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    The Telescope explores how human vision, disciplined by physics and refined through craft, becomes a tool for knowing the universe. Written by Louis Bell, an American physicist and engineer, this non-fiction study approaches its subject with scientific rigor and intellectual curiosity. Appearing in the early twentieth century, it reflects a moment when classical optics had matured and astronomical instruments were rapidly evolving. Bell’s book examines the instrument’s principles, its practical realization, and its role in observation, seeking to show how precise thought translates into precise seeing. The result is a measured, comprehensive account that treats the telescope as both an idea and a meticulously built device.

Situated in the tradition of technical exposition, the book occupies the borderland between laboratory and observatory, where theory meets practiced judgment. Its setting is not a fictional landscape but the benches, domes, and clear nights where instruments are designed, aligned, and pointed skyward. Within that grounded context, Bell writes for readers who want to understand how a telescope works and why certain choices matter. He situates the device within ongoing scientific work of his time, offering a perspective that is historical without becoming antiquarian and practical without becoming merely procedural, attentive to the larger questions that surround the making and use of precision tools.

At its core, the book’s premise is straightforward: to chart what a telescope is, why it works, and how its design shapes the quality of what we can see. Readers encounter a clear, systematic progression from fundamental optical behavior to the considerations that govern real instruments. The voice is formal yet inviting, avoiding sensationalism in favor of lucid explanation. The style privileges careful definitions, concrete reasoning, and an insistence on verifiability. The mood is reflective and confident, favoring patient argument over flourish. The experience is that of a knowledgeable guide leading you from first principles to informed practice, without presuming specialist training.

Several themes recur with steady emphasis. Bell underscores the collaboration between theory and craftsmanship: equations describe ideal behavior, while alignment, polishing, and mechanical stability decide whether ideals are approached in practice. He explores how the atmosphere both grants access and imposes limits, reminding readers that nature sets the terms under which instruments perform. The book is equally concerned with the discipline of measurement: calibration, error, and repeatability are treated as intellectual virtues rather than bookkeeping. Throughout, there is a sustained meditation on the difference between seeing and knowing, and on how instruments transform raw sensation into trustworthy evidence.

The Telescope offers a reading experience that is both instructive and contemplative. Bell’s explanations are methodical, attentive to the path from everyday intuition to astronomical application. Rather than treating optics as an abstract exercise, he connects material choices and design trade-offs to the experience at the eyepiece, showing how decisions made at the workbench govern clarity under the stars. The pacing invites readers to linger, to test each idea against common sense and observation. While the book assumes respect for detail, it rewards curiosity, offering a framework that lets newcomers orient themselves while giving experienced readers a coherent vocabulary for what they already practice.

For contemporary audiences, its relevance lies in the timelessness of its questions. Even as modern sensors and software expand what telescopes can do, the foundational principles Bell articulates remain the scaffolding on which new capabilities rest. Understanding limits, tolerances, and the interplay of light and matter is as crucial to digital astrophotography as to visual observing. The book champions intellectual habits—skepticism, patience, clear reasoning—that travel well beyond astronomy. It also speaks to readers in today’s maker culture, where building, adjusting, and understanding instruments is again a source of satisfaction and a pathway into meaningful participation in science.

Ultimately, Bell presents the telescope as an emblem of disciplined wonder: a device that turns curiosity into method and method into discovery. His account neither romanticizes nor diminishes the instrument; it treats it as a human achievement grounded in knowable laws and careful practice. Readers drawn to the history of ideas, to the craft of science, or simply to the pleasure of lucid technical prose will find lasting value here. The Telescope remains a reminder that clarity is earned—through thought, through attention, and through tools made to serve both. It invites us to see better by learning how seeing is made possible.
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    Louis Bell’s The Telescope presents a systematic account of the instrument’s development, principles, construction, and applications. The book opens by defining the telescope’s chief purpose: collecting light and forming precise images to reveal celestial detail beyond unaided sight. Bell situates the instrument within observational astronomy, noting how improvements in optics, mechanics, and measurement expanded its usefulness. He sets expectations for readers by balancing physical theory with practical guidance, framing the telescope as both a scientific tool and a carefully engineered system. This introductory scope establishes the book’s dual emphasis on understanding how telescopes work and how they are effectively used.

The narrative then traces the historical evolution of telescopes from early Dutch discoveries through Galileo’s first astronomical observations and Kepler’s refined optical formulation. It addresses Newton’s reflective design and the advent of achromatism, crediting advances in glassmaking and lens figuring for marked gains in performance. Bell outlines the rise of large instruments, from Herschel’s reflectors to the great nineteenth-century refractors at Lick and Yerkes. He explains why reflectors challenged refractors for preeminence, emphasizing the practical limits of very large lenses and the advantages of mirrors. This historical overview frames later technical chapters and shows how practice followed from optical insight.

With the historical groundwork laid, Bell introduces core optical principles that govern telescopes. He explains refraction and reflection, focal length, magnification, and the relation between aperture and light-gathering power. The text details image formation, field, and exit pupil, together with diffraction and the Airy pattern that bound resolving power. Common aberrations, including chromatic and spherical errors, are defined alongside coma and astigmatism. Bell distinguishes the limits imposed by optics from those imposed by the atmosphere, clarifying the role of seeing in practical resolution. These concepts provide a foundation for comparing designs and for understanding the compromises that shape real instruments.

Bell next examines refracting telescopes, focusing on the achromatic objective made from crown and flint glasses. He describes lens figuring, centering, spacing, and mounting, and discusses tube construction, focusers, and dew control. Eyepieces receive careful treatment, with Huygens, Ramsden, and more advanced forms compared for field, distortion, and chromatic behavior. Guidance is offered on useful magnifications and exit pupils for various targets. Refractors’ strengths are noted in contrast and stability, while attention is drawn to the difficulties of scaling to large apertures. Practical advice covers care, alignment checks, and the performance expectations of small amateur instruments versus great observatory refractors.

Reflecting telescopes follow, beginning with the shift from speculum metal to silver-on-glass mirrors. Bell outlines mirror figuring to a paraboloid, testing methods, and the maintenance of the reflective layer. The Newtonian arrangement is explained, with secondary placement, obstruction, and collimation procedures. Alternative configurations such as Gregorian and Cassegrain are introduced for their compactness and instrumentation advantages. Aberrations typical of reflectors are distinguished from those of refractors, with notes on coma management and field correction. The chapter emphasizes why reflectors are favored for very large apertures and highlights the workshop practices that sustain their optical performance over time.

Attention then turns to mechanical structure and mounting. Bell contrasts altazimuth and equatorial systems, explains polar alignment, and describes the function of clock drives for sidereal tracking. He analyzes rigidity, balance, tube flexure, and thermal effects, and shows how bearings, trusses, and counterweights preserve pointing accuracy. Setting circles and finders aid navigation and coordinate work. Observatory design receives treatment, including domes, shutters, and ventilation to improve local seeing. These mechanical chapters underscore that optical excellence must be matched by stable support, smooth motion, and accurate drives to realize the telescope’s theoretical resolution in everyday observing.

Measurement and visual observing techniques occupy the next sections. Bell describes the use of micrometers for double-star separations and position angles, and outlines methods for estimating magnitudes and diameters. He covers lunar and planetary observation, solar viewing by projection and filters, and the recording of changes in spots, belts, and markings. Guidance on adapting magnification to seeing, assessing transparency, and maintaining dark adaptation supports consistent results. Star fields, clusters, and nebulae are approached with attention to field framing and comparison stars. The text emphasizes repeatable procedures, careful notation, and the value of standardized instruments for producing observations useful to broader programs.

The book then treats spectroscopy and photography, which extend the telescope’s reach. Bell explains the attachment of spectroscopes, dispersion and line identification, and the principles of chemical analysis and radial velocities from Doppler shifts. Photographic chapters describe plates, sensitivity, guiding, exposure, and plate scale, as well as measuring images for astrometry and photometry. Examples include stellar spectra, nebular structure, and long-exposure techniques that reveal objects too faint for visual observation. The treatment shows how the telescope, coupled with instruments, becomes a laboratory apparatus for physical astronomy, connecting image formation with quantitative analysis of composition and motion.

Bell concludes by synthesizing the telescope’s role as a union of optical science, mechanical engineering, and methodical observing. He reiterates the practical limits imposed by atmosphere and materials, and the ways design choices balance aperture, resolution, portability, and cost. The closing perspective looks toward larger reflectors, improved drives, and the continued growth of photographic and spectroscopic methods. Throughout, the message is consistent: understanding the instrument’s principles and maintaining careful technique are essential to sound results. The Telescope thus presents a coherent framework that links historical progress, physical theory, and practical usage in observational astronomy.
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    Louis Bell’s The Telescope was written in the United States in the early 1920s, at a moment when American astronomy was consolidating global leadership after World War I. The book reflects an environment shaped by major observatories in California (Mount Wilson, with its 60‑inch in 1908 and 100‑inch Hooker in 1917), and by established refractor traditions at Lick (36‑inch, 1888) and Yerkes (40‑inch, 1897). Industrial laboratories, professional societies, and philanthropic patrons—especially the Carnegie Institution—framed the practical, engineering‑minded tone of the era. In that setting, Bell, a physicist‑engineer, addressed both professional and serious amateur readers, grounding instrument design and use in contemporary materials science, precision mechanics, and observational practice.

The book’s historical arc begins with the invention of the telescope around 1608 in the Dutch Republic, associated with Hans Lipperhey and Jacob Metius, and its revolutionary astronomical application by Galileo Galilei in 1609–1610. Galileo’s Sidereus Nuncius (1610) reported lunar topography, Jupiter’s satellites, and the phases of Venus, observations that reoriented European science. Johannes Kepler’s Dioptrice (1611) provided the theoretical basis for the Keplerian (convex‑convex) refractor. Bell treats these developments as the foundational transition from “naked‑eye” astronomy to instrument‑mediated discovery, using their optics and geometry to introduce image formation, magnification, and aberrations that still govern telescope performance centuries later.

Solutions to chromatic aberration and the evolution of mirrors form a second historical pillar. John Dollond’s 1758 patent for the achromatic doublet (drawing on earlier work by Chester Moor Hall, c. 1733) and Joseph von Fraunhofer’s early 19th‑century crown‑flint combinations established high‑performance refractors. In reflecting systems, Isaac Newton’s 1668 reflector avoided color error but suffered with speculum metal; designs by Gregory (1663) and Cassegrain (1672) broadened options. Léon Foucault’s 1857 silver‑on‑glass process (also announced by Carl August von Steinheil) transformed mirror making. Bell connects these milestones to rigorous discussions of aberration control, polishing, and testing—placing modern shop methods within a lineage of optical problem‑solving.

The 18th and 19th centuries saw monumental instruments that shaped observational goals. William Herschel’s reflectors, culminating in the 40‑foot telescope erected at Slough in 1789, pushed aperture to new limits, while his earlier instruments enabled the 1781 discovery of Uranus. Lord Rosse’s 72‑inch “Leviathan of Parsonstown” at Birr Castle (first used in 1845) revealed spiral structure in many nebulae. In refractors, Fraunhofer’s instruments at Dorpat (installed 1824) and later large apertures at Pulkovo and elsewhere refined precision measurement. Bell uses these examples to elucidate mountings, tube stiffness, driving clocks, and micrometric apparatus, arguing that mechanics and optics co‑evolved to meet increasingly exacting astronomical aims.

Spectroscopy and astrophotography, maturing between 1850 and 1915, recast astronomy as physics. Gustav Kirchhoff and Robert Bunsen (1859–1860) established spectral analysis; Jules Janssen and Norman Lockyer identified helium in the solar spectrum during the 1868 eclipse; William Huggins applied spectroscopy to stars in the 1860s. Photographically, John William Draper captured the Moon in 1840; Henry Draper produced the first successful photograph of the Orion Nebula in 1880. At Harvard College Observatory, the Henry Draper Catalogue (begun 1918 under Edward C. Pickering, with Annie Jump Cannon’s OBAFGKM classification) systematized stellar spectra. Bell relates these advances to practical chapters on spectrographs, guiding accuracy, plate sensitivity, and flexure control, integrating physics with instrument design.

The early 20th‑century American “era of the giants” most immediately shaped Bell’s work. George Ellery Hale organized funding and engineering for the 60‑inch (1908) and 100‑inch (1917) reflectors at Mount Wilson, operated by the Carnegie Institution of Washington. Their steel trusses, massive equatorial mounts (the Hooker’s iconic horseshoe yoke), and precision drives set new standards for pointing and tracking. These tools enabled Harlow Shapley’s 1917–1919 use of globular clusters to estimate the Milky Way’s size and center and Edwin Hubble’s 1923–1924 Cepheid distances in Andromeda, using the 100‑inch to demonstrate extragalactic scales. Bell draws on these contemporaneous achievements to analyze site selection, seeing, dome ventilation, prime‑focus observing, and the mechanical‑optical compromises inherent in very large apertures.

World War I (1914–1918) reconfigured the optics ecosystem that Bell describes. Before 1914, high‑quality optical glass largely came from German firms (notably Schott, allied with Carl Zeiss). Wartime blockades forced the United Kingdom (Chance Brothers) and the United States (including Bausch & Lomb and government‑coordinated efforts through the National Research Council, established 1916) to develop domestic glass melts, annealing protocols, and metrology for rangefinders, periscopes, and binoculars. Postwar, this capacity fed astronomy: reliable large blanks, refined grinding tools, and standard testing (spherometers, knife‑edge and interferometric methods) improved telescope reproducibility. Bell situates precision tolerances, silvering practice, and optical constants within this industrial transformation, while also noting contemporary feats like A. A. Michelson’s 1920 stellar‑diameter interferometry on the 100‑inch as emblematic of exacting optical engineering.

The book functions as a quiet social and political critique by revealing how access to precise instruments determines who can participate in discovery. By dissecting costs, materials, and shop techniques for smaller refractors and reflectors, Bell implicitly challenges class barriers to scientific practice and argues for the diffusion of technical knowledge beyond elite institutions. His emphasis on site quality and the encroachment of urban lighting underscores the externalities of rapid electrification for public science. He also highlights the dependence of research agendas on private philanthropy and national industries, urging standards, transparency, and international cooperation to prevent monopolies—industrial or national—from constraining the progress of astronomy.
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This book is written for the many observers, who use telescopes for study or pleasure and desire more information about their construction and properties. Not being a “handbook” in two or more thick quartos, it attempts neither exhaustive technicalities nor popular descriptions of great observatories and their work. It deals primarily with principles and their application to such instruments as are likely to come into the possession, or within reach, of students and others for whom the Heavens have a compelling call.

Much has been written of telescopes, first and last, but it is for the most part scattered through papers in three or four languages, and quite inaccessible to the ordinary reader. For his benefit the references are, so far as is practicable, to English sources, and dimensions are given, regretfully, in English units. Certain branches of the subject are not here discussed for lack of space or because there is recent literature at hand to which reference can be made. Such topics are telescopes notable chiefly for their dimensions, and photographic apparatus on which special treatises are available.

Celestial photography is a branch of astronomy which stands on its own feet, and although many telescopes are successfully used for photography through the help of color screens, the photographic telescope proper and its use belongs to a field somewhat apart, requiring a technique quite its own.

It is many years, however, since any book has dealt with the telescope itself, apart from the often repeated accounts of the marvels it discloses. The present volume contains neither pictures of nebulæ nor speculations as to the habitibility of the planets; it merely attempts to bring the facts regarding the astronomer’s chief instrument of research somewhere within grasp and up to the present time.

The author cordially acknowledges his obligations to the important astronomical journals, particularly the Astro-physical Journal, and Popular Astronomy in this country; The Observatory, and the publications of the Royal Astronomical Society in England; the Bulletin de la Société Astronomique de France; and the Astronomische Nachrichten; which, with a few other journals and the official reports of observatories form the body of astronomical knowledge. He also acknowledges the kindness of the various publishers who have extended the courtesy of illustrations, especially Macmillan & Co. and the Clarendon Press, and above all renders thanks to the many friends who have cordially lent a helping hand—the Director and staff of the Harvard Observatory, Dr. George E. Hale, C. A. R. Lundin, manager of the Alvan Clark Corporation, J. B. McDowell, successor of the Brashear Company, J. E. Bennett, the American representative of Carl Zeiss, Jena, and not a few others.

Louis Bell.

Boston, Mass.,

February, 1922.
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In the credulous twaddle of an essay on the Lost Arts one may generally find the telescope ascribed to far antiquity. In place of evidence there is vague allusion of classical times or wild flights of fancy like one which argued from the Scriptural statement that Satan took up Christ into a high mountain and showed him all the kingdoms of the earth, that the Devil had a telescope—bad optics and worse theology.

In point of fact there is not any indication that either in classical times, or in the black thousand years of hopeless ignorance that followed the fall of Roman civilization, was there any knowledge of optical instruments worth mentioning.

The peoples that tended their flocks by night in the East alone kept alive the knowledge of astronomy, and very gradually, with the revival of learning, came the spirit of experiment that led to the invention of aids to man’s natural powers.

The lineage of the telescope runs unmistakably back to spectacles,[1q] and these have an honorable history extending over more than six centuries to the early and fruitful days of the Renaissance.

That their origin was in Italy near the end of the thirteenth century admits of little doubt. A Florentine manuscript letter of 1289 refers to “Those glasses they call spectacles, lately invented, to the great advantage of poor old men when their sight grows weak,” and in 1305 Giordano da Rivalto refers to them as dating back about twenty years.

Finally, in the church of Santa Maria Maggiore in Florence lay buried Salvino d’Amarto degli Armati[1], (obiit 1317) under an epitaph, now disappeared, ascribing to him the invention of spectacles. W. B. Carpenter, F. R. S., states that the inventor tried to keep the valuable secret to himself, but it was discovered and published before his death. At all events the discovery moved swiftly. By the early fourteenth century it had spread to the Low Countries where it was destined to lead to great results, and presently was common knowledge over all civilized Europe.

It was three hundred years, however, between spectacles and the combination of spectacle lenses into a telescope, a lapse of time which to some investigators has seemed altogether mysterious. The ophthalmological facts lead to a simple explanation. The first spectacles were for the relief of presbyopia, the common and lamentable affection of advancing years, and for this purpose convex lenses of very moderate power sufficed, nor was material variation in power necessary. Glasses having a uniform focus of a foot and a half or thereabouts would serve every practical purpose, but would be no material for telescopes.

Myopia was little known, its acquired form being rare in a period of general illiteracy, and glasses for its correction, especially as regards its higher degrees, probably came slowly and were in very small demand, so that the chance of an optical craftsman having in hand the ordinary convex lenses and those of strong negative curvature was altogether remote. Indeed it was only in 1575 that Maurolycus published a clear description of myopia and hypermetropia [2q]with the appropriate treatment by the use of concave and convex lenses. Until both of these, in quite various powers, were available, there was small chance of hitting upon an instrument that required their use in a highly special combination.

At all events there is no definite trace of the discovery of telescopic vision until 1608 and the inventor of record is unquestionably one Jan Lippershey[2], a spectacle maker of Middelburg in Zeeland, a native of Wesel. On Oct. 2, 1608 the States-General took under consideration a petition which had been presented by Lippershey for a 30-year patent to the exclusive right of manufacture of an instrument for seeing at a distance, or for a suitable pension, under the condition that he should make the instrument only for his country’s service.

The States General pricked up its ears and promptly appointed on Oct. 4 a committee to test the new instrument from a tower of Prince Maurice’s palace, allotting 900 florins for the purchase of the invention should it prove good. On the 6th the committee reported favorably and the Assembly agreed to give Lippershey 900 florins for his instrument, but desired that it be arranged for use with both eyes.

Lippershey therefore pushed forward to the binocular form and two months later, Dec. 9, he announced his success. On the 15th the new instrument was examined and pronounced good, and the Assembly ordered two more binoculars, of rock crystal, at the same price. They denied a patent on the ground that the invention was known to others, but paid Lippershey liberally as a sort of retainer to secure his exclusive services to the State. In fact even the French Ambassador, wishing to obtain an instrument from him for his King, had to secure the necessary authorization from the States-General.
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Bull. de la Soc. Astron. de France.

Fig. 1.—Jan Lippershey, Inventor of the Telescope.



It is here pertinent to enquire what manner of optic tube Lippershey showed to back up his petition, and how it had come to public knowledge. As nearly as we may know these first telescopes were about a foot and a half long, as noted by Huygens, and probably an inch and a half or less in aperture, being constructed of an ordinary convex lens such as was used in spectacles for the aged, and of a concave glass suitable for a bad case of short sightedness, the only kind in that day likely to receive attention.



It probably magnified no more than three or four diameters and was most likely in a substantial tube of firmly rolled, glued, and varnished paper, originally without provision for focussing, since with an eye lens of rather low power the need of adjustment would not be acute.

As to the invention being generally known, the only definite attempt to dispute priority was made by James Metius of Alkmaar, who, learning of Lippershey’s petition, on Oct. 17, 1608, filed a similar one, alleging that through study and labor extending over a couple of years he, having accidentally hit upon the idea, had so far carried it out that his instrument made distant objects as distinct as the one lately offered to the States by a citizen and spectacle maker of Middelburg.

He apparently did not submit an instrument, was politely told to perfect his invention before his petition was further considered, and thereafter disappears from the scene, whatever his merits. If he had actually noted telescopic vision he had neither appreciated its enormous importance nor laid the facts before others who might have done so.

The only other contemporary for whom claims have been made is Zacharius Jansen, also a spectacle maker of Middelburg, to whom Pierre Borel, on entirely second hand information, ascribed the discovery of the telescope. But Borel wrote nearly fifty years later, after all the principals were dead, and the evidence he collected from the precarious memories of venerable witnesses is very conflicting and points to about 1610 as the date when Jansen was making telescopes—like many other spectacle makers.[1]

Borel also gave credence to a tale that Metius, seeking Jansen, strayed into Lippershey’s shop and by his inquiries gave the shrewd proprietor his first hint of the telescope, but set the date at 1610. A variation of this tale of the mysterious stranger, due to Hieronymus Sirturus, contains the interesting intimation that he may have been of supernatural origin—not further specified. There are also the reports, common among the ignorant or envious, that Lippershey’s discovery was accidental, even perhaps made by his children or apprentice.

Just how it actually was made we do not know, but there is no reason to suppose that it was not in the commonplace way of experimenting with and testing lenses that he had produced, perhaps those made to meet a vicious case of myopia in one of his patrons.

When the discovery was made is somewhat clearer. Plainly it antedated Oct. 2, and in Lippershey’s petition is a definite statement that an instrument had already been tested by some, at least, of the members of the States-General. A somewhat vague and gossipy note in the Mercure Française[3] intimates that one was presented to Prince Maurice “about September of the past year” (1608) and that it was shown to the Council of State and to others.

Allowing a reasonable time between Lippershey’s discovery and the actual production of an example suitable for exhibition to the authorities, it seems likely that the invention dates back certainly into the summer of 1608, perhaps even earlier.

At all events there is every indication that the news of it spread like wild-fire. Unless Lippershey were unusually careful in keeping his secret, and there are traditions that he was not, the sensational discovery would have been quickly known in the little town and every spectacle maker whose ears it reached would have been busy with it.

If the dates given by Simon Marius in his Mundus Jovialis be correct, a Belgian with an air of mystery and a glass of which one of the lenses was cracked, turned up at the Frankfort fair in the autumn of 1608 and at last allowed Fuchs, a nobleman of Bimbach, to look through the instrument. Fuchs noted that it magnified “several” times, but fell out with the Belgian over the price, and returning, took up the matter with Marius, fathomed the construction, tried it with glasses from spectacles, attempted to get a convex lens of longer focus from a Nuremburg maker, who had no suitable tools, and the following summer got a fairly good glass from Belgium where such were already becoming common.

With this Marius eventually picked up three satellites of Jupiter—the fourth awaited the arrival of a superior telescope from Venice. Early in 1609 telescopes “about a foot long” were certainly for sale in Paris, a Frenchman had offered one in Milan by May of that year, a couple of months later one was in use by Harriot in England, an example had reached Cardinal Borghese, and specimens are said to have reached Padua. Fig. 2 from the “Mundus Jovialis,” shows Marius with his “Perspicilium,” the first published picture of the new instrument. Early in 1610 telescopes were being made in England, but if the few reports of performance, even at this date, are trustworthy, the “Dutch trunk” of that period was of very indifferent quality and power, far from being an astronomical instrument.


[image: ]

The Observatory.

Fig. 2.—Simon Marius and his Telescope.



One cannot lay aside this preliminary phase of the evolution of the telescope without reference to the alleged descriptions of telescopic apparatus by Roger Bacon, (c. 1270), Giambattista della Porta (1558), and Leonard Digges (1571), details of which may be found in Grant’s History of Physical Astronomy and many other works.

Of these the first on careful reading conveys strongly the conviction that the author had a pretty clear idea of refraction from the standpoint of visual angle, yet without giving any evidence of practical acquaintance with actual apparatus for doing the things which he suggests.

Given a suitable supply of lenses, it is reasonably certain that Bacon was clever enough to have devised both telescope and microscope, but there is no evidence that he did so, although his manifold activities kept him constantly in public view. It does not seem unlikely, however, that his suggestions in manuscripts, quite available at the time, may have led to the contemporaneous invention of spectacles.

Porta’s comments sound like an echo of Bacon’s, plus a rather muddled attempt to imagine the corresponding apparatus. Kepler, certainly competent and familiar with the principles of the telescope, found his description entirely unintelligible. Porta, however, was one of the earliest workers on the camera obscura and upon this some of his cryptic statements may have borne.

Somewhat similar is the situation respecting Digges. His son makes reference to a Ms. of Roger Bacon as the source of the marvels he describes. The whole account, however, strongly suggests experiments with the camera obscura rather than with the telescope.

The most that can be said with reference to any of the three is that, if he by any chance fell upon the combination of lenses that gave telescopic vision, he failed to set down the facts in any form that could be or was of use to others. There is no reason to believe that the Dutch discovery, important as it was, had gone beyond the empirical observation that a common convex spectacle lens and a concave one of relatively large curvature could be placed in a tube, convex ahead, at such a distance apart as to give a clear enlarged image of distant objects.

It remained for Galileo (1564-1647) to grasp the general principles involved and to apply them to a real instrument of research. It was in May 1609 that, on a visit to Venice, he heard reports that a Belgian had devised an instrument which made distant objects seem near, and this being quickly confirmed by a letter from Paris he awakened to the importance of the issue and, returning to Padua, is said to have solved the problem the very night of his arrival.

Next day he procured a plano-convex and a plano-concave lens, fitted them to a lead tube and found that the combination magnified three diameters, an observation which indicates about what it was possible to obtain from the stock of the contemporary spectacle maker.[2] The relation between the power and the foci of the lenses he evidently quickly fathomed for his next recorded trial reached about eight diameters.

With this instrument he proceeded to Venice and during a month’s stay, August, 1609, exhibited it to the senators of the republic and throngs of notables, finally disclosing the secret of its construction and presenting the tube itself to the Doge sitting in full council. This particular telescope was about twenty inches long and one and five eighths inches in aperture, showing plainly that Galileo had by this time found, or more likely made, an eye lens of short focus, about three inches, quite probably using a well polished convex lens of the ordinary sort as objective.
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Lodge “Pioneers of Science.”

Fig. 3.—Galileo.



Laden with honors he returned to Padua and settled down to the hard work of development, grinding many lenses with his own hands and finally producing the instrument magnifying some 32 times, with which he began the notable succession of discoveries that laid the foundation of observational astronomy. This with another of similar dimensions is still preserved at the Galileo Museum in Florence, and is shown in the Frontispiece. The larger instrument is forty-nine inches long and an inch and three quarters aperture, the smaller about thirty-seven inches long and of an inch and five-eighths aperture. The tubes are of paper, the glasses still remain, and these are in fact the first astronomical telescopes.

Galileo made in Padua, and after his return to Florence in the autumn of 1610, many telescopes which found their way over Europe, but quite certainly none of power equalling or exceeding these.

In this connection John Greaves, later Savilian Professor of Astronomy at Oxford, writing from Sienna in 1639, says: “Galileus never made but two good glasses, and those were of old Venice glass.” In these best telescopes, however, the great Florentine had clearly accomplished a most workmanlike feat. He had brought the focus of his eye lens down to that usual in modern opera glasses, and has pushed his power about to the limit for simple lenses thus combined.

The lack of clear and homogeneous glass, the great difficulty of forming true tools, want of suitable commercial abrasives, impossibility of buying sheet metals or tubing (except lead), and default of now familiar methods of centering and testing lenses, made the production of respectably good instruments a task the difficulty of which it is hard now to appreciate.

The services of Galileo to the art were of such profound importance, that his form of instrument may well bear his name, even though his eyes were not the first that had looked through it. Such, too, was the judgment of his contemporaries, and it was by the act of his colleagues in the renowned Acaddemia dei Lincei, through the learned Damiscianus, that the name “Telescope” was devised and has been handed down to us.

A serious fault of the Galilean telescope was its very small field of view when of any considerable power. Galileo’s largest instrument had a field of but 7′15″, less than one quarter the moon’s diameter. The general reason is plain if one follows the rays through the lenses as in Fig. 4 where AB is the distant object, o the objective, e the eye lens, ab the real image in the absence of e, and a′b′ the virtual magnified image due to e.

It will be at once seen that the axes of the pencils of rays from all parts of the object, as shown by the heavy lines, act as if they diverged from the optical center of the objective, but diverging still more by refraction through the concave eye lens e, fall mostly outside the pupil of the observer’s eye. In fact the field is approximately measured by the angle subtended by the pupil from the center of o.

To the credit of the Galilean form may be set down the convenient erect image, a sharp, if small, field somewhat bettered by a partial compensation of the aberrations of the objective by the concave eye lens, and good illumination. For a distant object the lenses were spaced at the difference of their focal lengths, and the magnifying power was the ratio of these, fo/fe.
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