, que recebe uma nova imagem do bordo solar. Se o disco tiver, por exemplo, 100 dentes, a chapa

pdde receber 100 imagens do referido bordo. Para empregar este instrumento, nima observagdo photographica

da passagem de Venus, devese comecar a operar minuto e meio antes do instante previsivel do contacto
(instante que o sprectroscopio pdde indicar para o primeiro contacto externo) a fim de obter a serie relativa &4

primeira parte do phenomeno. Entdo substitui-se a placa sensivel por outra destinada a reproduzir a segunda

phase, e assim por diante até ao segundo contacto externo. Fixadas as imagens sobre as respectivas chapas
examinam-se com um microscépio para se reconhecer qual a prova que representa o contacto, cujo instante é

dado pela ordem da photographia que na serie indicar a sua imagem. O tempo de exposi¢ao é regulado por meio

de uma lingueta metélica onde existe uma fenda variavel, que faz de alvo ante a janella do disco obturador, e

que, por uma disposicdo mecanica especial, a descobre durante a fraccdo de segundo avaliada pelos ensaios
preliminareso.

Este aparelho é somente apresentado em 1876 (ap6s o transito) a Sociedade Francesa de Fotografia por
Jansser?®. C. Flammarion publica uma descri¢do do revolver em 1875 onde refere:

i M. Janssen a pr®f®r® | e proc®d® Daguerre “ |l a photogra
| 6i mage sur | a plaque argent ®eo.

A partir de 1875, J. Janssen inicia uma série de observagfes fotograficas do Sol no observatério de Meudon com
0 auxilio da luneta que utilizou na observacdo da passagem de Vénus. Estas fotografias mostraram que em
determinadas circunstancias, a imagem fotografica do Sol revelava mais informacdo do que aquela que era
observada visualmente. Foi a partir destas observac¢des que Janseen descobre granulacdes na fotoesfera solar
gue ele denomina de rede fotoesférica (réseau photosphérique).

Ernesto de Vasconcellos referese a esta descoberta na sua dissertagao:

AiCom effeito, as primeiras tentativas feitas em Kew (po
granulag@es ou graos de arroz que cobrem a superficie do sol, e de que a vista péde apenas entrever a existencia

por causa da intensidade da luz solar, foram sem resultado porquanto eram clichés photographicos de pequenas
dimensdes que ndo nos offereciam nada de novo sobre estas agglomeragBes mysteriosas. Mr Janssen,
procurando quaes as causas dbeste insucesso da photogr g
phenomeno de irradiacdo que produz, em photographia, um alargamento da imagem dos pontos luminosos,
tanto mais consideravel quanto maior é o tempo de exposi¢do. Ora o diametro medio das granulagbes da
photoesfera regula por um segundo de arco; comprehende-se portanto que mesmo uma fraca irradiacdo basta
para tornar em uma luz confusa todos os detalhes dos seus contornos. Se nds entdo conseguirmos aumentar o
diametro das imagens, diminuindo ao mesmo tempo a duragdo da pose, teremos reduzido muito os effeitos da
irradiacdo, os detalhes distinguir-se-hdo mais facilmente, e as imperfeicdes da camada sensivel terdo menos
importancia, visto operar-se numa escala maior. Foi o que fez Mr Janssen empregando poses excessivamente
curtas, que elle refere pelo céalculo & avaliagdo fixa de uma exposicao feita directamente & luz solar, sem passar
pelos meios refringentes, levando em conta a amplificacdo desejada. Esta exposicao assim calculada é de 1/3000
do segundo. Com esta rapidez elle consegue retarir a ac¢do dos diversos raios do spectro, reduzindeos quasi a
um grupo monochromatico de raios azul-violeta que séo limitados pela raia G, e obtem por esta férma uma
grande nitidez da imagem a qual deixa vér todas essas granulagfes espheroidaes da photosphera
imcessantemente agitadas por movimentos muito rapidos. (...) Vejamos, porém o que o proprio mr Janssen diz

fallando das suas observagfes. As photographias mostram que a superficie solar € coberta de uma fina

36 Janssen, Bulletin de la Société francaise de photographie, 1876, vol. 22, p. 100.
37 FlammarionLa Nature 1875, vol. 3, primier semestre, p.356.

85

to

phi

phi



granulagdo, de formas, grupamentos e dimensdes muito variadas. Estas figuras sdo circulares ou ellipticas mais
ou menos alongadas, porém s&o destruidas muitas vezes. A granulagdo ndo apresenta & primeira vista uma
differente constituicdo das regides polares, mas é este um estudo ainda a fazer. (...) Eu ja me pude certificar que
0s graos photoesphericos teem apenas uma existencia ephemera, porque se transformam rapidamente, e de que
os pontos onde as correntes ascendentes do hydrogeneo véem agitato s mudam t ambe mo .

Estas fotografias solares foram obtidas com o auxilio do fotoheliégrafo de Meudon especialmente construido para
o efeito. O instrumento era munido de uma objectiva de 12,8 cm de didmetro que produzia uma imagem direita
do Sol por projec¢do numa chapa fotografica. Janssen concebe um obturador mecénico que permite exposicdes
extremamente curtas (ca. 1/6000 s) (Figura 3).
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Figura 3- Obturador utilizado por J. Janssen no fotoheliégrafo de Meudon.
Adaptado de Ernesto de Vasconcellos (1884).

Em 1876 Janssen apresenta algumas fotografias solares & Academia com um didmetro de 22 cm afirmando na
altura:

il est superflu déinsister aujourdbéhui sur | 6i mportanc
application doit entrer dans une phase nouvelle. Pour le Soleil par exemple, on doit commencer dans les
observatories qui aborderont ces etudes des séries indéfinies et aussi complétes que le temps le permettra. Ces

s®ries doivent °tre constitu®es avec des images tr s gr
reproduire les facules et leurs contours précies, les taches et leurs détails si importants de structure, enfin les
granul ations de | a surface avec |l eurs v®ritable formeso.

Em 1903 Janssen publica uma obra monumental initulada Atlas de photographies solaires Gauthiers-Villars). O

atlas inclue fotografias do sol de grande dimenséo (44,5 x 53,5 cm) em papel fotografico coladas na obra que

representam uma pequena selecc¢ao das cerca de 6000 de fotografias solares obtidas a partir de 1877 em chapas
com 36 x 36 cm. Esta primeira parte do atlas pesa 10 kg. A segunda parte ndo chega a ser publicada.

Jules Janssen foi um dos pioneiros da astrofotografia e um acérrimo defensor da utilizagdo regular da fotografia
nas observacgfes efectuadas em observatorios astronomicos. Foi presidente honorario da Sociedade Francesa de
Fotografia (1891-1893) e presidente da Unido Nacional das Sociedades Photograficas de Franga (1892). As
fotografias solares de alta definicdo que efectuou constituiram uma referéncia até meados do século 20 (Figuras
4 e b5).
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Figura 4- Granulacédo solar. Imagem obtida por J. Janssen em 1877.

Figura 5- Atlas de photographies solaires (1903). Observatério de Meudon.
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JULESJANSSENS ATLAS DEPHOTOGRAPHIES
SOLAIRES

Pedro Ré
http://pedroreastrophotography.com/

The Atlas of Solar Photographs (Atlas de Photographies Solairey was published by Pierre Jules César Janseen

(1824/1907) in 1903%8. Thi s monument al Atlas consists of a collectidgn
obtained by Janseen and several coworkers. In 1903 the collection had a total of 6000 photographs of the whole
Sun, recorded from 1976 to 1903 on 36x36 cm glass plates at Meudon observatory. Only seven photographic
plates remain today. The Atlas was the sol ar e qdddas v al e n|t

Photographique de la Lune It was the first to record changes in the solar surface and Janseen soon recognized
the need and importance of a daily photographic record.

Janseenwas very interested in photographing the solar granulation as well. These photographs obtained with a

solar photographic refractor built by Adam Prazmowski (1821/1885) were considered a reference until the
observations made by Bernard Lyot (1897/1952) at Pic du
1).

Figure 1- Jules Janseen and the 5.5inch solar photographic refractor built by Adam Prazmowski (c. 1874).

Janseen and the polish astronomer Adam Prazmowski wor k e d together on t he cons
photographic refractor to be mainly used to observe the

corrected in the violet part of spectrum was also built and this telescope was used to record the Sun during the

period of 1876 to 1903. In 1877 Janssen used this telescope to photograph the solar chromosphere. | n Jans een 9

own words?3®:

Un examen attenti f des photographies montre que | a surf
dans toutes ses parties, mais qudell e se divise en une
et présentant une constitution particuliére. Ces figures ont des contours plus ou moins arrondis, souvent
rectilignes, et rappelant le plus ordinairement des polygones. Les dimensions de ces figures sont trés variables.

Elles atteignent quelquefois une minute et plus de d i a m ™ Tout éndiqgue que dans ces espaces la matiere
photosph®rique est soumise ~ des mouvements violents qu

/'l r®sulte encore de ces consid®rations une cons®qguence
de la grande variété des formes des éléments granulaires, que ces éléments sont constitues par une matiere trés
mobile qui ¢ de avec facilit® aux actions ext®rieures.

% Janseen, J. (assisted by M. Pasteur) (19€8)s de Photographies Solair&authierVillars, Paris.
PWFyaSSys We omygpco® ! yylfSa RS ftQhoaSNBFGI2ANE RQ!
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ayant ®gard ~ ddbéautres consid®rations que nous d®vel op/
granul ations wun ®tat tr s anal ogue ~-a-drea les considérerrcanrsne n u a g €
des corps constitués par une poussiere de matiére solide ou liguide nageant dans un milieu gazeux.

Le diametre des grains dans les points ou la granulation est bien formée est généralement compris entre une et

deux secondes débarc. Un examen attenti f montre qudil ex]
di amet er beauvucoup moindre et descendant jusqud” 1/ 3 e
supérieures a deux secondes, elles se rencontrent également avec fréquence, mais elles résultent de

/| 6agg! om®r ation doé® ®ments plus petits, ainsi qudon pe
définition.

Granulation dans les faculae et les stries despénombres : Le 22 juin 1885 (Figure 3), nous obtenion, & Meudon,
une photographi e montrant une grande tache donot / e nq
diametre. Les faculae et les stries des Pénombres de cette tache montraient trés nettement que ces parties
Elaient formées de granulations comme le reste de la surface solaire.

AMNALES

LABSENCATOIRE [V ANTRONSUTE 'Y SR

AL

FIUTOGRAPIRES  Son AT,

Figure 2- Janseen, J. (1903). Atlas de Photographies Solaires.Gauthier-Villars, Paris.

Contemporary printers were not able to adequately reproduce these photographs. Engraving was often used, or
actual photographic prints were glued into the books and publications (Figure 3). Janssen published two
photoglyphic proofs of the same region of the solar surface inthe Annwvai re du Bureau des [ on
1879°°. These photographs showed the same solar region photographed with an interval of 50 min showing
firapid transformations of the network of the photospheri

In the first volume of the Annal/ es de | 60bservatoire ,d&aHghfresaution plates Phy s|/

were published in 1896. Finally, thirty plates were selected for the monumental At/as de Photographies Solaire$-.
These selected plates were not the best obtained by Janssen and coworkers. They were mainly chosen to show
the fAphotospheric networko in detail

A full disk image of the Sun obtained by Janssen was published by Guillemin in his popular book Le Cief?.«
(Figure 5).

40 Janseen, J. (1879). Progrés récents de la physique soldirg/ i dzZ A NB Rdz . :®236d512 dzNJ f QI V]
“hyte | R21T Sy O2LAS&a 2F GKS ! (f | ZandtN&ondpak was Seteedd L
published.

42 Guillemin, A. (1877).e CiglHachette, Pari®hotolytic plate showing sunspots and faculae.
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Figure 3- Solar granulation on 10 October 1877 (left) and sunspots on 22 June 1885 (right). Paris Observatory

Lioraryand Annal es de | 60Observatoire déAstronomie

Figure4-Sol ar granul ation, Plates |, 1, I'11. Janseen,
de Paris, Tome Premier.
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Figure 5- Photolytic plate showing sunspots and faculae (J. Janseen).
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Sources:
Guillemin, A. (1877).e CielHachette, Paris.
Hughes, S. (2013Jatchers of the Ligh&rtDeCiel Publishing

Janseen, J. (1879). Progrés récents de la physique solaireyiff dzt A NB Rdz . R§23 LJ2 dzN

685.
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Janseen, J. (assisted by M. Pasteur) (19Q8)s de Photographies Solair€authierVillars, Paris.
Launay, F. (2008)In globetrotter de la physique célestd 4 8 i NPy 2 YS WwdzZ Sa
de Paris, Vuibert: 281 pp.

Atlas de Photographies Solaires availabldioe:
https://gallica.bnf.fr/ark:/12148/btv1b5312434997rk=21459;2
https://bibnum.obspm.fr/items/show/3#?¢c=0&mM=0&s=0&cv=0&A:556%2€
0.3968%2C1.1111%2C1.9323
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HENRYDRAPERS (1837-1882) FIRST LUNAR
IMAGES

Pedro Ré
http://pedroreastrophotography.com/

Henry Draper was a medical doctor and a pioneer astrophotographer. His father John William Draper (1811-1882)
was the first to obtain a daguerreotype image of the moon in 1840 “3.

Henry Draper is well known for obtaining the first photograph of the Orion nebula (M 42) on September 30, 1880

(Figure 1). Draper used a 28 cm (11-inch) Alvan Clark refractor supported by an equatorial mount also built by
Clark (51 min exposure). Draper also obtains two other photographs of M 42 on 1881/1882 with longer exposure
times (104 min and 137 min). In 1872 H. Draper records for the first time a star spectrum (Vega) using a 72 cm

reflector and a quartz prism. Three years later (1875) Draper was able to photograph the spectra of almost all
the bright stars using the 11 -inch refractor and a quartz prism located close to the photographic plate.

Figure 1- First photographic image of the Orion nebula (M 42) obtained by Henry Draper in 1880.

In his paper published in 1865 (accepted for publication in 1864), On the Construction of a Silvered Glass
Telescope, Fifteen and a Half inches in Aperture, and Its use in Celestial Photography Draper describes his
investigations into glass-grinding machines (seven different models), glass astronomical mirrors, optical testing,
telescope mounts, clock drives and photographic laboratories. This book was intended to be a hand-on guide for
building and using silver glass reflectors. In the first page Drapers mentions:

The construction of a reflecting telescope capable of showing every celestial object now known is not a very
difficult task. It demands principally perseverance and careful observation of minutiae. The cost of materials is
but trifling compared with the result obtained, and | can see no reason why silvered glass instruments should not
come into general use among amateurs. The future hopes of Astronomy lie in the multitude of observers, and in
the concentration of the action of many minds.

43 0On the 23d of March 1840, J.W. Draper presented to the Lyceum of Natural History of New York the first
representation of the moon's surface ever taken by photography. The daguerreotype plate was exposed for
twenty minutes and the image was about an inch in diameter.
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He also concludes the manual by writing:

My experience in the matter, strengthened by the recent successful attempt of M. Foucault to figure such a
surface more than thirty inches in diameter, assures me that not only can the four- and six-feet telescopes of
those astronomers be equalled, but even excelled. It is merely an affair of expense and patience. | hope that the
minute details | have given in this paper may lead someone to make the effort.

Draperés telescope and observatory are described in

A short historical sketch of this telescope may not be uninteresting. In the summer of 1857, | visited Lord Rosse's
great reflector, at Parsonstown, and, in addition to an inspection of the machinery for grinding and polishing, had
an opportunity of seeing several celestial objects -through it. On returning home, in 1858; | determined to
construct a similar, though smaller instrument; which, however, should be larger than any in America, and be
especially adapted for photography. Accordingly, in September of that year, a 15-inch speculum was cast, and a
machine to work it made. In 1860, the observatory was built, by the village carpenter, from my own designs, at
my father's country seat, and the telescope with its metal speculum mounted. This latter was, however, soon
after abandoned, and silvered glass adopted. During 1861, the difficulties of grinding and polishing that are
detailed in this account were met with, and the remedies for many of them ascertained. The experiments were
conducted by the aid of three 15 % -inch disks of glass, together with a variety of smaller pieces. Three mirrors of
the same focal length and aperture are almost essential, for it not infrequently happens that two in succession
will be so similar, that a third is required for attempting an advance beyond them. One of these was made to
acquire a parabolic figure and bore a power of 1,000. The winter was devoted to perfecting the art of silvering,
and to the study of special photographic processes. A large portion of 1862 spent with a regiment in a campaign
in Virginia, and but few photographs produced till autumn, when sand clocks and clepsydras of several kinds
having made, the driving mechanism attained great excellence. During the winter, the art of local corrections was
acquired. and two 15 % -inch mirrors, as well as two 9 inches for the photographic enlarging apparatus, were
completed. The greater part of 1863 has been occupied by lunar and planetary photography, and the of the small
negatives obtained at the focus of the great reflector. negatives have been produced which have been magnified
fo 3 feet in diameter. | have also finished two mirrors 15 % -inch in aperture, suitable for a Herschelian telescope,
that is, which can only converge oblique pencils to a focus free from aberration. This work has all been
accomplished in the intervals of professional labour. The details of the preceding operations are arranged as
follows.: § 1. GRINDING AND POLISHING THE MIRRORS, § ZTHE TELESCOPE MOUNTING, § 3THE CLOCK.
movement; § 4. THE OBSERVATORY; § 5. THE PHOTOGRABHABORATORY; § 6.

THE PHOTOGRAPKIENLARGER.

THE TELESCOPE MOUNT
The telescope is mounted as an altitude and azimuth instrument, but in a manner that causes it to differ from the
usual instrument of that kind. The essential feature is, that the eyepiece or place of the sensitive plate is

stationary at all altitudes, the observer always looking straight forward, and never having to stoop or assume
inconvenient and constrained positions.
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Ewetloonl View of Obsegvatory,

Figure2-Henry Draper6s observatory and Photographi

The telescope tube is a sixteen-sided prism of walnut wood, 18 inches in diameter, and 12 feet long. The staves
are 3/8 of an inch thick and are hooped together with four bands of brass, capable of being tightened by screws.
Inside the tube are placed two rings of iron, half an inch thick, reducing the internal diameter to about 16 inches.
At opposite sides of the upper end of the tube are screwed the perforated trunnions upon which it swings.
Surrounding the other end is a wire rope, the ends of which go over the pulleys on friction rollers and terminate
in disks of lead. These ‘counterpoises are fastened on the ends of levers which turn below on a fixed axle.

By this arrangement as the tube assumes a horizontal position and becomes, so to speak, heavier, the
counterpoises do the same, while when the tube becomes perpendicular, and most of its weight falls upon the
tfrunnions, the counterpoises are carried mostly by their axle. A continual condition of equilibrium is thus reached,

the tube being easily raised or depressed to any altitude desired.

THE CLOCK MOVEMENT

Warren De La Rue, who has done so much for celestial photography, was the first to suggest photographing the
moon on a sensitive plate, carried by a frame moving in the apparent direction of her path. He never, however,
applied an automatic driving mechanism, but was eventually led to use a clock which caused the whole telescope
fo revolve upon a polar axis, and thus compensate for the rotation of the earth, and on certain occasions for the
motion of the Moon herself. In this way he has produced the best results that have been obtained in Europe.
Lord Rosse, too, employed a similar sliding plate-holder, but provided with clockwork to move it at an appropriate
rate. | have not been able yet to procure any precise account of either of these instruments.

My first trials were with a frame to contain the sensitive plate, held only at three points. Two of these were at the
ends of screws to be turned by the hands, and the third was on a spring so as to maintain firm contact. 'This

apparatus worked well in many respects, but it was found that however much care might be taken the hands
always caused some tramor in the instrument. It was evident then that the difficulty from friction which besets

the movements of all such delicate machinery, and causes jerking and starts, would have to be avoided in some
other way.

| next constructed a metal slide to run between two parallel strips and ground it into position with the greatest
care. This, when set in the direction of the moon's apparent path, and moved by one screw, worked better than
the preceding. But it was soon perceived that although the strips fitted the frame as tightly as practicable, an
adhesion of the slide took place first to one strip and then to the other, and a sort of undulatory or vermicular

97




progression resulted. The amount of deviation from a rectilinear motion, though small, was enough to injure the
photographs.

My brother, Daniel Draper, to whose mechanical ingenuity | have on several occasions been indebted to
assistance in the manifold difficulties that have arisen while constructing this telescope, continued these
experiments at intervals. He presented me with a slide and sand-clock, with which some excellent photographs
have been taken. He had found that unless the slide above mentioned was made ungovernably long, the same
trouble continued (Figure 3).

Sliding Plate-heldor,

Figure 3- Sliding plate holder

The length of time that such a slide can be made to run is indefinite, depending in my case on the size of the
diagonal flat mirror, and aperture of the eyepiece holder. | can follow the moon for nearly four minutes but have

never required to do so for more than fifty seconds. At the mouth of the instrument, where no secondary mirror
s necessary, the time of running could be increased.

My prime mover was a weight supported by a column of sand, which, when the sand was allowed to run out
through a variable orifice below, could be made to descend with any desired velocity and yet with uniformity. In
addition, by these means an unlimited power could be brought to bear, depending on the size of the weight.
Previously it was proposed to use water and compensate for the decrease in flow, as the column shortened, by a
conical vessel but it was soon perceived that as each drop of water escaped from the funnel-shaped vessel, only
a corresponding weight would be brought into play. This is not the case with sand, for in this instance every grain
that passes out causes the whole weight that is supported by the column to come into action. In the former
instance a movement consisting of a series of periods of rest and periods of motion occurs, because power has to
accumulate by floating weight lagging behind the descending water, and then suddenly overtaking it. In the latter
case, on the contrary, there is a regular descent, all minor resistances in the slide being overcome by the steady
application of the whole mass of the weight. When these advantages in the flow of sand were ascertained, all the
other prime movers were abandoned. Mercury-clocks, on the principle of the hydrostatic paradox, alr-clocks, in
great variety, had been constructed.

| am determined to try a clepsydra as a prime mover. The reason which led to this change was that it was
observed on a certain occasion when the atmosphere was steady, that the photographs did not correspond in
sharpness, in fact being no better than on other nights when there was a considerable flickering motion in the air.
A further investigation showed that in these columns of sand there is apt to be a minute vibrating movement. At
the plateholder above this is converted into a series of arrests and advances. On some occasions, however, these
slight deviations from continuous motion are entirely absent, and generally, indeed, they cannot be seen, if the
parts of the image seem to vibrate on account of currents in the air. By the aid of the microscopic exaggeration
described on a former page which was subsequently put in practice they may be observed easily if present.
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The Sand-Clock. The Clepaydra,

Figure 417 SandClock and Clepsydra.

It is obvious that in a water -clock, where the mobility of the fluid is so much greater than that of solid grains, this
difficulty would not arise. The following contrivance in which the fault of the ordinary clepsydra, in varying rate of
time as the column shortens, s avoided, was next made. With it the best results are attainable, and it seems to
be practically perfect.

Draper brough the telescope to a complete rest before exposing, then moved the plate holder to track the
movement of the Moon. During the exposures, lasting several seconds, the photographic plate was driven
automatically by a Clepsydra connected to the plate holder by a chord (Figure 4).

By 1863 Draper obtained more than 1500 collodion wet plates of the Moon. These were regarded as some of the

best lunar photographs ever taken, maybe only surpassed by Lewis Morris Rutherfurd image of the first quarter
moon obtained in March 6, 1865, in almost perfect seeing conditions.
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Figure 6- Henry Draper albumen silver print photograph of the Moon (1863).
Sources:

Draper, H. (1865). On the Construction of a Silvered Glass Telescope, Fifteen and a Half inches in
Aperture, and lts use in Celestial Photography. Smithsonian Contributions to Knowledge XIV: 55
pages.

Hirshfeld, A. (2014). Starlight Detectives. Bellevue Literary Press, New York.

Hughes. S. (2013). Catchers of the Light. ArtDeCiel Publishing 1612 pages.
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LEWIS MORRISRUTHERFUR{1816-1892),
LAWYER SPECTROSCOPIST AND
ASTROPHOTOGRAPHER

Pedro Ré
http://pedroreastrophotography.com/

Lewis Morris Rutherford (1816-1892) performed pioneering work in spectral analysis and experimented with
astronomical photography. He invented several instruments for his studies, including a micrometre for measuring
astronomical photographs, a machine for producing improved ruled diffraction gratings and the first telescope

designed specifically for astrophotography. He produced many photographs of the Sun, Moon, and planets, as
well as star clusters and stars down to the fifth magnitude.

Figure 1- Lewis M. Rutherfurd, Full Moon image obtained in 1858.

Lewis M. Rutherfurd was born at Morrisania, Bronx N.Y. and entered Williams College at the age of fifteen. After
graduating in 1834 he studied law and was admitted to the bar in 1837. Lewis Rutherfurd although coming from
an unlikely legal background and having received no formal scientific education, made contributions to
Astronomical Spectroscopy that were truly ground-breaking. He was also the first person to build a telescope
suitable for photographic use. With this instrument he took photographs of the Moon, which were for over twenty
years unequalled in their quality.

After pursuing the study of law for two years in the office of William H. Seward, at Auburn, and afterwards in that
of George Wood, in New York city, he began the practice of his profession as partner of Mr. Peter A. Jay and
subsequently continued it as partner of the late Hamilton Fish.

Astronomy had for him a higher charm than legal studies and Rutherford devoted himself more and more to
scientific studies. An observatory, with an 11 % -inch telescope constructed by Henry Fitz and a good transit-
instrument afforded opportunity for different researches of a higher character than those of a mere amateur, and
later a workshop was gradually equipped with apparatus which he employed for the construction of instruments
the precision of which was hardly, if at all, surpassed in his time.
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Figure 2- Two stereographs of the moon by Lewis M. Rutherfurd and Henry Draper.
Pedro R®6s private collection.

In 1849 he travelled in Europe and studied with the Italian optician Giovanni Battista Amici (1786-1863). On his
return to New York City he erected in his garden, at the back of his house at the corner of Second Avenue and
Eleventh Street, a small observatory.

His astronomical observatory was built in the last half of 1856 and in 1858 he began his experiments in
astronomical photography. During the summer of that year he obtained negatives of the full moon which would
well bear an enlargement of fifty diameters, and stereographs which gave excellent effects (Figure 2).

His first scientific paper dated July 28, 1862 (American Journal of Science, September 1862), confirmed Clark's
discovery of the companion of Sirius and provided a series of measures. The laboratory experimentation of
Kirchhoff and Bunsen in spectroscopy was attracting great attention. Turning his attention to this field,
Rutherfurd followed up the observational work of Fraunhofer and succeeded in observing the general
characteristics of the Sun, Moon, and a few stars.
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Figure 3- Wet collodion Moon images obtained by Lewis M. Rutherfurd in 1865.

In his paper, dated December 4, 1862 (American Journal of Science, January 1863) he attempted, for the first
time, a classification of stellar spectra, which agrees essentially with that published later by Angelo Secchi. During
this research he realized that the spectroscope could be used to determine the colour curve of a telescope
objective and, using this discovery to test his work as it progressed, he succeeded, in 1864, in finishing an
objective, 11 ¥4 inches in diameter, designed solely for astrophotography. A 13-inch telescope which could be
converted from a visual to a photographic instrument by the addition of a third lens was finished in 1868 44 With
these instruments he made many photographs of the Sun and Moon (Figure 3 to 5).

Realizing the value and convenience of obtaining a photographic record of the relative positions of stars,
Rutherfurd initiated an extensive program of photographing numerous star fields. The measurement of the plates
was carried out on an engine which he devised and built. In the first design the micrometre wire was carried
entirely across the plate by a very long screw. Later a glass scale was added making it necessary to use the
screw for measuring short distances only and thus greatly reducing the errors inherent in the screw. Troubled by
the possibility that the photographic film might not stay fixed in position and thus impair the measures,
Rutherfurd experimented and found that treatment with dilute albumen secured this necessary condition. He is to
be credited with overcoming the mechanical difficulties of making an efficient spectroscope of hollow prisms filled
with liquid maintained at uniform density. It was with a spectroscope of this type that he secured a photograph of
the solar spectrum showing many new lines. He also devised the now well-known method of connecting the
prisms so that they all automatically come to the angle of least deviation.

44 The 13-inch is now at in Magdalena, New Mexico and his owned by John W. Briggs. Briggs started collecting
telescopes in New England in the early 1980s, having been inspired by historical telescopes and their history up
at the Stellafane convention.
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Figure 4- Solar images obtained in March and April 1890.

During 1870 he built an engine with which he succeeded in ruling interference gratings, which was superior to all
others down to the time of Henry A. Rowland. Rutherfurd was a trustee of Columbia College for more than
twenty-five years and took a leading part in establishing the department of geodesy and practical astronomy in
1881.

In 1883 he made an unconditional gift to the college of his entire observatory equipment, following this gift in
1890 with that of all his negatives and twenty folio volumes of plate measures. The work of measurement and
reduction was later carried on by John K. Rees and Harold Jacoby.

175 plates of the Sun taken between 1860-74

174 plates of the Solar Spectrum taken between 1860-74

435 plates of the Moon taken between 1858-77

664 plates of the Star groups taken between 1858-77

33 plates of 44 Bootis taken between 1868-75

12 plates of B A. C. 8083 taken between 1873-74

27 plates of E Cassiopeb taken between
58 plates of 1 CassiopBeb taken between
15 plates of & Cygn/ taken between 1875
24 plates of 21 Cygni taken between 1875-76

22 plates of 61 Cygni taken between 1871-76

19 plates of 7 Cygni taken between 1875-76

27 plates of Perseus Clusters taken between 186574

54 plates of Pleiades taken between 186574

23 plates of Praesepe taken between 1865-77

23 plates of 1830 Groombridge taken between 1872-77

1870
1868
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Sources:

Figure 5- Photograph of the Sun by Rutherfurd in September 22, 1870.

Hughes. S. (2013). Catchers of the Light. ArtDeCiel Publishing: 1612 pages.
http://www.nasonline.org/publications/biographical -memoirs/memoir-pdfs/rutherfurd -lewis.pdf
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WILLIAM HUGGINS(1824-1910) E O DEALBAR
DA ASTROFISICA

Pedro Ré
http://pedroreastrophotography.com/

William Huggins nasceu em Cornhill, Middlesex (Reino Unido) em 1824. Com apenas 8 anos de idade compra um
telescopio e realiza as primeiras observag¢des astrondmicas no interior da cidade de Londres. As observagdes que
efectuou durante a infancia estimularam o seu interesse pelo estudo da astronomia. Entre estas pode mencionar-
se; uma chuva de meteoros (Novembro de 1836); um eclipse anular do Sol que atingiu 90% em Londres (15 de
Maio de 1836) e o aparecimento de um cometa visivel em pleno dia (Fevereiro e Abril de 1843) (Figura 1).

Figura 1- William Huggins (1824-1910) (esquerda), aspecto do interior do seu observatorio (direita) onde €é visivel
o refractor Clark de 80 e um refractor Dol l

Cerca de 30 anos mais tarde (1854) William Huggins ®
maioria dos membros da RAS eram nesta altura astronomos amadores que desenvolviam inimeros projectos de
observacédo relacionados sobretudo com o estudo de objectos do sistema solar (asteroides, superficies
planetérias, satélites, cometas, manchas solares) bem como de estrelas duplas. Huggins envolvese activamente,
como astronomo amador, em muitos destes projectos de observagéo.

Em 1851, Huggins observa os primeiros daguerredtipos da Lua realizados por William Cranch Bond (17891859)
(Cambridge, Massachusetts) expostos durante a Grande Exposi¢cdo de Londres realizada no mesmo ano e
subsquentemente na RAS. No ano seguinte, Warren de la Rue (18151889), estimulado por estes primeiros
resultados, realiza numerosas fotografias da Lua. Ndo é claro que Huggins e Warren de la Rue tenham
colaborado neste periodo. Durante os primeiros anos em que Huggins integrou a RAS, o facto de ter efectuado
unicamente observacgfes a partir do interior de Londres, ndo Ihe permitiu contribuir com qualquer material para
publicacdo nas Monthly Notices da referida Sociedade.

Em 1855 muda-se para uma nova residéncia nos suburbios de Londres (Lambeth) que ficou conhecida
inicial mente como a fAAl pha Cottaged e mais tarde <como
astronémica melhoraram muito. Um regime de ventos favoravel afastava o fumo persistente que se fazia sentir
guase em permanéncia sobre a cidade de Londres e os instrumentos de observacdo astronémica podiam ser
facilmente montados de um modo expedito num amplo jardim.

Pouco tempo apds ter-se mudado para a nova residéncia, Huggins contrata um carpinteiro local (Edward Leigh)
com a finalidade de construir um observatério, onde monta de um modo definitivo 0os seus instrumentos de
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observacdo. Huggins descreve municiosamente o seu novo observatorio numa comunicacdo publicada nas
Monthly notices da RAS® (Figure 2).

Figura 2- Observatorio de Tulse Hill (esquerda). William Huggins no seu observatério (ca. 1890) (direita):
refractor Grubb de 150 da RAS.

fiThe building is raised upon columns to a height of sixteen feet above the ground and is connected by an
enclosed passage with the upper story of the cottage. It become thus, for all purposes of convenience and
access, a part of the house; while its elevated position prevents the view of the heavens from being obstructed,
as would otherwise be the case, by the cottage and neighboring trees. The stability of the instruments is provided
for by two massive pyramidical columns of brickwork built in cement and resting upon deep and broad
foundations of concrete. These columns pass up through the floor of the building, with which they are wholly
unconnected, to a proper height for the reception of the instruments. The iron columns, upon which the building
is supported, repose likewise upon solid concrete foundations. The building, which is 18 feet long by 12 feet wide,
is formed of a strong framework of wood. This is covered externally with plates of corrugated iron. To the inside
of the framework a double boarding, with felt placed between, is nailed, and the whole of the interior is hung
with varnished oak paper. The dome, 12 feet in diameter, is hemispherical, and rotates easily on three iron balls,
running in channels of iron plate. The shutter of the dome, 18 inches wide, extends through slightly more than a
quadrant; it runs upon rollers, on parallel ridges, placed outside the dome. The ridges are continued over from
horizon to horizon, and the shutter travels over and back again by means of two lines of wire -rope attached to
the axle of a small windlass, fixed on the inner side of the curb of the dome. The dome itself consists of a circular
wooden curb, bearing a light-work of iron, covered over with thin sheet -zinc. The dome is lined with felt and
painted oilcloth. The following instruments are present in the Observatory: an equatorial by Dollond, 5 inches
aperture and 5 feet focal length; circles 18 inches of diameter; a transit -circle, by the late Thomas Jones. The
telescope has a focal length of 45 inches and an aperture of 3.25 inches. The circle is 18 inches diameter, with
divisions of silver to 56. The verniers readoto 30. The

Com o auxilio destes instrumentos, Huggins realiza numerosas observacdes de rotina, relacionadas sobretudo
com a descri¢do de superficies planetarias e cronometragem de ocultagcdes de estrelas pela Lua. Muitas destas
observacgdes foram publicadas de um modo regular nas Monthly Notices.

Em 1859, Huggins conhece o reverendo William Rutter Dawes (17991868). Dawes, 25 anos mais velho do que
Huggins, era bem conhecido na época sobretudo por ser um avido observador de estrelas duplas. Tal como
Huggins, Dawes efectuou observag¢desregulares, como astrénomo amador, com 30 anos de idade.

O interesse de Dawes pela observacdo de estrelas duplas fez com que este procurasse objectivas de excelente
qualidade. Comprou diversas objectivas a Alvan Clark e uma destas foi vendida a Huggins em 1858°. E a partir
desta altura (1860) que William Huggins inicia um programa de observacgédo inovador que o conduz a utilizagéo do

45 William Huggins (1856). "Description of an Observatory erected at Upper Tulse Hill," Monthly Notices of the
Royal Astronomical Society,16: 175-176.
46 William Huggins pagou 200 £ por esta objectiva de 8 polegadas.
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espectroscopio no estudo de objectos celestes (planetas, estrelas e nebulosas) e mais tarde ao uso da fotografia
na tentiva de registar espectros de estrelas e nebulosas.

No seu I|livro AThe New Astronomy: a Personal Retrospect
primeiras observagfes espectroscopicas:

fit was just at this time (1862) that | happened to meet at a soirée of the Pharmaceutical Society, where
spectroscopes were shown, my friend and neighbor, Dr. William Allen Miller, Professor of Chemistry at King's
College, who had already worked much on chemical spectroscopy. A sudden impulse seized me to suggest to him
that we should return home together. On our way home | told him of what was in my mind and asked him to
join me in the attempt | was about to make, to apply Kirchhoff's methods to the stars. At first he hesitated as to
the probability of our success. Finally, he agreed to come to my observatory on the first fine evening, for some
preliminary experiments as to what we might expect to do upon the stars o.

O interesse de Huggins pela espectroscopia é bem revelado noutra passagem do mesmo livro:

fiThen it was that an astronomical observatory began, for the first time, to take on the appearance of a
laboratory. Primary batteries, giving forth noxious gases, were arranged outside one of the windows; a large
induction coil stood mounted on a stand on wheels so as to follow the positions of the eye -end of the telescope,
together with a battery of several Leyden jars; shelves with Bunsen burners, vacuum tubes, and bottles of
chemicals, especially of specimens of pure metals, lined its walls. The observatory became a meeting place where
terrestrial chemistry was brought into direct touch with celestial chemistry. This time was, indeed, one of strained
expectation and of scientific exaltation for the astronomer, almost without parallel; for nearly every observation
revealed a new fact, and almost every night's work was red -lettered by some discoveryo.

Em 1864 Huggins publica os primeiros trabalhos sobre espectroscopia estelat’. Num destes trabalho refere:

fiThe investigation of the nature of the fixed stars by prismatic analysis of the light which comes to us from them,

however, is surrounded by no ordinary difficulties. The light of the bright stars, even when concentrated by an
object-glass or speculum, is found to become feeble when subjected to the large amount of dispersion which is
necessary to give certainty and value to the comparison of the dark lines of the stellar spectra with the bright

lines of terrestrial matter. Another difficulty, greater because it is in its effect upon observation more injurious,

and is altogether beyond the control of the experimentalist, presents itself in the ever -changing want of
homogeneity of the Earthés atmosphere through which th
presses very heavily upon observers who have to work in a climate so unfavorable in this respect as our own. On

any but the finest nights the numerous and closely approximated fine lines of the stellar spectra are seen so

fitfully that no observations of value can be made o

Esta publicacdo de Huggins surge pouco tempo apés o trabalho pioneiro de Gustav Kirchoff que em 20 de
Outubro de 1859 descreve pela primeira vez as linhas de Fraunhofef® e faz uma primeira interpretagdo quimica e
fisica das linhas escuras de absorcéo observadas no espectro solar.

Huggins e Miller desenvolvem em 1862 um primeiro espectroscopio (Figura 3) que utilizam na observagéo dos
espectros de algumas estrelas brilhantes (Figura 4). Este espectroscopio € descrito por Huggins e Miller na sua
primeira publicacéo sobre espectroscopia estelaf®.

fiAfter devoting considerable time to the construction of apparatus suitable to this delicate branch of inquiry, [we]
have at length succeeded in contriving an arrangement which has enabled [us] to view the lines in the stellar
spectra in much greater detail than has been figured or described by any previous observera.

47 Os primeiros trabalhos de Huggins sobre espectroscopia estelar surgem em 1863: Huggins, W., W.A. Miller
(1863) - Note on the Lines in the Spectra of some of the fixed stars. Proceedings of the Royal Society12: 444 -
445 e Huggins, W., W.A. Miller (1863) - On the Spectra of some Fixed Stars. Proceedings of the Riyal Society 13:
242-244. O primeiro trabalho foi publicado com a intencéo de divulgar de um modo sucinto as investigacdes e o
segundo é uma versao reduzida do artigo com o mesmo titulo publicado mais tarde nas Philosophical
Transactions (1864), 154: 413 -435.

48 Gustav Kirchhoff, Uber die Fraunhofer'schen Linien, Monatsberichte Akad. Wissen Berlin (1859): 662-

665. Traducgédo inglesa: G. G. Stokes "On the simultaneous emission and absorption of rays of the same definite
refrangibility ...," Philosophical MagazineFourth Series, 21 (1860): 195-6.

4% Huggins, W., W.A. Miller (1863) - Note on the Lines in the Spectra of some of the fixed stars. Proceedings of
the Royal Society 12: 444-445,
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O trabalho publicado na Philosophical Transactions em 1864 icluia ja a descricdo dos espectros de cerca de 50
estrelas, no entanto s6 os espectros de Aldebran e de Betelgeuse foram estudados de um modo mais

pormenorizado (Figura 5).

No mesmo ano (1863) trés observadores publicaram espectros de algumas estrelas: Giovanni Battista Donati
(1826-1873) (Figura 6); Lewis Morris Rutherford (1816 -1892) (Figura 7) e James Carpenter (1840-1899) (Figura

8). Joseph von Fraunhofer (1787-1826) registou as primeiras observagdes de espectros estelares em 1823. Estas
observacdes pioneiras de Fraunhofer sé foram retomadas 40 anos depois por Huggins e Miller.

Figura 3- Primeiro espectroscopio utilizado por Huggins em 1862.
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Figura 4- Espectros de algumas estrelas (de cima para baixo): Aldebaran, Sirius, Betelgeuse e Solln Huggins,
W., W.A. Miller (1863) - Note on the Lines in the Spectra of some of the fixed stars. Proceedings of the Royal
Society, 12: 444-445.
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Figura 5- Espectros de Aldebaran (em cima) e de Betelgeuse (em baixo) publicados em 1864 por Huggins e
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Figura 6- Espectros de 15 estrelas publicados em 1863 por Giovanni Battista Donati (Monthly Notices of the Royal

Astronomical Society, 23: 100-107).
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ASIRONOMICAL OBSERVATIONS WITH SPECTROSCOrE.
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Figura 7- Espectros de 18 estrelas, Sol, Lua e Planetas publicados em 1863 por Lewis Morris Rutherford (Lewis M.
Rutherfurd, "Astronomical Observations with the Spectroscope," American Journal of Science, 35: 71-77).

112




¥ o H

A [
San | |

« Orionis B
4 Gemlaisriin N

o Cet I
} Virginis l l I | l
|
Castor I
Procyon |
3 Gesaliiorin |
B Aurige

Regulus

|
l
s Aurige |
Spica I
y Virginis [
Capella I
§ Leoni | | ]
Aldebaran | |

Areturus l |

B Tauri | |

Pollux |

Figura 8- Espectros de 19 estrelas e do Sol publicados em 1863 por James Carpenter sob a direccdo de George
Biddel Airy (Astronomo Real, Observatério de Greewich) (Monthly Notices of the Royal Astronomical Society, 23:
190).

O reverendo Angelo Secchi (18181878) efectua a primeira exploracéo sistematica de espectroscopia estelar
entre os anos de 1863 e 1867. Secchi observou visualmente os espectros de mais de 4000 estrelas estabelecendo
uma classificagdo baseada nas principais linhas de absorpcao e na cor das estrelas. Descreve deste modo quatro
classes distintas (Classes de Secchi) que englobavam estrelas brancas (Calsse 1), amarelas (Classe Il), vermelhas
(Classe lIl) e vermelho carregado (Classe IV)®°. Em 1877 adiciona mais uma classe (Figura 9).

50 secchi, A. (1866). Analyse spectrale de la lumiére de quelques étoiles, et nouvelles observations sur les taches
solaires. Comptes Rendus des Séances de I'Académie des Science§3: 364i 368. Secchi, A. (1866). Nouvelles
recherches sur l'analyse spectrale de la lumiére des étoiles. Comptes Rendus des Séances de I'Académie des
Sciences 63: 6211 628.
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Figura 9- Angelo Secchi (18181878) (esquerda), classes estelares de de Secchi(direita): (De cima para baixo)
Classe |1 estrelas brancas e azuis com linhas de hidrogénio (Vega e Altair); Classe 2i estrelas amarelas com
menos hidrogénio e linhas metélicas evidentes (Arturus e Capella); Classe 3i estrelas laranjas e vermelhas com
um espectro complexo (Betelgeuse e Antares); Classe 4i estrelas vermelhas com bandas e linhas de carbono.

A classificac@o de espectros estelares foi retomada por Henry Draper (18371882), filho de John William Draper
(1811-1882) pioneiro da astrofotografia lunar. Henry Draper obteve imagens fotograficas do espectro de Vega
em 1872. Realizou centenas de fotografias de espectros até ao seu desaparecimento em 1882. Em 1885, Edward
Charles Pickering (18461919) iniciou no observatério de Harvard uma extensa exploragdo de espectrografia
estelar recorrendo ao uso de prismas objectivos. Um ano mais tarde (1886), a viuva de Draper financia o trabalho
de Pickering estabelecendo o Henry Draper Memorial. Surge assim o Draper Catalogue of Stellar Spectra que é
publicado em 1890 e que continha as classificacdes espectrais de 10 351 estrelas (hemisfério Norte até-25° de
Declinacao). O catalogo completo (Henry Draper Catalogue) € publicado por Annie Jump Cannon (18631941) e
Edward Pickering entre os anos de 1918 e 1924. Neste catalogo sao referidas as classificacdes espectrais de 225
300 estrelas.

O Henry Draper Catalogue introduz a classificagdo actualde espectros estelares, baseada no sistema inicialmente
proposto por Secchi, subdividida num maior nimero de classes (agrupadas com as letras A a N): a classifi@a¢éo
de Harvard. Annie Jump Cannon é a primeira a usar o sistema actual de classificagdo (O, B, A, F, G, K, M).

Na noite de 29 de Agosto de 1864, William Huggins observou pela primeira vez o espectro de uma nebulosa
planetéaria na constelagéo do Dragdo (NGC 6543) efectuando uma das suas maiores descobertas:

fiOon the evening of August 29, 1864, | directed the t
looked into the spectroscope. No spectrum such as | expected. A single bright line only! At first | suspected some
displacement of the prism, and that | was looking at the reflection of the illuminated slit from one of its faces.
This thought was scarcely more than momentary; then the true interpretation flashed upon me. The light of the
nebula was monochromatic, and so, unlike any other light | had as yet subjected to prismatic examination, could

510 catélogo foi expandido (Henry Draper Extensior) e publicado entre os anos de 1925 e 1936 (46 850 novas
estrelas) e mais tarde sob a forma de cartas estelares (Henry Draper Extension Chart3 publicado entre 1937 e
1949 (86 933 estrelas) prefazendo um total de 359 083 estrelas.
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not be extended out to form a complete spectrumé The ri

come to us, is in the light itself read: Not an aggregation of stars, but luminous gas 520 .

Durante mais de um século, a natureza das nebulosas foi motivo de grande controvérsia. William Herschel foi o

primeiro a mencionar gue todas as nebulosas eram compgqd
telescépios com uma abertura elevada®. Alguns astronomos [entre eles Emanuel Kant (1724-1804) e Pierre

Simon Laplace (17491827)] sugerem que as nebulosas sdo compostas por gas que por condensagdo dariam
origem a sistemas planet8rios. Kant vai mai s |l onge e des
Lactea, situados a enormes distancias.

Huggins demontra pela primeira vez que o espectroscopio podia ser utilizado para determinar a composi¢cdo de

di versos corpos celestes. A finebulosao de Andr - meda apre

composta por estrelas, enquanto que a nebulosa de Orion revelava um espectro descontinuo sendo constituida
por gas.

Figura 10- Espectroscopio de elevada disperséo utilizado por Huggins a partir de 1867.

Durante o final da década de 1860, Huggins utiliza quase exclusivamente o espectroscopio em diversos
programas de observagdo: estrelas, estrelas novas e cometas. Estimou visualmente o efeito de Dopler no
espectro de Sirius. Apesar destes resultados ndo serem muito rigorosos langcaram as bases deste tipo de estudos
gue mais tarde foram levados a cabo recorrendo a métodos fotograficos.

Durante este per2odo, Huggins usou o refractor de 80 (Fi

Clark. Utilizou diversos espectroscopios alguns com um elevado poder de dispenséo e munidos de diversos tipos
de prismas™ (Figura 10).

Huggins efectuou numerosas observac¢des do Sol com o intuito de detectar a coroa solar e as protuberancias ou
proeminéncias. Apesar de ter sido precedido por Joseph Norman Lockyer (18361920) na observagdo das
protuberancias, Huggins desenvolve um método engenhoso de observagédo. Aumentando a abertura da fenda do
instrumento era possivel observar a totalidade da protuberancia num Unico comprimento de onda. Esta mesma
técnica é aperfeicoada mais tarde por George Ellery Hale (18681938) inventor do espectrohelidgrafo.

Em 1869, a RAS decide instalar um instrumento de maior abertura para estudos espectrograficos no no
observatério de Tulse Hill. William Huggins aceita usar o instrumento a titulo de empréstimo temporéario. A RAS

encomenda °~ firma de Howard Grubb a constru-«o de doi s

reflector Cassegrain de 180. I nici almente os dois i

52 Huggins, W. (1897) - The New Astronomy: a Personal Retrospect. The Nineteenth Century 41: 907-29.
53 Herschel mais tarde refere que as nebulosas planetarias eram compostas por gas.

54 Prismas de 60 de Guinand, prismas de 45 construidos por Simms e prismas de flint de 45° de Bowning and
Chance.
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tarde foram montados em conjunto na mesma montagem (Figura 2). As primeiras observagbes com estes
instrumentos foram realizadas em Fevereiro de 1871.

Figura 11- Margaret Linday Huggins (1848-1915)

Huggins efectuou numerosas deslocacdes afébrica de Grubb com a finalidade de inspeccionar a construcao
destes instrumentos. Foi durante estas visitas que conhece Margaret Murray com quem viria a casar em 1875.
Huggins tinha 51 anos e Margaret unicamente 27 (Figura 11).

Mar garet mostrou desde cedo um enorme interesse pela
a sua juventude e efectua numerosas observagdes astrondmicas. Apds o casamento, Margaret passou a participar
em todos os tipos de nobservagdes em Tulse Hill. A partir deste periodo o registo fotografico das observacdes
espectroscopicas passa a ter um papel primordial, sobretudo devido ao envolvimento de Margaret.

No seu trabalho The New Astronomy: a Personal Retrospect, Huggins refere:

fiThe great notable advances in astronomical methods and discoveries by means of photography since 1875 are
due almost entirely to the great advantages which the gelatin dry plate possesses for use in the observatory, over
the process of Daguerre, and even over that of wet collodion. The silver bromide gelatin plate, which | was the
first, | believe, to use for photographing the spectra of stars, except for its grained structure, meets the need of
the astronomer at all points. This plate possesses extreme sensitiveness; it is always ready for use; it can be
placed in any position; it can be exposed for hoursa

A primeira publicacdo do observatdrio de Tulse Hill dedicada exclusivamente a fotografia de espectros estelares
surge em 1876 com William Huggins como Unico autor. Neste trabalho Huggins refere com o intuito de
estabelecer a prioridade sobre 0s seus colegas:

fin the year 1863, Dr. Miller and | obtained a photograph of the spectrum of Sirius 5%a.

William Allen Miller, com quem Huggins colaborou de um modo intenso no inicio das suas observagfes de
espectros estelares, era um fotografo experiente. Durante o ano de 1863, Huggins e Miller obtém duas imagens
do espectro de Sirius recorrendo a placas humidas de colddio. Estes primeiros resultados foram pouco

estimulantes:

fiThe spectrum though tolerably defined at the edges, presented no indication of lines %60 .

55 Huggins, W. (1876). Note on the Photographic Spectra of Stars. Proceedings of the Royal Society 25: 445 -446.
56 Huggins, W., A. Miller (1864). On the Spectra of some fixed stars. Philosophical Transactions 154: 413-435.
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Apesar destes testes iniciais a fotografia regular de espectros estelares, iniciase unicamente em 31 de Marco de
1876 no observatério de Tulse Hill. Num dos livros de registo Margaret Huggins escreveu:

fiPhotographed Sirius. Wet Plate, 9 min exposure. Photograph on the edge of the plate in consequence of want of
adjustment. 3 lines across refrangible end of spectrumao.

E de novo em 3 de Abril:

fifook a photograph of Venus with a wet plate and 8
with a Dry plate and exposure of 30 min. No image which may be accounted for the sky being overspread with
thin white hazed.

Quase todas as entradas posteriores nos livros de registo mencionam algum tipo de trabalho fotografico.
Inicialmente foram usadas placas de col6dio humido e em 7 de Marco é pela primeira vez referida a utilizacéo de
placas secas:

fiThe dry plate gave best results.... These results were so good that thought | might endeavor to photograph the
spectrum of Venus using the same narrow slit | had from the Solar Spectrum o.

Margaret inicia uma série de experiéncias com a finalidade de refinar os processos de observacdo e de registo
fotogréfico (9 de Maio de 1876):

fiTook one or two photographs of solar spectrum with a view to determining how wide | might open the slit and
still obtain linesao.
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Figura 12- Esquema de uma nova camara fotografica desenhado por Margaret Huggins (Notebook 2, Huggins
collection, Wellesley College).
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E em Junho do mesmo ano:

fl had a new and much smaller camera made to use in connection with the above described apparatus.... | was
occupied upon all favorable days in testing and adjusting this photographic apparatus upon the solar
spectrum: at the same time testing different photographic methods with a view to finding, relatively to different
parts of the spectrum the most sensitive, and relatively to the whole spectrum the quickest method for star
spectra. | found that although otherwise desirable wet collodion processes are open to serious objection on
account of oblique reflection -- a second spectrum in greater or less degree being invariably present. This arose
from a second reflection from the back of the plate the light having passed through.... After this | used in turn
Emulsion, Gelatin, and Captain Abney's Beer plates and obtained some excellent photographs of the solar
spectrum both by direct sunlight reflected by a Heliostat and by diffused daylight o (Figura 12).

Margaret experimentou diversos tipos de chapas fotograficas durante o verdo de 1876. A partir de 17 de Agosto
deixou de usar chapas de colddio hiimido. Posteriormente foram unicamente usadas chapas secas ou de gelatina.
A partir de Dezembro do mesmo ano todas as fotografias foram obtidas com chapas de gelatinobrometo de
prata.

Além de ter desenvolvido camaras fotograficas e novos processos de observagdo, Margaret concebeu novos
equipamentos para serem usados no observatério. Numa passagem do livro de registo de 17 de Setembro de
1876 pode ler-se:

fiFinding it impossible to feel certain whether the apparatus was perfectly axial in the telescope, | had a small
brass tube made and placed as marked in the diagram
accurately at right angles: it could be ascertained by observing when the angles of the cross wires coincided
whether the apparatus was perfectly axial.... This rendered it possible to have more accurate adjustments and
saved danger of throwing the apparatus out of adjustment in other respects. Instead of a scale of black lines on
the silver plate, | placed two wedge shaped indicators one at centre of each half of slit, it being always intended
to bring the stars into the lower portion of the slit &

Em 1888 Margaret inicia uma série de observagbes espectrogréficas de nebulosas. Descreve nesta altura como
tencionava comparar os espectros de nebulosas com o espectro de magnésio:

fl go back a day now to say a word about what we have been very busy about all this week. We are very
anxious to try and determine whether the Mg line which Lockyer asserts is coincident with the 1st Nebula line,

and the Mg line which he also asserts to be coincident with our new Nebula line, -- really are so coincident. To
try and throw light on this very important point -- for much may turn on it --we wish to examine by eye various
nebulae for the 1st line, with the 15" and compare directly with the nebula line the spectrum of Mg o

Figura 13- Comparacgéo do espectro de Magnésio com o espectro da nebulosa de Orion [Huggins, W., M. Huggins
(1889) i On the Spectrum of the Great Nebula in Orion. Proceedings of the Royal Society, 46: 50].

William e Margaret Huggins, ao contrario de alguns astronomos seus contemporaneos, consideravam que as
nebulosas eram gasosas. Em 1864, Huggins associou as linhas observados na nebulosa de Orion com Azoto e
mais tarde (1889) julgaram que estas estavam associadas a um novo elemento (nebulum ou nebulium) (Figura
13).

Margaret e William trabalharam durante mais de 13 anos até surgir uma publicagdo em co-autoria. Nesta
publicacédo William Huggins refere®”:

57 Huggins, W., M. Huggins (1889) i On the Spectrum of the Great Nebula in Orion. Proceedings of the Royal
Society, 46: 50.
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fl have added the name of Mrs. Huggins to the title of the paper, because she has not only assisted generally in
the work, but has repeated independently the delicate observations made by eye a.

Margaret assume um papel cada vez mais importante nos trabalhos do observatério:

irfThis work in winter in favorable weather would begin ab
would observe while William looks after clocks, dome etc. When we first began, our exposures on each star had

to be very long. | have, | think, worked on one for about three hours. But in our later work from three quarters to

one and a half hours would be about the time. | had to teach myself what to by degrees: at first | had my

difficulties, but now my eyes are trained and are very sensitive. Also my hands respond very quickly and
delicately to any sudden necessity. | can go and stand w
observe | direct William as to what | need and he moves me bodily in my ladder, so that | am not disturbed more

than is necessaryo.

Os trabalhos laboratoriais e fotogréaficos realizados sdo igualmente descritos por Margaret:
fHere the work may be of various kinds. It may be photographic, in which case | should help in arranging the

instruments, keeping the light right, and so on, if we are working electrically, | should work batteries, fix
electrodes, and be generally handy. | may take turn at mixing up chemicals, pouring, weighting, dissolving,

boilingé When needful I dust and wash wup the | aboratori]

precincts. | am a capital scientific housemaid. His pet bottles | let William deal with himself, as he will then know
where to foind themé

William e Margaret Huggins desenvolveram trabalho de investiga¢do até 1908. Em 1899 publicam um Atlas com
inimeras fotografias de espectros estelares® (Figura 15). William Huggins morre em 1910 e Margaret cinco anos
mais tarde (1915). Huggins, apesar de nunca ter frequentado uma Universidade, recebeu mais de uma duzia de
doutoramentos Honoris Causa. A RAS e a Royal Society atribuirarihe medalhas de mérito. O obsrevatory de
Tulse Hill foi visitado por inimeras individualidades entre elas o Imperador do Brasil. A rainha Vitéria condecorou
W. Huggins com a fiKnighwood of the Order of Batho pela s

As contribuicdes de William e Margaret Hugginsforam fundamentais para o avango da astrofisica. No final da sua
carreira (1909) Huggins agrupou os seus trabalhos cientificos numa tnica publicacéo (The Scientific Papers of Sir
William Huggins). Os seus trabalhos pioneiros foram inspiracdo para muitos investigadores que se dedicaram a
finova astronomi ao, nomeadamente Edward Charles Pickering
George Ellery Hale entre outros.

Figura 14- William Huggins pouco tempo antes do seu desaparecimento (1910) (esquerda) e caricatura da
autoria de Leslie Ward (Vanity Fair).

%8 Huggins, W., M. Huggins (1889). An Atlas of Representative Stellar Spectra fromi 4870 to 1 3300. William
Wesley and Son: London.
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Figura 15- Fotografia de alguns espectros estelares, In Huggins, W., M. Huggins (1889).“An Atlas of R
Representative Stellar Spectra from | 4870 to [3300.
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| SAACSROBERTY1829-1904), PIONEIRO DA
ASTROFOTOGRAFIA

Pedro Ré
http://pedroreastrophotography.com/

Isaccs Roberts nasceu em 27 de Janeiro de 1829 em Groes (Pais de Gales). Filho de uma familia de agricultores,
frequentou a escola primaria (Welsh Calvanistic School) e as 15 anos de idade (1844), foi aprendiz na firma de

constru-«o fiJohn Johnson and Sond em Liverpool. Mai s ¢

Mecanica de Liverpool. Apés diversos anos dedicados a construgao civil, I. Roberts criou a sua propria empresa
em 1859 e mais tarde (1862) formou uma segunda firma de

Entre 1862 e 1869 a firma de |. Roberts obteve diversos contratos importantes, nomeadamente a constru¢éo da
companhia de 9g8s de Liverpool e de um Hotel em ALi me St
presidente da fiMaster Builders Associationo.

Estas actividadescomerciais de sucesso permitiramlhe dedicar-se, nos seus tempos livres, a outro tipo de temas.

O seu primeiro trabalho publicado data de 1869 e versa a captacdo de dgua na cidade de Liverpool. Foi fundador

e membro da Sociedade Biol: -gica de Liverpool . Em 1870 f
de 1870 dedicou-se a diversos ramos da ciéncia. Entre os anos de 1882 e 1889 realizou uma série de trabalhos
relacionados com 0s movimentos de lengois subterrdneos de agua na regido de Liverpool tendo associado a estes

o efeito da atraccéo gravitacional do Sol e da Lua bem como o efeito da presséo atmosférica.

Foi unicamente a partir de 1878 que |. Roberts se dedicou & astronomia (com 49 anos de idade). As primeiras
observacdes foram efectuadas com um refractor Cooke de 180 mm de abertura. Em 1883 efectua as suas
primeiras astrofotografias a partir de fAKennesseeo, Ma g
Estas primeiras imagens foram obtidas com o auxilio de objectivas fotogréaficas (aberturas de 20 mm a 130 mm).
Os resultados entdo obtidos eram comparaveis as imagens da nebulosa M 42 realizadas pelo conhecido
astrofotografo Andrew Common (1841-1903). Common utilizou um telecépio com uma abertura de 920 mm
tendo registado pela primeira vez mais pormenores e estrelas do que era possivel observar visualmente com o
mesmo instrumento.

Entusiasmado com estes resultados |. Roberts adquiriu um reflector Grubb de 460 mm de abertura. Numa
reuni «o da fRoyal ARABSOnemi daln e Reaubuumy corBudicacio referindo ter
realizado mais de 200 astrotografias de longa pose durante um periodo de apenas 1 ano. |. Roberts ofereceu
este reflector Grubb a Sociedade Astronémica de Liverpool de que era Presidente. O referido instrumento foi mais
tarde instalado num observatorio situado em Dunsink (Irlanda).

Roberts correspondeuse por esta altura (1886) com William Huggins (1824-1910) que foi o primeiro a conseguir
fotografar com sucesso em 1876 o espectro da estrela Vega. A imagem obtida por Huggins mostrava claramente
7 riscas espectrais entre as quais duas foram identificadas como hidrogénio.

Figura 1- Isaacs Roberts (18291 904) , fAiTwin Equatorialo (Reflector Grubb
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Em 1886 |. Roberts encomenda um reflector Grubb com 500 mm de abertura que utilizou para realizar
numerosas astrofografias de longa pose de diversos objectos do céu profundo. A montagem equatorial além do
reflector suportava igualmente o refractor de 180 mm de abertura que servia de contrapeso (Figura 1). Os dois
telescopios tinham movimentos independentes em Declinagdo. O movimento horario era comum e de elevada
preci s«o. A montagem ficou conhecida com a ATwin Equato

Roberts planeou a realizagdo com este instrumento de uma carta astrofotografica do céu. As exposicOes
rondavam os 15 min para cada chapa. Estas imagens foram apresentadas em diversas reunifes da RAS. Em
Novembro de 1886 |. Roberts apresentou também a RAS uma astrofotografia do enxame M 45 (Pleiades) obtida
com o reflector de 500 mm com uma exposi¢do de 3 h. Esta imagem mostrava pela primeira vez a nebulosidade
associada as estrelas Alcyone, Maia, Merope e Electra.

As chapas fotogréficas neste periodo ndo eram presistentes. Isto significava que os resultados obtidos
necessitavam de ser preservados para que a informacdo nédo se perdesse. Em colaboragdo com Adam Higer
(1839-1897), produziu um pantografo estelar destinado a gravar em chapas de cobre as imagens estelares
registadas nas chapas astrofotograficas.

r

Em 1887 surge o projecto fiCarte du Cielo idealizado p

astrofotografico da totalidade do céu.

Paul Henry (1848-1905) e Prosper Henry (1849-1903) foram admitidos no observatério de Paris em 1864. Quatro
anos mais tarde os irmdos Henry construiram um telescopio reflector com 300 mm de abertura como qual
iniciaram uma prospecc¢do visual da ecliptica. Em 1885 esta prospeccdo passou a ser realizada recorrendo a
processos fotogréficos. Foram utilizados diversos telescopios fotograficos, nomeadamente um refractor de 160
mm e mais tarde, em 1885, um refractor com 340 mm de abertura f/10,4. Os primeiros resultados obtidos
fizeram com que o director do observatério de Paris, E. B. Mouchez (1821-1892) propusesse a realiza¢cdo de um
atlas fotografico de todo o céu. Cerca de 56 astronomos pertencentes a 19 paises estiveram envolvidos neste

projecto que foi desigando por fiCarte du Cielo. O refrad

foi adoptado como standard (Figura 2). A abertura de 340 mm /10,4 significava que 1 mm na chapa fotogréafica
representava 1 minuto de arco. As chapas utilizadas (160 mm x 160 mm) cobriam uma &area de 2 x 2 °. Cada

chapa era exposta 3 vezes durante 20 s, 3 min e 6 min e o telescépio era movimentado apds cada exposicao.

Esta série de exposicdes foi idealizada para eliminar poeiras ou defeitos intrinsecos das chapas fotogréficas.
Foram igual mente expostas <chapas wutilizando exposi-»es
terminado com sucesso apesar de se ter desenvolvido ao longo de mais de 60 anos.

O projecto MmGCarquee dsuerCiaell evado a cabo por astr-nomos
dedicasse a partir de 1888 (ano em que se reformou com 59 anos de idade) exclusivamente a astrofotografia de
objectos do céu profundo. As primeiras imagens foram obtidas a partir do seu observatdrio situado em Maghull,

local ndo muito favoravel a realizacdo de observagdes astrondmicas. O numero de noites sem ndvens era
reduzido e a turbuléncia atmosférica elevada. No intuito de conseguir sempre melhores resultados, Roberts
substituiu o espelho principal do telescopio por outro da firma Calver. Chegou a viajar para a india Ocidental no

intuito de tentar encontrar um local mais adequado para a realizacéo de observagfes astronOmicas.

Figura 2- Refractor fotografico do observatoério de Paris construido pelos irméos Henry (ca. 1885).
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Em 1890 Roberts construiu um novo observatério localizado numa regido mais favoravel a pratica da
astrofotografia (Crowborough, Sussex) . Denominou o
homenagem a William Lassel (17991880). O novo observatério situava-se cerca de 250 m acima do nivel do
mar, num local ideal para a realizacdo de observagdes astrondmicas. Junto ao observatério construiu uma
vivenda com uma plantacdo de arvores de fruto, court de ténis e estacdo metereoldgica. Neste periodo foi
auxiliado por William S. Franks (1851-1935) que se encarregou da revelacédo das chapas fotograficas (Figura 3).

Figura3-Observat -rio de | saafseRWbelri am(-®B%FH)L&Er anksdE1l8H5

A maioria das astrofotografia de |. Roberts foram publicadas em dois volumes. O primeiro surgiu em 1983
iPhot ographs of Stars, Star Clusters and Nebul aedo e
oferecidas pelo autor diversas Instutui¢cdes. O segundo volume faz parte do espdélio da biblioteca do Observatério
Astrondmico de Lisboai OAL (Figura 4).
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Figura 47 Roberts, I. (1899). Photographs of Stars, Star Clusters and Nebulae. Oferta do autor ao OAL.

As numerosas astrofotografias de I. Roberts foram obtidas num periodo em que a fotografia ainda estava na sua
infancia. Foi Roberts que descobriu a nebulosidade associada as Pleiades bem como a natureza espiral da
nebulosa (galaxia) de Andromeda. A nebulosa de Orion nas imagens de Roberts revelouse muito mais extensa e
complexa do que se pensava na época. A importancia do trabalho de Roberts foi reconhecido internacionalmente.
Foi eleito membro da Royal Society e foilhe atribuido um doutoramento honoris causa pela Universidade de
Dublin. Recebeu igualmente a medalha de ouro da Royal Astronomical Society (Londres) em 1985.
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NERULA N il ANDROMEDY NERPCLA M TOTRIANGTULY

Figura 5- M 31 e M 33. Reflector de 500 mm (f//4,9). Imagens obtidas em 17 de Outubro de 1895 e 14 de
Novembro de 1895 respectivamente. Os tempos de exposigdo foram de 90 min para a M 31 e 135 min paraa M
33. A estrutura espiral das galéxias € aparente nas duas imagens.

Figura 6- M 64 (500 mm f/4,9) 176 min (10 de Maio de 1896), M 63 (500 mm f/4,9) 175 min (14 de Maio de
1896), M 51 (500 mm f/4,9) 90 min (15 de Abril de 1896), NGC 4826 (500 mm f/4,9) 175 min (9 de Outubro de
1896).
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Figura 7- M 97 (500 mm f/4,9) 240 min (20 de Abril de 1895), NGC 4900 (500 mm f/4,9) 180 min (9 de Abril de
1894), M57 (500 mm f/4,9) 20 min (10 de Julho de 1898, NGC 6894 (500 mm f/4,9) 60 min (31 de Agosto de
1897).

Figura 8- NGC 6888 (500 mm f/4,9) 171 min (3 de Setembro de 1897), NGC 6992 (500 mm f/4,9) 175 min (4 de
Novembro de 1896).
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Figura 9- M 42 (500 mm f/4,9) 90 min (15 de Janeiro de 1896), M 1 (500 mm f/4,9) 60 min (25 de Janeiro de
1895).

Figura 10- Gamma Cassiopeiag(500 mm f/4,9) 90 min (25 de Outubro de 1895), M 45 (500 mm f/4,9) 610 min
(22, 23 e 25 de Dezembro de 1897).
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| SAACSROBERT® PHOTOGRAPHS OELUSTERS
AND NEBULAE
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Isaacs Roberts (182904) was one of the pioneers of desky astrophotography. He took almost
2500 plates of deegky objects from 1883 to 1964

Henry Draper (1831882) and Andrew Ainslie Common (18403) showed what was possible in

long exposure deep space astrophotography by imaging the Great Orion Nebula (M42). Roberts was
the first to image a large variety of objects. These astrophotographs were published invalmoe

aSi SyAlskléctios & Phiotographs of Stars, $tdr dz& G S NE I Th&kfirsbvBlonmuziwhsS ¢ @
published in 1893 and the second in 1899saacs Roberts sent copies of these volumes to several
observatories and libraries around the world, including the library of the Lisbon (Royal) Observatory
(Figure 1).

FIHOTDGRAFNS

STARS STARCLUSTERS wso NEBULE

Figure 1 lsaacs Roberts (182904) (left), Twin Equatorial: 28ch reflector and {Anch refractor (middle),
Photographs of Stars, St@lusters and Nebulae, Volume I, presented by the author to the Lisbon Observatory.

Isaacs Roberts bought his first telescope in 1878 when he was 49 years of age. This first instrument
made by Cook & Sons was a very expensimcl?l. Roberts used the Cook refractor mainly for
visual observations at his home in Rock Ferry, Birkenhead.

In 1883 Roberts moved to Kennessee near the small village of Maghull. Soon after, he began
experimenting with astronomical photography using portrait lens ranging in aperture from 3/8 to 5
inches. At this time Roberts was already 54 years of age. From 1883 onwards until his death in 1904
Roberts photographed almost every desky object known and visible from the location of his
observatory. He was the first to image, with considerable detail, severatknelin objects:

w20 SNIAZ 5AYP O6MPATOD t NBEAYAYINE OFGFE23dz8S 2F Lalt

Astronomische Nachrichted74: 1330. His widow, Dorothea Roberts compiled a catalogue of 2485 plates of
stars, clusters, nebulae and other objects, of which the majority (1412) were obtained witinal2@eflector.

8 Roberts, |. (1899)Photographs of Stars, St@usters and Nebulde +2f dz¥YS LL® aYy2gf SR

Holborn, W.C.: 178 pp.
61 The 7inch Cooke refractor would have a cost more than a lifetime of wages of an average worker living in

Liverpool in the 1870s.
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Andromeda Galaxy (M31); Dumbbell Nebula (M27); Hercules Cluster (M13), Pleiades (M45); Bodes
Galaxy (M81); Sombrero Galaxy (M*84)

az2zald w20SNIaQ FadNRLK2G23INI LKA -idciSand20nch).R8e 26 A (i K
inch reflector was mounted in a Twin Equatorial (Figure 1). The two telescopaxteflector and
7-inch refractor could be independently moved in declination.

By 1890 Roberts moved to yet another location where he established a new observatory which he

I LILINE LINK | (iBaffields Wl YKE & 201 GA2y 2F {GF NFAStRE 4]

Beacon, about 800 feet above sea level (Figure 2). Roberts described the facilities’®n 1891

The observatory is placed on the summit of Crowborough Hill, in Sussex, which is one of the highest
points in the South of England and commands the horizon without material obstruction. The floor of

the observatory is 780 feet 7-inches above sea level. The whole of the buildings is erected in a level
platform of concrete, the top of which is above the ground, which slopes towards the south -cast. The
buildings are one story in height, and the floors are raised fifteen inches above the platform or
terrace and are on one uniform level throughout. The limit of one story in height permits the
telescopes to be brought down to within twenty degrees of the horizon when pointed over the roof of

the house. The observatory is placed due south, and is 20 feet square inside, with a transit room
opening from it on the west side. Adjoining the observatory on the north side is a physical laboratory

and chemical laboratory, with darkroom and photo enlarging arrangements. These and the
observatory are connected with the dwelling house by a corridor, on one side of which is a
mechanicds shop, heating chamber and | i brhauseyThe At t
dome of the observatory is hemispherical and constructed with wood ribs, sheeted with wood and
covered with copper. The dome has two slits, each 3 feet &inches in width, parallel with each other,

and 5 feet 8-inches from centre to centre. The shutters of the lower half of each slit slide horizontally

round the dome, and the upper halves slide upon and over the top of the dome, so that both slits can

be opened full breadth from the horizon to 18 -inches beyond the zenith. By opening both slits the
observatory is soon cooled down to the external temperature; but there is one disadvantage in this

dual slit plan 1 it gives the dome a pole, which in some positions of the telescope is a little
troublesome. The latitude of the observatory is N. 51°3 6 7 0 ; l ongi tude E. Oh Om
observatory was selected after much inquiry and investigation as to probability of the occurrence of
numerous clear intervals of sky during the year suitable for the pursuit of stellar photography, and
although it is premature to express a decided opinion, | am quite safe in stating that this locality is an
improvement upon the former site of observatory at Maghull. It may interest some to know that |
commenced building the observatory and house in the month of September 1889, and by September

1890 the buildings were finished and occupied, and some ten tons weights of telescopes, apparatus,

and books were dismounted, conveyed and re-er ect ed on Crowborough Hill
time. The photographic work was continued at Maghull till the month of June 1890 and resumed at
Crowborough in the following October.

Ly (KS LABétodd Phatdgraphs of Stars, $tdr dza (0 S NBE  (\M6lBmeb)Rodzts| S £
describes his aims:

My intention, in the pages following, is to convey in brief, and | hope clear form, my views
concerning some of the results already obtained by the aid of photography in the elucidation of
celestial problems, the complete solution of which cannot for many years yet be obtained; and | may
here quote from the preface to the volume, issued in the year 1893, of A Selection of photographs of
Stars, Star-Clusters, and Nebulae, the following paragraphs, which are applicable also to the
present volume.

It has been my aim, in publishing the photographs and descriptive matter introduced in the
following pages, to place data in the hands of astronomers, for the study of astronomical
phenomena, which have been obtained by the aid of mechanical, manipulative, and chemical

62 James, S.H.G. (1993). Dr. Isaacs Roberts (118#81) and his observatoriedournal of the British Astronomical
Association103, 3: 120122. Hughes, S. (2012Tatchers of the LightBook
63 Roberts, I. (1891). New observatory at Crowborough Hill SusdaRAS51: 118119.
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processes of the highest order at present attainable; and that such data should be, as regards the
photographs, free from all personal errors.

Figure 2&{ G NFASt R¢ X Lall O w20SNliaua 20aSNDI G2 NE

The photographs portray portions of the Starry Heavens in a form at times available for study, and
identically as they appear to an observer aided by a powerful telescope and clear sky for observing.

In the processes employed for obtaining the photographic illustrations contained in this volume the
same instruments have been used, and the same care has been exercised in the production of the
illustrations of the various objects as in the first volume; but owing to improvements in the
manufacture of photographic films, and to the extended data now available beyond that which had
been obtained up to the year 1893, when the first volume was published, certain deductions
concerning the evolution of stellar systems are now permissible which six years ago would have
been justly considered premature. The evidence now published appears to me of so striking a
character that it should no longer be withheld from discussion. In presenting it | have endeavoured

to avoid personal predilections or bias of any kind and would only ask for the same fairness in any
criticism to which my views may be submitted.

Isaacs Roberts.
Starfield, Crowborough Hill, Sussex.
December 1899.

Issacs Roberts also described in Volume Il the deterioration of Negatives and the discoloration of
gelatine films (fading star images and nebulosity):

DETERIORATION OF THE NEGATIVES

If a reason had to be given in addition to the obvious advantage of this method of publication by

printing the photographs with permanent ink it would be afforded by the fact that the records

obtained by photography are peculiarly liable to be lost by accidental breakage of the glass
negatives. Besides this there is the certainty that after the lapse of a limited number of years the
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gelatine films will become discoloured; the images will fade, and the faint stars and the faint
nebulosities will entirely disappear from view.

I have had within my own experience proofs that the faint stars fade from the films, and will give the
following examples: On the loth February, 1886, a photograph was taken of the region of the sky
with the co-ordinates R.A. 9h. 40m. Dec. North 72° 0 at the centre of the plate; exposure 15 m.; area
of the plate four square degrees.

Shortly after the photograph was taken, | counted 403 star -images on the negative; and on 29th
May 1895, | again counted the stars on the same negative, and found only 272. Therefore, stars to the
number of 131 had entirely disappeared from the film in the course of nine and a -quarter years.

Another photograph of identically the same region was taken with an exposure of fifteen minutes on
the 22nd March 1886, and soon after that date | counted 364 stars upon the negative. In May 1895, |
again counted the stars, and found only 234. Therefore, 130 star -images had disappeared from the
film in the interval of nine and one -fifth years. These are only two of several instances | could adduce
to prove that faint star -images fade from the negatives.

It follows from this evidence that the following photographs, which are printed in permanent form
with printer's ink, though they fail to show all the faint stars and faint nebulosities that are visible on
the original negatives, yet the objects are depicted to the degree of faintness that would be
represented by stars of about the 17th magnitude; and it will be conceded that this is a great advance
upon the records made from eye observations and drawings by hand -work, which were the only
methods of astronomical recording till recent years, when the photographic method was introduced.

After the lapse of a few years, when other photographs of regions of the sky which are coincident
with those here charted have been taken, the work of correlating may be profitably undertaken, for
there will be ample material available, in a reliable form, for the astronomical measurers,
computers, and deducers of laws. We in these days can only desire that we might live to see the
results of their labours.

EFFECTS OF ATMOSPHERIC GLARE AND OF DIFFRACTION UPON THE FILMS OF
PHOTOGRAPHIC PLATES.

Very sensitive gelatine films, such as are vised in photography, when exposed during several hours
to the sky in taking stellar photographs, become more or less darkened during development. The
darkening is chiefly due to atmospheric glare caused by star -light ; and the nebulous circles seen
round the bright stars are caused by the glare and by diffraction effects produced by the objectives,
or mirrors, of the instruments employed in photographing.

| have made some experiments to enable us to judge to what extent the glare and diffraction affect
the finished photographs, a summary of which experiments may be given here. They were made by
exposing simultaneously plates in the 20 -inch reflector, the 5-inch lens camera, and to the sky in a
blackened box, measuring 7-inches square by 12inches in height, with the open end exposed to the
zenith, the exposures respectively being made during precisely equal intervals of time. The plates
were selected so as to be equal in sensitiveness, and the development was performed in a similar
manner in each coincident trial.

The plates exposed in the box were 6inches square, and equal areas on each of them were (1) left
uncovered; (2) covered with black paper; (3) covered with different thicknesses of polished plate

glass. The plates when developed showed the comparative effects of the unobstructed full sky glare as
well as the effects of the application of complete and partial covering with plates of glass or with
densitometer figured scales.

The following are some of the results obtained : The plates referred to as measuring 6 -inches square
and exposed in the box to the sky at the zenith showed, after development, those parts which were
covered with black paper as if they were clear glass no photographic effect being perceptible whilst
the parts covered with polished plate glass of the respective thickness of 11.26, 2.52, and 45
millimetres, showed gradations in the darkening of the films proportional to the absorption by the
glass and reflections from the surfaces. The parts which were exposed uncovered showed the films to
the darkened by the sky glare to the density of the images of stars of about the 16th magnitude on
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plates exposed during the same time for two and a -half hours in the 20 -inch reflector. Similar results
were obtained by exposing plates during two and a -quarter hours in the 20 -inch reflector, and
simultaneously to the sky under a figured sensitometer scale.

These experiments point to a source of spurious nebulosity, and also to the probable limit of the
applicability of the photographic method in the delineation of faint stars and faint nebulosity. So far
as | am able at present to judge, under the atmospheric conditions prevalent in this country, the limit
of the photographic method of delineation will be reached at stellar, or nebular, light of the
feebleness of about 18th magnitude stars. The reason for this inference is that the general
illumination of the atmosphere by starlight concentrated upon the film by the instrument will mask
the light of objects that are fainter than about 18th magnitude stars.

Of course, the inferences here stated cannot be considered as the final solution of the problem, for
photographs will have to be taken by various instruments under clear atmospheric conditions and
the results checked by eye observations, aided by the most powerful telescopes, before finally can
properly be pronounced.

ARRANGEMENT OF THE PLATES.

The plates are arranged in classes or groups so as to indicate apparent physical relationship
between them, and the Right Ascensions are, as far as practicable, given in the order of time within
each group.

The edge next to the printed heading on each plate is the south, and the lower edge the north; the
right is the following, and the left the preceding edge.

The scales of the photographs, which are given in the letterpress, are such that by eye alignments of
the stars, without the application of measuring instruments, changes which have taken place in their
positions or in the structures of the nebulosities, if these changes should not be less than about five
seconds of arc in extent, could be detected by comparing corresponding dual plates in this simple
manner. The examination and comparison of stars, both as regards their positions and magnitudes,
could thus be made in a single day though they should number several thousands on the dual
photographs.

Besides this alignment method, measurements by scale and compasses, or by a réseau on glass or
other transparent substance, or by a rectangular L -shaped metal rule divided into millimetres on
both limbs, or by the superposition of the plates upon each either, are obvious methods available for
detecting changes in the position angles and magnitudes of the stars shown on the photographs.

INSTRUMENTS

The instruments employed were the silver -on-glass reflector of 20 -inches aperture and 98 -inches
focus; and a specially made triplet portrait -lens of 5-inches aperture and 19.22 inches focus, by
Messrs. Cooke & Sons.

DURATION OF THE EFFECTIVE EXPOSURES GIVEN TO PHOTOGRAPHIC PLATES

It is a general opinion that the longer the time a sensitive film is exposed, in a photographic
instrument, under clear atmospheric conditions, the greater will be the number of stars and the

extent of nebulosity imprinted upon the film. But so far as my experience enables me to judge, after
twelve years' use of the 20-inch reflector, and more than two years' use of an excellent and specially -
made portrait lens combination of 5 -inches aperture and 19-inches focus, the limit of photographic
effect is reached sometime within ten to twelve hours on clear nights, and with very sensitive films, in
the

20-inch reflector. With the 5 -inch lens very much longer exposures may be given before the
darkening of the films, by atmospheric glare and diffraction effects, reach the same degree of density
as in the reflector.

The photographic effect produced by the 5-inch lens with an exposure of two or three hours and

upwards is about two stellar magnitudes less than that given by the reflector in the same time and
with films of equal sensitiveness. It would, therefore, appear that, given sufficient time, the
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atmospheric glare would, in both instruments, mask or extinguish the light of faint stars and faint
nebulosity, which is provisionally assumed to be equal to that of 18th magnitude stars.

NERULAN M 831 ANDROMED.Y NERFCLA M a0 TRIANGULL

Figure 3M31 (2Ginchf/4.9) 90 min (October 17, 1895), M 33 (R@hf/4.9) 135 min (November 14, 1895).
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Figure 5 Gamma Cassiopeiae (#chf/4.9) 90 min (October 25, 1895), M 45 (@@hf/4.9) 610 min
(December22, 23 & 25, 1897).
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Figure 6 Photographs of Stars, Star Clusters and NebMakime lI Plates
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DAVID GILL (1834-1914) E 0 CAPE
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David Gill (Figura 1) nasceu em Aberdeen em 12 de Junho de 1834. Estudou na Bellevue Academy até aos 14
anos, tendo ingressado logo de seguida na Dollar Academy, um dos colégios internos mais antigos da Escocia
(fundado em 1818). Estudou durante um periodo de dois anos na Universidade de Aberdeen (Marischall College)
onde foi aluno e discipulo do matemaético e fisico tedrico James Clerk Maxwell (18311879). Apds ter terminado
os estudo universitarios, Gill ocupase durante algum tempo do negécio de familia que consistia numa pequena
fabrica de construcao de reldgios.

Em 1863 wutiliza um pequeno telesc-pio port8til de passage

adquire um reflector de 120 que pertencia ao mesmo
observa estrelas duplas e nebulosas, efectua algumas fotografias da Lua e tenta determinar paralaxes estelares.
Em 1872 é contratado por James Ludovic Lindsay (1847%1913) para trabalhar no seu observatério privado, na
altura equipado com os melhores instrumentos da época e situado em Aberdeenshire (Dun Echt). Realiza durante
este periodo, diversas expedicdes cientificas: (i) observacdo do eclipse total do Sol em Cadiz (1870); (i)
expedi¢do as ilhas Mauricias para a observagéo do transito de Vénus (1874) e (iii) expedi¢do de seis meses a ilha
de Ascencdo para a observacédo de Marte e de asteroides (1877).

Figura 1- David Gill (1834-1914).
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Em 1879, Gill integra a equipa do observatério da Cidade do Cabo (Africa do Sul) onde permane até atingir a
reforma em 1907. Este observatério, fundado em 1820 pelo Reino Unido (Royal Observatory, Cape of Good
Hope), era no essencial, uma instalagdo equivalente ao observatério de Greenwich (Reino Unido), localizada no
hemisfério Sul (Figura 2).

Figura 2- Observatério Real do Cabo, Africa do Sul (data desconhecida).

Quando Gill chega ao observatorio do Cabo, deparase com uma Instituicdo mal equipada e mal organizada. Os

“oni cos instrumentos astron-micos existentes eram um c?2r
abertura e um fotoheliégrafo. O principal trabalho do observatério consistia na utilizacdo do circulo meridiano

para a determinagdo da hora.

Sob a direcgdo de David Gill, o observatério adquire diversos instrumentos novos, nomeadamente: (i) um
heli -metro de 40; (ii) um refractor de 60; (iii) um fot
(v) um telesc-pio zenital; (vi) um c2rculo meridano reve

O fotoheli-grafo de 70 foli utilizado por Gill na deter
primeiras determinagdes rigorosas de distancias efectuadas no hemisfério Sul. Efectuou igualmente uma
determinacédo do paralaxe do asteroide Iris, 0 que conduziu a determinacéo da unidade astronémica com uma
grande precis«o (8.802 N 0.0050), uma das mais elevadas

Uma das principais contribui¢cdes de Gill tem lugar em 1882, quando realiza uma fotografia do grande cometa de
1882 (Figura 5). Gill, com a ajuda de um fotografo local, utiliza chapas secas (gelatino-brometo de prata) e
resgista um numero muito elevado de estrelas no campo coberto pelo cometa. Surge assim pela primeira vez a
ideia de realizar um extenso Atlas fotografico do hemisfério Sul que designou de Cape Photographic
Durshmusterung (CPD) e que surgiu no seguimento do Atlas Bonner Durshmusterung (BD) que se extendia
unicamente até uma declinacdo de -180 no Hemisfério Norte. A realizagcdo deste Atlas tornouse possivel com
colaboragéo do Astrénomo Holandés Jacobus Cornelius Kapteyn (18541922). Todas as chapas fotograficas foram
estudadas e medidas na Holanda. A maquina usada para a medi¢&o das chapas foi igualmente concebida por Gill
e Kapteyn. O Cape Photographic Durchmusterung (CPD) listava a posi¢cdo e magnitudes de 454 875 estrelas do
hemisfério Sul e foi publicado em 3 extensos volumes entre os anos de 1896 e 1900.
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