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   Porro was born in Pinerolo, Italy, on 25 November 1801, the son of an engineer-lieutenant.  He received education in Turin, attended military college, and joined the Artillerie as a cadet.  He served in the Piedmontese Corps of Engineers until 1842, attaining the rank of Major.  Porro was involved in a large project, beginning in 1820, the triangulation of the Piedmont and Lombardy-Venetia area, with the director of Brera observatory Francesco Carlini.  Survey methods were being adapted for greater speed, and the new practices of tachymetry (in Italian, celerimensura), or rapid topographical surveying, were pioneered by Porro, who wrote the textbook 'La tacheometria' of 1854, wherein he states that tachymetry originated in 1823, in Italy.  Commissioned by both government and business clients, Porro designed and built optical surveying instruments used in the construction of canals, roads, railroads, and military emplacements.  Fabrication of these instruments began after 1820, in the Instituto Meccanico Monti al Belvedere, directed by Francesco Monti.  These included tachymeters, or surveying theodolites with new designs allowing more rapid use.  Among Porro's innovations was the use of photography to measure angles and distances in surveying.

   Porro retired from the Corps in 1842 and moved to Paris, where business opportunities were greater.  He studied law and finance to develop skills for legal handling of land ownership in Italy.  In 1847, he established his optical instrument making shop, the 'Institut Technomatique et Optique', with financial assistance from the Count of Richemont.  The shop was located at No. 10 Boulevard D'Enfer (or Rue d'Enfer; 'street of hell').  Production has been estimated at many hundreds of instruments, including levels, tachymeters (tacheometers), telemeters, telescopes, and theodolites.  Here he achieved recognition, and the French edition of his Tacheometrie included testimonials on the usefulness of his telemeter.  Porro collaborated with J.G. Hofmann, a German optician working in Paris, circa 1860-1875, but their prism telescopes were not successful in sales.  Innovations were frequent, Porro continually improved old designs & developed new instruments.  However, very few of these instruments survive; in recent years Brenni has searched Paris with poor results, finding a few examples in Italy, Libson, and Brazil.  A trade catalogue was issued from the Institut technomatique, but a copy has not been located.

   Porro moved to Florence in 1861, continuing to work as a surveyor, teaching a course on tachimetry at the Technical Institute of Florence, and building instruments in the school shop.  In 1863, he began work as a Professor of surveying theory at the Technical (Polytechnic) University of Milan.  He founded a journal, the 'Tecnomasio italiano', in Milan, during 1863.  With the support of Commendator Brioschi, a financier in Milan, in 1864 or 1865, Porro opened the Officina Filotecnica, in Turin, a workshop and school of optics, instrument making, and precision mechanics.  The Società Filotechnica, based in Milan, was founded by Porro in 1865; he is also credited with founding the National Surveying Association, though it is unclear if this is one group or two.  (Boley, 1970.  Brenni, 1985, p196.  Galloni, 1991, p234.  Schmitz, 1982, p179.)

   However, when died in Milan, 8 October 1875, at 73 years of age, he was in a state of poverty, having failed at all of his business ventures.  The reasons for his lack of success are many.  He was unskilled at management, administration, and organization.  He was unfamiliar with production techniques.  Porro had a habit of continually modifying his work, before it had been thoroughly tested and used.  His instruments were very difficult to overhaul by repairmen familiar with traditional and less sophisticated instruments.  Porro's optical designs were not based on a knowledge of optical design or theory.  In early years, he had a very good relationship with scientists, but this deteriorated over time, partly due to inaccurate advertisements from the shop.  He used machines to grind and polish optical elements, presumably successfully; but his techniques were not the methods used by French opticians, further alienating him from his colleagues.  A Report of the Commission, by H. de Senarmont, dated 1859, was very critical of Porro's techniques and his character.  Furthermore, Porro held political ideas that were not acceptable.  As a teacher, his lectures used invented phrases and were not easy to understand.  Likewise, his many written texts were often very difficult, incomplete, and subject to criticism.  Porro was widely recognized for his skills related to instruments, but this did not lead to success.

  The Officina Filotectina was not profitable until developed by his student, Angelo Salmoiraghi, who purchased the business, renaming it Filotecnica Salmoiraghi, and achieved success both as an engineer, an industry leader, and in politics as a senator.  In 1890, the Salmoiraghi catalogue included over 300 models of astronomical, navigation, drawing and calculating instruments.  These were significant instruments, for example a transit circle 27 cm in diameter, from 1885, used by Millosevich & by Tringoli for their star catalog.  By 1900, there were 150 employees.  Today, Salmoiraghi manufactures military and civilian optical instruments and electronic systems.  Francesco Koritska was a Salmoiraghi employee from Poland, who founded Fratelli Koritska in the 1880s, producing optical instruments including microscopes and binoculars.  Koritska microscopes used objectives designed in-house, and also microscope optics of Zeiss design, used by license.  Koritska was incorporated into the Officine Galileo company in 1929.  (Brenni, 1985, p197.  Sutera, 1990, p899-904.  Von Rohr, 1899, p113.)

Prism telescopes.

   Porro designed and manufactured two models of prism telescope in the 1850s and 1860s.  The first included the prism system that became known as Porro I, and was sold as the Longue vu Cornet, or cone of long view, 15 power, with 30 mm aperture.  Focusing was accomplished by rotating a handle that moved the eyepiece.  Porro also produced a 'marine telescope' in two sizes, 40 or 60 mm aperture; the 60 mm model had two eyepieces for 12 and 25 powers of magnification.  These Porro Cornets are now very scarce; an example is in the Swedish Royal Academy in Stockholm.  Dated 1849, with a 30mm achromat and Ramsden ocular, described as approximately 10 power with a 2 degree field.  It is complete with telemeter, as described (Pipping):  ‘A rotating prism rangefinder attachment can be applied in front of the lens.  It consists of a 10mm prismatic disk rotating around the optical axis in the central hole of an equally thick plane glass.  The position angle of the prism is read against a scale of +- 70 degrees, divided in grades, vernier reading to 0.1 grade. Signed Telemetre Militaire - Porro, Construit sous la direction de l’Auteur, Paris 1849.’  (Cosmos, 1853, pp.222-224.  Pipping, 1991, p109.  Riekher, 1990, p275.)

   The telemeter could measure approximate distance to an object of known size, or estimate size of an object of known distance.  A reticle with 3 horizontal threads and 2 vertical threads could be rotated 90 degrees.  The distance between one pair of threads is two times the distance between the first pair; and the last pair of threads is spaced five times the distance between the first.  An object of known height that fits between the first pair, is at a distance of its height times 100 meters.  If the object fits between the second pair, it is its height times 200 meters distant, and objects fitting between the third pair are their height times 500 meters distant.  A diagram attached to the case illustrates the idea.  J.G. Hofmann built a similar model, 15 power and 26 mm aperture.  (Beez & Seeger, 1993, p24.  Cosmos, 1853, pp222-224.)

   Both the Porro I and Porro II systems were included in Porro's patent of 1854, in France and England, with two sections to the patent:  1, redirection and reversal by prisms, showing two Porro erecting systems for telescopes; and a sighting device (Visiervorrichtung) with a proposal for a rangefinder.  2, illuminating scales of micrometers by adding mirrors to the light path.  (Schmitz, 1982, p179.)

   The second Porro prism system included in the 1854 patents, was a reversal system out of one piece of glass, the Porro II system.  A small monocular telescope was manufactured, and a much more ambitious system was attempted.  Porro placed a single Porro II prism in a housing set on a handle.  Rather than add an objective lens and an ocular, he ground the entrance and exit faces of the prism to a convex profile, or alternately cemented a planoconvex lens to the two prism faces.  Achromatism of the system was accomplished using flint and crown glass for the 3 cemented prisms.  Descriptions indicate that the entrance and exit prisms were achromatic, which would mean they were fabricated from crown & flint wedges cemented together to form a right angle prism, although this is not specified in the published texts.  The third, larger prism of the Porro II design was placed a distance down the handle, and focusing was accomplished by moving this prism by rotating a small disc with the thumb.  Because the light transits the prism twice in the direction of motion, this method of focusing changes the optical path two times as much as the mechanical distance traveled, and therefore provides a much greater range of focus within the motion of the focus wheel.  Near focus was 4 to 5 meters.  Magnification was 10 power and apparent field was 2.7 degrees.  A reticle using five threads was set at the focal point, but the location of this point is not clarified.  This hand held simplified prismatic telescope was named the Lunette Napoleon III, and two examples were given by Porro to Emperor Napolean III on 22 February, 1855.  One was elaborated with decoration, and the other was identical to models offered to the military.  It is recorded that Napolean accepted the gifts.  The Lunette Napolean III was offered for sale at a price of 150 francs, intended for military use, where the speed with which it could be deployed was far superior to the standard draw tube telescope: as noted in 'Cosmos', "Porro knew perfectly how precious are the moments spent in front of the enemy."  An accessory was available consisting of mirrors on a length of rod, reflecting an image to the objective and allowing viewing over obstacles.  However, this marvel of optomechanical design was yet another of Porro's business failures. Problems included high price, imperfect glass and inadequate production techniques for manufacturing prisms.  (Cosmos, 1856, p401-404.  Riekher, 1990, p275.  Schmitz, 1982, p179ff.)

   The earlier Cornet model was described as a quite successful product in spite of its expense.  However, some years later, Siegfried Czapski inspected one of Porro's prism telescopes, and noted that the "glass of the prisms was streaky... and the rest of the technical construction was extremely unsatisfactory as well.  The instruments made by Hofman that I have seen were without fault in this regard."  He adds that they were not successful because they were intended for telemetry, and magnifications of 15 to 18 power much too large for handheld use.  (Cosmos, 1856, p401.  Czapski, 1896, p55.)

   The Porro I prism system is the basis for his other prism systems and the innovation for which he remains a recognized name.  The question remains, of when the first such system was built and what Porro's contribution was to the design.  Very likely Porro was the first to use prisms in this configuration, unfortunately this use of prisms is one of the reasons for his lack of success.  If we accept the use of four mirrors in the Porro I configuration, as a type of Porro I system, then there were very likely predecessors to this optical system.

   Seeger notes that 'Image reversing systems with mirrors had been described before.  Some constructions even date from the earliest days of the telescope, circa 1619, but none had been accepted.' (Translated from German)  However, the names of these innovators are not provided.  The 1619 citation is almost certainly for a single diagonal mirror, which when oriented in a vertical plane, provides an upright image, reversed left-to-right.  (Seeger, 1989, p29)

   In the 1670s, Robert Hooke equipped a solar telescope with a sequence of mirrors to reduce the intense light of the sun; and one of his plans made the optical path turn 90 degrees out of a plane one or two times (there were several mirrors, in a flat box, with one entrance mirror and one exit mirror, reflecting the light path perpendicular to the flat box.)  Image rotation must have been noticed during experimentation preceding this published design.

   Johann Zahn published a similar design in 1702, in 'Oculus artificialis teledioptricus sive Telesopium'.

   Christoph Scheiner is also cited as an early source for these configurations, in 'Oculus, hoc est: Fundamentum opticum', of 1619 & 1652.

   Other prism designs for inverting an image were in use before Porro.  Amici's roof prism was designed by 1823 and provided a fully correct image; and the Delaborne (or Dove) prism, by 1838, provided an image that was erect but reversed.

   However, the Zahn and Hooke designs are not configured for full correction of image orientation, and there is no published evidence for this optical configuration - no references to a system earlier than Porro's, that used mirrors or prisms, to correct the reversed image from a lens, in horizontal & vertical orientations.  (France, Patent of 1838, Delaborne.  Amici, 1823, p137.)

Astronomical telescopes.

   Porro designed and fabricated astronomical telescopes, and used these instruments visually and photographically, for example he photographed the solar eclipse of 1857.  Porro designed an unusual equatorial telescope, constructed at his Institut Technomatique, with an aperture of 24 cm (9.5 English inches), and a focal length of 4.4 meters.  The tube was 14.5 English feet in length, made of 120 pieces of whitewood, screwed together without glue, providing great rigidity, bending very little under load and preserving parallel orientation of the optical elements at either end of the tube.  Porro noted that the tube had a total flexion of 23 seconds, measured by Airy's method.  The axes rotated on spherical surfaces.  The drive had a new design for transmission of movement, a hydraulic piezocratique apparatus, according to Porro.  To relieve friction, instead of the typical counterpoises, this mount used oil under pressure; and the unit was placed on a stone pier.  Also manufactured were 6 eyepieces, a micrometer, and a finder.  Two circles, using the spherical rotation movement, were provided with reading micrometers and an illuminating system.  (Porro, 1853, p254.)

   In 1857, the world's largest telescope, in aperture, was 52 cm (20 inches) in diameter.  Porro was responsible for the design, fabrication, and operation of this telescope.  The tube was 15 meters in length, in an altazimuth mount.  The eyepiece was very close to the center of motion of the mount, so that the observer would move only minimally as the telescope scanned the sky.  Porro had designed an equatorial mounting using a special mechanism for transmission of motion, and intended to replace the altazimuth mount.  This instrument was temporarily sited outdoors near the Boulevard d'Enfer, very near the Paris Observatory.  The telescope was used for photography and visual use; Crookes reported that a moon photograph required an average of 17 seconds exposure, and that the moon appeared 12 times brighter compared to the unaided eye.  Stars to the fourteenth magnitude were observed, and Porro discovered a new star in the Trapezium of Orion, which he named after his wife.  A report in M.N.R.A.S. discusses his discovery of this star, while testing the objective lens at at magnification of 1200.  He also observed this new star with his 24 cm telescope.  However, a combination of health problems, technical problems, and a negative report by a board of examiners, delayed progress on the telescope, and it was never fully completed.  In 1858, Porro attempted to sell the objective lens to the astronomer Le Verrier, for the very high price of 160,000 francs; but questions had been raised about the quality of the lens, and Porro had an unfriendly relationship with Le Verrier.  The fate of this telescope is unclear, and there are uncertain reports that the lens was fractured.  (Brenni 1985, p197.  Crookes, 1857, p370.  D'Abbadie, 1857, p245.  Repsold, 1914, p122.  Tobin, 2003, p221.)

The helioscope, or solar telescope.

   John Herschel made a solar telescope with an unsilvered glass primary mirror, in the period 1834-38 while at the Cape of Good Hope.  Porro independently invented a very similar design.  Porro's glass primary mirror was left unsilvered, and the back was rough as received from the foundry.  Two diagonals were set at the 'angle of complete polarization', and the second rotated with the eyepiece to extinguish the solar light.  Porro showed Carrington an 8 inch aperture helioscope, which worked perfectly in diminishing solar radiation.  Consideration was given to the need for the mirror to have equal expansion in all directions with variation in temperature.  Porro's price, with wooden tube & three eyepieces, was one-fourth the price of an unmounted 8 inch achromatic objective lens.  Porro devised another system, with diagonals set at the polarizing angle, and an additional rotating Nicol prism.  (Carrington, 1858, pp148-150.  Telescope, 1872, p356.)

Surveying.

   Surveying instruments by Porro included a portable tachymeter, known as the clepsciclo or cleps.  A zenith telescope of original design was built by Porro.  Another Porro idea was a modification to permit short focus in a survey instrument, a positive lens placed just in front of the diaphragm allows focus on a near object.  This system tended to add distortion to the image, and made collimation more difficult, but was widely used in Europe in the early 20th century.

   Porro's first invention was the stereogonic telescope, used to measure the distance to a graduated stadia rod.  In 1835, this was built into a theodolite to create his telemeter, permitting the measurement of distance, elevation, and direction with a single instrument, and significantly reducing the time needed for topography while allowing increased accuracy.

   A precision level, signed 'Niveau Diastimometrique - Porro', uses a rack & pinion focuser to moves the 58 mm objective.  Four oculars are mounted in a turret.  The smallest ocular has two identical lenses, separated by 10 mm, so that two lines in a reticle can be viewed without readjustment.  This was described as of ‘Excellent craftsmanship like all of Porro’s instruments’.  (Abraham, 1926, p38.  Brenni, 1985, p197.  Carrington, 1858, p148-150)

Panoramic photography for surveying.

   Porro experimented with panoramic photographs for mapping, and by 1858, had developed a panoramic camera with spherical photographic plates.  To use photography for surveying by measuring photographs, the effects of lens distortion must be corrected.  To use the panoramic plates for measurement, Porro placed a small lens system, a simple telescope, at the center of curvature of the plate.  Viewing the plate through the telescope corrected the effects of distortion and allowed him to measure angles in the landscape, from the photographic image.  Porro named this a 'photogoniometer', and by 1865, had developed two of these, one with a moveable telescope and one with a fixed telescope.  His solution to these problems became known as the 'Porro-principle', and was widely applied in photogrammetric plotting instruments.  A photographic image has distortions, but when viewed through a telescope designed according to Porro's principle, those distortions are reversed & accurate measurements can be made.  Plotting instruments were designed in this manner.  This principle was later independently found by Carl Koppe (1884-1910), and is sometimes called the Porro-Koppe principle.  Porro's work allowed the measurement of topographic distances and angles from photographs of the landscape, and was a major innovation.  (Blachut, 1989, pp10-13.)

Rangefinder.

   A specialized telescope objective invented in 1848 by Porro was named the obiettivo anallattico.  This 'anallatic lens' was placed between the main telescope objective lens and a reticle.  It functioned as a rangefinder, measuring distance from the center of rotation of the telescope.  The object could be viewed at varying magnification, and was thus a type of zoom lens.  The image was split, with a different magnification on either side.  (Boley, 1970.  Brenni, 1985, p197.  Martin, 1924, p70.)

Telephoto lens.

   The telephoto lens used for photography, meaning a combination of one positive component and one negative component, is credited to Porro, who used a telephoto lens for photography in 1851, experimenting with separations of the positive and negative elements.  Other sources differ on this issue; Kingslake cites Petzval, Dallmeyer, and Miethe, and does not mention Porro.  Waterhouse writes that Porro 'revived' the idea, made an example in 1847, used it to photograph an eclipse in 1851, and published the principles of the lens in the Bulletin of the French Photographic Society without providing any details of its design.  (Harting, 1918, p185.  Kingslake, 1989, p130-4.  Waterhouse, 1905, p121.)

Micrometer.

   The parallel-plate micrometer was used with microscopes.  A pane of glass was tilted, and image shift indicated size of object.  It was not original to Porro, but developed by him during 1842 and used in many instruments.  He used the single image form for microscopes and the double image form for telescopes.  The double image form has two plates placed in front of the eyepiece, one in each half of the field.  One plate is fixed, and the other plate is tilted on an axis at right angles to the line dividing the plates.  This micrometer can be placed on a support apart from the instrument, lending stability & precision.  It was described as very accurate, convenient, and rapid.  The astronomer Secci used the parallel plate micrometer and attributed it to Porro.  (Poynting 1893 p330.  Poynting 1905 p79.)

   Other instruments developed by Porro included a 'logarithmic cylinder' (signed 'Cilindre logarithmique - Porro'), made in Paris in 1849.  This is a hollow brass cylinder, including 2 disks with log scales, and a runner with an index line.  The upper disk has trigonometry scales.  An example is in the History of Sciences Collections, Royal Swedish Academy of Sciences, Stockholm.

   Porro fabricated an automatic ruling machine of new design, and in 1855, he constructed a divided circle, 35 mm in diameter, divided with 4,000 radii. 

   The 'lunette panfocale' was an instrument that could function as a telescope or a microscope, but further details are not known.

Publications by Porro.

...A trade catalog from the Institut technomatique is known to have been issued.

...Porro published many papers and textbooks.  The most important was 'La tacheometrie'.

Porro is the author of:

...Applicazioni della celerimensura alla misura generale porcellaria ed altimetria in Italia. Florence, 1862.

...La Tacheometrie, ou l'art de lever des plans et de faire les nivellements avec beaucoup de precision et une economie de temps considerable.  Paris: V. Dalmont, 1858.  311pp.  (Expanded from an Italian edition, Turin, 1854.  Also expanded from Annales des ponts et chaussees sec. 5:4 (1852), 273-390).

...Lettre de Mr. J. Porro au Rédacteur des Astronom. Nachrichten.  Astronomische Nachrichten 43 (1856) 55.

...Nuovo micrometro per mezzo di linee luminose ad uso dell'astronomia. Di Sig. J. Porro, Off. sup. negl'ingegneri.  Astronomische Nachrichten 48 (1858) 65.

...Schreiben des Hrn. Porro an den Herausgeber, betreffend die Entdeckung eines neuen Sterns im Trapez des Orion.  Astronomische Nachrichten 46 (1857) 171.

   Because of the ubiquitous 'Porro I' and 'Porro II' prism binoculars, Ignazio Porro's name is widely known today.  However, the person and the achievements behind this name are scarcely documented in English language sources.  Hopefully, placing this text on the internet will elicit further details about Porro.

=================================================
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