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JOSEPH VON FRAUNHOFER (1787 - 1826) AND THE 

GREAT DORPAT REFRACTOR 
 
PEDRO RÉ 
http://www.astrosurf.com/re 
 
The great Dorpat refractor was built in 1824 by Joseph von Fraunhofer (1787-1826). It was the 

first modern, achromatic refractor and the largest in the world. The 9.5-inch, 14 foot focal 

length refractor was noted for his high quality lens but also for its mounting, the first example 

ƻŦ ǿƘŀǘ ōŜŎŀƳŜ ƪƴƻǿƴ ŀǎ ǘƘŜ άDŜǊƳŀƴ ŜǉǳŀǘƻǊƛŀƭ ƳƻǳƴǘέΦ ¢Ƙƛǎ ǊŜŦǊŀŎǘƻǊ ǿŀǎ ƛƴǎǘŀƭƭŜŘ ōȅ 

Friedrich Georg Wilhelm Struve (1793-1864) at the Dorpat Observatory and extensively used in 

pioneering observations of double stars and parallax measurements of several stars (Figure 1). 

 

Figure 1- Joseph von Fraunhofer (1787-1826) (left) and Friedrich Georg Wilhelm Struve (1793-1864) 

(right). 

Fraunhofer was born in Staubing (Bavaria, Germany) on March 6, 1787, the eleventh and last 

child of Xaver Fraunhofer, a glazier and builder of decorative glass. The young Fraunhofer lost 

his mother at the age of eleven and his father a year later. With only twelve he became an 

apprentice to a mirror maker and ornamental glass cutter in Munich (P.A. Weichselberger). 

After only two years the apprenticeship ended abruptly when Weichselberger house collapsed. 

Fraunhofer was protected by a cross-beam and escaped injured, but alive. In 1806 Fraunhofer 

was offered a junior post at the Munich Institute by Joseph Utzschneider, a politician and 

entrepreneur that left his posts to concentrate on the making of fine instruments and optics.  

Within a year, he was grinding and polishing lenses and soon after took charge of a workshop 

and several apprentices. Utzschneider moved his business to Benediktbeuern where he had 

founded a glass melting workshop. It was there that Fraunhofer met the Swiss Pierre Louis 

Guinand (a specialist in melting high quality crown and flint glass). Fraunhofer and Guinand did 

not get on well together. Utzschneider instructed Guinand to introduce Fraunhofer to the 
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secrets of glass melting. After 1809, Fraunhofer was already a partner of the firm and in charge 

of building optical instruments: microscopes, opera glasses and astronomical telescopes of 

different apertures including an heliometer. The firm produced almost everything related to 

telescope building: optical parts, mountings, clockwork mechaƴƛǎƳǎΣ ǇǊŜŎƛǎƛƻƴ ǎƘŀŦǘǎΣ ǘǳōŜǎΧ 

At Benediktbeuern, Fraunhofer produced achromatic doublets of excellent quality. Surface 

imperfections were corrected and the best quality glass was used. Glass melting was also 

improved along the way. A 7-inch object-glass was produced and plans were made for a 10-

inch. Newton rings were used for the first time as well as special spherometers and 

micrometers to test lens surfaces. 

These new techniques enabled Fraunhofer to design and build a giant 9.5-inch refractor (the 

largest aperture refractor made up to that time). This instrument was to be installed at the 

Dorpat Observatory and entrusted to F.G. Wilhelm Struve (Figure 2).  

The giant refractor arrived in Dorpat in November 10, 1824. Upon arrival, F.G. Wilhelm Struve 

inspected the instrument and made a special report (published in Astronomische Nachrichten): 

On the 10th November last this immense telescope arrived here, packed up in twenty-two 

boxes, weighting altogether 5000 pounds, Russian weight. On opening the boxes, it was found 

that the land carriage of more than 3000 German miles (close to 1500 English miles), had not 

produced the smallest injury to the instrument, the parts of which were most excellently 

secured. All the bolts and stops, for instance, which served to secure the different parts, were 

lined or covered with velvet; and the most expensive part (the object-glass) occupied a large 

box itself; in the center of which it was so sustained by springs, that even a fall of the box from 

considerable height could not have injured it.  

Considering the great number of small pieces, the putting together again of the instrument 

seemed to be no easy task, and the difficulty was increased by the great weight of some of 

them; and unfortunately the maker had forgotten to send the direction for doing it. However, 

after some consideration of the parts, and guided by a drawing in my possession, I set to work 

on the 11th, and was so fortunate as to accomplish the putting up of the instrument by the 15th; 

and on the 16th (being a clear morning) I had the satisfaction of having the first look through it 

at the Moon and some double stars. 

I stood astonished before this beautiful instrument, undetermined which to admire most, the 

beauty and elegance of the workmanship in its minute parts, the propriety of its construction, 

the ingenious mechanism for moving it, or the incomparable optical power of the telescope and 

the precision with which objects are defined.  

The instrument now stands in a temporary position, in the western apartment of the 

observatory, where observations maybe made for an hour and a half in the vicinity of the 

meridian to about 45oaltitude. Next summer it will be placed in its proper position, in the tower 

of the observatory, under a rotatory cupola, where it may be used for observations in every 

position of the heavens. 

Wilhelm Struve later compared the performance of this telescope to the best refractors he had 

used until that date: 
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What a difference is seen there! A mountain peak illuminated on the dark side of the Moon, 

which offers me noting remarkable in the Troughton (refractor), I recognize, by means of the 

Giant Refractor as consisting of 6 peaks well separated from each other. One of the most 

ŘƛŦŦƛŎǳƭǘ ƻŦ IŜǊǎŎƘŜƭΩǎ ŘƻǳōƭŜ ǎǘŀǊǎ L ǊŜŎƻƎƴƛȊŜ ƛƳƳŜŘƛŀǘŜƭȅΦ  

I believe this telescope can be boldly placed alongside the giant reflecting telescope of a 

Herschel, for if the latter has a greater light-gathering power, our achromat surpasses by far 

ŀƴȅ ǊŜŦƭŜŎǘƛƴƎ ǘŜƭŜǎŎƻǇŜ ƛƴ ǘƘŜ ǇǊŜŎƛǎƛƻƴ ƻŦ ǘƘŜ ƛƳŀƎŜǎ όΧύ .ȅ ŎƭƻŎƪǿƻǊƪ ǘƘŜ ǘŜƭŜǎŎƻǇŜ Ŏŀƴ ōŜ 

given a uniform motion similar to the velocity of the fixed stars, so that the star remains in the 

field of view. This is here, notwithstanding that the famous astronomer Bode has now for 

ǎŜǾŜǊŀƭ ȅŜŀǊǎ ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ ƛǘ ƛǎ ƛƳǇƻǎǎƛōƭŜΧ 

Fraunhofer described the instrument in a paper entitled (On the Construction of the just 

finished Great Refractor) published in Astronomische Nachrichten, No. 74 (1826), 17-24 (Read 

at the public meeting of the Royal Bavarian Academy of Sciences on July, 10 1824): 

όΧύ 

The instrument, about which I have the honor to speak, is for the Imperial Observatory at 

Dorpat. It is the largest of its kind and new in respect to the important parts of the mounting. 

The largest viewing tools existing so far are the telescopes with metal mirrors. Since even the 

most perfect metal mirror reflects only a small part of the incoming light, the larger part being 

absorbed, reflectors have to be very large to have a positive result, thus the intensity of the 

light reaching the eye of the observer will remain low. In addition, with reflectors, the 

aberration of the light rays due to the spherical form of the reflecting surfaces, which is very 

prominent, cannot be corrected. For this and several other reasons the reflectors could not be 

used to advance of the mathematical-astronomical observations, and the reflector was never 

used as a meridian instrument. 

Since almost all light is passed through the glass, and with a telescope constructed from Crown 

and Flint not only the aberration by chromatic dispersion is compensated, but also that from 

the spherical glass surfaces, the effect of an achromatic telescope, compared to that of a 

reflector, is unequally larger. Partly to this reason, in part because their construction makes 

them suitable for all kinds of observations, almost all astronomical observations are made with 

achromatic telescopes. 

Although the achromatic telescopes used so far, being small compared to the reflectors, the 

first have achieved more in several fields than the latter. The most rigorous test of a telescope 

is, as is common knowledge, the observation of double stars, and here the impact of the newer 

achromatic telescopes is much greater than from the reflectors. Discovered by Bessel in 

Koenigsberg, for example, with an achromatic telescope from here (Fraunhofer's workshop), 

with an aperture of 48 lines, that the double star 4th class Zeta Bootis, discovered by Herschel 

with his telescope, is also one of the 1st class, i.e. he saw that there is another star close to the 

main star, which was not seen by Herschel. Likewise several other fixed stars, which were 

observed often with telescopes in the past, were recognized as double stars by the use of 

achromatic telescopes. 
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As it is known, the effect of a telescope is not dependent on its length, but on the aperture of its 

object glass, so that with equal perfection that telescope, which has double the size of a 

comparable one, has twice the effect. The difficulties which are to be faced when making 

larger, equally good telescopes as smaller ones, do not grow by the relation of the diameter, 

but even more, with the relation of the cubes of those. Since it has not been possible to 

overcome those difficulties until now, those larger achromatic telescopes, with objective 

apertures of over 48 lines, which were tried to be made, were not of equal perfection as smaller 

ones, and with even larger (apertures) it (perfection) was reduced. One of the difficulties was 

that the glass, which was to be used to manufacture the objectives, could not be made in that 

perfect way that is necessary for larger telescopes. Namely the English Flint glass has wave-like 

streaks which disperse the passing light in an irregular way. Since there are more streaks in a 

larger and thicker glass than in a smaller one, which must, if an increase in impact is desired, be 

the other way round, the effect was reduced with objectives of larger diameter. In addition, the 

English Crown glass, as any other glass which was used so far, has these wave-like streaks, 

which, although not always visible to the naked eye, giving the light rays, by uneven refraction, 

a wrong direction. The Bavarian Flint as the Crown glass is free of these streaks and of equal 

density (within the glass). Since the Flint glass differs from regular glass only by the stronger 

color dispersion, and this dispersion of English Flint relates to normal glass as 3 : 2, but with 

Bavarian Flint as 4 : 2, therefore the latter is also better in this regard. 

Until now the achromatic objectives were not completely made following certain theoretical 

principles, one had to rely on good luck within reasonable limits, therefore a great number of 

glasses were ground and mated as pairs (by trial and error) until the errors almost 

compensated. Since the probability of such a chance is much smaller with large objectives than 

with smaller ones, also objectives of medium size are rarely perfect, and even with good Flint 

glass no thought would be spent on large achromatic objectives. The main causes for this 

procedure were: in part, the theory of achromatic objectives is not fully understood; in part, 

that the refractive and color dispersing characteristic of the glass used, which must be known 

exactly when calculating, was determined not exactly enough by the means employed earlier; 

in part, finally, that the methods, which were used to grind and polish the glass, did not follow 

the theory as predicted, if no observable deterioration should be observed. 

The objective of the here discussed great refractor has 108 Parisien Line1s aperture and 160 

inch focal length. The effect of a telescope is best shown when comparing with another one, 

pointed at the same object. While observing with large telescopes, the largest obstacle is the 

imperfect air, and here mainly the apparent undulating of it. These disadvantages grow with 

larger telescopes with the square of their diameter, but the effect grows only with the (linear) 

relation of the diameter; therefore, even when the sky seem to be clear and the air is only a bit 

imperfect in the mentioned sense, observations are not possible with larger telescopes. Since 

the air, everywhere in space, is perfect in this sense only on a few days per year, to learn about 

the relative effect of this large telescope, a special object for this purpose was placed (on the 

earth); because in this case a shorter layer of air has to be passed, and its imperfections would 

be less harmful. The experiments, executed as described, showed that the effect of the large 

                                                           
1
 In the nineteen century telescope apertures were measures in Parisien lines: one Parisien line equals 

2.234 mm or 0.08795 inch. 
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refractor increases in relation to its diameter, fulfilling the maximum expectations. - It would be 

too much to mention the means which were employed to, for example, adjust the centers of 

the lenses onto a common line, remove the effects of expansion and contraction of the metal 

lens cell at different temperatures etc., what had to be considered to make sure that the best 

effect is achieved with this instrument. 

One of the largest obstacles that was encountered when using large telescopes on celestial 

objects, is the apparent daily movement of the stars, which is magnified in the same relation as 

the telescope magnifies; so that stars close to the equator remain only a short time within the 

field of view of a high magnifying telescope, and pass quickly through the same. Even with the 

smoothest movement of the telescope by hand with screws, small oscillations will be 

introduced, which will be magnified in relation to the magnification of the telescope. Before the 

telescopes comes to rest, the star will have passed the field of view, making it possible almost 

only by pure chance to see it for a short moment under good conditions. These favorable 

conditions are even rarer since a star can only be seen with the highest precision when being 

located in the middle of the field of view. The mentioned difficulties can only be met if the 

telescope would move like the observed star without the interference of a human hand. This 

had to be with the same precision for all stars, regardless of the ones apparently slower close 

to the pole, or those located near the equator moving very fast. 

For this reason the large telescope was mounted paralactic in its own way, that is, one of the 

main axes around which it rotates, is elevated against the horizon in such a way, that its angle 

equals the polar altitude and is pointing at the pole. The second axis, named the declination 

axis, is mounted on the hour axis exactly vertical (at right angle). If the telescope, mounted in 

this way,  is pointed at any star, then only the hour axis needs to be turned with such a speed 

that it would turn once in 24 hours, like the Earth's axis, in which case the star, whichever it 

might be, remains within the field of view of the telescope as long as it is above the horizon. 

This movement is applied to the hour axis by an apparatus similar to a clock, consisting of two 

works. The force of one work overcomes the friction and the weight of the moving mass of 

several Zentner (a unit of mass, 50 kg); the other mechanism regulates the movement. To 

regulate the movement neither a pendulum nor a balance spring could be used; because in this 

case the telescope would not move uninterrupted, but only in steps. 

The regulator in this work is a centrifugal mechanism, which rotates uninterrupted in a conic 

housing in one direction. Also, when cranking up the weights the telescope moves with the 

same speed. The telescope may, while the clock moves on, be stopped at any time and set to 

move again equally fast. In addition, it may be moved by hand or by means of a bolt in any 

direction. The clock may be, at any time, adjusted to faster or slower, only by setting a spiral 

formed disk to another degree of its division. This is to advantage, because, if a star is not at 

the desired location in the field of view, it may be set to that place by using the clock, which is 

of great use with micrometer observations, and not advisable by other means, because of the 

dead travel etc. This spiral disk has also the advantage that the telescope can be set to a 

movement equaling that of the Moon. 

To assure this uniform movement of the large telescope, it must be in all positions, as different 

as they may be, balanced in relation to both main axes, and these balances may not disturb the 
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telescope from being pointed to any part of the sky. In relation to the declination axis, the 

eccentric mounted telescope is balanced by two weights close to the eyepiece, mounted on 

individual conical brass tubes, each of which has two axes in the centre of gravity, at right 

angles, so that in this relation the telescope is equally balanced in any position. In relation to 

the hour axis this telescope is balanced by two weights, of which one is mounted directly to the 

declination axis. The second weight is attached to a rod of an individual form, which is bent in 

the direction of the hour axis to form a ring; this ring touches, by two opposing axes, a second 

smaller; this second ring is attached to two axes, which are perpendicular to the first, a third 

even smaller; and this finally turns at a bushing in which the declination axis is located, so that 

in relation to the hour axis the telescope is balanced in all positions. To eliminate the friction of 

the hour axis, and remove any pressure down or up, another special weight is attached which 

exerts a force on the bearing of two friction rollers. It is due to this installation that the 

telescope, regardless of the extraordinary weight, may be moved with one finger. 

The pier of the instrument has a form that, although its position may never be altered, will 

never hinder the telescope from being pointed to any location in the sky. Although it seems that 

there are positions of the telescope in which the pier may prevent following a star; this 

instrument is constructed in such a manner that the telescope may be directed to an object in 

two ways, only by turning the hour axis by 180°; if the pier is hindering in one way, it cannot in 

the other, and the telescope is free in this case. 

As it is, with a telescope of high magnification, very difficult to point to an object and bring it 

into the field of view, usually a second smaller one is mounted with the axis exactly parallel to 

the larger one. The finder of the large refractor has 29 lines aperture and 30 inch focal length. 

Each of the two main axes has an individual divided circle, named the hour and declination 

circle. These are fixed to their axes and turn with these. The division of the hour circle is 4 time 

seconds, the division of the declination circle 10 arc seconds. With these one can (adjust) the 

telescope to stars which are off the meridian, and find and observe them by day, which, 

especially with stars of the 1st magnitude, may not be observed with advantage by night. 

όΧύ 

CǊŀǳƴƘƻŦŜǊΩǎ ŘŜǎƛƎƴ ƻŦ ǘƘŜ DǊŜŀǘ 5ƻǊǇŀǘ ǊŜŦǊŀŎǘƻr may have influenced the appearance of 

modern observatories. The German equatorial mounting could be pointed to any part of the 

sky above the horizon. Some regions of the sky are only accessible after performing a meridian 

flip of the mount (by reversing the telescope about its polar axis). 

Movement by clockwork was virtually a novelty when it was adapted by Fraunhofer in 1824. 

Clockwork movement was first proposed by Robert Hooke (1635-1703) in 1674. Several 

astronomers used telescopes with clockwork control during the eighteenth century but these 

apparatus were not very elaborate. 

As mentioned before, when the telescope arrived in Dorpat, the refractor had to be used at an 

ƻǇŜƴ ǿƛƴŘƻǿΦ [ŀǘŜǊ ƛǘ ǿŀǎ ƳƻǳƴǘŜŘ ǳƴŘŜǊ ŀ ŘƻƳŜ όάǊƻǘŀǘƻǊȅ ŎǳǇƻƭŀέύ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘe main 

tower of the Observatory. The Dorpat dome was a forerunner of modern domes (Figure 3). 
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Fraunhofer is better known today for his invention of the spectroscope (1814) and the 

diffraction grating. He placed a flint glass prism in front of the objective of a small theodolite 

ŀƴŘ ŦŜŘ ōƻǘƘ ǿƛǘƘ ǎǳƴƭƛƎƘǘ ŦǊƻƳ ŀ ǾŜǊǘƛŎŀƭ ǎƭƛǘΦ Lƴ ǘƘƛǎ ǿŀȅ ƘŜ ƴƻǘƛŎŜŘ ǘƘŀǘ ǘƘŜ ǎǳƴΩǎ ǎǇŜŎǘǊǳƳ 

was crossed by a series of vertical, dark lines of different intensity that always kept the same 

position. Fraunhofer selected eight of tƘŜǎŜ ƭƛƴŜǎ ό!Σ .Σ /Σ Χ Iύ ŀƴŘ ǳǎŜŘ ǘƘŜƳ ŀǎ ƳŀǊƪǎ ǘƻ ǘŜǎǘ 

the refractive index of glass for different colors. Between the lines B and H he counted 574 

lines (still called Fraunhofer lines in his honour) (Figure 4). 

Fraunhofer's success made his name synonymous with progress. Astronomers considered it a 

privilege to have their orders accepted by him. The famous refractor he made for the Dorpat 

Observatory and the heliometer for the Berlin Observatory gave both institutions positions of 

leadership for several decades. 

Joseph Fraunhofer died on June 7, 1826 at the early age of thirty nine years. The privations of 

youth and his delicate constitution and signs of tuberculosis ended a very promising scientific 

career. 

Sources: 

¶ Batten, A.H. (1988). Resolute and undertaking characters: The lives of Wilhelm and 

Otto Struve. D. Reidel Publising Company. 

¶ King, H.C. (1955). The history of the telescope. Diver Publications Inc. 

¶ Fraunhofer, J. (1826). Über die Construction des so eben vollendeten großen 

Refractors von Dr. Joseph Fraunhofer. Astronomische Nachrichten, 4: 17-24. 
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Figure 2- The great Dorpat refractor. 
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Figure 3- Dorpat Observatory main building (left) and cutaway drawing of the main tower with the great 

Dorpat refractor installed under the rotatory cupola (right). 

 

 

Figure 4- Joseph von Fraunhofer demonstrating the spectroscope.  
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ALVAN CLARK (1804-1887), GEORGE BASSETT 

CLARK (1827-1891) AND ALVAN GRAHAM CLARK 

(1832-1897): AMERICAN MAKERS OF TELESCOPE 

OPTICS. 
 
PEDRO RÉ 
http://astrosurf.com/re 
 
Alvan Clark and his sons, George Bassett Clark and Alvan Graham Clark (Figure 1), were the 
main makers of large refracting telescopes in the late ninetieth century. The firm Alvan Clark & 
Sons was founded in 1846 in Cambridgeport, Massachusetts. For five times the Clarks made 
the objectives for the largest refracting telescopes in the world:  (i) The 18.5-inch (470 mm) 
Dearborn telescope was commissioned in 1856 by the University of Mississippi;  (ii) In 1873 
they built the 26-inch (660 mm) objective lens for the United States Naval Observatory; (iii) In 
1883, they finished the 30-inch (760 mm) telescope for the Pulkovo Observatory in Russia; (iv) 
The 36-inch (910 mm) objective for the Lick Observatory refractor was made in 1887 and 
finally (v) The 40-inch (102 cm) lens for the Yerkes Observatory refractor, in 1897, the largest 
ever built still in operation (Figure 2 and 3). 
 

 
 

Figure 1- Alvan Clark (center) and his sons, Alvan Graham Clark (left) and George Basset Clark (right). Lick 
Observatories photograph. 
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Figure 2- The 26-inch U.S. Naval Observatory refractor (left) and the 30-inch Pulkovo Observatory 
refractor (right). 

 

 
 

Figure 3- The 36-inch Lick Observatory refractor (left) and the 40-inch Yerkes Observatory refractor 
(right). 
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Alvan Clark was born in Ashfield, Massachusetts on March 8, 1804. He was the fifth of ten 
chidren of Abram (a descendant of Thomas Clark, one of the early pilgrins of the Mayflower) 
and Mary (Pease) Clark. Before turning to astronomy, Alvan was noted for his work in other 
fields, namely drawing and engraving. Towards the end of his life Alvan wrote an 
autobiography that is often quoted. This is the reason why the life and work of Alvan Clark is 
better known than that of his two sons.  
 
Both Alvan Graham Clark and George Graham Clark devoted their entire careers to building 
fine astronomical telescopes. Alvan Graham did the optical work and George did the 
mechanical work. It is very difficult to identify who was responsible for a particular telescope 
built by the Clarks. Taking this into account all three Clarks are responsible for the 
achievements of the firm Alvan Clark & Sons that later became simply Alvan Clark. 
 
Abram Clark (Alvan Clarks father) owned and operated a rocky farm, a sawmill and a gristmill 
in Ashfield leaving his son a patrimony of fifty dollars. Alvan received a formal education at a 
ƭƻŎŀƭ ǎƳŀƭƭ ƎǊŀƳƳŀǊ ǎŎƘƻƻƭ ŀƴŘ ōŜƎŀƴ ǘƻ ǿƻǊƪ ǿƛǘƘ Ƙƛǎ ƻƭŘŜǊ ōǊƻǘƘŜǊ ƛƴ ŀ ǿŀƎƻƴ ƳŀƪŜǊΩǎ ǎƘƻǇΦ 
Soon he turned to other interests. On March 25, 1826 Alvan married Maria Pease and they 
became parents of four children (Maria Louisa and Caroline Amelia, as well as George Bassett 
and Alvan Graham). Alvan earned his living as an engraver and later by painting small portraits 
of exceptional quality in ink and watercolor (Figure 4). Sometimes he used a prism and a 
camera lucida to outline the main features of the people in his portraits and miniatures. 
 

 
 

Figure 4- Alvan Clark portrait as an artist in his studio (left), center and right two of A.Clark paintings 
(Mrs. And Mr. Charles Henry Cummings). 

 
Clark maintained the studio until 1860 when the firm Alvan Clark & Sons became lucrative. It 
seems that Alvan Clark turned to telescope making almost by accident. His eldest son, George 
Basset, while a student at Andover (Phillips Academy), melted down a metal bell in order to 
make a reflecting telescope. Alvan attention was caught and by 1850 the firm Alvan Clark & 
Sons was founded. The firm grew out of a small shop in East Cambridge used by George Basset 
to repair optical instruments.  
 
In 1850 the largest refractors were the 15-inch (38 cm) instruments at Pulkovo and Harvard 
Observatories both made by the Merz & Mahler in Munich (Germany). The largest reflector 
was the 72-ƛƴŎƘ όмун ŎƳύ ά[ŜǾƛǘƘŀƴέ ŜǊŜŎǘŜŘ ƛƴ мупр ōȅ ǘƘŜ ¢ƘƛǊŘ 9ŀǊƭ ƻŦ wƻǎǎŜΣ ²ƛƭƭƛŀƳ 
Parsons, at the Birr Castle in Ireland. In the middle of the nineteen century refractors were 
regarded as precision instruments while reflectors were considered much more crude and 
difficult to use. For this reason refractors were the preferred instruments for astronomical 
work at observatories worldwide. 



16 
 

Alvan Clark started by building metal reflectors with aperture as large as 8-inch. In 1847-48 
Alvan using a 7.5 inch reflector build by himself made a drawing of the Orion nebula. William 
Cranch Bond, director of the Harvard Observatory, was very impressed with this sketch (the 
drawing was more complete than the sketch made by William Herschel using his 20-foot 
reflector). 
 
Clark soon realized that refractors had better light gathering power and definition than metal 
reflectors and started building objective lenses around 1846.  The first lenses he made were 
similar to ones built by the only contemporary American lens maker, Henry Fitz (1808-1863). 
 
William Rutter Dawes (1799-1868) an English amateur bought several Clark objectives, one of 
which was used from 1869 to 1869 by William Huggins (1824-1910) for his monumental work 
in spectroscopy. A trip to England in 1859 (the only time Alvan Clark left the United States) was 
ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŜǎǘŀōƭƛǎƘƛƴƎ /ƭŀǊƪΩǎ ǊŜǇǳǘŀǘƛƻƴ ŀǎ ŀ ƳŀƪŜǊ ƻŦ ǘŜƭŜǎŎƻǇŜ ƻǇǘƛŎǎ ōƻǘƘ ŀōǊƻŀŘ 
and in the U.S. Soon after, Clark was asked to make a refractor with an aperture of 19 inches 
(48 cm) for the University of Mississippi. The firm Alvan Clark & Sons had only built objectives 
of apertures up to 8 inches. After examining the 15-inch lens of the Harvard Observatory and 
recognizing its imperfections, Clark offered to make a 15-inch. The University wanted the 
largest telescope of the world and Clark agreed to make an 18.5-inch (47 cm) objective. 
 
The firm moved to a new location with larger facilities near Harvard to work on this lens. The 
two crown and flint discs (ordered from the Chance Brothers Company of Birmingham) were 
finished in 1862. Alvan Graham Clark while testing this lens discovered the companion of Sirius 
on January 31 1862. By this time the American Civil War had began and the University of 
Mississippi was unable to fulfill the agreement with the Clark firm. The Chicago Astronomical 
Society bought the lens and the telescope was installed in the Dearborn Observatory of the 
University of Chicago in 1866. 
 
The 18.5-inch refractor did not remain the largest refractor in the world for a long time. Robert 
Stirling Newall (1812-1889) a wealthy Scottish engineer and amateur astronomer, 
commissioned Thomas Cooke (1807-1868) to build a telescope for his private observatory at 
Ferndene. The discs for a 25-inch (64 cm) refractor were ordered from the Chance Brothers 
Company in 1863. The lens had a focal length of 9.1 m and a combined weight of 66 kg. 
Altogether the Newall refractor took seven years to build. It was for a few years the largest in 
the world. Newall erected this telescope in 1871 on his estate, a very unfavorable site: during a 
period of fifteen years he had only one night in which he could use its full aperture (Figure 5). 
 
In 1871, Clark agreed to make an instrument that surpassed the Newall refractor. By this time 
Alvan Clark & Sons had already refigured the lenses of several telescopes of the U.S. Naval 
Observatory with excellent results. The 26-inch (66 cm) crown and flint discs weighting 50 kg 
were again commissioned from the Chance Brothers Company. The lenses were finished in two 
years (1873). The objective was mounted on a metal tube (previous Clark instruments were 
provided with a wooden tube. With this instrument (installed by late 1873) Asaph Hall (1829-
1907) discovered the two satellites of Mars (Phobos and Deimos) in 1877 ) (Figure 2). 
 
In 1872 Karl Ludwig von Littrow (1811-1877), director of the Vienna Observatory, made plans 
for a large refractor and the contract went to Howard Grubb (1844-1931) of Dublin. The young 
Grubb together with his father Thomas Grubb (1800-1878) were mainly specialized in building 
reflectors with heavy equatorial mountings. For this project H. Grubb designed a German 
equatorial mounting that was a great improvement over the mountings supplied by the Clarks 
in such a way that it became a model for all future mountings of large refractors (Figure 5). 
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Figure 5- The 26-inch Newall refractor (left) and the 27-inch Grubb refractor of the Vienna Observatory 
(right). The 27-inch surpassed the 26-inch Clark of the U.S. Naval Observatory becoming the model of all 

mountings for subsequent large refractors. 

 
Otto W. Struve (1819-1905) director of the Pulkovo Observatory ordered a 30-inch (76 cm) 
objective from the Clarks in 1879. The lens was not completed until 1884. The mount was 
finished on the same year by Repsold (Hamburg) (Figure 2). This refractor (then the world 
largest) went into operation at Pulkovo in 1885. It was extensively used in the study of double 
and proper motion of stars. 
 
In 1880 the Clark firm was again given a contract to build a 36-inch (91 cm) objective and 
photographic corrector. The blanks were ordered from the firm Field in Paris. The lens with a 
focal length of 17.6 m was finished in 1885 but the photographic corrector (33-inch, 84 cm) 
was only completed in 1887. The mount for this refractor was built by the firm Warner & 
Swasey and erected on Mount Hamilton (Lick Observatory) in 1887.  The Lick refractor was one 
of the most productive instruments in the history of astronomy (Figure 3). 
 
With the completion of this instrument the representatives of the University of Southern 
California asked the Clarks to make an objective for a larger telescope. In 1889 they agreed to 
built a 40-inch (102 cm) lens and the blanks were ordered from the firm Mantois in Paris. 
When the disks arrived the University was unable to pay the bill and the opportunity to obtain 
the largest refractor in the world went to another Institution. George Ellery Hale (1868-1938) 
that had just been appointed Associate Professor at the University of Chicago was able to raise 
the necessary sum to buy the lens by convincing the Magnate Charles Tyson Yerkes (1837-
1905). Yerkes contributed with $300.000 to establish what would become known as the Yerkes 
Observatory, located in Williams Bay, Wisconsin. 
 
Alvan Graham Clark, the last surviving member of the Clark family began figuring the lenses 
and Warner & Swasey were asked to supply the equatorial mount. The mount was finished in 
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1893 being displayed at the Columbia Exhibition in Chicago that same year (Figure 6). The 40-
inch refractor (19.3 m focal length) went into operation only in 1897 after the foundation of 
the Yerkes Observatory in 1895 (Figure 3). This refractor is still the largest in the world today. 
The combined weight of the two components of the 40-inch objective was 225 kg (Figure 7). 
James Edward Keeler (1857-1900) that examined the lens in 1896 wrote in a paper published 
in the Astrophysical Journal: 
 
άCǊƻƳ ǘƘŜǎŜ ǘŜǎǘǎ ƛǘ ŀǇǇŜŀǊǎ ǘƘŀǘ ǘƘŜ ŎƘŀǊŀŎǘŜǊ ƻŦ ǘƘŜ ƛƳŀƎŜ ǾŀǊƛŜǎ ǿƛǘƘ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ 
lenses relative to each other, and, to a less extent, with the position of the objective as a whole 
relatively to its cell. It is probable that flexure of the lenses is the principal cause of the 
observed changes, and it is interesting to note that there is here evidence, for the first time, 
ǘƘŀǘ ǿŜ ŀǊŜ ŀǇǇǊƻŀŎƘƛƴƎ ǘƘŜ ƭƛƳƛǘ ƻŦ ǎƛȊŜ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ƎǊŜŀǘ ƻōƧŜŎǘƛǾŜǎέΦ 
 
 

 
 

Figure 6- Mounting of the 40-inch Yerkes refractor on display at the Columbia Exposition in Chicago 
(1893).  
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Before his death in 1897, Alvan Graham Clark declared his intention to make a 60-inch (152 
cm) lens. In the twentieth century several attempts were made to build larger refractors 
without any success (Figure 8). By this time reflectors were the main instruments used for 
spectroscopy and astrophotography. 
 

 
 

Figure 7- Alvan Graham Clark and Carl Lundin with the 40-inch object glass. 

 

 
 

Figure 8- 50-inch optical disks made by the Mantoins firm (Paris). 
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Very little is known regarding the Clark methods for grinding lenses. The Clark left no records 
of these procedures. Many people visited the Clark factory and were shown every detail of the 
process. One visitor wrote that the methods employed were crude and inferior to those used 
ōȅ 9ǳǊƻǇŜŀƴ ƻǇǘƛŎŀƭ ƳŀƪŜǊǎΦ ¢ƘŜ ǎǳŎŎŜǎǎ ƻŦ /ƭŀǊƪΩǎ ƭŜƴǎŜǎ ǿŀǎ ŀǘǘǊƛōǳǘŜŘ ǘo skilful 
manipulation and supervision rather than the use of precise mechanisms. It seems that the 
techniques used were nothing extraordinaire. Great care was taken in the grinding and 
polishing of a lens. The blank disk was always tested for purity and evenness (glasses with 
evident striation were discarded). Grinding and preliminary polishing was done with 
rudimentary machines which consisted of horizontal tables rotated by a steam engine. Early 
Clark lenses were ground with emery, but later (1887) cast iron sand was used as an abrasive. 
When grinding was finished the metal lap used for this purpose was changed for one made of 
grooved pitch fed with water and rouge for polishing. The Clarks never used cloth polishers. 
The process of correcting and perfecting the lenses was always performed. Local correction 
was suggested to the Clarks Henry Fitz. Fitz only retouched one surface whilst the Clarks 
regularly retouched all four surfaces of each objective. This maybe the explanation for the 
superior quality of the Clarks object glasses. 
 
Local corrections were used to remove small errors after grinding and polishing. To locate this 
errors the Clarks developed a test similar (but prior) to the one described as the Foucault knife-
edge test for mirrors. This test was performed either on a star or on an artificial star (inside a 
horizontal tunnel with almost 70 m of length). Tests on photographic lenses involved 
photographing a star several times in focus and out of focus in order to examine the images 
obtained. A perfect lens would form even images. 
 
Once the irregularities were found these were marked and the lens had to be retouched 
several times until a perfect shape was reached. Alvan Clark seemed to have a special sense of 
touch in such a way that he could detect irregularities with his fingers. He repeatedly used his 
bare thumbs to make local corrections. 
 
Most of the Clarks objectives are similar to Fraunhofer lenses consisting of an equiconvex 
crown (R1 = R2) and a meniscus flint in which R3 is made a few percent shorter in radius than 
R2. R4 (closer to the eyepiece) becomes a long radius convex surface being almost flat. There 
are mainly two drawbacks in this type of lenses. It is an airspaced design, similar to the 
Fraunhofer, but with weaker curves. R1, R2, and R3 are all close in radius to one another. 
Spherical aberration can be canceled (corrected) just as in the Fraunhofer design. In addition, if 
R1 and R2 become reversed during cleaning, there is no apparent change in performance. 
 
Most of the Clark objectives are corrected for visual use. However two methods were 
developed for adapting the lenses for photographic applications. The Lick refractor was 
provided with a third (smaller) photographic lens. In 1887, with the assistance of Edward C. 
Pickering (1846-1919) the Clarks developed a clever combination of two lenses that could be 
used for either visual or photographic observations. Is this design the Crown component is 
more convex on one side than the other. For visual applications the flatter side was put in 
contact with the flint and for photography the crown lens was reversed and separated from 
the flint. 
 
The Clarks were great opticians, perhaps the most skillful ever. The excellence of their 
achromatic objectives is recognized even today in an era where apochromatic refractors are 
readily available. 
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WILLIAM PARSONS (1800-1867) E O LEVIATÃ DE 

PARSONSTOWN 

 

PEDRO RÉ 
http://www.astrosurf.com/re 
 
William Parsons (3o Conde de Parsonstown, Lord Rosse) nasceu em York no Reino Unido em 17 
de Junho de 1800. Estudou em Dublin e em Oxford (Magdalen College) onde completou com 
distinção os seus estudos graduados em matemática (1822) (Figura 1). 
 

 
 

Figura 1- William Parsons (Lord Rosse). 

 
Após o falecimento do pai, foi membro do parlamento entre os anos de 1841 e 1834 e a partir 
ŘŜ мупр ǊŜǇǊŜǎŜƴǘŀƴǘŜ ƛǊƭŀƴŘşǎ ƴƻ ǇŀǊƭŀƳŜƴǘƻΦ Cƻƛ ƛƎǳŀƭƳŜƴǘŜ ǇǊŜǎƛŘŜƴǘŜ Řŀ άwƻȅŀƭ {ƻŎƛŜǘȅέ 
(1848-1854) e chanceler do Trinity College (Dublin) (1862-1867). Em 1841, herda o Castelo de 
Birr e torna-se no 3o Conde de Parsonstown. Lord Rosse aliou os seus conhecimentos de 
engenharia a um elevado interesse que evidenciou desde cedo pela astronomia e pela 
construção de telescópios. Construiu diversos telescópios a partir de 1827 nas oficinas que 
fundou no condado de Parsonstown. Efectuou diversas experiências com espelhos metálicos 
όάǎǇŜŎǳƭŀέύ ŎƻƴǎǘǊǳƛŘƻǎ ƛƴƛŎƛŀƭƳŜƴǘŜ ŀ ǇŀǊǘƛǊ ŘŜ ǳƳ ƳƻǎŀƛŎƻ ŘŜ ǇŜœŀǎ ŘƛǎǘƛƴǘŀǎΦ h ǇǊƛƳŜƛǊƻ 
ŜǎǇŜƭƘƻ ŎƻƳǇƻǎǘƻ ǘƛƴƘŀ ǳƳ ŘƛŃƳŜǘǊƻ ŘŜ мрέ όоу ŎƳύ Ŝ ǳƳŀ ŘƛǎǘŃƴŎƛŀ ŦƻŎŀƭ ŘŜ мн ǇŞǎ ό360 cm). 
Com o auxílio deste instrumento efectua as primeiras observações da Lua e de estrêlas duplas 
ǳǎŀƴŘƻ ŀƳǇƭƛŦƛŎŀœƿŜǎ ǉǳŜ ǾŀǊƛŀǊŀƳ ŜƴǘǊŜ ул ŀ сллȄΦ !ƻ ŜǎǇŜƭƘƻ ŘŜ мрέ ǎŜƎǳƛǊŀƳ-se dois 
ŜǎǇŜƭƘƻǎ ŘŜ нпέ Ŝ ŘŜ осέ όмуофύΣ ŜǎǘŜ ǵƭǘƛƳƻ ŎƻƴǎǘƛǘǳƝŘƻ ǇƻǊ мс ǎŜƎƳentos distintos. Em 1840 
wƻǎǎŜ ŎƻƴǎŜƎǳŜ ŦƛƴŀƭƳŜƴǘŜ ŎƻƴǎǘǊǳƛǊ ǳƳ ŜǎǇŜƭƘƻ ƳŜǘłƭƛŎƻ ǎƽƭƛŘƻ ŘŜ осέ ǉǳŜ Ŧƻƛ ƛƴǎǘŀƭŀŘƻ 
numa montagem azimutal semelhante às utilizadas por William Herschel (1738-1822) (Figura 
2). 
 

http://www.astrosurf.com/re
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Figura 2- Telescopio de 3 pés (91 cm) construído por Lord Rosse em 1839/1840.  

 
John Thomas Romney Robinson (1792-1882)2, director do observatório de Armagh, descreve 
em 1840 algumas observações efectuadas com o auxílio deste instrumento: 
 
Both specula, the divided and the solid, seem exactly parabolic, there being no sensible 
difference in the focal adjustment of the eyepiece with the whole aperture of 36 inches, or one 
of twelve; in the former case there is more flutter, but apparently no difference in definition, 
and the eyepiece comes to itǎ ǇƭŀŎŜ ƻŦ ŀŘƧǳǎǘƳŜƴǘ ǾŜǊȅ ǎƘŀǊǇƭȅΦ ¢ƘŜ ǎƻƭƛŘ ǎǇŜŎǳƭǳƳ ǎƘƻǿŜŘ ʰ 
Lyrae round and well defined, with powers up to 1000 inclusive, and at moments even with 
1600; but the air was not fit for so high a power on any telescope. Rigel, two hours from the 
meridian, with 600, was round, the field quite dark, the companion, separated by more than a 
diameter of the star from its light, and so brilliant that it would certainly be visible before 
ǎǳƴǎŜǘ όΧύ 
 
Rosse utilizou o telescópio de 3 pés até 1874.  A montagem azimutal de madeira foi substituída 
por uma montagem equatorial em metal em 1876 (Figura 3). Pouco tempo após ter 
completado o telescópio de 3 pés, Rosse iniciou (1839) a construção do um novo telescópio 

                                                           
2
 King, H.C. (1955). The History of the Telescope. Dover Publications, Inc. New York. 
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como o dobro da abertura (6 pés, 183 cm). O Leviatã de Parsonstwon, como ficou 
posteriormente conhecido, foi utilizado pela primeira vez em 1845 (Figura 4).  
 

 
 

Figura 3- Telescópio de 3 pés (91 cm), montagem equatorial (ca. 1876). 

 

 
 

Figura 4- Leviatã de Parsonstwon (ca. 1845). 
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John Louis Emil Dreyer (1852-1926)3, um dos últimos astrónomos a usar o Leviatã, descreve 
em 1914 o instrumento bem como as técnicas de observação: 
 
Since the telescope was erected between two high walls in the direction north and south, an 
object on the equator could only be observed within half an hour east or west of the meridian, 
and after a clock movement had been applied to it in 1869 it could only pick up an object on the 
equator some five or ten minutes east of the meridian. The range was further limited by the 
fact that the telescope could not be brought much beyond the zenith, as the top gallery ended 
about 10o north of it. Objects within about 25o of the pole could, therefore, not be observed. 
When furnished with a clock movement, the instrument was certainly a most convenient and 
comfortable one to use. Three workmen were in attendance every night; one at the windlass in 
the north to raise or lower the tube, one in a little hut close east of the lower end of the tube to 
move it in hour-angle by turning a large wheel or to start or stop the clock, and one in the 
gallery to move the gallery out of the tube and gradually to move it back as the tube was 
driven westward by the clock. There was a slow motion in R.A., but it was rarely or never used, 
as two eyepieces (one a finder eyepiece of low power, the other a micrometer with bars visible 
ǿƛǘƘƻǳǘ ƛƭƭǳƳƛƴŀǘƛƻƴύ ǿŜǊŜ ƳƻǳƴǘŜŘ ǎƛŘŜ ōȅ ǎƛŘŜ ƻƴ ŀ ǎƭƛŘŜ ƳƻǾŀōƭŜ ǘƻ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǎƻƳŜ мрΩ 
ǘƻ нлΩΦ ¢ƘŜ Ŧƭŀǘ ƳƛǊǊƻǊ ǿŀǎ ǎǳŦŦƛŎƛŜƴǘƭȅ ƭŀǊƎŜ ǘƻ ŀƭƭƻǿ ǘƘƛǎ ǘƻ ōŜ ŘƻƴŜ ǿƛǘƘ ƭƛǘǘƭŜ ƻǊ ƴƻ ƭƻǎǎ ƻŦ 
light. The galleries were so constructed that the observer always stood upright and looked 
horizontally into the eyepiece and as he had no body labor to do, observing was not more 
fatiguing than it would have been with quite a small instrument. 
 

 
 

Figura 5- Fotografia vitoriana do Leviatã de Parsonstown. 

                                                           
3
 Dreyer, J.LΦ9Φ όмфмпύΦ [ƻǊŘ wƻǎǎŜΩǎ {ƛȄ-foot Reflector. Observatory, Volume XXXVII, No. 480:399-402. 
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Figura 6- Telescópio de 6 pés de Lord Rosse (Fotografias da época). 

 

 
 

Figura 7- Desenho da estrutura espiral observada em M 51 por Lord Rosse (Abril de 1845). 

 
O telescópio de 6 pés foi utilizado pela primeira vez no início de 1845. Em Abril do mesmo ano, 
Lord Rosse descreve estruturas espirais nalgumas nebulosas. A primeira nebulosa em que foi 
observada este tipo de estrutura foi M 51 (NGC 5194) (Figura 7). Entre os anos de 1845 e 1850, 
Rosse e os seus assistentes descrevem estruturas espirais em 14 nebulosas distintas. Num 


