John Mudge on mirror making, 1777


by Peter Abrahams





John Mudge was a physician and amateur maker of telescope mirrors in late 18th century England.  He thoroughly researched the composition of speculum metal alloys and won the Royal Society's Copley Medal in 1777 for this work.  He documented his techniques in the Philosophical Transactions of the Royal Society for 1777, volume 67, pages 296-349.  He did not record the sizes of his mirrors, but the article is based on a example of four inches diameter.





Mudge cast 13.5 ounces of tin with 32 ounces of Swedish copper to make an ingot, but some of the tin would evaporate from molten copper and leave pores.  He then remelted that casting (at a lower temperature than the copper) and added another ounce of tin.  This alloy would be cast into a hard, white, fine-grained speculum.  To prevent tarnishing, some other makers would add two ounces of arsenic to this recipe, but perhaps Mudge did not favor "retaining your breath, avoid it till you can see no more vapours arise from the crucible", as advised by John Edwards in 1812.  A three pound lead handle was temporarily attached to the back with pitch, and transferred to the grinding tools when working tool on top.





There were four tools used by Mudge to work his blanks; the 'bruiser', rough grinder, brass grinder, and 'bed of hones'.  Grinding slurry of emery (a corundum based mineral) and water was kept in a bottle, shaken, and used after the coarse grit settled.





The 'bruiser' was used to shape the tools used on the mirror, and was not used by some other makers.  Sheet brass one quarter inch thick was hammered to a shallow section of a sphere, tinned on the convex side, and about two inches of lead-tin alloy was cast onto that side.  The bruiser was turned on the lathe to the correct profile, and a diameter between one eighth and one quarter larger than the mirror.  While grinding the mirror, to maintain the desired figure, the grinding and smoothing tools were alternated between the mirror and the bruiser.





A concave rough grinding tool was made of lead with about one fifth tin, larger in diameter than the mirror by about a third, and at least an inch thick.  It was cast and lathe turned until it had the intended curvature of the mirror, and a handle attached to the back.  It was grooved and had a hole in the middle for retaining emery slurry.  The grit embedded itself in the lead to provide cutting action.  The rough grinding tool was used to remove quantities of metal from the mirror, to approximate a sphere.





The mirror was given a smooth spherical shape by the 'brass grinder', a tool faced with quarter inch sheet brass.  The sheet was hammered into a curve to match the mirror, the concave side then tinned and placed face up in a sand mold, which was built up around it so that the mold could be filled with lead-tin alloy to a depth of about two inches.  The convex brass face was lathe turned to the profile of the intended mirror, with a diameter one eighth larger than the mirror.  The bruiser was used to shape the brass grinder, and various strokes were specified: across a diameter, to the right and left of a diameter, short strokes to one half inch over the edge, rotating the bruiser and walking around the work post, and alternating tool and bruiser on top, so "that every part of both tools may wear equally."  All marks from lathe turning had to be eliminated.  When the disks had the same figure, the brass tool was used to grind the mirror with emery, but was frequently returned to the bruiser to maintain profile.  Later, the brass grinder was coated with pitch for the final procedures.





Emery was used as coarse and medium grit, and for the finest grit the maker used hones from specific quarries, cemented to a disk of marble or lead-tin alloy.  This disk was to be one fourth larger than the mirror, and could be flat or convex, for after the hones were attached, the tool was lathe turned to the curvature of the mirror.  The small pieces of stone were cemented in rows so that a saw could be used to clean the grooves of cement.  This 'bed of hones' was used to smooth the mirror and refine its spherical figure.  The tool was soaked in water for an hour before use to minimize irregularities in the composition of the hones.  'Flour emery' in water was used with the bruiser to shape the hones, which were of a soft & friable stone.  The emery was thoroughly washed from hones & bruiser in a stream of water, taking care to remove "any lurking particles of emery".





The removal of the marks left by the emery in the soft hones was a sensitive procedure using the bruiser in a similar manner to grinding.  Straight strokes would leave stripes in the tool, and round strokes were used in alternation.  Collected mud would prevent contact, so the disks were continually washed.  When the hones were judged smooth, they were used on the mirror, alternating with the bruiser.  All emery marks were removed from the mirror with the hones.  The experienced workman could judge by feel when the mirror was smoothed to a "fine face and true figure".  This feeling was confirmed by testing for perfect contact between tool and mirror in the following manner.  The mirror was placed on the hones and given several rotations, with no linear motion, removing all evidence of straight strokes.  The mirror was again placed on the hones and given one or two short straight strokes over the diameter, then washed and examined at an oblique angle under a window.  Rotating the mirror should produce one flash of light per half rotation, that appeared to be emitted from the entire surface of the mirror, as the light catches the grain left by the last strokes.  This was evidence of complete contact between hones and mirror, and of a spherical surface.





Mudge spent a long time learning, through trial and error, a consistent means of polishing and parabolization.  First, he had to use a different work room, change clothes, and keep the workbench surfaces wet.  The polishing compound was a "putty" (possibly a lead oxide), which was placed in a jar of water, shaken, and partially settled.  Mudge noted that Isaac Newton had described his use of pitch as a polishing tool, and many methods of use had developed since then, all of them unsatisfactory to Mudge.  His process involved heating the brass tool, then straining molten pitch through linen and dripping it onto the tool.  Proper consistency of the pitch was of great import.  After the tool cooled, the bruiser was heated and the brass tool quickly stroked across it, to even the pitch into a layer as thick as a shilling.  After the tools had cooled to a warm temperature, soapy water was used to prevent sticking during further smoothing of the pitch.  The putty needed to be bedded into the pitch or it would accumulate into 'knobs', which had to be scraped off or they would damage the figure.  Every application of putty to the pitch was therefore smoothed with the bruiser, which also served to make evident any coarser particles in the putty.





The handle of the polishing tool, made of lead, was divided on its circumference into 8 sections, so that the rotation of the tool in the hand was kept uniform.  The user gradually moved around the table as work proceeded.  During polishing, Mudge mostly kept the very short strokes slightly off center, then used a few center over center strokes before rotating the tool.  Forward & backward, and side to side, straight strokes were alternated with round strokes until the polish was nearly complete, when straight strokes alone were used.  The tool was kept moist, and cleaned of accumulated metal and compound.  If it was allowed to completely dry, the surfaces would seize and the polishing tool would have to be destroyed.  Completion could be judged partly by feel, from an even smoothness in the strokes, with no "jerks and inequalities".





His action usually caused the center of the mirror to become polished before the edge.  This caused him much distress until he found that continuing the process led to a parabola when the edge was finally polished.  Some blanks took a polish at the edge along with the center, within 10 minutes, but these mirrors were very difficult to parabolize.  He also used a parabolization process, mirror on top, making a circular motion, the center of the mirror describing circles around the center of the tool, gradually increasing the diameter, and also rotating the mirror and moving around the work table.  The edge of the mirror should overhang by only one half inch during the strokes.  No more pressure was to be applied to the mirror than from its own weight (with lead handle), a light hand and loose grip was mandated, and force applied in a horizontal direction only.  This was done for about two minutes only, because over-correction required a return to the spherical surface.  Mudge noted that a sphere could be made parabolic by two methods, either by flattening the edge or by deepening the center.  He worked only in the spring and fall, mentioning that a room can be warmed in winter, and hard pitch used in summer.





Mudge made Gregorian telescopes, and he mentions his difficulty in polishing mirrors that have a hole in the middle.  The edge of the hole caused an accumulation of pitch at the center of the tool.  He made some blanks with holes bored almost through the center from the back, leaving an uninterrupted surface for working, and found he could polish them nicely, but that the figure changed when he completed the boring process after polishing.  Mudge also completed a mirror of two foot focus, that could be used to 200 power, when he realized the hole was vignetting and enlarged it, only to find the figure ruined.  His solution to the problem of polishing a bored mirror was to drill a hole through the brass tool, slightly smaller than the hole in the speculum.





The test for his finished mirrors placed the speculum in the telescope tube with the secondary.  First, he would set a paper dial from a watch at about 20 yards, and examine the fine engravings.  Mudge made a zonal mask, shown in the illustration, placed it at the aperture of the telescope, and viewed first with the central area of the mirror and then the outer area.  He would focus, using the central area, and if no adjustment of focus was needed after changing masks, parabolization was judged complete.  If a sharp view using the outer portion of the mirror required the secondary to be brought nearer the primary, the mirror was not yet fully parabolized.  If the secondary needed to be moved away from the primary, the mirror was overcorrected.  A spherical mirror would require two or three turns of the focusing screw to adjust between outer & inner zones.





A final step was to rotate the primary in its cell, testing for sharp image in each position, at sixteen points around the circumference.  One image was chosen as best, and the mirror was marked so that it would always be placed in the tube in the proper orientation.  Mudge describes the performance of one of his telescopes, that at 300 yards would show "the legs of a small fly, and the shadows of them, with great precision and exactness."





Fabrication of a Gregorian secondary is very briefly treated.  The process was identical to the making of a primary, though the "little speculum" is left spherical.





John Mudge's account of his procedures is laced with quaint and picturesque language, which is far too verbose to include here at any length.  For example, the "instrument would bear but a very low charge" is a military-sounding way of describing a telescope that can be used at low power only.  A mirror that passes tests is one where "the performance of the metal is very distinct."  One phrase in particular is not only resonant of its own era but is echoed in many modern texts.  While testing a telescope, the user must be careful in choosing test objects, for "the eye is apt to be prejudiced by the imagination...insomuch that an observer, zealous for the honour of his instrument, is very apt to deceive himself".
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