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CENTRAL PART OF GREAT NEBULA IN AND!ZOMEDA. PHOTOGRAPHED BY G. W. RITCHEY,
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ON THE MODERN REFLECTING TELE­
SCOPE, AND THE MAKING AND TEST.

ING OF OPTICAL MIRRORS.

By G. W. RrrCHEY.

INTRODUCTION.

THE present paper describes the methods employed by the writer in the optical
laboratOl'y of the Yerkes Observatory in making and testing spherical, plane, para­
boloidal, and (con vex) hyperboloidal minors. On account of the very great import­
ance of supporting mirrors properly in their cells when in use in the telescope, a
chapter is devoted to the description of an efficient support system for large mirrors.
Intimately related to this, and equally important, is the subject of the mounting--:-tbe
mechanical parts-of a modem reflecting telescope; accordingly, the final chapter
is devoted to a consideration of this subject.

CHAPTER I.

DISKS OF GLASS FOR OPTICAL MIRRORS.

. No greater mistake could be made than to assume that cheap and poorly
annealed disks of glass, 01' those with large striro or pouring marks, are good enough
for mirrors of reflecting telescopes. While I am not prepared to say that optical
glass of the :finest quality must be used for mirrors in ordel' to secure the best
attainable results, it is evident that a very high degree of homogeneity and freedom
fr0111 sti'ain is necessary in order tbat the figme of mirrors shall not be injuriously
affected by changes of temperature, If it were not necessary to consider the ques­
tion of cost, I should advise the use of the :finest optical (crown) glass always, in
order to be as fl'ee as })ossible fl'om risk; usually considerations of cost would, in
the case of large mirrors, make it necessary to choose between such an optical disk

I of a given size and a somewhat larger one or the kind furnished by the St. Gobain
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Company, for example. The diagonal plane minor of a Newtonian, and the convex
mirror of a Cassegrain reflectol', should always be made of the best optical glass,
since the expense for thr.se is comparat,ively slight.

The writer has used many disks made at the celebrated glass·wol'1\:s of St.
Gobain, near Paris, of sizes from 8 inches in diameter and It inches thick, to
the great one shown in the plates accompanying this article, which is 5 feet in
diameter and 8 inches thick, and which weigh::; a tOll. All or these dii:lks ale
beautifully free from bubbles aiH} large strioo, and are fail'1y well annealed, con­
sidering their great thickness. It is a most encoUl'flging fact that the quality of
the 5·foot disk is not inferior in any respect to tbnt of disks of 8, 12, 20, 24, and
30 inches diameter which I have used. The makers of the 5-foot disk have re­
centlyexpressed their readiness to undel'take £01' us It 10·foot llisk, one foot thick,
which they think could now be made as perfect in all respects as the 5-foot disk.
In ordering these disks it is always specified. that great care be given to thorough
stirring and thorough annealing. I have no doubt that in the case of very large
and thick disks the makers could be prevailed upon to gi \'e even greater care to
these points than is now given.

.A very important point is in regard to the best thickness of optical mirrors.
As a result of experience in making and. llsing many mirrors of 24 and 30 incheA
diameteJ', in which the thickness of the several disks varies from one·twelfth to
one·sixth of the diameter, I have no doubt that the thicker disks are always prefer.
able, provided that they are as homogeneous and well·annealed as the thinner ones.
The thinner minors suffer much greater temporary change or curvature from the
very slight heat generated dUl'ing the process of polishing; and they are undoubt.
edly more liable to suffer temporary disturbance of figure from changes of tern.
peratUl'e when in use in the telescope. In the cases of the large paraboloidal mirror
of a reflecting telescope, and the large plane mirror or a coelostat 01' heliostat, which
should always be supported at the back to prevent flexure, the thickness should. not
be less than one.eighth or one·seventh of the diameter; in the vvriter's opinion the
latter ratio leaves nothing to be desired. In the cases of the small diagonal plane
mirror and the small com-ex mirror, vvhich cannot easily be supported at the back,
the thickness should be not less than one-sixth of the diameter.

All mirrors should be polished (not figUl'ed) and silvered on the back as well
as on the face, in order that both sides shall be similarly affected by tt~mperature

changes when in use in the telescope; for the same reason the method of snpporting
the large mirror at. the back, in its cell, should be such that the back is as fully
exposed to the ail' as possible.

CHAPrr'ER II.

THE OPTICAL LABORATORY OF THE YERKES OBSERVATORY.

A LARGE, well-lighted room, 70 feet long by 20 feet witle, in the north
basement of the Obsenatory, was clesigned for the optical laboratory. The floor,
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FIVE.FOOT MIRROR AND GRINDING MACHINE.

SHOWING METHOD OF TIPPING GLASS ON EDGE FOR TESTING.



which is neal'1y on a level wit.h the gl'Olllld outside, is of cement and is heavily
painted. The walls are of brick, are about two feet thick, and are covered with
two layers of henvy ceiling papel' ltITanged so as to give two tight one-inch air·
spaces for constant.tempel'ature purposes. All joints of the paper are lapped and
are nailed down with strips of wood. The ceiling of the room is heavily varnished.

The large room is divided into three rooms connected by large doors; these
doors are so arranged that the entire length of the large room and of a wide hall
opening from it, making an apartment 165 feet long, can be utilized for testing.
The east and middle rooms of the t.hree are used for grinding and polishing. The
large windows of these rooms are fitted with storm sash on the inside; these are built
in permanently and aI'e made air.tight by means of ceiling paper. The west room
contains the motol' which supplies power to the grinding and polishing machines in
the inner rooms; power is tm,nsmitted by a long shaft which runs the entire length
of the rooms; this shaft is built in air.tight (to pl'event dust) beneath the long
work-bench which l'UUS along one side of the rooms.

With these arrangements tempel'ature, moisture, and freedom from dust can be
controlled in the grinding and polishing rooms with all necessary refinement. In other
respects, however, three great improvements could be made in planning an ideal op­
tical shop; two of these relate to the comfort and health of the optician. First, the
rooms should be arranged so that direct sunlight could be admitted to them during
all parts of the optical work in which this would not be injurious to the work itself.
Second, provision should be made for supplying to the rooms an -abundance of
fresh air, of a definite temperature, and washed free frol11 dust. Third, for constant·
temperature purposes, walls and partitions covered with a heavy layer of asbestos
plaster (commercially termed Asbestic) would be preferable, on account of the
superiority of the insulating and fire-proofing qualities of this material, to those of
ceiling paper with air.spaces. -

CHAPTER III.

GRINDING AND POLISHING MACHINES.

TIlE grinding and polishing machines used by the writer are somewhat similar
in principle to Dr. Draper's machine, sho.wn in Fig. 25 of his book, but are more
elaborate. I shall describe here the machine used in making the 5·foot mirror,
both because it embodies most of the essential features of a-grinding and polishing
machine, and also because it is the only one of my machines of which I have a
series of photographs for illustration. A good idea of this machine may be gained.
from the views of it shown in Plates II, III, IV, and VI.

The massive tnrntable upon which the glass rests consists of a vertical shaft
or axis five inches in diameter, carrying at its upper end a very heavy triangular
casting, upon which, in tum, is supported the circular plate upon which the glass
lies. This plate is of cast.iron, weighs 1,800 pounds, is 61 inches in diameter,
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is heavily ribbed on its lower surface, and is connected to its supporting triangle
by means of three large leveling screws. The surfaee of the large plate was
turned and then ground approximately :flat; two thicknesses of Brllssels carpet are
laid upon this, and the glass, with its lower surface previously gl'Ound flat, rests
upon the innumerable springs formed by the looped threads of the carpet. No
bettel' support for a glass during grinding and polishing could be desired.

Three adjustable iron arcs at the edge of the glass serve fOl' centering the
latter upon the turntable, and prevent it from slipping laterally.

The entire turntable, with the heavy frame of wood and metal which supports
it, can be turned through 90° about a horizontal axis, thus enabling the optician
to turn the glass quickly from the horizontal position which it occupies during
grinding and. polishing, to a vertical position for testing. This is shown in Plate II.

The turntable is slowly rotated on its vertical axis by means of the large pul.
ley below (Plate III). This rotation is effeeted by means of belting from the main
vertical crank-shaft on the east end of the machine; this shaft is well shown at the
left in Plate IV. At the upper end of this shaft is the large crank, with adjustable
throw or stroke, which moves the large and strong main arm to which the grinding
and polishing tools are connected, and by means of which they are moved about upon
the glass. This I shall always refer to as the main arm. It is a square tube of
oak wood, and is strong enough to carry the counterpoising lever shown in Plate IV,

and the weight of any of the grinding tools, when fully or partially counterpoised.
This main arm also carries the system of pulleys and belts by which the slow rota.
tion of the gl'inding and polishing tools is rigorously eontrolled; these, and. the
manner in which this rotation is effected, are well shown in Plate IV.

The west end of the main arm consists of a strong steel shaft which slides in
a massive bronze swivel.bearing which corresponds to the" elliptical hole in the
oak block p" of Dr. Draper's machine (see his Fig. 25). But this bearing is not
stationary as in Draper's machine; it is not only mounted on a long slide (which I
shall refer to throughout this article as the transverse slide), so that it can be
slowly moved for several feet across the west end of the machine by means of a
long screw, but this bearing and slide are carried upon a secondary strong arm,
which is moved by a secondary crank at the southwest comer of the machine.
Dnfortunately there is no photograph which shows this pal't of the machine as it
appeal'S when in use; Plates II and III show the secondary crank well, but the secon.
dary al'm is shown swung around with one end resting on a bracket on the wall, in
order to have it out of the way.

The arrangement of the west end of the maehine is the result of experience
with several machines, aud is fonnel extremely serviceable and convenient. The
long transverse slide on the secondary al'm allows the grinding and polishing tools
to be placed so as to act on any desired zone of the glass, from the center to the
edge; and this setting can be changed as desired while the machine is l'unning.
The secondary erank, which turns at the same speed as the large one which drives
the main arm, enables the optician to change as desired the width of the (approxi.
mately) elliptical stroke or path of the tool with reference to the length of this
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